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SENECA ASH FINAL ASH/FS REPORT 

Table C-1 
ARARs Summary for Source Control Remedial Action Alternatives 

Seneca Army Depot Activity - Ash Landfill 

:- · .. 
: 

·: ;: 

>.<2 
·ARARs Alternative > Alternative ':: Alternative Alternative , Alternative 

SC4 SC-2 SC-3 SC-4 :- ·. SC-5 

CHEMICAL-SPECIFIC 
ARARS 

Air Quality 

40 CFR Part 50 .8: Ambient Not Will Will Will Will 
Air Quality Standard for Applicable Comply Comply Comply Comply 
Carbon Monoxide. 

40 CFR Part 50.12: Not Will Will Will Will 
Ambient Air Quality applicable Comply Comply Comply Comply 
Standard for Lead. 

40 CFR Part 50 .9: Ambient Not Not Not Not Not 
Air Quality Standard for Applicable Applicable Applicable Applicable Applicable 
Ozone. 

40 CFR Part 50 . 6: Ambient Not Will Will Will Will 
Air Quality Standard for Applicable Comply Comply Comply Comply 
PM-10 . 

40 CFR Part 61: NESHAPS Not Will Will Will Will 
Applicable Comply Comply Comply Comply 

40 CFR Part 58 : Ambient Not Will Will Will Will 
Air Quality Surveillance. Applicable Comply Comply Comply Comply 

6 NYCRR subpart 257-1 : Not Will Will Will Will 
Air Quality Standards Applicable Comply Comply Comply Comply 
General. 

6 NYCRR subpart 257-3: Not Will Will Will Will 
Air Quality Standards- Applicable Comply Comply Comply Comply 
Particulates. 

6 NYCRR subpart 257-4: Not Will Will Will Will 
Air Quality Standards for Applicable Comply Comply Comply Comply 
Carbon Monoxide. 
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SENECA ASH FINAL ASH/FS REPORT 

Table C-1 
ARARs Summary for Source Control Remedial Action Alternatives 

Seneca Army Depot Activity - Ash Landfill 
(Con't) 

:.:- . /·. 

. -:-. .. •·-. < ...•. . · ... -. . . :-- '·.•:•. -·-:. . 

Ai~;riiaiive 
... . . .. . . ··--:-·-: ·:-:-·-:-· -.-: -:-: 

ARARs Al1,~ive / ~terruilive .•.. Alternati,'ve •• .. Alternative •. 
. . · __ :.,.. ..... ,.:sc.;.1-- >_. sc.::3·· SC--4 .··\ ... · SC-5 ... 

:-:-·-:-::::: ·> 

6 NYCRR subpart 257-6: Not Will Will Will Will 
Air Quality Standards - Applicable Comply Comply Comply Comply 
Hydrocarbons (non 
methane). 

NYSDEC Air Guide - 1: Not Will Will Will Will 
AGCs and SGCs for barium, Applicable Comply Comply Comply Comply 
copper, zinc, TCE, DCE, 
vinyl chloride 

Water Quality 

40 CFR Part 131 : Water Not Not Not Will Not 
Quality Standards. Applicable Applicable Applicable Comply Applicable 

40 CFR Part 131.12: Will Not Will Will Will Will 
Antidegradation Policy . Comply Comply Comply Comply Comply 

40 CFR Part 141: National Not Not Not Not Not 
Primary Drinking Water Applicable Applicable Applicable Applicable Applicable 
Regulations. 

40 CFR Part 141.11: Not Not Not Will Not 
Maximum Inorganic Applicable Applicable Applicable Comply Applicable 
Chemical Contaminant 
Levels. 

40 CFR Part 230; Section Not Will Will Will Will 
404(b )(l)L: Guidelines for Applicable Comply Comply Comply Comply 
Specification for Disposal 
Sites for Dredged or FIii 
material 

40 CFR Part 264 Subpart F: Will Not Will Will Will Will 
Releases from Solid Waste Comply Comply Comply Comply Comply 
Management Units . 

40 CFR Part 403: Not Not Not Not Will 
Pretreatment Standards Applicable Applicable Applicable Applicable Comply 
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SENECA ASH FINAL ASH/FS REPORT 

Table C-1 
ARARs Summary for Source Control Remedial Action Alternatives 

Seneca Army Depot Activity - Ash Landfill 
(Con't) 

.· "' ':-: :<-: 
.. 

. . 

.. . .. 

' AIJinative 
. :-:- ·-··.:::. ·_,::. . . . ...... . 

ARARs .·. · · Alterruitive > ) . Aiteinaiive \ .·. Alternative · A lternative 
"' sc.:.1 ,:::=-- .::==- ,. st~2 ·.· SC~3 • .SC-4 SC-5 

6 NYCRR Chapter X: Not Not Not Not Not 
SPDES Applicable Applicable Applicable Applicable Applicable 

6 NYCRR subparts 701 and Will Not Will Will Will Will 
702: Water quality standards Comply Comply Comply Comply Comply 

6 NYCRR subpart 703: Will Not Will Will Will Will 
Groundwater standards Comply Comply Comply Comply Comply 

6 NYCRR subpart 375: Will Not Will Will Will Will 
Inactive hazardous waste Comply Comply Comply Comply Comply 
disposal sites. 

6 NYCRR subpart 373-2.6 Will Will Will Will Will 
and 373-2.11 : Groundwater Comply Comply Comply Comply Comply 
monitoring for releases from 
SWMUs 

6 NYCRR subpart 373-2: Not Will Will Will Will 
Postclosure care and Applicable Comply Comply Comply Comply 
groundwater monitoring 

10 NYCRR Part 5: Not Not Not Not Not 
Drinking water supplies. Applicable Applicable Applicable Applicable Applicable 

NYSDEC TOGS 1.1.1: Will Not Will Will Will Will 
Water quality standards and Comply Comply Comply Comply Comply 
guidance 

Soil Quality 

40 CFR Part 268: Land Not Will Will Will Will 
Disposal Restrictions. Applicable Comply Comply Comply Comply 

40 CFR subpart S parts Not Not Not Not Not 
264.552 and 264.533: Applicable Applicable Applicable Applicable Applicable 
Corrective Action 

6 NYCRR subpart 375: Will Not Will Will Will Will 
Inactive-hazardous waste Comply Comply Comply Comply Comply 
disposal sites. 
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SENECA ASH FINAL ASH/FS REPORT 

Table C-1 
ARARs Summary for Source Control Remedial Action Alternatives 

Seneca Army Depot Activity - Ash Landfill 
(Con't) 

·. 

.. 

ARARs Alternative Alt~iye ••• .· Alternative · --. Alternative •· Alternative 
.. /•. ->> ••• . . 

SC-1 ·sc::.2> > . sc::.3 SC-4 . ·sc.;:5 

LOCATION-SPECIFIC 
ARARS 

40 CFR Part 257 .3-2: Will Will Will Will Will 
Endangered species Comply Comply Comply Comply Comply 

40 CFR Part 264.18: Not Not Not Not Not 
Location Standards for Haz- Applicable Applicable Applicable Applicable Applicable 
ardous Waste Facilities . 

40 CFR Part 241.202: Site Not Not Not Not Not 
selection Applicable Applicable Applicable Applicable Applicable 

16 USC Part 469a-1: The Will Will Will Will Will 
Archaeological and Historic Comply Comply Comply Comply Comply 
Preservation Act 

36 CFR Part 800: Historic Will Will Will Will Will 
properties Comply Comply Comply Comply Comply 

ACTION-SPECIFIC 
ARARS 

Solid Waste Management 

40 part CFR 241.100: Land Not Will Will Will Will 
Disposal of Solid Wastes. Applicable Comply Comply Comply Comply 

40 CFR Part 241.204: Not Not Not Not Not 
Water Qual ity. Applicable Applicable Applicable Applicable Applicable 

40 CFR Part 241.205: Air Not Will Will Will Will 
quality Applicable Comply Comply Comply Comply 

40 CFR Part 243.202: Not Will Will Will Will 
Transport Applicable Comply Comply Comply Comply 

6 NYCRR Part 360: Subtitle Not Will Will Will Will 
D solid waste landfills Applicable Comply Comply Comply Comply 

Hazardous Waste 
Management 
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SENECA ASH FINAL ASH/FS REPORT 

Table C-1 
ARARs Summary for Source Control Remedial Action Alternatives 

~neca Army Depot Activity - Ash Landfill 
(Con't) 

.. 
.. ·.· 

ARARs Alternative Alternative Alteniat:ive Alternative Alternative 
SC-1 · SC~2 SC-3 SC-4 SC-5 

40 CFR 262 .11 : Generators Not Not Not Not Not 
Applicable Applicable Applicable Applicable Applicable 

40 CFR Part 263.30 and Not Not Not Not Not 
263 . 31 : Release during Applicable Applicable Applicable Applicable Applicable 
transport. 

40 CFR Part 264: Not Will Will Will Will 
Hazardous waste Applicable Comply Comply Comply Comply 
management facility 
standards 

40 CFR Part 270 subpart C: Not Not Not Not Not 
Permit conditions Applicable Applicable Applicable Applicable Applicable 

40 CFR Part 270 subpart B: Not Not Not Not Not 
Permit appl ications Applicable Applicable Applicable Applicable Applicable 

Occupational Health and 
Safety Administration 

29 CFR Part 1910.50: Not Will Will Will Will 
Occupational Noise Applicable Comply Comply Comply Comply 

29 CFR Part 1910 .1000: Not Will Will Will Will 
Occupational Air Applicable Comply Comply Comply Comply 
Contaminants 

29 CFR Part 1910.1200: Not Will Will Will Will 
Hazard communication Applicable Comply Comply Comply Comply 

29 CFR Part 120: Not Will Will Will Will 
Employee training and Applicable Comply Comply Comply Comply 
medical monitoring . 

Transportation of 
Hazardous Waste 

49 CFR Part 171 : Transport Not Not Not Not Not 
of hazardous material . Applicable Applicable Applicable Applicable Applicable 
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SENECA ASH FINAL ASH/FS REPORT 

Table C-1 
ARARs Summary for Source Control Remedial Action Alternatives 

Seneca Army Depot Activity - Ash Landfill 
(Con't) 

ARARs Alternative Alternative · Alternative Alternative Alternative 
sc.:.1 sc.:.2 ·sc.:.3 SC-4 SC-5 · 

40 CFR Part 172: Not Will Will Will Will 
Hazardous materials table, Applicable Comply Comply Comply Comply 
special provisions, 
Hazardous Materials 
Communications, 
Emergency Response 
Information, and Training 
requirements. 

49 CFR Part 177: Carriage Not Not Not Not Not 
by Public Highway. Applicable Applicable Applicable Applicable Applicable 

6 NYCRR Chapter 364: Not Not Not Not Not 
New York Waste Transport Applicable Applicable Applicable Applicable Applicable 
Permit Regulation. 

EPA/DOT Guidance Not Not Not Not Not 
Manual on hazardous waste Applicable Applicable Applicable Applicable Applicable 
transportation 

Note: Final compliance with 16 USC Part 469a-1 and 36 CFR Part 800 depends on the results of the recent 
archeological survey, which has not yet been completed. 
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APPENDIX D 

Cost Backup 





Cost Backup 
for 

Source Control Alternatives 



) 

) 



Cost Backup 
for 

Alternative SC-2 

Off-Site Disposal 



) 

_ _) 



SENECA ASH DRAFf-FINAL ASH/FS REPORT 

ALTERNATIVE SC-2 

Excavate Ash Landfill, Debris Piles, the "Bend-n-the-Road" and the Non-Combustible Fill 

Landfill (NCFL); Dispose in an off-site landfill . 

Area of Excavation Volume 

"Bend-in-the-Road" Volume 23,126 CY 

Ash Landfill 12,356 CY 

Debris Piles 770CY 

Non-Combustible Fill Landfill 32,422 CY 

Total Hazardous Waste -

Total Non-Hazardous Waste -

Classification 

Hazardous Waste 

Non-Hazardous Waste 

Non-Hazardous Waste 

Non-Hazardous Waste 

23,126 CY 

45,548 CY 

Disposal Costs (includes excavation, transportation and disposal). 

Hazardous Waste = 23,126 CY $460/CY = $10,640,000 

Non-Hazardous Waste = 45,548 CY x $150/CY = $ 6,830.000 

Total $17,470,000 

December 1995 K :\SENECA IASH-FS\Appendix. D 





MEMORANDUM OF TELEPHONE CONVERSATION 

NAME COMPANY 

WITH: ~ /nr.,r /lhS/e ~ ,fl/•/_'f JOB NO.: ~'/4f.:;-o /OZ 3 
lltjA /JrM!l -~~ 
~s- ~;,fm RM"~ • FILENO.: 

.cmm,~~ ~TAI{ l'f'l'Sl)tr DATE: I/-Z9-'?3 

: . PROJECT: OBPS. 
SUBJECT OF CONVERSATION: · 

·- --~!Ar;1w 

. · . R~me Requested ~ Yes ~ No 
Date Requested 

. .. 
~:· :···· . · 

l!:,J~ARSONS . 

TIME: / tJIWJ. . : 
_ -INI'l1ATED BY: ,f &i1_ . 

. TEL._No.00tZ3 ~:~<~ ·_ 





IKJff REMEDIAL SERVICES INC. ___________ _ 

July 8, 1993 

Mr. Michael Curry 
Project Engineer 
Engineering-Science, Inc. 
Prudential Center 
Boston, Massachusetts 02199 

RE: ROMULUS, NEW YORK, PROJECT SITE 

RRS Proposal No. 432387 

Dear Mr. Curry: 

100 Nassau Park Boulevard 
Prince ton. NJ 08540 
Tel. (609) 243-7800 

RUST Remedial Services Inc. (RRS) is pleased to submit to Engineering-Science, Inc. this 
outline of estimated costs for project remediation activities at your client's site near Romulus, 
New York. These costs are being provided with the understanding that this is for budgetary 
purposes only and for your exclusive use with your client. These cost numbers cannot be used 
for any other purpose except by written permission from RRS. 

The scope of work provided by you in a letter dated 15 June 1993 results in the following cost 
outline: 

Develop Work Plans and Health and Safety Plans for site activities 

Obtain necessary permits 

Develop Sampling Plans and implement sampling program to include analysis 
for disposal at CWM (Chemical Waste Management, Inc ., Model City, NY) 

Site Mobilization of Personnel and Equipment to include site preparation 
and development 

Excavate 14,500 cubic yards of contaminated soil 

Ground water treatment and dewatering 

PnntBd on Recyclecl Paoer. 

Estimated Cost 

$5,000 

$2,500 

$50,000 

$175,000 

$275,000 

$75,000 





~1 , ,1)0 
C • r • 

Transportation and Disposal $178.-$278./ton for l--4-;--5tffcu . yds. at 
1.5 tons/cu. yd . or 2.1..,--750-- tons 

~s-- ,oo '-' 

Backfill to grade - site restoration 

Air monitoring 

Demobilization 

Estimated Cost 

$ lo :;_:).. / lw_ ~ 11 lo loo 
I I I I 

·~,871,500-$6,046,500 

$215,000 

$150,000 

$65,000 

Estimated Total: $4,884,000=$~ _j r/ 
"1,13\ (tlD0 /o ,---r1- '"t/11W ~lslcY 

Transportation and Disposal costs are dependent on sample analysis and approval at *Note: 
CWM, Model City, NY. These costs can be significantly reduced based on 
analytical data and sample evaluation. 

To provide a very detailed operation plan and cost analysis it would be necessary to meet with 
your client and visit the project site to better understand your total scope of the project. Because 
we have not had this opportunity, the cost numbers provided may not represent the true accuracy 
necessary to provide advisement to your client. 

RRS can provide a variety of capabilities to you and your client with respect to this project. 
Utilizing one company for all on-site activities in conjunction with providing transportation and 
disposal will be a cost saving advantage to you and reduce your client's environmental liabilities. 

RRS offers a wealth of experience (see attached capabilities) as well as access to the resources 
of other RUST International Inc. companies, including: 

• RUST Environment and Infrastructure (REI) with 80 years of environmental engineering 
and consulting experience; 

• RUST Industrial Services with over 15 years of industrial services (including cleaning , 
demolition, marine construction and scaffolding) experience; 

• RUST Construction Services, with 80 years of large-scale heavy construction experience 
in fields of energy systems, materials handling, chemical processing, metals , 
environmental and automation control; 

• RUST Engineering, with 80 years of experience in architectural, electrical, control 
systems, mechanical , piping, structural, and civil engineering; and 

• RUST Limited, the company's International Business Unit. 





Please review these estimated costs and if questions develop please contact me at 
716-754-0328 / 215-245-8100. 

All correspondence should be forwarded to the RRS regional office at: 

RUST Remedial Services Inc. 
3220 Tillman Drive, Suite 200 
Bensalem, Pennsylvania 19020 

Phone 215-245-8100 
FAX 215-245-8116 

Thank you for considering RUST Remedial Services Inc. for your client's hazardous waste and 
remediation requirements. 

Sincerely, 
RUST Remedial Services Inc. 

a~P~ 
Arthur Pethybridge ~ 
Business Development Manager 

cc: Dana Kaas 
Mike Warminsky 
Lauren Sionko (CWM) 





RUST REMEDIAL SERVICES INC. CAPABILITIES 

♦ On-site Innovative Technologies 

• Low-temperature thermal desorption 
• X*TRAX™ thermal organics extractor 
• LT*X™ 
• PY*ROX™ High-temperature incineration of RCRA and PCB wastes 
• In-situ and ex-situ bioremediation 
• MAG*SEP™ metals removal water treatment system 
• ACT*DE*CON™ actinides removal chemical treatment system 
• Soil vapor extraction 
• Chem*Matrix5

M and MEC*Tool™ ex-situ and in-situ stabilization and solidification systems 
• De*Chlor™ chemical dechlorination system 
• Groundwater, surface water, and wastewater treatment 

PO*WW*ER™ organics separator 
Pumping and extraction 
Injection wells 
Air stripping 
UV oxidation 
Modeling 
Feasibility studies 
Carbon phase filtration 
Filter pressing 
Fuel recovery 
Chemical neutralization, reduction, and stabilization 
Oil/water separation 
Biodegradation/bioreclamation 
Ion exchange 

♦ Engineered controls 

• Slurry trench cut-off walls 

• Landfill/impoundment closures 

• Permeable and impermeable caps 

• Subsurface drains 

• Grout curtains 

• Sheet piling cut-off walls 

• Injection barriers and flow control 

• Waste site bottom sealing 

• Dikes and levees 

• Revegetation 

• Grading contouring 

♦ Media monitoring and sampling 

♦ Air pollution controls 

• · Gas collection and venting 
• Dust suppression 
• Wind screens 

♦ Nuclear waste treatment and disposal 

♦ Excavation and off-site disposal of contaminated materials 





Cost Backup 
for 

Alternative SC-3 

Consolidation and Capping of the NCFL 



) 

) 



SENECA ASH DRAFT-FINAL ASH/FS REPORT 

ALTERNATIVE SC-3 

Excavate Ash Landfill and Debris Piles , consolidate in Non-Combustible Fill Landfill, Cap 

Non-Combustible Fill Landfill . 

Basis 

Excavation volume = 12,356 + 770 + 23 ,300 = 36,426 

3-foot clay cap 

2-foot topsoil cap 

Revegetate site 

Clean fill excavation 

Cap area = 180,000 ft2 (20% increase over Non-Combustible Fill Landfill) 

8 monitoring wells to be installed 

Cost Basis 

Clay = $13/yd3 
- installed 

Clean Fill = $1 0/yd3 
- installed 

Revegetation = $2,000/acre 

Monitoring wells = $3 ,000/well 

Excavation/consolidation = $5/yd3 

Capital Costs 

1. Excavate, consolidate 36,426 yd3 x $5/yd3 

2 . Install clay cap 180,000 ft2 x 7 yd2/9 ft2 x 1 yd x $13/yd3 

3. Install topsoil & clean fill [(20,000 yd2 x 0.67 yd) 

+ 36,426 yd3
] X $10/yd3 

4 . Revegetate 6 acres x $2,000/acre 

5. Install monitoring wells - 8 wells x $3,000/well 

Subtotal 

6. Engineering and permitting (10%) 

7. Site prep, mob, demob (5 % ) 

8. Project administration & management (5% ) 

9. Contingency (20 % ) 

$ 182,130 

$ 260,000 

$ 498,260 

$ 12,000 

$ 24,000 

$ 976,390 

$ 97,600 

$ 48,800 

$ 48,800 

$ 195 ,200 

$1 ,366,946 

December 1995 K:\SENECAIASH-FS\Appcnd ix.D 





SENECA ASH DRAFT-FINAL ASH/FS REPORT 

ANNUAL O&M COSTS FOR ALTERNATNE SC-3 

Cap Maintenance 

Inspection $1 ,500 

$ 300 

$ 300 

$1,000 

$3 ,100 

10 hours labor & travel , subsistence 

Clay cap repair 

Mix. repairs 

Administration 

Quarterly Sampling 

Per Quarter 

Labor: 

Substinence: 

Travel : 

Van: 

Materials & Supplies: 

Equip. Rental : 

Miscellaneous: 

Analytical: 

Reporting: 

8 Wells 

$5 ,000 4 days x 2 people x 10 hours x $15/hr 

$ 720 4 days x 2 people x $40/day 

$ 500 2 plane tickets at $250/each 

$ 250 weekly rate 

$ 200 ES experience 

$ 200 ES experience 

$ 200 ES experience 

$ 500 ES experience 

$1,000 ES experience 

$8,570 

Annual $34,280 

Rounded to $35,000 

December 1995 

16 Wells 

$ 7,500 6 days 

$ 1,080 6 days 

$ 500 

$ 250 

$ 300 

$ 300 

$ 1,000 

$ 1,500 

$12,730 

$50,290 

$51 ,000 

K:\SENECAIASH-FS\Appenclix.D 





SENECA ASH 

Annual O&M Costs 

Cap Maintenance 

Quarterly monitoring (8 wells) 

Eng. , Oversight, Administration 

Contingency (20 % ) 

$ 3,100 

$35,000 

$ 5,000 

$ 8,600 

$51,700 

Rounded to: $52,000 

Present Worth of O&M Costs 

Assume 30 years of Operation 

Assume 10 % interest 

p = $52,000 0 .1}30 -1 

0.1 (1 .1)30 

P = $490,200 

Rounded to = 490,000 

Present worth cost of Alternative SC-4 = 

December 1995 

$1,367,000 - Capital Cost 

- 490,000- O&M 

1. 86 million- Total Cost 

DRAFf-FINAL ASH/FS REPORT 

K :\SENECA \ASH-FS\Appendix. D 
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MEMORANDUM OF TELEPHONE CONVERSATION 

NAME COMPANY 

wrrn, . ,Ti;,, J< •/ es Gr,,?;), ~¼ -Se"",z JOB NO.:. 7.0.01/00 
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-_,, . . . ' ~ 

CUENT:'.··11,t;, lfrmJ. £:nf''i, ~ ./)1v/S/t:,¥\ DATE: l/-3cJ-9J 

·PROJECT: oBFS' mm: z:."°PN) 
SUllJECT OF CONVERSA"I1ON: /Jye,,, i -~ .· .. · 

. . . ,;,, /vlf -st"4-e 

DISCUSSION 

. - . . .. ·. ··. 

. 1Nl'l1ATED BY: ~ . 

TF.L. N0.:(]/ '1) 85$'-C,S Z.c;s' 

· : : . .. . . . . .· . 

~ponse Requested · . Yes . to 
, Date Requested - . -

~ 
J.!:jPARSDNS 

. . . -

. . .. - ~ 





Cost Backup 
for 

Alternative SC-4 

Soil Washing and Solidification of Fines 



) 



SENECA ASH DRAFT-FINAL ASH/FS REPORT 

ALTERNATIVE SC-4 

Excavate all soils, soil washing, backfill course fraction, solidify fines , backfill , topsoil cap. 

Volume to excavate and wash: 68,700 yd3 

Soil wash volume split: 70/30 (coars/fine) 

Volume to solidify: (0 .30)(68,700) = 20,600 

Clean fill cover (2 feet): 13,400 yd3 

Revegetate site 

Install 8 monitoring wells 

Cost Basis 

Excavation/soil washing: 

Solidification: 

Clean fill: 

300/yd3 Bergman USA 

$150/yd3 Silicate Technologies 

$10/yd3 

Monitoring wells: $3,000/well 

Revegetation: $2,000/acre 

Capital Costs 

1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8. 

9. 

Excavation/soil washing 68,700 x $300/yd3 

Solidification 20,000 x $150/yd3 

Clean fill 13,400 x $10/yd3 

Revegetate 6 acres x $2,000/acre 

Monitoring wells 8 wells x $3,000/well 

Engineering and permitting (5 % ) 

Site prep, mob, demob (2%) 

Project admin. & manage. (5 % ) 

Contingency (20 % ) 

Subtotal 

Rounded to: 

December 1995 

$20,610,000 

$ 3,090,000 

$ 134,000 

$ 12,000 

$ 24,000 

$23,870,000 

$ 1,193,500 

$ 477,400 

$ 1,193,500 

$4,774,000 

$31,500,000 

K:ISENECAIASH-FS\Appendix.D 





SENECA ASH 

Annual O&M Costs 

Annual O&M costs are the same as for SC-2. 

Rounded to: $52,000 

Present worth of O&M costs = $490,000 

Present worth cost of Alternative SC-4 = $31,500,000 

$ 490.000 

$11,290,000 

Rounded to: $32,000,000 

DRAFT-FINAL AS H/FS REPORT 

December 1995 K:ISENECAIASH-FS\Appendix.D 
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. TIME: 7,1#1 · . 
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. . . . . . . 
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ES 
ENGINEERING-SCIENCE, INC. 

MEMORANDUM OF TELEPHONE CONVERSATION . 

NAME COMPANY 

5;1iccctC-- T('.,~l'!ofd-'/ 

CLIENT: · ~f 0.A- · 
PROJECT: 0 & G-t'o~.,J.s f S 

SIJBJECT ~i.JJ::tTION: 
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JOB NO.: 120 '-1'17 
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TIME: l/ ()Cl 
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ACTION · .. 
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,~
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Response Requested _ Yes _ No 
Date Requested · 

l70t r.YJ)/1, = ju»/trM · 
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coNtROL TECHNOD©GY 

EPA SiTE·Demoristration ·of the BioTrol . . .· . 

Soil Washing :Process 

·. ·· · Mary)<~;~tJrison _ : . . . 
_ U.S. Erivfrorimentai Protection· Agency 

_ Edison/~IM'. Jersey · 

Herbert 5j~k~;;J~~t~~cHv1111arri D. Ellis 
Science AppilcatiQns'intemational Corporation 

. : , Parari1us; New Jersey 
. ' ·. :_· -~ . 

: ! , . ·. · ·- ·_· ,; ; :~ ~ ;. :.· ~ ; • ', i ; .. .- _ _::,. _ _ . : . 

~{:;r{::.:\;iL~;;;~,, , _, -,: ,· ... ;,.~,};_H£;.i:L;~2~ . • : '.:: ::/ \:~,_; ~~~:::E:!~2;:£~l!}~:~~.'2· :'/ _, . . . , ~,;:?:Y · --• · -, .. 0 : · : · ; \ ;-: ~ - -

·_ --" ' : . ':ZA,p~t~ soil uici.sfal1ig_p~ij,cilen.ted.by'Bio'Irol; ,Jn:c., was demonstrated on.oil contaminated 'liy 1.DOOd 
. . . ' treating waste)pri~lypeniach(orophenol (PCP) iuuiereosiite4erfoed poly,iucleitr· aromatic hydrocarbons 

I ... • .. . •• • • • •• •,••• , , , •, • ; - • -v-:,• •~ • I ••••• ~ - ' • , • , • • • • • • ,• • 

. (PAHs)/AJ.though·iJOU UJ<'Uhing'iiHIB the main object ofth.u demonstration, the treatment train thcit was 
:.,,. · .. · : ... , , .. -• . .. -· ..•... '. ,,: ),,a...•:?.t-. , :_ !-.~. :.-- \ .... - • . . . .. . _..;_ ; • . • . •. , . . . . . 

evcuua.t,ed incuµkd fu;ioo"ther,BioTrol tech~l.ogies for,treatment of waste streams from· the soil ~her. The 

·,, The~i, waaherac_lj,~ up tii89~t renio~ of~iind-88 percent of total-f._~ biised~n th:e -.- . 
differenee ~1~'r'~Li1n'ihe as-is (r.oet)feed ~il:a~;ih'iri/ulied soiL PCP corzcentratiom of 14 m · 

_and 87pp~ in ~he:~~~il .iiiereac~1'Y.~~~~~lis pf 130 ppm·iiiid680ppm 'in the~--. 
aoiL (!!,~~#s_'.effJ.~'iiiftBfi wen?~ tfo'ir,&:2~7ppn(t'! 1~ppm and 404 ppm to· 48 pp,fa:,:,j?11:,,ectj:oely, 
i~.i1M(fw<,.t,ist8~::t,~·~.:::;/~f:·~;~:~~t~-~,-~~:~.: .. :'.::_· ·•:·:: ::~•;::;~-~);~

1
-:~r=(t~~~~~:r:~:·=:~~:·~?;~~-:_=_-;_:_· : · .i· -:· -;: -, --- -_ - •:·:-·-· ·--- 1-;- •·--- -'. _.:, 

· --'The'&TS clegracle,iup ,0:94 percent of PCP,'in_ thep~water from soil washing. PAH removal could not 
be ~ined d~ ti(~w)'Jfl~t concentrationsi'><"- , -., · :. , : · · . . . . 
, The. SBR achieved.~~;so ~t removau of PCP a.nd70 to 90 percent removals of PAHs from the, slurry of 

~n~,;.i~t~ finesJroiii·-,,1 ~;,,..hing. Howeoor,' ste~dlstate operation was not achieve,iduring the-single test 
_ and the results were t,arfr,li'/e/ .. . ~- -,·_,.;,_!;?; :-:3: ::·:, "·. . . . . . •... . .. 

Coat of a conimercial~scale soµ washing, aailuminguse of all three technologies, was estimated to be $168 per 
- ton of soil treated. Incineration of woody material accounts for 76 percent of the cost. 

·· · . , __ · .··- ·', · .. ·1:i:.~,~- ~-.. /~·-· •. ·, ' · - . . .. - ·. · ::,_:.- ~.:~_:._:_. , ,· . • ::. . . _ .... ~ . . : :· ' · 

~ ~ .. --::.t;t,~~;-~{-;-:- :~ 

:(:::\:, : . :'\/}?;;?:- .--' 
Soil washing is a water-based volume 
reduction process -·' for , ,iJiec;b.anically 
scrubbing excaVJ1tec1··1roil ·to remove 

"· , coritarninant.s. It is appli~le to so_ils 
. . .. contaminated with ~ varietf' of organ:-

;-. . ~ • ·. : _i'?' and heavy ~~ ... '!,9weff~v,e, •. 
· . .:.::.•. 

· · ;•;::r t~;:~j~;::::;:v\ , , ., , :., . _ . -. -, -_ _.: __ -k:;.- _. 

· ~lume i'~ti.~~11, contaminated soil cle siz~-~~tion teclilii~~. produc-
should contain less .than 25 percent of ing an apparent concentration of con-
fines (in.It and_-clay). The process re- ~rnine~ts into a smaller \'olume of 
m~yes;,~n.~~iriant.e from soil by dis- soil_."Waste volume redu¢on'.-·by tsoil 
solving;;i)f~ ·~nding them . in .. the parl;icle size ·separation W.Qrks .because 

~~~!~~~~~~~~:~;~~-~-~ _: :'. --~~~"~?~~inants~:~n9; ~ ~l>ip~ _ei-





ther ch~mically or physically, to clay 
and silt soil particles which provide a 
high surface area for such binding but 
contribute relatively low mass in many 
soils. 

The economic advantage of soil 
washing over other.technologies is that 
it reduces the amount of waste requir- • 
ing expensive treatment ( e.g., incinera
tion) and renders the bulk of the soil 
clean enough to be returned to the 
site. The small amount of waste requir
ing further treatment or disposal con-
sists of the separated soil fraction with 
concentrated coritaroinants. The spent 
wash solution from soil washing also 
may require treatment. of 'disposal. 
Soil washing is used extensively in 
Europe and has seen increasing inter
est and use in the United States. Dur
ing 1986 to 1989, the technology was 
one of the selected source control rem
edies at eight Superfund sites.1 . 

Water 
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Treatment 

System . 

Water · 

~ 

To encourage-the development and . 
use of soil washing in the U.S., a·· · '. .,. .- · ·. ·RecycledProcessV'ater · '.. ' ·•· ·· · · · 
pilot-scale deino~tion of:ihe· pat:-,::·_,;~ 1. ·· FkM ~~~ram'ot t11e s6il qshlng ~ train. 
·ented soil washing p~.o(BioJrol, ,.,,;.,-:,,: !:

0 
. • . • _. , ,,y .. c-., ;, ... . · . · 

Key: 

D 
D 

Washed . 
· Son ' 

Product 

Flll8 Silts, 
Clays, and 
Organics 

Slurry 
Bio-Reactor 

Unit Operation/Storage 

Proa,ss Stream 0< Output 

Treated 
Fne 

Particle 
Slurry 

Inc. (BioTrol); ·of Chaska;\Minne59ta, .,, . .. : . ·• . . ' / / \'.'. 
was conducted ~der the U-.S; E.riviron-. · , gies for treating the,spent wash solu- · trailer are a multicomponent feed sys-
mental Pro~on . ~ncy s. Su~_r: . .},, tioJJ, and the slurry of contaminated tem, . a mixing trammel, vibrating 
fund Innovative -~ec.h,nology,,E~ua~ ... . :,Jines.from the soil washer, as an exam- screens, froth. flotation cells, attrition 
. tion (SITE) p~gram;at the~ ~@.(_;;;,,ple :of-mi integrated :treatment for the · . machines, hydrocyclones, spiral classi-

. . and .Oibbs J~11~dl'.MW:· h:l'.~~ewi\t 1, fiit:A:! rioa}.nother objective ,was to deter, . · fiers, and dewateting .equipment. As 
~righ~n, ~e89.~;~$. M!!!DP~i:'P.J,'J,e if the co~centratio~ of PC~ ~<t.: _ .. designe4;: the system has a nom.iruil 
.lis from ~pte.IJ1ber :~~J~1Qc.w~~J~ .: f~SQ_te-p-action_PAHs m 1h~ soil ~n- . . capacity of225 kg/hr (500 lb/hr). 
1989.,Thereare·about·20QO~·pre--.:+i~~ru;igtb:~ BSW,-~the '.waterentering_ · , .. Outside ·~e_ miller/four 30,000 L 
se · ,sites . in--.the AU.s~·.in need•.of:· · ·rthe;l34TS'!andiri .the el ente· · · · ''' · ••,· ··· , ,,,·- ' · e· · 

;~~:~¥~~~z~~i~~~~l~~~~~--=z;t'. ~,~~:E!:r;S· 
~monstration.~£.1!-n,i.~o~~~h:»-~u~nts~ '.lii', the ,evaluation of the: soil : ·aoout ·40 L/min: (10 gpm) · to . provide 
ogies.~that / are:su.itable;1forf.~ :·; ~er!the(a~J>f P(:EandPAHswas .. ;;,·the,~p_r<>xiina~ ;5:l ,weight ratio,iof 

,wooci':preserving wastes,:,encow,-ages : :.de~ed by,ma~balarice ealcu-:' ·.:· watei<to 'soil ~or ;5000'..L/kkg (1200 

·tfj;fftJl ''~f!~~~~1~~~· 
tives,'inclu~~~te,(~~~Q.,1f>!95m, . : . jJ:,r:o;J ,,;:i.1 ; ; ,:,s_•~•- , y,, -._, , .· · , through the· screen is . fed •aUtoIµati-
pentachlorophenol . (PCP) m fuel oil .. , ,::rhe BioTrol SoilWasher:(BSW) wa& cally at a rate of 225 ·kg/hr (500 lb/hr) 
(late 194Qs to 1970), and chromated demonstrated concurrently,in a treat- via a conveyer belt to a mixing trom-
copper ·arsenate (CCA) (1970s .to the ment train sequence with two other melwhere the soil is mixed with water 
present). A Remedial Investigation/ BioTrol technologies for treatment of . to form a slurry. The slurry flows from 
Feasibility Study qll/FS}:imdicated waste streams generated by the soil the mixing trammel across a #3/8 
that . both • the soil .. and .u.nd,erlying washer;(Figure 1). · vibrating screen where coarse material 
groundwater are con~ted ,with (CO)isremovedasoversize. The screen 
wood treating wastes. Qontarninant.e · . llie BioTroi'soll Washer (BS\Y) . undersize product is fed to a flotation 
present at the site include . creosote, .. , : . .· . • unit where hydrophobic constituents 
PCP, chromium, copper, ~Ilic, and The BSW is. a patented process (U.S. · are removed in a froth phase. 
traces of dioxins and fi,mms. a'he site Patent No. ,4;923;125)ithat uses water ' The underflow from the flotation 
soil, ptirl of the New;Brighton,Forma- , .in attrition/classification equipment to · unit then enters a proprietary multi

. tion, .;is : a .silty. sand;dnterlaid ,,with · · separate·slightly;contaminated .coarse stage, countercurrent washing circuit, 
organic matter and underlaid:""th lo-. soil!ipmticles :from ~• heavily coritami~ . which produces fine oversize material 
calizedlensesofsilt andclay.2a.: ·, .. · •. nated·fine• particles. At this site, · the {FO), washed soil (WS), and a suspen-
- One ·objective of.this ·SITE demon- . soil · washer also separated contami- sionoffine particles (silt, clay, organic 
stration was to test -soil washing in nated woody debris. The mobile unit is matter) in process water. This suspen-
conjuriction with the BioTrol Aqueous assembled on e. 13 · m ( 42 ft) long · sion, along with the froth from the 
Treatment System (BATS) and Slurry semi-trailer using pilot-scale mineral . flotation unit, · is fed to a thickener 
Bi~Reactor (SBR) biological technolo-· processing equipment. Included on the where a cationic polymer is added to 
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~:, ;:;~}aid~;ofi~ lfrom ihe · ·rociss~ •-;,.'( reviowiSITE '· fo•ectat'theMacGilllii ·· . ii:' . . hi~ .. . . in'.•Th: 'water'flows 

ii?fi~L~~~~~~~:~1t~~-~•;~:tiJJ~tAt~~~~:-~~i~L*~~~~~~-¥,~Y1f§f,···'.:'.!H~~~~1~C::;t~~ . iJ(: --:· : are!1heniejtlier~trt,of-tlie· SB!f;fo;:,: ,,:c: gpm)t is 'assembled ciri a 6 m x 2.6 m x . ·. · . fu the ·base''of-the'next· cell:'Air emis-

~FF-~5,;;=ii:.Sf::-F:i;;,: .. ~~ =t~':~ ~fid 
;floW'.;and.,~t1:ier d~~~-~ -is .. . : heat ex~r •. ah aerobic three-ceU . Slurry Blo-Reacto~ (SBR) 
the :.•.combmed•r;dewatenng -effluent ·· fixed-film b1orea.ctor, a blower, process 
(CDE); ,The·CDE'-is:.sent to the -BATS puinps; and feed systems for nutrient 
fottreatment. ,.: :-i!J;:r,;?.'. ;,-~ : ;: : .-· · and pH-adjusting chemicals. The pro-
.:d l;'hus;,_the ,soil -~her-;produ~ five cess flow diagram is shown in Figure 3. 
output .:sti:-epms;;,'f~h~:, 11<>il, ,either The .biological growth containing a 
the slurry. of. finesjfr:jthf FPC, coarse penta:-degrading Flavobacterium is ac-
oversize; fine overs,ize";- an:d CDE. The· clim.S:ted for-one to two weeks by recir-
coarse and fine ov_eprlze ~ntained con- culati~ ; wastewater. Contaminated 
side_rable _woc;>dy;~tepaJs _and, conse-- . water ._is . pumped to the tempering 

.. qu~ntly,.~.9R-.an4,?4Hs.•!· , . . :· .; tank,where pH is adjusted and.nutria 
.!:,.,.'.;·:, ,·. \ r; ·•~·ts1:;·~ ,_;r~1-f; ,,_,; ·,,·11:• ·, · ents are.added. The water then-passes · 
·, :e10Trol Aqueoui·Treatment System , ' through a heat exchanger to acijust its. 

(BATS) ; , : :. - temperatu,re and then to the base of 
.-; . . . . ·. ··i -; · ·· . . the firs1;, BATS biorea.ctor cell. Each 
, . The BA'I'.S biologically degrades PCP cell is ·-filled with a corrugated PVC 

and ·p Alls .in. _the ,B.SW_process water. medium as a substrate for microbial 
The-BATS was a1so· demonstrated for attachment. Air is supplied by a blower 
~Q:yil,1,o_( PQ~,~~ ~~~watel'.in a . arid ,iajected at .the base of each cell by 

The SBR unit. was an EIMCO BI
OLJFTlm reactor system with a nomi
nal capacity of 1.4 Lfhr'(0.4 gpm) de
signed and constructed by the EIMCO 
Process Eqqipment Company, Inc. It 
consists of three 60-L, upright, contin
uously stirred; stainless-steel reactors 
arranged in a cascading,systeinto per
mit continuous gravity .feecl ·and flow . 
The SBR is int.ended t.o oper!lte at steady
state by controlling the,influent 1flow, 
temperature, dissolved oxygen concen
tration, gas flow ratet,Blld-rake arm 
speed. The SBR unit rested was much 
smaller in capacity than'-theBSWand 
BATS units:Thus, it -was:testedonly 
on;-.a ,;portion of;; thef,tfi.ne ) particle 
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slurry from the BSW and was not fully . at a rate of io Limilr c:rgp~r~h CDE Mobilization and operation of all 
integnited mth the other two units-. : - from the test;-starting a day later than equipment was done by BioTr(l~. The 
... 'ThEi'i,rocessusec1-the .BidTrol ·micro- theBSW.: _-. , . ~-- r J .. ~,·: ·::. 1 .; _ _ ;:- ~ - U.S. EPA _contributed .. to the experi-: 

'biciloaical:sjstemto de.;..;.;Ae:'.P.CP-'and _. The second test ·.was;co~du~ ;on d . - d cted l:M "d , c- . ~ . .,_ .. . , 1. ,~ i;:;:,1,•_au~-... -:c,:,, .. -- .. _ . . . ,., ____ .. , . men~ emgn, .con_ u .. _JBllDlP~i~ --
-'l>AHs'abqotoeil:iii.:ot:ad.sdroea.. 011·:ihe. · -. the high ,PCP concentraticin _ _csoif (680 ·-.analytical programs, an,d,evalua~Jhe 

. --:~;of"(h?;i>iirtf_ci~Tutli~~fin~:aay ' '.ppm) and included all-three teclmolo- performance o( ~e-~~-~~l~gies. 
-_ - ':.and'·sU_t'Mu~r;ffnilition\from;th~'-BSW. --- - " gies: BSW, BATS,_and SBR. .The BSW Scien,ceApplicatio~Internati~nal.G9r-

··· · -'f._f~e'}ldW. ~ ' ~ ........ _,~tilieSBRijjij.i,wn, .:,:·i o rated .fod121iotin!"atini.te of 160 
·;_~~'fA~ - tl~~ '~[;.,":.::·~>,~lhr:~aso _Ib/fuf.--=~ fug:~io~Q -:-::i~nE~;;~~:fa~~l{~~~-
.:,~1;.~L.._~~ ~~~ . ,.;..~. '.'l {f)ki(({Q~09l~:!tifsf~lt[e~':. -strati_, __ : _, __ ;._: .-._-,-·on. - ~ ~,:;.: :··: j.:.:-·,y r_ ,_--._/_: .. "_: _·_t_;,_,s:_· -

-.t:6~1¼t~~ia--~ fs~, t~~,i;t\~~JEf:Jf ·- ,_ . i•.:; __ - . -- . _, -- :: ., ; _ - .,_ , ,~~, ·,:;·" 
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Reid Experiment Deslg'r1 \71<?r ,-· -
- •· :·· ·•: .. ~~-:t·:~;.;::,~-• :-. r~-r;J\_;_;1 ~; •. _· . 

. Two demonstration tests ,were.con
ducted on site.soils With,diffe~_nt avers' - -- .-.. ,--··rtr• '-~diso•·-"·'-·-· d 
age PCP concen~ ons1: .::- ~ .;,}?P,!ft!:\D: 
680 ppm· ...,..,,.,.;,.,.t-;vely'\Aver.ageJtotal 
PAH con~~6ns'JiilM!f'eea'\iiiciils· . 
were about 247 ~.PP~.:~4~~,PPW .. _ · 
during the· two tests.,Jri,prep_arat:J.o.~ ,-:. ,,. .. _ _ Fn Particle 

. . · _- fifroor _~e)~ .! !~f;·r,oth'. 1,l:~~ ~~Alti¥._;):fL~; · : 1~ 
m •two ·areas -o • ~@...,••~ng , .. _. ,.-, -_.. Washer 

· ::f;~.;.1~:~~.~~~lffll1~::~£~Ei,,_:;;:_: 
-:-:-r .,, :,:; , .-:..JCP-~► ... .. ~ti~''" "'·-' -·u:· ·c·-:i'3"~·e.~ .. J· r:i~ -~.-; · ·:,• 1,ow,r. -cono.;mti'at on·so : "J. Y...JlP~ .- .. -v~v •-:t<ey. · 

•: r · a; iii '.<; ~a •s~\.\r_±:,"~,._'!,'.!,.,·,:'.~ 1··· ,,, ,..,.~-nsw··. ·, .... : :,;,.·1=-,.., - . . r, 1~ .. _p\J ... ~;~~~d1~urs:~~};;;~, 1-----1 _Unit~ 

, ;at~ ., - · ~. - • -:~r.,220 liil~c4·so·:i~c;;~t:·0· .. --... . -, -
;'.'tJ · ·_ · ,,,.,.,o .. •o·o··,1,,,;.-- ···r·• .. ~-·--:.:1·:"' 11•: -; ,\ ,, .... _;. : ~s.r..m«0u1pu1 

· ~J ' -· -~ ·o ',~ --· · - ,_. \ s-· . 1-: . , • ~ [~r~~r ·: ··1811·i( AowdiagramoftheSlueyBio-Reactor(SBR). 
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Tablel.· ·Analytical methods used in the site demonstration. . only the material balance of soil and 
water were assessed. 

Analyte 

PCPandPAHs 
PCDDs and PCDFs 
Copper, Chromium 
Arsenic 
Total residue 
Total recoverable petro

leum hydrocarbons · 
Particle size analysis and 

chemical analysis of 
particle size fractions 

Sample preparation 
(Aqueous/Soil) 

3520/3550 
8280/8280 
3010/3050 
7060/3050 

- /-

418.1/418.1 

- /D421 

Sample analysis 
• Aqueous/Soil) 

8270/8270 
8280/8280 
6010/6010 
7060/6010 
160.3/3550 

418.1/418.1 

- /D422 

Source 
Document · Ref. No. 

SW-846 
SW-846 
SW-846 
SW-846 
EPA-600 

EPA-600 

ASTM 

7 

8 

9 

Discussion of Results5,6 

Fluctuations in soil processing rates 
due to mechanical problems with the 
feed system of the soil washer were 

· periodically encountered during both 
tests. In the course of the demonstra
tion program, the BSW processed a 
total of 29 kkg (32 tons) of soil, the 
BATS treated a total of 148,000L 
(39,000 gal) of CDE from the BSW, 
and the SBRtreated a total of 315 L 

process streams sampled ~cluded four these contaminants were designated (83 gal) affine particle slurry from the 
inputs:thecontaminatedfeedsoil,mu- as critical in the evaluation of the .BSW. 
nicipal water supply, the treated water technologies. Secondary critical con- ·. The feed soil was well suited for 
from the BATS, and a cationic polymer · taminants were polychlorinated dibenzo- treatment by soil washing as shown in 
solution. The five output streams in~'..:. ·· dioxins/dibenzofurans (PCDDs/PCDFs) Table II by_predemonstration particle-
eluded the washed soil, coarse over- ; 

0

andcopper, chromium, andiu,;enicfrom 'size and contaminant analyses of both 
size, fine oversize, fine particle cake, · the chromated copper arsenate (CCA) feed soils. The fines fraction of the feed 
and combined dewatering effluent. · · · · · formulation. Total residue (TR) analy. . SQil, constituting.~. to. 81)!:lrcent of the . 

For the BATS, sampled streams in~·.. sis,was also a secondary critical param- ,. combined output liiass; coiitaiiie'd'iiP: 
eluded the untreated influent ·water, _ "· :eter because it was needed for mass <-proximately 50 percent of the PCP and . 
'treated effluent water, and carboncan..:-,.,",balance and material in~ntocy calcula~--- : P AH contamination. . . · . · 
ister. For the SBR, the inftuentslurry , e,.·,a tions. :In addition to, the critical· and '°"~ 91 •plt, should~iioted that;-<except for 
effluent slurry, and carbon adsorption-'~·, · sei:onda.ry critical cor,taroiuiints;· ~ -- .,. 'the fines fraction, the soil fractions in· 
canister were sampled. . . ,.::·t, . . 1~ samples were also analyzed for Table II ldo· not ~rrespond :,to the 
:- 'Grab · samples were composited : at . Total · Recoverable Petroleum Hydro- . · frilctioris "produced as outputs·: or-the 
irregular' mtervtilii, · averaging _ f5 ·, hrs carbons ' (TRPH),- •and ·· Particle Size soil washiiig: liowever, thii above sum:; 
apart for -the BSW· and-BATS,-and 24 Analysis and Chemical Analysis of Par; • -- · · ·Diai:y "tablEi;gives~m{'iiisight/ mtcf the 

~~=ai~~~~-:~:t~;~~~: .. __ .;~~f.;8i~,~~0~,:C;~~~-,:;:.~1-·,· ;'.. ::,·,, ~//:~(;~;J~-jl}~fu~~b~~:: · 
tiveness lofi•sainpling" by'."l·underect.ed . · .- , ;.: -·_' ;_•.. ·· , J;•;;:, ,,!J~" - : · ' : ...-: . . :_ ,:, :·-,·-· :!: ::-~~s.~-~r---f-'! srp-:k,~_:,,;r.~~ .. 

cy~~c-~~cteristii~ll'':iii,i~tlie'.~r!'_or'."'-.. . . '.·?:_, ·.- DataRed:~~{ -:; :\';·:'_,_. ---~_j.·(·. ~-~:i~~.87,~~Yf~:~"t~{it;'-'!,~: .. 
manceofthe'tested umts ·ifany.~,,--, ... • · . •: ;_ _ ... _._. · ·----. ;_ ·,. · ·-•--· - -', ,•, . _ . . · ... '•'-" <'-- .1Ul<'.i:..,,., .•) -l. k 11:-e>•lJ , n-Oil .... r: , . 
--•,1)'~c1, ,.,11 --r:·"'""': ,, . .' 11~,.. ~ .. . "~., - .· 'i:}i=l 1--·~• - ~-- • ,., ,·: r, · · -·:· ··:"~--~e~BSW.lniocessfully• se·parated the . · = --· -. - " • '·:: ,· -.;,_~- ·"~.r,. - .. ·.· • ; Treatment effectiveness of each of · · .. . -" ~ ·-· • , • · - - ' · 

Field Measure.me_.nts_ "· ,ffi:rt,11-:: "· :· ·.-t"'li'e·1•..:i...:..::. · technolo·;,.; • , 'B. l:!llf •••u 'TS. , '. feecl:soil {dif~ht).JI1to·~3 percent'of _ · 
- . ' . . •l.lln:I:: ,..es, ' uy_,, . .on •" . - ·-1..~..- ·· ::i.id-o~ .. ~ · --r · · ·c.c'.!~ - . . • . • . __ ·· · · .. •···a·'sB11.1r" · .....,,_a,_1-1..'-' ' .. ,, ,, , ., . ,t. 'f '_ ~w=~""60~ ~nt'/91.-'~UUQy_,TeSI-,,, · · . -:- · · .. _; • . - .an ..,_.; Wa5 Ql,1\,:1,W:l~ as ~n O ,.,-!P.:t ;• , · .. - . ,_ · --~jc_;,.•?rf s ••~• - -.- . - · - '', . 

--~el~~-~ -~ .en~.jv-~~tp~de.!fur.-:~ .:: ; . coutarofoaot. reductioii from.mean con~·:-~ ~ ... 9u_es~ll~4.~n,W,;o_1-i~~J'..@ie · ·: , 
ing the two tests to provide- da&· for centrations of PCP· ml PAHs 'in·'fu:.< ~"~"'~edr!!!0.ll· -.. . ~Jonly~ut7?lQ_ _ . 
the BSW material balance yerification .. -ff' f '· 'a m f ~ " · -· th · percent;;o~~pP~-;:con~pon . 
ofp'rope~ "operation ofthetested units '. ·:,,': fi_!llleA •. ~ -~ uti_en. · - ; :; ~ · ·-- ~1;~P?: .. _ .~ .while~9o -~htrof,the _.feedj roibc:Qnb _ 

, .. 0 OWlilgequa on. . . . . . · · ,.ft_:..-ftti · -"'• ~ •--.....1.. '-;...;a • 0 d -- , · 
. and evaluation of treatment effective.;· ' !:· _; · . . , .. ,'• • ·:· _1-;: .. ·' -· - ·• · , : .......,..... 0R~~•=e-w~y~ ues, 
,ness.;:The·~s~feachproress~~ . _:~-~~<T,11~ciency (~~( ; -· _·; ;>-.;_:, ;.-:?< ~~~,}~~qi~s,.~~~~}~~~ :_ 

-. was· measured ·either directly by weigh'-' : . - :1.<~{t!f~·Emuent Co~ceiifratio~, ,._,_ 1:, ·:•.: . - . ; ,~il~re~~~uti6a1~-.!8~~}1W;,0 f . 
:. -'· '•'··" caJ.cwated·fi"' • .. ,, . • · .. --- ·::; i "- .. · ., ,~'x?1.06 · 'the~P~-gpoii1>1y..:' ue ·:toitheu-.r1ow · 
·=n~':r~ensity flow~~~= . . -:--~ -;~-Influent _Concen,~~o~ -~ -~- . solu~ility f~\llie',-J>~ :;wate~:,r.All 

· and .- ti!Ji~: __ 'f.9 as'sess fun~oni.ng of . : :•·::The ~ve equatio~ ~ ·C<>~only >_,_'.~_;1'-'~~?'-~0J!¢~~~!~~~~~ . 
· biol_ogical processes, measureme_n_ts. oy . ::~~ for calculating pei::formance effec~ .. -:=i~o(. ~e_: •~ , m an "ef.~'o~ -~ -
. · pH and temperature were . routinely · · :.tiveness for both concentration~ and · · :--·-·:----e the ~fl'"ect.ofthe_ fluctuatio":' 

· _made. _:- ·· · ··- · · 'destruction-type technologies:' · m th? feed ~il ra~ dunng ho~ soil 
To assess material balance for the washingtests/!_'h~soilwasherachieved 

.. 
Laboratory Analyses . 

Analytical methods used in this SITE 
demonstration. are presented in Table 
I. Because the BSW, BATS, ·and SBR 
were designed to treat PCP and P AHs, 

BSW test, total mass was calculated removal effi~~nci~s (_.)f 89 and 87 per-
for soil, water, and for each contami- centforPCJ.> _as .well~83percentand 
nant to determine if measured input 88_ pei:cen~f,Qr f. Alu;_ 1,1.1 'I'~ 1 ~d Test 

· · 2 respectively;·'"'. " · ' .. · :~:~u:=:;t ~~=pi:~:! ··)l'he:nia#;l>~.~:~sw~ Coz: ·PCP 
quantified. For the BATS and SBR, ?,"-d P AHs, · the en~~. co:ntaromants 

· · m the BSW ·evaluation; are presented 

Table ll. .Particle-size distribution in tested soils: 
in Tables ·ill and IV. Since the distribu- · 
. tion of conta'minant.il 'on solid arid liq-

Soil fraction 
· (Sieve range) 

Gravei & coarse sand 
(#3/8-#10) 

Medium sand (#20-#40) 
·· Fine sand (# 60-#200) 

Fines ( < #200) 

1nn 

. :· 'Mass fraction o(soi.l .•. . 
retained on sieve(%): · 

Low PCP 
•.··:· ·soil 

Low PCP 
soil • 

25.2 
52.8 

· 16.6 
5.5 

High PCP 
soil 

PCP 
(ppm) 

9.3 240 
36.0 42 
46.7-- .. , .-.45 

8.0 ·. 240 

PAiis 
(ppm) 

212 
72 

· 24 
352 

High PCP · soil . 
PCP . . PAiis 

(ppm) . . (ppm) 

1200 . 477 
250 . 135 

· 160 .. ·. 86 
1100 642 

. uid :portioiis';of'each fradi.01{ is ' un
·known;'ihe'·aifa""-iire presente<f on-the 
·as-is basis? l'liliHiiso·is atfficire}ealistic 
presentationtof tne· actual.~. 
- In ·both tests~ th~ ·ilpil washer ~ 

bala.ii.ce acliieve<hi fairly good'closure 
for solid aridli .. · d waste· streams· and . ,. _,.<JUI .. . . __ . 
,ror the mass ;of·P Alls ·.uf th'e-:'o\i.wuts_ . 
i-elalive;to'!fbe'4mputs.'~The1·P.CP.·bal~; .' 
ance, however, was poor and showed _a 





Table III. Normalized results of the soil washing test on the low PCP concentration 
feed soil. 

Input 
Feed soil 
Municipal water 
Thickener solution 
Total 

Output 
Washed soil 
Coarse oversize 
Fine oversize 
Fine part. cake · 
Comb. dewat. effl. 
Total 

% Removal Efficiency 
(using output mass) 

As-is Solids 
wt.kg . % 

1.00 
5.45 
0.82 
7.27 

1.18 
0.14 

. 0.06 
0.22 · 
5.00 
6.60 

89 

73 
-69 

8 
· 30 

0.07 

cone. 
ppm 

130 
0 
0 

14 
170 
96 . 

270 
· 14 

89 

PCP 

mass• : 

130 
0 
0 

130 

.16;5 · 
23.8 . 
· 5.8 
59.4 
70.0 · 

175.5 

.. 87 . 
(91j 

·100 
0, 
0 

· 9 
13 
· 3 
34 
40 

TotalPAHs 

cone. 
ppm 

247 
0 
0 

42 
309 
208 
778 

0.5 

83 

mass 
mg 

. 247 
0 
0 

247 

49.7 
44.9 
12.3 

170 
2.5 

279 

80 
(82) 

100 

18 
16 
4 

61 
1 

• Mass refers to the mass of contaminant in the ~-is weight of each fraction obtained from 
treatment of 1 kg offeed.soil. · · 
•• Refers to percent of total input or output, ~ly. 

1.00 · 
0.22 
0.75 
4.12 
6.09 

84 . · 680 '. · c ; :_680 · •."' 91t~ 

g . g g' .. · 
.2.8 .. 11 ' .· 1.7 

691 

404 · '·· 404 o · o 
0 ·. N/A . 

· 0.2 0.9 
405 

99.7 · 

0.3 

<·· .rt-: 
; ·'-





TableV. Reduction of contaminants in the soil washer. 

Feed soil 
Contaminant mg/kg 

PCP 130 
PAHs (carcinogenic) 20.4 
PAHs (non-carcinog.) 227 
Cr 17.0 
As 13.5 
Cu 14.7 
Total CDD/CDF 1.37 
TRPH 3,800 

Feed soil 
Contaminant mg/kg 

PCP 680 
PAHs (carcinogenic) 71.0 
PAHs (non-carcinog.) 333.1 
Cr 38.5 
As 31.4 
Cu 33.8 
Total CDD/CDF 2.51 
TRPH 8,900 

not achieve full acclimation before the 
14 day test period. Problems were 
encountered with the feed of slurry 
due to cold ambient temperatures, with 
variability of feed concentrations due 

Test No. 1 

Washed soil Reduction . 
mg/kg % 

14 89 
3.9 80 

38 83 
8.8 48 
5.0 63 
5.6 62 
0.11 92 

210.0 94 

Test No. 2 

Washed soil Reduction 
mg/kg % 

87 87 
8.9 87 

39.4 88 
14.0 64 
11.6 63 
10.1 · 70 
0.08 97 

690 92 

period were the anticipated PCP and 
P AH removal levels of 90 percent 
reached for both liquid and solid phases 
of the slurry. 

The $BR treated a 7 percent slurry 

Table VI. Performance of the BioTrol Aqueouii 
Treatment System (BATS) on the process water from the 
soil washing. 

Low PCP Concentration Soil Washing 

Test 1 Influent 
Contaminant . mg/L 

PCP 15 · 
PAHs N/D 

Effluent 
mg/L 

1.3 . 
N/D 

Reduction 
% -

. . ·91 

High PCP Concentration Soil Washing 

Test 2 . Influent 
Contaminant mg/L 

PCP 44 
PAHs N/D 

N /D: not detected. 

to poor mixing in the storage tank, and 
with inadequate nutrient feed for the 
higher than expected PCP concentra
tions during the initial days of opera
tion. Only toward the end of the test 

Effluent 
mg/L 

3 
N/D 

Reduction 
% 

94 

at 24 ml/min (0.38 gal/hr), which pro
vided a retention time of about 6.2 
days. When filtered, the solid phase of 
the slurry feed to the SBR contained 
an average of 2670 ± 606 mg/kg PCP 

Table VII. Pentachlorophenol and PAH removals in the slurry bio-reactor. 

Avg.Cone.• 
Influent 

Solid Phase MBll:. Removal Dayl4 
Species mg/Kg % DayofTest % 

PCP 2571 ± 506 96 14 96 
Acenaphthene 53 ± 44 89 7 75 
Fluoranthene 277 ± 144 99 14 99 
Pyrene 363 ± 121 94 14 94 
Benzo(a)-anthracene 63 ± 41 87 14 87 
Chrysene 89 ± 47 93 14 93 
Benzo(b)-ftuoranthene 69 ± 36 75 14 75 
Benzo(a)pyrene 48 ± 41 80 6 71 

• Includes measured and estimated values in averages. . 

while the liquid contained 59 ± 19 
mg/L. P AHs were not detected in the 
liquid phase of the influent or effluent 
and even in the solid phase many 
PAHs were at or below detection lim
its . The high PCP concentrations in all 
samples contributed to the high detec
tion limits for the PAHs. The results 
are presented in Table VII. For some 
of the P AHs the 90 percent level of 
removal was never reached and for 
others the highest removal levels were 
reached early in the treatment and 
then decreased over the course of the 
study. These anomalous results re
main unexplained. 

Costs 

Basic operating and equipment capi
tal costs were provided by BioTrol. It 
has been assumed that the washed soil 
would meet the regulatory cleanup 
levels and be returned to the site, the 
fines fraction would be treated in a 
slurry bioreactor, the woody debris 
would be incinerated, and the process 
water would be treated in the BATS. 
Detailed discussion of costs is provided 
in EPA reports. 6,6 The cost to treat 
similarly-contaminated soil in an area 
such a'.s the MacGillis and Gibbs site 
with an 18.2-metric ton/hr (20-ton/ 
hr) commercial soil washer coupled 

. with three 100-gpm BATS units oper
ating in parallel and . three parallel 
SBR trains capable of treating 23 gpm 
of slurry w~ estimated at about $168/ 
ton of soil, including $128/ton of feed 
soil for incineration of the woody de-

. bris. . 

Conclusions 

The demonstration test showed that 
the BioTrol ·soil washing process can 
be o~rated concurrently with two bio
logical treatment processes for the ma
jor waste streams from the soil wash
ing: Similar arrangement of treatment 
technologies should be applicable to 
other wood-preserving sites. For other 
types of sites, the BSW may be coupled 
with other treatment systems or even 
operated alone. 

For soils containing 25 percent or 
less of fines, the BSW can segregate a 
large fraction of washed soil with low 
residual contamination while the con
taminants are concentrated several
fold into the small fractions of the 
solid waste streams. 

Based 01 the decrease in contami
nants in the washed soil relative to the 
feed soil, contaminant removal effi
ciencies of 87 percent or higher can be 
achieved by the soil washing process 
for PCP, P AHs, and even dioxins. 

l31odegradation of contaminated pro
cess water from the soil washer in the 
BATS can achieve over 90 percent 





r 
., . 

degradation of PCP. Because the levels 
of PAHs were below detection limits in 
the process water, their degradation in 
the BATS could not be determined. 

While not conclusive, it appears that 
both the PCP and P AHs in the small 
fraction of fines can be biodegraded in 
a slurry bioreactor once steady-state 
conditions are achieved. 

Cost-effectiveness of the soil wash
ing process largely depends on achiev
ing cleanup levels acceptable for re
turn . of the washed soil to the site. 
Utility of the slurry biodegradation 
also depends on achieving cleanup lev
els in the treated fines for their return 
to the site. 
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Current Status of the ADVACATE Process for 
Flue Gas Desulfurization 

Brent w. Ha!I, Carl Singer, Wojclech Jozewlcz 
. · Acurex Corporation 

Research Triangle Park, North Carolina 

Charles B. Sedm'an and Michael A. Maxwell 
Air and Energy Engineering Research .Laboratory 

U.S. Environmental Protection Agency 
Research Triangle Par1<, North Carolina 

The following report discusses current bench• and 
pilot-plant advances in preparation of ADV Anced 
siliCATE (ADVACATE) calcium silicate sorbents for 
fl.ue gas desulfurization. It also discusses current 
bench- and pilot-plant advances in sorbent 
preparation. Fly ash was ground in a laboratory 
scale grinder prior to _slurrying in order to decrease 
the slurrying time needed for the sorbent to be 
reactive with SO2- Reactivity of AD.VACATE sorbents 
with SO2 in the bench-scale reactor correlated with 
their surface area. 

AD VACATE sorbents produced with ground fl.y ash 
were evaluated in the 60 cfm (85 m 3 / h) pilot plant 
providing 2 s duct residence time. AD VACATE 
sorbent was produced by slurrying ground fl.y ash 
(median particle size of 4.3 µm) ~i!h C:Ja.(Oll)2 at the 

. : . . ·;:_ ~ 

Copyright 1992-Air & Waste Management Asoociatlon . 

weight ratio of 3:1 at 90"C (194°F) for3 h to yield 
solids with_S0 weight percent of initial f'ree 
moisture. When this sorbent was i,uected into the 
duct with 1500 ppm SO2 and at ll°C (20"F) 
approach to saturation, the measured SO2 removal 
was approximately 60 percent at a Ca!S 
stoichiometric ratio of 2. Previously, when 
AD VACATE sorbent was produced at 90"C (194°F) 
and at the same fl.y-ash-to-Ca(OH)2 weight ratio 
using unground fl.y ash, removal under the same 
conditions in the duct was approximately 50 percent 
following 12 h slurrying.The report presents the 
results of pilot-scale recycle tests at the recycle ratio 
of 2. Finally, the report discUBBes future U.S. 
Environmental Protection Agency plans for 
commercialization of ADVACATE • 
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Cost Backup for Alternative SC-5 

Off-site Disposal Debris Piles/Cover Ash Landfill and NCFL 



) 

j 



SENECA ASH FINAL ASH/FS REPORT 

ALTERNATNE SC-5 

Excavate Debris Piles, dispose off-site in Subtitle D Landfill , Vegetative Cover for Non

Combustible Fill Landfill and Ash Landfill. 

Basis 

Excavation Volume = 

9" Topsoil Cover 

Revegetate Site 

Debris Pile A (120 yd3
) 

Debris Pile B (90 yd3
) 

Debris Pile C (560 yd3
) 

Total = 770 yd3 

Area of Ash Landfill = 83,400 ft2 

Area of NCFL = 145,900 ft2 

Total Area = 229,300 ft2 

Capital Costs 

1. 

2. 

Excavate, transportation and Disposal: 

770yd3 
X 150/yd3 = 

Install topsoil: 229,300ft2 x 0.75ft x 0.037yd3/ft3 

= 6,363yd3 
X $10yd3 = 

3. Revegetate : 229,300ft2 x 2. 3 x 10-5 acres/ft2 

December 1996 

= 5 .26 acres x $2000/acre 

Subtotal 

$115 ,500 

$ 63 ,630 

= $10,520 

= $189,650 

K:\SENECA IASH-FS\AppDnew. wp5 





SENECA ASH FINAL ASH/FS REPORT 

4. Project Administration and Management (5 % ) =$ 9,483 

5. Contingency (20 % ) =$ 37,930 

Total Est. Capitol Cost =$237,063 

ANNUAL O&M COSTS FOR ALTERNATIVE SC-5 

Cap Maintenance 

Inspection $1,500 

$ 300 

$ 300 

$1,000 

$3,100 

10 hours labor & travel, subsistence 

Veg. Cover repair 

Mix. repairs 

Administration 

Quarterly Sampling 

Per Quarter 

Labor: 

Substinence: 

Travel: 

Van: 

Materials & Supplies: 

Equip . Rental: 

Miscellaneous: 

Analytical: 

Reporting: 

8 Wells 

$5,000 4 days x 2 people x 10 hours x $15/hr 

$ 720 4 days x 2 people x $40/day 

$ 500 2 plane tickets at $250/each 

$ 250 weekly rate 

$ 200 ES experience 

$ 200 ES · experience 

$ 200 ES experience 

$ 500 ES experience 

$1,000 ES experience 

$8,570 

Annual $34,280 

Rounded to $35,000 

December 1996 

16 Wells 

$ 7,500 6 days 

$ 1,080 6 days 

$ 500 

$ 250 

$ 300 

$ 300 

$ 1,000 

$ 1,500 

$12,730 

$50,290 

$51,000 

K:ISENECAIASH-FS\AppDnew.wp5 





SENECA ASH 

Annual O&M Costs 

Cap Maintenance 

Quarterly monitoring (8 wells) 

Eng., Oversight, Administration 

Contingency (20 % ) 

$ 3,100 

$35,000 

$ 5,000 

$ 8,600 

$51,700 

Rounded to: $52,000 

Present Worth of O&M 

Assume 30 years 

Assume 10 % interest 

p = 52,000 (1.1)30 -1 

0.1 (1.1)30 

Rounded to P = 490,000 

Present worth cost of Alternative SC-5 = 

Total Est. Cost = 

December 1996 

$ 237,063 

490,000 

$ 727,063 

FINAL ASH/FS REPORT 

K: \SENECA IASH-FSIAppDnew. wpS 





Cost Backup Summary 
for 

Management of Migration Alternatives 
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SENECA ASH 

MANAGEMENT OF MIGRATION ALTERNATIVES 

Cost Basis Summary 

I. Capital Costs 

Unit Operation 

Site preparation 

Surface water diversion 

Groundwater monitoring 

Interceptor trenches 

Air sparging 

Vapor-phase carbon-air sparging 

Equalization tank/piping 

In-line filter 

Softener 

Air stripper 

UV oxidation 

Liquid phase carbon-primary 

Liquid phase carbon-secondary 

Surface water discharge 

Two-stage bioreactor 

Auguit 1994 

Reference 

CORA 
CORA 
CORA 
ES 

ES 

CORA 
JMS/ES 

ES/Permutit 

ES/Permutit 

EPA 

ES/Peroxidation 

CORA 
ES/Hadley 

CORA 
ES/Envirex 

DRAFT ASHFS REPORT 

Installed 

Cost Estimate {$) 

$26,000 

$ 38,000 

$43,000 

$60,000 

$100,000 

$210,000 

$ 30,000 

$ 15,000 

$ 15,000 

$ 41,000 

$50,000 

$150,000 

$20,000 

$100,000 

$180,000 

K:ISENECA\ASH-FS\Appcndix.D 





SENECA ASH 

II. Annual O&M Costs 

Unit Operation 

Site maintenance 

Surface water diversion 

Groundwater monitoring 

Air sparging 

Vapor phase carbon - air sparging 

Equalization tank/piping 

In-line filter 

Softener 

Air stripper 

UV oxidation 

Liquid phase carbon-primary 

Liquid phase carbon-secondary 

Surface water discharge 

Two-stage bioreactor 

AU&Ull 1994 

Reference 

ES 

CORA 
CORA 
ES 

CORA 
ES 

ES/Permutit 

ES/Permutit 

EPA 

ES/Peroxidation 

CORA 
ES/Hadley 

CORA 
ES/Envirex 

DRAFT ASHFS REPORT 

Installed 

Cost Estimate ($) 

$ 5,000 
$ 2, 100 

$60,000 

$ 10,000 

$130,000 

$ 1,000 

$ 2,000 

$ 11,000 

$ 3,500 

$10,000 

$46,000 

$ 6,000 

$ 1,000 

$30,000 

K:\SENECAIASH-FS\Appcudix.D 





Cost Backup 
for 

Alternative MC-2 

Natural Attenuation and Institutional Controls 
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SEDA ASH LANDFILL FEASIBILITY STUDY 
PRELIMINARY COST ESTIMATES 

Alternative: MC-2 

Description: Natural Attenuation 

Unit 
Operation 

Groundwater monitoring 

Contingency Plan: 
Alternative Water Supply 
Cost of Connecting to System 

Alternate Water Supply 

Subtotal 
Contingency (20%) 
Engineering/Oversight (20%) 
Total 

Present worth O&M cost 
Interest= 
Years of Operation = 

Total present worth cost 

12/12/96 

Capital Annual 
Cost O&M Cost 

$43,000 $60,000 

$71,528 $200 

$114,528 $60,200 
$22,906 $12,040 
$22,906 $12,040 

$160,339 $84,280 

$794,500 
10% 

30 

$954,840 





Annual Cost of Town Water 
(from Town of Romulus Water District) 

Quarterly Costs 

Operation and Maint. Fee $20.00 

Minimum quarterly fee 
Annual fee 

$30.00 /up to 8000 gallons 

$0.18 /100 gallons above 8000 

gallons 

$50.00 
$200.00 

Cost of Connecting to Existing Service 

Unit Cost Volume 
Excavation (4'-6' deep) $4.21 /LF 
Bedding (6") $10.00 /CY 

Backfill $1.45 LF 
Install 6" DI Push-on Joint Pipe 

(includes labor and materials) $13.00 /LF 

Horizontal boring under railroad $495.00 /LF 
Total Cost 

Excavation = 1167 CY 

Bedding (6") = 117 CY 

Unit Cost from Means Building Construction Cost Data 

Basis: Connecting to existing 6" DI Water Main on Ash Landfill 
Length of connection approximately 2100 LF + 300 LF + 2400 LF 

Nonhazardous work conditions. 

Pipe must be at least 4' below ground surface. 

12/1 2/96 

1167 LF 
117 C 

2100 LF 

2400 LF 

20 LF 

Total 
$4,913 
$1,170 

$3,045 

$31,200 

$9,900 

$50,228 





** *** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME: 11:04:50 

CORA GROUNDWATER MONITORING COST MODULE (50 3 ) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859 - 24 2 7 

INPUTS 

Parameter Value 

Numbe r of wells to install 10 
Average well depth (ft) 10 
Protection during setup of D 

drill rig & installation 
of above-grade piping 

Protection during drilling D 
Average temp (degrees F) 50 
Confidence level M 
Number of wells to monitor 40 
Monitoring frequency 4 
Monitoring requirements: 

24 Plasma Metals Y 
Pest/PCB N 
GC-BN N 
GC-Acid N 
HSLORG N 
VOA GC/MS Y 
Acid GC/MS Y 
B/N GC/MS Y 

NOTES: 

Quarterly Monitoring 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

43,000 .. , .. 
{/JJoou 





Cost Backup 
for 

Alternative MC-3 

Air Sparging 
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SEDA ASH LANDFILL FEASIBILITY STUDY 
PRELIMINARY COST ESTIMATES 

Alternative: MC - 3 

Description: Air sparging 

Unit 
Operation 

Groundwater monitoring 
Site preparation 
Surface water diversion 
Interceptor Trenches 
Air sparging equipment 
Vapor- phase carbon 

Subtotal 
Contingency (20%) 
Engineering/Oversight (20%) 
Total 

Present worth O&M cost 
Interest = 
Years of Operation = 

Total present worth cost 

Capital 
Cost 

$43,000 
26,000 
38,000 
60,000 

100,000 
210,000 

$477,000 
95400 
95400 

$667,800 

10% 
10 

$2,457,958 

Annual 
O&M Cost 

$60,000 
5,000 
2,100 
1,000 

10,000 
130,000 

$208,100 
41620 
41620 

$291,340 

$1,790,158 









***** VERSION 3 . 0 DRAFT***** DATE: 01 / 06 / 94 
TI ME : 11 : 0 4 : 5 0 

CORA GROUNDWATER MONITORING COST MODULE (50 3) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617 /859-2427 

INPUTS 

Parameter Value 

Number of wells to install 10 
Average well depth (ft) 10 
Protection during setup of D 

drill rig & installation 
of above-grade piping 

Protection during drilling D 
Average temp (degrees F) 50 
Confidence level M 
Number of wells to monitor 40 
Monitoring frequency 4 
Monitoring requirements: 

24 Plasma Metals Y 
Pest/PCB N 
GC - BN N 
GC-Acid N 
HSLORG N 
VOA GC/MS Y 
Acid GC/MS Y 
B/N GC/MS Y 

NOTES: 

Quarterly Mo nitoring 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

4 3 ,000 
7 , C" 
t 0

1 
<jO{) 





***** VERSION 3.0 DRAFT***** DATE: 
TIME: 

01/0 6 /94 
10:5 6 :4 3 

CORA SITE PREPARATION COST MODULE 

SITE NAME : SEDA ASH LANDFILL 
OPERABLE UNIT: MIGRATION CONTROL ESTIMATED START: MID FY 1995 
RUN BY: Dan Kelmar PHONE NUMBER: 617/859-24 27 

INPUTS 

Parameter 

Site clearing (acres) 
Tree removal (acres) 
Dust control area (acres) 
Local util. connect. 
Distance to power pt . (ft) 
Gas conn. req'd 
Distance to gas conn. (ft) 
Water conn. req'd 
Distance to wtr (ft) 
Water flow (GPM) 
Access rd - ft req'd 
Acess road width (ft) 
Bldg. demolition (CY) 
Stored material (CY) 
Average temp. (deg. F) 
Level of confidence 

RETENTION 
FLOW TIME 

Value 

15.0 
0.0 
0.0 

y 

500 
N 
0 
N 
0 
0 
0 
0 
0 
0 

60 
M 

IS 
PUMPING 

Prot. 
Level 

D 

RESULTS 

Component 

SITE CLEARING 
TREE REMOVAL 
DUST CONTROL 
POWER CONNECTION 
GAS CONNECTION 
WATER CONNECTION 
ACCESS ROAD 
TEMPORARY STORAGE 
BLDG DEMOLITION 
FLOW EQUAL.&INVENTORY 

CAPITAL COSTS 
O&M (FLOW INV.) 

BYPRODUCTS GENERATED 
SOILS & ORGANICS (CY) 

TOTAL TRENCH 
TRANSFER IN CONTAM. # OF 

REQUIRED PIPE MATERIAL PUMP 

Total 

13 , 000 
0 
0 

13,000 
0 
0 
0 
0 
0 

Ji 84 I 8 C 
- - ---~~-oo D 

'"'GC-;«ro 
1,100 

5 , 260 

PROT. 
LEVEL 
(A,B, 

STREAM (GPM) (HRS) (Y/N)? LEN. (FT) (Y/N)? STATIONS · C, D,N) 
1 
2 
3 
4 
5 

*** 

*** 

30 6 y 2000 N 2 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

Permanent utility connections are not included in techno logy 
modules with the exception of onsite incineration. Because 
of the specific high demand for this process, allowances have 
been made within the cost algorithm. 

Equalization and inventory costs should not be confused with 
or used for stockpiling and rehandling costs between removal 
and disposal technologies . Stockpiling and rehandling costs 
are significant and site specific , requiring in - depth 
production and economic analysis beyond the scope of thi s 
conceptual resource . 

D 
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***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME: 10: 59:36 

CORA SURFACE WATER DIVERSION/COLLECTI ON COST MODULE (105) 

S ITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT : 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter Value 

Site on raised ground 
Length of site (ft) 2000 
Width of site (ft) 1000 
25-yr , 24-hr rain (in.) 
Protection level D 
Average temp (degrees F) SO 
Confidence level M 

NOTES: 

Run-on and Run - off Control 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

38 ,000 
2 ,100 

BYPRODUCTS FOR TRANSPORT/DISPOSAL: 

EXCAVATED MATERIAL (CY) 
(SWELL FACTOR=l.25) 346 
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I Excav, Backfill, Compact 
DAILY MAN· BARE COSTS TOTAL 022 2 00 CREW OUTPUT HOURS UNIT MAT. LABOR EOUIP. TOTAL INCL O&P 

204 1300 Dozer bad<filling _ bulk_ up to 300' haul. no compaction 8-100 1,200 .010 CY. .20 .61 .81 .97 ; 
1400 Air ta~ 8-118 240 _()57 1.28 4.01 5.29 6.30 
1600 Compacting back1in . 6" to 12· lifts. vibrating roller 8-lOC 800 .015 .30 1. 02 1.32 1.57 
1700 Sheepsfoot rol ler B-100 750 .016 .32 1.12 1.44 1.71 
1900 Dozer bad<filling. 1rench. up to 300' haul. no compaction 8-100 900 .013 .27 .81 1. 00 1.29 
200) Air ta~ 8-118 235 .ffi'l 1.31 4 03 5.40 6.45 

2200 Compacting back1ill. 6" to 12· lifts. vibrating roller 8-lOC 700 .017 .34 1.16 1.50 1.79 

2300 Sheepsfoot roller B-100 650 .018 .37 1.29 1.66 1.97 
212 0010 BORROW Buy and klad at pit, haul 2 miles round trip ; 

0020 and spread . wilh 200 H.P. dozer, no compaction 

OtOO Bank run gra~I ® B-15 600 .047 C.Y. 3.67 .87 2.34 6.88 7.90 

0200 Comrron txmow 600 .047 3.15 .87 2.34 6 )3 7.35 

moo Crushed stone. 1-½ • 600 .047 14 .87 2.34 17.21 19.25 

m20 1/.. 600 .047 14.25 .87 2.34 17.46 19.55 

m40 ½" 600 .047 14.70 .87 2.34 17.91 20 

0360 ¾· 600 .047 15.20 .87 2.34 18.41 21 

0400 Sm1 . washed. concrete 600 .047 12.95 .87 2.34 16.16 18.10 

0500 Dead or bank sand 600 .047 3.15 .87 2.34 6)3 7.35 
a;oo Select structural fill 600 .047 6.80 .87 2.34 10.01 11 .35 

0700 Screened kla m 600 .047 14.65 .87 2.34 17.66 20 
0000 Topsoil . weed free 600 .047 11.10 .87 2.34 14.31 16. 10 

0000 For 5 rri le haul. acld 8-348 200 .040 .70 1.69 2.39 2.90 
222 0010 COMPACTION Slee! wheel tandem rolle r, 5 tons ® B-tCE 8 1.500 Hr. 30 13.55 4.3.55 60 ; 

0100 10 tons B-1~ 8 1.500 30 21 51 68 
moo Sheepsfoot or wobbly wheel roller . 8 • ktts. common fill B-103 1,300 .000 G.Y. .19 .34 .53 .65 

0400 Select tin 1,500 .000 .16 .30 .46 .57 

0500 Terra Probe. deep sand. vibrating 30.000 C. Y .. rrinimum B-4.3 1,800 .027 .49 .37 .66 1.15 

0520 Maximum . 1,100 .044 .80 .61 1.41 1.88 

0540 Mobiliza tion and demobilizauon . minimum B-8 .63 102 Total 1,900 2,775 4.675 5,875 

0560 Maximum . .48 133 . 2.500 3.650 6,150 7,725 

a;oo Vibratory plate. 8 • tihs . common fill A- 1 200 .040 C.Y. .67 .26 .93 1.30 

0700 Select fill . 216 .CXJ7 .62 .24 .66 1.20 

230 0010 ORIU.ING ONLY 2. hole for rock l:Xllts. a~rage B-47 395 .ffi 1 U . 1.14 1.19 2.33 3.02 ; 

0000 2-'/2" hole tor pre-splining . a~ ra()e I 540 .044 I .83 .87 1.70 2.21 

1600 Quarry operations. 2-½· to 3-½" d1arre ter I 71 5 .CXJ4 I .63 .66 1.29 1.67 

234 0010 DRIU.ING AND BLASTING l)i ly_ ro ck . open face . uncle r 1500 CY B-47 225 .107 G y_ 125 2 2 CB 5.34 6.70 

0100 a~r 1500 CY . 300 .000 125 1.50 1.57 4.32 5.35 

moo Bulk drilling and blasting . can vary greatly_ a~rage 3.50 

0500 Pils. averaoe 18 

1300 Deep hole method. up to 1500 C. Y. B-47 50 480 1. 25 9 9.40 19.65 25 

1400 O~r 1500 CY 66 .364 125 6 80 7. 10 15.15 19.45 

1900 Restricted areas. up to 1500 C.Y 13 1.850 1.25 35 ~ 72.25 93 

2000 O~r 1500 CY. 20 1.200 1. 25 23 24 48.25 61 

2200 T renehes. up to 1 500 C Y 22 1.090 125 20 21 42.25 56 

2300 O~r 1500 CY 26 .923 1 25 17.30 18 10 )3 65 . 47 

2500 P,er holes . up 10 1500 C Y 22 1. 090 1.25 20 21 42.25 56 

2600 O~r 1500 C.Y. 31 .774 1.25 14.55 15.15 30.95 40 

2800 Boulders uncler '/2 cy. klacled on truck . no hauling B- t OO 80 .150 3.01 4.93 7.94 9.90 

2900 Drilled . blasted and klac!cd on truck. no hauling B-47 30 .800 1. 25 15 15.65 31.90 41 

3100 Jad<llammer operators wilh foreman comp<essor. a,r tools B-9 1 40 Day 690 11 5 805 1,1 75 

3300 Track drill. comp1essor. opera tor and lorernan B-47 1 24 450 470 920 1.200 

3500 Blasting caps Ea . 1.68 1.68 1.85 

3700 Explosi~s Lb 1.25 1.25 1.38 

3900 Blasling mats . rem . tor first day Ea . 39 39 4.3 

4000 Per aclded day 22 22 24 

Preblast survey for 6 room house. ind ividual klt . mini rrum A-6 2.40 6.670 130 130 195 
4200 

Maximum 1.35 11.850 230 230 345 
4.300 - - . - ~ ---





22 I Earthwork . • , 

022 200 I Excav, Backfill, Compact CREW OUTPUT HOURS UNIT MAT . LABOR EQUIP . TOTAL INCL O&P 

2200 500'.J' haul B-33E 750 . 01 9 C.Y . .38 2.27 2.65 3.CXi 246 

7.)00 Common ear1h. 1500' haul 1.030 .014 .28 1.65 1.93 2.23 - 300J' haul 790 .018 .36 2.15 2.51 2.90 7.)50 

2400 500:)' haul 650 .022 .44 2.61 3 05 3.53 

DAILY MAN BARE COSTS TOTAL 
t~= /. 
1; r. 
:: .. 1 

I 
2500 Clay. 1500 ' haul 645 022 .44 2.63 3.07 3.55 

2550 300J' haul 495 .028 .57 3.43 4 4.63 

2600 5000 ' ha u I 405 .035 .70 4.20 4.90 5.65 

2700 Towed. 10 C.Y .. ¼ push dozer. sand & gravel. 1500' haul 8-338 560 .025 .5 1 2 01 2.52 2.97 

mo 300J ' haul 450 .ml .63 2.50 3.13 3.69 

2730 5000' haul l>S .ma .78 3.00 3.87 4.55 

27SO Co mmon ear1h. 1500' haul 420 cm .68 2.68 3l:i 3.96 

2770 300J' haul 400 .ms .71 2.82 3.53 4.15 

2780 5000' haul 310 .045 .92 3.63 4.55 5.35 

2800 Clay. 1500' haul 315 .044 .90 3.57 4.47 5.30 

2820 300)' haul 300 .Cl47 .95 3.75 4.70 5.55 

2840 5000' haul 225 (£2 1.26 5 6.26 7.40 

2900 15 C.Y. . ¼ push dozer. sand & gravel. 1500' haul B-33C 800 .018 .35 1.41 1.76 2.08 

2920 300)' haul 640 022 .44 176 2.20 2.60 

2940 5000' haul 520 .027 .55 2.17 2.72 3.20 

2960 Common ear1h. 1500' haul 600 .023 .47 1.88 2.35 2.77 

2980 300)' haul 560 .025 .51 2.01 2.52 2.97 
JOO'.) 500'.J' haul 440 .m2 .65 2.56 3.21 3.78 

3020 Day. 1500' haul 450 .m1 .63 2.50 3.13 3.69 

3040 300)' haul 420 .cm .68 2.68 3.l:i 3.96 

3C60 500'.l' haul 320 .044 .89 352 4.4 1 5.20 

0010 EXCAVATING, STRUCTURAL Hand, pils 10 6' deep, sandy son 1 Glab 8 1 C.Y. 16.85 16.BS 25 250 
0100 Heavy son or day 4 2 34 34 51 

·1300 Pi ts 6' to 12· deep, sandy son 5 1.600 27 27 41 

500 Heavy son or day 3 2.670 45 45 68 

0700 Pits 12 ' IO 18' deep, sandy soil 4 2 34 34 51 

0000 Heavy soil or day 2 4 67 67 100 

1100 Hand loading trucks from stock pile. sandy so~ 12 .667 11.25 11.25 16.90 

1300 Heavy soil or day 8 1 16.85 16.BS 25 

1500 For we! or muck hand excavalion. add to above % SO¾, 50% 
200'.) Machine excavalion, for spread and ma! footinQs. elevator pits. 

, 2001 and sman building foundat ions 

2035 Comrron ear1h. hydraulic backhoe. ¾ C. Y. bucket B-12F 90 .178 C.Y. 3.63 4.78 8.41 10.65 

2040 1 C. Y. bucket B-12A 108 .148 3.03 4.97 8 9.95 

2050 1· '/2 C. Y. bucket 8-128 144 .111 2.27 4.44 6.71 8.25 

2a;Q 2 C. Y. bucket B-12C 200 .reo 1.63 4.46 6.00 7.35 

2070 Sand and gravel . ¾ C. Y. bucket B-12F 100 .160 3.27 4.31 7.58 9.60 

2080 1 C. Y. buckel B-12A 120 .133 2.72 4.47 7.19 8.95 

2090 1-½ C.Y. bud<et B-128 160 .100 2.04 4 6 04 7.45 

3000 2 C. Y. bucket 8-12C 220 .073 1.49 4.CtS 5.54 6.65 

3010 Day. till. or blasted rock. ¼ C. Y. bucket B-12F 80 .200 4.09 5.40 9.49 12 

3020 1 C. Y. bucket B-12A 95 .168 3.44 5.65 9. 00 11.30 

3030 1-½ C.Y. bucket 8-12B 130 .123 2.51 4.92 7.43 9.15 

3040 2 C. Y. bucket 8-12C 175 . 001 1.87 5.10 6.97 8.40 

9010 For rrobilization or demobili za tion. see div. 022-274 

9020 For dewatering. see div. 021-404 

9022 For larger structures. see Bulk Excavation. div. 022-238 

9024 For bading onto trud<s. add 15% 

9026 For hauling . see div. 022-266 

")30 For sheeting or soldier beams & lagging . see div. 021-614 & 624 

\4() For trench excavation of strip lootings, see div. 022-254 

10 EXCAVATING , TRENCH or continuous foot ing. comrron ear1h 254 

0020 No sheeting or dewalering ilcluded 

oc expanded coverage of these items see Means Site Work C-Ost Data 1989 37 
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I DAILY MAN- BARE COSTS TOTAL . 
022 200 Excav, Backfill, Compact CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

254 0050 1' to 4' deep.¾ C.Y. trador loader/backhoe 8-ttC 150 . 107 CY. 2.05 1.16 3.21 4.35 254 
ro;o ½ C.Y. trador loader/backhoe B-11M 200 .mo 1.54 1.35 2.89 3.79 

0090 4' to 6' deep. 'h C.Y. trador loader/backhoe 200 .COO 1.54 1.35 2.89 3.79 

0100 ¼CY. hydra ulic backhoe B-120 250 _OC,4 1.31 1.32 2.63 3.40 

0110 ¼ C.Y. hydraulic backhoe B- t 2F 300 .053 1.09 1.44 2.53 3.20 

moo ½CY. hydraulic excavator. truck mounted B- 12J 200 .mo 1.63 2.93 4.56 5.65 

0500 6' to 10' deep, ¼ C.Y. hydraulic backhoe B-12F 225 .071 1.45 1.91 3.36 4.26 

0510 1 C. Y. hydraulic backhoe B-12A 400 .040 .82 1.34 2.16 2.69 

C600 1 C.Y. hydraulic excavator. truck rmunted B-12K 400 .040 .82 1.77 2.59 3. 15 

C6 10 1-½ C.Y. hydraulic backhoe B-12B 600 .C/27 .54 1.07 1.61 1.98 

0300 10' to 14' deep.¼ C.Y. hydraulic backhoe B- 12F 200 .mo 1.63 2. 15 3.78 4.79 

0310 1 C. Y. hydraulic backhoe B- 12A 360 .044 .91 1.49 2.40 2.99 

1000 1-½ C.Y. hydraulic backhoe 8-1 28 540 .mo .6 1 1.19 1.80 2.20 

1300 14' to 20' deep , 1 C.Y. hydraulic backhoe B-12A 320 .050 1.02 1.68 2.70 3.36 

1310 1-½ C.Y. hydraulic backhoe 8-128 480 .033 .68 1.33 2.01 2.48 

1320 2-½ C.Y. hydraulic backhoe 8-12S 850 .019 .38 1.77 2.15 2.52 

1400 By hand with pick and shovel to 6' deep, ~ght soil 1 Glab 8 1 16.85 16.85 25 

1500 Heavy soil 4 2 34 34 St 

1700 For tarrping backf~led trenches. air tamp, add A-1 100 .coo 1.35 .51 1.86 2.60 

1900 Vibrating plate, add 90 .009 1.50 .57 2.07 2.89 

2100 Trim sides and tx>nom for concrete pours . common earth 600 .013 S.F. .22 .03 .31 .43 

2300 Hardpan 180 .044 .75 .29 1.04 1.44 

2400 Pier and spread footing excavation. add to above CY. JO¼ 30¾ 

3000 Backfill trench. F.E. loader. wheel mtd .. 1 C.Y. bucket 

3020 Minimal llaul B-1 ffi 400 mo C.Y. .60 .52 1.12 1.46 

3040 100' haul 200 .C60 1.20 1.03 2.23 2.93 

3080 2-¼ C.Y. bucket , minimum haul B-lOT 600 .020 .40 .67 1.07 1.33 

3090 100' haul 300 .040 .80 1.34 2.14 2.67 

258 00 10 EXCAVATING, UTILITY TRENCH Common earth 258 
0050 Trenching with chain trenche r, 12 H.P., operator wa lkinQ 

I 0100 4 • wide trench. 12· deep B-53 800 .010 L.F. .21 .25 .46 .58 

0150 18 • deep 750 .011 .22 .27 .49 .62 I 
0200 24 • deep 700 .011 .24 .29 .53 .67 I 

' 
0300 6 • wide trench, 12 • deep 650 .012 .25 .31 .56 .72 

I 
I 

0350 18 • deep .27 .34 .61 .78 
I 

600 .01 3 I 
0400 24 • deep 550 .015 .30 .37 .67 .85 I 

! 
0450 36 • deep 450 .018 .37 .45 .82 1.04 ; 

C600 8 • wide trench. 12 • deep 475 .017 .35 .42 .77 .98 

C650 18 • deep 400 .020 .4 t .SO .91 1.17 

0700 24 • deep 350 .023 .47 .58 1.05 1.33 

0750 36 • deep 300 .027 .55 .67 1.22 1.56 

1000 Backfill by hand including compadion. add 

1050 4 • wide trench. 12 • deep A-1 BOO . 010 U . . t 7 _a; .23 .32 

1100 18 • deep 530 .015 .25 . 10 .35 .49 

11 50 24 • deep 400 .020 .34 .13 .47 .65 

1300 6 • wde trench . 12· deep 540 .015 25_ .10 .35 .48 

1350 18 • deep 405 .020 .33 . 13 .46 .64 

1400 24 • deep 270 .mo .50 .19 .69 .96 

1450 36' deep 180 .044 .75 .29 1.04 1.44 

1600 8 • wide trench. 12 • deep 400 .020 .34 . 13 .47 .65 

1650 18 • deep 265 .mo .51 .19 .70 .98 

1700 24 • deep 200 .040 .67 .26 .93 1.30 

1750 36 · deep 135 .059 1 .38 1.38 1.92 

2000 Chain tre ncher. 40 H.P. operator rid inQ 

2050 5· wide trendl and backfill . 12· deep B-54 t .200 .007 L.F .14 .10 .24 .32 

18 • deep 1.000 .cni .16 . 12 .28 .38 
2100 

24 • deep 975 .cnl .17 .13 .30 .39 
2150 

900 .Oll .18 .14 .32 .42 
2200 36 • deep 

/( OSI Data 1989 
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DAILY MAN- BARE COSTS TOT AL 
027 150 I Sewage Systems CREW OUTPUT HOURS UNIT MAT . LABOR EQUIP. TOTAL INCL Ot.P 

164 3160 Sieel. plain oval arch OJlvens . plain 164 
3180 17 • x 13 • 16 ga . . 15 • equivalenl B-22 225 . 133 L.F . 6.87 2.65 .56 10.00 12.15 

3200 21 • x 15 • 16 ga .. 18 • equ,valenl 175 . 17 1 8. 19 3.40 .73 12.32 14.90 

3220 28 • x 20· 14 ga .. 24 • equivalenl 150 .200 13 3.97 .85 17 82 21 

3240 :is· x 24" 14 ga .. 30· equivalenl 108 .278 16.25 5.50 1.18 22.93 27 

3260 42 • x 29 • 12 ga . . ~ • equ1valen1 B-13 108 .519 31.25 9.40 4.27 44.92 53 

3280 49 • x 33 • 12 ga . 42 • equivalenl 92 .6W 37.63 11 .05 5 53.68 63 

3300 57" x 38 • 12 qa . 48 • equiva lenl 75 .747 34.57 13.55 6.15 54.27 65 

3320 End seClions. 17" x 13" 22 2.550 Ea . 30 46 21 97 125 

3340 42 • X 29• 17 3.290 154 60 27 241 290 

3360 Multi-plale arch. sleel B-20 1,690 .014 Lb. .53 .27 .80 .99 

168 0010 PIPING, DMINAGE & SEWAGE, POLYVlflYL CHLORIDE 168 

0020 Not induding excavation or backfill 

2000 1 O' lengths. S.O. R. 35. 4 • d1ame1er B-20 375 .ffi4 L.F. .57 1.23 1.80 2.48 

2040 6" diameler I 350 .069 1.22 1.32 2.54 3.33 

2080 8" diame1er ! 335 .072 1.75 138 3.13 4 

2120 10· diameter B-21 330 .ms 2.80 1.67 .26 4.73 5.85 

2160 12 • diameter 320 .C88 3.95 1.72 .26 5.93 725 

2200 15 • diameter 190 .147 6.15 2.90 .45 9.50 11.60 

172 0010 PIPING, DMINAGE & SEWAGE, VITRIFIED CLAY, C700 172 
0020 Not induding excavation or backfill. 4 · & 5' len()lhs 

4030 Extra strength. compression joints. C425 
500) 4" diameter B-20 265 . (Y:ll L.F . .98 1.74 2.72 3.70 

5020 6 • diameter . 200 .120 1.63 2.30 3.93 5.25 

5040 8" diameter B-21 200 .140 2.54 2.15 .42 5.7 1 7.40 

.%0 10· diameter 190 .147 4.22 2.90 .45 7.57 9.50 

5000 12 • diameter 150 .187 5.57 3.67 .56 9.80 12 .25 

5100 15 • diame ter 110 .255 10.~ 5 .77 16.13 19.75 

5120 18 • diame1er 88 .318 15.60 6.25 .96 22.81 28 

5140 24 • diameter 45 .622 29 12.25 1.88 4.3.13 52 

5160 30 • diameter B-22 31 .968 33.80 19.20 4. 10 57.10 71 

5180 ~- diameter . 20 1.500 52 30 6.35 88.35 110 

6000 3' lengths. add to above 30¼, 

6020 2 • lengths. arld to above 40\i, 

6040 For die caS1 slip joints compared lo premium joinls 90\b 
ro;o For plain joints rompared to rompression joints 75% 

7cx;Q 2' lengths, add to above 40\i, 

174 0010 SEWAGE PUMPING STATIONS Pretab<ica ted steel , roncrete 174 

0020 or fiberqlass. 200 GPM e-1m .17 494 Total 23 ,300 11 ,000 3,100 37,400 45.700 

0200 1.000 GPM .07 200 34,450 26,800 7,525 68,775 86,500 

0500 Add for generator unrt. 200 GPM. steel .34 247 17,800 5.500 1,550 24,850 29 .600 

0600 Concrete .51 165 11 ,130 3,675 1,025 15,830 18,900 

1000 Add for generator unrt . 1.000 GPM. steel .30 280 18,900 6,250 1.750 26,900 32. 100 

1200 Concrete .38 221 15,900 4,925 1.375 22.200 26.400 

1500 For wet wen. ii required, add B-23 .50 80 4,560 1,375 955 6,890 8, 150 

176 0010 SEWAGE TREATMENT Not ind. fencing or external piping 176 

0020 Steel packaged. blown air aeration plants 

0100 1,000 GPO Ga l. 11 .40 

0200 5.000 GPO 7.50 

0300 15.0CO GPO 4.15 

0400 30.0CO GPO 4.05 

0500 50.0CO GPO 2.95 

0600 100.CXXl GPO 2.70 

0700 200.CXXl GPO 1.90 

0000 500.CXXl GPO 2.10 

1000 Concrete. extended aeration . prirrnry and serondary treatment 

1010 10.0CO GPO Gal. 8.65 

For expanded coverage ol these items see Means Sire Work Cost Dara 1989 59 





IRAFI 

140N 
SUBSURFACE DRAINAGE 

Drainage Fabric 

Good drainage is essential for soil stability. In order 
for drainage structures to be effective - along 
highways, in embankments, under airfields and 
athletic fields, or anywhere - they must have a 
properly designed protective filter. 

Traditionally, graded-aggregate filter systems have 
been used with limited success to prevent soil 
particles from migrating into subsurface drainage 
structures. However, these aggregate drains have 
several inherent problems, including high cost and 
difficu!t installation. 

Mirafi 140N, a nonwoven filter fabric, provides an 
effective, cost-efficient alternative to · 
graded-aggregate filters. Among its design features 
are: 

• Easily conforms to the ground or trench 
surface for fast and trouble-free installation; 

• Creates a superior filter media because of its 
high water flow rate and excellent filtration 
properties; 

• Meets severe stresses of installation with its 
high puncture and burst resistance. 

Mirafi 140N eliminates many of the problems 
associated with graded-aggregate filters, including: 

• Determining the aggregate gradation 
required to match soil conditions; 

• Finding a convenient and economical source 
of a specific aggregate gradation; 

• Transporting and placing a graded 
aggregate; 

• Assuring that the in-place aggregate 
gradation provides effective filter 
performance. 

An additional benefit of Mirafi 140N is that the drain 
size can often be reduced when Mirafi fabric is 
installed because the thick, graded-aggregate layer 
is eliminated. As a result, less excavation and less 
aggregate will be required . 

® 





Mirafi 140N Fabric Properties 

Fabric Property Unit Test Method 
Typical 
Values1 

Grab Tensile Strength lb ASTM D- 1682-64 120 

Grab Tensile Elongation % ASTM D- 1682-64 55 

Burst Strength psi ASTM D-3786-80a' 210 

Trapezoid Tear Strength lb ASTM D-1117-80 50 

Puncture Strength lb ASTM D-3787-80' 70 

Coefficient of Permeability, k cm/sec CFMC GET-2 0.2 

Water Flow Rate gal/min/sf CFMC GET-2 285 

Mirafi 140N Packaging 

Roll Width (ft.) Roll Length (ft .) Roll Wt. (lbs.) 

15.0 360 185 

12.5 360 175 

Type of Fabric Wrapped Drains 

Conventional Drain (with pipe) 

Typical Drain Applications 

PAVEMENT BASE COtJRSE 

!!-ii 

'The values listed are average values. Contact the Mirafi Technical Depar1men1 
for minimum certifiable values. 
'Diaphragm Bursting Tester. 
'Tension Testing Machine with ring clamp; steel ball replaced with a 5116-inch 
diameter solid steel cylinder centered within the ring clamp. 

To the best of our knowledge. the inf0<matioo contained herein is accurate. However. 
Mirafi, Inc. cannot assume any liability whatsoever f0< the accuracy or completeness 
thereof. Fll\8I determlnatioo of the suitability of any inf0<mation 0< material l0< the use 
contemplated. of tts manner ol use. end whether the suggested use infringes any patents 
is the sole responslbllity of the user. 

French Drain (without pipe) 

. . 
AGGRE A . .. . 

,iLli<i.b);;'\/;\ 
Blanket Drain & Edge Drain Pond Underdrain Interceptor Drain 

'1111RAFl1NC 
A member of the • DOMINION TEXTILE group 

Miran- Is a trademarl< owned by Miran Inc . 0 198◄ Miran Inc. 

MIRAFI INC. P.O. BOX 240967 /CHARLOTTE. N.C. 28224 
(704) 523-7477 or (800) 438- 1855/TELEX 2 16903 MRFI 

2P-6 
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f/\DRIC 

DR/\IN/\GE: 

Mira[i 140N 4.5 oz. 
Mirafi 1'10N 4,5 oz. 
Mirafi 140NL 3.5 oz. 

STl\.BILIZ/\TION: 

Hirafi 400X 3.5 oz . 
Mirafi soox 4.0 oz. 
H.lrafi 500X 4.0 oz. 
Hlrafi 500X 4.0 oz. 
Hirafi 600X 6.0 oz. 
Hirafl 600X 6.0 oz. 

EROSION CONTROLt 

Mirafi 700XG 6.5 oz. 
Mi.rafi 700X 6 . 5 oz. 
Hirafi. 700X 6.5 oz. 
Mirafi 700X 6.5 oz. 
Miramat2400 24 . 0 oz. 
Hirama tl 800 10.<J oz. 

SEDIMENT CONTROL: 

Envirofence 

Ll\NDSC/\f'E: 

Hirascape 3.0 oz. 
Mi.rascape 3.0 oz. 
Mirascape 3.0 oz. 

PREfl\.BRIC/\TED DRl\.IN/\GE 

Miradrain 5000* 
Mi.radrain 6000 

Mi.radrain 6000 

Miradrain 6000 

Miradrain 9000 

CIVIL 
ENGINEERING 
FABRICS 

ROLL SIZE 

1 5' x 3GO' ( 600 sy) 
12.5' x 3G0'(500 sy) 
15' X 420' (700 sy) 

1 2. 5 X 576' (000 sy) 
1 2. 5' X 432'(600 sy) 
17.5' X 309' ( GOO sy) 
25' X 216' ( 600 sy) 
12. 5' X 360' (500 sy) 
25' X 1130' ( 500 sy) 

13' X 300'(433 sy) 
6' X 300'(200 sy) 
12' X 300'(400 sy) 
18' X 150'(300 sy) 
3.75' X 180' (75 sy) 
3.75' X 264' ( 110 sy) 

3' X 100' ( 1 00 lf ) 

3' X 300'(100 sy) 
G' X 300'(200 sy) 
9' X 300'(300 sy) 

SYSTEM: 

'1 ' X 50' ( 200 sf) 
10 panels/roll 
'1 ' X 0'(320 sf) 
1 panel/roll 
t1 ' X 25'(100 sf) 
1 panel/roll 
'1 ' X so' ( 200 s[) 
4' X 50' ( 200 sf ) 

*Hiradra i.n 5000 replaces Htradrai.n '1000 

(OVER) 

February 1, 1988 

ROLL WT 

1011 lbs. 
153 lbs . 
170 lbs . 

176 lbs. 
173 lbs. 
179 lbs. 
179 lbs. 
210 lbs. 
210 lbs. 

200 lbs. 
92 lbs. 

184 lbs. 
131 lbs. 
135 lbs. 
135 lbs. 

35 lbs . 

15 lbs. 
20 lbs. 
40 lbs. 

50 lbs. 
70 lbs. 

25 lbs. 

so lbs. 

50 lbs. 

rRICE* 

$.f15/sy 
$.05/sy 
$.75/sy 

$.75/sy 
$.no/sy 
$.flO/sy 
$.05/sy 

$1.05/sy 
$1.10/sy 

$1.30/sy 
$1.40/sy 
$1.42/sy 
$1.45/sy 
$.80/sf 
$.65/sf 

$1.50/lf 

$. 7':1/sy 
$.75/sy 
$.75/sy 

$1. r;n/sf 
$1.40/sf 

$1.40/sf 

$1,110/sf 

$1.(10/sf 





fABRI C WT/SY RO LL S I ZE ROLL WT 

PAVEM ENT OVERLAY: 

Mi.ra f i. 9 00N 4.0 oz . 12 • 5 I X 360'( 500 sy ) 153 l bs . 

NON WOVEN (imperme able line r protec ti. o n a nd r a i.l ro a d use ) : 

Mirafi 180N 8.0 oz. 13' X 300' (433 sy) 23 0 lbs . 
Mirafi 180N 8.0 oz. 17.5' X 300'(583 s y) 3 10 lbs . 
Mirafi 1120N 12.0 oz. 13' X 300 ' (433 sy) 310 lbs. 
Mirafi 1120N 12.0 oz. 17.5' X 300'(583 s y) 410 lbs. 
Mirafi 1160N 16.0 oz. 13' X 150'(217 sy) 230 lbs . 
Mirafi 1160N 16.0 oz. 17.5 ' X 150'( 292 sy) 31 5 lbs . 

WOVEN (heavy weight, high performance): 

Mirafi lOOOHP 10 oz. 15' X 240 I ( 400 sy) 265 lbs. 
Mirafi 1200HP 12 oz. 15' X 240 I ( 400 sy) 3 15 lbs. 
Mirafi 2100HP 21 oz. 12' X 105'(140 sy) 200 lbs. 

SPECIALITY PRODUCTS: 

Mirafi coated fabric 12' X 300'(400 sy) 19 0 lbs . 
MCF 1212 
Geonet 250 6.25' X 100' (625 sf) 80 lbs . 
Geonet 250 - 6.25' X 100' (625 sf) 80 lbs. 
with fabric 

Manufacturers Representative : R. P. Marti.no and Company 
2 Ledge Drive 
Georgetown, MA 0 18 33 
617-352-2106 

PR I CE* 

$ . 75/sy 

$ 1.30/s y 
$1. 30/sy 
$ 1.75/sy 
$ 1.75/s y 
$ 2 .60/s y 
$2 . 60/s y 

$2 .50/sy 
$ 2 .90/s y 
$6 .90/s y 

$ 2 . 2 5/sy 

$ .70/ sf 
$ .95/sf 

*Prices are for estimating purposes only. Call yo ur l o cal Mirafi 
representative or distributor for current pr1 ces a nd av a il a bili ty . 

Fabric seaming available , price upon reque st. 
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Centrifugal Sew-age Pumps 
1351 

Submersible Automatic 
Sewage Ejector Pumps 

• For 1 '/ ... or 1 'h .. so l ids 
• Up to 9300 GPH capacities 
• •h-HP motor 

Continuous-duty pumps work t irelessly 

10 pump sewage or ?l~er liquids _contain 
ing solid maUer. Bu1lt :1n lloal sw1lch pro• 
vides automatic operal ,on and has a quick· 
change feature for last repla cement ii 
necessary. Pump also has a 10'h- l1. power 
cord with 3-prong plug for manual use 
Pumps have threaded flange connections . 
cast iron housing , and a 2-vane . ductile 
iron open impeller wi th a stainless stee l 
shalt. Thermal overload-protected motor is 
'h hp. 1750 rpm, 115 VAC. 60 Hz. t ph. Min 
sump dia. is 13". Ma x. liquid tempera ture is 
160° F. Pump height is 17'1e". 

High-temperature (to 200• F) and 230 V 
models are available. Specify No. 9949K888, vollage, temperature , 
ind discharge size. Prices on request. 

Discharge 

11h · 

2" 
3· 

Discharge 
11.'J· ... 
L 
L ... 

PUMP PERFORMANCE 

Head, Ft. 5 

GPH 8220 

GPH 8700 

GPH 9300 

Max. Dia ., Solids 
.... 1 '/,-. 

....... .. ....... l'h" .. 
........ . l'h" . 

10 

6900 

7500 

8100 

15 20 

5400 3600 

6000 4200 

6480 ~620 

No . NET EACH 
.. 9949K19 .... S378 .33 
.. 9949K21 385 .09 

... 9949K23 392.09 

Solids Handling Pump 
• For 11/, solids 
• 22,800 GPH capacity =-.,/ 
• 10-HP engine 

Extra heavy duty centrifugal 
unit gets the job done on hard-to 
pump sill, rocks, sand, slurries, 
sludge, trash and sewage . . . 
handles large flows and solids up 
to 1'/,· diameter. Sell-priming 
pump performs suction lilts up to 
25 feel Pump has an aluminum 
Musing wi lh mechanical seals 
and a two-blade. nonclogging im
peller. The 10-hp Briggs & Strat 
ton . air-cooled. 3600 rpm. gaso
line engine has recoil start and a 4-ql. luel tank Ports are 3· npl 

Pump is mounted on a heavy-duty stee l frame wilh 10· pneumatic 
wtleels and a handle for portability . Pump weighs 265 lbs 

PUMP PERFORMANCE 

Head, Fl I 25 I 40 I 60 I 90 
GPH I 22.800 I 18.420 I 13.500 I 4.500 

No. 4388K22 ... .. ........ .............. NET EACH S1612.68 

Alumi-Lite Trash Pumps 
• For 1· or 11/2" solids 
• Up to 20,400 GPH capacity 

These sell-priming pumps are 
constructed of lighlweight alumi
num, making them extremely por
table but no less durable than 
heavier metals. Pumps ere capa
ble of suction litts up to 25 fe et. 
They welcome the dirty jobs, and 
really go into action to handle silt, 
rocks , send, muddy waler, 
sludge, trash and sewage. 

Impeller and volute are made ol 
cast iron . Mechanical seal with a 
sta inless steel shaft sleeve. 

Powered by a Briggs & Stratton air-cooled . 4-cycle . 3600 rpm. gas · 
alone engine with recoil start . Pumps include rubber loo! mounls. 2 
suction strainer and a handy T-s tyle handle for added porlabdily 

Port 

Pon 
Siie 
;, 

2" 
3· 

Head, Ft. 

GPH 

GPH 

Max. Dia ., 
Solids 

... 1· .. 
1 11:t· 

PUMP PERFORMANCE 

20 

10,800 

20.400 

HP 
... 5 

8 

40 

9.240 

17 .400 

WI. , 
lbs. 

71 
105 

60 90 

7.200 3 120 

13.080 5 040 

No. NET EACH 
4338K4 6 S66B.69 
4338K48 1024.21 

Automatic High Head 
Sewage Pumps 

• For 1 '/2" solid s 
• Up to 8520 GPH capacity 
• ' / ,o- or 'h-HP motor 

Submersible, heavy-duty pumps make 
short work of waste, sewage. and so lids 
up to 1 ½" . Pumps have a m erc ury float 
conlrol switch with piggyba ck plug lo !urn 
pump on and oll automatical ly at leve ls you 
se l Swi tch mounts to discharge pipe w1lh 
an adjustable stainless steel c lamp . 

Cas i iron body and housing have a 416 
stainless steel shalt. Thermal overload 
pro lected motor is 11 5 VAC . 60 Hz . I ph . 
Furnished with 15-11. grounded power 
cord . Minimum sump diameter is 14 · . Min
imum sump depth is 30·. Avai lable in '/ ,.,. and .'h-hp models with 2"' fpl 
d1scharge.' /,o-HP PUMP -Has a molded . glass-filled thermopla sti c im
peller and 1700 rpm motor. Max. temperature is 150' F. Pump ht 1s t 6' , -

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 I 20 I 25 
GPH I 5400 I 4800 I 4080 I 3120 I 600 

No. 5143K17 ...... NET EACH S307.83 
'h-HP PUMP-Has cast iron impeller and 1625 rpm motor Maxi

mum temperature is 160' F. Pump heigh! is 19'·• " UL lisled. 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 

GPH I 8520 I 7200 I 5400 

No . 5143K18 . . 

UL-Listed Sewage Pumps 
• For 111·. >/,-, or 2· so lids 
• Up to 6600 GPH capacity 
• 'h -, •1,0-, or 'h-HP motor 

Move waste water and sewage oul ol col • 
lection areas to sewer or septic lines with 
these completely submersible. cast iron 
pumps. A lloal switch turns pump on and all 
automatically . You can set the pump· to turn 
on al g· lo 14· and oll at 2" to 5·. Protective 
epoxy coa ting guards against rust and corro
sion . Liletime lubricated , thermal over load
protected motor is 115 VAC . 60 Hz. sing le 

I 20 I 25 

I 3300 I 720 

. .. NET EACH S414.29 

phase . Furnished with 15-11. power cord . Vone x impeller 1s nylon 
Min . sump dia . is 10·. Min . sump depth is 30·. UL and CSA listed . 

PUMP PERFORMANCE 

No . Head, Ft. 5 10 15 ! 20 

42935K22 GPH 3000 2500 1600 I --
42935K23 GPH 3120 2700 1980 I --
42935K24 GPH 4800 3420 1440 I - -
42935K25 GPH 6600 5640 3900 I 840 

U1schar g e, Max . 01a .. 
HP FPT Solids Ht. No. NET EACH 
Ir) ·· ·· · · · · ··· ·•• • 11h- . 11i· . ·· ··· 10 1/ J - . ······· ·4293SK22• .S131.21 
1/) . . ... 1 'h- . l/ ,- .. 8"~ - ······ ·· ·· ·42935K23• 177.23 
'l ,o ..... .. .... 2· .. .. ..... .. 2" .. 11 '-'•• ... .. ... ... 42935K24 251 .45 
'I>... . ...... .. .. 2" ................ 2- .. .... .... ...... 12>:,· . .... . .. 42935K25 362 .41 
• Ellluent pump with 10-11. power cord . 

Compact Grinder Pumps 
• Turns up to 1 ½'" semi-so l ids into 

11,· particles 
• 1080 G PH capaci ty 

An ideal solution lo sma ll waste
handling problems. Grind was te, 
tissue, and certain semi -solids 
down to a maximum particle size of 
•;,· . Not recommended for handling 
hard objects and rags . Mount the se 
se lf -priming pumps anywhe,e 
Equipped with a fle xib le Nilrile im • 
peller with stainless s te el wear plat e 
and a cast bronze grinder plate . 

Pump m o lar is 115 VAC. 60 Hz . 1 phase. wilh overload ;, ro1ec t1 on 
Oulle l port has 1· 10 hose barb. lnlel port is 1 •.-, MPT 

PUMP PERFORMAN CE (Based on Water) 

Head , Fl. I 5 I 10 I 20 I 30 

GPH I 840 I 780 I 648 I 5 16 

No . 6766K 12 NET EACH S4 06 .25 
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***** VERSION 3. 0 DRAFT***** DATE : 0 1 / 0 6 / 9 4 
TIME: 11:24:49 

CORA VAPOR PHASE CARBON COST MODULE (308) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
AIR SPARGING 

RUN BY: Dan Kelmar 

INPUTS 

Parameter 

Loading (lbs/day) 
Air flow (CFM) 
Discount rate (%) 
Years in service 
Protection level 
Confidence level 
Average temp (degrees F) 

PHONE NUMBER: 617/859-2427 

Value 

1 
10000 

8.4 
10.0 

D 
L 

50 

RESULTS 

Component Total 

CAPITAL COST 210 ,0 00 
0 & M COSTS 130,000 

CARBON USED (LB/YR) 33 ,5 21 

*** Costs shown are for disposable system 

NOTES: 

Alternative MC-3 
Slurry wall/air sparging 









Cost Backup for Alternative MC-3a 

Funnel-and-Gate/Iron Filings 



) 
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SEDA ASH LANDFILL FEASIBILITY STUDY 
PRELIMINARY COST ESTIMATES 

Altemative:_~M=C~-~3=a __ _ 

Description: Funnel-and-Gate/Iron Filings 

-:-:=- ._ .. :-·· ·_., ·Unit . .- · Capital Annual , 
'i ·: · · · Qpen1tion · Cost O&M Cost 
Groundwater monitoring 
Site preparation 
Surface water diversion 
Interceptor trenches 
Sheet piling (a), 15 ' depth (1 ,500 linear feet) 
Iron aggregate (assumes 70 tons @ $325/ton) 

Subtotal 
Contingency (20%) 
Engineering/Oversight (20%) 
Total 

Present worth O&M costs 
Interest= 
Years of Operation = 

Total present worth cost 

k:lseneca\ash.fs\feastdy.doc 

$43,000 
26,000 
38,000 
60,000 

112,000 
23,000 

$302,000 
60,000 
60,000 

$422,000 

10% 

$1,023,622 

$60,000 
5,000 
2, 100 
1,000 

2,000 (assumes 75% expended over 
10 years) 

$70,000 
14,000 
14,000 
98,000 

$601 ,622 





Field Application of 
Reactive Iron Walls for 
In-Situ Degradation of 
Volatile Organic Compounds 
in Ground-w-ater 

Robert Focht ts a project 
manager wttb 

EnvtroMetal Technolo
gies Inc. (Erl). He joined 
Erl In 1995 and bas 
served as En's field 
engineer on several of 
tbe Installations com
pleted to date.John 
Vogan Is Manager of ET/ 
and bas been Involved tn 
tbe planning and design 
of all of tbe commercial 
Installations Imple
mented by tbeflnn. Mr. 
Vogan joined tbe firm In 
1993 after several years 
of consulting In Ontario. 
Stephanie O'Hannesln is 
a research project · 
manager at tbe Univer
sity of Waterloo. In 1991 
sbe undertook tbe Initial 
In-situ.field trial oftbe 
granular Iron reactive 
wall technology. Sbe bas 
assisted ET/ with 
various stages of 
technology application 
at commercial sites since 
tbe company was 
founded In 1992. 

CCC 1051-5658/961060381-14 
<C> 1996 John Wiley & Sons, Inc. 

Robert Focht • John Vogan • Stephanie o >Hannesin 

Reactive walls containing metallic iron have been installed at several 
commercial sites in the United States to degrade chlorinated organic 
compounds in groundwater. Although the results of laboratory studies 
conducted to detennine reaction mechanisms have been widely dissemi
nated, little information has been published on the full-scale application of 
this technology. This article describes the construction, implementation, 
and cost of in-situ reactive walls at three commercial sites. 

In-situ permeable treatment zones containing granular iron are cur
rently in use to remediate groundwater contaminated with dissolved 
chlorinated solvents at many private and government facilities in the 
United States. This method of treatment, developed from research initiated 
at the Institute for Groundwater Research, University of Waterloo, involves 
placing granular iron in in-situ permeable zones, across the path of 
groundwater containing VOCs. As the contaminated groundwater flows 
through the permeable zones, the chlorinated solvent reacts with the 
granular iron. Although the iron does not have to be replaced because of 
the reaction rate, it may have to be replaced because of hydraulics . 

This passive treatment system offers many advantages over conven
tional pump-and-treat systems. In particular, the contaminants degrade to 
nontoxic chemicals, and with proper placement, only contaminated water 
is treated. Because the process is fully passive, substantial reductions in 
operation and maintenance costs are anticipated. 

EnviroMetal Technologies Inc. (E1l) was founded in 1992 to imple
ment this patented technology on a commercial scale. More than 40 
treatability studies of the technology have been initiated in the past two 
years at private and government sites in the United States and Canada. 
Many of these have now reached various stages of field implementation . 
Full-scale in-situ treatment zones have been installed at two private 
industrial facilities in California and one in Belfast, Northern Ire land. Three 
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FIELD APPLICATION OF REACTIVE lRoN WALLS FOR IN - SITU DEGRADATION OF voes IN GROUNDWATER 

Exhibit 1. Compounds Evaluated during Treatability Studies 

Compound 

Methanes 
tetrachloromethane 
trichloromethane 
dichloromethane 

Ethanes 
hexachloroethane 
1, 1, I -trichloroethane 
1, 1,2-trichloroethane 
1, 1-dichloroethane 
1,2-dichloroethane 
chloroethane 

Ethenes 
tetrachloroethene 
trichloroethene 
cis-1,2-dichloroethene 
trans-1,2-dichloroethene 
1, 1-dichloroethene 
vinyl chloride 

Propanes 
1,2,3-trichloropropane 
1,2-dichloropropane 

Other 
hexachlorobutadiene 
1,2-dibromoethane 
freon 113 

REMEDIATION/SUM.MER. 1996 

Successfully Degraded 
Yes No 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

results in clogging of the system and, possibly, coating of the granular iron 
surface. Clogging or coating inhibits the performance of the system, 
necessitating replacement or flushing of the granular iron every few years 
in areas where groundwater may have a high mineral content. 

IMPLEMENTATION PROCEDURE 
The initial phase in applying the technology at a site involves bench-
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FIELD APPLICATION OF RF.ACTIVE lRoN WALLS FOR IN-SITU DEGRADATION OF VOCs IN GROUNDWATER 

rema in in contact with the granular iro n (reside nce time) to enable 
sufficient degradation to meet treatment objectives. Degradation rates are 
typ ically expressed in te rms of half-life, o r the time needed to lower the 
concentration by 50 percent. 

With this information , and knowing the groundwate r velocity, the 
thickness of the reactive zone (the flow-through distance) can be calcu
lated. For example, Exhibits 3, 4, and 5 present results o f column tests 
conducted on groundwater fro m an industrial facility in New Jersey. 
Exhibit 6 shows how the degradation rates were used to ca lculate the 
residence times required to meet the objectives for each compound. In this 
case, though cDCE had a much lower initial concentration than PCE, cDCE 
was the limiting parameter in the design of the reactor because of its larger 
half-life and because degradation of PCE resulted in an increase in the 
cDCE concentration. A small aboveground reactor designed from these 
data has been operating since November 1994. 

Exhibit 3. Degradation of PCE, 100-Percent Iron 
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FIELD APPLICATION OF REACTIVE IRON w ALLS FOR IN-SITU DEGRADATION OF voes IN GROUNDWATER 

Exhibit 5. Degradation of VC, 100-Pe rcent Iron 
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three-dimensional models are used, depending on aquifer characteristics 
and the configuration of the proposed system (Shikaze et al., 1995). Particle 
tracking routines in the groundwater model are used to determine 
residence times in a treatment zone (Exhibit 7) and the width of the 
upgradient aquifer captured by a treatment zone of given dimensions 
(Exhibit 8). Configurations of treatment systems containing granular iron 
may consist of a continuous permeable wall placed across the contaminant 
plume, or a "funnel and gate" system where impermeable funnel sections 
are used to direct groundwater toward permeable treatment zones. The 
choice of system configuration is based on several factors, including plume 
configuration and depth, construction costs and the potential for underflow 
of contaminated groundwater. Because the residence time determined in 
these models is highly sensitive to the groundwater velocity, the reliability 
of the modeling results depends on the accuracy of the measurements used 
to determine the hydrogeologic parameters. Thus, a thorough understand-
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FIELD ArrLICATION OF REACTIVE IBON WALLS FOR IN-SITU DEGRADATION OF voes IN GROUNDWATER 

Exhibit 7. Groundwater Model Particle Tracking Routines Used To Dete rmine Residence Time 
in the Treatment Zone 

N ., 

0 ., 

llEMEDIATION/SuMMER 1996 

--------

[J Iron 

~ Gravel 

■ Impermeable Funnel 

Tme Marker 

material to remove precipitate build-up, should the need arise . Continuous 
permeable wall systems involve placing the treatment zone perpendicular 
to the groundwater flow in a location that intercepts the downgradienc 
edge of the plume. In funnel-and-gate systems, slurry walls or sheet piling 
is installed to direct groundwater flow through the treatment zone . 

Five funnel-and-gate systems have been constructed and are currently 
operating in the United States. Although no full-scal e continuous perme
able wall systems have been constructed, one is planned at a site in North 
Carolina in 1996. 

A system to monitor the performance of the system generally consists 
of long-screened wells placed across the vertical thickness of the iron on 
the downgradient side of the treatment zone gate. In addition, wells may 
be placed at various locations within the iron itself. YOC results from these 
wells, combined with the groundwater velocity, can be used to determine 
VOC degradation rates in the field. These data are extremely useful when 
results from a pilot-scale system, placed in a small part of the plume, are 
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FIELD APPLICATION OF REACTIVE IRON WALLS FOR lN-Srru DEGRADATION OF voes IN GROUNDWATER 

(a large fibreglass canister) containing SO-percent iron and SO-percent 
sand by weight at a flow velocity of 4 ft/day for nine months. Influent 
concentrations, half-lives , and required residence times are presented in 
Exhibit 9. Measured degradation rates in Exhibit 9 are expressed in te rms 
of half-life . 

Following regulatory approval, a full-scale in-situ wall was installed in 
December 1994. The reactive zone is four feet wide, 40 feet long, and about 
20 feet deep, and contains 100-percent granular iron. The permeable wall 
is flanked by slurry walls on either side, one 225 feet long and one 250 feet 
long, to direct groundwater flow toward the permeable section. Approxi
mately 220 tons of iron were placed in the reactive zone. The total capital 
costs for the system, including the slurry walls, were about $720,000. Since 
the system was installed, no VOC concentrations exceeding maximum 
contaminant levels (MCI.s) have been detected from downgradient moni
toring wells . 

As part of this design, hydrogen gas generation rates measured in the 
laboratory (Reardon, 1995) were used to evaluate the need for a hydrogen 
gas collection system. Based on an evaluation of microbial hydrogen gas 
consumption rates, no need for a gas collection system was indicated. 
Groundwater from within the field test canister was sampled for phospho
li pid fatty acid (PLFA) analysis to evaluate the potential for microbial 
growth in the reactive material. These results indicated that the reactive 
material did not encourage the development of a microbial population 
beyond the population observed in "background" groundwater. This has 
also been observed in groundwater samples taken from other in-situ 
installations. 

Industrial Facility, New York 
Following successful bench-scale studies, a pilot-scale in-situ funnel 

and gate was installed in May 1995 to treat up to 300 ppb ofTCE, up to 500 
ppb of cDCE, and up to 80 ppb of VC present in a shallow aquifer at an 
industrial facility in New York. A 12-foot-wide, 3.5-foot-thick central 

Exhibit 9. Field Canister Test Results Using SO-Percent Iron and SO-Percent Sand by Weight 

voe Influent Concentration Half-Life Time to Reach MCI.s 
(ppb) (hrs) (hrs) 

TCE 210 1.7 10 

cDCE 1.415 0.9 7 
vc 540 4.0 43 
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FIELD APPLICATION OF RF.ACTIVE lRoN WALLS FOR IN-SITU DEGRADATION OF voes IN GROUNDWATER 

Exhibit 10. Field VOC Concentrations Through 100-Percent Iron 
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occur in-situ will be significantly less than predicted from laboratory 
studies, due to the condition of groundwater used in the laboratory . 
Groundwater sampling and transport can shift the carbonate equilibrium, 
causing groundwater used in the laboratory tests to be supersaturated with 
calcium carbonate before it enters the reactive iron column . No significant 
precipitates were observed in the in-situ reactive wall at the University of 
Waterloo Borden test site almost four years after it was installed. This wall 
has now been performing consistently for 4.5 years. Data from in-situ 
systems installed in California and from other in-situ field trials w ill 
generate further inorganic data to better evaluate this issue . 

Although the need for rehabilitation or replacement has yet to be 
demonstrated, the possibility shou ld be recognized when evaluating the 
economic viability of a treatment system. Rehabilitation or replacement 
costs can be calculated by assuming that a percentage of the original iron 
costs will need to be spent every five to ten years. The percentage and 
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GeoGuard Applications . 

Industrial 
I. Containment Dike: Vertical Expansion 
2. Channel Liners/Drainage Ditches 
3. Reservoir Silt Fence/Divider Settling Curtain 
4. Firewater/Cooling Water Capacity Upgrade 

Environmental 
1. Cut-off walls/cunain walls 
2. Cut-off support fi>r Bentonite Sluny 
3. Funnel and Gate 
4. Temporary exca, ation 

Water and Waste Wetter 
I . Baffle walls 
2. Optimization of Reservoir Capacity 
3. Fermentation Piti; 
4. Settling Ponds 
5. Stonn water runoff 
6. Weirs 
7. Detention/Retention Ponds 

Civil/Geotechnical 
1. Retaining Walls 
2. Cut-off walls for locks, dams, and pump stations 
3. Dike Core 
4. Vertical Dike E:,.pansion for Flood Control 
5. Slope Stabilizati :m 
6. Stay-in-place coacrete fonns 

Transportation 
1. Noise Walls 
2. Bridge Scour Pr Jtection 
3. Bridge Decking 
4 . Subgrade Stabalization and Erosion Protection of Roadways 

"C:JVV ... 
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Cost Backup 
for 

Alternative MC-4 

Liquid Phase Carbon 



/ ) 



SEDA ASH LANDFILL FEASIBILITY STUDY 
PRELIMINARY COST ESTIMATES 

Alternative: MC - 4 

Description: Liquid - phase carbon 

Unit 
OQeration 

Groundwater monitoring 
Site preparation 
Surface water diversion 
Interceptor trenches 
Equalization tank/piping 
In - line fi lter 
Water softener 
Liquid - phase carbon 
Surface water discharge 

Subtotal 
Contingency (20%) 
Engineering/Oversight (20%) 
Total 

Present worth O&M cost 
Interest = 
Years of Operation = 

Total present worth cost 

Capital 
Cost 

$43,000 
26,000 
38,000 
60,000 
30,000 
15,000 
15,000 

150,000 
100,000 

$477,000 
95400 
95400 

$667,800 

10% 
30 

$2,371,621 

Annual 
O&M Cost 

$60,000 
5,000 
2,100 
1,000 
1,000 
2,000 

11,000 
46,000 

1,000 

$129,100 
25820 
25820 

$180,740 

$1,703,821 





, 





***** VERSION 3 .0 DRAFT**** * DATE: 01/0 6/ 94 
TIME: 11 :04:50 

CORA GROUNDWATER MONITORING COST MODULE (50 3 ) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1 99 5 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER : 617 / 859 -2 4 27 

INPUTS 

Parameter Value 

Number of wells to install 10 
Average well depth (ft) 10 
Protection during setup of D 

drill rig & installation 
of above - grade piping 

Protection during drilling D 
Average temp (degrees F) 50 
Confidence level M 
Number of wells to monitor 40 
Monitoring frequency 4 
Monitoring requirements: 

24 Plasma Metals Y 
Pest/PCB N 
GC-BN N 
GC-Acid N 
HSLORG N 
VOA GC/MS Y 
Acid GC/MS Y 
B/N GC/MS Y 

NOTES: 

Quarterly Monitoring 

RESULTS 

Compo nent 

CAPITAL COST 
0 & M COSTS 

To tal 

4 3 ,000 
vn ,::®'.A 

t..0
1
00() 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME: 10 : 5 6 : 4 3 

CORA SITE PREPARATION COST MODULE 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: MIGRATION CONTROL ESTIMATED START: MID FY 1995 
RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS RESULTS 

Parameter 

Site clearing (acres) 
Tree removal (acres ) 
Dust control area (acres) 
Local util. connect. 
Distance to power pt. (ft) 
Gas conn. req'd 
Distance to gas conn. (ft) 
Water conn. req ' d 
Distance to wtr (ft) 
Water flow (GPM) 
Access rd - ft req'd 
Acess road width (ft) 
Bldg. demolition (CY ) 
Stored material (CY ) 
Average temp. (deg. F ) 
Level of confidence 

RETENTION 
FLOW TIME 

Value 

15.0 
0.0 
0 . 0 

y 
500 

N 
0 
N 
0 
0 
0 
0 
0 
0 

60 
M 

IS 
PUMPING 

Prot. 
Level 

D 

Component 

SITE CLEARING 
TREE REMOVAL 
DUST CONTROL 
POWER CONNECTION 
GAS CONNECTION 
WATER CONNECTION 
ACCESS ROAD 
TEMPORARY STORAGE 
BLDG DEMOLITION 
FLOW EQUAL.&INVENTORY 

CAPITAL COSTS 
O&M ( FLOW INV. ) 

BYPRODUCTS GENERATED 
SOILS & ORGANICS (CY) 

TOTAL TRENCH 
TRANSFER IN CONTAM. # OF 

REQUIRED PIPE MATERIAL PUMP 

Total 

13,000 
0 
0 

13,000 
0 
0 
0 
0 
0 

~ ----=~ b - - - -
..- , ooo 

1,100 

5,260 

PROT. 
LEVEL 
(A,B, 

STREAM (GPM) (HRS) (Y/N)? LEN. (FT) (Y /N)? STATIONS C,D,N) 
1 30 6 y 2000 N 2 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 

*** Permanent utility connections are not included in technology 
modules with the exception of onsite incineration. Because 
of the specific high demand for this process, allowances have 
been made within the cost algorithm. 

*** Equalization and inventory costs should not be confused with 
or used for stockpiling and rehandling costs between removal 
and disposal technologies. Stockpiling and rehandling costs 
are significant and site specific, requiring in-depth 
production and economic analysis beyond the scope of this 
conceptual resource. 

D 





***** VERSION 3.0 DRAFT***** DATE: 01/ 0 6 /94 
TIME: 10: 5 9: 3 6 

CORA SURFACE WATER DIVERSION/COLLECTION COST MODULE (105) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter Value 

Site on raised ground 
Length of site (ft) 2000 
Width of site (ft) 1000 
25-yr, 24-hr rain (in.) 
Protection level D 
Average temp (degrees F) 50 
Confidence level M 

NOTES: 

Run-on and Run-off Control 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

38,000 
2,100 

BYPRODUCTS FOR TRANSPORT/DISPOSAL: 

EXCAVATED MATERIAL (CY) 
(SWELL FACTOR=l.25) 346 
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•• V,¥- ::f:r.~t\','l•ltl 

I Excav, Backfill, Compact 
DAILY MAN- BARE COSTS TOTAL 

022 200 CREW OUTPl/T HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

204 1300 Dozer bad<filling. bulk. up 10 300 ' haul . no compaction B-108 1,200 .010 C.Y. .20 .61 .81 .97 
1400 Air larrped B-11B 240 .067 1.28 4.01 5.29 6.30 
1600 Compacting backfill . 6" to 12· lif1s. vibrating roller B-10C 800 .015 .30 1.()2 1.32 1.57 
1700 Sheepsfoot roller B-100 750 .016 .32 1.12 1.44 1.71 
1900 Dozer backfilling . trench , up to 300' haul, no compaction B-108 900 .013 .27 .81 1.00 1.29 
2000 Air tarrped B-11B 235 .068 1.31 4.ffi 5.40 6.45 
2200 Compacting bad<fill. 6" to 12• lifts. vibrating roller B-10C 700 .017 .34 1.16 1.50 1.79 

2300 Sheepsfoot roller B-100 650 .018 .37 1.29 1.66 1.97 
212 0010 BORROW Buy and load at pit , haul 2 miles round trip 

0020 and spread , with 200 H.P. dozer, no compaction 

0100 Bank run gra~I ® B-15 600 .047 C.Y. 3.67 .87 2.34 6.88 7.90 

0200 Comrron borrow 600 .047 3.15 .87 2.34 6.36 7.35 

0300 Crushed stone. 1 · '/2 • 600 .047 14 .87 2.34 17.21 19.25 

0320 1/.. 600 .047 14.25 .87 2.34 17.46 19.55 

0340 ½' 600 .047 14.70 .B7 2.34 17.91 20 
/ 

0360 %· 600 .047 15.20 .87 2.34 18.41 21 

0400 Sand, washed. concrete 600 .047 12.95 .87 2.34 16.16 18.10 
0500 Dead or bank sand 600 .047 3.15 .87 2.34 6.36 7.35 

0600 Select structural fill 600 .047 6.80 .87 2.34 10.01 11 .35 

0700 Screened loam 600 .047 14.65 .87 2.34 17.86 20 
0000 Topsoil, weed free 600 .047 11 .10 .87 2.34 14.31 16.10 
moo For 5 rrile haul, add B-34B 200 .040 .70 1.69 2.39 2.90 

222 0010 COMPACTION S1eel wheel landem rolle r. 5 tons ® B-HX: 8 1.500 Hr. 30 13.55 43.55 60 ; 

0100 10 tons B-11l' 8 1.500 . 30 21 51 68 
0300 Sheepsfoot or wobbly wheel roller, 8 • Hits, common fill B-1 ex:; 1,300 .Cnl C.Y. .19 .34 .53 .65 

0400 Select fin . 1,500 .000 .16 .30 .46 .57 

0500 Terra Probe, deep sand. vibrating 30,000 C.Y.. rrinimum B-43 1,800 .027 .49 .37 .86 1.15 
0520 Maximum . 1,100 .044 .80 .61 1.41 1.88 

0540 Mobilization and demobilization, minimum B-8 .63 102 Total 1,900 2,775 4,675 5,875 

0560 Maximum . .48 133 . 2.500 3,650 6, 150 7,725 

0600 Vibratory plate . 8 • lifts. common fill A-1 200 .040 C.Y. .67 .26 .93 1.30 

0700 Select fill . 216 .037 . .62 .24 .86 1.20 

230 0010 DRllllNG ONLY 2. hole tor rock bolts. a~rage B-47 395 .061 L.F. 1.14 1.19 2.33 3.02 ; 

0000 2-½· hole for ore-split1ino . a~raoe I 540 .044 I .83 .87 1.70 2.21 

1600 Quarry operations. 2-½ • to J. ½ • diarreter + 715 .034 + .63 .66 1.29 1.67 

234 0010 DRllllNG AND BLASTING ()ily. rock. open lace, under 1500 C.Y. B-47 225 .107 CY. 1.25 2 2.ce 5.34 6.70 ; 

0100 O~r 1500 C.Y. . 300 .000 1.25 1.50 1.57 4.32 5.35 

0300 Bulk drilling and blasting. can vary greatly, a~rage 3.50 

0500 Pits. average 18 

1300 Deep hole method, up to 1500 C.Y. B-47 50 .480 1.25 9 9.40 19.65 25 

1400 O~r 1500 C.Y. 66 .364 1.25 6.80 7.10 15.15 19.45 

1900 Restricted areas. up to 1500 C.Y. 13 1.850 1.25 35 36 72.25 93 

200'.l O~r 1500 C.Y. 20 1.200 1.25 23 24 48.25 61 

2200 Trenches . up to 1500 C.Y. 22 1.090 1.25 20 21 42.25 56 

2300 O~r 1500 C.Y. 26 .923 1.25 17.30 18.10 36.65 47 

2500 Pier holes. up to 1500 C. Y. 22 1.090 1.25 20 21 42.25 56 

2600 O~r 1500 C.Y. 31 .774 1.25 14.55 15.15 30.95 40 

2800 Boulders under 'h cy. loaded on truck. no hauling B-100 80 .150 3.01 4.93 7.94 9.90 

2900 Drilled. blasted and loaded on truck. no hauling B-47 30 .800 1.25 15 15.65 31.90 41 

3100 Jackhammer operators with foreman comp<essor. air tools B-9 1 40 Day 690 115 805 1,175 

3300 Track drill, compressor . operator and foreman B-47 1 24 450 470 920 1,200 

3500 Blasting caps Ea . 1.68 1.68 1.85 

3700 Explosi~s Lb. 1.25 1.25 1.38 

3900 Blasting mats. rent for first day Ea . 39 39 43 

4000 Per added day 22 22 24 

4200 Preblast survey for 6 room house. individual lot, minilTllm A-6 2.40 6.670 130 130 195 

4300 Maximum 
. 1.35 11.650 230 230 345 

-· ........ . -- . ~ ,. ... ,.. 





-:::f:TI~tl','l•Ja 
DAILY MAN-

022 200 I Excav, Backfill, Compact CREW OUTPUT HOURS 

i 7200 500)' haul B-33E 750 .019 

2300 Common earth . 1500' haul 1,030 .014 

2350 300)' haul 790 .01 8 

2400 5000' haul 650 .022 

2500 Qay, 1500' haul 645 .022 

2550 300)' haul 495 .028 

2600 5000' haul 405 .O'.lS 

2700 Towed . 10 C.Y., ¼ push dozer. sand & gralll!I , 1500' haul 8-338 560 .025 

277.0 3000' haul 450 _(X] I 

2730 5000' haul 365 _(X]8 

27SO Common earth. 1500' haul 420 .033 

2770 300)' haul 400 .ms 
2780 5000' haul 310 .045 

2800 Qay, 1500' haul 315 .044 

2820 3000' haul 300 .047 

2840 5000' haul 225 .CE2 

2900 15 C.Y .. ¼ push dozer. sand & gralll!I . 1500' haul 8-33C 800 .018 

2920 300)' haul 640 .022 

2940 5000' haul 520 .027 

2960 Common earth , 1500' haul 600 .023 

2980 300)' haul 560 .025 

300) 5000' haul 440 .032 

3020 Qay, 1500' haul 450 .031 

3040 3000' haul 420 .033 
J(X,() 5000' haul 320 .044 

0010 EXCAVATING, STRUCTURAL Hand , pits to 6' deep, sandy soil 1 Glab 8 1 

0100 Heavy sott or day 4 2 

"000 Pits 6' 10 12' deep, sandy sott 5 1.600 

500 Heavy sott or day 3 2.670 

0700 Pits 12' to 18' deep. sandy soil 4 2 

0300 Heavv soil or day 2 4 

1100 Hand loading trucks from s1ock pile. sandy soil 12 .667 

1300 Heavy soil or day 8 1 

1500 For wet or muck hand excavation, add to abolll! 

200'.) Machine excavation, for soread and mal foolinas. elevator pits. 

2001 and sman building foundalions 

2035 Common earth. hydraulic backhoe. ¼ C. Y. bucket B-12F 90 .178 

2040 1 C. Y. bucket B-12A 108 .148 

2050 1-½ C. Y. bucket 8-128 144 .111 

200) 2 C. Y. bucket B-12C 200 .000 

2070 Sand and gra~I. ¼ C.Y. bucke1 B-12F 100 .160 

2080 1 C. Y. bucke1 B-12A 120 .133 

2090 1-½ C.Y. bucket B-12B 160 .100 

3000 2 C. Y. bucket B-12C 220 .073 

3010 aay. till . or blasted rock . ¼ C.Y. bucket B-12F 80 .200 

3020 1 C. Y. bucket B-12A 95 .168 

3030 1-½ C.Y. bucket 8-128 130 .123 

3040 2 C. Y. bucket B-12C 175 .001 

9010 For mobilization or demobiliza1ion. see div. 022-274 

9020 For dewatering. see div. 021-404 

9022 For larger structures. see Bulk Excavalion. div. 022-238 

9024 For bading onto trucks. add 

9026 For hauling, see div. 022-266 

9030 For sheeting or soldier beams & lagging, see div. 021 -614 & 624 

'40 For trench excavation of S1rip footings, see div. 022-254 

10 EXCAVATING, TRENCH or continuous footing , common eanh 

0020 No sheeting or dewatering ilcluded 

or expanded cowrage of these items see Means Site Work Cost Data 1989 

BARE COSTS 

UNIT MAT . IJ.BOR EQUIP. TOTAL 

C.Y. .38 2.27 2.65 

.28 1.65 1.93 

.36 2.15 2.51 

.44 2.61 3.05 

.44 2.63 3 07 

.57 3.43 4 

.70 4.20 4.90 

.51 2.01 2.52 

.63 2.50 3.13 

.78 3.CB 3.87 

.68 2.68 3.36 

.7 1 2.82 3.53 

.92 3.63 4.55 

.90 3.57 4.47 

.95 3.75 4.70 

1.26 5 6.26 

.35 1.41 1.76 

.44 1.76 2.20 

.55 2.17 2.72 

.47 1.88 2.35 

.51 2.01 2.52 

.65 2.56 3.21 

.63 2.50 3.13 

.68 2.68 3.36 

.89 3.52 4.41 

C.Y. 16.85 16.85 

34 34 
27 27 

45 45 

34 34 
67 67 

11 .25 11.25 

16.85 16.85 

% 50% 

C.Y. 3.63 4.78 8.41 

3.03 4.97 8 

2.27 4.44 6.71 

1.63 4.46 6.CB 

3.27 4.31 7.58 

2.72 4.47 7.19 

2 04 4 6.04 

1.49 4.05 5.54 

4.09 5.40 9.49 

3.44 5.65 9.CB 

2.51 4.92 7.43 

1.87 5.10 6.97 

15% 

TOTAL 

INCL O&P 

3.(X; 246 

2.23 

2.90 

3.53 

3.55 

4.63 

5.65 

2.97 

3.69 

4.55 

3.96 

4.15 

5.35 

5.30 

5.55 

7.40 

2.08 

2.60 

3.20 

2.77 

2.97 

3.78 

3.69 

3.96 

5.20 

25 250 
51 

41 

68 

51 

100 

16.90 

25 

50¾ 

10.65 

9.95 

8.25 

7.35 

9.60 

8.95 

7.45 

6.65 

12 

11.30 

9.15 

8.40 

254 

37 
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I DAILY MAN• BARE COSTS TOTAL . 
022 200 Excav, Backfill , Compact CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

254 0050 1' to 4' deep, ¾ C. Y. tractor loader/backhoe B·11C 150 .107 C. Y. 2.05 1.16 3.21 4.35 254 
ro;o ½ C. Y. tractor loader/backhoe B- 11M 200 .000 1.54 1.35 2.69 3.79 

0090 4 · to 6' deep, ½ C. Y. tractor loader/backhoe . 200 .000 1.54 1.35 2.69 3.79 
0100 ¾ C.Y. hydraulic backhoe 8-120 250 .ffi4 1.31 1.32 2.63 3.40 

0110 ¾ C.Y. hydraulic backhoe B-12F 300 .053 1.09 1.44 2.53 3.20 

moo '/2 C.Y. hydraulic excavator, truck mounted B-12J 200 .000 1.63 2.93 4.56 5.65 

0500 6' to 10' deep, ¼ C. Y. hydraulic bacldloe B-12F 225 .071 1.45 1.91 3.36 4.26 

0510 1 C. Y. hydraulic backhoe B- 12A 400 .040 .62 1.34 2.16 2.69 
a;oo 1 C. Y. hydraulic excavator , truck mounted B-12K 400 .040 .62 1.T7 2.59 3.1 5 

ffilO 1-½ C.Y. hydraulic backhoe B-12B 600 .027 .54 1.07 1.61 1.96 

0000 10' to 14 ' deep,¾ C.Y. hydraulic backhoe B-12F 200 .000 1.63 2. 15 3.76 4.79 

0010 1 C. Y. hydraulic backhoe B-12A 360 .044 .91 1.49 2.40 2.99 
1000 1· '/2 C. Y. hydraulic backhoe B-12B 540 . U'.30 .61 1.19 1.60 2.20 
1300 14' to 20' deep, 1 C.Y. hydraulic backhoe B-12A 320 .Cl50 1.02 1.68 2.70 3.36 
1310 1-½ C.Y. hydraulic backhoe 8-128 480 .U'.33 .68 1.33 2.01 2.48 

1320 2·½ C.Y. hydraulic backhoe 8-125 650 .01 9 .36 1.T7 2.15 2.52 

1400 By hand with pick and shovel to 6' deep, light soil 1 Glab 6 1 16.65 16.65 25 
1500 Heavy soil . 4 2 34 34 51 

1700 For tm'(ling backfilled trenches, air tamp, add A-1 100 .000 1.35 .51 1.66 2.60 

1900 Vibrating plate . add 90 .009 1.50 .57 2.07 2.69 
2100 Trim sides and bottom for roncrete pours. rommon earth 600 .013 S.F. .22 .00 .31 .43 

2300 Hardpan 180 .044 . .75 .29 1.04 1.44 
2400 Pier and spread footing excavation. add to above C.Y. 30¾, 30¾> 
3000 Backfill trench . F.E. loader. wheel mtd .. 1 C.Y. bucket 

3020 Minimal haul B-100 400 . U'.30 CY. .60 .52 1.12 1.46 

3040 100' haul 200 .030 1.20 1.03 2.23 2.93 

3060 2-¼ C.Y. bucket, minimum haul 8-101 600 .020 .40 .67 1.07 1.33 
3090 100' haul . 300 .040 .60 1.34 2.14 2.67 

258 0010 EXCAVATIN G, UTILITY TRENCH Common earth 258 

0050 Trenching with chain trencher. 12 H.P .. operator wa lking I 0100 4 • wide trench. 12 • dee p B-53 800 .010 L.F. .21 .25 .46 .58 
0150 18 • deep 750 .011 .22 .27 .49 .62 I 
0200 24 • deep 700 .011 .24 .29 .53 .67 I 
moo 6 • wide trench, 12 • deep 650 .012 .25 .31 .56 .72 

I 
I 

m50 16 • deep 600 .013 .27 .34 .61 .78 I 
0400 24 • deep 550 .01 5 .30 .37 .67 .85 f 

0450 · 36' deep 450 .018 .37 .45 .62 1.04 ! 
l 

a;oo 8 • wide trench. 12 · deep 475 .017 .35 .42 .n .98 

a,50 18' deep 400 .020 .41 .50 .91 1.17 ' 
0700 24 • deep 350 .023 .47 .58 1.05 1.33 

0750 36" deep 300 .027 .55 .67 1.22 1.56 

1000 Backfill by hand including rompaction . add 

1050 4• wide trench. 12· deep A-1 800 .010 L.F . .17 .C6 .23 .32 

11 00 18 • deep 530 .015 .25 .10 .35 .49 

1150 24 • deep 400 .020 .34 .13 .47 .65 

1300 6" wide trench. 12• deep 540 .015 .25, .10 .35 .48 

1350 18 • deep 405 .020 .33 . 13 .46 .64 

1400 24' deep 270 .mo .50 .19 .69 .96 

1450 36" deep 180 .044 .75 .29 1.04 1.44 

1600 8 • wide trench. 12 • deep 400 .020 .34 .13 .47 .65 

1650 18 • deep 265 .mo .51 .19 .70 .98 

1700 24 • deep 200 .040 .67 .26 .93 1.30 

1750 36' deep 135 .059 t .38 1.38 1.92 

2000 Chain trencher. 40 H.P. operator ridinci 

2050 6 • wide trench and backfill . 12' deep B-54 1.200 . 007 L.F . .14 .10 .24 .32 

2100 18 • deep t .000 .CXll .16 .12 .28 .38 

2150 24" deep 975 .CXll .17 .13 .30 .39 

2200 36' deep 900 .oce .18 .14 .32 .42 

38 For expanded roverage of these items see Means Site Work Cost Data 1989 
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DAILY MAN· BARE COSTS TOTAL 
027 150 I Sewage Systems CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

Vil 

•6-d 3160 Steel. plain oval arch rulvens . plain 164 

3180 17" x 13 • 16 ga .. 15 • equivalent B-22 225 .133 l.f. 6.67 2.65 .56 10.00 12.15 

3200 21 • x 15 • 16 ga .. 16 • equivalent 175 .171 8.19 3.40 .73 12.32 14.90 

3220 28" x 20· 14 ga .. 24" equivalent 150 .200 13 3.97 .85 17.82 21 

3240 35" x 24" 14 ga., 30· equivalent 108 .278 16.25 5.50 1.18 22.93 27 

3260 42 • x 29 • 12 qa . . 35 • equivalent B- 13 108 .519 31.25 9.40 4.27 44.92 53 

3280 49" x 33· 12 ga .. 42" equivalent 92 .600 37.63 11 .05 5 53.68 63 

3300 ~ • x 38 • 12 ga . . 48 • equivalent 75 .747 34.57 13.55 6.15 54.27 65 

3320 End sections, 17 " x 13· 22 2.550 Ea. 30 46 21 97 125 

3340 42" X 29• 17 3.290 154 60 27 241 290 

3360 Muhi-plale arch. steel B-20 1,690 .014 Lb. .53 .27 .80 .99 

168 0010 PIPING, DRAINAGE & SEWAGE, POLYVINYL CHLORIDE 168 

0020 Nol including excavation or backfill 

2000 10' lengths, S.0.R. 35. 4• diameter B-20 375 .C64 L.F. .57 1.23 1.80 2.48 

2040 6" diameter I 350 .<Xi9 1.22 1.32 2.54 3.33 

2080 8" diameter ' 335 .072 1.75 1.38 3. 13 4 

2120 1 O • dia meter B-21 330 .005 2.80 1.67 .26 4.73 5.85 

2160 12 · diameter 320 .008 3.95 1.72 .26 5.93 7.25 

2200 15 • diameter 190 .147 6.15 2.90 .45 9.50 11 .60 

172 0010 PIPING. DRAINAGE & SEWAGE, VITRIFIED CLAY, C700 172 

0020 Not including excavation or backfill. 4' & 5' lenQlhs 

4030 Extra strenglh, compression joints . G425 

500) 4• diameter B-20 265 . CEl L.F . .98 1.74 2.72 3.70 

5020 6" diameter . 200 .120 1.63 2.30 3.93 5.25 

5040 8" diameter B-21 200 .140 2.54 2.75 .42 5.71 7.40 

5060 10· diameter 190 .147 4.22 2.90 .45 7.57 9.50 

5080 12· diameter 150 .187 5.57 3.67 .56 9.80 12.25 

5100 15 • diameter 110 .255 10.35 5 .n 16.13 19.75 

5120 18 • diameter 88 .318 15.60 6.25 .96 22.81 28 

5140 24 • diameter 45 .622 29 12.25 1.88 43.13 52 

5160 30· diameter B-22 31 .968 33.80 19.20 4.10 57.10 71 

5180 35 • diameter . 20 1.500 52 30 6.35 88.35 110 
600) 3 • lengths. add to above 30¼> 

6020 2 • lengths. arld to above 4c,\li 

6040 For die cast slip joints compared to premium joints 90¼ 

6ffiO For plain joints compared to compression joints 75% 

7000 2 • lengths, add to above 4c,\li 

174 0010 SEWAGE PUMPING STATIONS Prefabricated steel. concrete 174 

0020 or fiberglass . 200 GPM e-1m .1 7 494 Total 23,300 11 ,000 3.100 37,400 45,700 

0200 1,000 GPM .07 200 34,450 26,800 7,525 68,TT5 86,500 

0500 Add for generator unit , 200 GPM. steel .34 · 247 17,800 5,500 1,550 24,850 29.600 

CEOO Concrete .51 165 11 ,130 3,675 1,025 15,830 18,900 

1000 Add for generator unit. 1,000 GPM. steel .30 280 18,900 6,250 1,750 26,900 32.100 

1200 Concrete .38 22 1 15,900 4,925 1,375 22,200 26.400 

1500 for wet we ll , if required , add B-23 .so 80 4,560 1,375 955 6,890 8,150 

176 0010 SEWAGE TAEA TM ENT Not ind. fencing or external piping 176 

0020 Steel packaged. blown air aeration plants 

0100 1,000 GPO Gal. 11.40 

0200 5,000 GPO 7.50 

0'.300 15.0CO GPO 4.15 

0400 30.0CO GPO 4.05 

0500 50.0CO GPO 2.95 

<XiOO 100.000 GPO 2.70 

0700 200.000 GPO 1.90 

0000 500.000 GPO 2.10 

1000 Concrete, extended aeration. prirrary and secondary treatment 

1010 10.0CO GPO Gal. 8.65 

For expanded coverage of these items see Means Site Work Cost Data 1989 59 
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IRAFI 

140N 
SUBSURFACE DRAINAGE 

Drainage Fabric 

Good drainage is essential for soil stability. In order 
for drainage structures to be effective - along 
highways, in embankments, under airfields and 
athletic fields, or anywhere - they must have a 
properly designed protective filter. 

Traditionally, graded-aggregate filter systems have 
been used with limited success to prevent soil 
particles from migrating into subsurface drainage 
structures. However, these aggregate drains have 
several inherent problems, including high cost and 
difficult installation. 

Mirafi 140N, a nonwoven filter fabric, provides an 
effective, cost-efficient alternative to · 
graded-aggregate filters. Among its design features 
are: 

• Easily conforms to the ground or trench 
surface for fast and trouble-free installation; 

• Creates. a superior filter media because of its 
high water flow rate and excellent filtration 
properties; 

• Meets severe stresses of installation with its 
high puncture and burst resistance. 

Mirafi 140N eliminates many of the problems 
associated with graded-aggregate filters, including: 

• Determining the aggregate gradation 
required to match soil conditions: 

• Finding a convenient and economical source 
of a specific aggregate gradation: 

• Transporting and placing a graded 
aggregate: 

• Assuring that the in-place aggregate 
gradation provides effective filter 
performance. 

An additional benefit of Mirafi 140N is that the drain 
size can often be reduced when Mirafi fabric is 
installed because the thick, graded-aggregate layer 
is eliminated. As a result, less excavation and less 
aggregate will be required. 

® 





Mirafi 140N Fabric Properties 

Typical 
-Fabric Property Unit Test Method Values 1 

Grab Tensile Strength lb ASTM 0 -1682-64 120 

Grab Tensile Elongation % ASTM 0 -1682-64 55 

Burst Strength psi ASTM 0 -3786-80a' 210 

Trapezoid Tear Strength lb ASTM 0 -1117-80 50 

Puncture Strength lb ASTM 0-3787-803 70 

Coefficient of Permeability, k cm/sec CFMC GET-2 0.2 

Water Flow Rate gal/min/sf CFMC GET-2 285 

Mirafi 140N Packaging 

Roll Width (ft .) Roll Length (ft.) Roll Wt. (lbs.) 

15.0 360 185 

12.5 360 175 

Type of Fabric Wrapped Drains 

Conventional Drain (with pipe) 

Typical Drain Applications 

PAVEMENT 

'The values listed are average values. Contact the Mirafi Technical Department 
for minimum certifiable values. 
'Diaphragm Bursting Tester. 
'Tension Testing Machine with ring clamp; steel ball replaced with a 5/ 16-inch 
diameter solid steel cylinder centered within the ring clamp. 

To the best of our knowledge, the information contained herein is accurate. However, 
Mirafi, Inc. cannot assume any liability whatsoever for the accuracy or completeness 
thefeof. Anal determination of the suitability ol any information or material for the use 
contemplated, of hs manner of use, and whether the suggested use Infringes any patents 
is the sole responsibility of the user. 

French Drain (without pipe) 

,,.. 

:£~,~~fdt\~:~;~B~}:~J ;t~~;~;~;f ~~; 11f ~!i!l~iJl~!f ;:::~'.:,' 
Blanket Drain & Edge Drain Pond Underdrain 

~IRAFl1NC 
A member of the • DOMINION TEXTILE group 

Miran- Is I trademarll owned by Mlrafl Inc. 0 198.c Mlr■ fl Inc. 

MIRAFI INC. P.O. BOX 240967 /CHARLOTTE, N.C. 28224 
(704) 523-7477 or (800) 438- 1855 /TELEX 216903 MRFI 

Interceptor Drain 

2P-6 
1 1.A/; 





.._ 1-I· I IRAFI' INC CIVIL 
ENGINEERING 
FABRICS 

~) 
Fl\DRIC WTLSY 

DRAINAGE: 

Mirafi 140N 4.5 oz. 
Mirafi 140N 4.5 oz. 
Mirafi 140NL 3.5 oz. 

ST/\BILIZJ\TION: 

Mira f i 400X 3 . 5 oz. 
Hirafi SOOX 4.0 oz. 
Hirafi SOOX 4.0 oz. 
Hlrafi SOOX 4.0 oz. 
Hirafi 600X 6.0 oz. 
Hirafl 600X 6.0 oz. 

EROSION CONTROLs 

Hirafi 700XG 6.5 oz. 
Hirafi 700X 6 . 5 oz. 
Hirafi. 700X 6 . 5 oz . 
Hirafi 700X 6 . 5 oz. 
Miramat2400 24.0 oz. 
Hiramatl800 10.U oz. 

SEDIMENT CONTROL: 

Envirofence 

LANDSCl\f'E: 

Hirascape 3.0 oz. 
Mirascape 3.0 oz. 
Mirascape 3.0 oz. 

ROLL SIZE 

15' x 3GO' ( 600 sy) 
12.5' x 3GO'(SOO sy) 
15' X 420' (700 sy) 

12.5 X 576'(000 sy) 
12.5' X 432'(600 sy) 
17.5' X 309'(600 sy) 
25' X 216'(600 sy) 
12.5' X 360'(500 sy) 
25' X 100'(500 sy) 

13' X 300'(433 sy) 
6' X 300'(200 sy) 
12' X 300'(400 sy) 
18' X 150'(300 sy) 
3.75' X 180'(75 sy) 
3.75' X 264'(110 sy) 

]' X 100'(100 lf) 

3' X 300'(100 sy) 
G' X 300'(200 sy) 
9' X 300'(300 sy) 

PREF/\BRICATED DRAINAGE SYSTEM: 

Miradrain 5000* 4 I X 50'(200 sf) 
Miradrain 6000 10 panels/roll 

4 ' X 0'(320 sf) 
Miradrain 6000 1 panel/roll 

'1 t X 25'(100 sf) 
Miradrain 6000 1 panel/roll 

4 t X 50'(200 sf) 
Miradrain 9000 4' x50'(200sf) 

*Miradrain 5000 replaces Hiradrain 4000 

(OVER) 

February 1, 1988 

ROLL WT 

10'1 lbs. 
153 lbs. 
170 lbs. 

176 lbs. 
173 lbs. 
179 lbs. 
179 lbs. 
210 lbs. 
210 lbs. 

200 lbs. 
92 lbs . 

184 lbs. 
131 lbs. 
135 lbs. 
135 lbs. 

35 1 bs. 

15 lbs. 
28 lbs. 
40 lbs. 

50 1 bs. 
70 lbs. 

25 lbs. 

50 lbs. 

50 lbs. 

PRICE* 

$.flS/sy 
$.05/sy 
$.75/sy 

$.7S/sy 
$.flO/sy 
$.00/sy 
$.OS/sy 

$1.Wi/sy 
$1.10/sy 

$1.30/sy 
$ 1. 40/sy 
$1. 42/sy 
$1 . 45/sy 
$.80/sf 
$.65/sf 

$1.50/lr 

$.7:,/sy 
$.75/sy 
$.75/sy 

$1.50/s r 
$1.40/sf 

$1.40/sf 

$1,'10/sf 

$1. (,0/sf 





FABRIC WT/SY ROLL SIZE ROLL WT 

PAVEMENT OVERLAY: 

Mirafi 900N 4.0 oz. 1 2 • 5 I X 360 ' ( 500 sy ) 15 3 lbs . 

NON WOVEN (impermeable liner protection and railroad use): 

Mirafi 180N 8.0 o z. 13' X 300' (433 sy) 230 lbs. 
Mirafi 180N 8.0 o z . 17.5' X 300' (583 sy) 310 lbs. 
Mirafi 1120N 12.0 oz . 13' X 300' (433 sy) 310 lbs. 
Mirafi 1120N 12.0 oz. 17.5' X 300' ( 583 sy) 410 lbs. 
Mirafi 1160N 16.0 oz. 13' X 150'(217 sy) 230 lbs . 
Mirafi 1160N 16.0 oz . 17.5' X 150'(292 sy) 315 lbs. 

WOVEN (heavy weight, high performance): 

Mirafi lOOOHP 10 oz . 15' X 240' (400 sy) 265 lbs. 
Mirafi 1200HP 12 oz . 15' X 240' (400 sy) 315 lbs. 
Mirafi 2100HP 21 oz. 12' X 105' ( 140 sy) 200 lbs. 

SPECIALITY PRODUCTS: 

Mirafi coated fabric 12' X 300'(400 sy) 190 lbs . 
MCF 1212 
Geonet 250 6 .25' X 100'(625 sf) 80 lbs. 
Geonet 250 - 6 .25' X 100' (625 sf) 80 lbs. 
with fabric 

Manufacturers Representative: R. P. Martino and Company 
2 Ledge Drive 
Georgetown, MA 0183 3 
617-352-2106 

PRICE* 

$ .7 5/ sy 

$1.30/sy 
$1.30/sy 
$1.75/sy 
$1.75/sy 
$2.60/sy 
$2.60/sy 

$2.50/sy 
$2.90/sy 
$6.90/sy 

$2.25/sy 

$.70/sf 
$.95/sf 

*Prices are for estimating purposes only . Call your local Mirafi 
representative or distributor for current prices a nd availability. 

Fabric seaming available, price upon request. 
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Cent:rifugal Se-wage Pu,nps 
1351 

Submersible Automatic 
Sewage Ejector Pumps 

• For 11/," or 1 '/, solids 
• Up to 9300 GPH capacit ie s 
• 1h-HP motor 

Continuous-duty pumps work tirelessly 
to pump sewage or other liqu ids contain
ing solid matter. Built-in tl oa t swit ch pro 
vides automatic operation and has a quick
change teature tor last repla cement if 
necessary. Pump al so has a 10'h -fl. power 
cord with 3-prong plug lor manual use. 
Pumps have threaded llange connections. 
cast iron housing , and a 2-vane. ductile 
iron open impeller with a stainless steel 
shalt . Thermal overload-protected mo tor is 
•hhP, 1750rpm, 11SVAC.60Hz. 1 ph . M in . 
sump dia. is 13'". Max. liquid tempera ture is 
160" F. Pump height is 17¼'". 

=-~_;';:'le\ : .. •r _..., ' 
~--' ~ 

High-temperature (to 200' F) and 230 V 
models are available. Specify No. 9949K888, voltage, temperature , 
and discharge size. Prices on reques t. 

Discharge 

1•1,· 

2" 
3· 

Discharge 
1•.~- .. 
2·. 

PUMP PERFORMANCE 

Head, Ft. 5 

GPH 8220 

GPH 8700 

GPH 9300 

Max. Dia., Solids 
1 '/.~. 
1•1,· .. . 

10 

6900 

7500 

8100 

J"., .... .... .... ... . .. .. 1•1,· .. . 

15 20 

5400 3600 

6000 4200 

6480 4620 

No. NET EACH 
.. 9949K19 ... . S378.33 
.. 9949K21 . 385.09 
.. 9949K23 .. . 392.09 

Solids Handling Pump 
• For 11/, solids 
• 22,800 GPH capacity 
• 10-HP engine 

Extra heavy duty centrifugal 
unit gets the job done on hard-to
pump sill, rocks, sand, slurries, 
sludge, trash and sewage ... 
handles large flows and solids up 
to 1'/, diameter. Seit-priming 
pump performs suction lilts up to 
25 feel Pump has an aluminum 
hOusing with mechanical seals 
and a two-blade, nonclogging im
peller. The 10-hp Briggs & St rai
ton. air-cooled. 3600 rpm . gaso

=-r 
I 

line engine has recoil start and a 4-ql. luel tank . Ports are 3- npt . 
Pump is mounted on a heavy-duty steel trame with 10· pneumatic 

wneels and a handle tor portability . Pump weighs 265 lbs 

PUMP PERFORMANCE 

Head, Fl I 25 I 40 I 60 I 90 
GPH I 22.800 I 18.420 I 13_500 I 4.500 

No. 4388K22 ................ ... . .. NET EACH S1612.68 

Alumi-Lite Trash Pumps 
• For 1· or 1 11,· solids 
• Up to 20,400 GPH capacity 

These self-priming pumps are 
constructed of lightweight alumi
num, making them extremely por
table but no less durable than 
heavier metals. Pumps are capa 
ble of suction lifts up to 25 feet. 
They we lcome the dirty jobs, and 
really go into action to handle silt, 
rocks , sand, muddy water, 
sludge, trash and sewage. 

Impeller and volute are made ot 
cast iron. Mechanical seal wi th a 
stainless steel shaft sleeve. 

Powered by a Briggs & Stratton air-cooled . 4-cycle. 3600 rpm . gas
oline engine with recoil start . Pumps include rubber toot mo unts. a 
suction strainer, and a handy T-styl e handle tor added po rtabi l i ty 

Por1 Head, Ft. 

Port 
Size 
{ 

2-

3-
GPH 

GPH 

Max. Dia. , 
Solids 

.. .1" .... 
........ 1•1,· . 

PUMP PERFORMANCE 

20 

10,800 

20,400 

HP 
5 

.8 . 

40 

9.240 

17.400 

Wt. , 
Lbs . 

71. 
. 105 

60 90 

7.200 3. 120 

13.080 5.040 

No. NET EACH 
.. 4338K46 . S668.69 
. 4338K48 .. 1024.21 

Automatic High Head 
Sewage Pumps 

• For 1 ½'" solids 
• Up to 8520 GPH capaci ty 
• •/ ,o- or 'h·HP motor 

Submersible, heavy-duty pumps make 
short work of waste, sewag e, and solids 
up to 1 •1,·. Pumps have a merc u ry float 
control switch with piggyback plug to turn 
pump on and oft automatically at leve ls you 
sel . Swi tch mounts to di scharge pipe wi th 
an adjustable stain less steel clamp. 

Cast iron body and housing have a 416 
stainless steel shalt. Thermal overload 
protected motor is 11 5 VAC. 60 Hz. 1 ph . 
Furnished with 15-tt. grounded power 
cord . Minimum sump diameter is 14'". Min-
imum sump depth is 30". Available in ~'•<>- and '!,-hp models with 2" fpl 
discharge.•/,.,.HP PUMP-Has a molded . glass-tilled thermoplaslic im
peller and 1700 rpm motor. Max. temperature is 1 SO' F. Pump ht. 1s 1 & , ·. 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 7 20 I 25 
GPH I 5400 I 4800 I 4080 I 3120 I 600 

No. 5143K17 ... ..NET EACH S307.83 
½-HP PUMP-Has cast iron impeller and 1625 rpm motor. Maxi

mum temperature is 160' F. Pump height is 19,, . .. UL listed . 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 

GPH I 8520 I 7200 I 5400 

No. 5143K18 .. 

UL-Listed Sewage Pumps 
• For •1,· , •1,·, or 2· solids 
• Up to 6600 GPH capacity 
• 1/2 -, 'l,o-, or 1h-HP motor 

Move waste water and sewage out of co l
lection areas to sewer or septic lines with 
these completely s ubmersible, cast iron 
pumps. A float swi tch turns pump on and oft 
automaticall y. You can set the pump· lo turn 
on at g- to 14· and off at 2· to 6-. Proteclive 
epoxy coating guards against ru st and corro
sion . Litetime lubricated , thermal overload
protected motor is 115 VAC. 60 Hz. single 

I 
I 

20 T 25 
3300 I 720 

.. NET EACH S414 .29 

.:, 

.---® r ~:~1 

~~~ 
phase. Furnished with t 5-11. power cord . Vortex impeller 1s nylon . 
Min. sump dia. is 18". Min. sump depth is 30-. UL and CSA listed . 

PUMP PERFORMANCE 

No. Head, Ft. 5 10 15 I 20 

42935K22 GPH 3000 2500 1600 I -
42g35K23 GPH 3120 2700 1980 I -
42935K24 GPH 4800 3420 1440 I -
42935K25 GPH 6600 5640 3900 7 840 

g~. 1a .. 
HP FPT Solids Ht. No. NET EACH 
'f.i .. ...... .... 1'/2 . •1,· ... ...... . .. 10 •1,· ....... 42935K22■ .S131 .21 
1/J ......... .. .... 1 •;.,· >;,·. 8 •.-;· .. .... . .. ... 42935K23■ 177.23 
'l ,o.. . .. ... 2" ... . .. 2· .... ... 11 '/ ••· ....... ... 42935K24 251.45 
'h .. . .2" .. . .... . .2" ... . .. .. .. 12,1, · ............ 42935K25 362.41 
■ Effluent pump with 10-11. power cord . 

Compact Grinder Pumps 
• Turns up to 111,• semi-solids into 

v.· particles 

• 1080 GPH capacity ~ ---
An ideal solution to small waste- ?. 

handling problems. Grind waste, . 
tissue, and certain semi-solids , .. • · 
down to a maximum particle size of ',.\ 
'A". Not recommended for handling ~ . 
hard objects and rags . Mount these ·· -
se ll-priming pumps anywhe,e. 
Equipped with a llexible Nitrile im-
peller with stainless stee l wear plate 
and a cast bronze grinder plate. 

Pump molor is 115 VAC . 60 Hz . 1 phase . wi th o verload protection . 
Outlet port has 1· ID hose barb. Inlet port is 1 'i, MPT 

PUMP PERFORMANCE (Based on Water) 

Head, Ft. I 5 I 10 I 20 I 30 

GPH I 840 I 780 I 648 I 5 16 

No. 6766K12 .. .. NET EACH S406.25 
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llugl.n"crJ 1\1( Sd cuce 
101 ttuntintun Ave. 
l1011to1L, WA 02 J 99 

hltn: H1·, nowUHlll JJnrvl')' 

Re: ~•itr 'l.'ank 
ace project ~YJ-~4l 

Gentle111en, 

Dc·ceml>er 2Z, 1993 

W" thnuk you (or yo111: i11qld1y "ll<i nee- ~d1•1111ecl t o offer our \.lu<l~ct~r.y 
quolation U6 folluw~. 

l l1:m Qty 
A . l 

Dl'l1, .r lpt Jun 

10 1--0" dill. x 18' - U" !>(rtdgl,l i; i!lt:, fl n t h11tto11, flat top 
f lbcq; l11 u11 l 1mk v1, h four lH t . .i. ni.; lug a . 
nuug&tary l'ri.ce Hurl , .••. . . , . ........... . ....... U :.l ,800 , 0U 

ltc1u A will hl\ c-011u1c:l Y1lddP.<.I t Ct AS"l'H 114ocn i;t unclurdc; ut.ln)\ l{oithhold 33- ~02 
,·csin and a 10 wil "c" voil lit1c1, · 

'l:ern,11: To \,t: ,1ctcrm1 lll'd 
P,0,11, Fnll lUv•·r, MA. lnl)lhl coHt.t· I . 
Vrjcc& qunl ¥d urv vft l l d for JU duy~. 

lle live ry: Wl.ll bt- t.--(, we v kii uftcr n•l· " i\ll uf hppn,11cd cl r a1.11nl(0, 

llrowingo ; v1b 
l f you h11v~ ~ny 

be l weak utlc• r n·ce1pt. ,,1 )l u rcl ,ur. .. ordui· . 

qucat ionR plNt llC c.lo 1101 he 1:itill c tu cont .i l·t rhifl off i ce. 

p.0 2 

i'T'" Q_Qj 
t:-A ADA 

Projer.~ E r ~llo nsinaer JAA1Js 

I 2 - 2 2 - 9 3 I I : 5 6 AM 
P00 2 U3 5 
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ffemedial systems,lnc. 

l 

: . I 

Rl~ % 

Janumy 5, 1994 

DanKelmar 
Engineering Science 
Pruden.tail Center - l O 1 Huntington ~ ve 
Bostson, MA 02199 . 

Tel: 617-859-2437 
Far. 617-859-2043 

Subject: RSI Quotation # SYS-01~594-MA 
Proj: Sead Ash Landfill 

Dear Dan, . 

56 Leonard Street 
Foxboro, MA 02035-2929 

(508) 543-1512 
FAX (508) 543-7485 

Remedial Systems Inc. (RSI): is ple8$ed to present the following quotation for the above 
~ project. · 

Item 1: 2- WaterDepressionPutnp capable of16 GPM@SO' TDB,: 1/2 HP, 230V, l PH, 
Motor, all stainless steel construction, teflon seals, pump comes complete with 25' of 
(1.5") petroleum resistant discharge hose, and _25' of sheathed, petroleum resistant 
power lead. 

! I $ 870.00 each 
; l I 

Item 2: 1 - Total Fluids Well P~be for use in single well watec recovery, intrinsically saf~ 
with SO feet of cable. · 

$ 225.00 each 
; 

Item 3: (1) - RSI Low Profile Sujpper Model RTs-50-3 designed to meeUhe following 
conditions: · 

=~--~~-Y••1r1•••'"'f1Y'(;IN•·•·•~N~•YW'['"'•'••i•~••••••,•·•~•·•~ .. •--•--YY•••·•••Y•~--•••(1'YY/•YYY •• •1 • { '-I•} •' ft r-<·'·• .. •~·1• ..... •~~•, .. c ••· •<•\"> .. ••"· ........... ,, •. )I, ,,,, ., , .,.l••JC'"• •A•.':• !'' """"!''.:- •• .,,..1, ,, ,,. I"• I f ., .... ,. ··1t. •·r~·· ·r 1·-··'·'·"""I ...... , ....... ,, ... , .. ,, •'f.'9• i .. ~;.;,/,.",t•::...(: ii , ~,.~-;. ,;,t~ ~,1;:t.., t'~f'\,o .'{ ., .. ,;tf,,4",,:-1~-.•f&l;J.?;,,,•.•Y.~-;,),~_;~·.r,:,i:,;.,',c. 
, ,;• •'>•,~hq(,'J11'{'\"JC , ( ,•;( ~.-r.~~"7'~~:-rt:'.:v,,/1':'~(,r > ,> ~r-:::rr~=:-5t~' ..!.,~.,..--m;.f..! •":r, ';P.,~-! ,~"1'.-:0!'.•:'{•;'\•~ • 

TCE 
c 1,2DCE 

Vinyl Chloride 

Total 

Water Temperature 
Flowrate 

' 
100 

' 120 
i 

20 i 

240 

1 

1 

1 

3 

5<fF 
30gpm 

I 508 543 7485 

99 

99.17 

95 

98.7S 

0 1-05-94 02:45PM POOi ~34 . 

I 
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Height 
Length 
Width 
Blower 

S6" 
86" 
36" 

230V, I ph, TEFC 

This equipment includes µtlet piping, liquid distributor, air discharge, demister, 
temperature gauge, pressure gauge, air inlet, blower, drainage sump, siphon drain, 3 level 
sump switch, and blower fail:safe switch. 

$11,610.00 

Item 4: (1) • Transfer Pump, sdfpriming, capable of 30 gpm@40 feet 1DH, 230V, single 
phase, TEFC motor. 

$ 695.00 

Item 5: (1)- Stainless Steel Bag Filter ccapable of SO GPM, 10 Micron filter bags. 

Item 6: 1 -·LP-50 Liquid Phase C~n Vessel: 

• Max. Flowrate 
Max. Pressure 

• Max. Temp 
• Diameter 
• Overal!Height 
• Inlet/ Outlet . 
• Vrrginc.arbon 
• Shipping Weight 

. S6GPM 
12 psig 
125°.F 
34" 
57" 
3"NPT 
S00 lbs 
1000 lbs 

$1,295.00 

Carbon Vessels are consthlcted of mild steel with a high quality two layer epoxy 
interior coating and a:hard enamel finish exterior. 

• Approximate cost fur reactivation 
• Approximate disposal cost 

S 360.00 each 
$ 150.00 each 

I 508 543 7485 

S 3,180.00 each 

01-05-94 02:45PM P00 2 #34 
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COST ESTIMATION PROGRAM FOR GAC TREATMENT SYSTEMS 

PROBLEM ID= SEDA ASH LANDFILL FS 

UGAC=0.90 AT 
CCI=5310.0 
UFUEL=0.95 
MLR=50.0 
CSITE =l0.0 

100000. LBS CRI=l0.0 CRP=30.0 COH= 5.0 
PPI=350.0 ULAB=15.00 LOH= 10.0 UPOW=0.06 
UNGAS=0.0055 UH2O= 0.35 BDEN=30.0 LOSS=12.0 

FTYPE=G 
CINTR=l0.0 CENG=l0.0 

TOTAL SYSTEM DESIGN CAPACITY (MGD) = 
AVG SYSTEM PRODUCTION (MGD) = 0.04 
NUMBER OF GAC CONTACTORS = 2. 
DESIGN CAPACITY PER CONTACTOR (MGD) = 
CROSS-SECTIONAL AREA OF EACH CONTACTOR 

0.04 

0 . 02 
(SQ. FT) = 

EBCT (MINUTES) = 30.00 
HYDRAULIC LOADING (GPM/SQ . FT) = 
GAC BED DEPTH (FT) = 16.04 

4.00 

VOLUME PER EACH CONTACTOR (CU . FT) = 
TOTAL GAC VOLUME OF SYSTEM (CU .FT ) = 
TOTAL GAC MASS OF SYSTEM (LBS) . = 

59.9 
119.76 

3592.91 

ADSORBER TYPE IS STEEL PRESSURE CONTACTORS 

3.73 

(GAC PACKAGE PLANT) 

GAC BED SERVICE LIFE (DAYS) = 
GAC USE RATE (GALLONS/LB) = 
SPENT CARBON (LBS/YEAR) = 

300. 0 
3590.4 
4066. 

SPENT CARBON IS REPLACED WITH VIRGIN GAC 

CONSTRUCTION COSTS 
------------------
ADSORPTION SYSTEM 
REACTIVATION SYSTEM 
TOTAL= 

ADSORPTION SYSTEM 
------------- ----
ELECTRIC POWER 
MAINT & PROCESS LABOR 
MAINT & PROCESS MATERIALS 
-----------------
TOTAL O&M COST 
TOTAL CAPITAL COST 
TOTAL ADSOPTION COST 

($) 

197248. 
0. 

197248. 

($/YEAR) 
-- ----

516. 
10108. 

830. 

11454. 
20924. 
32378 . 

78 .5 (CENTS/1000 GAL) 
143.3 (CENTS/1000 GAL) 
221.8 (CENTS/1000 GAL) 





SPENT GAC REPLACEMENT 
---------------------
VIRGIN GAC ($/YEAR) = 
VIRGIN GAC (CENTS/LB) = 
VIRGIN GAC (CENTS/1000 GAL) = 

4190 . 
103.0 

28.7 

OVERALL SYSTEM TOTALS ($/YEAR) (CENTS/1000 GAL) 
---- - ----------
SYSTEMS CAPITAL 
SYSTEMS O&M 
SYSTEMS TOTAL 

------
20924. 
15644 . 
36568. 

- - - - -
143.3 
107.2 
250 . 5 





J: 1,2 - DICHLOROETHENE 
D- PHASE CONC., (ug/L) . ...... . 1 20 . 00000 

,AP., K (umol/g)/(umol/L)Al/N = 38.500000 
. ERM EXPONENT, N (DIM.) ....... . = 0.38999999 
THE BOILING PT. (cmA3/g - mol) .. . = 100.00000 

~HT OF COMPOUND, MW ............ . 89 . 000000 
3IVITY, DIFL, (cmA2/sec) ......... . = 0.68935396E - 05 

~R COEFFICIENT, KF, (cm/sec) . . .... . = 0.27037349E - 02 
_•'FUSION COEFFICIENT, DS, (cmA2/sec) .. 0.62101374E - 09 

JTRIBUTION PARAMETER, DG, (DIM . ) . .. . = 38137.680 
3ER, BI (DIM.) ....................... . = 8.6353550 
NUMBER, SC, (DIM.) ...... . . . .......... . = 1798.1980 

:r PATTERN PARAMETERS FOR COMPOUND: 1,2 - DICHLOROETHENE 
, MINIMUM STANTON NUMBER, STM .... . . . . . ..... . = 4.5612144 

.,E MINIMUM EBCT, ETMIN, (minutes) ............ = 2.5006297 
.-HE MINIMUM EBCT, EMLEN, (cm) .. . .............. = 40. 810280 

THROUGHPUT AT 95% OF THE MTZ, T95, ......... . . . = 1.6195295 
THROUGHPUT AT 5% OF THE MTZ, T05, ............. = 0 . 63704449 
THE EBCT OF THE MTZ, ETMTZ, (minutes) ... . .. . . . . = 2.4568312 
THE LENGTH OF THE MTZ, EMTZL, (cm) ....... . .... = 40.095486· 

Ce/Co 

0.020 
0 . 040 
0 . 060 
0.080 
0.100 
0.120 
0 . 140 
0.160 
0.180 
0. 200 
0.220 
0. 240 
0 . 260 
0.280 
0.300 
0. 320 
0 . 340 
0. 360 
0.380 
0.400 
0 .420 
0 .440 
0 . 460 
0.480 
0.500 
0 . 520 
0. 540 
0. 560 

Ce 
(ug/L) 

2 . 40 
4 . 80 
7 . 20 
9.60 

12.00 
14.40 
16 . 80 
19 . 20 
21 . 60 
24.00 
26.40 
28.80 
31.20 
33.60 
36.00 
38.40 
40.80 
43 . 20 
45.60 
48.00 
50.40 
52.80 
55.20 
57.60 
60.00 
62.40 
64.80 
67.20 

CONSTANT PATTERN SOLUTION 
FOR AN EBCT OF 30.00 MINUTES 

BED VOL. 
FED 

15091.7 
15135.1 
15168 . 4 
15196.7 
15221.7 
15244.5 
15265.7 
15285.7 
15304.6 
15322.7 
15340.2 
15357 . 1 
15373 . 5 
15389.6 
15405.4 
15420.9 
15436.3 
15451. 5 
15466.7 
15481. 8 
15496.9 
15512.1 
15527.4 
15542.8 
15558. 4 
15574.4 
15590. 6 
15607. 2 

GAC 
BED 
LIFE 
(DAYS) 

314.4 
315 . 3 
316 . 0 
316.6 
317.1 
317.6 
318 . 0 
318.5 
318.8 
319.2 
319 . 6 
319 . 9 
320.3 
320.6 
320.9 
321.3 
321.6 
321.9 
322.2 
322.5 
322.9 
323.2 
323.5 
323.8 
324.1 
324.5 
324.8 
325 . 2 

GAC 
USE RATE 
LBS/K- gal 

0.26927 
0 . 26850 
0.26791 
0 . 26741 
0.26697 
0.26657 
0.26620 
0 . 26585 
0.26553 
0.26521 
0.26491 
0 . 2646 2 
0.26434 
0.26406 
0.26379 
0.26352 
0 . 26326 
0.26300 
0.26274 
0.26249 
0.26223 
0.26197 
0.26172 
0.26146 
0.26119 
0.26093 
0.26066 
0 . 26038 

FIELD 
ADJUSTED 
BED 
LIFE 
(DAYS) 

219.0 
219.3 
219.5 
219.7 
219.9 
220 . 0 
220.2 
220.3 
220.4 
220.6 
220.7 
220.8 
220.9 
221.0 
221.1 
221.2 
221 . 3 
221. 4 
221.6 
221 . 7 
221.8 
221.9 
222.0 
222 . 1 
222 . 2 
222.3 
222.4 
22 2. 5 

FIELD 
ADJUSTED 
USE RATE 
LBS/K- gal 

0 . 38667 
0.38614 
0.38573 
0.38538 
0 . 38508 
0.38480 
0.38454 
0 . 38430 
0 . 38407 
0.38385 
0 . 38364 
0.38344 
0.38324 
0.38305 
0.38286 
0 . 38268 
0.38249 
0.38231 
0 . 38213 
0.38195 
0 . 38177 
0 . 38159 
0.38141 
0.38123 
0.38104 
0 . 38086 
0 . 38067 
0.38047 
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I~m 7: (2) - VP-600, Vapor P~ Carbon Vessel: 

- Max. Flowrate 
- Max. Pressure 
- Max. Temp 
- Footprint 
• Overall Height 
-Taruc Height 
- Tank Diameter 
- Inlet / Outlet 
- Vu-gin Carbon 
- Shipping Weight 

600CFM 
12 psig 

125°F 
34•x46" 

57• 
42" 
32" 
3" NPT . 

500 lbs 
1000 lbs 

Carbon V esse1s are constructed of mild steel with a high quality two layer epoxy interior 
coating and a hard enamel finish exterior. 

$ 3,950.00 each 

Item 8: (1) - RSI Control Puel!capable of operating and controlling (2) Water Table 
Depression Pump, (1) transfer pwnp and a complete Ah" Stripper System. (NEMA 4 
weathertight enclosure) · 

$2,450.00 

Item 9: (1) • Optional Tdemetry Module. Wrth this option, the user may remotely monitor 
and operate the site from an mM•PC compatt"ble computer equipped with a phone 
modem. The user will have information on all analog and digital inputs, outputs, cycle 
timers, and run times of~ output in the system. 

$2,495.00 

• F.O.B. Factory ' • Delivery: 5-6 woeks, after approw.l of drawings 
, • Tmns: Net 30 days (subjcc;t to ctcdit 8PlfflMII) • Leasing Rates Available 

Offi:r Valid 1br 90 days 

If you have any additional questions, please do not hesitate to contact me. 

BAB: 
Enc: GB 

1 508 54 3 7485 
TOTAL P.03 

01 - 0 5- 94 0 2 : 45PM P00 3 ~ 34 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TI ME : 11 : 31 : 4 8 

SITE NAME: 
OPERABLE UNIT: 
SCENARIO: 
RUN BY: 

CORA GRANULAR ACTIVATED CARBON COST MODULE (309) 

SEDA ASH LANDFILL 
MIGRATION CONTROL ESTIMATED START: MID FY 1995 
LIQUID-PHASE CARBON 
Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS RESULTS 

Parameter Value Component Total 

Flow (GPM) 
(UG/L) 
(UG/L) 

Chlor. volatile org. 
Total organic carbon 
Protection level 
Average temp (degrees F) 
Confidence level 

30 CAPITAL COST 
20 0 & M COSTS 

100 
D CARBON USED (LB/YEAR) 

50 
M 

*** Operation and maintenance costs are sensitive to carbon usage 
and regeneration cost. Carbon cost (including regeneration) 
was calculated at $1.50/lb . 

NOTES: 

Alternative MC-4 

150,000 
46 ,00 0 

5,425 





0.580 69.60 15624.3 325.5 0 . 26009 222.6 0.38027 
0.600 72.00 15642.0 325.9 0.25980 222.8 0.38006 
0.620 74.40 15660.4 326.3 0.25949 222.9 0.37985 
0.640 76.80 15679.5 326.7 0.25918 223.0 0.37963 
0.660 79.20 15699.6 327.1 0.25884 223.2 0.37939 
0.680 81.60 15720.9 327.5 0.25850 223.3 0.37915 
0 . 700 84.00 15743.4 328.0 0.25813 223.5 0.37888 
0.720 86.40 15767.5 328.5 0.25773 223.6 0.37861 
0.740 88.80 15793.4 329.0 0.25731 223.8 0.37831 
0.760 91.20 15821.7 329.6 0.25685 224.0 0.37798 
0.780 93.60 15852.7 330.3 0.25635 224.2 0.37762 
0.800 96.00 15887.1 331.0 0.25579 224.4 0.37723 
0.820 98.40 15925.8 331.8 0.25517 224.7 0.37679 
0.840 100.80 15969.9 332.7 0.25446 225.0 0.37629 
0.860 103.20 16021.0 333.8 0.25365 225.3 0.37571 
0.880 105.60 16081.3 335.0 0.25270 225.7 0.37503 
0.900 108.00 16154.1 336.5 0.25156 226.2 0.37422 
0.920 110.40 16244.4 338.4 0.25016 226.8 0.37322 
0.940 112.80 16360.5 340.8 0.24839 227.6 0.37194 
0.960 115.20 16516.4 344.1 0.24605 228.7 0.37025 
0.980 117.60 16738.8 348.7 0.24278 230.1 0.36787 
1.000 120.00 17085.1 355.9 0.23785 232.4 0.36427 

PARAMETERS USED FOR EMPIRICAL EQUATION THAT DESCRIBE 
SOLUTIONS TO HSDM FOR FIXED BED REACTOR 

AO Al A2 A3 A4 

0 .491912 0 0.4918330 0.4874140 0.0113710 0 .147 7470 





CONSTANT PATTERN RESULTS FOR - 1,2-DICHLOROETHENE 

PHYSICAL PARAMETERS: 

EMPTY BED CONTACT TIME, EBCT, (MIN.) .... . = 10.000000 
BULK DENSITY OF THE BED, RHOB (g/cmA 3 ) ... . = 0.48699999 
RADIUS OF ADSORBENT PARTICLE, RAD (cm) ... . = 0.52499998E - 01 
APPARENT PARTICLE DENSITY, RHOP (g/cmA3) .. = 0.82499999 
VOID FRACTION OF THE PARTICLE, EPOR ...... . 0.64099997 
VOID FRACTION OF BED, EBED (DIM . ) ........ . = 0.40969697 
SUPERFICIAL FLUID VELOCITY (cm/sec) ...... . = 0.27200001 
SURFACE LOADING, SF (gpm/ftA2) ........... . 4.0049281 
REYNOLDS NUMBER, RE, (DIM.) ............. . = 5.6236157 
TEMPERATURE OF WATER, TEMP, (DEG C.) .... . = 12.000000 
DENSITY OF WATER, DW, (g/cmA3) .......... . = 0.99952000 
VISCOSITY OF WATER, VW, (g/cm-sec ) ...... . = 0. 12390 000E - 01 
SURFACE/PORE DIFFUSION FLUX RATIO, PSDFR 3.7200000 

PARAMETERS FOR COMPOUND: 1,2-DICHLOROETHENE 
INITIAL BULK LIQUID-PHASE CONC., (ug/L) ....... . = 120.00000 
FREUNDLICH ISO. CAP., K (umol/g)/(umol/L)Al/N = 38.500000 
FREUNDLICH ISOTHERM EXPONENT, N (DIM . ) ....... . = 0.38999999 
MOLAL VOLUME AT THE BOILING PT. (cmA3/g -mol ) .. . = 100.00000 
MOLECULAR WEIGHT OF COMPOUND, MW ............ . = 89.000000 
LIQUID DIFFUSIVITY, DIFL, (cmA2/sec) ......... . = 0.68935396E - 05 
FILM TRANSFER COEFFICIENT, KF, (cm/sec) ...... . = 0 .2 7037349E - 02 
SURFACE DIFFUSION COEFFICIENT, DS, (cmA2/sec) .. = 0.62101374E - 09 
SOLUTE DISTRIBUTION PARAMETER, DG, (DIM.) ... . = 38137.680 
BIOT NUMBER, BI (DIM . ) ....................... . = 8.6353550 
SCHMIDT NUMBER, SC, (DIM.) .......... . ........ . = 1798.1980 

CONSTANT PATTERN PARAMETERS FOR COMPOUND: 1 ,2 -DICHLOROETHENE 
THE MINIMUM STANTON NUMBER, STM .. ............. = 4.5612144 
THE MINIMUM EBCT, ETMIN, (minutes) ............ = 2.5006297 
THE MINIMUM EBCT, EMLEN, (cm) ................. = 40.810280 
THROUGHPUT AT 95% OF THE MTZ, T95, ............ = 1.6195295 
THROUGHPUT AT 5% OF THE MTZ, TOS, ............. = 0.63704449 
THE EBCT OF THE MTZ, ETMTZ, (minute s ) .......... = 2.4568312 
THE LENGTH OF THE MTZ, EMTZL, (cm) ............ = 40.095486 

CONSTANT PATTERN SOLUTION 
FOR AN EBCT OF 10.00 MINUTES 

FIELD 
GAC ADJUSTED FIELD 
BED GAC BED ADJUSTED 

Ce BED VOL. LIFE USE RATE LIFE USE RATE 
Ce /Co (ug/L) FED (DAYS) LBS/K-gal (DAYS) LBS/K- gal 

0.020 2.40 14024.5 97.4 0.28976 70.5 0.40056 
0.040 4.80 14154.7 98.3 0.28710 70.8 0.39878 
0.060 7.20 14254.6 99.0 0.28508 71. 0 0.39743 
0.080 9.60 14339.4 99.6 0.28340 71.2 0.39630 
0.100 12.00 14414.5 100.1 0.28192 71.4 0.39530 
b.120 14.40 14483.0 100.6 0.28059 71. 6 0.39440 
0.140 16.80 14546.6 101. 0 0.27936 71. 7 0.39357 
0.160 19.20 14606.4 101. 4 0.27822 71. 8 0.39280 





0.180 
0.200 
0.220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 
0.460 
0.480 
0.500 
0.520 
0.540 
0 .56 0 
0.580 
0.600 
0.620 
0.640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 
0.820 
0.840 
0.860 
0.880 
0.900 
0 .92 0 
0.940 
0.960 
0.980 
1.000 

21.60 
24.00 
26.40 
28.80 
31.20 
33.60 
36.00 
38.40 
40.80 
43.20 
45.60 
48.00 
50.40 
52.80 
55.20 
57.60 
60.00 
62.40 
64.80 
67.20 
69.60 
72.00 
74.40 
76.80 
79.20 
81.60 
84.00 
86.40 
88.80 
91.20 
93.60 
96.00 
98.40 

100.80 
103.20 
105.60 
108.00 
110.40 
112.80 
115.20 
117.60 
120.00 

14663.2 
14717.5 
14769.9 
14820.6 
14870.0 
14918.2 
14965.6 
15012.2 
15058.3 
15104.0 
15149.4 
15194.8 
15240.1 
15285.7 
15331.5 
15377.8 
15424.7 
15472.5 
15521.2 
15571.1 
15622.4 
15675.5 
15730.6 
15788.0 
15848.3 
15912.0 
15979.5 
16051.8 
16129.7 
16214.5 
16307.5 
16410.8 
16526.9 
16659.2 
16812.4 
16993.3 
17211. 6 
17482.7 
17830.8 
18298.5 
18965.8 
20004.8 

101.8 
102.2 
102.6 
102.9 
103.3 
103.6 
103.9 
104.3 
104.6 
104.9 
105.2 
105.5 
105.8 
106.2 
106.5 
106.8 
107.1 
107.4 
107.8 
108.1 
108.5 
108.9 
109.2 
109.6 
110.1 
110.5 
111.0 
111.5 
112.0 
112.6 
113.2 
114.0 
114.8 
115.7 
116.8 
118.0 
119.5 
121.4 
123.8 
127.1 
131.7 
138.9 

0.27714 
0.27612 
0.27514 
0 .2742 0 
0.27329 
0.27240 
0.27154 
0.27070 
0.26987 
0.26905 
0.26825 
0.26745 
0.26665 
0.26585 
0.26506 
0.26426 
0.26346 
0.26265 
0.26182 
0 .26 098 
0.26012 
0.25924 
0.25834 
0 .25 740 
0.25642 
0.25539 
0.25431 
0.25317 
0.25194 
0.25063 
0.24920 
0 .24 763 
0.24589 
0.24394 
0.24171 
0.23914 
0 .23 611 
0.23245 
0.22791 
0.22208 
0.21427 
0.20314 

72.0 
72.1 
72.2 
72.4 
72.5 
72.6 
72.7 
72 .8 
72.9 
73.0 
73.1 
73.2 
73.3 
73.4 
73.5 
73.6 
73.8 
73.9 
74.0 
74 .1 
74.2 
74.3 
74.5 
74.6 
74.7 
74.9 
75.0 
75.2 
75 .4 
75.5 
75.8 
76.0 
76.2 
76 .5 
76 .9 
77.3 
77.7 
78.3 
79.1 
80.1 
81. 5 
83.6 

0.39206 
0.39137 
0.39070 
0.39006 
0.38943 
0.38883 
0.38823 
0.38765 
0.38708 
0.38652 
0.38596 
0.38541 
0.38485 
0.38430 
0.38375 
0.38319 
0.38263 
0.38206 
0.38148 
0.38090 
0.38029 
0.37967 
0.37903 
0.37837 
0.37768 
0.37695 
0.37618 
0.37536 
0.37449 
0.37355 
0.37252 
0.37139 
0.37013 
0 .3 6872 
0.36710 
0.36521 
0.36297 
0.36026 
0.35685 
0.35244 
0.34642 
0.33764 

PARAMETERS USED FOR EMPIRICAL EQUATION THAT DESCRIBE 
SOLUTIONS TO HSDM FOR FIXED BED REACTOR 

AO Al A2 A3 A4 

0.4919120 0.4918330 0.4874140 0.0113710 0 .147747 0 
CONSTANT PATTERN RESULTS FOR - 1,2-DICHLOROETHENE 

PHYSICAL PARAMETERS: 

EMPTY BED CONTACT TIME, EBCT, (MIN.) ..... = 
BULK DENSITY OF THE BED, RHOB (g/cmA3) .... = 
RADIUS OF ADSORBENT PARTICLE, RAD (cm) .... = 
APPARENT PARTICLE DENSITY, RHOP (g/cmA3) .. = 
VOID FRACTION OF THE PARTICLE, EPOR .... ... = 

20.000000 
0 .486999 99 
0.52499998E - Ol 
0.82499999 
0 .64 099997 





VOID FRACTION OF BED, EBED (DIM . ) ..... . .. . = 0.40969697 
SUPERFICIAL FLUID VELOCITY (cm/sec) ...... . = 0.27200001 
SURFACE LOADING, SF (gpm/ftA2) ... . ....... . = 4.0049281 
REYNOLDS NUMBER, RE, (DIM.) ............. . = 5.6236157 
TEMPERATURE OF WATER, TEMP, (DEG C.) .... . = 12.000000 
DENSITY OF WATER, DW, (g/cmA3) .......... . = 0 .99952 000 
VISCOSITY OF WATER, VW, (g/cm-sec) ...... . = 0 .1239 0000E -01 
SURFACE/PORE DIFFUSION FLUX RATIO, PSDFR = 3.7200000 

PARAMETERS FOR COMPOUND: 1,2-DICHLOROETHENE 
INITIAL BULK LIQUID-PHASE CONC., (ug/L) ....... . = 120.00000 
FREUNDLICH ISO. CAP., K (umol/g)/(umol/L)Al/N = 38.500000 
FREUNDLICH ISOTHERM EXPONENT, N (D IM.) ....... . = 0.38999999 
MOLAL VOLUME AT THE BOILING PT. (cmA3/g - mol) .. . = 100.00000 
MOLECULAR WEIGHT OF COMPOUND, MW ............ . 89.000000 
LIQUID DIFFUSIVITY, DIFL, (cmA2/sec) ......... . = 0.68935396E - 05 
FILM TRANSFER COEFFICIENT, KF, (cm/sec ) ...... . = 0 .27 037349E-02 
SURFACE DIFFUSION COEFFICIENT, DS, (cmA2/sec) .. = 0.62101374E - 09 
SOLUTE DISTRIBUTION PARAMETER, DG, (DIM.) ... . 38137.680 
BIOT NUMBER, BI (DIM.) ....................... . = 8.6353550 
SCHMIDT NUMBER, SC, (DIM.) ................... . = 1798.1980 

CONSTANT PATTERN PARAMETERS FOR COMPOUND: 1,2-DICHLOROETHENE 
THE MINIMUM STANTON NUMBER, STM .......... ..... = 4.5612144 
THE MINIMUM EBCT, ETMIN, (minutes) ......... . .. = 2.5006297 
THE MINIMUM EBCT, EMLEN, (cm) ................. = 40.810280 
THROUGHPUT AT 95% OF THE MTZ, T95, ............ = 1.6195295 
THROUGHPUT AT 5% OF THE MTZ, TOS, ............. = 0.63704449 
THE EBCT OF THE MTZ, ETMTZ, (minutes) .......... = 2.4568312 
THE LENGTH OF THE MTZ, EMTZL, (cm) ..... ....... = 40.095486 

CONSTANT PATTERN SOLUTION 
FOR AN EBCT OF 20.00 MINUTES 

FIELD 
GAC ADJUSTED FIELD 
BED GAC BED ADJUSTED 

Ce BED VOL. LIFE USE RATE LIFE USE RATE 
Ce/Co (ug/L) FED (DAYS) LBS/K-gal (DAYS) LBS/K- gal 

0.020 2.40 14824.9 205.9 0.27412 144.7 0.39000 
0.040 4.80 14890.0 206.8 0.27292 145.0 0.38918 
0.060 7.20 14940.0 207.5 0.27201 145.3 0.38855 
0.080 9.60 14982.3 208.1 0.27124 145.5 0.38802 
0.100 12.00 15019.9 208.6 0.27056 145.6 0.38756 
0.120 14.40 15054.2 209.1 0.26994 145.8 0.38713 
0.140 16.80 15086.0 209.5 0.26937 145.9 0 .3 8674 
0.160 19.20 15115.9 209.9 0.26884 146.1 0.38637 
0.180 21.60 15144.2 210.3 0.26834 146.2 0.38602 
0.200 24.00 15171.4 210.7 0.26786 146.3 0.38569 
0.220 26.40 15197.6 211.1 0.26740 146.5 0.38537 
0.240 28.80 15222.9 211.4 0.26695 146.6 0.38506 
0.260 31.20 15247.6 211.8 0.26652 146.7 0.38476 
0.280 33.60 15271 .. 8 212.1 0.26610 146.8 0.38447 
0.300 36.00 15295.4 212.4 0.26569 146.9 0 .3 8418 
0.320 38.40 15318.8 212.8 0. 26528 147.0 0 .3839 0 
0 .34 0 40.80 15341.8 213.1 0 .26488 147.1 0 .3 8362 
0.360 43.20 15364.7 213.4 0 .26449 147.2 0.38335 





0.380 45.60 15387.4 213.7 0.26410 147.3 0.38308 
0.400 48.00 15410.0 214.0 0.26371 147.4 0.38281 
0.420 50.40 15432.7 214.3 0.26332 147.5 0.38253 
0.440 52.80 15455.5 214.7 0. 26293 147.7 0.38226 
0.460 55.20 15478.4 215.0 0 .26254 147.8 0.38199 
0.480 57.60 15501.6 215.3 0.26215 147.9 0.38172 
0.500 60.00 15525.0 215.6 0.26176 148.0 0.38144 
0.520 62.40 15548.9 216.0 0 .26135 148.1 0.38116 
0.540 64.80 15573.2 216.3 0.26095 148.2 0 .38 087 
0.560 67.20 15598.2 216.6 0.26053 148.3 0.38058 
0.580 69.60 15623.9 217.0 0.26010 148.4 0.38028 
0.600 72.00 15650.4 217.4 0 .25966 148.5 0.37997 
0.620 74.40 15677.9 217.7 0 .2592 0 148.7 0.37964 
0.640 76.80 15706.7 218.1 0 .25873 148.8 0.37931 
0.660 79.20 15736.8 218.6 0.25823 148.9 0.37896 
0.680 81.60 15768.6 219.0 0.25771 149.1 0 .37859 
0.700 84.00 15802.4 219.5 0.25716 149.2 0.37820 
0.720 86 .4 0 15838.6 220.0 0.25657 149.4 0.37779 
0.740 88.80 15877.5 220.5 0 .25594 149.6 0.37734 
0.760 91.20 15919.9 221.1 0 .25526 149.8 0.37686 
0.780 93.60 15966.4 221.8 0.25452 150.0 0.37633 
0 .. 800 96.00 16018.1 222.5 0.25370 150.2 0 .37574 
0.820 98.40 16076.1 223.3 0.25278 150.5 0.37509 
0.840 100.80 16142.2 224.2 0.25175 150.8 0.37435 
0.860 103.20 16218.9 225.3 0.25056 151.1 0.37350 
0.880 105.60 16309.3 226.5 0 .24917 151.5 0.37250 
0 .9 00 108.00 16418.5 228.0 0.24751 152.0 0.37131 
0.920 110.40 16554.0 229.9 0.24549 152.6 0.36984 
0.940 112.80 16728.1 232.3 0.24293 153.4 0.36799 
0.960 115.20 16961.9 235.6 0.23958 154.4 0.36554 
0.980 117.60 17295.5 240.2 0.23496 155.9 0.36213 
1.000 120.00 17815.0 247.4 0.22811 158.1 0.35701 

PARAMETERS USED FOR EMPIRICAL EQUATION THAT DESCRIBE 
SOLUTIONS TO HSDM FOR FIXED BED REACTOR 

AO Al A2 A3 A4 

0.4919120 0.4918330 0 .487414 0 0.0113710 0.1477470 
CONSTANT PATTERN RESULTS FOR - 1,2-DICHLOROETHENE 

PHYSICAL PARAMETERS: 

EMPTY BED CONTACT TIME, EBCT, (MIN.) .... . = 30.000000 
BULK DENSITY OF THE BED, RHOB (g/cmA3) ... . = 0.48699999 
RADIUS OF ADSORBENT PARTICLE, RAD (cm) ... . = 0.52499998E - 01 
APPARENT PARTICLE DENSITY, RHOP (g/cmA3) .. = 0.82499999 
VOID FRACTION OF THE PARTICLE, EPOR ...... . = 0.64099997 
VOID FRACTION OF BED, EBED (DIM.) ........ . = 0.40969697 
SUPERFICIAL FLUID VELOCITY (cm/sec) ...... . = 0.27200001 
SURFACE LOADING, SF (gpm/ftA2) ........... . = 4.0049281 
REYNOLDS NUMBER, RE, (DIM . ) ............. . = 5.6236157 
TEMPERATURE OF WATER, TEMP, (DEG C.) .... . = 12.000000 
DENSITY OF WATER, DW, (g/cmA3) .......... . = 0.99952000 
VISCOSITY OF WATER, VW, (g/cm-sec ) ...... . = 0.12390000E-01 
SURFACE/PORE DIFFUSION FLUX RATIO, PSDFR. = 3.7200000 





CONSTANT -PATTERN RESULTS FOR - TRICHLOROETHENE 

PHYSICAL PARAMETERS: 

EMPTY BED CONTACT TIME, EBCT, (MIN.) . .. . . = 20.000000 
BULK DENSITY OF' THE BED, RHOB (g/cmA3) ... . = 0.48699999 
RADIUS OF ADSORBENT PARTICLE, RAD (cm) ... . = 0.52499998E - 01 
APPARENT PARTICLE DENSITY, RHOP (g/cmA3) .. = 0.82499999 
VOID FRACTION OF THE PARTICLE, EPOR ...... . 0.64099997 
VOID FRACTION OF BED, EBED (D IM. ) ..... . . . . = 0.40969697 
SUPERFICIAL FLUID VELOCITY (cm/sec) ...... . = 0.27200001 
SURFACE LOADING, SF (gpm/ftA2 ) ........... . = 4.0049281 
REYNOLDS NUMBER, RE, (DIM.) ............ . . = 5 . 6236157 
TEMPERATURE OF WATER, TEMP, (DEG C.) .... . = 12.000000 
DENSITY OF WATER, DW, (g/cmA3) .......... . = 0.99952000 
VISCOSITY OF WATER, VW, (g/cm-sec) ...... . = 0.12390000E-01 
SURFACE/PORE DIFFUSION FLUX RATIO, PSDFR = 3.7200000 

PARAMETERS FOR COMPOUND: TRICHLOROETHENE 
INITIAL BULK LIQUID-PHASE CONC., (ug/L) ....... . = 100.00000 
FREUNDLICH ISO. CAP., K (umol/g)/(umol/L)Al/N = 159.80000 
FREUNDLICH ISOTHERM EXPONENT, N (DIM.) ....... . = 0.48199999 
MOLAL VOLUME AT THE BOILING PT. (cmA3/g - mol) .. . = 107.10000 
MOLECULAR WEIGHT OF COMPOUND, MW ............ . = 131.50000 
LIQUID DIFFUSIVITY, DIFL, (cmA2/sec) .. . . .. .. . . = 0 . 66205839E - 05 
FILM TRANSFER COEFFICIENT, KF, (cm/sec) ...... . = 0.26411158E - 02 
SURFACE DIFFUSION COEFFICIENT, DS, (cmA2/sec) .. = 0.10391134E - 09 
SOLUTE DISTRIBUTION PARAMETER, DG, (DIM.) ... . = 218900.41 
BIOT NUMBER, BI (DIM.) . . ..................... . = 8.7831335 
SCHMIDT NUMBER, SC, (DIM . ) . .... .. . . . .. . ...... . = 1872 . 3348 

CONSTANT PATTERN PARAMETERS FOR COMPOUND: TRICHLOROETHENE 
THE MINIMUM STANTON NUMBER, STM ... . . ....... . .. = 6.8841014 
THE MINIMUM EBCT, ETMIN, (minutes) .. . ...... . .. = 3.8636057 
THE MINIMUM EBCT, EMLEN, (cm) . ................ = 63.054050 
THROUGHPUT AT 95% OF THE MTZ, T95, .... . ....... = 1.5203652 
THROUGHPUT AT 5% OF THE MTZ, TOS, ..... . ....... = 0 . 70733494 
THE EBCT OF THE MTZ, ETMTZ, (minutes) .......... = 3.1412284 
THE LENGTH OF THE MTZ, EMTZL, (cm) ............ = 51.264851 

CONSTANT PATTERN SOLUTION 
FOR AN EBCT OF 20.00 MINUTES 

FIELD 
GAC ADJUSTED FIELD 
BED GAC BED ADJUSTED 

Ce BED VOL . LIFE USE RATE LIFE USE RATE 
Ce/Co (ug/L) FED (DAYS) LBS/K- gal (DAYS) LBS/K- gal 

0.020 2.00 83674.0 1162.1 0.04857 332 . 8 0.16962 
0.040 4.00 843 71. 0 11 71. 8 0.04817 334.1 0.16894 
0.060 6.00 84818.1 1178 . 0 0.04791 334.9 0.16851 
0.080 8.00 85158.4 1182.8 0.04772 335.6 0.16819 
0.100 10.00 85438.7 1186.6 0.04756 336 . 1 0 . 16792 
0.120 12.00 85680.9 1190.0 0.04743 336.6 0.16769 
J.140 14.00 85896.6 1193.0 0.04731 337.0 0 . 16749 
0 . 160 16.00 86093.3 1195 . 7 0.04720 337.3 0 . 16731 





0.180 
0.200 
0 . 220 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.420 
0.440 
0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0 . 580 
0.600 
0.620 
0 . 640 
0.660 
0.680 
0.700 
0.720 
0.740 
0.760 
0.780 
0.800 
0.820 
0.840 
0.860 
0.880 
0 . 900 
0.920 
0.940 
0.960 
0.980 
1.000 

18.00 
20.00 
22.00 
24 . 00 
26.00 
28.00 
30.00 
32.00 
34.00 
36.00 
38.00 
40.00 
42.00 
44.00 
46.00 
48.00 
50.00 
52.00 
54.00 
56.00 
58.00 
60.00 
62.00 
64.00 
66.00 
68.00 
70.00 
72.00 
74.00 
76.00 
78.00 
80.00 
82.00 
84.00 
86.00 
88.00 
90.00 
92.00 
94.00 
96.00 
98.00 

100.00 

86275.6 
86447 . 1 
86610.1 
86766.6 
86918.0 
87065 . 7 
87210.7 
87353.8 
87495.8 
87637.6 
87779.8 
87923.0 
88067.9 
88215.1 
88365.4 
88519.4 
88677.9 
88841.7 
89011.6 
89188.7 
89374.0 
89568.7 
89774.2 
89992.2 
90224.6 
90473.4 
90741. 4 
91031.6 
91347.9 
91694.7 
92077.7 
92504.1 
92982.8 
93525.5 
94147.2 
94868.4 
95716.8 
96731.7 
97970.2 
99518.4 

101513.6 
104187.4 

1198.3 
1200.7 
1202 . 9 
1205.1 
1207 . 2 
1209.2 
1211.3 
1213.2 
1215.2 
1217.2 
1219.2 
1221.2 
1223.2 
1225.2 
1227.3 
1229.4 
1231 . 6 
1233.9 
1236.3 
1238.7 
1241. 3 
1244.0 
1246.9 
1249.9 
1253.1 
1256.6 
1260.3 
1264.3 
1268.7 
1273.5 
1278 . 9 
1284.8 
1291 . 4 
1299 . 0 
1307 . 6 
1317.6 
1329.4 
1343.5 
1360.7 
1382.2 
1409.9 
1447.0 

0.04710 
0.04701 
0.04692 
0.04684 
0.04675 
0.04667 
0.04660 
0.04652 
0.04645 
0.04637 
0.04630 
0.04622 
0.04614 
0.04607 
0.04599 
0.04591 
0.04583 
0.04574 
0.04565 
0.04556 
0.04547 
0.04537 
0.04527 
0.04516 
0 . 04504 
0.04492 
0.04478 
0.04464 
0.04449 
0.04432 
0.04413 
0.04393 
0 . 04370 
0.04345 
0.04316 
0.04284 
0.04246 
0 . 04201 
0.04148 
0.04083 
0.04003 
0.03900 

3 37 . 7 
338.0 
338.3 
338.6 
3 38.9 
339.2 
339.4 
339.7 
340.0 
340.2 
340.5 
340.8 
341.0 
341.3 
341.6 
341.9 
342.2 
342.5 
342.8 
343.1 
343.5 
343.8 
344.2 
344.6 
345.0 
345.5 
346.0 
346.5 
347.1 
347.7 
348.4 
349.2 
350 . 1 
351.1 
352.2 
353.5 
355.0 
356.8 
359.0 
361.7 
365.2 
369.8 

0 . 16714 
0 . 16698 
0.16683 
0.16668 
0.16654 
0 . 16641 
0.16627 
0.16614 
0 . 16601 
0.16588 
0.16575 
0.16562 
0.16549 
0.16536 
0.16522 
0.16509 
0.16494 
0.16480 
0.16465 
0.16449 
0.16432 
0.16415 
0.16397 
0.16378 
0.16358 
0.16336 
0.16313 
0.16288 
0.16261 
0.16231 
0.16199 
0.16163 
0.16122 
0.16077 
0.16026 
0.15968 
0.15899 
0.15819 
0.15722 
0.15604 
0.15456 
0.15264 

PARAMETERS USED FOR EMPIRICAL EQUATION THAT DESCRIBE 
SOLUTIONS TO HSDM FOR FIXED BED REACTOR 

AO Al A2 A3 

0.0946020 0.7548780 0.0920690 0.0098770 
CONSTANT PATTERN RESULTS FOR - TRICHLOROETHENE 

PHYSICAL PARAMETERS: 

EMPTY BED CONTACT TIME, EBCT, (MIN.) . . ... = 
BULK DENSITY OF THE BED, RHOB (g/cmA3) .. . . = 
RADIUS OF ADSORBENT PARTICLE, RAD (cm) .... = 
APPARENT PARTICLE DENSITY, RHOP (g/cmA3) . . = 
VOID FRACTION OF THE PARTICLE, EPOR ... . . . . = 

A4 

0.0907630 

30 . 000000 
0.48699999 
0.52499998E - 01 
0.82499999 
0 . 64099997 





VOID FRACTION OF BED, EBED (DIM . ) ........ . = 0.40969697 
SUPERFICIAL FLUID VELOCITY (cm/sec) ...... . = 0.27200001 
SURFACE LOADING, SF (gpm/ftA2) ........... . = 4.0049281 
REYNOLDS NUMBER, RE, (DIM.) ............. . = 5 . 6236157 
TEMPERATURE OF WATER, TEMP, (DEG C.) .... . = 12.000000 
DENSITY OF WATER, DW, (g/cmA3) .......... . = 0 .99952 000 
VISCOSITY OF WATER, VW, (g/cm-sec ) ...... . = 0.12390000E -01 
SURFACE/PORE DIFFUSION FLUX RATIO, PSDFR = 3.7200000 

PARAMETERS FOR COMPOUND: TRICHLOROETHENE 
INITIAL BULK LIQUID-PHASE CONC . , (ug/L) ....... . 100.00000 
FREUNDLICH ISO. CAP., K (umol/g)/(umol/L)Al/N = 159.80000 
FREUNDLICH ISOTHERM EXPONENT, N (DIM.) ....... . = 0.48199999 
MOLAL VOLUME AT THE BOILING PT. (cmA3/g-mol) .. . = 107.10000 
MOLECULAR WEIGHT OF COMPOUND, MW ............ . = 131.50000 
LIQUID DIFFUSIVITY, DIFL, (cmA2/sec) ......... . = 0.66205839E - 05 
FILM TRANSFER COEFFICIENT, KF, (cm/sec) ...... . = 0.26411158E - 02 
SURFACE DIFFUSION COEFFICIENT, DS, (cmA2/sec) . . = 0.10391134E - 09 
SOLUTE DISTRIBUTION PARAMETER, DG, (DIM.) ... . = 218900.41 
BIOT NUMBER, BI (D IM. ) ....................... . = 8.7831335 
SCHMIDT NUMBER, SC, (DIM.) ................... . = 1872.3348 

CONSTANT PATTERN PARAMETERS FOR COMPOUND: TRICHLOROETHENE 
THE MINIMUM STANTON NUMBER, STM ....... ........ = 6.8841014 
THE MINIMUM EBCT, ETMIN, (minutes) ............ = 3.8636057 
THE MINIMUM EBCT, EMLEN, (cm) ................. = 63.054050 
THROUGHPUT AT 95% OF THE MTZ, T95, ............ = 1.5203652 
THROUGHPUT AT 5% OF THE MTZ, TOS, ............. = 0.70733494 
THE EBCT OF THE MTZ, ETMTZ, (minutes) .......... = 3.1412284 
THE LENGTH OF THE MTZ, EMTZL, (cm) ............ = 51.264851 

CONSTANT PATTERN SOLUTION 
FOR AN EBCT OF 30.00 MINUTES 

FIELD 
GAC ADJUSTED FIELD 
BED GAC BED ADJUSTED 

Ce BED VOL. LIFE USE RATE LIFE USE RATE 
Ce/Co (ug/L) FED (DAYS) LBS/K-gal (DAYS) LBS/K-gal 

0.020 2.00 85677.1 1784.9 0.04743 504.8 0.16770 
0.040 4.00 86141.7 1794.6 0.04718 506.2 0.16726 
0.060 6.00 86439.8 1800.8 0.04701 507.0 0.16699 
0.080 8.00 86666.7 1805.6 0.04689 507.6 0 .166 77 
0.100 10.00 86853.6 1809.4 0.04679 508.2 0 .1666 0 
0.120 12.00 87015.0 1812.8 0.04670 508.6 0 .16645 
0.140 14.00 87158.8 1815.8 0.04662 509.0 0.16632 
0.160 16.00 87289.9 1818.5 0.04655 509.4 0.16620 
0.180 18.00 87411.5 1821.1 0.04649 509.7 0.16609 
0.200 20.00 87525.8 1823.5 0 . 04643 510.1 0 .16599 
0.220 22.00 87634.5 1825.7 0.04637 510.4 0.16589 
0.240 24.00 87738 .8 1827.9 0.04632 510.7 0 .16579 
0.260 26.00 87839.8 1830.0 0.04626 510.9 0 .1657 0 
0.280 28.00 87938.2 1832.0 0.04621 511.2 0.16561 
0.300 30.00 88034 .9 1834.1 0.04616 511.5 0.16552 
0.3 2 0 32.00 88130.3 1836.0 0.04611 511.7 0.16544 
0.340 34.00 88225.0 1838.0 0.04606 512.0 0.16535 
0.360 36.00 88319.5 184 0 .0 0.04601 512.3 0.16527 





0.380 38 . 00 88414.2 1842.0 0.04596 512.5 0.16518 
0.400 40.00 88509.7 1844 . 0 0.04591 512.8 0.16509 
0.420 42.00 88606.3 1846.0 0.04586 513.1 0.16501 
0.440 44.00 88704.5 1848.0 0.04581 513.4 0 . 16492 
0.460 46.00 88804.7 1850.1 0.04576 513.6 0.16483 
0 . 480 48.00 88907.4 1852.2 0.04571 513.9 0.16474 
0.500 50.00 89013.0 1854.4 0.04565 514.2 0.16464 
0.520 52.00 89122.2 1856.7 0 . 04560 514.5 0.16455 
0.540 54.00 89235.5 1859.1 0.04554 514.8 0.16445 
0.560 56.00 89353.6 1861.5 0.04548 515.2 0 . 16434 
0.580 58.00 89477.1 1864.1 0.04542 515.5 0.16423 
0.600 60.00 89606.9 1866.8 0.04535 515.9 0.16412 
0.620 62.00 89743.9 1869.7 0.04528 516.2 0.16400 
0.640 64.00 89889.2 1872.7 0.04521 516.6 0.16387 
0.660 66.00 90044 . 1 1875.9 0.04513 517.1 0.16374 
0.680 68.00 90210.0 1879.4 0.04505 517.5 0.16359 
0.700 70.00 90388.7 1883.1 0.04496 518.0 0.16343 
0.720 72.00 90582.2 1887.1 0.04486 518.6 0.16327 
0.740 74.00 90793.0 1891.5 0.04476 519.1 0.16308 
0.760 76.00 91024.2 1896.3 0.04464 519.8 0.16288 
0.780 78.00 91279.6 1901.7 0.04452 520.5 0.16267 
0.800 80.00 91563.8 1907.6 0.04438 521. 2 0.16242 
0.820 82.00 91883.0 1914.2 0.04423 522.1 0.16215 
0.840 84.00 92244.7 1921 . 8 0.04405 523.1 0.16184 
0.860 86.00 92659.2 1930.4 0.04386 524.2 0.16150 
0.880 88.00 93140.0 1940.4 0.04363 525.5 0.16109 
0.900 90.00 93705.6 1952.2 0.04337 527.1 0.16063 
0.920 92.00 94382.2 1966.3 0.04306 528.9 0.16007 
0.940 94.00 95207.9 1983.5 0.04268 531.1 0.15940 
0.960 96.00 96240.0 2005.0 0.04223 533.9 0.15858 
0 . 980 98.00 97570.1 2032.7 0.04165 537.4 0.15753 
1.000 100.00 99352.7 2069.8 0.04090 542.1 0.15617 

PARAMETERS USED FOR EMPIRICAL EQUATION THAT DESCRIBE 
SOLUTIONS TO HSDM FOR FIXED BED REACTOR 

AO Al A2 A3 A4 

0.0946020 0.7548780 0.0920690 0.0098770 0.0907630 
CONSTANT PATTERN RESULTS FOR - TRICHLOROETHENE 

PHYSICAL PARAMETERS: 

EMPTY BED CONTACT TIME, EBCT, (MIN.) . .. . . = 10.000000 
BULK DENSITY OF THE BED, RHOB (g/cmA3) ... . = 0.48699999 
RADIUS OF ADSORBENT PARTICLE, RAD (cm) . .. . = 0.52499998E-01 
APPARENT PARTICLE DENSITY, RHOP (g/cmA3) .. = 0.82499999 
VOID FRACTION OF THE PARTICLE, EPOR . . . .. . . = 0.64099997 
VOID FRACTION OF BED, EBED (DIM.) ........ . = 0.40969697 
SUPERFICIAL FLUID VELOCITY (cm/sec) .... . . . = 0.27200001 
SURFACE LOADING, SF (gpm/ftA2) ....... . ... . = 4.0049281 
REYNOLDS NUMBER, RE, (DIM.) ........... . . . = 5.6236157 
TEMPERATURE OF WATER, TEMP, (DEG C.) .... . = 12.000000 
DENSITY OF WATER, DW, (g/cmA3) . ......... . = 0.99952000 
VISCOSITY OF WATER, VW, (g/cm- sec) ...... . = 0.12390000E - 01 
SURFACE/PORE DIFFUSION FLUX RATIO, PSDFR . = 3.7200000 





PARAMETERS FOR COMPOUND: TRICHLOROETHENE 
INITIAL BULK LIQUID - PHASE CONC., (ug/L) ....... . 
FREUNDLICH ISO. CAP., K (umol/g)/(umol/L)Al/N = 

1 00.00000 
159.80000 

0 . 48199999 
107.10000 
131.50000 

0.66205839E-05 

FREUNDLICH ISOTHERM EXPONENT, N (DIM.) ...... .. = 
MOLAL VOLUME AT THE BOILING PT. (cmA3/g - mol) . .. = 
MOLECULAR WEIGHT OF COMPOUND, MW . .. .. ........ = 
LIQUID DIFFUSIVITY, DIFL, (cmA2/sec) .... . .... . 
FILM TRANSFER COEFFICIENT, KF, (cm/sec) ...... . 
SURFACE DIFFUSION COEFFICIENT, DS, (cmA2/sec) . . = 

0.26411158E - 02 
0.10391134E - 09 

SOLUTE DISTRIBUTION PARAMETER, DG, (DIM . ) .... = 
BIOT NUMBER, BI (DIM.) . . . . . ...... .. . . .... .. .. . = 
SCHMIDT NUMBER, SC, (DIM.) . .. . ...... . .... . ... . = 

218900.41 
8.7831335 
1872.3348 

CONSTANT PATTERN PARAMETERS FOR COMPOUND: TRICHLOROETHENE 
THE MINIMUM STANTON NUMBER, STM ... . .... . ..... . = 6.8841014 
THE MINIMUM EBCT, ETMIN, (minutes) .... . .... . . . = 3.8636057 
THE MINIMUM EBCT, EMLEN, (cm) .... . ......... ... = 63.054050 
THROUGHPUT AT 95% OF THE MTZ, T95, ............ = 1.5203652 
THROUGHPUT AT 5% OF THE MTZ, TOS, ....... . .. . .. = 0.70733494 
THE EBCT OF THE MTZ, ETMTZ, (minutes) .. ........ = 3.1412284 
THE LENGTH OF THE MTZ, EMTZL, (cm) ... .. ....... = 51.264851 

Ce/Co 

0.020 
0.040 
0.060 
0.080 
0.100 
0.120 
0.140 
0.160 
0 . 180 
0.200 
0.220 
0.240 
0.260 
0 . 280 
0.300 
0.320 
0.340 
0.360 
0.380 
0 . 400 
0 . 420 
0.440 
0 . 460 
0.480 
0.500 
0.520 
0.540 
0 . 560 

Ce 
(ug/L) 

2 . 00 
4.00 
6.00 
8.00 

10.00 
12 . 00 
14.00 
16.00 
18.00 
20.00 
22.00 
24.00 
26 . 00 
28 . 00 
30.00 
32.00 
34 . 00 
36.00 
38.00 
40.00 
42.00 
44.00 
46.00 
48.00 
50.00 
52.00 
54 . 00 
56.00 

CONSTANT PATTERN SOLUTION 
FOR AN EBCT OF 10.00 MINUTES 

BED VOL. 
FED 

77664.8 
79058.7 
79952.9 
80633.5 
81194 . 2 
81678.5 
82110.0 
82503.3 
82868 . 0 
83210.9 
83536.9 
83849.9 
84152.8 
84448.2 
84738.1 
85024.3 
85308.4 
85592.0 
85876.3 
86162.7 
86452.5 
86747.0 
87047.6 
87355.6 
87672 . 6 
88000 . 2 
88340 . 1 
88694. 2 

GAC 
BED 
LIFE 
(DAYS) 

539.3 
549.0 
555.2 
560.0 
563.8 
567.2 
570.2 
572.9 
575.5 
577.9 
580.1 
582.3 
584.4 
586.4 
588.5 
590.4 
592.4 
594.4 
596.4 
598.4 
600.4 
602 . 4 
604.5 
606.6 
608.8 
611.1 
613.5 
615.9 

GAC 
USE RATE 
LBS/K-gal 

0.05232 
0.05140 
0.05083 
0.05040 
0.05005 
0.04975 
0.04949 
0.04926 
0.04904 
0.04884 
0.04865 
0.04846 
0.04829 
0.04812 
0.04796 
0.04780 
0.04764 
0.04748 
0.04732 
0.04716 
0.04701 
0.04685 
0.04668 
0.04652 
0 . 04635 
0 . 04618 
0.04600 
0.0458 2 

FIELD 
ADJUSTED 
BED 
LIFE 
(DAYS) 

160.5 
161.9 
162.8 
163.4 
164.0 
164.5 
164.9 
165.3 
165.6 
165.9 
166.2 
166.5 
166.8 
167.1 
167.4 
167 . 7 
167.9 
168.2 
168.5 
168.7 
169.0 
169.3 
169.6 
169.9 
170.2 
170.5 
170.8 
171.1 

FIELD 
ADJUSTED 
USE RATE 
LBS/K-gal 

0 . 17581 
0 . 17431 
0.17337 
0.17267 
0.17209 
0 . 17160 
0 . 17116 
0.17077 
0 . 17041 
0 . 17007 
0.16975 
0.16945 
0.16915 
0.16887 
0.16859 
0.16832 
0.16805 
0.16778 
0.16751 
0.16724 
0.16697 
0.16670 
0.16642 
0.16614 
0 . 16585 
0 . 16555 
0.16525 
0 . 16493 





0.580 58.00 89064.7 618.5 0.04563 171.5 0.16460 
0 . 600 60.00 89454.1 621. 2 0.04543 171.8 0.16425 
0.620 62.00 89865.2 624 . 1 0 . 04522 172.2 0.16389 
0.640 64.00 90301.2 627.1 0.04500 172.6 0 . 16351 
0 .660 66.00 90765.9 630.3 0.04477 173.0 0 . 16311 
0.680 68.00 91263.6 633.8 0.04453 173.5 0.16268 
0.700 70.00 91799 . 6 637.5 0 . 04427 174.0 0.16222 
0.720 72.00 92380.0 641.5 0 . 04399 174.5 0.16173 
0.740 74.00 93012.5 645.9 0.04369 175.1 0.16120 
0.760 76.00 93706.1 650.7 0.04337 175.7 0.16062 
0.780 78.00 94472.2 656.1 0 . 04302 176.4 0.16000 
0.800 80.00 95325.0 662.0 0.04263 177.1 0.15931 
0.820 82.00 96282.4 668.6 0.04221 178.0 0 . 15854 
0.840 84.00 97367.7 676.2 0.04174 179.0 0.15769 
0.860 86.00 98611 . 2 684.8 0.04121 180.1 0.15673 
0.880 88.00 100053.5 694.8 0.04062 181.3 0.15564 
0.900 90.00 101750.4 706.6 0.03994 182 . 8 0.15438 
0.920 92.00 103780.2 720.7 0.03916 184.5 0.15292 
0.940 94.00 106257.1 737.9 0.03824 186.6 0.15120 
0.960 96.00 109353.6 759.4 0.03716 189.2 0.14912 
0.980 98.00 113343.9 787.1 0.03585 192.5 0.14657 
1.000 100.00 118691.5 824.2 0.03424 196.9 0.14336 

PARAMETERS USED FOR EMPIRICAL EQUATION THAT DESCRIBE 
SOLUTIONS TO HSDM FOR FIXED BED REACTOR 

AO Al A2 A3 A4 

0.0946020 0.7548780 · 0.0920690 0 . 0098770 0.0907630 
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EASTEIW UGIONAL omct 
P.O. BOX 15416 
PITTSBURGH, PA. 15237 
(800) -872- 9080 
(412) 635- 0385 
(412) . 63.5- 0386 FAX LINE 

TAX TRANSMISSION DATA SHEET 

__ M __ r_._ D_a_n_ K_e_l_m_a_r __ E_ n_,g,._lll_· _e_e_ring- Science , Inc. 

FR.OM: MA.RK WEISSERT 

DATE: 12/20/93 

TOTAL PAGES : (INCLUDING THIS PAGE) 

SUBJECT: Groundwater Project 

Pursant to our telephone conversation, Hadley lnd~stries 
understands that Engineering-Science will be treating 
groundwater at a flow rate 20- 30 gpm with 100 ppbl of 
TCE & 100 ppb of DCE. The treatment objective is less than 
5 ppb. . I 
Based upon the flow rates and the concentrations bf the 

I 
contaminants, the theoretical carbon usage rate if calculated 
at 480 pounds of carbon per month, 1 

Based upon the above we reccomend that if the thelflo~ rate 
can be maintained at 25 gpm or les5 the use of ou Aquasorb 
270, At the flow of 30 gp~ our reccomendationie £.Tour Aquasorb 
537 .. The reason that our reccomendation of two different 
units is that to meet the treatment objective it is necessary 
to assur e contact time of at least 8 minutes, ! 

Pricing: 
Aquasorb 270 
Aqua.sorb 537 

Containing 800 lbs of carbon 
Containing 1,200 lbs . of carbon 

$ 5, 022,00ea. 
$ 7.820.00u. 

We reccomend that two stage system with the units piped in 
1 Series. I 

. . I 
: ill prices quoted are FOB Ludington. Mi. amd do nlt not 
. include any applicable taxes • 

. We thank you for your intrest in Hadley Industrie~. Please 

P . 01 

l . 
! 

. ; 

feel to call should you h~~ 

---------_-__ -_-________________ 4_1_2_7_7_2_3 _32_ 3 ____ t-_ 1_2 ___ 22 ___ 9_3_ 0_9_:_0_8_J1::I _P_O_: .,J 
- R.:94% 
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HADLEY IND . PITTSBURGH P 4127723323 

AQUASORBn1 270 

STANDARD k'.fllRm 

SPECIFICATIONS 

MAXIMUM :RECOMMENDED FLOW RAIB: 2S GPM 

Influent 
Bftluent 

l -1/21 Sch. 80 PVC 
1-1/2" Sch. 80 PVC 

POUNDS OF, GAC: 800 SHIPPING WBIGIIT ( ds): 1,300 
OPERATIONAL WEIGIIT (l'ounds): 3,535 OVERALL HEIGHn P69 
TANK DIAMJn]JR (LD.): 35.75" BED VOLUMB (CU. FI:):i 28..S 
BED DBPTH (IN): 49" BBD SURFACE (SO. IN.):; 1,004 
HYDRAULIC LOADING RATE (OPMf.iQ. FI) CONTACT TIME ~:ES): 83 

i BASED ON 25.0 GPM: 3.8 CARBON TYPE: p:,a1~ 
CARBON MESH: · 8 x 30 TANK MATERIAL: 'f'RP 
NOTE: · TIIEi DATA~ ABOVE IS SPECIFIC TO ONE TANK ASSEMBLY ONLY.I HADLBY INDUSTRIES - - , . ' 

: RECOMMEND$ A 'IWO-STAGB, TWO-ADSORBBR SYSTEM FOR All. .APl'j'..lCAllONS. 

PRF.SSURE DROP CURVE 

12.00 

10.00 

"U 
:::0 8,00 
l"'1 
Cl) 
Ul 
Cc: 
;:Q 

6.00 rrl 
i 

C, 
::0 
0 
'"Q U)O 

"ti 
(/) 

'G) 
2.00 

0 

0 10.0 15.0 20.0 ~-D JO.O 40.0 

FLOW GPM 

~~270 

~ - 02 
I 
I 

; 
I 

i 
! 
l 
I 
I 

l 

I 
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AQUASORB™ 537 

~ 

SPECIFICATIONS 

MAXIMUM RECOMMEND.ED FLOW RATE: SO GPM 

STANDARD 

Influent 
Eftluent 

2• or 3• Sch. 80 PVC 
2• or 3• Sch. 80 PVC 

POUNDS OF GAC: l,200/1,500 SHIPPING WEIGHT (l'oonda): 2,300/l,600 
OPERATIONAL WEIGHI' (Pound.$): 7,000 OVERALL HBIGI-rr. I 110' 
TANK IJIA¥EIE.R (I.D.): 47' BED VOLUME (CU. F'I:)JPOUNDS: 48.2/1,500 
DED DEP111 (IN): 48• BED SURFACB (SQ. IN.): 1,735 
HYDRAULIC LOADING RATE (GP.M/SQ. FI:) CX>r-fL\CT 11MB (MINl.J,JTES): 7J3[7.8 

DASED ON 50.0 GPM: 33/4.1 CARBON TYPE: Coal-Base 
CARBON MESH: 8 x 30 TANK MAlERIAL: I'lU' 

NOTE! THE DATA LIS'IBD A.BOVE JS SPECIF!C TO ONE TANK ASSBMDLY O • HADLEY INDU 
RE(X) MMF...NDS A TWO-sTAGE, 'IWO,ADSORBER sYSTEM FOR All AP~U 

20.0Q 

"U 
~ 1~.00, 
(/) 
(/) 

C 

A1 12.00 

0 

~ : 
-o a.oo 
-0 
(/) 

G5 
4.00 

i 
D 

I 

: 

0 5.0 

~22!! 

PRESSURE DJ.:I.OJ" CURVE 

10.0 ,:1.0 20.0 25.0 30.0 35.0 -40.0 

FLOW GPM 
~ - 537 

CATIONS. 

~s.o 

! 
·i 

I 
I 
i 
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IN-HOUSE CHANGEOUT COSTS 

Model 
Liquid-Phase 

Aquasorb ™ 41 

Aquasorb™ 55 

Aquasorb™ 60 

Aquasorb™ 82 

Aquasorb ™ 270 

Aquasorb™ 537 (1,200 lbs.) 

Aquasorb™ 537 (1,500 lbs.) 

Model 
Vapor-Phase 

Airzorb® 55 

Airzorb® 175 

Airzorb® 300 

Airzorb® 400 

Airzorb® 600 

*Reactivation only. Drum is not refillable. 
Prices based on non-hazardous classification. 

Reactivate and 
Refill 

Unit List 

$225.00 

No Charge* 

$300.00 

$450.00 

$1,200.00 

$1,800.00 

$2,250.00 

Reactivation and 
Refill 

Unit List 

$225.00 

$750.00 

$1,350.00 

$1,800.00 

$2,700.00 





PRESSURE GAUGES, FITTINGS, AND HOSES 

Pressure gauges are top-quality, oil-filled gauges designed for the appropriate operating 

range. 

Fittings are available to assist with equipment installation and plumbing requirements. 

Flexible hose assembly comes complete with the required fittings to mate to our activated 

carbon equipment. The hose is manufactured from either petroleum grade or chemical 

grade materials, designed to last the life of most projects. 

Pressure Gauge ~mbly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 86.54 

Sample Port ~mbly 

Camlock Fittings 

3/4" 
l " 
11/2" 
2" 

Bell Reducer 

$ 49.88 

$ 18.65 
$ 19.96 
$ 25.57 
$ 30.42 

l " x 3/4" ................................................ $ 7.37 
1 1(2" X 3/4" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 12.48 
2" X 3/4" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 19.14 

Hose~mbly 

3/4" X 3' 
3/4" X 6' 
3/4" X 12' 
3/4" X 18' 
1" X 3, 
1" X 6' 
1" X 12' 
l"xl8' ............................................... . 
1 1/2" X 6' ............................................. . 
1 1/2" X 12' 
1 1/2" X 18' 
2" X 12' 
2" X 18' 
3" X 12' 
3" X 18' 

$ 96.41 
$106.42 
$121.16 
$137.66 
$ 96.41 
$103.89 
$118.74 
$133.59 
$119.95 
$136.45 
$152.95 
$160.98 
$185.73 
$226.12 
$262.80 





INTERCONNECTING PIPING MANIFOLDS 

Our manifold sys_tems control and direct flow between installed adsorbers and 

include, pressure gauges, sample ports, and valves as required. Hard-plumb 

manifolds are manufactured from schedule 80, PVC and are designed to offer years 

of trouble-free service, and includes all valves, gauges, and sample ports necessary for 

effective operation. Soft-plumb manifolds are designed for low flow systems up to 

our Aquasorb™ 82 model. Both manifolds offer backwash capability. 

Hard-Plumb Manifold 

1-1/2" Schedule 80, PVC, 3-bed System ................... $5,000.00 
1-1/2" Schedule 80, PVC, 2-bed System ................... $3,300.00 
2" Schedule 80, PVC, 3-bed System . . . . . . . . . . . . . . . . . . . . . . $6,000.00 
2" Schedule 80, PVC, 2-bed System . . . . . . . . . . . . . . . . . . . . . . $3,960.00 

Soft-Plumb Manifold 

l" Fittings ........................................ $1,200.00 
1-1/2" Fittings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1,500.00 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TI ME : 11 : 4 9 : 2 9 

CORA DISCHARGE TO SURFACE WATER COST MODULE (40 6) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
LIQUID-PHASE CARBON 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859 - 2427 

INPUTS 

Parameter 

Transmission main 
Flow (GPM) 
Length of pipe (ft) 
Depth of trench (ft) 
Is diffuser required? 
Average temp (degrees F) 
Confidence level 
Protection level 

Value 

Gravity 
30 

1500 
6 
N 

50 
M 
D 

RESULTS 

Component 

CAPITAL COSTS 
BASE CAPITAL COST 
NPDES PERMIT 
DIFFUSER 

TOTAL CAPITAL COST 
0 & M COSTS 

To tal 

100,000 
5:t'I',-~·~ 

0 

1&0,000 
440 





Cost Backup 
for 

Alternative MC-5 

Air Stripping 



) 

_) 



SEDA ASH LANDFILL FEASIBILITY STUDY 
PRELIMINARY COST ESTIMATES 

Alternative: MC-5 

Description: Air stripp ing 

Unit Capital Annual 
Oeeration Cost O&M Cost 

Groundwater monitoring $43,000 $60,000 
Site preparation 26,000 5,000 
Surface water d iversion 38,000 2,100 
Interceptor trenches 60,000 1,000 
Equalization tank/pip ing 30,000 1,000 
In- line fi lter 15,000 2,000 
Water softener 15,000 11,000 
Air stripper 41,000 3,500 
Liqu id - phase carbon 20,000 6,000 
Surface water discharge 100,000 1,000 

Subtotal $388,000 $92,600 
Contingency (20%) 77600 18520 
Engineering/Oversight (20%) 77600 18520 
Total $543,200 $129,640 

Present worth O&M cost $1,222,105 
Interest == 10% 
Years of Operation = 30 

Total present worth cost $1,765,305 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME : 11:04:50 

CORA GROUNDWATER MONITORING COST MODULE (503) 

SITE NAME : SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARI O: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter Value 

Number of wells to install 10 
Average well depth (ft) 10 
Protection during setup of D 

drill rig & installation 
of above-grade piping 

Protection during drilling D 
Average temp (degrees F) 50 
Confidence level M 
Number of wells to monitor 40 
Monitoring frequency 4 
Monitoring requirements: 

2 4 Plasma Metals Y 
Pest/PCB N 
GC-BN N 
GC-Acid N 
HSLORG N 
VOA GC/MS Y 
Acid GC/MS Y 
B/N GC/MS Y 

NOTES: 

Quarterly Monitoring 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

43,000 
~,~ 

.:,,,o1 DO<) 



• 



***** VERSION 3 . 0 DRAFT***** DATE: 01/ 06 / 94 
TI ME : 10 : 5 6 : 4 3 

CORA SITE PREPARATION COST MODULE 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: MIGRATION CONTROL ESTIMATED START: MID FY 1995 
RUN BY: Dan Kelmar PHONE NUMBER: 617/859 - 2427 

INPUTS RESULTS 

Parameter 

Site clearing (acres) 
Tree removal (acres) 
Dust control area (acres) 
Local util. connect. 
Distance to power pt. (ft) 
Gas conn. req'd 
Distance to gas conn. (ft) 
Water conn. req'd 
Distance to wtr (ft) 
Water flow (GPM) 
Access rd - ft req ' d 
Acess road width (ft) 
Bldg. demolition (CY) 
Stored material (CY) 
Average temp. (deg. F) 
Level of confidence 

RETENTION 
FLOW TIME 

STREAM (GPM) (HRS) 
1 30 6 
2 0 0 
3 0 0 
4 0 0 
5 0 0 

Value 

15.0 
0.0 
0.0 

y 

500 
N 
0 
N 
0 
0 
0 
0 
0 
0 

60 
M 

IS 
PUMPING 

Prat. 
Level 

D 

Component 

SITE CLEARING 
TREE REMOVAL 
DUST CONTROL 
POWER CONNECTION 
GAS CONNECTION 

-WATER CONNECTION 
ACCESS ROAD 
TEMPORARY STORAGE 
BLDG DEMOLITION 
FLOW EQUAL.&INVENTORY 

CAPITAL COSTS 
O&M (FLOW INV.) 

BYPRODUCTS GENERATED 
SOILS & ORGANICS (CY) 

TOTAL TRENCH 
TRANSFER IN CONTAM. # OF 

REQUIRED PIPE MATERIAL PUMP 
(Y /N)? LEN. (FT) (Y/N)? STATIONS 

y 2000 N 2 
0 0 
0 0 
0 0 
0 0 

*** Permanent utility connections are not included in technology 
modules with the exception of onsite incineration. Because 
of the specific high demand for this process, allowances have 
been made within the cost algorithm. 

*** Equalization and inventory costs should not be confused with 
or used for stockpiling and rehandling costs between removal 
and disposal technologies. Stockpiling and rehandling costs 
are significant and site specific, requiring in-depth 
production and economic analysis beyond the scope of this 
conceptual resource. 

Total 

13,000 
0 
0 

13 , 000 
0 
0 
0 
0 
0 

~c , eeo 

5,260 

PROT. 
LEVEL 
(A,B, 
C,D,N) 

D 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME: 10 : 5 9 : 3 6 

CORA SURFACE WATER DIVERSION/COLLECTION COST MODULE (105) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter Value 

Site on raised ground 
Length of site (ft) 2000 
Width of site (ft) 1000 
25-yr , 24-hr rain (in.) 
Protection level D 
Average temp (degrees F) 50 
Confidence level M 

NOTES: 

Run -on and Run-off Control 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

38 ,00 0 
2,100 

BYPRODUCTS FOR TRANSPORT/DISPOSAL: 

EXCAVATED MATERIAL (CY) 
(SWELL FACTOR=l.25) 346 
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I Excav, Backfill, Compact 
DAILY MAN· BARE COSTS 

I TOTAL 
022 200 CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

204 1300 Dozer backf~ling , bulk, up to 300 ' haul, no compaction 8-100 1,200 .010 CY. .20 .61 .81 .97 ; 

1400 Air tarll)ed 8-118 240 JJ:,7 1.28 4.01 5.29 6.30 
1600 Compacting backlit 6 • to 12 • lifts. vibra_ting roller B-10C 800 .015 .30 1.02 1.32 1.57 
1700 Sheepsfoot roller B-100 750 .016 .32 1.12 1.44 1.71 

1900 Dozer backfilling. trench, up to 300' haul, no compaction 8-106 900 .013 .27 .81 1.00 1.29 
200) Air ta rJl)ed 8-118 235 ,Cl,8 1.31 4.00 5.40 6.45 

2200 Compacting backfill , 6 • to 12 • lif1s. vibrating roller B-10C 700 .017 .34 1.16 1.50 1.79 

2300 Sheepsfoot roller B- 100 650 .018 .37 1.29 1.66 1.97 
212 0010 BORROW Buy and k>ad at pit, haul 2 miles round trip ; 

0020 and spread. wtth 200 H.P. dozer. no compaction 

0100 Bank run gravel ® B-15 600 .047 C.Y. 3.67 .87 2.34 6.88 7.90 

0200 Comrron borrow 600 .047 3.15 .87 2.34 6.36 7.35 

0300 uushed stone. 1-½• 600 .047 14 .87 2.34 17.21 19.25 

0320 1/.. 600 .047 14.25 .87 2.34 17.46 19.55 

0340 ½' 600 .047 14.70 .87 2.34 17.91 20 

0360 %' 600 .047 15.20 .87 2.34 18.41 21 

0400 Sand. washed . concrete 600 .047 12.95 .87 2.34 16.16 18.10 

11i00 Dead or bank sand 600 .047 3.15 .87 2.34 6.36 7.35 
(600 Select structural ldl 600 .047 6.80 .87 2.34 10.01 11 .35 

0700 Screened k>am 600 .047 14.65 .87 2.34 17.86 20 

0000 Topsoil, weed free 600 .047 11 .10 .87 2.34 14.31 16.10 

0000 For 5 rri le haul, add 8-348 200 .040 .70 1.69 2.39 2.90 
222 0010 COMPACTION S1eel wheel tandem rolle r, 5 tons ® B-1 OE 8 1.500 Hr. 30 13.55 43.55 60 2 

0100 10 tons B-lef 8 1.500 . 30 21 51 68 

0300 Sheepsfoot or wobbly wheel roller. 8 • lilts. common fill B-1 CX3 1,300 .rol C.Y. .19 .34 .53 .65 

0400 Select lilt . 1.500 .Ol3 .16 .30 .46 .57 

11i00 Terra Probe , deep sand. vibrating 30.000 C. Y .. rrinimum B-43 1,800 .027 .49 .37 .86 1.15 

11i20 Maximum 1,100 .044 .80 .61 1.41 1.88 

11i40 Mobilization and demobilization, minimum 8-8 .63 102 Total 1,900 2,T75 4,675 5,875 

0560 Maximum . 48 133 . 2.500 3,650 6,150 7,725 

(600 Vibratory plate. 8 • ~Its. common fill A-1 200 .040 CY. .67 .26 .93 1.30 

0700 Select fill . 216 .037 . .62 .24 .86 1.20 

230 0010 DRILLING ONLY 2" hole for rock bolls, average 8-47 395 .C6 I L.F. 1.14 1.19 2.33 3.02 2 

0000 2-½· hole lor pre-splining . average I 540 .044 I .83 .87 1.70 2.21 

1600 Quarry operations. 2· 'h • to 3-½ • diarreter ! 71 5 .034 l .63 .66 1.29 1.67 

234 0010 DRILLING AND BLASTING Cxlly. rock . open lace , under 1500 C.Y. B-47 225 . 107 CY . 1.25 2 2.00 5.34 6.70 1 

0100 Over 1500 C. Y. . 300 ,000 1.25 1.50 1.57 4.32 5.35 

0300 Bulk drilling and blasting . can vary greatly, average 3.50 

11i00 Pits, average 18 

1300 Deep hole method. up to 1500 C. Y. B-47 50 .480 1. 25 9 9.40 19.65 25 

1400 Over 1500 C.Y. 66 .364 1.25 6.80 7. 10 15.15 19.45 

1900 Restricted areas . up to 1500 C.Y. 13 1.850 1.25 35 36 72.25 93 

2000 Over 1500 C.Y. 20 1.200 1.25 23 24 48.25 61 

2200 Trenches. up to 1500 CY. 22 1.090 1.25 20 21 42.25 56 

2300 Over 1500 C.Y. 26 .923 1.25 17.30 18.10 36.65 47 

2500 Pier holes , up to 1500 C. Y. 22 1.090 1.25 20 21 42.25 56 

2600 Over 1500 C.Y. 31 ,774 1.25 14.55 15.15 30.95 40 

2800 Boulders under ½ cy, loaded on truck. no hauling 8-100 80 .150 3.01 4.93 7.94 9.90 

2900 Grilled, blasted and loaded on truck. no hauling 8-47 30 .800 1.25 15 15.65 31.90 41 

3100 Jackhammer operators wtth foreman compressor. air tools 8-9 1 40 Day 690 115 805 1,175 

3300 Track drill, compressor . operator and foreman 8-47 1 24 450 470 920 1,200 

3500 Blasting caps Ea . 1.68 1.68 1.85 

3700 Explosives Lb. 1.25 1.25 1.38 

3900 Blasting mats. rem. 1or first day Ea . 39 39 43 

4000 Per added day 22 22 24 

4200 Preblast survey for 6 room house . ind ividual lot , minimum A-6 2.40 6.670 130 130 195 

4300 Maximum 
. 1.35 11.BSO 230 230 345 

-· ... . - ' - . .. ---





: - =fiTI I,. '.'I ,. 
DAILY MAN- BARE COSTS TOTAL 

022 200 I Excav, Backfill, Compact CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

z -2200 5000' haul B-33E 750 .01 9 CY. .38 2.27 2.65 3.()) 246 

2'.)00 Co mrmn ea rth . 1500 ' haul 1,030 .014 .28 1.65 1.93 2.23 

2'.)50 3000' haul 790 .018 .36 2.15 2.51 2.90 

2400 5000' haul 650 .022 .44 2.61 3.05 3.53 

2500 Clay, 1500' haul 645 .022 .44 2.63 3.07 3.55 

2550 3000' haul 495 .028 .57 3.43 4 4.63 

2600 5000' haul 405 .035 .70 4.20 4.90 5.65 

2700 Towed . 10 C.Y .. ¼ push dozer. sand & gra11el. 1500' haul 8-33B 560 .025 .51 2 01 2.52 2.97 

2720 3000 ' haul 450 .031 .63 2.50 3. 13 3.69 

2730 5000' haul 365 .CXJ8 .78 3.00 3.87 4.55 

2750 Co mrmn earth. 1500 ' haul 420 .0'.33 .68 2.68 3.36 3.96 

2770 3000' haul 400 .035 .71 2.82 3.53 4.15 

2780 5000 ' haul 310 .045 .92 3.63 4.55 5.35 

2800 Cla y, 1500' haul 315 .044 .90 3.57 4.47 5.30 

2820 300)' haul 300 .047 .95 3.75 4.70 5.55 

2840 5000' haul 225 .Cli2 1.26 5 6.26 7.40 

2900 15 C.Y .. ¼ push dozer. sand & gra11el. 1500' haul B-33C 800 .018 .35 1.41 1.76 2.08 

2920 3000 ' haul 640 .022 .44 1.76 2.20 2.60 

2940 5000' haul 520 .027 .55 2.17 2.72 3.20 

2960 Comrmn earth. 1500' haul 600 .023 .47 1. 88 2.35 2.77 

2980 3000' haul 560 .025 .51 2.01 2.52 2.97 

300'.l 5000 ' haul 440 .032 .65 2.56 3.21 3.78 

3020 Cla y, 1500' haul 450 .031 .63 2. 50 3.13 3.69 
I' 

3040 3000 ' haul 420 .0'.33 .68 2.68 3.36 3.96 

3060 5000' haul 320 .044 .89 3. 52 4.41 5.20 

0010 EXCAVATING, STRUCTURAL Hand. pits to 6 ' deep, sandy soil 1 Glab 8 1 C.Y. 16.85 16.85 25 250 

0100 Heavy so~ or day 4 2 34 34 51 

100 Pits 6' to 12' deep, sandy soil 5 1.600 27 27 41 

j 00 Heavy so~ or day 3 2.670 45 45 68 

0700 Pi ts 12' to 18' deep, sandy soil 4 2 34 34 51 

woo Heavy soil or day 2 4 67 67 100 

11 00 Hand loading trud<s lrom stod< pile. sandy soil 12 .f:i,7 11.25 11 .25 16.90 

1300 Hea vy soil or day 8 1 16.85 16.85 25 

1500 For wet or mud< hand excavation. add to above % scm 50¾ 

2000 Machine excavation, for spread and mat footinos. elevator oil s. 

, 2001 and sman building foundations 

2035 Comrron earth . hydraulic backhoe.¾ C.Y. bucket B-12F 90 . 178 C.Y . 3.63 4. 78 8.41 10.65 

2040 1 C. Y. bu d<et B-12A 108 .148 3.03 4.97 6 9.95 

2050 1-½ C.Y. bucket 8-128 144 .111 2.27 4.44 6.71 8.25 

2(),0 2 C. Y. bud<et B-12C 200 .000 1.63 4.46 6. 00 7.35 

2070 Sand and gravel. ¾ C.Y. bucket B-12F 100 .160 3.27 4.31 7.58 9.60 

2080 1 C. Y. bu d<et B- 12A 120 .133 2.72 4. 47 7.19 8.95 

2090 1-½ C.Y. bud<et B-12B 160 .100 2 04 4 6.04 7.45 

3000 2 C. Y. bud<et B-1 2C 220 .073 1.49 4.05 5.54 6.65 

3010 Oav. till . or blasted rock. ¾ C.Y. bucket B- 12F 80 .200 4 09 5.40 9.49 12 

3020 1 C. Y. bu cket B-12A 95 .168 3.44 5.65 9.00 11.30 

3030 1-'h C.Y. bucket 8-12B 130 .123 2.51 4.92 7.43 9.15 

3040 2 C. Y. bud<et 8-12C 175 .O:l1 1.87 5.10 6.97 8.40 

9010 For rrobilization or dermbiliza tion . see div. 022-274 

9020 For dewatering, see div. 02 1-404 

9022 For larger structures. see Bulk Excavation. div. 022-236 

9024 For k>ading onto trucks. add ' 
15% 

9026 For hauling, see div. 022-266 

9030 For sheeting or soldier beams & lagging, see div. 021-614 & 624 

10 For trench exca vation of strip footings, see div. 022-254 

10 EXCAVATING, TRENCH or continuous footing, romrron earth 254 

0020 No sheeting or dewatering 11cluded 

or expanded coverage of these ilems see Means Site WDfk Cost Data 1989 37 





::f:Tii ~ I l '1' l l Ill I ■ "· I DAILY MAN- BARE COSTS TOTAL . 
022 200 Excav, Backfill, Compact CREW OUTPlJT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

254 0050 1' to 4' deep, ¼ C.Y. tractor loader/backhoe B-11C 150 .107 C.Y. 2.05 1.16 3.21 4.35 254 
ro;o ½ C.Y. tractor loader/ba ckhoe B-11M 200 .000 1.54 1.35 2.89 3.79 

0090 4' to 6' deep, ½ C.Y. tractor loader/backhoe . 200 .000 1.54 1.35 2.89 3.79 

01 00 ½ C.Y. hydraulic backhoe B- 120 250 .C64 1.31 1.32 2.63 3.40 

0110 ¾ C.Y. hydraulic backhoe B- 12F 300 .053 1.0'3 1.44 2.53 3.20 

0300 ½ C. Y. hydraulic excavator. truck mounted B- 12J 200 .000 1.63 2.93 4.56 5.65 

0500 6 ' to 10 ' deep, ¾ C.Y. hydraulic backhoe B- 12F 225 .071 1.45 1.91 3.36 4.26 

0510 1 C. Y. hydraulic backhoe B-12A 400 .040 .82 1.34 2.16 2.69 
(ljQO 1 C. Y. hydraulic excavator. truck rrounted B-12K 400 .040 .82 1.77 2.59 3.15 

ClilO 1-½ C.Y. hydraulic backhoe 8-128 600 .rm .54 1.07 1.61 1.98 

0300 10' to 14' deep,¾ C.Y. hydraulic backhoe B-1 2F 200 .000 1.63 2. 15 3.78 4.79 

0310 1 C. Y. hydraulic backhoe B-12A 360 .044 .91 1.49 2.40 2.99 

1000 1-½ C. Y. hydraulic backhoe 8-128 540 .030 .61 1.19 1.80 2.20 

1300 14 ' to 20' deep, 1 C.Y. hydraul ic backhoe B-12A 320 .050 1.02 1.68 2.70 3.36 

1310 1-½ C. Y. hydraulic backhoe B-128 480 .033 .68 1.33 2.01 2.48 

1320 2-½ C.Y. hydraulic backhoe 8-1 2S 850 .01 9 .38 1.77 2.15 2.52 

1400 By hand with pick and shovel to 6' deep, light soil 1 Glab 8 1 16.85 16.85 25 
1500 Heavy soil . 4 2 34 34 51 

1700 For tarrping backfilled trenches. air tamp. add A-1 100 .000 1.35 .51 1.86 2.60 

1900 Vibrating plate , add 90 .089 1.50 .57 2.[J7 2.89 

2100 Trim sides and bottom for roncrete pours. rommon earth 600 .013 SJ . .22 .03 .31 .43 

2300 Hardpan 180 .044 . .75 .29 1.04 1.44 

2400 Pier and spread footing excavation. add to above C.Y. 30% 3ffill 

3000 Backfill trench. F.E. loader. wheel mid .. 1 C.Y. bucket 

3020 Minimal haul B-10R 400 .030 C.Y. .60 .52 1.12 1.46 

3040 100' haul . 200 .060 1.20 1.03 2.23 2.93 

3080 2-¼ C.Y. bucket. minimum haul B-10T 600 .020 .40 .67 1.07 1.33 

30'30 100' haul . 300 .040 .80 1.34 2.14 2.67 

258 0010 EXCAVATING, UTILITY TRENCH Common earth 258 
0050 Trenching with cha in trencher. 12 H.P .. operator walking I 0100 4 • wide trench. 12 • deep B- 53 800 . 010 L. F . .21 .25 .46 .58 

0150 18 • deep 750 .011 .22 .27 .49 .62 I 
0200 24' deep 700 .011 .24 .29 .53 .67 I 

I 

moo 6' wide trench. 12· deep 650 .012 .25 .31 .56 .72 
I 
I 

0050 18 • deep 600 .013 .27 .34 .61 .78 I 
0400 24 ' deep 550 .01 5 .30 .37 .67 .85 I 
0450 36' deep 450 .018 .37 .45 .82 1.04 ! 
(ljQO 8 • wide trench. 12 • deep 475 .01 7 .35 .42 .77 .98 

a;50 18 • deep 400 .020 .4 1 .50 .91 1.17 : 

0700 24 • deep 350 .023 .47 .58 1.05 1.33 

0750 36 • deep 300 .027 .55 .67 1.22 1.56 

1000 Backfill by h·and including rompaction. add 

1050 4" wide trench. 12· deep A-1 800 . 010 L.F . .17 _(lj .23 .32 

11 00 18 • deep 530 .01 5 .25 .10 .35 .49 

11 50 24 • deep 400 .020 .34 .13 .47 .65 

1300 6" wide trench. 12· deep 540 . 015 .25 . .10 .35 .48 

1350 18 • deep 405 .020 .33 .13 .46 .64 

1400 24 • deep 270 .CXl0 .50 .1 9 .69 .96 

1450 36 • deep 180 .044 .75 .29 1. 04 1.44 

1600 8' wide trench. 12· deep 400 .020 .34 .13 .47 .65 

1650 18 • deep 265 .CXl0 .51 .19 .70 .98 

1700 24 • deep 200 .040 .67 .26 .93 1.30 

1750 36' deep 135 .059 1 .38 1.38 1.92 

2000 Chain trencher. 40 H.P. opera tor riding 

2050 6" wide trench and backfi ll . 12· deep B- 54 1.200 .007 L. F. .14 .10 .24 .32 

2100 18 • deep 1.000 .OOl .16 .12 .28 .38 

2150 24 ' deep 975 .OOl .17 .13 .30 .39 

2200 l:i • deep 900 .cm .18 .14 .32 .42 t 
Work Cost Data 1989 

38 For expanded coverage of these items see Means Site i 
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DAILY MAN• 
027 150 I Sewage Systems CREW OUTPUT HOURS UNIT 

<64 3160 Steel. plain oval arch rulvens . plain 

3180 11 · x 13 · 16 ga .. 15· equivalent B-22 225 .133 L.F . 

3200 21 • x 15 • 16 ga .. 18 • equivalent 175 .171 

3220 28 • x 20· 14 ga .. 24 • equivalent 150 .200 

3240 35 • x 24 • 14 ga .. 30 • equivalent 108 .278 

3260 42 • x 29 • 12 ga .. ~ • equivalent S-13 108 .519 

3280 49 • x 33 • 12 ga .. 42 • equivalent 92 .600 

3300 57' x 38 • 12 qa . . 48 • equivalent 75 .747 

3320 End sections. 17 • x 13' 22 2.550 Ea . 

3340 42 • X 29 • 17 3.290 . 
3360 Multi-plate arch. steel B-20 1,690 .014 Lb. 

168 0010 PIPING, DRAINAGE & SEWAGE, POLYVINYL CHLORIDE 

0020 Not including excavation or backfill 

2000 10· lengths. S.D.R. 35, 4 • diameter B-20 375 .ffi4 U . 

2040 s· diameter I 350 .Ui9 

2080 8' diameter ! 335 .072 

2120 10· diameter B-21 330 .005 

2160 12· diameter 320 .008 

2200 15 • diameter 190 .147 

172 0010 PIPING, DRAINAGE & SEWAGE, VITRIFIED CLAY, C700 

0020 Not including excavation or backfill . 4' & 5' lengths 

4030 E Xlra strenglh, compression joints. C425 

5000 4• diameter B-20 265 .001 L.F. 
5020 6' diameter . 200 .120 

5040 8 ' diameter B-21 200 .140 
so;o 10· diameter 190 .147 
5000 12 • diameter 150 .187 
5100 15 • diameter 110 .255 
5120 18 • diameter 88 .318 
5140 24 • diameler 45 .622 
5160 30• diameter B-22 31 .968 
51 80 ~- diameter . 20 1.500 
6000 3' lenQlhs. add to above 

6020 2' lengths. at1d to above 

6040 For die cast slip joints compared to premium joints 
6(60 For plain joints compared to compression joints 

7()50 2' lengths . add to above 

174 0010 SEWAGE PUMPING STATIONS Prefabrica ted steel, concrete 

0020 or fiberalass. 200 GPM c.1m .17 494 Total 

0'200 1.000 GPM .07 200 

0500 Add for generator unit, 200 GPM. steel .34 · 247 

CEOO Concrete .51 165 

1000 Add for generator unit. 1.000 GPM. steel .30 280 

1200 Concre te .38 221 

1500 For wet well . if required, add B-23 .50 80 
176 0010 SEWAGE TREATMENT Not ind. fencing or eXlernal piping 

0020 Steel packaaed. blown air aeration plants 

0100 1.000 GPO Gal. 

0'200 5.000 GPO 

0300 15,000 G>Q 

0400 30,000 G>Q 

0500 50,000 G'D 

CEOO 100.000 GPO 

0700 200.000 GPO 

0000 500.000 GPO 

1000 Concrete. eXlended aeration. primary and secondary treatment 

1010 10,000 G'D Gal. 

For expanded coverage of these items see Means SIie Work Cost Data 1989 

BARE COSTS 

MAT. LABOR EQUIP. 

6.87 2.65 .56 

8.19 3.40 .73 

13 3.97 .85 

16.25 5.50 1.18 

31 .25 9.40 4.27 

37.63 11 .05 5 

34.57 13.55 6.15 

30 46 21 

154 60 27 

.53 .27 

.57 1.23 

1.22 1.32 

1.75 1.38 

2.80 1.67 .26 

3.95 1.72 .26 

6.15 2.90 .45 

.98 1.74 

1.63 2.30 

2.54 2.75 .42 

4.22 2.90 .45 

5.57 3.67 .56 

10.~ 5 .n 
15.60 6.25 .96 

29 12.25 1.88 

33.80 19.20 4.10 

52 30 6.35 

3cm 

4cm 

90% 

75% 

4cm 

23,300 11 ,000 3,100 

34,450 26 ,800 7,525 

17,800 5,500 1,550 

11 ,130 3,675 1,0'25 

18,900 6,250 1,750 

15,900 4,925 1,375 

4,560 1,375 955 

TOTAL 

10.00 

12.32 
17.82 

22.93 

44.92 

53.68 

54.27 

97 

241 

.80 

1.80 

2.54 

3.13 

4.73 

5.93 

9.50 

2.72 

3.93 

5.71 

7.57 

9.80 

16.13 

22.81 

43.13 

Sl.10 

88.35 

37,400 

68,TTS 

24,850 

15,830 

26,900 

22.200 
6,890 

TOTAL 

INCL O&P 

12.15 

14.90 

21 

27 

53 

63 

65 

125 

290 

.99 

2.48 

3.33 

4 

5.85 

7.25 

11 .60 

3.70 

5.25 

7.40 

9.50 

12.25 

19.75 

28 

52 

71 

110 

45,700 

86,500 

29 .600 

18,900 

32 ,100 

26,400 

8,150 

11 .40 

7.50 

4.15 

4.05 

2.95 

2.70 

1.90 

2.10 

8.65 

59 

164 

168 

172 

174 

176 

I 
I 
~ 
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IRAFI 

140N 
SUBSURFACE DRAINAGE 

. . . - . . . . .: . . . ~ . . ~ . 

Drainage Fabric 

Good drainage is essential for soil stability. In order 
for drainage structures to be effective - along 
highways, in embankments, under airfields and 
athletic fields, or anywhere - they must have a 
properly designed prot!3ctive filter. 

Tradition911y, graded-aggregate filter systems have 
been used with limited success to prevent soil 
particles from migrating into subsurface drainage 
structures. However, these aggregate drains have 
several inherent problems, including high cost and 
difficult installation. 

Mirafi 140N, a nonwoven filter fabric, provides an 
effective, cost-efficient alternative to · 
graded-aggregate filters. Among its design features 
are: 

• Easily conforms to the ground or trench 
surface for fast and trouble-free installation; 

• Creates a superior filter media because of-its 
high water flow rate and excellent filtration 
properties; 

• Meets severe stresses of installation with its 
high puncture and burst resistance. 

Mirafi 140N eliminates many of the problems 
associated with graded-aggregate filters, including: 

• Determining the aggregate gradation 
required to match soil conditions; 

• Finding a convenient and economical source 
of a specific aggregate gradation; 

• Transporting and placing a graded 
aggregate; 

• Assuring that the in-place aggregate 
gradation provides effective filter 
performance. 

An additional benefit of Mirafi 140N is that the drain 
size can often be reduced when Mirafi fa bric 1s 
installed because the thick, graded-aggregate layer 
is eliminated. As a result, less excavation and less 
aggregate will be required. 





Mirafi 140N Fabric Properties 

Typical 
Fabric Property Unit Test Method Values 1 

Grab Tensile Strength lb ASTM D-1682-64 120 

Grab Tensile Elongation % ASTM D-1682-64 55 

Burst Strength psi ASTM D-3786-80a' 210 

Trapezoid Tear Strength lb ASTM D-1117-80 50 

Puncture Strength lb ASTM D-3787-803 70 

Coefficient of Permeability, k cm/sec CFMC GET-2 0.2 

Water Flow Rate gal/min/sf CFMC GET-2 285 

Mirafi 140N Packaging 

Roll Width (ft.) Roll Length (ft.) Roll Wt. (lbs.) 

15.0 360 185 

12.5 360 175 

Type of Fabric Wrapped Drains 

Conventional Drain (with pipe) 

Typical Drain Applications 

PAVEMENT BASE COIJRSE 

;f~- ~ 

'The values listed are average values. Contact the Mirafi Technical Department 
for minimum certifiable values. 
'Diaphragm Bursting Tester. 
'Tension Testing Machine with ring clamp: steel ball replaced with a 5/ 16-inch 
diameter solid steel cylinder centered within the ring clamp. 

To the best of our knowledge, the lnf0<mation contained herein is accurate. However. 
Mirafi, Inc. cannot assume any liability whatsoever for the accuracy or completeness 
thereof. Final dete<mlnation of the suitability of any infa<mation or material for the use 
contemplated. of Its manner of use. and whether the suggested use Infringes any patents 
is the sole responsibility of the user. 

French Drain (without pipe) 

Blanket Drain & Edge Drain Pond Underdrain Interceptor Drain 

f1111RAFl1NC 
A member of the s DOMINION TEXTILE group 

Miran- Is a trademart< owned by Mlrafl Inc. 0 19S. Mtrafl Inc. 

MIRAFI INC. P.O. BOX 240967 /CHARLOTTE. N.C. 28224 
(704) 523-7477 or (800) 438-1855/TELEX 2 16903 MRFI 

2P-6 
11 .A/; 





'- I I l1RAFI' INC 

FADRIC 

DRAINAGE: 

Mirari. 140N 4.5 oz. 
Mirafi. 140N 4 ~5 oz. 
Mirafi. 140NL 3.5 oz . 

STABILIZATION: 

Mirafi 400X 3 .5 oz . 
Mirafi 500X 4 . 0 oz. 
Mirafi 500X 4.0 oz. 
Mlrafi 500X 4.0 oz. 
Hirafi 600X 6.0 oz. 
Hirafl 600X 6.0 oz . 

EROSION CONTROL! 

Hirafi 700XG 6.5 oz . 
Mi..rafi.. 700X 6.5 oz . 
Hi..rafi.. 700X 6 . 5 oz . 
Hirafi 700X 6 .5 o z. 
Hiramat2400 24.0 oz. 
Hiramatl800 10.0 oz. 

SEDIMENT CONTROL: 

Envi..rofence 

Ll\NDSCM'E: 

Hirascape 3.0 oz. 
Mirascape 3.0 oz . 
Mirascape 3 . 0 oz . 

PREFABRICATED DRAINAGE 

Mi..radrain 5000* 
Mi.radrai..n 6000 

Mi..radrain 6000 

Mirad ra in 6000 

Mi radra in 9000 

CIVIL 
ENGINEERING 
FABRICS 

ROLL SIZE 

15' X 360 I ( 600 sy) 
1 2 • 5 I X 360'(500 sy ) 
15' X 420'(700 s y) 

12 .5 X 576' (000 sy) 
12 • 5 I X 4 3 2 I ( 600 sy) 
1 7 • 5 I X 309 I ( 600 sy) 
25' X 216'(600 sy) 
12.5' X 360'(500 sy) 
25' X 180'(500 sy) 

13' X 300'(433 sy) 
6' X 300'(200 sy) 
12' X 300'(400 sy) 
18' X 150'(300 sy) 
3 . 75' X 180'(75 sy) 
3.75' X 264'(110 sy) 

3' X 100' ( 100 lf) 

3 I X 300 I ( 100 sy) 
G' X 300'(200 sy) 
9' X 300'(300 sy) 

SYSTEM: 

4' X 50'(200 sf) 
10 panels/roll 
'1 ' X 0'(320 sf ) 
1 panel/roll 
'1 I X 25'(100 sf) 
1 panel/roll 
4' X 50'(200 sf) 
4' X 50'(200 sf) 

*Miradrai n 5000 replaces Hi.rad rain '1000 

(OV ER ) 

February 1, 1988 

ROLL WT PRICE* 

1 0 '1 lbs . $.ns/sy 
153 lbs. $.05/sy 
170 lbs. $ . 75/s y 

176 lbs. $.7':J /s y 
173 lbs. $.nn/sy 
179 lbs. $ . 00/sy 
179 lbs. $.O'J /sy 
210 lbs. $1.0:i/sy 
210 lbs. $1.10/sy 

200 lbs . $1.30/sy 
92 lbs . $1 . 40/sy 

184 lbs . $1.42/sy 
131 lbs. $1.45/sy 
135 lbs. $.80/sf 
135 lbs. $.65/sf 

35 lbs. $1.50/lf 

15 lbs . $. 7:'>/sy 
20 lbs. $ . 75/sy 
40 lbs. $ . 75 /sy 

50 lbs. $1.r;n/sf 
70 lbs. $1.40/sf 

25 lbs. $1.40/sf 

50 lbs. $1,'10/ sf 

50 lbs. $1.CiO/sf 





FABRIC WT/SY ROLL SIZE ROLL WT 

PAVEMENT OVERLAY: 

Mirafi 900N Ll . 0 oz. 12.5' X 360'(500 sy ) 153 lbs . 

NON WOVEN (impermeable liner protecti.on and railroad use ): 

Mirafi 180N 8.0 oz. 13' X 300' (433 sy) 230 lbs. 
Mirafi 180N 8.0 oz. 17.5' X 300'(583 sy) 310 lbs. 
Mirafi 1120N 12.0 oz. 13' X 300' (<'133 sy) 310 lbs. 
Mirafi 1120N 12.0 oz. 17.5' X 300'(583 sy) 410 lbs. 
Mirafi 1160N 16.0 oz. 13' X 150 I ( 21 7 sy) 230 lbs. 
Mirafi 1160N 16.0 oz . 17.5' X 150'(292 sy) 315 lbs. 

WOVEN (heavy weight, high performance): 

Mirafi lOOOHP 10 oz. 15' X 240 I ( 400 sy) 265 lbs. 
Mirafi 1200HP 12 oz. 15' X 240 I ( 400 sy) 315 lbs. 
Mirafi 2100HP 21 oz. 12' X 105'(1<'10 sy) 200 lbs. 

SPECIALITY PRODUCTS: 

Mirafi coated fabric 12' X 300' (400 sy) 190 lbs. 
MCF 1212 
Geonet 250 6.25' X 100' (625 sf) 80 lbs. 
Geonet 250 - 6.25' X 100' (625 sf) 80 lbs. 
with fabric 

Manufacturers Representative: R. P. Marti.no and Company 
2 Ledge Drive 
Georgetown, MA 01833 
617-352-2106 

PRICE* 

$.75/sy 

$1.30/sy 
$1.30/sy 
$1.75/sy 
$1.75/sy 
$2.60/sy 
$2.60/sy 

$2.50/sy 
$2.90/sy 
$6.90/sy 

$2.25/sy 

$.70/sf 
$.95/sf 

*Prices are for estimating purposes only. Call your local Mirafi. 
representative or distributor for current prices and availability. 

Fabric seaming available, price upon request. 

/) 
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Centrifugal Sew-age Pu,nps 
1351 

Submersible Automatic 
Sewage Ejector Pumps 

. For1¼" or1½"solids 
• Up to 9300 GPH capacitie s 
• •,',-HP motor 

Continuous-duly pumps work tirelessly 
to pump sewage or other liquids .contain 
ing solid matter. Built -in float switch pro
vides automatic operat ion and has a quick
change feature for fast replacement if 
necessary. Pump also has a 10'h- fl. power 
cord with 3-prong plug for manual use. 
Pumps have threaded flange connections . 
cast iron housing, and a 2-vane. ductile 
iron open impeller with a stainless steel 
shaft . Thermal overload-protected motor is 
½ hp, 1750 rpm. 115 VAC. 60 Hz. 1 ph. Min . 
sump dia. is 13". Max. liquid temperature is 
160' F. Pump height is 17%". 

i .,:..-:\ 

- ~ ~~_; } 
. ;,... _ , . -: 

High-temperature (to 200' F) and 230 V 
models are available. Specify No. 9949K888, voltage, temperature, 
and discharge size. Prices on request. 

PUMP PERFORMANCE 

Discharge 

1'h" 

2" 
3· 

Discharge 
1 •.~-
2" ...... . 
J" .. . . 

Head, Ft. 5 

GPH 8220 

GPH 8700 

GPH 9300 

Max. o,a ., Sohds 
. 1 '/,-. 

... ....... 1'h" . 
....... .. l'h". 

10 15 20 

6900 5400 3600 
7500 6000 4200 

8100 6480 4620 

No. NET EACH 
...... 9949K19 ... S378.33 

.... .. .. . 9949K21 . 385.09 
.. .... ...... .... 9949K23 . 392.09 

Solids Handling Pump 
• For 1¼" solids 
• 22,800 GPH capacity 
• 10-HP engine 

Extra heavy duly centrifugal 
unit gels the job done on hard-to
pump silt, rocks, sand, slurries, 
sludge, trash and sewage ... 
handles large flows and solids up 
10 1'/," diameter. Self-priming 
pump performs suction lifts up lo 
25 feel Pump has an aluminum 
hOusing with mechanical seats 
and a two-blade, nonclogging im
peller. The 10-hp Briggs & Strat 
ton . air-cooled. 3600 rpm. gaso
line engine has recoil start and a 4-ql. fuel tank . Ports are 3· npt . 

Pump is mounted on a heavy-duty steel lrame with 10· pneumatic 
wheels and a handle for portability . Pump weighs 265 lbs . 

PUMP PERFORMANCE 

Head, Ft. I 25 I 40 I 60 I 90 
GPH I 22.800 I 18.420 I 13.500 I 4.500 

No. 4388K22 .. ........... ..... . . .... .. . NET EACH S1612.68 

Alumi-Lite Trash Pumps 
• For 1 • or 1 'h" solids 
• Up to 20,400 GPH capacity 

These self-priming pumps are 
constructed of lightweight alumi
num, making them extremely por
table but no less durable than 
heavier metals. Pumps are capa
ble of suction lifts up to 25 feet. 
They welcome the dirty jobs, and 
really go into action to handle silt, 
rocks, sand, muddy waler, 
sludge, trash and sewage. 

Impeller and volute are made of 
cast iron. Mechanical seal with a 
stain less steel shaft sleeve . 

.Powered by a Briggs & Stratlon air-cooled . 4-cycle. 3600 rpm. gas
oline engine with recoil start . Pumps inc lude rubber foot mounts. a 
suction strainer and a handy T-slyle handle for added portability 

PUMP PERFORMANCE 

Port Head, Fl. 20 40 60 90 

2" GPH 10,800 9.240 7.200 3.120 
3· GPH 20,400 17.400 13.080 5.040 

Port Max. Dia., 
Size Solids HP 
2· ··· ··· ····· ··· 1· .. ... ... 5 . 

Wt. , 
Lbs . No. NET EACH 

71 ....... . ... ... 4338K46 .... S668.69 
..... ... 1 'h" ........ .... .. 8 . 105 ..... 4338K48 ... . 1024 .2 1 

Automatic High Head 
Sewage Pumps 

• For 1 'h" solid s 
• Up to 8520 GPH capac ity 
• '/,o- or 'h· HP motor 

Submersible, heavy-duty pumps make 
short work of waste, sewage. and solids 
up to 1 •,<,·. Pumps have a mercury flo at 
control switch with piggyback plug 10 turn 
pump on and off au toma tically al levels you 
set. Switch mounts 10 discharge p ipe with 
an adjustable stain less steel clamp. 

Cast iron body and housing have a 416 
stain less steel shaft. Thermal overload 
protected motor is 11 5 VAC. 60 Hz . 1 ph . 
Furnished with 15-11. grounded power 
cord. Minimum sump diameter is 14". Min
imum sump depth is 30· Available in '/ ,o- and •~ hp models with 2·· fpl 
d ischarge.'/,o-HP PUMP-Has a molded. glass-filled thermoplastic im
peller and 1700 rpm motor. Max. temperature is 150' F. Pump ht. is 16'., ·. 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 I 20 I 25 
GPH I 5400 I 4800 I 4080 I 3120 I 600 

No. 5143K17 .. . . . ....... .... . NET EACH S307.83 
1/2-HP PUMP-Has cast iron impeller and 1625 rpm motor. Maxi

mum temperature is 160' F. Pump height is 193,. ·· . UL li s ted. 

PUMP PERFORMANCE 

Head, Fl I 5 I 10 I 15 I 20 I 25 
GPH I 8520 I 7200 I 5400 I 3300 I 720 

No. 5143K18 ... . .. NET EACH S414.29 

UL-Listed Sewage Pumps 
• For ½-, J/,. - , or 2· solids 
• Up to 6600 GPH capacity 
• 

1/2-, 4/,o- , or 'h-HP motor 
Move waste water and sewage out of col • 

lection areas to sewer or septic lines with 
these completely submersible, cast iron 
pumps. A float swi tch turns pump on and off 
automatically . You can se t the pump to turn 
on at 9· to 14· and off at 2" 10 6" . Protective 
epoxy coaling guards against rust and corro
sion. Liletime lubricated. thermal overload· 
protected motor is 115 VAC . 60 Hz. single 
phase. Furnished with 15-fl. power cord. Vorte x impeller is nylon. 
Min . sump dia. is ,a·. Min. sump depth is 30· . UL and CSA listed. 

PUMP PERFORMANCE 

No. Head, Ft. 5 10 15 I 20 

42935K22 GPH 3000 2500 1600 I --
42935K23 GPH 31 20 2700 1980 I --
42935K24 GPH 4800 3420 1440 I --
42935K25 GPH 6600 5640 3900 I 840 

u,scharge, Max. uIa .• 
HP FPT Solids HI. No. NET EACH 
'h .. ... ........ .. 1 •1,· .. 'h • .. ... . ... .. 10•;,· .. ..... ...... 42935K22• .S131 .21 
113 ... ..... .... ... 1 •1:,·. l t,· . .. 8' •;· ... . ..... . 429J5K23■ 111.23 
'l,o. . ... . 2" ....... ..... ... 2· ... ... ... .... .. 11 'i ,.- .. .... ... .. 42935K24 251.45 
'h .. ... .... .. ... .2" ... . . ..... 2- ....... .. ...... 123:,· . .. ... ... 42935K25 . 362 .41 
■ Effluent pump with 10-ft. power cord . 

Compact Grinder Pumps 
• Turns up lo 1'/:i" semi-solids into 

v.· particles 

• 1080 GPH capacity ~ ---
An ideal so lution lo small waste- ~ 

handling problems. Grind waste, · 
tissue, and certain semi-solids -·· 
down lo a maximum particle size of \ ~ · 
11■ •. Not recommended for handling ~. _~ ' 
hard objects and rags . Mount these _ 
self-priming pumps anywhere . 
Equipped with a flex ible Nitrite im • 
pelter with stainless stee l wear plate 
and a cast bronze grinder plate . 

Pump motor is 115 VAC. 60 Hz. 1 phase. with overload prooec tion . 
Outlet port has 1· ID hose barb. Intel port is 1 •:,· MPT. 

PUMP PERFORMANCE (Based on Water) 

Head , Fl. I 5 I 10 I 20 I 30 

GPH I 840 I 780 I 648 I 516 

No. 6766K12 . . .. . NET EACH S406.25 





198 Alrporl Ro11d 
F111l R1vAr, MA 0?7W 
!')QU-67b-11'11 

l'AX 508-G B- l l 4 l' 

Eliglnt!crJ "B Sd ..,11ce 
101 Huntintun Ave. 
BolltDh, MA 02 I 99 

ht ti\: Mr. DoW111a11 Jiu rv l'Y 

Kt!: PKfl '1'ank 
&cc projccl ~YJ-~41 

Gentle111en, 

nc•ceml>er 2Z 1 1993 

We thnuk you (or yo11t j11ql1J1y i,u<I nrc· J.d1•1111ecl t o offer our uu<l~ctary 
quoLation us folluw~, 

111:ru Qty 
J... . 1 

D1•11c-.r lpt i un 

J0'·-0" din. ll 18'-U" l:itrni!;l1l ~i.tle, flnt hvttOII, flat top 
f lb1n:~l1u111 l uni<: 1111 b four li{ t.lni.: lug a. 
lluugfltnry l'ri.ce l\url, .... . .............. . ....... U:l,800. OU 

ltc1u A will h l' c-0111:~"L u,lddl'!tl to ASl'M ll40<J'/ 1aun1lurdc Utiln1~ l!.oichhold 33- ~02 
resin and a 10 inil "c" veil l1T\CI, 

terruw: To l,11 llctcrm1ncd 
Jl,0,11, Fnll 'l{Jv1•~, MA. Jn· li;h1 coll~n·I. 
Vrjccs qunl¥d «r~ v~lld fur JU <luy~. 

llr.awini;o; Vill 
l f you huv, ~ny 

be l 1,1c,ck uttc·.r n ·ce1 pt. ,,1 11urcl,ur. .. ordu1·. 

quceti.onR plru11c do 1101 het:it,1lu tu contact l:hifl officn. 

p,0 2 

i'T'"{loj 
t:. Aulftrello 

l'roj e r. t EnsinciT JAA1ds 

12-22-93 11 :56 AM 
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i 

ffemedial Systems,lnc. 
January 5, 1994 

DanKelmar 
Engineering Science 
Prudentail Center - 101 Huntington )\ ve 
Bostson, MA 02199 

Tel: 617-859-2437 
Far. 617-8S9-2043 

Subject: RSI Quotation # SYS-01~594-MA 
Proj: Sead Asb Landfill 

Dear Dan, 

56 Leonard Street 
Foxboro, MA 02035-2929 

(508) 543-1512 
FAX (508) 543-7485 

Remedial Systems Inc. (RSI): is pleased to present the following quotation for the above 
refer~ project. · 

. . 
Item 1: 2 - Water Depression Putnp capable of 16 GPM @ 80' TDB,' t/2 HP, 230V, 1 PH. 

Motor, all stainless steel construction, teflon seals, pump comes complete with 25' of 
(1.5") petroleum resistant discharge hose, and 2S' of sheathed, petroleum resistant 
power lead. 

1 1 s s10.oo each 

j I I 

Item 2: l - Total Fluids Well P~be for use in single well water recovery, intrinsically safe, 
with SO feet of cable. · 

$ 225. 00 each 

Item 3: ( 1) - RSI Low Profile Stjpper Model RTs-50-3 designed to meet. the following 
conditions: · 

=m.,:---ffi~i-Y''l rt•·• "'£::"'(:1 u• .. ··~ u-.•-•u• ff'"'" ·1•w• ••"•·••1:1'A•Y••··- "'YY"''"'"''"'"•""'Y"'YYY •••1 • [' ''•!•!•' ~ fl''•'" •• •••,• ••• ••:•V• ( •• • • (• .. ••) •• ._,-. . ""'•'-•'•••). ~•'1 •,'••• (,.,< ''- ••A•!••'I." v,,, •~• .•,~ 1, ~(• .. ~~--~·".· .t:; r;~( ,[. ~i ;:i r t:)tJif' ;;ii,t:, tc-y;;1,·~r· j:~ ,:~;.·:·~··~~t· (;' ,"i ••• ,:. ~~-- t•Y., : ~•.:.;·{··t ·:,;:t =.~i(t,,ij' 
:-t .. c --~ . ~ .. q(,,•t?t'l.'1'· ~ • , ,-:< :·:t:-~~'1~""P:rt".:"•··~-i~'-' ! .. ~t·~··!~":t1'.~.::-~:'..!..~....,..f::--t'-:!··':r+~ .. '"tr'~1<1',...,,.!S~·~ • 

TCE 
c l,2DCE 

Vinyl Chloride 

Total 

Water Temperature 
Flowrate 

' 100 
' 120 
; 

20 i 

: 240 

. 1 

1 

1 

3 

5<fF 
30gpm 

I 50 8 54 3 7485 

99 

99.17 

95 

98.7S 

01 - 0 5- 94 0 2: 45PM POOi #34 
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I 
_1 ' • • ·I ,I . , . ! 

I . 

i '. 

I 

' 

1 

, I 

• I 

Page2 

Height 
Length 
Width 
Blower 

56" 
86" 
36" 

230V, 1 ph, TEFC 

This equipment includes tnlet piping, liquid distributor, air discharge, demister, 
temperature gauge, pressure aauge, air inlet, blower, drainage sump, siphon drain, 3 level 
sump switch, and blower fail :safe switclt 

$11,610.00 

Item 4: (1) • Transfer Pump, sdfpriming, capable of30 gpm@40 feet 1DH, 230V, single 
phase, TEFC motor. 

$ 695.00 

Item 5: (1) - Stainless Steel Bag Filter ccapable of SO GPM, IO Micron filter bags. 

Item 6: 1 -·LP-50 Liquid Phase C~n Vessel: 

• Max. Flowrate 
Max. Pressure 

• Max. Temp 
• Diameter 
• Overall Height 
• Inlet/ Outlet 
• Vu-ginc.arbon 
• Shipping Weight 

' 56GPM 
12 psig 
125 °F 
34" 
51" 
3"NPT 
500 lbs 
1000 lbs 

$1,295.00 

Carbon V esseis are constk"ucted of mild steel with a high quality two layer epoxy 
interior coating and a:hard enamel finish e,cterlor. 

• Approximate cosi fur reactivation 
• Approximate disposal cost 

S 360.00 each 
$ 150.00 each 

I 5 0 8 54 3 7485 

$3,180.00 each 

01 - 0 5-9 4 0 2 : 4 5PM P00 2 # 3 4 

; 
i 

I 
i 

i 
I 
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Item 7: (2) - VF-600, Vapor Phase Carbon Vessel: 

- Max. Flowrate 
- Max. Pressure 
- Max. Temp 
- Footprint 
• Overall Height 
-Taruc Height 
- Tank Diameter 
- Inlet / Outlet 
- VII'gin Carbon 
- Shipping Weight 

600CFM 
12 psig 

125°F 
34•x46" 

57" 
42" 
32" 
3"NPT . 

500 lbs 
1000 lbs 

TO 16178592043 P.03 

I . 
Carbon Vessels are constructed of mild steel with a high quality two layer epoxy interior 
coating and a bard enamel finish exterior. 

I , ... ' 
i 

'; 1 . 
: ;) 

!: i • ·: 1 

$ 3,950.00 each 

Item 8: (1) - RSI Control Puel!capable of operating and controlling (2) Water Table 
Depression Pump, (1) transfer• pump and a complete Air Stripper System. (NEMA 4 
weathertight enclosure) · 

$2,450.00 

· Item 9: (1) - Optional Tdemetry Module. W"rth this option, the user may remotely monitor 
and operate the site ftom an mM-PC compat:11,le computer equipped with a phone 
modem. The user will have information on all analog and digital inputs, outputs, cycle 
timers, and run times of oach output in the system. 

$2,495.00 

• F.O.B. Factory ' • Delivery: 5-6 weeks, after approwl of drawings 
• Terms: Net 30 days (subject to ctcdit appmval) • Leasing Rates Available 

Ofter Valid fbr 90 days 

If you have any additional questions, please do not hesitate to contact me. 

',J:'! ! : I : ;J 

• I 

BAB 
Enc: GB 

I 508 54 3 7485 
TOTAL P.03 

0 1- 05 - 94 0 2: 45PM P00 3 # 3 4 
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THE COMPOUND IS trans - DCE 
HENRY"S COEF., CU.M WATER/CU . MAIR = 

TOTAL DESIGN FLOW, GPM 
TOTAL AVG FLOW, GPM 
INFLUENT CONC., ug/L 
EFFLUENT CONC . , ug/L 

EQUILIBRIUM CONC., ug/L 
WATER TEMPERATURE, deg - K 
ATMOSPHERIC PRESSURE, ATM 

0.08300 

30.00 
25.00 

120.000 
5.000 

46 . 185 
285.0 
1.00 

TYPE OF PACKING MEDIA: = 2 INCH - SADDLES 

PRESS DROP: MEDIA, N/SQ . M/M 
AIR-TO - WATER RATIO 
MINIMUM A/W RATIO 
DESIGN AIRFLOW RATE, CFM 
STRIPPING FACTOR 
KLa MASS-TRANS COEFF, 1/SEC 
LIQUID LOADING, GPM/SQ.FT 
TOWER DIAMETER, FT 
TOTAL TOWER X-SECT AREA, SQ.FT 
PACKING HEIGHT, FT 
TOTAL PACKING VOLUME, CU . FT 
NUMBER OF TOWERS 
REMOVAL EFFICIENCY, % 

= 

DESIGN POWER FOR BLOWERS, KW/HOUR = 
DESIGN POWER FOR PUMPS, KW/HOUR = 

PRELIMINARY COST ESTIMATES FOR SYSTEM: 

PTA CONSTRUCTION COST ($) 
INDIRECT CONSTRUCTION ($) 
TOTAL PTA CONSTRUCTION ($) 

PTA AMORTIZED CAPITAL ($/YR) 

TOWER PUMPING POWER 
BLOWER ELECTRIC 
FIN- WATER PUMP POWER 
MAINTENANCE MATERIAL 
PTA O&M LABOR 

SUM PTA O&M COST 

($/YR) 
($/YR) 
($/YR) 
( $/YR) 
($/YR) 

( $/YR) 

TOTAL PTA SYSTEM COST ($/YR) 

= 

= 

= 

= 

100 . 0 
30 . 0 

11.55 
120 . 32 

2.49 
0 . 01 1322 

30.00 
1.13 
1.0 

26.56 
26.6 
1.0 

95.83 

0.29 
0.38 

33171. 
7961. 

41132. 

4831 . 

222 . 
201. 
144. 
113. 

2796. 

3476. 

8307. 

0.00189 CU.M/SEC) 
0 . 00158 CU.M/SEC) 

0 . 06 CU.M/SEC) 

0. 34 M) 
0.1 SQ.M) 

8 . 10 M) 
0. 8 CU .M) 

36.8 CENTS/1000 GAL) 

26.5 CENTS/1000 GAL) 

63 . 2 CENTS/1000 GAL) 





THE COMPOUND IS TRICHLOROETHYLENE 
HENRY"S COEF., CU.M WATER/CU.MAIR= 

TOTAL DESIGN FLOW, GPM 
TOTAL AVG FLOW, GPM 
INFLUENT CONC., ug/L 
EFFLUENT CONC., ug/L 

EQUILIBRIUM CONC., ug/L 
WATER TEMPERATURE, deg-K 
ATMOSPHERIC PRESSURE, ATM 

0.11600 

30.00 
25.00 

100.000 
5.000 

27.299 
285.0 
1.00 

TYPE OF PACKING MEDIA: = 2 INCH-SADDLES 

PRESS DROP: MEDIA, N/SQ.M/M 
AIR-TO-WATER RATIO 
MINIMUM A/W RATIO 
DESIGN AIRFLOW RATE, CFM 
STRIPPING FACTOR 
KLa MASS-TRANS COEFF, 1/SEC 
LIQUID LOADING, GPM/SQ.FT 
TOWER DIAMETER, FT 
TOTAL TOWER X-SECT AREA, SQ.FT 
PACKING HEIGHT, FT 
TOTAL PACKING VOLUME, CU.FT 
NUMBER OF TOWERS 
REMOVAL EFFICIENCY, % 

= 

DESIGN POWER FOR BLOWERS, KW/HOUR = 
DESIGN POWER FOR PUMPS, KW/HOUR = 

PRELIMINARY COST ESTIMATES FOR SYSTEM: 

PTA CONSTRUCTION COST ($) 
INDIRECT CONSTRUCTION ($) 
TOTAL PTA CONSTRUCTION ($) 

PTA AMORTIZED CAPITAL ($/YR) 

TOWER PUMPING POWER 
BLOWER ELECTRIC 
FIN-WATER PUMP POWER 
MAINTENANCE MATERIAL 
PTA O&M LABOR 

SUM PTA O&M COST 

($/YR) 
($/YR) 
($/YR) 
($/YR) 
($/YR) 

($/YR) 

TOTAL PTA SYSTEM COST ($/YR) 

= 

= 

= 
= 

200.0 
30.0 
8.19 

120.32 
3.48 

0 .010215 
30.00 
1.13 
1.0 

24.58 
24.6 
1.0 

95.00 

0.42 
0.36 

32638. 
7833. 

40471. 

4754. 

212. 
297. 
144. 
112. 

2762. 

3527. 

8281. 

0.00189 CU.M/SEC) 
0.00158 CU.M/SEC) 

0.06 CU.M/SEC) 

0. 34 M) 
0.1 SQ.M} 

7.49 M) 
0. 7 CU.M) 

36.2 CENTS/1000 GAL) 

26.8 CENTS/1000 GAL) 

63.0 CENTS/1000 GAL) 
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l ow profi l e 

Dan Kelmar 
Engineerirg Science 
Prudential Cntr., 101 Huntington ve. 
Boston, MA 02199 

I 
. I 

Decernber21,1993 

RE: Proposal #1293530 
SITE ID: Senaca Army Depot 

Dear Dan, I 
I have selected two options, our P.olyethylene two-tray Model 2321-P or our stainless steel 
two-tray 2321 ShallowTray® lowl profile air strippers for your grQundwater remediation 
appli~tion. : • 

r und~rstand tbat the maximum tr~I atment flow rate is SO gpm and the water temperature is 50°F. 
ShallowTray systems are more to erant of lnorganics than other types of aeration equipment, 
however, high concentrations can cause operational difficultles If proper precautions are not taken. 

I I . 
I l 

Expected performance for both th~ ShaJloWTray air strippers operating at 30 gpm (normal 
operation range Is 1-45 gpm) end;50°F Is as follows: 

! I . I . • 

Contaminant Untreate~ After 1st . After 2nd 
ppb I · Tray ppb Tray ppb 

I 

. TrichlOroethylene 
~ 1,2-Dichloroethylene 

100 j 15 3 
100 I 15 a 

! 
The power requirements as sp~clfled are 230 Volt, 1 phase,. 3 Wire and ground. If site 
requlrements differ, please contact our office. . 

I 
I • 

The price for the ShallowTray "'odel 2321-P, with optional components, is listed below: 
. I . 

Basic System Model 2321 .. P. 
l 

Sump tank & 1 tray, polyethylen~ 
1 Additional tray(s), polyethylerie 
Blower, 2 tray, 2 hp, 300 cfm @l10wc. 1 phase, 230V, TEFC I 
lnle1 screen and damper, 304L stainless steel demister, spray nozz.le, sight tube, gaskets, stainless 
s1eel latohes, Schedule 80 PVC pjplng. 

Basic System Price $7,007 

No~ East Envirorvncntal Products. 17 ~cchnology Drivo West Lebanon NH 03784 (603) 298-7061 Fax (603) 298-7063 0 
. I . I 

12 -2 1- 93 O4 :4 1PM POOi # 22 





i 
I ' 

DEC-21 -93 TUE 14:37 

Options . i 
Aluminum Frame ! 
Air pressure gauge i 
Oil / Wat~r separator : 
Oil / Water separator ootions (~arm & hi-level switches frame) 
Feed pump, 30 aom, 60 tdh, 1.5 ~P, 1 phase, 230V, TEFC I 
Olseharge pump, 30 com, 150 tdh,I 1.5 hp, 1 phase, 230V, TEFC I 
Addltlonal blower ! 

I I 

Blower start/stop panel i 

NeMA 3R main disconnect switch I 
Standard NEMA 3R control pan~ with alarm interlocks, motor starter, alarm 
light, UL Listed I · 
Standard NEMA 3R control panel with pump level controls, alarm Interlocks, 
motor starter, alarm light, UL LI ~ted 
NEMA 3R, 4, 4X, PurgePanel™ with alarm interlockS, motor starter(s), 
alarm light, purged panel rompori~nts 
Control panel IS components 
Intermittent ope·ratlon 
Stmbe alarm light 
Alarm horn 
Low air pressure alarm switch 

. High water level alarm switch I 

Discharge pump level switch ! 
wawr pressure gauges , 
Digital water flow Indicator & ~alizer 
Air flow meter : 
Temperature gauges ! 
Une sampling ports i 
Air blower silencer : 
Washer wand i 
Auto dialer 
Other 

Options Cost 

Price With Options 

P.02 

1 $525 
1 $74 
0 $0 
0 $0 
1 $481 
1 $481 
0 $0 -
0 $0 
1 $98 
0 $0 

1 $2,324 

0 $0 

0 $0 
1 $728 
0 $0 
0 $0 
1 $171 
1 $70 
1 $70 
0 $ 0 
0 $0 
0 $0 
0 $0 
2 $53 
0 $0 
0 $0 
0 .$0 
0 $0 

$5,076 

$12,082 

The price for the ShallowTray Model 2321, with optional comp011ents, is listed below: 

Basic System Model 2321 . · 
Sump tank & 1 tray, 304L stainless steel 
1 Additional tray(s)!... ?04L stain\ess steel 
Blower. 2 tray, 2 hp, 300 cfm @! 10wc, 1 phase, 230V, TEFC I 
Inlet screen and damper, 904L ~ainless steel demister, air pressure gauge, spray nozzle, sight 
tube, gaskets, stainless steel latqhes, Schedule 80 PVC piping, tray cleanout ports, steel frame. 

! 
Basic System Price i $ 9,155 
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i : R- 96% 

Options i 
Oil / Water separator ; 
Oil r Water separator options (alarm & hi-level switches, frame) 

I 
Feed pump, 30 gpm, 50 tdh. 1.5 ~p. 1 phase, 230V, TEFC 
Discharge pump, SO gpm, 50 tdh,! 1.5 hp, 1 phase, 230V, TEFC 
Additional blower i 
NEMA 3R Blower start/stop pane! 
NEMA SR Main disconnect switch ! 
Standard NEMA 3R control panel with alarm interlocks, mo1or starter, panel 
Ught, UL Listed ! 
Standard NEMA 3R control panel with pump level controls, alarm interlocks, 
motor starter, panel light, UL Lis ed · . 
NEMA 3R, 4, 4X, PurgePanel™ with alarm Interlocks, motor starter(s}, 
alarm light, purged panel compo1nts 
Control panel IS components (r ired w/ EXP locations) 
Intermittent operation 
Strobe alarm light 
Alarm horn 
Low air pressure alarm switch l 
High water level alarm switch ! 
Discharge pump level switch i 
Water: pressure gauges : 
Digital water flow indicator & to~llzer 
Air flow meter 
Temperature gauges 
Line sampling ports 
Air btbwer silencer 

0 $0 
0 $0 . 
1 $481 
1 $481 
0 $0 
0 $0 
1 $98 
0 $0 

1 $2,324 

0 $0 

0 $0 
1 $728 
0 $0 
0 $0 
1 $171 
1 ·$_70 
1 $70 
0 $0 
0 $0 
0 $0 
0 $0 
2 $53 
0 $0 

Washer wand 
Auto dialer 

1 No Charge 
0 $0 

Other ! a $0 
Options Cos1 $4,476 
Total · Model 2321 System Prjce, Including Options, US$ Each: $13,630 . 

I 

Financing Is available for both bystems. 

All systems are.shipped pre-_j_·_mbled and factory tested anct an O&M manual and 
system start-up Video are inc:d with each unit. Normal shipment Is approximately 4 
weeks from receipt of order. Purclpase terms are 30% with the order, 70% net 30 days from 
delivery. Prices are valid for 90 days only. · I look forward to working with you on this project. 
Once again, thank you for your in$rest in our products. 

! 
1 Sincerely, 
i 

File: Eng Science 

12-21-93 0 4:41PM P003 #22 
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DEC-21-93 TUE 14:40 

Sha) • 
I o w p r o f I I e a i r s t r irp p e r s 
System Performance Estimatr 
Client & Proposal Information: : 

Engineering Science 
,293530 

I 

i 
Modal chosen: 2300 
Water Flow Rate; 10.0 gpm 
Air Flow Rate: 300 cfm 
Water Temp: 50.0 F 

P. 06 

Ail' t81Ylp: 60.0 F 
A/W Ratio: 224.4 cu. ft/ cu. ft 

Contaminant 
Untreated 

Influent 

c-1,2-Diohl~roathylane 1 DO ppb 

Trichlorcethylane 100 ppb 

; 

i 

i 
I 

tu 
bs/hr) 
moval 
ppb 

0495 
91% 

Model 2321 
Effluent 
Water 
Air(lbe/hr} 
%removal 

-c1 ppb 
· 0.000500 

99.9911% 

<1 ppb 
0.000500 
89.9842% 

Safety Factor None 

Model 2331 
Effluent 

Water 
Air(lbs/hr) 
% removal 

<1 ppb 
0.000500 
99.8999% 

<1 ppb 
0.000500 
100.0000% 

Model 2341 
Effluent 

Water 
Air(Jbs/hr) 
% removal 

<1 ppb 
0.000500 
100.0000% 

<1 ppb 
0.000500 
100.0000% 

This repcrt h~ been generaled by ShalltJNTray Modek softwam wn:ion 1 ..4.1. This softwam Is designed to atSisl a skiled operator 
In p1"81ictin9 the performance of a ShalowT ray ar ~ping t;y61em, Tha softwa.n, wiD -.,mt,.,ly pl\lQot the system pernmnanoe 
when both the:eq..ipnenl and lhe softwara 1111 c:peratsci aocord~ t> !he wrklBn dooom8n!albn and Slandard opgmkltl. 
~11h East Enwonmental P~. he. c:anrot be ~le for lnelclental oroonseqLIQ'ltial damages rasulling from tie inproper 
operalion of either the soltw.n or 1he air s171>PillJ equif/ment Rs port g8"Sra~; 12/21193 

@ Copyright; 1992 North East Environmental ~ucts, Inc.• 17 Technology Drive, West Lebanon, NH 03784 
voa, 603-~08-7061 FAX, 603-2'18-7063 • Al 

I 
Righi> R, ... ed. 

! 
l R- 96% 12 -2 1- 93 0 4:4 1PM P006 #22 
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DEC-21 -93 TUE 14:40 

Sbal i 
I o w P, r o ·f i I e a i r s t r t1 

p p e r s 
System! Performance Estimat 
Client & P;roposal Information: 

1 
Engineering Scienoe ' 
1293530 

1 

Untreated 12311 
Contaminant Influent ent 

ter 
lbe/hr) 
moval 

c-1,2-Dichloroethylene 100 ppb ppb 
1261 
628% 

Trichloroethylene 100 ppb 

!Model 232] 
Effluent 
Water 
Alt(lbs/hr) 
%removal 

3 f.Pb 
0.00 456 
97.4601% 

3 ppb 
0.001466 
97.8478% 

Model chosen: 2300 
Water Flow Rate: 30.0 gpm 
Air Flow Rate: 300 ctm 
WaterTemp: 50.0 F 
Alrtemp: 50.0 F 
/WI Ratio: 74.8 cu. ft/ cu. ft 
Safety Factor None 

Model :2331 Model 2341 
Effluent Effluent 

Water Water 
Air(lbsihr) Air(lbs/hr) 
% removal % removal 

1 ppb <1 ppb 
0.001486 0.001500 
99.Ei952% 99.9355% 

1 ppb <1 ppb 
0.001486 0.0011:i00 
99.684:3% 99.9537% 

This report has been generaled by Sl)allowTray Mcde\gr M>ftwnm wrsion 1.4.1. This soft.Yare jg da&igned to l!S$ist a. skilled opgr.2t0r 
In i:w-tdctino the perfotmMc:e of a ShalcmT my er strii,ping syslem. The softwara wil aocura!Bly predict the systam performaooe 
¥.hen bolh Iha e<µpme~ and lhe sofMrare are ~ acccrci~ ~ the written doc::umentai:in and 9landard opetaion. 
t«>rth East Environmental Products, he. cannot b9 ~sble for ilcldentll or conooquenlial damages retulli~ from 1ha inproper 
operation of erherlhe sdtvr.m or !hear s11Wing ~enl Repot'I genet$C!: 12/21193 . 
@ Copyright 1992 North East Environmental ucts, Inc. • 17 Technology Drive, West Lebanon, NH 03784 
Voi:,e; 603-298-7061 FAX: 603-298-7063 • Al Rights Reserved. 

P. 07 

R-97% 12- 21-93 04 :4 1PM POO~ # 22 





DEC -2 8 -93 TUE 12:16 NATL ENVIR SYS 

NAT ION AL 

ENVIRONMENTAL 
lliC. 

SYSTEMS 

36 Maple Avenue • Seekonk. Mauach1.1Mtts 02771 
508 71'i 1•66 l I FAX SOS 761-6898 

P/'u;m: :Prx le :re r re o,p l t: 

National Environmental Systems, Inc. 

9~--------

15087616898 12-28-93 12:28PM POOi #41 





DEC-28-93 TUE 12:16 NATL ENVIR SYS 15087616898 

NAT ION AL 

ENVIRONlVIENTAL ---------------INC. 
S Y S 'l' E M S 

36 Maple Avenue • Seekonk, Ma.ssachuse!ls 0277 1 

Mr. Dan Kelmar 
Engineering scienoe 
Prudential Center 
Boston, MA 02199 

508 761-66Jl PAX 508 761-6898 

December 28, 1993 

SUBJECT: National Environmental Proposal No. 01-121593.22,01 

Dear Dan: 

Thank you !or your interest in National Environmental's 
equipment for subsurface hydrocarbon contamination abatement. 
Par your request for quotation/design information, I am pleased 
to recommend the following equipment for this remediation 
project. 

1 - National Environmental Air stripping system to meet the 
following conditions: 

Flow Rate 
Water Temperature 

Influent Water Concentrations: 
TCB 
CIS-1,2-DCE 

Effluent Water Concentrations: 
TCB 
CIS~1,2•DCE 

Tower Diameter 
Overall Height 
Blower Motor 
Packing Med~a 

20 gpm 
42°F 

100 ppb 
100 ppb 

5 ppb 
5 ppb 

14 inches 
28.5 feet 
0.5 H.P., 230 VAC, 1,, TEFC 
2.3 inch Lanpac 

This tower includes visual cleanout port/inspection port, 
influent piping, influent spray assembly, top flange, flanged 
siphon drain, differential pressure gauge, temperature gauge, 
blower including stand, transition, and field installation kit, 
packing, mist eliminator, hi-su~p sensor, blower pressure switch, 
site glass asse~bly, drawings, and operation/installation manual. 

$7,120.00 

· 15087616898 12-28-93 12:28PM P002 #41 
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DEC - 28-93 TUE 12:16 NATL ENVlR SYS 

J,!r. Dan I<elmar 
Engineering Science 
Page 2 

We appreciate the opportunity to assist you with this project, 
If you have any questions or if you need more infornation, please do not 
hesitate to contact me . 

Very truly yours, 

p~~~ 
Pixie Terreault 

PT/db 

QUOTE VALID FOR 60 DAYS 
TERMS: NET 3 0 , . FOB: OUR PLANT 

R- 97% 15087616898 12-28-93 12:2 8PM P003 #41 





***** VERSION 3.0 DRAFT***** DATE: 01/0 6 / 94 
TIME : 11:4 9:29 

CORA DISCHARGE TO SURFACE WATER COST MODULE (40 6 ) 

SI TE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START : MID FY 1995 
LI QUID-PHASE CARBON 

RUN BY: Dan Kelmar PHONE NUMBER: 617 / 859 -2 42 7 

INPUTS 

Parameter 

Transmission main 
Flow (GPM) 
Length of pipe (ft) 
Depth of trench (ft) 
Is diffuser required? 
Average temp (degrees F) 
Confidence level 
Protection level 

Value 

Gravity 
30 

1500 
6 
N 

50 
M 
D 

RESULTS 

Component 

CAPITAL COSTS 
BASE CAPITAL COST 
NPDES PERM I T 
DIFFUSER 

TOTAL CAPITAL COST 
0 & M COSTS 

Total 

100,000 
58,808 

0 

1-S O, 000 
440 









Cost Backup 
for 

Alternative MC-6 

UV Oxidation 



) 



SEDA ASH LANDFILL FEASIBILITY STUDY 
PRELIMINARY COST ESTIMATES 

Alternative: MC - 6 

Description: UV oxidation 

Unit Capital Annual 
Oeeration Cost O&M Cost 

Groundwater monitoring $43,000 $60,000 
Site preparation 26,000 5,000 
Surface water diversion 38,000 2,100 
Interceptor trenches 60,000 1,000 
Equalization tank/piping 30,000 1,000 
In - line filter 15,000 2,000 
Water softener 15,000 11,000 
UV oxidation 50,000 10,000 
Liquid - phase carbon 20,000 6,000 
Surface water discharge 100,000 1,000 

Subtotal $397,000 $99,100 
Contingency (20%) 79400 19820 
Engineering/Oversight (20%) 79400 19820 
Total $555,800 $138,740 

Present worth O&M cost $1,307,890 
Interest = 10% 
Years of Operation = 30 

Total present worth cost $1 ,863,690 









***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME: 11: 04: 50 

CORA GROUNDWATER MONITORI NG COST MODULE (503) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY : Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter Value 

Number of wells to install 10 
Average well depth (ft) 10 
Protection d u ring setup of D 

drill rig & installation 
of above-grade piping 

Protection during drilling D 
Average temp (degrees F) 50 
Confidence level M 
Number of wells to monitor 40 
Monitoring frequency 4 
Monitoring requirements: 

24 Plasma Metals Y 
Pest/PCB N 
GC-BN N 
GC-Acid N 
HSLORG N 
VOA GC/MS Y 
Acid GC/MS Y 
B/N GC/MS Y 

NOTES : 

Quarterly Monitoring 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

43,000 
~ ,=EJ"i:i!5 
&61 oou 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TI ME : 1 0 : 5 6 : 4 3 

CORA SITE PREPARATION COST MODULE 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: MIGRATION CONTROL ESTIMATED START: MID FY 1995 
RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS RESULTS 

Parameter 

Site clearing (acres) 
Tree removal (ac res) 
Dust control area (acres) 
Local util. connect. 
Distance to power pt. (ft) 
Gas conn. req'd 
Distance to gas conn. (ft) 
Water conn. req'd 
Distance to wtr (ft) 
Water flow (GPM) 
Access rd - ft req'd 
Acess road width (ft) 
Bldg. demolition (CY) 
Stored material (CY) 
Average temp. (deg. F) 
Level of confidence 

RETENTION 
FLOW TIME 

Value 

15.0 
0.0 
0.0 

y 

500 
N 
0 
N 
0 
0 
0 
0 
0 
0 

60 
M 

IS 
PUMPING 

Prot. 
Level 

D 

Component 

SITE CLEARING 
TREE REMOVAL 
DUST CONTROL 
POWER CONNECTION 
GAS CONNECTION 
WATER CONNECTION 
ACCESS ROAD 
TEMPORARY STORAGE 
BLDG DEMOLITION 
FLOW EQUAL.&INVENTORY 

CAPITAL COSTS 
O&M (FLOW INV.) 

BYPRODUCTS GENERATED 
SOILS & ORGANICS (CY) 

TOTAL TRENCH 
TRANSFER IN CONTAM. # OF 

REQUIRED PIPE MATERIAL PUMP 

Total 

13,000 
0 
0 

13,000 
0 
0 
0 
0 
0 

~O&e 
-----u -ou-o 

_-', B 8IO 
1,100 

5,260 

PROT . . 
LEVEL 
(A,B, 

STREAM (GPM) (HRS) (Y/N)? LEN. (FT) (Y /N)? STATIONS C,D,N) 
1 30 6 y 2000 N 2 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 

*** Permanent utility connections are not included in technology 
modules with the exception of onsite incineration. Because 
of the specific high demand for this process, allowances have 
been made within the cost algorithm. 

*** Equalization and inventory costs should not be confused with 
or used for stockpiling and rehandling costs between removal 
and disposal technologies. Stockpiling and rehandling costs 
are significant and site specific, requiring in-depth 
production and economic analysis beyond the scope of this 
conceptual resource. 

D 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME: 10:59:36 

CORA SURFACE WATER DIVERSION/COLLECTION COST MODULE (105) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter Value 

Site on raised ground 
Length of site (ft) 20 00 
Width of site (ft) 1000 
25-yr , 24-hr rain (in.) 
Protection level D 
Average temp (degrees F) 50 
Confidence level M 

NOTES: 

Run-on and Run-off Control 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

38,000 
2,100 

BYPRODUCTS FOR TRANSPORT/DISPOSAL: 

EXCAVATED MATERIAL (CY) 
(SWELL FACTOR=l.25) 346 
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I Excav, Backfill, Compact 
DAILY MAN- BARE COSTS TOTAL 

022 200 CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

204 1300 Dozer bad<filling . bulk. up to 300' haul. no compaction B- 108 1,200 .010 C.Y. .20 .61 .81 .97 
1400 Air ta rrced B-11B 240 .ffi7 1.28 4.01 5.29 6.30 
1600 Compacting backfi ll . s· to 12• lifts. vibra ting roller B-l OC 800 .015 .30 1.02 1.32 1.57 
1700 Sheepsfoot rol ler B-100 750 .016 .32 1.12 1. 44 1.7 1 
1900 Do ze r bad<filling . trench, up 10 300 ' haul, no compaction B-108 900 .013 .27 .81 1.00 1.29 
2000 Air tarrcect B- 11 B 235 _r:f:,8 1.31 4.00 5.40 6.45 
2200 Compacting bad<fill , 6 • 10 12 • lifts. vibrating roller B-10C 700 .017 .34 1.16 1.50 1.79 
2300 Sheepsfoot roller B-100 650 .018 .37 1.29 1.66 1.97 

212 0010 BORROW Buy and load at pit . haul 2 miles round trip 

0020 and spread. with 200 H.P. dorer, no compact ion 

0100 Bank run gravel ® B- 15 600 .047 C.Y. 3.67 .87 2.34 6.88 7.90 
0200 Comrmn borrow 600 .047 3.15 .87 2. 34 6.36 7.35 
moo Crushed stone. 1-½• 600 .047 14 .87 2.34 17.21 19.25 
m20 ¾' 600 .047 14.25 .67 2.34 17.46 19.55 

m 40 ½' 600 .047 14.70 .67 2.34 17.91 20 
mGO %' 600 .047 15.20 .67 2.34 16.41 21 
0400 Sand, washed. conaete 600 .047 12.95 .67 2.34 16.16 18.10 
0500 Dead or bank sand 600 .047 3.15 .67 2.34 6.36 7.35 
r:f:,00 Se lect structural fill 600 .047 6.60 .67 2.34 10.01 11 .35 
0700 Screened loam 600 .047 14.65 .67 2.34 17.66 20 
0000 Topsoil , weed free 600 .047 11.10 .67 2. 34 14.31 16.10 
0000 For 5 rri le haul, add B-34B 200 .040 .70 1.69 2.39 2.90 

222 0010 COMPACTION Steel wheef tandem rol ler. 5 tons ® B-1 0C 6 1.500 Hr. 30 13.55 43.55 60 

0100 10 tons B-1 ~ 6 1.500 . 30 21 51 68 
moo Sheepsfoot or wobbly wheel rol ler. 6' ~fts, common fill B-HX, 1,300 .cm C.Y. .19 .34 .53 .65 
0400 Select fin . 1.500 .000 .16 .30 .46 .57 
0500 Terra Probe, deep sand. vibrating 30.000 C.Y., rrinimum B-43 1.800 .027 .49 .37 .66 1.1 5 
0520 Maximum . 

1.1 00 .044 .60 .61 1.41 1.88 

0540 Mobilization and demobilization. minimum B-8 .63 102 Total 1,900 2,775 4.675 5.875 

0560 Maximum . 48 133 . 2.500 3,650 6.150 7.725 
r:f:, (X) Vibratory plate , 6 • lifts . common fill A-1 200 .040 C.Y. .67 .26 .93 1.30 

0700 Select fill . 216 .m7 .62 .24 .66 1.20 

230 0010 DRIUING ONLY 2' hole for rock bolts. average B-47 395 ,r:f:,1 L.F. 1.14 1. 19 2.33 3.02 

0000 2-½' hole for pre- splitlinQ. averaoe I 540 .044 I .83 .67 1.70 2.21 

1600 Quarry operat ions. 2-½ • to 3- ½ • diarre ter + 71 5 .Cl'.34 + .63 .66 1. 29 1.67 

234 0010 ORIUING AND BLASTING On ly. rock. open lace, under 1500 C.Y. B-47 225 . 107 C.Y . 1.25 2 2.00 5.34 6.70 

0100 Over 1500 C.Y. . 300 .000 125 1.50 1.57 4.32 5.35 

0300 Bulk drill ing and blas ting . can vary greatly, ave rage 3.50 

0500 Pit s. average 18 

1300 Deep hole method . up to 1500 C. Y. B- 47 50 .480 1.25 9 9.40 19.65 25 

1400 Over 1500 C.Y. 66 .364 125 6.80 7.10 15.15 19.45 

1900 Restricted areas. up to 1500 C.Y. 13 1.850 1.25 35 36 72.25 93 

2000 Over 1500 C. Y. 20 1.200 1.25 23 24 48.25 61 

2200 Trenches . up to 1500 C.Y. 22 1.090 1. 25 20 21 42.25 56 

2300 Over 1500 C.Y. 26 .923 1.25 17.30 18. 10 36.65 47 

2500 Pier holes, up 10 1500 C. Y. 22 1.090 1.25 20 21 42.25 56 

2600 Over 1500 C.Y. 31 .774 1.25 14. 55 15.15 30.95 40 

2800 Boulders under 'h cy, loaded on truck. no hauling B- 100 80 .150 3.01 4.93 7.94 9.90 

2900 Drilled. blasted and loaded on truck. no hauling B-47 30 .800 1.25 15 15.65 31 .90 41 

3100 Jackhammer opera tors with foreman compressor, air tools B-9 1 40 Day 690 115 805 1,175 

3300 Track drill , compressor. operator and lorerrnn B-47 1 24 450 470 920 1,200 

3500 Blasting caps Ea . 1.68 1.68 1.85 

3700 Explosives Lb. 1. 25 1. 25 1.38 

3900 Blasting rrnts, rent for first day Ea . 39 39 43 

4000 Per added day 22 22 24 

4200 Preblast surwy for 6 room hoU S1l . individual lot, minirrum A-6 2.40 6.670 130 130 195 

4300 Maximum 
. 1.35 11.850 230 230 345 

.. -· ... . - . - ..... ... ... 





22 I Earthwork 
·- .. 

022 200 I Excav, Backfill, Compact CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

DAILY MAN BARE COSTS TOTAL 

~ 2200 50<Xl' haul B-33E 750 . 019 C.Y . .38 2.27 2.65 3.0S 246 

2300 Common earth. 1500' haul 1,030 .014 .28 1 65 1.93 2.23 

2350 3000' haul 790 .018 .36 2.15 2.51 2.90 

2400 SOCO' haul 650 .(J22 .44 2.61 3.05 3.53 

2500 Clay. 1500' haul 645 .022 .44 2.63 3.07 3.55 

2550 3000 ' haul 495 .028 .57 3.43 4 4.63 

-2600 5000' haul 405 .035 .70 4.20 4.90 5.65 

2700 Towed. 10 C.Y .. ¼ push dozer. sand & qralll!I , 1500' haul 8-338 560 .025 .51 2.01 2.52 2.97 

2720 3000' haul 450 .OJ 1 .63 2.50 3.13 3.69 

2730 5000' haul 365 .038 .78 3.00 3.87 4.55 

2750 Common earth. 1500' haul 420 .033 .68 2.68 3.36 3.96 

2770 3000' haul 400 .035 .71 2.82 3.53 4.15 

2780 5000' haul 310 .045 .92 3.63 4.55 5.35 

2800 Clay. 1500' haul 315 .044 .90 3.57 4.47 5.30 

2820 30CO' haul 300 .047 .95 3.75 4.70 5.55 

2840 5000' haul 225 .032 1.26 5 6.26 7.40 

2900 15 C.Y .. ¼ push dozer. sand & gralll!I. 1500' haul 8-33C 800 .018 .35 1.41 1.76 2.08 

2920 3000' haul 640 .022 .44 1.76 2.20 2.60 

2940 5000' haul 520 .027 .55 2.17 2.72 3.20 

2960 Common earth, 1500' haul 600 .023 .47 1.88 2.35 2.77 

2980 3000' haul 560 .025 .51 2.01 2.52 2.97 

3000 5000' haul 440 ,()32 .65 2.56 3.21 3.78 

3020 Clay. 1500' haul 450 . ()31 .63 2.50 3.13 3.69 

3040 3000' haul 420 .033 .68 2.68 3.36 3.96 

3060 5000' haul 320 .044 .89 3.52 4.41 5.20 

0010 EXCAVATING, STRUCTURAL Hand. pits to 6' deep, sandy soil 1 Glab 8 1 C.Y. 16.85 16.85 25 250 

0100 Heavy so~ or day 4 2 34 34 51 

1300 Pits 6' to 12' deep, sandy soil 5 1.600 27 27 41 

500 Heavy so~ or day 3 2.670 45 45 68 

0700 Pits 12 ' 10 18' deep, sandy soil 4 2 34 34 51 

moo Heavy soil or day 2 4 67 67 100 
1100 Hand loading trucks from stock pile. sandy so i 12 .f:E7 11.25 11 .25 16.90 

1300 Heavy soil or day 8 1 16.85 16.85 25 

1500 For wet or muck hand excavation, add to abolll! % 50% 50¾ 

2000 Machine excavation. for spread and mat footinos. elevator pits. 

. 2001 and smin building foundat ions 

2035 Comrron earth, hydraulic backhoe.¾ C.Y. bucket B-12F 90 .178 C.Y. 3.63 4.78 8.41 10.65 

2040 1 C. Y. bucket B-12A 108 .148 3.03 4.97 8 9.95 

2050 1-½ C.Y. bucket 8-128 144 .111 2.27 4.44 6.71 8.25 

2060 2 C. Y. bucket B-12C 200 .000 1.63 4.46 6.00 7.35 

2070 Sand and gralll!I, ¾ C.Y. bucket B-12F 100 .160 3.27 4.31 7.58 9.60 

2080 1 C. Y. bucket B-12A 120 .133 2.72 4.47 7.19 8.95 

2090 1-½ C.Y. bucket 8-128 160 .100 2.04 4 6.04 7.45 

300) 2 C. Y. bucket 8-12C 220 .073 1.49 4.05 5.54 6.65 

3010 aay. till. or blasted rock. ¾ C.Y. bucket B-12F 80 .200 4 09 5.40 9.49 12 

3020 1 C. Y. bucket B-12A 95 .168 3.44 5.65 9.00 11 .30 

3030 1-'h C.Y. bucket 8-128 130 .123 2.51 4.92 7.43 9.15 

3040 2 C. Y. bucket 8-12C 175 .001 1.87 5.10 6.97 8.40 

9010 For rrobilization or demobilization. see div. 022-274 

9020 For dewatering. see div. 021-404 

9022 For larger structures. see Bulk Excavation. div. 022-238 

9024 For klading onto trucks, add 15% 

9026 For hauling . see div. 022-266 

9030 For sheeting or soldier beams & lagging, see div. 021 -614 & 624 

)4() For trench excavation of strip footings. see div. 022-254 

10 EX CAVA TING, TRENCH or continuous looting . comrron earth 254 

0020 No sheeting or dewatering included 

0< expanded coverage of these rtems see Means Site Work Cost Data 1989 37 





=f:Tii h l ',' I. • J II • "-¥ I 022 200 I E B kf"II C DAILY MAN· BARE COSTS TOTAL · xcav, ac 1 , ompact CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

254 0050 1' to 4' deep.¾ C.Y. tractor loader/backhoe B-11C 150 . 107 C.Y . 2.05 1.16 3.21 4.35 254 
oo;o ½ C.Y. tractor loader/ba ckhoe B- 11M 200 .000 1.54 1.35 2.89 3.79 

0090 4 • to 6' deep. ½ C. Y. tractor loader/backhoe . 200 .000 1.54 1.35 2.89 3.79 
01 00 ¾ C.Y. hydraulic backhoe B-1 20 250 _1),4 1.31 1.32 2.63 3.40 

0110 ¾ C.Y. hydraulic backhoe B-12F 300 .053 1.09 1.44 2.53 3.20 

0300 ½ C.Y. hydraulic excavator , truck mounted B-12J 200 .000 1.63 2. 93 4.56 5.65 
0500 6' to 10' deep, ¼ C.Y. hydraulic backhoe B-12F 225 .071 1.45 1.91 3.36 4.26 
0510 1 C. Y, hydraulic backhoe B- 12A 400 .040 .82 1.34 2.16 2.69 
a;oo 1 C.Y. hydraulic excavator . truck rrounted B-12K 400 .040 .82 1.77 2.59 3.15 
ai lO 1-'h C.Y. hydraulic backhoe B-12B 600 .027 .54 1.07 1.61 1.98 

m oo 10' to 14' deep. ¾ C.Y. hydraulic backhoe B-12f 200 .000 1.63 2. 15 3.78 4.79 

CE10 1 C. Y. hydraulic backhoe B- 12A 360 .044 .91 1. 49 2.40 2.99 

1000 1-½ C.Y. hydraulic backhoe B-12B 540 .030 .61 1.19 1.80 2.20 
1300 14' to 20' deep, 1 C.Y. hydraulic backhoe B-12A 320 .050 1.02 1.68 2.70 3.36 

1310 1-½ C.Y. hydraulic backhoe B-12B 480 .033 .68 1.33 2.01 2.48 

1320 2-½ C.Y. hydraulic backhoe B-12S 850 .01 9 .38 1.77 2.15 2.52 

1400 By hand with pick and shovel to 6' deep. light soil 1 Glab 8 1 16.85 16.85 25 
1500 Heavy soil . 4 2 34 34 51 

1700 For lalTl)ing backfUled trenches, air tamp. add A·l 100 .000 1.35 .51 1.86 2.60 

1900 Vibrating plate. add 90 .009 1.50 .57 2. 07 2.89 
2100 Trim sides and bottom for concrete pours , common eanh 600 . 013 SF . .22 .CE .31 .43 
2300 Hardpan 180 .044 .75 .29 1.04 1.44 
2400 Pier and spread footing excavation. add to above C.Y. 301/o 30% 
3000 Backfill trench. F.E. loader, wheel mtd., 1 C.Y. bucket 

3020 Minimal haul 8-tOR 400 . 030 C.Y . .60 .52 1.12 1.46 
3040 100' haul . 200 .060 1.20 1.03 2.23 2.93 
3080 2-¼ C.Y. bucket. minimum haul 8-lOT 600 .020 .40 .67 1.07 1.33 
3090 100' haul . 300 .040 .80 1.34 2.14 2.67 

258 0010 EXCAVATING, UTILITY TRENCH Common eanh 258 

0050 Trenching with chain trencher, 12 H.P .. operator walkinQ ' 
0100 4• wide trench. 12· deep B- 53 800 . 010 L.F . .21 .25 .46 .58 I 
0150 18 • deep 750 .011 .22 .27 .49 .62 I 
0'200 24 " deep 700 .011 .24 .29 .53 .67 I 
0300 6" wide trench. 12 • deep 650 .01 2 .25 .31 .56 .72 

I 
I 

0350 18 • deep 600 .013 .27 .34 .61 .78 I 
0400 24 • deep 550 .015 .30 .37 .67 .85 I 
0450 36" deep 450 .018 .37 .45 .82 1.04 l 
a;oo 8 • wide trench. 12 • deep 475 .01 7 .35 .42 .Tl .98 : 

a;50 18 • deep 400 .020 .4 1 .50 .91 1.17 ' 
0700 24 • deep 350 .023 .47 .58 1.05 1.33 

0750 36" deep 300 J:Q7 .55 .67 1.22 1.56 

1000 Backfill by hand including compaction. add 

1050 4 • wide trench, 12· deep A-1 800 .010 U . .17 .ai .23 .32 

1100 18 • deep 530 .015 .25 .10 .35 .49 

11 50 24" deep 400 .020 .34 .13 .47 .65 

1300 6" wide trench , 12· deep 540 . 01 5 .25 . .10 .35 .48 

1350 18 • deep 405 .020 .33 .13 .46 .64 

1400 24" deep 270 .030 .50 .19 .69 .96 

1450 36" deep 180 .044 .75 .29 1.04 1.44 

1600 8 • wide trench, 12 • deep 400 .020 .34 . 13 .47 .65 

1650 18 • deep 265 .030 .51 .19 .70 .98 

1700 24 • deep 200 .040 .67 .26 .93 1.30 

1750 36" deep 135 .059 1 .38 1.38 1.92 

2000 Chain trencher. 40 H.P. operator riding 

2050 6 • wide trench and backfill , 12• deep B- 54 1,200 .007 U . .14 .10 .24 .32 

2100 18 • deep 1.000 .ro3 .16 .12 .28 .38 

2150 24 " deep 975 .ro3 .17 .13 .30 .39 

2200 36" deep 900 .cm .18 .14 .32 .42 t 
38 For expanded coverage of these items see Means Site Work Cost Data 1989 
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DAILY MAN· 
027 150 I Sewage Systems CREW OUTPUT HOURS UNIT 

--;64 3160 Steel. plain oval arch culvens. plain 

3180 17" x 13 " 16 Qa .. 15" equivalent B-22 225 .133 L.F. 

3200 21 • x 15 • 16 ga ., 18 • equivalenl 175 .171 

3220 28" x 20· 14 ga .. 24" equivalent 150 .200 

3240 35" x 24 " 14 ga ., 30 · equiva lent 106 .276 

3260 42 • x 29 • 12 Qa .. l3 • equivalent B-1 3 106 .51 9 

3260 49" x 33 " 12 ga ., 42" equivalent 92 .Gffi 

3300 57" x 36 • 12 ga., 46 • equivalent 75 .747 

3320 End sect ions. 17" x 13 • 22 2. 550 Ea. 

3340 42 " X 29" 17 3.290 

3360 Mutti-plate arch, steel B-20 1,690 .014 Lb. 

168 0010 PIPING, DRAINAGE & SEWAGE, POLYVltlYL CHLORIDE 

0020 Not including excavation or backfill 

2000 10' lengths . S.D.R. 35. 4" diameter B-20 375 .C64 L.F . 

2040 6" diameter I 350 .C69 

2060 8" diameter + 335 .072 

2120 1 O • diameter B-21 330 .005 

2160 12 • diameter 320 .008 

2200 15 • diameter 190 .147 

172 0010 PIPING, DRAINAGE & SEWAGE, VITRIFIED CLAY, C700 

0020 Not induding excavation or backfill . 4' & 5' lenglhs 

4030 EX1ra strength, compression jo ints, C425 

500) 4" diameter B-20 265 . ro1 L.F. 

5020 6" diameter . 200 .120 

5040 8" diameter B-21 200 .140 
5(Xi() 10• diameter 190 .147 

5080 12• diameter 150 .167 

5100 15 • diameter 110 .255 

5120 18 • diameter 68 .318 
5140 24 • diameter 45 .622 
5160 30 " diameter B-22 31 .968 
5180 l3 • diameter . 20 1.500 

6000 3 ' lengths , add to above 

6020 2 • lengths. at1d to above 

6040 For die cast slip jo ints compared to premium joints 

6050 For plain joints compared to compression joints 

7060 2 • lengths, add to above 

174 0010 SEWAGE PUMPING STATIONS Prefabricated steel, concrete 

0020 or fiberolass, 200 GPM e-1m .17 494 Total 

0200 1,000 GPM .07 200 

~00 Add for generator unit, 200 GPM. steel .34 · 247 

C600 Concrete .51 165 

1000 Add for generalor unh, 1,000 GPM, steel .30 280 

1200 Concrete .38 221 

1500 For wet well, if required , add B-23 .50 80 
176 0010 SEWAGE TREATMENT Not ind. fencing or exiernal piping 

0020 Steel packaged, blown air aeration plants 

0100 1,000 GPO Ga l. 

0200 5 ,000 GPO 

0300 15,000 G>o 

0400 30,000 G>o 

~00 50.000 G>o 

C600 100,000 GPO 

0700 200.000 GPO 

0000 500,000 GPO 

1000 Concrete , eX1ended aeration. primiry and secondary treatment 

1010 10.000 G>o Gal. 

For expanded cove rage of these items see Means SIie WOfk Cost Data 1989 

BARE COSTS 

MAT. LABOR EQUIP. 

6.67 2.65 .56 

8.19 3.40 .73 

13 3.97 .BS 

16.25 5.50 1.16 

31. 25 9. 40 4.27 

37.63 11 05 5 

34.57 13.55 6.15 

30 46 21 

154 60 27 

.53 .27 

.57 1.23 

1.22 1.32 

1.75 1.38 

2.60 1.67 .26 

3.95 1.72 .26 

6.15 2.90 .45 

.98 1.74 

1.63 2.30 

2.54 275 .42 

4.22 2.90 .45 

5.57 3.67 .56 

10.l:i 5 .77 

15.60 6.25 .96 

29 12.25 1.88 

33.80 19.20 4.10 

52 30 6.35 

3cm 

4o:lil 

90% 

75% 

4o:lil 

23,300 11 ,000 3.100 

34,450 26 ,800 7,525 

17,800 5,500 1.550 

11,130 3,675 1,025 

18,900 6,250 1.750 

15,900 4,925 1.375 

4,560 1,375 955 

TOTAL 

10. 00 

12.32 
17.62 

22. 93 

44.92 

53.66 

54.27 

97 

241 

.60 

1.60 

2.54 

3.13 

4.73 

5.93 

9.50 

2.72 

3.93 

5.71 

7.57 

9.80 

16.13 

22.81 

43.13 

57.10 

88. 35 

37,400 

68,775 

24.B50 

15,830 

26,900 

22.200 

6,890 

TOTAL 

INCL O&P 

12.15 

14.90 

21 

27 

53 

63 

65 

125 

290 

.99 

2.48 

3.33 

4 

5.65 

7.25 

11.60 

3.70 

5.25 

7.40 

9.50 

12. 25 

19.75 

26 

52 

71 

110 

45.700 

86,500 

29 ,600 

18 ,900 

32 ,100 

26 ,400 

8,1 50 

11.40 

7.50 

4.15 

4.05 

2.95 

2.70 

1.90 

2.10 

8.65 

59 

164 

168 

172 

174 

176 
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IRAFI 

140N 
SUBSURFACE DRAINAGE 

._ . . . . - _. - · .. .,. . . - ... 

Drainage Fabric 

Good drainage is essential for soil stability. In order 
for drainage structures to be effective - along 
highways, in embankments, under airfields and 
athletic fields, or anywhere - they must have a 
properly designed protective filter. 

Traditionally, graded-aggregate filter systems have 
been used with limited success to prevent soil 
particles from migrating into subsurface drainage 
structures. However, these aggregate drains have 
several inherent problems, including high cost and 
difficult installation. 

Mirafi 140N, a nonwoven filter fabric, provides an 
effective, cost-efficient alternative to · 
graded-aggregate filters. Among its design features 
are: 

• Easily cont orms to the ground or trench 
surface for fast and trouble-free installation; 

• Creates a superior filter media because of its 
high water flow rate and excellent filtration 
properties; · 

• Meets severe stresses of installation with its 
high puncture and burst resistance. 

Mirafi 140N eliminates many of the problems 
associated with graded-aggregate filters, including: 

• Determining the aggregate gradation 
required to match soil conditions; 

· • Finding a convenient and economical source 
of a specific aggregate gradation; 

• Transporting and placing a graded 
aggregate; 

• Assuring that the in-place aggregate 
gradation provides effective filter 
performance. 

An additional benefit of Mirafi 140N is that the drain 
size can often be reduced when Mirafi fabric is 
installed because the thick, graded-aggregate layer 
is eliminated. As a result, less excavation and less 
aggregate will be required. 





Mirafi 140N Fabric Properties 

Typical 
-Fabric Property Unit Test Method Values 1 

Grab Tensile Strength lb ASTM D-1682-64 120 

Grab Tensile Elongation % ASTM D-1682-64 55 

Burst Strength psi ASTM D-3786-B0a' 210 

Trapezoid Tear Strength lb ASTM D-1117-80 50 

Puncture Strength lb ASTM D-3787-803 70 

Coefficient of Permeability, k cm/sec CFMC GET-2 0.2 

Water Flow Rate gal/min/sf CFMC GET-2 285 

Mirafi 140N Packaging 

Roll Width (ft.) Roll Length (ft.) Roll Wt. (lbs.) 

15.0 360 185 

12.5 360 175 

Type of Fabric Wrapped Drains 

Conventional Drain (with pipe) 

Typical Drain Applications 

PAVEMENT 

'The values listed are average values. Contact the Mirafi Technical Department 
for minimum certifiable values. 
'Diaphragm Bursting Tester. 
'Tension Testing Machine with ring clamp; steel ball replaced with a 5 / 16-inch 
diameter solid steel cylinder centered within the ring clamp. 

To the best of our knowledge, the lnfO<TT181ion contained herein is accurate. However, 
Mirafi, Inc. cannot assume any liability whatsoever for the accuracy or completeness 
thereof. Final determination of the suitability of any infO<ITl8tion or material for the use 
contemplated, of Its manner of use, and whether the suggested use infringes any patents 
Is the sole responsibility of the user. 

French Drain (without pipe) 

Blanket Drain & Edge Drain Pond Underdrain Interceptor Drain 

qnlRAFl1NC 
A member of the • DOMINION TEXTILE group 

Miran- Is a trademarl< owned by Miran Inc . ., 198'4 Miran Inc. 

MIRAFI INC. P.O. BOX 240967 /CHARLOTTE, N.C. 28224 
(704) 523-7477 or (800) 438-1855/TELEX 216903 MRFI 
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'- 1-111RAFI' INC 

FADRIC 

DRAINAGE: 

Mirafi 140N 4.5 oz. 
Hirafi 140N 4.5 oz. 
Hirafi 140NL 3.5 oz. 

STABILIZATION: · 

Hirafi 400X 3.5 oz. 
Hirafi 500X 4.0 oz. 
Hirafi SOOX 4.0 oz. 
Hlrafi soox 4.0 oz. 
Hirafi 600X 6.0 oz. 
Mirafl 600X 6.0 oz. 

EROSION CONTROL: 

Hirafi 700XG 6.5 oz. 
Hirafi 700X 6.5 oz . 
Hirafi. 700X 6.5 oz. 
Hirafi 700X 6.5 oz. 
Hiramat2400 24 . 0 oz . 
Mirama t1800 10.U oz. 

SEDIMENT CONTROL: 

Envirofence 

LANDSC.M'E: 

Hirascape 3.0 oz. 
Mirascape 3.0 oz. 
Hirascape 3.0 oz. 

PREFABRICATED DRAINAGE 

Hiradrain 5000* 
Hi.radrain 6000 

Hi.radrain 6000 

Hiradrain 6000 

Hiradrain 9000 

CIVIL 
ENGINEERING 
FABRICS 

ROLL SIZE 

15' X 360'(600 sy) 
12 • 5 1 X 360 1 

( 500 SY) 
15' X 420' (700 sy) 

12.5 X 576' (000 sy ) 
12 • 5 I X 432' ( 600 sy ) 
17.5' X 309'(600 sy) 
25' X 216 I ( 600 sy) 
12. 5' X 360'(500 sy) 
25' X 100'(500 sy) 

13' X 300'(433 sy) 
6' X 300' ( 200 sy ) 
12' X 300'(400 sy ) 
18' X 150'(300 sy) 
3.75' X 180'(75 sy) 
3.75' X 264'(110 sy) 

3 I X 100' ( 100 1 f) 

3' X JQQ 1 
( lQQ sy) 

G' X 300'(200 sy) 
9' X 300' (JOO sy) 

SYSTEM: 

4' X 50'(200 sf ) 
10 panels/roll 
4 ' X 0'(320 sf) 
1 panel/roll 
4 ' X 2 5 I ( 100 sf) 
1 panel/roll 
4' X 50'(200 sf) 
4' X 50'(200 sf) 

*Miradrain 5000 replaces Miradra in 4000 

(OVER) 

February 1, 1988 

ROLL WT 

10'1 lbs. 
15 3 1 bs. 
170 lbs. 

176 lbs. 
173 lbs. 
179 lbs. 
179 lbs. 
210 lbs. 
210 lbs. 

200 lbs. 
92 lbs. 

184 lbs. 
131 lbs. 
135 lbs. 
135 lbs. 

35 lbs. 

15 lbs. 
28 lbs. 
40 lbs. 

50 lbs. 
70 lbs. 

25 lbs. 

50 lbs. 

50 lbs. 

rRICE* 

$. n'.j/sy 
$.05/s y 
$.75/sy 

$.7S/sy 
$.f10/sy 
$.flO/sy 
$.flS/sy 

$1.0S/sy 
$1.10/sy 

$1.30/sy 
$1.40/sy 
$1.42/ sy 
$1 . 45/sy 
$.80/sf 
$.65/sf 

$1.50/lf 

$.7S/sy 
$.75/sy 
$.75/sy 

$1.50/sr 
$1.<'10/sf 

$1.40/sf 

$lit10/sf 

$1. (,0/sf 





FABRIC WT/ SY ROLL S I ZE ROLL WT 

PAVEMENT OVERLAY: 

Mirafi 900N Lj. 0 oz. 12 • 5 I X 360 I ( 500 s y) 153 lbs . 

NON WOVEN (impermeable liner protecti.on a nd rai.lroad use ): 

Mirafi 180N 8.0 oz. 13 I X 300' (433 sy) 230 lbs. 
Mirafi 180N 8.0 oz. 17.5' X 300'(583 s y) 310 lbs. 
Mirafi 1120N 12.0 oz. 13' X 300' (LJ33 sy) 310 lbs. 
Mirafi 1120N 12.0 oz. 17.5' X 300'(583 sy) LJ 10 lbs. 
Mirafi 1160N 16.0 oz. 13' X 150'(217 sy) 230 lbs. 
Mirafi 1160N 16.0 oz. 17.5' X 150'(292 sy) 315 lbs. 

WOVEN (heavy weight, high performance): 

Mirafi lOOOHP 10 oz. 15' X 240' ( 400 sy) 265 lbs. 
Mirafi 1200HP 12 oz. 15' X 240' ( 400 sy) 315 lbs. 
Mirafi 2100HP 21 oz. 12' X 105'(140 sy) 200 lbs. 

SPECIALITY PRODUCTS: 

Mirafi coated fabric 12' X 300' (400 sy) 190 lbs. 
MCF 1212 
Geonet 250 6.25' X 100' (625 sf) 80 lbs. 
Geonet 250 - 6.25' X 100'(625 sf) 80 lbs. 
with fabric 

Manufacturers Representative: R. P. Marti.no and Company 
2 Ledge Drive 
Georgetown, MA 01833 
617-352-2106 

PR I CE* 

$ .7 5/s y 

$1.30/sy 
$1.30/ sy 
$1.75/ sy 
$1.75/ sy 
$2.60/ sy 
$2.60/sy 

$2.50/sy 
$2.90/ sy 
$6.90/ sy 

$2.25/sy 

$.70/sf 
$.95/s f 

*Prices are for estimating purposes only. Call your local Mirafi. 
representative or distributor for current prices and availabi.li.ty. 

Fabric seaming available, price upon request. 

., 

) 
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Centrifugal Se'Wage Pumps 
1351 

Submersible Automatic 
Sewage Ejector Pumps 

• For 11/, or 1 ½" solids 
• Up to 9300 GPH capacities 
• •h-HP motor 

Continuous-duty pumps work tireles sly 
to pump sewage or other liquids .contain
ing solid matter. Bu,11 -on float switch pro
vides automatic operation and has a quick • 
change feature for fast replacement i f 
necessa ry. Pump also has a 10'h -ft . power 
cord wi1h 3-prong plug for m anual use. 
pumps have threaded flange connections. 
cast iron housing. and a 2-vane . ductile 
iron open impeller with a stain less steel 
shaft. Thermal overload-protected motor is 
Y, hp. 1750 rpm. 115 VAC. 60 Hz . t ph . Min. 
sump dia. is 13". Max. liquid temperature is 
t60" F. Pump height is 17%". 

-=- ~ .::!j 
. ..... -· -

High-temperature (to 200' F) and 230 V 
models are available. Specify No . 9949K888, voltage, temperature , 
and discharge size . Prices on request. 

PUMP PERFORMANCE 

Discharge Head, Ft. 5 10 15 20 

1'h" GPH 8220 6900 5400 3600 
2· GPH 8700 7500 6000 4200 

3· GPH 9300 8100 6480 4620 

Discharge No. NET EACH 
1•.~· .. . 

Max. D,a., Solids 
... 1 v.~ . ...... 9949K19 .. .. S378.33 

2".. .... . ···· ·· ··· ··· 1•h". ..... 9949K21 . 385.09 
J".. .. . ................ . l'h" ... .. .... ... .. 9949K23 . 392.09 

Solids Handling Pump 
• For 11/," solids 
• 22,800 GPH capacity 
• 10-HP engine 

Extra heavy duty centrifugal 
unit gets the job done on hard-to• 
pump sill, rocks, sand, slurries, 
sludge, trash and sewage ... 
handles large flows and solids up 
to 1'/," diameter. Self-priming 
pump performs suction lilts up to 
25 feel Pump has an aluminum 
hQusing with mechanical seals 
and a two-blade. nonclogging im• 
peller. The 10-hp Briggs & Strat· 
ton . air-cooled . 3600 rpm . gaso• 
line engine has recoil start and a 4-qt. fuel tank . Ports are 3· npt. 

Pump is mounted on a heavy-duty steel frame with 10· pneumatic 
wheels and a handle for portability . Pump weighs 265 lbs. 

PUMP PERFORMANCE 

Head, Ft. I 25 I 40 I 60 I 90 
GPH I 22.800 I 18.420 I 13.500 I 4.500 

No. 4388K22 .... . . ...... ... NET EACH S1612.68 

Alumi-Lite Trash Pumps 
• For 1· or 1,;,• solids 
• Up to 20,400 GPH capacity 

These self-priming pumps are 
constructed of lightweight alumi
num, making them extremely por
table but no less durable than 
heavier metals. Pumps are capa 
ble of suction lifts up to 25 feet. 
They welcome the dirty jobs, and 
really go into action to handle silt, 
rocks, sand, muddy water, 
sludge, trash and sewage. 

Impeller and volute are made of 
cast iron. Mechanical seal with a 
stainless steel shaft sleeve . 

.Powered by a Briggs & Stratton air-cooled . 4-cycle. 3600 rpm . gas· 
ollne engine wilh recoil start . Pumps include rubber foot mounts. a 
suction strainer and a handy T •sty le handle tor added portabi lity 

PUMP PERFORMANCE 

Port Head, Ft. 20 
2· GPH 10,800 
3· GPH 20,400 

Pon Max. Dia. , 
Si,e Solids HP 

' . ··· ······ 1· ············ ··· ·· 5 .. 
...... . l'h " ..... .... .... . 8 .... . 

40 

9.240 

17.400 

Wt. , 
Lbs. 

71 
. 105 . 

60 90 

7.200 3.120 

13.080 5.040 

No. NET EAC H 
.... .4338K46 .. .. S668.69 
. ... 4338K48 ... 1024.21 

Automatic High Head 
Sewage Pumps 

• For 1 'h" solids 
• Up to 8520 GPH capacity 
• '/,o- or ½-HP motor 

Submersible, heavy-duly pumps make 
short work of waste, sewage, and solid s 
up to 1 'h". Pumps have a mercury float 
con trol switch with piggyback plug lo tu rn 
pump on and off automatically al leve ls you 
set. Switch mounts lo discharge pipe w ,t h 
an adjustable stainless steel clamp. 

Cast iron body and housing have a 416 
stai nless steel shaft. Thermal overload • 
protected motor is 115 VAC . 60 Hz. 1 ph . 
Furnished with 15-ft. grounded powe r 
cord . Minimum sump diameter is 14". Min• 
imum sump depth is 30· . Available in '/ ,o- and 'f,-hp models with 2" fp t 
discharge .½o-HP PUMP-Has a molded. glass.filled thermoplastic im
peller and 1700 rpm motor. Max. temperature is 150' F. Pump ht. ,s 16' ,-· 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 I 20 I 25 
GPH I 5400 I 4800 I 4080 I 3120 I 600 

No. 5143K17 .. .. .............. ... NET EACH S307.BJ 
'h-HP PUMP-Has casl iron impeller and 1625 rpm motor . Maxi 

mum temperature is 160' F. Pump height is t9J·, ·· UL listed. 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 I 20 I 25 
GPH I 8520 I 7200 I 5400 I 3300 I 720 

No. 5143K18 . . .. NET EACH S414.29 

UL-Listed Sewage Pumps 
• For •1,·, 'I,, or 2· solids 
• Up to 6600 GPH capacity 
• 'h-, 'l,o- , or 'h-HP motor 

Move waste water and sewage oul of col 
lection areas to sewer or septic lines with 
these completely submersible, cast i ron 
pumps. A lloat switch turns pump on and off 
automatica lly. You can set the pump to turn 
on at g· to 14· and off at 2· to 6". Protective 
epoxy coal ing guards against rust and corro • 
sion. Lifetime lubricated, thermal overload• 
protected motor is 115 VAC . 60 Hz. single 
phase. Furnished with 15•fl. power cord. Vorte x impeller ,s nylon . 
Min . sump dia. is 18· . Min . sump depth is 30· . UL and CSA listed. 

PUMP PERFORMANCE 

No. Head, Ft. 5 10 15 ! 20 

42935K22 GPH 3000 2500 1600 I --
42935K23 GPH 3120 2700 1980 I --
42935K24 GPH 4800 3420 1440 I --
42935K25 GPH 6600 5640 3900 I 840 

u,scharge, Max . o ,a., 
HP FPT Solids Ht. No. NET EACH 
'f.> . 1 •;,· 'h" ..... 10•1,· ..... ....... . 42935K22■ .S131 .21 
½.. .... .. 1 •1:,· . l/," .. 8'-," ..... . ... ... 42935K23■ 177.23 
½o .. ..... ... .. 2" .............. 2" .. . .... 11 •.--,•· .. ...... ... 42935K24 251 .45 
'h ...... ......... .2" .......... ... .. .2" ....... ......... 12l/, · .. ........ 42935K25 362.41 
■ Effluent pump with 10-f t. power cord . 

Compact Grinder Pumps 
• Turns up to 1 'h" semi-solids into 

11,· particles 

• 1080 GPH capacity ~ ----
An ideal solution to small waste- ~ 

handling problems. Grind waste, . 
tissue, and certain semi-solids •·· 
down to a maximum particle size of \ ·,· 
•,1,•. Not recommended for handling ~ _' 
hard objects and rags . Mount these -
se lf-priming pumps anywhere . 
Equipped with a flex ible Nitrile im · 
peller with sta in less steel wear plate 
and a cas t bronze grinder plate. 

Pump motor is 115 VAC . 60 Hz . 1 phase. with overload pro tec ti on . 
Outlet port has 1· 10 hose barb . Inlet port is 1 •.-,· MPT 

PUMP PERFORMANCE (Based on Water) 

Head, Ft. I 5 I 10 I 20 I 30 

GPH I 840 I 780 I 648 I 516 

No . 6766K12 ... . ... NET EACH S406.25 
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i 

qemedial Systems,lnc. 
January 5, 1994 

DanKelmar 
Engineering Science 
Prudentail Center - 101 Huntington t\ ve 
Bostson, MA 02199 

Tel: 617..S59-2437 
Far. 6 l 7-8S9-2043 

Subject: RSI Quotation # SYS-01~594-MA 
Proj: Sead Ash Land.fill 

Dear Dan, 

56 Leonard Street 
Foxboro, MA 02035-2929 

(508) 543-1512 
FAX (508) 543-7485 

Remedial Systems Inc. (RSI): is pleased to present the following quotation for the above 
.refer~ project. · 

Item 1: 2 - Water Depression Puh,p capable of 16 GPM @ 80' TDB,: 1/2 HP, 230V, 1 PH. 
Motor, all stainless steel 9C)I1Struction, teflon seals, pump comes complete with 25' of 
(1.5") petroleum resistant discharge hose, and 2S' of sheathed, petroleum resistant 
power lead. 

1 
\ $ 870.00 each 

~ t I 

Item 2: 1 -Total Fluids Well Prpbe for use in single well water recovery, intrinsically safe., 
with SO feet of cable. · 

$225.00c.ach 
; 

Item 3: (1)-RSI Low Profile S~pperModelRTs-60-3 designed to meet_thefollowing 
conditions: · 

=l':'t:f:=-R~i-Y''1 r,•··· ... ·r:- •·t,1 -·····1:\-¼'Y'-· ~¼'l,'•"•1'~ ..... , ••• ::\'"~"·· ..... ,,,w••i"'''"••,•vo• •••1• r • '''} f ("'" •• • ·"I-' ••• ••~ •~,••( ••• •<•v•> ,_. V" • \••'•' ••'• ••)( l'' f".,. '""' t••A '·•••.-.•.!• .•v v ,,, •~• .'::,.'rt ,, .. ,., .•. r,, f ., ... •l'' ilf' •. ··r•'•'·rr ~., .. , ,,,,,,, ... , ... '• ........ . ,,,M,.v., ,:,'l'J 
;r;i!:::r .. ·,;;,~-~(,•i~t"~·,.~ \ ~-7~ t:i{~--r~~~.:~--~;J);:.; ·! .. ~;;d;..;~~:,~;#~,u~:;;r*;:~\fi:..:-:.~,~~ . 

TCE 

c 1,2DCE 

Vinyl Chloride 

Total 

Water Temperature 
Flowrate 

100 
' 120 
i 

20 i 

240 

. 1 

1 

1 

3 

50°F 
30gpm 

I 508 543 748 5 

99 

99.17 

95 

98.75 

01 - 05 - 94 02:45PM POOi ~34 . 
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Height 
Length 
Width 
Blower 

56" 
86" 
36" 

230V, I ph, TEFC 

This equipment includes inlet piping, liquid distributor, air discharge, demister, 
temperature gauge, pressure a&uge, air inlet, blower, drainage sump, siphon drain, 3 level 
sump switch, and blower fail'safe switch. 

$11,610.00 

Item 4: (1) • Transfer Pump, self~riming, capable of30 gpm@40 feet 1DH, 230V, single 
phase, TEFC motor. 

$ 695.00 

Item 5: (1) - Stainless Steel Bag Filter ccapable of SO GPM, 10 Micron filter bags. 

$1,295.00 

Item 6: 1 -·LP-50 Liquid Phase C~n Vessel: 

• Max. Flowrate "S6GPM . Max. Pressure 12 psig 
• Max. Temp 125°F 
• Diameter 34" 
• Overall Height 57" 
• Inlet/ Outlet 3"NPT 
• Virgin Carbon 500 lbs 
• Shipping Weight 1000 lbs 

Carbon V esseis are consttucted of mild steel with a high quality two layer epoxy 
interior coating and a:hard enamel finish e:icterior. 

Approximate coi for reactivation 
• Approximate disposal cost 

S 360.00 each 
$ IS0.00 each 

I 508 543 7485 

$3,180.00 each 

01-05-94 0 2 :45PM P002 #34 
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It.em 7: (2) - VP-600, Vapor Phase Carbon Vessel: 

- Max. Flowrate 
- Max. Pressure 
-Max. Temp 
-Footprint 
- Overall Height 
- Tank Height 
- Tank Diameter 
- Inlet / Outlet 
- Vu-gin Carbon 
- Shipping Weight 

600CFM 
12 psig 

125°F 
34• X46" 

57• 
42" 
32" 
3"NPT . 

500 lbs 
1000 lbs 

Carbon Vessels are constructed of mild steel with a high quality two layer epoxy interior 
coating and a hard enamel finish exterior. 

$ 3,950.00 each 

Item 8: (1)-RSI Control Panelicapable of operating and controlling (2) Water Table 
Depression Pump, (1) transfer pwnp and a complete Air Stripper System. (NEMA 4 
weathertight enclosure) 

.S 2,450.00 

Item 9: (1) - Optional Tdemetry Module. Wrth this option, the user may remotely monitor 
and operate the site from an mM-PC c:ompattole computer equipped with a phone 
modem. The user will have information on all analog and digital inputs, outputs, cycle 
timers, and run times of (tacb. output in the system. 

• F.O.B. Factory ' • Delivery: ~ weeks, after appro'Wl of drawing& 
· • Temls: Net 30 days (snbjcct to ctcdit approval) • Leasing Rates Available 

Offer Valid fbr 90 days 

If you have any additional qJestions, please do not hesitate to c:ontact me. 

i 
i 
i 

BAB 1 

Enc: GB 

$2,495.00 

I 508 543 748 5 
TOTAL P.03 

01 - 0 5-94 0 2: 45PM P00 3 # 3 4 
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ORGANIZATION: fu.3, 11:e.f>tia; <_;o•2-VLC...e, 

FAX NUMBER: (h {f]) ~s"cf- 7-t:J ~J 

FROM: NORMAN A. OLSON 

PEROXIDATION SYSTEMS, ~NC. 
6151 E. Broadway 
Tucson, Arizona 85711 

(800) 552·8064 - Toll Free 
(602) 790-8383 - In Arizona 

Fax: (602) 790-8008 
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December 16, 1993 

Mr. Dan Kelmar 
Engineering Science, Inc. 
Prudential Center 
101 Huntington Avenue 
Boston, MA 02199 

l'.t::!<U.UJJA'l'lUN 

RE: perox•pure,,. Treatment Estimate for a Confidential CERCLA Site 
Proposal #NAO-93175-l 7038~PN01 

Dear Mr. Kelmar: 

4:!:.!Vv , 1 VVV 

Thank you for your interest in the perox-pure'l'II Process. As requested, we have prepared 
this preliminary estimate for pcrox-pureTII Process treatment of the water described in 
Exhibit I. 

The information contained in this preliminary estimate includes descriptions, process 
infonnation and pricing which are confidential to PSI. This proposal shall not be copied 
nor released to third parties without prior approval from PSI. The figures quoted are 
preliminary only and are subject to change. 

perox-pure'"" SYSTEM 

Pcroxidation System Inc's perox-pure'N system is a complete skid mounted ultraviolet (UV), 
hydrogen peroxide ~O:J system with all required controls. Only a minimal foundation 
with containment dike, electrical and plumbing connections are necessary. Over 85 systems 
are in use in North America and Europe. · Many of our customers use the perox-pure,... 
Process at multiple plant locations. 

The unique difference between the perox-pure"' organic destruction pr~s and other 
systems is its ability to actually destrey organics to non-detectable levels, thus eliminating 
the generation of by-product wastes or air discharges to handle or treat. 

In contrast to treatment by liquid phase activated catbon, perox~pure"" doesn't require solids 
handling, transport and potential liability. Compared to the complexities of air stripping 
with vapor phase treatment perox-pure,,. is simple, straight forward and doesn't require an 
air permit or vapor monitoring. 

If circumstances dictate the desirability of using the perox-pure'"' Process along with other 
technologies, we are prepared to offer the total system. 

INVESTMENT AND OPERATING cos:rs 
The perox-pure- treatment system estimated to treat the anticipated flow and organic 
loading is presented below. 

Peraxidatian 5jJStems Inc. 
5151 E. Bt'DifdWi:IIJ, ~tte 600 Tur:sa,i. Arlmnll B57U liDi!·7SD-83B!I nU' 6CJ2-'7BD-BDD8 
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Mr. Dan Kelmar 
December 16, 1993 
Page2 

Equipment Capital Investment 
ln&tallati on/ Start-up 

PER.OXIDATION 

Maintenance Parts (est. @ 8% of Capital) 
Hydrogen Peroxide (est. @ $0.65/lb. 50%) 
Power (est. @ $0.06/kWh) 

Ill UUJ / UUU -------

$45,000 
$5,000 

$3,600/year 
$600-1,800/year 
$5 ,200/year 

Pleue note this preliminary estimate does not include site preparation, pretreatment or post
treatment equipment, if any, freight, taxes, special pennits or on-site equipment handling. 
Normal delivery is 12-16 weeks after receipt of order. 

PROCESS ASSESSMENT 

Due to the variability of treatment cost5 depending on the physical and chemical 
characteristics of the water, a more definitive estimate will require a bench-scale evaluation 
in our Tucson facility. For this evaluation we would need 15 gallons of water. These t.est 
results would enable us to more accurately select the appropriate unit size and 11fi.nn up• our 
estimate. The fee for perox-purel'II bench-scale process evaluation and preparation of the 
technical and c:conomic report is $3,SOO, plus analytical. 

SUMMARY 

The perOl:'•pure"" Process offers the advantages of a proven, cost-effective treatment system 
that creates no air emissions or generation of secondary waste products. 

Your Area Sales Manager, Mike Donaway of PSI's Cranford, New Jersey office, would be 
happy to discuss any questions you have, as well as how to take the next step in your 
evaluation of perox-pure"' technology, and can ·be reached at (908) 276-0044. 

Thank you very much for your continued interest in our products and services! 

Sincerely yours, 

N~v~ 
Norman A. Olson 
ApJilications Specialist 

Enc]OSl.ll'C.i 

cc: Mike J. Donaway, PSI - New Jersey 

Peraxidatlon 5ystems Inc. 
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Organimtion: 
Contact: 
Tclcphone No.: 
Water Source: 
Flow Rates: 

Target 
Contaminants 

Trichloroethene 
1,2-Dichloroethene 
Vinyl Chloride 

water Characteristics 

TOC 
COD 
BOD 
Oils/Greases 
Color 
Iron 
Suspended Solids 
Dissolved Solids 
Turbidity 
Alkalinity 
pH 
Hardness 
Temperature 

EXHIBIT I 

Engineering Science, Inc. 
Dan Kelmar 
{617) 859-2427 
Confidential CERCLA Site 
10-30 gpm 

Influent 
Concentration 

(mlb) 

S0-100 
S0-100 

10 

2 rng/1 
Unknown 

5 mg/1 
Unknown 
Unknown 

10-20 mt/11 

180 rng/11 

400 mg/1 
Unknown 
230 mg/1 

7.0 
320 mg/1 
Unknown 

1 Pretreatment may be beneficial. 

Peraxldatlan Systems Inc. 

602 790 8008 

Effluent 
Concentration 

(ppb) 

<1 
<l 
<1 

12-16 - 93 05:24PM P004 #36 
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15:20 'a'602 790 8008 PEROXIDATION 

J.• l#li• >.'c1 •2, 1i#M MODULAR TREATMENT SYSTEMS 
OREiANIC DE!ITRUCTIDN PRDCEfili 

MX10 
-----· ----------4'•3' 

...,._ ..... ----------r -CIW.tlo ~W4TUOlrr~ 

---------- . 

T[IIP[RATIJ~t SMtCH 

u. ...... 1Ui•ta1• 
1•,u; 

SPECIFIC-8. TIONS 

Flow Rat&: 

1'•7' 

ru• 1:UAllb --111 

Model MX 10 

Maximum 20 gpm 

Inlet: r 
0utl ■i: 1· 

Power SUpply: l/CIO/240V, 10 ICW, 50 AMPS 

!l•ctriclll Encl.: NEMA 3R 

H'l0110<'£ft P[JIO~ID[ ru:o IIOOULE Matarial-
W1tttd Parta: 318 SS, Quartz, A11aroel1111tomere, TFE 
Extetnel Pctn,: Enameletl Stael and AILlminwn 

Weight-
Shipping: 2SO lbs. 
Opa,atir,o: 300 lb1. 

The MX 10, a compact, l0w cost modular treatment system, Is designed to treat watel' 
contaminated by fuels (gasoline, MTBE and alcohol), and other organics, using a combination of 
hydrogen peroxide and ultraviolet (UVI light. 

Based on previous successful applications, Peroxidation Systems, Inc., offers this unit to treat up 
ta 20 gpm continuously, or lower flowa batchwiso. Automatic tube cleaning is a standard feature 
ta minimize on-site operator attention. 

The oxida11on chamber contain• one lamp mounted In a quart2 sleeva with fluoroelastomer seals. 
Safety features Include shop-wired and tested control panels interlocked with temperaUJre and 
flow switches which shut off power at preset condl1ioms. 

The MX 1 o system and its components are covered by numerous Issued and pending patents. 

pp - 6.34-5/93 

Peroxidatian 51J5tems Inc. 

5151 E. Broadway, Suite 600 Tuuon, Arizona 85711 602,.79CJ-8383 FAX 602-790-8008 
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---···- - - ··· · -····· ·--···------

APPLICATION BULLETIN 

VOLATILE ORGANIC COMPOUNDS • VOC'S 

DESCRIPTION 

The VOC' s most often of concern are those on the EPA Method 601 list called Purgable 
Halocarbons, These are organics containing chlorine, bro Mine and/or fluorine, however the 
chlorinated compounds are most often enc:oumered. The complete list ls shown belOw. 

Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Tetrachloride (CCI.) 
Chlorobenzene 
"Chloroethane 
2-Chloroothylvinyl Ether 
Chloroform ICHCl3) 

ct,lorometht1ne 
Olbromochloromethane 

APPLICATION 

1,2-0ichlorobenzene 
1 ,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
Dichlorodifluaromethana 
1, 1-0ichloroethane IDCA) 
1,2-Dichloroethane 
, , 1 •Dichloroethene ,ocEl 
trans• 1,2-Dlchloroethena 
1,2-0ichloropropane 
cis-1,3-Dlchloropropena 

trans-1,3-Diehloropropane 
Methylene Chloride (MeCU 
1, 1,2,2-Tetrachlaroethane 
Tetrachloroethene (PCE) 
1, 1, 1 • TrichtoroethElle {TCA) 
1, 1,2-Triehloroethane 
TrichlOroethene (TCE) 
Trichlorofluoromethane 
(Freon) 

Vinyl Chloride (VCI 

The common VOC's encountered are listed below. Others will fall somewhere in between. 

~ERFORMANCE 

Fastest 

TCE 
PCE 
vc 
DCE 

Slowect 

MaCI 
CHOa 
TCA 
cc" 

Sample data from bench and full-scale systems are shown below: 

Influent Effluent Oxidation Time 
Contamjnant ..JwlL JlQllL (min.I 

TCE 11,950 <1 0.55 
1,2-DCE 3,480 <1 0,6 
PCE 24,990 <1 0.6 
TCA 1,463 100 2.0 
MeCI 2,510 <20 2.0 

Keep in mind, the presence of high concentrations of b:r.ckground organics, high pH, and 
color can affect the rate of oxidation In a particular water. 

Peroxidatian 5ystems Inc. pp - 4, 1-8/92 

5151 E. Broadway, Suite 600 Tut:$on, Arizona 85711 602-790-8383 FAX 602-790-8008 
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ULTROX 
A Division of Zimpro Environmental, Inc. 

FROM: Bill Himebaush 

2435 South Anne Street 
Santa Ana.. CA 92704-5308 

Phone: (714) 545-5557 
Fax: (714) 557-5396 

PROJECT NUMBER:. ___ _ 

DATE:._~D~e~ce~m~b~er~2~1~
1

~19u9~3 ________ _ 

FAX TRANSMITTAL 

TO: 

COMPANY: 

LOCATION: 

FAX NUMBER: 

Dan Kelmar 

Engineerin2 Science, Inc, 

Boston 

_ 617 859-2043 

TOTAL PAGES: 

MESSAGE: Please find attached budget scale up calculations 

If you have any problems with this fax message, please call (714) 545-5557. 

Fax Operator: ___________ _ 

lTT .'1'1Hl1( 

5 
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ULTROX 
A D>vwon ct Zunpro ~nt1/, Inc. 2435 Soulll ArN Stroel 

~nta Ana, CA 0270C-5S06 
Phona: 714 545-6557 

R- 95% 

December 21, 1993 

Dan Kelmar 
Engineering Science, Inc. 
Prudential Center 
101 Huntington Avenue 
Boston, MA 02199 

Dear Mr. Kelmar: 

Fax: 714 657-5396 

FAX: (617) 8S9-2043 

Plea"e find attached budget capital and O&M costs for the ULillOXm Oxidation system 
estimated to meet your groundwater treatment requirements e.t the SE.DA Ash FS site in 
upstate New York. Since oxidation destroys different compounds with different levels of 
efficiency, we ~o basing our estimates on experiences with similar contaminants. 

To provide more complete data and a firm price quotation, we recommend a laboratory 
treatahility study. This would allow us to subject the targeted compounds to a variety of 
oxidation variables and determine the optimum, cost effective dosing needed to reach your 
required target concentrations. l have enclosed our laboratory fee schedule for your 
considcraLion. 

Should you require any further information or clarification, plea.~ give me a can. 
Sincerely, 
uLmox 

William S. Himeh 
National Sales Manager 

WSH/gkr 
enc: Budget Quote & Fee Schedule 

ULTROX 12-21-93 0.3.:0 0PM P002'ttl4 
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BUDGET CAPITAL AND O&M COSTS 
FOR 'l1-IE ULTROX~ UV /OXIDATION SVS'fEM 

I. PARAMETERS 

CONCENTRATION 
PARAMETERS (ug/1) 

TCE 50.100 5 
1.2-DCE 50-100 s 

II. UV /OXIDATION SYSTEM COMPONENTS 

A. CONCRETBTANK 
1. ONE C-5000 

B. OZONE GENERATOR 
1. 7 LB/DAY OZONE GENERATOR 

,C. OZONE GENERATOR AIR PREPARATION SYSTEM 
1. COMPRESSOR 
2. AIR DRYER (~70°F DEWPOINT) 
3. AIR FILTER 

D. HYDROGEN PEROXIDE FEED SYSTEM 
1. CHEMICAL METERING PUMP (0.5 GPH) 
2. CALIBRATION CYUNDER 
3. PUMP STAND 

E. VAPOR TREATMENT 
1. · D-TOx'™ /DECOMPOZON'1M CATALYTIC 

OZONE/VOC DESTRUCTION UNIT 

F. POWER CONTROL UNIT 

tt137 P03 

GOAL 
(ug/1) 

I. PE.OGRAMMABLE LOGIC AUTOMATIC CONTROL UNIT 

------------------------:--::-12-? 1- A1 n1 : nnPM P003 tit 4 ULTROX 
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III. ASSUMPTIONS 

A. Fl.OW RATE == 60 GPM 

B. ELEcrRlCAL COSTS = $0.06/KWH 

C. H2O2 COSTS = $0.70/LB 

IV. COSTS 

A. TOTAL BUDGET CAPITAL COST*: $ 147,000 

• 

•• 

:B. TOTAL BUDGET O&M COSTS**: $ 0.16/1000 GALLONS 

Capital costs are estimated FOB Santa Ana, CA and do not inclu.de 
installation, start up or training. More detailed informalion will be required for 
integration into full-scale system design. 

O&M costs include electrical power costs, ~02 costs, and amortized UV lamp 
replacement costs. 

···--·- . .. . 
ULTROX 12 - 21 - 93 03 : 00PM P004 #14 
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ULTROX 

STANDARD TERMS AND FEE SCHEDULE FOR 

LABORATORY TREATABILITV AND PILOT PLANT STUDIES 

LABORATORY TREATABILIIY STUDIES (Santa Ana, CA) 

$700/day with a. five day minimum 

Analytical work at an independent laboratory will be billed at cost plus 20% 

FIELD PILOT PLANT STUDIES 

Models P-75 
$2,650/week, with a one week minimum 

Models P-325, P:650, P-675 
$3,100/week, with a one week minimum 
D-TOX CF-1 with 0-14 lb/day ozone generator 
D-TOX CF-1 with G-28 lb/day ozone generator 

$2,500/week 
$2,800/week 

An lJltrox field engineer wil1 be provided at a charge of $2,400 (plus travel and living 
expenses) for the first five working days on she. A per diem charge of $575.00 (plus travel 
and living cxpen!.es) will be invoiced for each additional day an Ultrox field engineer is · 
required. Rates for extended rental periods, i.e. greater than four weeks, will be quoted 
upon request. 

A credit ·of SO% on up to 4 weeks laboratory work and pilot plant work will be given for 
purchase of an UL1ROX«> system purchased within six months of test completion. The 
credit docs not apply to charges for living, travel and freight expenses or field engineer's 
time, or for analytica] charges at an independent laboratory. 

l'11ya1,1c upon receipt or invoice 

lnvoirCll Cc.71' laboratory tests IU'e ~c:d upon complctio4 of 1e,u or on a 111onthly ~ tor encndcd labcrl1.0ry uudies. 

l'reigbl charge, b shipment or sample£ 1rwJ/or Jlllot plant unite to and Crom Santa Ana, CA, are tlu, c:u,tomer'• 
responsibility. · 

Invoices ror pllot plant rentals are w:ul:d C:11'1 1 monthly bui&. 

Fi11il week's pllct pllllt rental due with Jl'll'CIIISC order. 

• One lhinl (1/3) payment due with purchase onler on laboralo,y studie£. 

Clulr~ commence on the da)' the unit arrives 11 client'& uiclllty until it ic reluroed to Sa,ua Ana, CA. .t'cdcral 

holidayG. Saturdays . and Sundays thtt the unit is in tran&it !.!Si ~ billed to our clients. 

/\n'/ d~moge 10 tile unit above normal opcrarin~ wear b; the rcipOnsibility ot lbe customer. 

/\ctual travel 11ml daily llvinJ C•(lCIU¢S for Ultl'OlC field engineers arc bUlcd lo the customer. 

!'tires are subject to chanae without nnrL:c. 

• /\JI umplca will be ze1umod to cl~nl a l'ler testing 1£ a>111plcled, 

Pricei; cITcctiv-e 4/lfJI 

ULTROX 12-21-93 03:00PM P005 #I~ 
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-Solarchem 

DATE 

FAX NO. 

TO 

FROM 

RE 

FACSIMILE 
Markham, OlltariO 

Number or Paga : 1' 

Decembcr23,1993 

1517-859-2043 

Dan Kelmar/Bowman Harvey 

Robert Notarfonzo 

Cost Estimate for Ash LandflD 

Hero is the cost estimate you requested. Based on tho followins water charactcrlstlos: 

Groundwater Characteristics 
pH 7 Hardness 320 Chloride 40 

DDm 

IDS 400 Alkalinity 230 Nitrate 0.5 
oom oom 

TSS 180 Calcium 11S Iron zo 
oom onm 

TOC 2nnm BOD Snnm Maruzanese <0.02 
Flow 301!Dm TCE 100 nob l,2DCE 100 ppb 

A l 0 kW unit will be required to reduce both TCE and DCE to below S ppb. The capital 
oost for the reactor and hydrosen peroxide mctcriJla skid is S 61,000. Operating oosl8 will 
be approximalcly $0. 72 pc:r 1000 gallons (a more detailed breakdown attached). 

If these costs look attractive and a compact destruction tochnolo8)' is preferred (vs. air 
•tripping and activated carbon), you may want to arrange for a design test to confirm and 
guarantee costs. I have included information on our design test requirements. 

Please feel free to call me if you have any qucstiom. 

Note: Iron will precipitate during process but fouling is not a problem in our system 
bccaut11S of our patented wiper mechanism. Although unlikely, the suspended solids may 
interfere with treatment and require screening through a 5• 10 micron filter. 

I 30 Royol Crest Court 
~Qrkh11m, Ontario 
:anada, L3R. OA l 

lephonc: (416) 477 • 9242 
J;imlle: (4 16) 477 --45 11 

905 477 45 11 

7320 Smoke R1mch Road 
Las Veps. Nevllda 89128 

USA 
Telephone: (702) 255 • 7055 
Facsiml1c: (702) 255 • 7280 

12-23-93 11:55AM POOl : #03 
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Solarchem Environmental Systems 
PRELIMINARY COST ESTIMATE 

002 

»at~ 23-Dec-93 

C.1110- OnginccriJ}3-&.icrn;,c 

Pro)11d Name Aml.amlill 
Locotlon Upstate NY 

Flow Rate 30 
Contomintu1t TCEl1.2DCE 
flnjl11art/ 100 

""'' s 

Pr"'1en 

~ Mode 
Ra~ Reoctor Ru1.ing 
Total # of R~~ Re11ctor6 

f'«.l W Potra, 

Including lhc following : 

9Plll 

ppb 

Rayox with .•• 

Continuoua 
10 kW 
I 

10 kW 

Sa11rt¥ 
Dlsrha,pto 

Ope,""11g Btuls 

UV Peroxide 

Arranged Bi 

eachwilh 

Soili'OC 
I>i~hiuge 

24 

7 

8400 

sldd(s) 
roactor(s) 

hours/day 
days/week 
hrr/ycar 

I Rayox: n:zlclor skid(s) inc:ludin; Rayox rcactor'(s) with Quartz Cleaner(&) and Power Supply(&) 
Programmable Logic Controller (PLC) System Controllcr(s) 

I Set orBngineoring Drawings. and Operating&. Maintcnnncc Manual 
l ~gc;n J"cn:>,cidc Do&og System 

S61J)OO 

Price docs 1101 include fn;ight to Job site. site preparation, or installation. 

S/1000 gal $/year 

Blcctrical Power (@ $ 0.06 per ltWb) 
Rq,laocmcnt of UV la.uip5 
Hydrogen Pm>xiOc (@ S 0.34 per lb, 30%) 

Total 

$0.25 
$0.38 
S0.09 

$0,'71 

Typical Delivery ....... _____ , ............................... 8 to 10 -weeks 

905 477 4511 

$3,700 
s,.100 
$1,300 

$10.'fOO 

12-23-93 11:55AM P002 ~03 
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12/2:3/93 11:52 SOLARCf-EM 003 

Rayox® Design Test 

In order to confirm the design of a Rayo~ system tor a particular water stream, 
Solarchem performs a Design Test at its laboratory. The tests are directed by engineers 
thoroughly familiar with the various Rayo1:• processes and are supported by in .. house 
analytical services. Sufficient tests are performed to select and optimize the Rayox• 
proco5s for the specific capplication. 

In order to undertake a Rayo.1.• Design Test, we require: 

• 55 gallons of the subject water, delivered to our laboratory, prepaid, in 
approved DOT polyethylene or plastic line.cl containers. 

• discharge objectives/requirements 

• all available analytical data on the actual subject waler 

• any specific analytical methods which may be unique to the project 

• variation in flowrate (mm, normal, max) 

• estimated operating hours per year 
• specifics of geographical lo~tion 

• electrical power cost in $/kWhr 

Upon the completion of the Rayox• Design Test, a proposal win be issued which would 
typically include: 

• an assessment of the treatment altcmntivcs. evaluated and a selection of the 
preferred Rayoxe process 
a fixed price quotation for the proposed system (scope definition permitting) 

• a statement of the performance guarantee and warranty for the system 

• an estimate of the operating costs 

• a schematic flow diagram of the proposed systelll 

• an cstima.te of physical dimensions and dry weight 

• a finn delivery schedule, subject to confirmation at time of order 

Normally a Rayox• Design Test can be completed within three to four weeks after receipt 
of the sample water at our laboratory. The typical cost fbr this work is a test fee of 
$3,000 to $5,000 plus the cost of disbursements (outside analytical services, delivery 
charges, etc.). The test fee would be credited towards a related system purchase within 
six months of the report date. 

Etum-n lJNA 11nd c""""" 
lJDRoyalCIWIC-11 
M•IWwn. Onlam 
UR OAJ,Ciu.la 
1'd 1 (90.'i) .,, 9242 
llu 1 ('05) •1us11 

501..ARCBEM ENVIRONMENTAL S\'STitMS 

OCl'OBER, lffl 

905 477 4511 

WatanVSA 
1)20SIIIGIIIRllldlRcM.SUNb 

LuV..-,N~ 
DUll,UIIA, 

Tel : (702) 255 '7055 
Fu : ('70J)US1J80 
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I Model 10 -1 (10 kW System) I 

P0W£R 
80" SU'f'\. V 

Front View 

II 

I 

System Specifications 

Co11figuratlon: I x 10 kW ~ctor 

Flowme: up 10 2s gpm c1 • piping) 

Electrical Requirements; 
(US) 48Q VAC, lph, 27 ~ 
(Can) 600 VAC, 3ph, 22 amps 

Lamp Power: !5 kW• 10 kW (a<tj.) 

PLC: Siemens Tl40S • 43S CPU 

Material,: 
Wetted Paru - 316SS, Quani, V110n 
External Paru • Epoxy CoatQd $tccJ 

SblpplDI Weight: 1100 lbs/ 500 kg 

IH'ACT0R 

fUIWrnll 

BoacYJew 

Model Features 

• Fully Automated Control 

• Provc:n Lamp Wiper 

• Im.ert..Cdve Message Display 

• Puny Adjustable Lamp Power 

• ().gHA AppnM!d 

• NEC A.ppl'OYIMI 

• Sakt}r lntcdock. Switches 

• Model11/Auto Dialer (optional) 

• FICUli)t Prc1cslcd 

• Minimum Installation 
Requirtmenl$ 

OUTSHINING THE TREATMENT ALT~RNATIVES 

905 477 4511 12-23-93 11 : 55AM P004 #03 
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CORA DISCHARGE TO SURFACE WATER COST MODULE (406) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
LIQUID-PHASE CARBON 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter 

Transmission main 
Flow (GPM) 
Length of pipe (ft) 
Depth of trench (ft) 
Is diffuser required? 
Average temp (degrees F} 
Confidence level 
Protection level 

Value 

Gravity 
30 

1500 
6 
N 

50 
M 
D 

RESULTS 

Component 

CAPITAL COSTS 
BASE CAPITAL COST 
NPDES PERMIT 
DIFFUSER 

TOTAL CAPITAL COST 
0 & M COSTS 

Total 

100,000 
50,9(}.~ 

0 

16)0, 000 
440 





Cost Backup 
for 

Alternative MC-7 

Two Stage Biodegradation 



r-

( 

l 



SEDA ASH LANDFILL FEASIBILITY STUDY 
PRELIMINARY COST ESTIMATES 

Alternative: MC- 7 

Description: Two - stage biodegradation 

Unit 
Operation 

Groundwater monitoring 
Site preparation 
Surface water diversion 
Interceptor trenches 
Equalization tank/p iping 
In- line filter 
Water softener 
Two-stage biodegradation 
Surface water discharge 

Subtotal 
Contingency (20%) 
Engineering/Oversight (20%) 
Total 

Present worth O&M cost 
Interest = 
Years of Operation = 

Total present worth cost 

Capital 
Cost 

$43,000 
26,000 
38,000 
60,000 
30,000 
15,000 
15,000 

180,000 
100,000 

$507,000 
101 ,400 
101,400 

$709,800 

10% 
30 

$2,202,458 

Annual 
O&M Cost 

$60,000 
5,000 
2,100 
1,000 
1,000 
2,000 

11,000 
30,000 

1,000 

$113,100 
22,620 
22,620 

$158,340 

$1,492,658 
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CORA GROUNDWATER MONITORING COST MODULE (50 3 ) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO : 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-24 2 7 

INPUTS 

Parameter Value 

Number of wells to install 10 
Average well depth (ft) 10 
Protection during setup of D 

drill rig & installation 
of above-grade piping 

Protection during drilling D 
Average temp (degrees F) 50 
Confidence level M 
Number of wells to monitor 40 
Monitoring frequency 4 
Monitoring requirements: 

24 Plasma Metals Y 
Pest/PCB N 
GC-BN N 
GC-Acid N 
HSLORG N 
VOA GC/MS Y 
Acid GC/MS Y 
B/N GC/MS Y 

NOTES: 

Quarterly Monitoring 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

43,000 
!:l#M , 8 ef-Q 

t 01 ouu 





***** VERSION 3.0 DRAFT***** DATE: 01/06 /9 4 
TIME : 10 : 56 :4 3 

CORA SITE PREPARATION COST MODULE 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: MIGRATION CONTROL ESTIMATED START: MID FY 1995 
RUN BY: Dan Kelmar PHONE NUMBER: 617 / 85 9 - 242 7 

INPUTS RESULTS 

Parameter 

Site clearing (acres) 
Tree removal (acres) 
Dust control area (acres) 
Local util. connect. 
Distance to power pt. (ft) 
Gas conn. req'd 
Distance to gas conn . (ft) 
Water conn. req'd 
Distance to wtr (ft) 
Water flow (GPM) 
Access rd - ft req'd 
Acess road width (ft) 
Bldg . demolition (CY) 
Stored material (CY) 
Average temp. (deg. F) 
Level of confidence 

RETENTION 
FLOW TIME 

Value 

15.0 
0.0 
0.0 

y 

500 
N 
0 
N 
0 
0 
0 
0 
0 
0 

60 
M 

IS 
PUMPING 

Prot. 
Level Component 

D SITE CLEARING 
TREE REMOVAL 
DUST CONTROL 
POWER CONNECTION 
GAS CONNECTION 
WATER CONNECTION 

. ACCESS ROAD 
TEMPORARY STORAGE 
BLDG DEMOLITION 
FLOW EQUAL.&INVENTORY 

CAPITAL COSTS 
O&M ( FLOW INV. ) 

BYPRODUCTS GENERATED 
SOILS & ORGANICS (CY) 

TOTAL TRENCH 
TRANSFER IN CONTAM . # OF 

REQUIRED PIPE MATERIAL PUMP 

To tal 

13,000 
0 
0 

13 ,000 
0 
0 
0 
0 
0 

2:S£ , 80 
- - - - -u;, ~tJ 

~ , EJO"O'" 
1,100 

5,260 

PROT . 
LEVEL 
(A,B, 

STREAM (GPM) (HRS) (Y/N)? LEN. (FT) (Y/N)? STATIONS C,D,N) 
1 30 6 y 2000 N 2 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 

*** Permanent utility connections are not included in technology 
modules with the exception of onsite incineration. Because 
of the specific high demand for this process, allowances have 
been made within the cost algorithm. 

*** Equalization and inventory costs should not be confused with 
or used for stockpiling and rehandling costs between removal 
and disposal technologies . Stockpiling and r e handling costs 
are significant and site specific, requiring in - depth 
production and e c onomic analysis beyond the scope o f this 
conce ptual resource . 

D 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TIME: 10:59:36 

CORA SURFACE WATER DIVERSION/COLLECTION COST MODULE (105) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
MODULES COMMON TO ALL SCENARIOS 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter Value 

Site on raised ground 
Length of site (ft) 2000 
Width of site (ft) 1000 
25-yr , 24-hr rain (in.) 
Protection level D 
Average temp (degrees F) 50 
Confidence level M 

NOTES: 

Run-on and Run-off Control 

RESULTS 

Component 

CAPITAL COST 
0 & M COSTS 

Total 

38 , 000 
2,100 

BYPRODUCTS FOR TRANSPORT/DISPOSAL: 

EXCAVATED MATERIAL (CY) 
(SWELL FACTOR=l.25) 346 
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I Excav, Backfill, Compact 
DAILY MAN- BARE COSTS TOTAL 

022 200 CREW OUTPUT HOURS UNIT MAT. LABOR EQUIP. TOTAL INCL O&P 

204 1300 Dozer backfilling. bulk. up to 300' haul. no compaction B-108 1,200 . 010 C.Y . .20 .61 .81 .97 
1400 Air ta~ B-11B 240 .ffi7 1.28 4.01 5.29 6.30 
1600 Compacting backfill . 6" to 12 · lifts. vibrating roller B-10C 800 .015 .30 1.02 1.32 1.57 
1700 Sheepsfoot roller 8--100 750 .016 .32 1.1 2 1.44 1.71 
1900 Dozer backfilling. trench , up to 300' haul. no compaction B-108 900 .013 .27 .81 1.00 1.29 
2000 Air ta~ B-11B 235 _a;s 1.31 4.03 5.40 6.45 
2200 Compacting backfill. 6 • to 12 • lifts, vibrating roller 8-lOC 700 .017 .34 1.16 1.50 1.79 

2300 Sheepsfoot roller 8--100 650 .018 .37 1.29 1.66 1.97 
212 0010 BORROW Buy and load at pit . haul 2 miles round trip 

0020 and spread. with 200 H.P. dozer, no compaction 

0100 Bank run gravel ® 8--15 600 .047 C.Y. 3.67 .87 2.34 6.88 7.90 

0200 Common borrow 600 .047 3.15 .87 2.34 6.36 7)5 
0300 Crushed stone. 1-½• 600 .047 14 .87 2.34 17.21 19.25 

0320 ¼. 600 .047 14.25 .87 2.34 17.46 19.55 

0340 ½" 600 .047 14.70 .87 2.34 17.91 20 
0360 %· 600 .047 15.20 .87 2.34 18.41 21 

0400 Sand. washed. concrete 600 .047 12.95 .87 2.34 16.16 18.10 
ffiOO Dead or bank sand 600 .047 3.15 .87 2.34 6.36 7.35 

ffiOO Select structural fill 600 .047 6.80 .87 2.34 10.01 11 .35 
0700 Screened loam 600 .047 14.65 .87 2.34 17.86 20 
0000 Topsoil, weed free 600 .047 11 .10 .87 2.34 14.31 16.10 
0300 For 5 nile haul, add B-34B 200 .040 .70 1.69 2.39 2.90 

222 0010 COMPACTION Steel wheel tandem roller , 5 tons ® 8--HlE 8 1.500 Hr. 30 13.55 43.55 60 ; 
0100 10 tons B--1Cf 8 1.500 . 30 21 51 68 
0300 Sheepsfoot or wobbly wheel roller. 8" lifts. common fill 8--103 1,300 .CXE CY. .19 .34 .53 .65 
0400 Select fin . 1.500 .rol .16 .30 .46 .57 
ffiOO Terra Probe. deep sand. vibrating 30.000 C.Y .. ninimum 8--43 1.800 J12.7 .49 .37 .86 1.15 
ffi20 Maximum 1.100 .044 .80 .61 1.41 1.88 
ffi40 Mobilization and demobilization . minimum 8--8 .63 102 Total 1,900 2.n5 4,675 5,875 

ffi60 Maximum . 48 133 . 2.500 3.650 6,150 7,725 

a;oo Vibratory plate. 8 • ~fts . common fill A-1 200 .040 C.Y. .67 .26 .93 1.30 

0700 Select fill . 216 .037 . .62 .24 .86 1.20 

230 0010 DRIUING ONLY 2. hole for rock bolts. average 8--47 395 .ffi 1 L.F. 1.14 1.19 2.33 3.02 ; 

0000 2-½· hole for ore-split1ina . average I 540 .044 I .83 .87 1.70 2.21 

1600 Quarry operations. 2-½ • to 3- '/2 • diarreter + 715 .034 + .63 .66 1.29 1.67 

234 0010 DRIUING AND BLASTING Only. rock. open face , under 1500 C. Y. 8--47 225 .107 CY. 1.25 2 2.03 5.34 6.70 ; 

0100 Over 1500 C.Y. . 300 .000 1.25 1.50 1.57 4.32 5.35 

0300 Bulk drilling and blasting . can vary greatly. average 3.50 

ffiOO Pits , average 18 

1300 Deep hole method. up to 1500 C. Y. 8--47 50 .480 1. 25 9 9.40 19.65 25 

1400 Over 1500 C. Y. 66 .364 1.25 6.80 7.10 15.15 19.45 

1900 Restricted areas. up to 1500 C.Y. 13 1.850 1.25 35 36 72.25 93 

2000 Over 1500 C. Y. 20 1.200 1.25 23 24 48.25 · 61 

2200 Trenches. up to 1500 C.Y. 22 1.090 1.25 20 21 42.25 56 

2300 Over 1500 C.Y. 26 .923 1.25 17.30 18.10 36.65 47 

2500 Pier holes. up lo 1500 C. Y. 22 1.090 1.25 20 21 42.25 56 

2600 Over 1500 C.Y. 31 .n4 1.25 14.55 15.15 30.95 40 

2800 Boulders under '/2 cy. loaded on truck. no hauling 8--100 80 .150 3.01 4.93 7.94 9.90 

2900 Drilled , blasted and loaded on truck. no hauling 8--47 30 .800 1.25 15 15.65 31.90 41 

3100 Jackhammer operators with foreman compressor . air tools 8--9 1 40 Day 690 115 805 1.175 

3300 Track drill . compressor. operator and foreman 8--47 1 24 450 470 920 1,200 

3500 Blasting caps Ea . 1.68 1.68 1.85 

3700 Explosives Lb. 1.25 1.25 1.38 

3900 Blasting mats. rent. for first day Ea . 39 39 43 

4000 Per added day 22 22 24 

4200 Preblast survey for 6 room hou~. ind ividual lot, minimum A-6 2.40 6.670 130 130 195 

4300 Maximum 
. 1.35 11.850 230 230 345 

-· ... . - . - . ........... 





22 I Earthwork 
·-. 

022 200 I Excav, Backfill, Com pact CREW 

~2200 5000' haul B-33E 

?300 Co mmon ea r1h . 1500 ' haul 

2350 300) ' haul 

2400 5000 ' haul 

2500 Clay. 1500' haul 

2550 300) ' haul 

2600 5000' haul 

2700 Towed. 10 C.Y .. ¼ push dozer. sand & gravel. 1500' haul 8-338 

2720 300)' haul 

2730 5000 ' haul 

2750 Common earth . 1500 ' haul 

2770 300)' haul 

27B0 5000 ' haul 

2800 Cla y, 1500' haul 

2820 3000 ' haul 

2840 5000 ' haul 

2900 15 C.Y .. ¼ push dozer . sand & gravel, 1500' haul B-33C 

2920 300) ' haul 

2940 5000' haul 

2960 Common earth. 1500' haul 

2980 300)' haul 

300) 5000' haul 

3020 Cla y. 1500' haul 

3040 3000' haul 

3(XiQ 5000' haul 

0010 EXCAVATING, STRUCTURAL Hand. pils to 6' deep, sandy so~ 1 Glab 

0100 Heavy so~ or day 

100 Pits 6' to 12' deep, sandy soil 

500 Heavy so~ or dav 

0700 Pits 12' to 18 ' deep, sandy soil 

0000 Heavy soil or day 

1100 Hand loading trucks from stock pile, sandy so~ 

1300 Heavy soil or dav 

1500 For wet or muck hand excavation, add to above 
200) Machine excavation, for spread and mat 1ootinQs, elevator oils. 

. 2001 and sman building founda1ions 

2035 ComITTJn earth, hydraulic backhoe . 1/. C.Y. bud<et B-12F 

2040 1 C. Y. bucket B-12A 

2050 1-½ C.Y. bucket B-12B 

2030 2 C. Y. bucket B-12C 
2070 Sand and gravel , 1/. C.Y. bucket B-12F 

2080 1 C. Y. bucket B-12A 

2090 1-½ C.Y. bucket B-12B 

3000 2 C. Y. bucket B-12C 

3010 aay, till . or blasted rock. 1/. C.Y. bucket B-12F 

3020 1 C. Y. bucket B-12A 

3030 1-½ C.Y. bucket B-128 

3040 2 C. Y. bucket B-12C 

9010 For ITTJbiliza tion or demobiliza tion. see div. 022-274 

9020 For dewatering, see div. 021-404 

9022 For larger structures, see Bulk Excavation. div. 022-238 

9024 For loading onto trucks, add 

9026 For hauling, see div. 022-266 

9030 For sheeting or soldier beams & lagging, see div. 021-61 4 & 624 

10 For trench excavation of strip lootings, see div. 022-254 

10 EXCAVATING, TRENCH or continuous footing, comITTJn earth 

0020 No sheeting or dewalering ilcluded 

or expanded coverage of these rtems see Means Site Work Cost Data 1989 

DAILY MAN BARE COSTS 

OUTPUT HOURS UNIT MAT. LABOR EQUI P. 

750 . 019 CY . .38 2.27 

1.030 .014 .28 1.65 

790 .01 B .36 2.15 

650 .022 .44 2.61 

645 .022 .44 2.63 

495 .02B .57 3.43 

405 .035 .70 4.20 

560 .025 .51 2 01 

450 .CO l .63 2.50 

365 .C08 .78 3.00 

420 .033 .68 2.68 

400 .COS .71 2.82 

310 .045 .92 3.63 

315 .044 .90 3.57 

300 .047 .95 3.75 

225 .032 1.26 5 

800 .018 .35 1.41 

640 .022 .44 1.76 

520 .027 .55 2.17 

600 .023 .47 1.88 

560 .025 .51 2.01 

440 .CO2 .65 2.56 

450 .C01 .63 2.50 

420 .033 .68 2.68 

320 .044 .89 3.52 

8 1 C.Y. 16.85 

4 2 34 

5 1.600 27 

3 2.670 45 

4 2 34 

2 4 67 

12 .667 11 .25 

8 1 16.85 

% 

90 . 178 C.Y . 3.63 4.78 

108 .1 48 3.03 4.97 

144 .111 2.27 4.44 

200 .000 1.63 4.46 

100 .160 3.27 4.31 

120 .133 2.72 4.47 

160 .100 2.04 4 

220 .073 1.49 4.05 

80 .200 4 09 5.40 

95 .168 3.44 5.65 

130 .123 2.51 4.92 

175 .001 1.87 5. 10 

TOTAL 

2.65 

1.93 

2.51 

3.05 

3.07 

4 

4.90 

2.52 

3.13 

3.87 

3.36 

3.53 

4.55 

4.47 

4.70 

6.26 

1.76 

2.20 

2.72 

2.35 

2.52 

3.21 

3.13 

3.36 

4.41 

16.85 

34 

27 

45 
34 

67 

11.25 

16.85 

50¾> 

8.41 

8 

6.71 

6.00 

7.58 

7.19 

6.04 

5.54 

9.49 

9.00 

7.43 

6.97 

15% 

TOTAL 

INCL O&P 

3.03 

2.23 

2.90 

3.53 

3.55 

4.63 

5.65 

2.97 

3.69 

4.55 

3.96 

4.15 

5.35 

5.30 

5.55 

7.40 

2.08 

2.60 

3.20 

2.77 

2.97 

3.78 

3.69 

3.96 

5.20 

25 

51 

41 

68 

51 

100 

16.90 

25 

50¾ 

10.65 

9.95 

8.25 

7.35 

9.60 

8.95 

7.45 

6.65 

12 

11 .30 

9.15 

8.40 

37 

246 

250 

254 

I 
.I 

i , 

.1 
i 

: .I 
I 

I 
.j 
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022 200 j E B kf"II C DAILY MAN· BARE COSTS TOTAL · xcav, ac 1 , ompact CREW OUTPUT HOURS UNIT MAT. LJ.BOR EQUIP. TOTAL INCL O&P 

254 0050 1' to 4' deep, ¼ C.Y. tractor loader/backhoe B-11C 150 .107 C.Y. 2.05 1.16 3.21 4.35 254 
OC60 ½ C.Y. tracto r loader/backhoe B- 11 M 200 .000 1.54 1.35 2.89 3.79 
0090 4' to 6' deep, ½ C.Y. tractor loader/backhoe . 200 .000 1.54 1.35 2.89 3.79 
0100 ¼ C.Y. hydraulic backhoe B-1 20 250 .ffi4 1.31 1.32 2.63 3.40 
0110 ¾ C.Y. hydraulic backhoe B- 12F 300 .053 1.09 1. 44 2.53 3.20 
0300 'h C.Y. hydraulic excavator, truck mounted B- 12J 200 .000 1.63 2.93 4.56 5.65 
0500 6' to 10' deep, ¼ C.Y. hydraulic backhoe B- 12F 225 .071 1.45 1.91 3.36 4.26 
0510 1 C.Y. hydraulic backhoe B- 12A 400 .040 .82 1.34 2.16 2.69 
C600 1 C.Y. hydraulic excavator. truck rmunted B-12K 400 .040 .82 1.n 2.59 3.15 
C610 1-½ C.Y. hydraulic backhoe B-12B 600 .f12.7 .54 1.07 1.61 1.98 

0000 10' to 14' deep,¾ C.Y. hydraulic backhoe B- 12F 200 .000 1.63 2.1 5 3. 78 4.79 
0010 1 C.Y. hydraulic backhoe B- 12A 360 .044 .91 1.49 2.40 2.99 
1000 1-½ C.Y. hydraulic backhoe B-12B 540 .030 .61 1.19 1.80 2.20 
1300 14' to 20 ' deep, 1 C.Y. hydraulic backhoe B-12A 320 .050 1.02 1.68 2.70 3.36 

1310 1-½ C. Y. hydraulic backhoe B-12B 480 .033 .68 1.33 2. 01 2.48 
1320 2-½ C. Y. hydraulic backhoe B-12S 850 .019 .38 1.n 2.15 2.52 
1400 By hand with pick and shovel to 6' deep, light so il 1 Glab 8 1 16.85 16.85 25 
1500 Heavy soil 4 2 34 34 51 
1700 For ta lf(ling backfilled trenches, air tamp, add A-1 100 .000 1.35 .51 1.86 2.60 
1900 Vibrating plate . add 90 .009 1.50 .57 2. 07 2.89 
2100 Trim sides and bottom for rona-ete pours . rommon earth 600 .01 3 S.F. .22 .00 .31 .43 

2300 Hardpan 180 .044 . .75 .29 1. 04 1.44 
2400 Pier and spread footing excavat ion, add to above C.Y. 30¼ 30¾> 
3000 Backfill trench. F.E. loader. wheel mid., 1 C.Y. bucket 

3020 Minimal haul B-1 0R 400 .030 C.Y. .60 .52 1.12 1.46 
3040 100' haul 200 .060 1.20 1.03 2.23 2.93 
3080 2-¼ C. Y. bucket, minimum haul B-10T 600 .020 .40 .67 1.07 1.33 
3090 100' haul . 300 .040 .80 1.34 2.14 2.67 

258 0010 EXCAVATING, UTILITY TRENCH Common earth 258 
0050 Trenching with chain trencher. 12 H.P .. operator wa lkinQ 

I 0100 4" wide trench. 12· deep B-53 800 . 010 L.F . .21 .25 .46 .58 
0150 18 • deep 750 .011 .22 .27 .49 .62 ! 
0200 24 • deep 700 .011 .24 .29 .53 .67 I 

I 

0300 5• wide trench. 12· deep 650 .012 .25 .31 .56 .72 
I 
I 

0350 18 • deep 600 ,01 3 .27 .34 .61 .78 I 
0400 24 • deep 550 .015 .30 .37 .67 .85 I 
0450 l3 • deep 450 .018 .37 .45 .82 1.04 ! 

; 

C600 8. wide trench . 12· deep 475 .017 .35 .42 .n .98 

C650 18 • deep 400 .020 .41 .50 .91 1.1 7 : 

0700 24 • deep 350 .023 .47 .58 1.05 1.33 

0750 35· deep 300 .027 .55 .67 1.22 1.56 

1000 Backfi ll by hand including rompaction. add 

1050 4· wide trench, 12· deep A-1 BOO .010 U . .1 7 .C6 .23 .32 

11 00 18 • deep 530 .015 .25 .10 .35 .49 

11 50 24 • deep 400 .020 .34 .13 .47 .65 

1300 5· wide trench . 12· deep 540 ,015 .25. .10 .35 .48 

1350 18 • deep 405 .020 .33 .13 .46 .64 

1400 24 • deep 270 .030 .50 .19 .69 .96 

1450 35 • deep 180 .044 .75 .29 1. 04 1.44 

1600 8' wide trench. 12· deep 400 .020 .34 .1 3 .47 .65 

1650 18 • deep 265 .030 ,51 .19 .70 .98 

1700 24 • deep 200 .040 .67 .26 .93 1.30 

1750 l3 • deep 135 .059 1 .38 1.38 1.92 

2000 Chain trencher . 40 H.P. operator riding 

2050 6 • wide trench and backfi ll . 12 • deep B-54 1,200 . 007 L.F . .14 .10 .24 .32 

2100 18 • deep 1.000 .000 .16 .12 .28 .38 

2150 24 • deep 975 .000 .17 .13 .30 .39 

2200 l3 • deep 900 .000 .18 .14 .32 .42 

38 For expanded coverage of these items see Means Site Work Cost 0a ta 1989 
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DAILY MAN• 

027 150 I Sewage Systems CREW OUTPlJT HOURS UNIT 

164 3160 Steel. plain oval ardl OJlvens. plain 

31 80 17" x 13 • 16 Qa .. 15 • equiva lent B- 22 225 .133 L.F. 

3200 21· x 15 · 16 ga .. 18 . equivalent 175 .171 

3220 23• x 20 · 14 ga .. 24· equivalent 150 .200 

3240 35 • x 24 • 14 ga .. 30 • equivalent 108 .278 

3260 42 • x 29 • 12 Qa .. 36 • equivalent B-1 3 108 .51 9 

3280 49• x 33 · 12 ga .. 42. equivalent 92 .600 

3300 57" x 38. 12 qa ., 45 · equivalent 75 .747 

3320 End se ct ions. 17" x 13· 22 2.550 Ea . 

3340 42 • X 29 • 17 3.290 

3360 Mulli-plale arch. steel B-20 1.690 .014 Lb. 

168 0010 PIPING, DRAINAGE & SEWAGE, POLYVINYL CHLORIDE 

0020 Not induding excavation or backfill 

2000 10· lengths, S.O.R. 35. 4 • diameter B-20 375 .C64 U . 

2040 5· diameter I 350 .ffi9 

2080 5• diameter + 335 .072 

2120 10 • diameter B-21 330 .005 

2160 12· diame1er 320 .008 

2200 15 • diameter 190 .147 

172 0010 PIPING, DRAINAGE & SEWAGE, VITRIFIED CLAY, C700 

0020 Nol including excavation or backfill . 4' & 5' lenQths 

4030 Extra strength, compression joints . C425 

5000 4• diameter B-20 265 . 001 U . 
5020 s· diameter . 200 .120 

5040 8. diameter B-21 200 .140 

5000 10• diameter 190 .147 

5080 12· diameter 150 .187 

5100 15 • diameter 110 .255 

5120 18 • diameter 88 .318 

5140 24 • diameter 45 .622 

5160 30 • diameter B- 22 31 .968 
5180 36 • diameter . 20 1.500 

6000 3 • lengths. add to abo"1:l 

6020 2 • leng1hs. atld to abow 

6040 For die cast slip joints compared to premium joints 

6060 For plain joints rompared to rompression joints 

7C60 2 • leng1hs. add to abow 

174 0010 SEWAGE PUMPING STATIONS Prefabricated steel . roncrete 

0020 or fiberqlass . 200 GPM c.1m .17 494 Total 

0200 1.000 GPM .07 200 

0500 Add for generator unit , 200 GPM, steel .34 · 247 

ffiOO Concrete .51 165 

1000 Add for generator unh. 1.000 GPM, steel .30 280 

1200 Concrete .38 221 

1500 For wet well . tt required. add B-23 .50 80 

176 0010 SEWAGE TREA TMEN.T Not ind. fencing or external piping 

0020 Steel packaged. blown air aeration plants 

0100 1.000 GPO Gal 

0200 5.000 GPO 

0'.300 15.00'.J GPO 

0400 30. 00'.J GPO 

0500 50. 00'.J GPO 

ffiOO 100.000 GPO 

0700 200.000 GPO 

0000 500.000 GPO 

1000 Concrete . extended aeration. priirnry and serondary treatment 

1010 1 D. 00'.J GPO Ga l. 

Foc expanded coverage of these Items see Means Sile Work Cost Data 1989 

BARE COSTS 

MAT. LABOR EQUIP. 

6.87 2.65 .56 

8.19 3.40 .73 

13 3.97 .85 

16.25 5.50 1.18 

31. 25 9.40 4.27 

37.63 11 .05 5 

34.57 13.55 6.15 

30 46 21 

154 60 27 

.53 .27 

.57 1.23 

1.22 1.32 

1.75 1.38 

2.80 1.67 .26 

3.95 1.72 .26 

6.15 2.90 .45 

.98 1.74 

1.63 2.30 

2.54 2.75 .42 

4.22 2.90 .45 
5.57 3.67 .56 

10.36 5 .n 
15.60 6.25 .96 

29 12.25 1.88 

33.80 19.20 4.10 

52 30 6.35 

3cm 

40% 

90¾ 

75% 

40% 

23.300 11 .000 3.100 

34,450 26,800 7,525 

17,800 5,500 1,550 

11 ,130 3,675 1,025 

18,900 6,250 1.750 

15,900 4,925 1,375 

4,560 1,375 955 

TOTAL 

1000 

12.32 

17.82 

22.93 

44.92 

53.68 

54.27 

97 

241 

.80 

1.80 

2. 54 

3.13 

4.73 

5.93 

9.50 

2.72 

3.93 

5.71 

7.57 

9.80 

16.13 

22.81 

43.13 

57.10 

88.35 

37,400 

68.ns 
24,850 

15,830 

26,900 

22,200 

6,890 

TOTAL 

INCL O&P 

12.15 

14.90 

21 

27 

53 

63 

65 

125 

290 

.99 

2.48 

3.33 

4 
5.85 . 

7.25 

11 .60 

3.70 

5.25 

7.40 

9.50 

12.25 

19.75 

28 

52 

71 

110 

45.700 

86 ,500 

29.600 

18.900 

32,100 

26,400 

8,150 

11.40 

7. 50 

4.15 

4.05 

2.95 

2.70 

1.90 

2.10 

8.65 

59 

164 

168 

172 

174 

176 

I 
I -
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IRAFI 

140N 
SUBSURFACE DRAINAGE 

. . . - . . . . . . : .: . · .. - . ~ . . . 

Drainage Fabric 

Good drainage is essential for soil stability. In order 
for drainage structures to be effective - along 
highways, in embankments, under airfields and 
athletic fields, or anywhere - they must have a 
properly designed protective filter. 

Traditionally, graded-aggregate filter systems have 
been used with limited success to prevent soil 
particles from migrating into subsurface drainage 
structures. However, these aggregate drains have 
several inherent problems, including high cost and 
difficult installation. 

Mirafi 140N, a nonwoven filter fabric, provides an 
effective, cost-efficient alternative to · 
graded-aggregate filters. Among its design features 
are: 

• Easily conforms to the ground or trench 
surface for fast and trouble-free installation; 

• Creates a superior filter media because of its 
high water flow rate and excellent filtration 
properties: 

• Meets severe stresses of installation with its 
high puncture and burst resistance. 

Mirafi 140N eliminates many of the problems 
associated with graded-aggregate filters, including: 

• Determining the aggregate gradation 
required to match soil conditions; 

• Finding a convenient and economical source 
of a specific aggregate gradation; 

• Transporting and placing a graded 
aggregate; 

• Assuring that the in-place aggregate 
gradation provides effective filter 
performance. 

An additional benefit of Mirafi 140N is that the drain 
size can often be reduced when Mirafi fabric is 
installed because the thick, graded-aggregate layer 
is eliminated. As a result, less excavation and less 
aggregate will be required. 





Mirafi 140N Fabric Properties 

Typical 
-Fabric Property Unit Test Method Values 1 

Grab Tensile Strength lb ASTM 0 -1682-64 120 

Grab Tensile Elongation % ASTM 0 - 1682-64 55 

Burst Strength psi ASTM O-3786-80a' 2 10 

Trapezoid Tear Strength lb ASTM 0 -1117-80 50 

Puncture Strength lb ASTM 0-3787-80' 70 

Coefficient of Permeability, k cm/sec CFMC GET-2 0.2 

Water Flow Rate gal/min/sf CFMC GET-2 285 

M irafi 140N Packaging 

Roll Width (ft.) Roll Length (ft.) Roll Wt. (lbs.) 

15.0 360 185 

12.5 360 175 

Type of Fabric Wrapped Drains 

Conventional Drain (with pipe) 

Typical Drain Applications 

P AVEMENT 

'The values listed are average values. Contact the Mirafi Technical Department 
for minimum certifiable values. 
'Diaphragm Bursting Tester. 
'Tension Testing Machine with ring clamp; steel ball replaced with a 5/ 16-inch 
diameter solid steel cylinder centered within the ring clamp. 

To the best of our knowledge, the lnf0<mation contained herein is accurate. However, 
t.Airafi, Inc. cannol assume any liability whalsoever f0< the accuracy or completeness 
thereof. Final determination of the suitability of any inf0<malion 0< malerial f0< the use 
contemplated, of Its manner of use, and whether the suggesled use Infringes any palents 
is the sole responslbllity of the user. 

French Drain (without pipe) 

Blanket Drain & Edge Drain Pond Underdrain Interceptor Drain 

qnlRAFl1NC 
A member of the • DOMINION TEXTILE group 

Mirao- Is a trademar1< owned by t.Alrafl Inc. 0 198<4 Mlrafl Inc. 

MIRAFI INC. P.O. BOX 240967 / CHARLOTTE, N.C. 28224 
(704) 523-7477 or (800) 438- 1855/ TELEX 2 16903 MRFI 

2P-6 
11 . A/; 





'- 1-1-11RAFI' INC 

Fl\.DRIC 

DRl\.INl\.GE: 

Mi.rafi 140N 4.5 oz. 
Mirafi 140N 4.5 oz. 
Mirafi. 140NL 3.5 oz. 

STABILIZl\.TION: 

Mirafi. 400X 3.5 oz. 
Hi.rafi 500X 4.0 oz. 
Hirafi 500X 4.0 oz. 
Hi.rafi 500X 4.0 oz. 
Hirafi 600X 6.0 oz. 
Hirafl 600X 6.0 oz. 

EROSION CONTROL! 

Hirafi 700XG 6.5 oz. 
Hi..raf i.. 700X 6 . 5 oz . 
Hi..rafi.. 700X 6.5 oz. 
Hirafi 700X 6.5 oz. 
Hiramat2400 24.0 oz. 
Miramatl800 10.<J oz. 

SEDIMENT CONTROL: 

Envi.rofence 

Ll\.N DSCl\.r E: 

Hirascape 3.0 oz. 
Mirascape 3.0 oz. 
Hirascape 3.0 oz. 

PREFl\.BRICl\.TED DRAINl\.GE 

Miradrain 5000* 
Mi.radrain 6000 

Miradrai.n 6000 

Miradrain 6000 

Miradrain 9000 

CIVIL 
ENGINEERING 
Fl\.BRICS 

ROLL SIZE 

15' X 3GO' (600 sy) 
12. 5' X 3G0'(500 sy ) 
15' X 420' {700 sy ) 

12. 5 X 576' ( 000 sy ) 
1 2. 5' X 4 3 2' ( 600 sy ) 
17.5' X 309'(600 sy ) 
25' X 216' ( 600 sy ) 
12.5' X 360'(500 sy) 
25' X 100'(500 sy ) 

13' X 300' ( 433 sy ) 
6' X 300' ( 200 sy ) 
12 I X 300'(400 sy) 
18' X 150'(300 sy) 
3.75' X 180' (75 sy) 
3.75' X 264' ( 110 sy) 

3' X 100'(100 lf) 

3' X 300 I ( 100 sy) 
G' X 300'(200 sy) 
9' X 300'(300 sy ) 

SYSTEM: 

4' X 50' ( 200 sf ) 
10 panels/roll 
'1 ' X 0' ( 320 sf) 
1 panel/roll 
-1 ' X 2 5' ( 100 sf ) 
1 panel/roll 
4' X 50' ( 200 sf) 
4' X 50'(200 sf) 

*Hiradrai.n 5000 replaces Miradra i.n '1000 

(OVER) 

February 1, 1988 

ROLL WT rRICE* 

1 0 '1 lbs. $. WJ/sy 
153 lbs. $.05/sy 
170 lbs. $.75/sy 

176 lbs. $.7'J/sy 
173 lbs. $.f10/sy 
179 lbs. $.00/sy 
179 lbs. $. !l'J/sy 
210 lbs. $ 1. Wi/sy 
210 lbs. $1.10/sy 

200 lbs. $1.30/sy 
92 lbs. $1.40/sy 

184 lbs. $1.42/sy 
131 lbs. $1.45/sy 
135 lbs. $.80/sf 
135 lbs. $.65/sf 

35 lbs. $1.50/lr 

15 lbs. $.7:i/sy 
28 lbs . $.75/sy 
40 lbs. $.75/sy 

50 lbs. $1. r;o/sf 
70 lbs. $1.40/sf 

25 lbs. $1.40/sf 

50 lbs. $1,'10/sf 

50 lbs . $1. (10/sf 





FABRIC WT/SY ROLL S I ZE ROLL WT 

PAVEMENT OVERLAY: 

Mirafi 900N 4 .-0 oz. 1 2 • 5 I X 360' (500 s y) 153 lbs. 

NON WOVEN (impermeable liner protec tion and railroad use ): 

Mirafi 180N 8.0 oz. 13' X 300' (433 sy) 230 lbs. 
Mirafi 180N 8.0 oz. 17 .5 ' X 300'(583 sy) 310 lbs. 
Mirafi 1120N 12.0 oz. 13' X 3 00 I ( 4 3 3 sy) 310 lbs. 
Mirafi 1120N 12.0 oz. 17.5' X 300'(583 sy) 410 lbs. 
Mirafi 1160N 16.0 oz. 13' X 150 I ( 21 7 sy) 230 lbs. 
Mirafi 1160N 16.0 oz. 17.5' X 150'(292 sy) 315 lbs. 

WOVEN (heavy weight, high performance): 

Mirafi lOOOHP 10 oz. 15' X 240' (400 sy) 265 lbs. 
Mirafi 1200HP 12 oz. 15' X 240' (400 sy) 315 lbs. 
Mirafi 2100HP 21 oz. 12' X 105'(140 sy) 200 lbs. 

SPECIALITY PRODUCTS: 

Mirafi coated fabric 12' X 300' (400 sy) 190 lbs. 
MCF 1212 
Geonet 250 6.25' X 100' (625 sf) 80 lbs . 
Geonet 250 - 6 . 25' X 100' (625 sf) 80 lbs. 
with fabric 

Manufacturers Representative: R. P. Martino and Company 
2 Ledge Drive 
Georgetown, MA 01833 
617-352-2106 

PRICE* 

$.75/s y 

$1.30/sy 
$1.30/sy 
$ 1. 75/sy 
$ 1.75/sy 
$2.60/sy 
$2. 6 0/sy 

$2.50/sy 
$2.90/sy 
$6.90/ sy 

$2.25/sy 

$.70/s f 
$.95/sf 

*Prices are for estimating purposes only. Call your local Mirafi. 
representative or distributor for current prices and availability. 

Fabric seaming available, price upon request . 

✓, 

} 
·' 
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Cent:rifugal Sew-age Pu,nps 
1351 

Submersible Automatic 
Sewage Ejector Pumps 

• for 1 '/, or 1 'h" solids 
• Up to 9300 GPH capacities 
• •!,-HP motor 

continuous-duty pumps work tireless ly 
10 pump sewage or other liquid s .conlain
ing solid matter. Bu1lt -1n float switch pro• 
,ides automatic operation and has a quick· 
change feature for fast replacement if 
necessary. Pump also has a 10'h• ft. power 
cord with 3-prong plug tor manual use. 
pumps have threaded flange conneclions. • .,,.. 

cast iron housing. and a 2•vane. ductile ~=~ .t:1·. • _ _ ..f) 
iron open impeller with a stainless steel 
shaft . Thermal overload-protected motor is 
,;, hp. 1750 rpm. 115 VAC. 60 Hz. 1 ph . Min . 
sump dia. is 13". Max . liquid temperature is 
160" F. Pump height is 17%". 

High-temperature (to 200° F) and 230 V 
models are available. Specify No. 9949K888, voltage, temperature, 
and discharge size . Prices on request. 

PUMP PERFORMANCE 

Discharge Head, Ft. 5 10 15 20 

l'h" GPH 8220 6900 5400 3600 
2· GPH 8700 7500 6000 4200 
3· GPH 9300 8100 6480 4620 

Discharge Max. Dia., Solids 
1½· . .... ... ... ...... . . .. ... •• 1¼" 

No. NET EACH 
.. ........ 9949K19 .... S378.33 

r .... . .... ... ... .. .... 1½· . . .......... ..... .... ...... .. 9949K21 385.09 
3· .. ..... . ......... . 1 'h " . . ... ........ ......... 9949K23 . 392.09 

Solids Handling Pump 
• For 1¼" solids 
• 22,800 GPH capacity 
• 10-HP engine 

Extra heavy duty centrifugal 
unit gets the job done on hard-lo• 
pump sil t, rocks, sand, slurries, 
sludge, trash and sewage ... 
handles large !lows and solids up 
to 1'/," diameter. Sell-priming 
pump performs suction lilts up to 
25 feel Pump has an aluminum 
Musing with mechanical sea ls 
and a two-blade. nonclogging im• 
peller. The 10-hp Briggs & Strat 
ton . air-cooled. 3600 rpm. gaso
line engine has recoil start and a 4•q t. luel tank. Ports are 3· npt. 

Pump is mounted on a heavy-duly steel lrame with 10· pneumatic 
wheels and a handle for portability . Pump weighs 265 lbs. 

PUMP PERFORMANCE 

Head, Ft. I 25 I 40 I 60 I 90 
GPH I 22.800 I 18.420 I 13.500 I 4.500 

No. 4388K22 ... .. ......... ........ . NET EACH S1612.68 

Alumi-Lite Trash Pumps 
• For 1· or 1 'h" solids 
• Up to 20,400 GPH capacity 

These sell-priming pumps are 
constructed of lightweight alumi
num, making them extremely por
table but no less durable than 
heavier metals. Pumps are capa
ble of suction lilts up to 25 feet. 
They welcome the dirty jobs, and 
really go into action to handle silt, 
rocks. sand, muddy waler, 
sludge, trash and sewage. 

Impeller and volute are made ol 
cast iron . Mechanica l seal with a 
stainless steel shaft sleeve. 

.Powered by a Briggs & Stratton air•cooled . 4-cycle. 3600 rpm. gas· 
ohne engine with recoil start . Pumps include rubber loot mounts. a 
suction strainer and a handy T•slyle handle for added portabi lity 

Port 

Port 
Sile 
2 

2· 
3· 

PUMP PERFORMANCE 

Head, Ft. 20 

GPH 10.800 
GPH 20.400 

Max . Dia ., 
Solids HP 

.... . 1· ····· ·· ·· ···· ···· 5 . 

.... . 1 •1,· . ....... . .... . 8 . 

40 

9.240 

17.400 

Wt. , 
Lbs. 

71 . 
105 

60 90 

7.200 3.120 

13.080 5.040 

No. NET EACH 
. .... 4338K46 .... S668.69 

... 4338K48 ... 1024.21 

Automatic High Head 
Sewage Pumps 

• For 1 'h" solid s 
• Up to 8520 GPH capacity 
• ' / ,o- or 'h- HP motor 

Submersible, heavy-duty pumps make 
short work of waste, sewage. a nd solids 
up to 1 ½". Pumps have a mercury lloa t 
con trol swi tch with piggyback plug to lurn 
pump on and off automatically al leve ls you 
se l. Switch mounts to discharge pipe wi th 
an adjustable stainl ess stee l c lamp . 

Cast iron body and housing have a 416 
stainless steel shaft. Thermal over load• 
protected motor is 115 VAC. 60 Hz. 1 ph . 
Furnished with 15-f t. grounded power 
cord . Minimum sump diameter is 14". Min
imum sump depth is 30". Available in '/ ,o- and 'h-hp models with 2"" fp l 
discharg e.'1,.-HP PUMP -Has a molded . glass. filled thermoplasti c im• 
pelter and 1700 rpm motor. Max. temperalure is 150' F. Pump ht. is 16' , ·. 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 I 20 I 25 
GPH I 5400 I 4800 I 4080 I 3120 I 600 

No. 5143K17 .. .. . . . . ... ........ NET EACH S307.83 
'h-HP PUMP - Has cast iron impeller and 1625 rpm motor . Maxi• 

mum temperature is 160' F. Pump heigh t is 19, .• ·· UL listed . 

PUMP PERFORMANCE 

Head, Ft. I 5 I 10 I 15 I 20 I 25 
GPH I 8520 I 7200 I 5400 I 3300 I 720 

No. 5143K18 .. . ..... . NET EACH S414.29 

UL-Listed Sewage Pumps 
• For •1,·, 1/,, or 2· solids 
• Up to 6600 GPH capac ity 
• 1/2-, 4/1 0 -, or 'h-HP motor 

Move waste water and sewage out al col• 
lection areas to sewer or septic line s with 
these completely submersible , cast iron 
pumps. A float switch turns pump on and off 
automatically. You can se t the pump 10 turn 
on at 9· to 14· and off al 2" to 6" . Protective 
epoxy coat ing guards against rust and corro• 
sion . Liletime lubricated. thermal overload• 
protected motor is 115 VAC. 60 Hz. single 
phase. Furnished with 15·II. power cord . Vortex impeller ,s nylon. 
Min . sump dia. is 18". M in . sump depth i s 30· . UL and CSA listed. 

PUMP PERFORMANCE 

No . Head, Ft . 5 10 15 I 20 

42935K22 GPH 3000 2500 1600 I --
42935K23 GPH 3120 2700 1980 I --
42935K24 GPH 4800 3420 1440 I --
42935K25 GPH 6600 5640 3900 I 840 

u,scnarge, Max. u,a ., 
HP FPT Sol ids Ht. No. NET EACH 
'IJ .... . .. ... 1 '/2 'h" ... ... ... ... 10•1,_ .. ......... 42935K22■ .S131 .21 
'IJ ... .... . ..... . l'f.!" .. >1, · . 8' ·, ·· .. ..... ..... 42935K23■ . 177.23 
'/ ,o ... ...... ... .. 2" ... .. ..... ... .. 2" ... . .... 11 •.--,.- ..... ...... 42935K24 25 1.45 
'h .... ... ...... ... 2" ........ ........ 2" .. ... ....... .... 123-', · .... . ...... 42935K25 362.41 
■ Effluent pump with 10-ft. power cord . 

Compact Grinder Pumps 
• Turns up to 1 'h" semi -solids into 

'I•" particles 

• 1080 GPH capacity ~----

An ideal solution to small waste• ~ . ~~_·•~·,· · _ .. handling problems. Grind waste , 
tissue, and certain semi-solids 
down to a maximum particle size of 
•1■ •• Not recommended for handling 
hard objects and rags . Mount these 
se lf-priming pumps anywhe,e 
Equipped with a flexible Nilrile im • 
peller with stainless steel wear plale 
and a cast bronze grinder plate. 

Pump motor is 115 VAC. 60 Hz . 1 phase. wi th ove rl oad pro tec tion . 
Outlet port has 1· ID hose barb Inlet port is 1 •.-, · MPT 

PUMP PERFORMANCE (Ba sed on Water ) 

Head. Ft. I 5 I 10 I 20 I 30 

GPH I 840 I 780 I 648 I 516 

No. 6766K 12 .. .NET EACH S406.25 





198 Airport RoM 
F11II R1vRr, MA 0?720 
!iOU-G7b-1H1 

l'AX 508-G?S-114;> 

Engl.necri Ill( !id u11ce 

101 Huntintun Ave. 
Bollt011, MA 02199 

J(c: Pl{!' 'rank 
aac project ~YJ-~41 

Gentle111en, 

Dc·ceml>er 2Z 1 1993 

We thnuk you for yo11i- 1114ul1y 11ucl nrc· µJl•1111ecl to offer our !)udtctar.y 
quoLal·ion ui; follvwi<, 

Qty 
l 

D1•11nlplion 

)0 1 --0" dill. x 18 1 -0 11 l>Cl'lli!;l•l ,;i.t!E;, flnt h~tto11, flat top 
flbllr~lu6ifl t,lllk v1111 four lUt.lnl; lugs. 
nuugetMy l'ri.c~ Hurl, ..•..••••....••.•••.• ,. •••. H'.l,800,00 

ltc1u A will ht• r1111t~c,l u,lddP.ll ~c, AS"t'M ll409"/ ~t un,lurclc udn/.'. ltoit:hhold 33-402 
1·cain and a 10 inil "c" veil liT1C1, 

'l:ern1w: To bu "ctorm1u,·d 
P,0,11, Fnll l<.iv1•r, MA. inl~hl coHHI. 
Vrjcc& ~uol~d ur~ vftlld fur JU duyi;. 

llr.awinso: y1b 
lf you huv, ~ny 

be l \.1(1ok uftc•, n·ce1pf. ,,1 purchui:~ orduL 

qucnionR plru11c tlo uol he1:it,1tc tu contact t:hifl office, 

p.02 

i'T'"{lcj 
t. AIDAr~llo 

l'roj ec,t Ensincer JM1Js 

12-22-93 11:56AM 
pQ02 tt35 
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; 

ffemedial Systems,lnc. 
January 5, 1994 

DanKelmar 
Engineering Science 
Prudentail Center - 101 Huntington J\ ve 
Bostson, MA 02199 

Tel: 617..S59-2437 
Far. 6 l 7-8S9-2043 

Subject: RSI Quotation # SYS-01~594-MA 
Proj: Sead Ml Landfill 

Dear Dan, . 

56 Leonard Street 
Foxboro, MA 02035-2929 

(508) 543-1512 
FAX (508) 543-7485 

Remedial Systems Inc. (RSI): is pleased to present the following quotation for the above 
refer~ project,. · 

Item 1: 2- WaterDepressionPuntp capableof16 GPM@80' TDB,.1/2 HP, 230V, 1 PH. 
Motor, all stainless steel construction, teflon seals, pump comes complete with 25' of 
(1.S") petroleum resistant discharge hose, and 2s• of sheathed, petroleum resistant 
power lead. · · 

1 I $ 870.00 each 

: I I 

Item 2: l -Total Fluids wen Prpbe for use in single well water recovery, intrinsically safe, 
with SO feet of cable. 

S 225. 00 each 

Item 3: (1) - RSI Low Profile Sttlpper Model RTs-50-3 designed to meet the following 
conditions: · 

=~--•m~'t.WY••1 ~•J•WWf!•'r.t ~ "'"'1'\ N " '•'N ' r••"•"'•1•~•• ••••••••::1•A'w••-- --•w•o•••••••~•••••t,VY/•Y•• '''l ~ { ... ._ ,,i-· f'·".•• · •.••\· ····· --::- ., .. , ··· .,., .. > • .~• .. • ., .. ,,,.,<. •·x i·', ,,,,, [ .. j( ,, . ..... .. ' '" ")'' , -.:· .·::-·,.i 
~<• .. :~·-~·v.· .f; .--,;.,..r ,f !{t:;:i '::f: :.tilf.':; ~d:. (f\'"'; :1.!.f · .1:: ;: ~1 / :':,:,1'1i ', f: ;i ,'~ .:. ~~· ;-.r.~? ~'.:, ;·,, ·t :,t,:,! :.~/(,'i,3' 
:-t,c ·-·~-- ~••q"'ll?'t\~t~ , •·. ·:< -~~~,,,~f!,r,t:Tt'.:"•··~ :11":(_., ¾ •• ~~~=~;'...!.":!"..:'~-i,.~ : ~:r.+~ ... ~~1 ... ., ... ,...,:.,n·~ · 

TCE 
c 1,2DCE 

Vinyl Chloride 

Total 

Water Temperature 
Flowrate 

., 100 
' 

120 
i 

20 i 

240 

' 1 

1 

1 

3 

5<>°F 
30gpm 

I 508 543 7485 

99 

99.17 

95 

98.75 

01-05-94 02:45PM POOi #34 . 
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Hcight 
Length 
Width 
Blower 

S6" 
86" 
3611 

230V, 1 ph, TEFC 

This equipment includes inlet piping, liquid distributor, air discharge, demister, 
temperature gauge, pressure ~ge, air inlet, blower, drainage sump, siphon drain, 3 level 
sump switch, and blower faihafe switch. 

$11,610.00 

Item 4: (1) • Transfer Pump, sdf~riming, capable of30 gpm@40 feet TDH, 230V, single 
phase, TEFC motor. 

$ 695.00 

Item S: (1) - Stainless Steel Bag Filter ccapable of SO GPM, 10 Micron filter bags. 

$1,295.00 

Item 6: 1 -LP-50 Liquid Phase Carl>bn Vessel: 

• Max. Flowrate ' 56GPM 
Max. Pressure 12 psig 

• Max. Temp 125°F 
• Diameter 34" 
• Overall Height 57" . Inlet/ Outlet 3"NPT 
• Virgin Carbon S00 lbs 
• Shipping Weight 1000lbs 

Carbon Vessels are consttucted of mild steel with a high quality two layer epoxy 
interior coating and a:hard enamel finish exterior. 

• Approximate cost fur reactivation 
• Approximate disposal cost 

S 360.00 each 
$ 150.00 each 

I 508 5 43 7485 

S 3,180.00 each 

01-05-94 0 2 :45PM P00 2 # 34 
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Item 7: (2) - VP-600, Vapor Phase Carbon Vessel: 

- Max. Flowrate 
- Max. Pressure 
-Max. Temp 
-Footprint 
• Overall Height 
• Tanlc Height 
- Tank Diameter 
- Inlet / Outlet 
- Vu-gin Caxbon 
- Shipping Weight 

600CFM 
12 psig 

125°F 
34•x46" 

57" 
42" 
32" 
3• NPT . 

500 lbs 
1000 lbs 

Carbon Vessels are constructed of mild steel with a high quality two layer epoxy interior 
coating and a hard enamel finish merior. 

$ 3,950.00 each 

Item 8: (1) - RSI Control Panelicapable of operating and eon.trolling (2) Water Table 
Depression Pump, (1) tnimfer. pwnp and a complete Air Stripper System. (NEMA 4 
weathertight enclosure) 

Item 9: 

$2,450.00 

(1) - Optional Telemetry Module. With this option, the user may remotely monitor 
and operate the site from: an mM-PC eompati1,le computer equipped with a phone 
modem. The user will have information on all analog and digital inputs, outputs, cycle 
timeTSt and run times of each output in the system. 

$2,495.00 

• F.O.B. Factory ' • Ddivezy: ~ weeks, after approwl of drawings 
• Tmns: Net 30 days (subjQc:t to ctcdit eppmval) • Leasing Rates Available 

Ofier Valid 1br 90 days 

H you have any additional questions, please do not hesltate to contact me . 

BAB" 
Enc:GB 

I 508 543 7485 
TOTAL P.03 
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Envirex Ltd. 

414/547-0141 
FAX. 414/547-4 120 
TEL EX. 2013 12 ENWA UR 

P.O. Box 1624 
Wa ukesha , WI 53 187- 1624 

January 25, 1994 190 1 South Prairie Avenue 
Waukesha , WI 53 186-7360 

Engineering- Science, Inc 
Prudential Center 
101 Huntington Ave 
Boston, MA 02199 

Attn: Mr. Dan Kelmar 

Subject: Ash FS/Upstate NY 
Groundwater Remediation 

Dear Mr. Kelmar, 

Thank you for your interest in the Envirex GAC-Fluid Bed process. 
As I believe I mentioned, your application is not quite straight 
forward. The chlorinated compounds are not readily aerobically 
biodegradable. One option that may be a consideration is to break 
the chlorine bond anaerobically and to follow aerobically to finish 
the degradation . We have been considering this flow scheme for a 
while but to be honest although we foresee no problems with it, we 
have not tested it to date. 

Based on your application, the most economical design would be to 
use a Model 11 C II anaerobic unit followed by a Model 11 C II aerobic 
unit. I ...un enclosing information on the units. The unit sells for 
less than $50,000.00 each. We discussed the possibility of 
piloting the proposed system and I attached the pilot program and 
costs for such a system, which includes operational sizing and cost 
estimates. 

If this is of any interest, please let me know. 

el , / 

;,:A/~/4.-F(~~ 
, p anie A. Hansen, P.E. 

Project Manager 
Fluid Bed Group 

wa fer and wastewa ter treatment equipment 





*AVE . CONDITIONS* 

INF . CHARACTERISTICS : 

FLOW (GPM ) 
BTEX (mg / 1) 

BENZENE 
TOLUENE 
ETH BENZENE 
T- XYLENES 
OTHER AROMATICS 

AMMONIA- N (mg/1) 
TPH'S (mg/1) 
CHLORINATED (mg/1) 
OTHER COD (mg/1) 
I RON (mg/1) 
TEMP DEG F 

ACTUAL DESIGN : 
REACTOR DIAM 
NO . REACTORS 
BED DEPTH (FT) 
FLUX (GPM/FT2) 
TCOD LOAD (#/DKCF) 
BTXCOD LO (#/DKCF) 

TSS OUT (mg/1) 

ENVIREX LTD. 
GAC- FLUID BED 

30 
0.000 
0 . 000 
0 . 000 
0.000 
0 . 000 
0.000 
0.000 
0 . 000 
0 . 210 

0.0 
20 . 0 
65 . 0 

1.7 
1 
6 

13 
376 

0 

40 . 1 

PROJECT : Ash FS - Upstate NY 
DATE : 1- 25 - 94 

FLOW (MGD) 
BTEX (#/D) 
BTX- COD(mg/1) 
BTX- OD(mg/1) 

BTX- OD (#/D) 
NH3 OD (#/D) 
TPH COD ( #/D) 
CL ORG OD (#/D) 
TOTAL COD (mg/1) 
TOTAL COD (#/D) 
TO2 DEMAND ( #/D) 

BED VOL (FT3) 
R+Q FLOW (GPM) 
R/Q RATIO 
HRT (MIN) 
CARBON ( # ea ) 
CARBON TOTAL 

TSS (#/DAY) 

0 . 04 
0.0 
0 . 0 
0.0 

0 . 0 
0.0 
0.0 
0 . 1 
0 . 4 
0 . 1 
5 . 1 

14 
30 

- 0 . 0 
3 

204 
204 

14 . 4 





ELECT COST ( $/KWhr) 

FLUID PUMP BHP ea : 
CHEMICAL FEED PUMP B 
GR CONTROL HP 

NO . UNITS 
DIAMETER 

STD NUTR (GAL/D) 

ATTRITION (#/D) 

MODEL 30C 
ESTIMATED 

OPERATING COSTS 

$0.06 

1.5 
0 . 1 
0 . 3 

1 
1.7 

0 .1 

0 

BUDGETARY 
CAPITAL COST 

PUMP EFF % 
MOTOR EFF % 

PUMP $ I D 
PUMP $ ID 
PUMP $ID 

TOTAL PUMP 

NUTR $/D 

CARBON ($/D) 

TOTAL DAILY 

TOTAL ANNUAL 

$ ID 

BASIS : Complete skid package 
includes installation assistance 
and start up . Concrete pad 
required . 

BUDGET PRICE 

INCLUDES : engineering,all equipment 
controls/instrumentation,carbon, 

start- up,training 
MATL BASIS : 304 ss reactor, galv . 

structural skid, NEMA 4X ss panel 
PVC piping/valves 

0 

78 
79 

$1.61 
$0 . 13 
$0 . 35 

$2.10 

$0.14 

$0.03 

------------
$2 . 26 

$825 . 78 

$48,800 





*AVE.CONDITIONS * 

INF . CHARACTERISTICS : 

FLOW (GPM) 
BTEX (mg/1) 

BENZENE 
TOLUENE 
ETH BENZENE 
T- XYLENES 
OTHER AROMATICS 

AMMONIA- N (mg/1) 
TPH'S (mg/1) 
CHLORINATED (mg/1) 
OTHER COD (mg/1) 
IRON (mg/ 1 ) 
TEMP DEG F 

ACTUAL DESIGN : 
REACTOR DIAM 
NO . REACTORS 
BED DEPTH (FT) 
FLUX (GPM/FT2) 
TCOD LOAD (#/DKCF) 
BTXCOD LD (#/DKCF) 

#/D 02 USED 
EFF 02 (mg/ 1 ) 
REACTOR INF 02 
TSS OUT (mg/ 1 ) 

ENVIREX LTD. 
GAC-FLUID BED 

30 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 .21 0 

o. o 
20.0 
65 . 0 

1.7 
1 
6 

13 
391 

0 

5.8 
2. 0 

17.0 
4 0 . 1 

PROJECT: ENGINEERING SCIENCE 
DATE : 1- 25 - 94 

FLOW (MGD) 
BTEX (#/D) 
BTX- COD(mg/1) 
BTX- OD(mg/1) 

BTX- OD (#/D) 
NH3 OD (#/D) 
TPH COD (#/D) 
CL ORG OD (#/D) 
TOTAL COD (mg/ 1 ) 
TOTAL COD (#/D) 
TO2 DEMAND (#/D) 

BED VOL (FT3) 
R+Q FLOW (GPM) 
R/Q RATIO 
HRT (MIN ) 
CARBON ( # ea) 
CARBON TOTAL 

PSA SIZE (SCFH) 

TSS (#/DAY ) 

0 . 04 
0 . 0 
o. o 
0 . 0 

o. o 
0 . 0 
0 . 0 
0 .1 
0 . 4 
0 .1 
5.1 

13 
28 

- 0.1 
3 

196 
196 

3 

14 . 4 





MODEL 30C 

ESTIMATED 
OPERATING COSTS 

0 

ELECT COST ($/KWhr) 

FLUID PUMP BHP ea: 
H2O2 FEED PUMP BHP 
NUTRIENT FEED PUMP 

GR CONTROL HP 

NO. UNITS 
DIAMETER 

H2O2 REQ'D (GAL/D) 

STD NUTR (GAL/D) 

ATTRITION (#/D) 

ea: 
BHP 

$0.06 

1.5 
0.1 
0 . 1 

0 .3 

1 
1.7 

4 

0 . 1 

0 

BUDGETARY 

CAPITAL COST 

BASIS: Complete skid package 

includes installation assistance 
and start up . Concrete pad 
required . 

INCLUDES: engineering,all equipment 
controls/instrurnentation,carbon, 

start- up,training 
MATL BASIS: 304 ss reactor, galv . 

structural skid, NEMA 4X ss panel 

PVC piping/valves, modulated DO 

control 

PUMP EFF % 78 

MOTOR EFF % 79 

PUMP $ID $1.61 

PUMP $ID $0 .13 

PUMP $ID $0 . 13 

PUMP $ID $0.35 

TOTAL PUMP $ID $2 . 23 

H2O2 $/D $13.18 

(assumes H2O2 at $3 . 50/gal) 

NUTR $/D $0.14 

CARBON ($/D) $0.03 

TOTAL DAILY $15 . 57 

TOTAL ANNUAL $5,684.12 

· BUDGET PRICE $48,800 





***** VERSION 3.0 DRAFT***** DATE: 01/06/94 
TI ME : 11 : 4 9 : 2 9 

CORA DISCHARGE TO SURFACE WATER COST MODULE (406) 

SITE NAME: SEDA ASH LANDFILL 
OPERABLE UNIT: 
SCENARIO: 

MIGRATION CONTROL ESTIMATED START: MID FY 1995 
LIQUID-PHASE CARBON 

RUN BY: Dan Kelmar PHONE NUMBER: 617/859-2427 

INPUTS 

Parameter 

Transmission main 
Flow (GPM) 
Length of pipe (ft) 
Depth of trench (ft) 
Is diffuser required? 
Average temp (degrees F) 
Confidence level 
Protection level 

Value 

Gravity 
30 

1500 
6 
N 

50 
M 
D 

RESULTS 

Component 

CAPITAL COSTS 
BASE CAPITAL COST 
NPDES PERMIT 
DIFFUSER 

TOTAL CAPITAL COST 
0 & M COSTS 

Total 

100,000 
~80~ 

0 

lGO, 000 
440 





APPENDIX E 

Non-time Critical Removal Action 
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SB119 0FT- 2EI ----
BENZ□<A)PYRENE 2,800 
INDEN□(l,2,3-CD>PYRENE 3,500 
CHRYSENE 1,600 
BENZ□(A)ANTHRACENE 2..200 

SB119 4FT- 6FT 

BENZ□(A)PYRENE 160 
BENZ□(A)ANTHRACENE 340 

N 995268.24 
E 420275.63 

N 995243.07 --1-----~ 
E 420174.01 

N 
E 

N 995190,73 
E 420089.65 

~ . 

E 420000 
~ © 19 84 IT CORPORATION 

ALL COPYRIGHTS RESERVED 

~ 

0FT-4FT 

DIBENZ□<A.H)ANTHRACENE 380 
BENZ□(A)PYRENE 22,000 
INDEN□(l,2,3-CD>PYRENE 8,600 
CHRYSENE 26,000 ____ -

995102.30 
420352.88 

/ .,,.----- ' 
I 

.---·- --- ---·-.--~--· ----

ASH LANDFILL 

____ --... , ____ .---- ' 

----- \ -------
.,,.-----, 

I / '\ N 994898.21 
E 420332,13 

----------- .... / ' 
I 

( 
N 994952,46 -1--.......... _ 

E 420307.23 
N 994882.25 
E 420318,68 

" SB105 .IWT- 2FT 

INDEN□(l,2,3-CD> ENE 
BENZ□(A)PYRENE 6, OS.... 
CHRYSENE 3,900 '- . 
BENZ□(A)ANTHRACENE 4,600 ....._ · 

AREA A 

\ 

' I ' / ---------
SB129 0FT- 2FT 

BENZ□(A)PYRENE 1,800 
CHRYSENE 1,800 
BENZ□ANTHRACENE 1,600 

SB129 6FT- 7FT 
1,2- DICHLOROETHENE 310 

_......__ N 995013.61 

z 

E 420206.24 

AREA B 
N 994994.74 
E 420128.90 

N 994956.CT9 
E 420114.69 

SB108 7FT- 9FT 
L2- DICHLOROETHENE 550 

N 995003.71 
E 420075.93 

0 

/ 

N 994855.99 
E 420175.48 

N 994860.98 
E 420144.62 

994883.19 
420130.02 

SCALE 

50 

I 
I 

I 
I 

/ 

100 FEET 

""-

/ 

"" 

I 
/ 

/ 

NOTES: 

1. SB- 102, SB- 105, SB-108, AND S8- 129 
OVEREXCAVATED BY APPROXIMATELY TI-IREE FEET, 
DUE TO ELEVATED PAH CONCENTRATIONS, AS 
REQUESTED BY NYSDEC. CONFIRM A TORY SIDEWALL 
SAMPLES WERE TAKEN FROM EACH SOIL BORING 
LOCATION EXCEPT SB-102. REFER TO MEMORANDU 
SUBJECT • oVEREXCAVA110N OF AREA • A• SOIL 
BORINGS S8- 102 AND SB-10s· FOUND IN 
APPENDIX N PROJECT CORRESPONDENCE. 

2. FlGURE BASED ON ENGINEERING- SCIENCE, INC. 
FIGURE 3, • AREA OF CONCERN REMEDIATION PLAN: 
JUNE 1994. 

LEGEND 

SB-101 0 CHRYSENE SOIL BORING w'ITH CLEAN-UP 
500 LEVEL EXCEEDANCES CPPB) 

.illiL 

\JATER MAIN 

ASH LANDFILL 

EXCAVATION BOUNDARY 

FORMER REFUSE PITS 

w'ETLAND 

SCALE• l' = 50' 

FIGURE 1- 3 
AREAS OF CONCERN AT ASH LANDFILL 

PREPARED FOR 

SENECA ARMY DEPOT 
ROMULUS, NE'w' YORK 

Ill INTERNATIONAL 
TECHNOLOGY 
CORPORATION 
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Analytical Testing 





TABLE 3-1 
SITE SPECIFIC CLEANUP LEVELS 

ASH LANDFILL 

SENECA ARl\'IY DEPOT ACTIVITY 

Romulus, New York 

Sile Specific Compounds Site Specific 
Cleanup Levels 

(ppb) 

Volatiles 
Trichloroethene 700 
1,2-Dichloroethene 300 
Vinyl Chloride 200 
Toluene 1,500 
Total Xylenes 1.200 

Semi volatiles 
Napthalene 13.000 
Phenanthrene 50,000 
Fluoranthene 50,000 
Pyrene 50,000 
Bis(2-cLhylhexyl)phlhalaLe 50,000 
Indeno( 1,2,3-cd)pyrene 3,200 
Benzo(a)anthracene 220 
Chrysene 4()0 

Benzo( a)pyrene 6 1 
Dibenz(a,h)anthracene 14 

ppb - rans per billion 

L:lcommon\senecalfinrclt.doc 
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1.0 INTRODUCTION 

Groundwater at the Ash Landfill has been impacted by volatile organic compounds (VOCs), 

predominantly trichloroethene (TCE) and the breakdown products, including 1,2-dichloroethene 

(1,2-DCE) and vinyl chloride (VC). The plume, as it existed in 1994, is shown in Figure 1- 1. 

The presence of VO Cs was first detected in 1979 during an initial installation assessment performed 

by the Army Environmental Hygiene Agency (AEHA 1979). Since that time, the plume has been 

delineated and monitored by Seneca Army Depot Activity (SEDA) . Monitoring has been conducted 

as part of a quarterly groundwater sampling program, initiated upon the detection of the plume, in 

an effort to track the migration of the plume and protect potential off-site receptors. While there is 

some variability in the data, the monitoring results suggest that the plume is stable with no 

significant increase in the concentration ofVOCs at the wells sampled during the period from 1989 

to 1995. This data led to the formulation of the hypothesis that natural degradation subsurface 

processes, may be responsible for stabilizing the plume. This modeling effort is intended to 

evaluate this hypothesis . 

The full extent of the plume was delineated as part of a remedial investigation (RI) at the Ash 

Landfill [Parsons Engineering Science, Inc. (Parsons ES), 1994a]. As part of this program, 

numerous monitoring wells were strategically located around the plume. This effort was successful 

in delineating the plume in all directions. The path of travel of the plume is from the east to the 

west. The westernmost tip of the plume is of interest as an increase in concentration in the wells 

along this edge would indicate the plume is migrating. Due to the proximity of the plume front to 

the depot boundary, several wells, including bedrock wells, were installed along this plume edge at 

off-site locations. The data obtained from these off-site wells confirmed that the plume had not 

migrated beyond the SEDA boundary. However, when the plume dimensions are mapped the plume 

was depicted to exist slightly beyond the SEDA boundary due to extrapolation between the on-site 

wells that have detectable amounts and the ofi..site wells that do not have detectable amounts of 

volatile organics . Although the plume has not impacted any active source of drinking water, a 

private drinking water well is present at a farmhouse residence located to the west (Figure 1-1) . 
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In addition, the model output suggested that the plume may have reached a steady-state condition 

where the dimensions of the plume would remain constant. 

The ODAST one-dimensional analytical model was able to provide insight into the suspected 
behavior of the plume, however, it is a relatively simplistic model with limitations. It was 
determined that the more sophisticated numerical flow and transport models, MODFLOW and 

MT3D, would be used for this study to more accurately represent the flow and transport systems at 
the Ash Landfill and the surrounding area. 

1.3 HISTORICAL voe CONCENTRATIONS IN GROUNDWATER 

Historical VOC concentrations in groundwater were evaluated and summarized to identify any 

trends in the data. Historical trends for only TCE was plotted because the data for 1,2-DCE was not 

complete. Early in the monitoring program only the trans-isomer of DCE was monitored. Without 

the cis-isomer the total volatile organic concentration at selected points cannot be ascertained. 

Vinyl chloride was not plotted because it was detected in only a few instances and in a limited 

number of wells . 

Historical groundwater data are available from a number of monitoring wells at the Ash Landfill 

(PT-12, PT-17, PT-18, PT-20, PT-22, PT-23, PT-24, MW-28, and MW-29) and are shown on 

Table 1-1. Most of this data was collected as part of a quarterly monitoring program at the Ash 

Landfill that was implemented in 1989. Table 1-1 presents the historical information for the 

compounds TCE, cis- and trans-1,2-DCE and vinyl chloride. 

Historical trends for TCE are presented as bar diagrams for the available years (Figure 1-2). For 

most of the wells, TCE concentrations appear to remain stable over time. The monitoring wells near 

the "toe" of the plume, PT-24, and PT-28, appear to have had the least fluctuation in 

concentrations. For example, the concentration ofTCE in monitoring well MW-28 ranged between 

21 ug/L and 39 ug/L over a five year monitoring period between January, 1990 and June, 1995. 

The concentrations in PT-24 ranged between 2 ug/L and 9 ug/L over this same time period. 

Some fluctuation in concentration is noticeable in monitoring wells near the source area, i.e. MW-

12 and PT-18 . For example, the concentration of TCE in monitoring well PT-18 ranged from 

2,500 ug/L to 23,000 ug/L over a five year monitoring period between January, 1990 and June, 

1995. The concentrations ofTCE observed in PT-12 ranged from 3,100 ug/L to 58 ug/L over this 

same time period. 
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The TCE model was calibrated by adjusting one variable, the decay factor of the solute (A), until 

the output, the TCE concentration ratio (C/Co) matched the actual field well data. The decay factor 

that produced the expected concentration was estimated at 0.00062 dal . The final decay factors 

used to calibrate the model for TCE were compared to literature data to determine if the decay 

factors used in this model were similar to those found at other sites. Nelson et al. (1990) provided a 

first-order decay rate for TCE of 0.0006 dal . This rate was based upon the concentrations 

measured prior to implementation of an in-situ groundwater treatment process . This data was 

obtained and used by Nelson to compare the treatment effectiveness . This rate compares favorably 

to the calibrated decay rate estimated using the ODAST model. 

Following calibration, the ODAST model output was run for various times and distances and 

compared to actual results for other wells along the flow path. 

A similar procedure was used to calibrate the model for 1,2-DCE. The decay factor for 1,2-DCE 

was determined to be 0.00069. 

To evaluate a second plausible scenano, simulations were performed using the average 

concentrations of TCE and 1,2-DCE in MW-44 as C0 • With Co as the source concentration and 

the known plume geometry, the centerline of the plume does not conform to a straight line, 

providing additional uncertainty when comparing site data to model output. However, because this 

source area (MW-44) contains the highest concentrations of TCE and 1,2-DCE on the site, 

modeling of this scenario was warranted. 

This modeling was performed using the concentrations of TCE and 1,2-DCE at MW-44 as the 

source concentration terms (Co), while maintaining the same parameters and assumptions used for 

the initial modeling scenario including degradation rates. However, new distances from the source 

area (MW-44) for the same downgradient wells in the modeling array were obtained. 

Results of the model runs for TCE and 1,2-DCE in MW-44 indicate that concentrations in the 

downgradient wells are similar to the actual concentrations determined during the RI. For 1,2-

DCE, the results are also similar to actual concentrations, however, 1,2-DCE concentrations 

predicted by the model are higher in wells closer to the source area (MW-44) and are lower in the 

further downgradient wells; the shift occurs between wells PT-22 and MW-29. 

Thus, the results of modeling two contaminant transport scenarios suggested that natural 

degradation may be a significant factor that would limit the transport of the TCE/1 ,2-DCE plume. 
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x = distance from the source (m); and 

t = time elapsed since the beginning of the operation (year). 

The pore water velocity in the vicinity of the Ash Landfill was estimated to be 18 . I ft/yr or 0. 05 

ft/day (0.015 m/day) . The velocity calculation incorporated an effective porosity of 0.15, an 

average hydraulic gradient of 0.021, and a hydraulic conductivity of 0.35 ft/day. A longitudinal 

dispersivity value of 30 feet was used (Meiri et al., 1990) because the geologic conditions of the site 

described in this article are similar to the conditions at the Ash Landfill. This value is consistent 

with values used in other transport simulations (Anderson, 1979). The product of the dispersivity 

(30 ft) and the groundwater velocity (18 .1 ft/yr) is the coefficient of dispersion, 543 ft:2/year (0.138 

m2/day), which was used to this simulation. A retardation factor of 1.5 was used for TCE. This 

value is consistent with the value used by Meiri et al. ( 1990) and other literature values for the soil 

type at SEDA. For 1,2-DCE a lower retardation factor of 1.21 was used (Looney et al., 1987). 

Simulations of up to 200 years were performed to predict the contaminant concentration ratios. 

Data from the RI suggested that two adjacent source areas existed. These source areas were 

centered around monitoring wells PT-18 and MW-44. 

The TCE concentration at PT-18 was assumed to be the source concentration (C0 ) for TCE. PT-18 

was chosen as the source because PT-18 was the highest concentration for one of the source areas 

and was located within the area identified as the source area by soil gas and conformational soil 

sampling during the RI. PT-18 was along the centerline of the groundwater plume. Historical 

monitoring data has also shown that the concentration of TCE in PT-18 has remained relatively 

constant suggesting a constant leaching term. This data was collected prior to the implementation 

ofhe source removal effort that occurred between November, 1994 and June, 1995 . The four wells 

downgradient of the source that were part of the modeling array and used for calibration were PT-

12, PT-22, MW-29, and MW-56; these wells also occur along the same general groundwater flow 

path, i.e. PT-12 is 200 ft. (61 m) directly downgradient from PT-18; PT-22 is 390 ft. (119 m) from 

PT-18; MW-29 is 850 ft. (259 m) from PT-18; and MW-56 is 1,165 ft. (355 m) from PT-18 . The 

same flow path was used to calibrate the model for 1,2-DCE, however, for 1,2-DCE the 

concentration at PT-12 , approximately 200 ft. from the TCE source area, was assumed to be the 

1,2-DCE source concentration term, (C0 ) . PT-12 was chosen to represent the source term for 1,2-

DCE because this well contained the highest concentration of 1,2-DCE of the wells chosen to 

calibrate the model. 
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modeling effort The details of the ODAST modeling are provided in the Ash Landfill RI report 

(Parsons ES, 1994a). 

The ODAST model calculates the contaminant mass ratio (C/Co) for any given point (x) 

downstream from the source of contamination at any given time (t) as a function of average pore 

water velocity (v), the dispersion coefficient (D), the retardation factor (R), the decay factor of the 

solute (A-), and the decay factor of the source (ex.) . For the analysis performed in support of the RI, 

the TCE source was assumed to be sufficiently large that annual dissolution rates remain constant; 

therefore, ex. , the rate of source decay, was assumed to be zero. The ODAST one-dimensional 

analytical solution used to model this system is: 

C 
- (x,t) 
Co 

+ v
2 

exp [vx - (A - a)t] erfc [ Rx + ~~2 ] · 
2DR()..-a) D 2(DRt) 

where: 

U= [v2 + 4DR(A -a)f12 

and the model input parameters were defined as follows: 

C = concentration at a distance, x, and a time, t (ug/L); 

Co= concentration at source (ug/L); 

v = pore water velocity (m/day); 

D = coefficient of dispersion (m2/day); 

R = Retardation factor (unitless); 

A. = decay factor of the solute (day"'); 

ex. = decay factor of the source (day"1
); 
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conditions are favorable to support biodegradation. The presence of anaerobic dechlorination 

daughter products at downgradient locations had provided an indication that such a process is 

active. The United States Geological Survey (USGS) groundwater flow model (MODFLOW) and 

a three dimensional transport model (MT3D) were selected as the tools to predict the future 

migration of the plume relative to its current configuration. The transport model was also used to 

simulate the anticipated beneficial effect on the future migration of the plume resulting from the 

elimination of the voe source material at the Ash Landfill. 

1.1 PURPOSE 

The purpose of this study is to predict the migration potential of a plume of voes and to evaluate 

the added beneficial effect gained eliminating the source of voes. The results of the modeling 

combined with the supporting field data and the historical groundwater monitoring data will provide 

the basis for evaluating the potential for off-site groundwater impacts. Additionally, these results 

will be used in the decision making process regarding the need for implementation of an engineered 

groundwater recovery and treatment system. 

1.2 PREVIOUS MODELING RESULTS 

As part of the RI, a one-dimensional analytical model was used to evaluate the future migration of 

dissolved materials (i.e. , chlorinated organic compounds) in the groundwater. This initial modeling 

effort was intended to evaluate the potential for, or if, the plume would reach downgradient off-site 

locations. 

The model, One Dimensional Analytical Solute Transport (ODAST), considers advection, 

dispersion, decay, and adsorption in a porous media and utilizes an analytical solution, presented by 

Van Genuchten and Alves (1982), for the one-dimensional groundwater transport of constituents 

from the source and is described in Groundwater Transport: Handbook of Mathematical Models 

(American Geophysical Union, 1984). This model is an analytical solution to the partial 

differential equation describing solute transport in saturated porous media using simplifying 

assumptions and appropriate boundary conditions. The model assumes an infinitely long 

homogeneous, isotropic porous medium in a steady uniform flow. ODAST includes two function 

type subroutines, one calculates the product of the exponential, exp(A) and the other the 

complementary error function, erfc(B). The modeling focused on both TeE and 1,2-DeE, which is 

predominately the cis isomer. The ODAST model provided a reasonable, first-cut, analysis of 

contaminant transport at the site during the RI. The discussion below is a summary of this 

JUDO, 1996 
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Using the historical groundwater monitoring data as the factual basis to understand the plume, 

initial fate and transport modeling of the plume was performed using a one-dimensional analytical 

model . The results of this effort suggested that the plume dimensions would remain constant. The 

hydrogeological mechanisms and transport factors of the model, appeared to explain why the on-site 

monitoring wells did not increase and the plume dimensions remained constant. The measurement 

of breakdown products in the downgradient wells combined with the stability of the plume 

suggested that natural degradation processes are responsible for stabilization of the plume. In other 

words, the natural degradation mechanisms, such soil microbiological respiration, operating in the 

groundwater/soil matrix were able to remove the dissolved volatile ogranics over the plume area at 

a rate equal to the rate that volatile organics were being introduced to the groundwater system as a 

result of leaching. 

In the fall of 1994, the Army initiated a proactive, non-time critical removal action to eliminate the 

source of the groundwater plume. This effort, completed in June of 1995, successfully 

decontaminated the soil source area using Low Temperature Thermal Desorption (L TTD) at the 

Ash Landfill and eliminated further leaching of volatile organics to the groundwater. As the 

chlorinated organic compounds are more dense than water, source soil, including saturated soil, was 

completely excavated from the land surface to the top of competent bedrock, treated and returned to 

the excavation. In the process, several thousand gallons of groundwater from this area also were 

extracted and treated from the till/weathered shale aquifer. 

The soil removal action was implemented to eliminate the continued mass input to the groundwater 

system with the intention that by eliminating the source of groundwater impacts, the natural 

degradation system would continue to degrade the remaining plume, thereby eliminating the need to 

implement an engineered remedial action. To provide greater confidence in the ability of the natural 

mechanisms to degrade the plume at a sufficient rate, it was determined that more sophisticated 

modeling techniques, such as numerical modeling, would be used to evaluate the effectiveness of 

this alternative. If the results from this evaluation suggested that the natural degradation process 

was capable of preventing expansion of the plume, eventually degrading the on-site concentrations 

to acceptable conditions, then institutional controls in combination with continued groundwater 

monitoring would be considered as the preferred remedial alternative. 

For this study, numerical groundwater flow and transport models were selected as the preferred 

approach to evaluate this alternative. Concurrently, geochemical data identifying the presence of 

available electron acceptors and electron donors, was obtained to evaluate whether the site 

Juno, 1996 
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Variability in concentration near the former source area could be a function of mixing with 

percolating rainfall. Some degree of variability in concentration appears to be related to water table 

elevation. While the trend in not always consistent, in general, water levels in PT-18 and PT- 12 

decrease in the late summer and fall and are generally the highest in the spring. Figure 3-8, located 

in Section 3, provides a graphical depiction of the seasonal fluctuations of the water table in these 

wells . During the wet period of the year, interactions with clean infiltrating rainwater and TCE 

source soil would tend to be the greatest. Figure 1-3 provides a graphical relationship between the 

saturated thickness and the concentration at selected wells. Following this interaction a portion of 

the TCE sorbed to the source soil would be removed due to dissolution. This newly dissolved 

material would then migrate downgradient at the retarded groundwater velocity, estimated to be 

approximately 40 ft/yr. At this rate, the travel time to reach PT-12, approximately 175 feet west of 

the source area would be approximately 4.4 years. During this time period, new, clean, infiltrating 

rainfall would percolate through the soil causing a layer of clean water, i.e. newly infiltrated 

precipitation to form over the impacted groundwater. When sampled, this water is mixed, within 

the well, causing a reduction in concentration. This effect would not be as significant if the well is 

sampled during the period of the year when the water levels are low and this layer of clean 

infiltrated water is smaller. 

While this effect could account for some observed variations in several wells throughout the 

historical monitoring period, it cannot account for the notable changes in the concentration and the 

ratio of TCE to DCE between wells . This change in the ratio of TCE to DCE is highlighted by 

comparing the concentration ratio of TCE to DCE in PT-18, a well near the former source area, and 

PT-24, a well near the toe of the plume. At PT-18, the ratio of TCE to DCE ranged from 

approximately 42 to 1 to 20 to 1, depending on the measured concentration used to establish the 

ratio. This ratio changes at PT-24, where the ratio ofTCE to DCE is 0.07 to I and 0.05 to 1. The 

actual concentration of TCE in PT-18 ranged from 2,500 ug/L to 23 ,000 ug/L, whereas the 

concentration of TCE in PT-24 ranged from 2.0 ug/L to 9.0 ug/L, a decrease of approximately 3 to 

4 orders of magnitude. Further, the actual concentration of DCE at PT-18 ranged from 

approximately 44 ug/L to 550 ug/L, whereas the concentration of DCE at PT-24 ranged from 59 

ug/L to I 00 ug/L, a decrease of approximately one order of magnitude. The change in the rations 

of TCE to DCE from the source area to the toe of the plume is strong evidence that degradation of 

the initial material is occurring in the aquifer as the plume migrates along the travel path. The 

mechanisms of this degradation is considered to occur mainly from biological activity, although 

abiotic reactions such as hydrolysis , cannot be completely ruled out. However, it is generally 

recognized that hydrolysis is a slower process compared to biological degradation. By far, the 

predominant mechanism that has been shown to produce the degradation products measured at the 

June, 1996 
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site is anaerobic reductive dechlorination. This biochemical process involves the sequential removal 

of a chloride atom from TeE and a subsequent transfer of electrons. The transfer of electrons is 

utilized by endogenous soil microbes use a source of energy to sustain continued growth. When 

conditions are favorable, the halogenated organic compounds act as electron acceptors, becoming 

reduced in the process. Natural ogranic carbon is utilized by the microbes to complete the electron 

transfer and this material is use to donate electrons, becoming oxidized in the process. This 

process is analogous to the normal biological functions we perform by breathing air, electron 

acceptors, and ingesting food, electron donors . The soil microbes perform similar functions but 

utilize alternative electron acceptors and electron donors . 

Sampling performed as part of the FS, identified the presence of an abundant supply of dissolved 

organic carbon in the aquifer, ranging in concentration from 1,000 to 2,000 ug/L in every well 

sampled. This material is a sufficient source of electron donor material for the soil microbes to 

utilize, whereas the chlorinated organic material and other compounds such as the abundant supply 

of sulfate measured in many monitoring wells will act a viable source of electron acceptors to 

complete the electron transfer. When combined with the existing historical data, that documents the 

occurrence of breakdown products, the presence of these electron donors and acceptors provides 

ample evidence to suggest that natural biological degradation processes are occurring. The 

remaining effort is focused upon determining whether the rate of degradation is sufficient to limit 

the continued migration of the plume. 

In summary, on the basis of the historical data, no wells show a consistent mcrease in voe 
concentration over time, which would be indicative of continued movement and expansion of the 

voe plume. Rather, most of the data from the wells indicate that the concentrations are remaining 

the same over the 6 to 9 years of monitoring that has been performed. 

1.4 TECHNICAL APPROACH TO GROUNDWATER FLOW AND 

TRANSPORT MODELING 

The technical approach used to accomplish the goals of the study included the use of MOD FLOW, 

a three-dimensional groundwater flow model and MT3D a three-dimensional transport model. 

June, 1996 
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The modeling objectives are as follows : 

• To use existing geologic and hydrogeologic data gathered for the RI at the Ash Landfill to 

develop a conceptual model for the groundwater flow system. 

• To design a groundwater flow model that simulates steady-state flow at the Ash Landfill 

• To perform contaminant transport modeling under three scenarios: 

Scenario 1: Simulate the migration of the plume from time t = 0, the time of the initial release, 

to the present day. 

Scenario 2: Simulate the future migration of the existing voe plume. 

Scenario 3: Simulate the beneficial effect that the source removal effort has had on the future 

migration of the voe plume. 

Geologic and hydrogeologic data for the site was assembled from previous studies performed at the 

site. These data were used to define hydrostratigraphic units and to define the flow system for the 

site. The conceptual model was developed from the geologic setting, hydrogeologic parameters, and 

the three-dimensional flow system. A water balance was prepared to determine the infiltration and 

evapotranspiration rates for the site. The competent shale was represented as equivalent porous 

medium (EPM) for the model because the degree of secondary porosity (i.e., cracks, microcracks 

and fracturing) in the shale is believed to form a continuous network of flow. A preliminary water 

budget was prepared to help define the vertical extent of the flow system to be modeled in the 

competent shale. 

A profile groundwater flow model was initially prepared to provide a cursory check to ensure that 

the conceptual model and initial parameters values were reasonably accurate. Once the profile 

model was calibrated to the observed heads along the section, a three dimensional areal model was 

prepared and calibrated. Once calibrated to the current site conditions, sensitivity analyses of the 

flow model was performed. 

Fallowing calibration of the flow model, the next step was to combine the flow model with the 

transport model. The transport model is used to model the migration of the dissolved organic 

chemicals of concern. Transport parameter values were assembled from literature and derived from 

chemical data collected at the site. The transport model was performed using transport parameter 

values and flow data from the calibrated three-dimensional flow model. The transport model was 

calibrated and a sensitivity analyses was performed based on the estimated time of the release of 
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volatile organics to the groundwater (Scenario 1). Once calibrated, so that the model output 

depicted the measured plume, the transport model was used to evaluate the conditions that would 

have occurred if the removal of the TCE source area had not been performed (Scenario 2) The 

model was then used to evaluate the beneficial effect that the removal of the source area (Scenario 

3) has on the future migration of the plume. 

The groundwater flow and transport models and pre-and post-processing software used for this 

modeling study are as follows . MODFLOW/EM (Version 3.1), the United States Geological 

Survey (USGS) three-dimensional finite-difference groundwater flow model, was used to simulate 

steady-state groundwater flow conditions at the Ash Landfill site and surrounding area. The pre

processor MFI/EM was used in conjunction with a spreadsheet program to develop the data files 

necessary to run MODFLOW. Post-processing of MODFLOW results was performed using 

MODPATH/MODPATH-PLOT (Version 3) and HEDSRFEM. MODPATH/MODPATH-PLOT 

were used for the pathline analysis in the flow model. HEDSRFEM was used to convert 

unformatted head files to xyz data files for use in Geosoft, a mapping and processing program. 

The transport model, Modular Three-Dimensional Transport Model (MT3D) (Version 1.85), a 

three dimensional transport model for simulation of the affects of advection, dispersion, and 

chemical reactions of contaminants in groundwater systems, was used to simulate the movement of 

the VOC plume. Post processing program, POSTMT3D, was used to generate plot data files from 

the unformatted concentration files and the model grid configuration files both of which are saved 

by MT3D . Geosoft was also used to process the plot data files generated by POSTMT3D. 
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2.0 DESCRIPTION OF THE ASH LANDFILL AND SURROUNDING AREAS 

2.1 ASH LANDFILL 

The Ash Landfill site is located m the southwestern section of SEDA. It encompasses 

approximately 130-acres and is composed mostly of undeveloped land with a few man-made 

features or structures related to past site activities. The site is bounded on the north by Cemetery 

Road, on the east by the Seneca Army Depot Railroad line, on the south by open grassland and 

brush, and on the west by the boundary of the depot (Figure 1-1). Undeveloped areas are present 

mostly in the northern and extreme southwestern portions of the site. The area to the north of the 

ash landfill and debris piles consists mostly of low grasses with areas of dense brush and a few 

trees . South of West Smith Farm Road dense brush with some small open grassy areas dominate 

(Figure 1-1 ). 

From 1941 to 1974, uncontaminated trash was burned in a series of pits near the incinerator 

building. Between 1974 and 1979 rubbish and garbage were burned in the incinerator. Ashes from 

the incinerator were temporarily stored in an unlined cooling pond that is located immediately north 

of the incinerator building (Figure 1-1). When the pond filled, the ashes were buried in the adjacent 

Ash Landfill. Large items that could not be burned were disposed of in the Non-Combustible Fill 

Landfill. 

Major features on the site are the abandoned incinerator building, a cooling pond, the Ash Landfill, 

and the Non-Combustible Fill Landfill (Figure 1-1). The abandoned and somewhat dilapidated 

incinerator building is situated on a small artificially constructed mound and is accessed via a paved 

driveway off of West Smith Farm Road. An approximately 70-foot diameter abandoned cooling 

pond is located 10 feet from the northeastern comer of the incinerator building. The Ash Landfill is 

located slightly north of this point. The approximately 500 x 300 foot kidney-shaped Ash Landfill 

is defined by a 3 to 4 foot rise in topography (Figure 1-1). It is mostly vegetated with low grass, 

however, there are areas void of any vegetative cover near the bend in the road. The Non

Combustible Fill Landfill is located across West Smith Farm Road from the incinerator. This 

roughly rectangular, wedge-shaped fill area thickens to the west where it reaches a maximum total 

relief of approximately 14 feet. 

June, 1996 
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2.2 SURROUNDING AREAS 

This modeling study incorporated significant areas ofland beyond the borders of the Ash Landfill. 

Immediately west of the Ash Landfill is farmland as well as undeveloped land that extends to Route 

96A (Figure 2-1). Beyond Route 96A lies Sampson State Park and Seneca Lake. The SEDA 

airstrip is approximately 3,000 feet southwest of the Ash Landfill. Kendaia Creek is located 

approximately 3,800 feet north of the Ash Landfill and flows west toward Seneca Lake. East of the 

Ash Landfill are rows of Quonset huts, used for storage, that are in otherwise undeveloped land. 

Beyond this area is developed land near Route 96 at the border of the depot. Beyond this, east of 

Route 96, lies farmland. In addition to the Ash Landfill, six other sites at SEDA provided 

important hydrogeological information that was utilized to supplement the information collected at 

the Ash Landfill for the modeling study (Figure 2-1). These are: SEAD-64D, which is immediately 

adjacent to the Ash Landfill, SEAD-16, -17, -25, -26, -50, and 64A, all located near Route 96 

(Figure 2-1). 
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3.0 HYDROGEOLOGIC SETTING 

The hydrogeologic setting described in this section is based on information contained in the Ash 

Landfill RI (Parsons ES, 1994a) and in the Expanded Site Inspection (ESI) reports including: the 

Seven Low Priority Areas of Concern (AOC)s, the Eight Moderately Low Priority AOCs and the 

Seven High Priority AOCs (Parsons ES, 1995a, 1995b, 1995c). The description below summarizes 

only the pertinent information, used to support this modeling study, that was obtained from these 

reports. 

3.1 TOPOGRAPHY 

The SEDA facility lies on the western side of a series of north- to south-trending rock terraces that 

separate Cayuga Lake on the east from Seneca Lake on the west. The rock terraces range in 

elevation from 490 feet above mean sea level (MSL) in northern Seneca County to as much as 

1,600 feet above MSL at the southern end of the lakes. Elevations within the SEDA facility range 

from approximately 450 feet above MSL on the western boundary to approximately 760 feet above 

MSL in the southeast corner. The Depot's land surface generally slopes to the west and north. 

The Ash Landfill site is located on gently sloping terrain along the western boundary of SEDA, 

immediately west of the munitions storage area. The majority of the site slopes to the west

southwest and is vegetated with grasses and occasional brush thickets. Elevations range from 

approximately 680 feet above MSL near the intersection of the, on-depot, railroad tracks and West 

Smith Farm Road to 630 to 635 feet along the fenced boundary line (Figure 1-1). 

3.2 CLIMATE 

The nearest source of climatological data is the Aurora Research Farm in Aurora, New York which 

is approximately ten miles east of SEDA on the eastern side of Cayuga Lake. This research farm is 

administered by the Northeast Regional Climate Center located at Cornell University in Ithaca, New 

Yark. Only precipitation and temperature measurements are available at this location. 

A cool climate exists at SEDA with average temperatures ranging from 23°F in January to 69°F in 

July. Marked temperature differences are found between daytime highs and nighttime lows during 

the summer and portions of spring and autumn. Precipitation is unusually well-distributed, 

averaging approximately 3 inches per month. Daily precipitation data measured at the Aurora 
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Research Farm in Aurora, New York for the period (1958-1991) were obtained from the Northeast 

Regional Climate Center (Figure 3-1). The average monthly precipitation during this 35-year 

period of record is summarized in Figure 3-1. The maximum 24-hour precipitation measured at this 

station during this period was 3.9 inches on September 26, 1975. 

The precipitation in this area is derived principally from cyclonic storms that pass from the interior 

of the country through the St. Lawrence Valley. Lakes Seneca, Cayuga, and Ontario provide a 

significant amount of the winter precipitation and moderate the local climate. The annual average 

snowfall is approximately 100 inches. Wind velocities are moderate, but during the winter months, 

there are numerous days with sufficient winds to cause blowing and drifting snow. The most 

frequently occurring wind directions are westerly and west-southwesterly. 

Values of 35 inches mean annual pan evaporation and 28 inches for annual lake evaporation are 

cited for this region in the Climate Atlas of United States (U.S. Dept. of Commerce, 1983). An 

independent value of 27 inches for mean annual evaporation from open water surfaces was 

estimated from an isoplethed figure in 'Water Atlas of the United States" (Water Information 

Center, 1973). 

3.3 SURFACE WATER 

Regionally, surface water flow at SEDA is controlled by the network of small drainage ditches that 

parallel the access roads on the Depot. These ditches are believed to receive overland flow during 

heavy rain events and meltwater during the late winter and spring months. However, they are dry 

for most of the year, based on observations made during the investigations at SEDA. West of 

SEDA there are no such controls on surface water flow. 

Intermittent stream drainage patterns and topography shown on United States Geological Survey 

(USGS) 7 1/2 minute topographic maps of the Ovid and Dresden quadrangles indicate that surface 
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water flows generally to the west on the Depot. However, east of Route 96 flow is to the east, 

suggesting that there is a regional surface water divide located near Route 96. This divide is not 

near the Ash Landfill and does not affect he surface water flow patterns of the site. 

All of the surface water at the Ash Landfill is suspected to drain into several small wetland areas 

on-site (Figure 1-1). Based on topographic expression, several of these wetland areas (W-B, W -D, 

W -E, and W-F) drain primarily into two small, but well developed, drainage swales south of the 

Ash Landfill and incinerator building (Figure 1-1). Farther north, less well developed swales drain 

areas in an near wetlands W-B and W-E. These ditches direct surface water flow westward into a 

drainage ditch along West Patrol Road. Surface water, when present, drains to the north on both 

sides of West Patrol Road. Wetland W-F also drains west along West Smith Farm Road to the 

ditch along West Patrol Road. Drainage along West Patrol Road (between West Smith Farm Road 

and Cemetery Road) is to the northwest, based on topography. Drainage on both sides of West 

Smith Farm Road and Cemetery Road is to the west. North and east of the Ash Landfill site is 

Kendaia Creek which drains upland areas east of the Ash Landfill site. Kendaia Creek passes 

approximately 3,800 feet north of the Ash Landfill and eventually drains into Seneca Lake. 

Precipitation data indicates that, historically, June has the greatest amount of rainfall, 3.9 inches, 

and the winter months (January and February) generally have had the least amount of rainfall 

(Figure 3-1). 

Suspected spring locations within a one mile radius of the Ash Landfill were examined in the field 

as part of the Ash Landfill RI. Field observations made at potential seeps within wetlands in 

proximity to and downgradient of the Ash Landfill site found no evidence of springs within these 

wetlands . It appeared that low spots with poorly drained soils enabled surface run-off to collect and 

form hydric conditions that are conducive to wetland formation. No evidence of springs was 

observed within a one-mile radius of the Ash Landfill during the RI field work. 

3.4 SITE GEOLOGY 

3.4.1 Introduction 

The site geology is characterized by a mantle of Pleistocene till overlying gray Devonian shale. At 

the top of the shale unit is a thin weathered zone where it contacts the overlying mantle of 

Pleistocene till . This stratigraphy is consistent over the entire Ash Landfill site and the six other 
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nearby sites that have been investigated (SEAD-16, -17, -25, -26, -50, and -64D) at SEDA. The 

information obtained from these site investigations suggests that the geology at throughout the 

facility is consistent and is applicable to areas outside the immediate vicinity of the Ash Landfill 

(i.e., the modeled area). 

3.4.2 Till/Weathered Shale 

The predominant surficial geologic unit present at the site is dense glacial till . The till is distributed 

across the entire region and ranges from in thickness from less than 4 to approximately 18 feet 

although it is generally only 6 to 8 feet thick. The till generally consists of brown to gray-brown 

silt, clay and fine sand with few fine to coarse gravel-sized inclusions of weathered shale. Larger 

diameter weathered shale clasts (as large as 6 inches in diameter) are more prevalent in basal 

portions of the till and are probably ripped-up clasts removed from the shale by the once active 

glacier. The general Unified Soil Classification System description of the till on-site is as follows: 

Clay-silt, brown; slightly plastic, small percentage of fine to medium sand, small percentage of fine 

to coarse gravel-sized gray shale clasts, dense and mostly dry in place, till, (ML) . Grain size 

analyses performed by Metcalf & Eddy (1989) on glacial till samples collected during the 

installation of monitoring wells on another portion of SEDA show a wide distribution of sediments 

sizes, charateristic of unsorted glacial till . These tills have a high percentage of silt and clay with 

trace amounts of fine gravel. The porosities of five gray-brown silty clay (i .e., till) samples ranged 

from 34.0 percent to 44 .2 percent with an average of 37.3 percent (USAEHA, 1984). No 

fracturing or other evidence of physical disturbance were observed in the till. 

At the Ash Landfill site and surrounding area, Darian silt-loam soils, 0 to 18 inches thick, are 

developed over the till on-site, however, in some locations, till is exposed at the surface. The 

surficial soils are somewhat poorly drained and have a silt clay loam and clay subsoil. 

The zone of gray weathered shale has a variable thickness and was encountered below the till in 

almost all locations drilled at SEDA. The thickness of the weathered shale varies at the Depot, 

however, it is generally only 2 to 4 feet thick. Differential weathering through geologic time is 

likely responsible for the variable thicknesses. 

3.4.3 
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The bedrock underlying the Ash Landfill and the surrounding region is composed of the Ludlowville 

Formation of the Devonian age Hamilton Group. The Ludlowville Fonnation is a gray-black, 

calcareous shale that is fissile and exhibits parting (or separation) along bedding planes; it is 

approximately 140 feet thick in Seneca County (Mozo la, 1951 ). Three predominant joint directions, 

N60°E, N30"W, and N20°E are present within this unit (Mozola, 195 1). These joints are primarily 

vertical. Merin ( 1992) also cites three prominent vertical joint directions of northeast, north

northwest, and east-northeast in outcrops of the Genesse Formation 30 miles southeast of the Ash 

Landfill site near Ithaca, New York. 

Data from boring logs indicates that the surface of the competent shale slopes consistently to the 

west. The bedrock topographic gradient (as well as the land surface topography) is steeper in the 

eastern portion of the Ash Landfill site than in the southwestern portion of the site. Available data 

suggests that the competent shale surface flattens out under a cultivated field west of the Conrail 

railroad tracks. 

The characteristics of the competent shale were observed in a total of 236 feet of core collected 

during packer testing and monitoring well installation performed at the Ash Landfill . Major 

characteristics of the bedrock cores include bedding-plane fractures, breccia zones, tectonic joints, 

fossil beds, and minor deposits of iron sulfides . Bedding-plane fractures were present throughout 

the competent shale although they were more well developed and more closely spaced near the top 

of the competent shale, where their spacing was approximately 0.5 inches. Bedding-plane fractures 

also tended to be filled with silt and clay near the top of the shale. Well-defined bedding-plane 

fractures were also noted by Merin (1992) in cores from well cemented, gray, thin-bedded siltstones 

of the Genessee Formation near Ithaca, New York. Generally, the fracture frequency decreased 

with depth as evidenced by the increase in Rock Quality Designations (RQDs). RQDs are the total 

length of recovered core sections over 4 inches in length expressed as a percentage of the interval 

cored. RQDs are a geological term used to determine the integrity of the bedrock. High RQDs 

indicate competant, unfractured bedrock. Such rock would not be expected to yield significant 

amounts of water as the pathways for water to travel, i.e. the fractures, are limited. The core 

recoveries are influenced by the number of bedding-plane fractures and tectonic fractures in the 

shale. Merin ( 1992) also noted that bedding-plane fracture frequency decreased with depth in 

Devonian siltstones near Ithaca, New York. 

Breccia zones are present in several of the cores at varying depths . Breccia is a geoloical term that 

refers to fragmental rock whose components are angular. Breccia rock are not considered to be 
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affected by erosion due to interactions with water. These zones range from 3 to 12 inches thick and 

are composed of angular shale fragments in a fine silt and clay matrix. The upper and low contacts 

of these zones are generally sharp. The breccia is believed to have been formed during small 

tectonic movements along preexisting bedding plane fractures. No breccia zones were observed 

along any other type of fracture (e.g., vertical fracture or low angle fracture) except for bedding 

plane fractures. Brecciated zones were identified in cores for monitoring wells MW-49D (4-inch

thick zone at 24 feet), MW-50D (12-inch-thick zone at 41 feet), MW-52D (3-inch-thick zone at 40 

feet), MW-54D (8-inch-thick zone at 30 feet), MW-55D (3 -inch-thick zone at 50 feet), and MW-

55D (3 -inch-thick zone at 20 feet). 

Joints were very common in the competent shale. They were observed in most cores at a variety of 

angles (between 5° and 90°) although most tended to be between 30° and 60°. Below the top of the 

competent shale fractures were less than a millimeter thick. They were generally free of silt or clay 

except in the upper few feet of the shale where they were filled with silt and clay. In some 

instances, the fractures were filled with a secondary calcium carbonate mineral. The spacing 

between the joints was usually 4-5 inches in the upper 20 feet of the competent shale; joints 

spacings below 20 feet were variable but were generally greater than 4-5 inches. The orientation of 

the joints in space could not be determined because the drilling program did not require the 

collection of oriented cores. 

Thin fossil beds were present at many locations in the shale. The beds ranged in thickness from less 

than 1 inch to 3 inches . Occasionally only a single fossil was seen in the shale and not associated 

with an accumulation bed. The fossil beds provide planes of weakness in the shale and were almost 

always associated with bedding plane fractures. 

Iron sulfides were present throughout the cores; however, they were more abundant below 80 feet . 

Evidence for this is available only from the core for MW-52. This corehole penetrated to 100 feet 

below the land surface. 

3.4.4 Site Stratigraphy 

A geologic cross-section was constructed for the Ash Landfill site. The location of the section is 

shown in Figure 3-2. The east-west cross-section A-A' shows the consistent till, weathered shale, 

competent shale stratigraphy beneath the site based on data from borings and monitoring wells 

(Figure 3-3). The Ash Landfill, which is up to 4 feet thick, is also shown on the section A-A'. The 
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section was drawn to provide a somewhat detailed vtew of the subsurface stratigraphy by 

intersecting as many data points (i.e., soil borings or monitoring wells) as possible while 

maintaining a uniform direction for the cross-section. The scale of the sections did not permit 

identification of a soil horizon. 

3.5 HYDROGEOLOGIC SETTING 

3.5.1 Introduction 

The hydrogeologic properties of the tiWweathered shale and competent shale aquifers were derived 

from investigations performed at the Ash Landfill . Specifically, this section addresses topics such 

as groundwater flow directions, hydraulic conductivities, groundwater velocity, vertical gradients, 

and vertical connection tests between the shallow and deep aquifers . This information was used as 

the basis for the conceptual model that describes the expected aquifer characteristics and behavior. 

The conceptual model is presented at the end of the section. 

3.5.2 Groundwater Flow Directions 

A groundwater contour map was constructed for the Ash Landfill and SEAD-64D, an adjacent site, 

using depth to groundwater measurements in the tilVweathered shale aquifer. The groundwater 

contour map was constructed on the basis of depth to water measurements made on June 14, 1993 

(Figure 3-4). The flow direction determined during this effort is consistent with the data obtained 

from the several quarterly groundwater monitoring events performed at the site. The map indicates 

that the general direction of groundwater flow in the shallow aquifer was to the west toward Seneca 

Lake, generally following the surface topography. The aquifer surface elevations were 

approximately 655 feet above MSL in the eastern portion of the site and 630 feet above MSL in the 

western portion of the site. Generally, groundwater flow contours indicate that there is a consistent 

gradient over the entire area. The groundwater gradient between wells PT-18 and PT- 17 was 

calculated to be 0.021. The site-wide hydraulic gradient (between wells MW-40 and MW-56) was 

calculated to be 0.020 ft/ft. 

Groundwater topography maps were prepared for high, medium and low water table conditions to 

determine if the direction of the groundwater flow and/or the hydrolic gradient were different 

(Figures 3-5, 3-6 and 3-7) . Analysis of these maps indicates that the groundwater flow directions 

and horizontal gradients are approximately the same. The flow direction is to the west-southwest 
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and the horizontal gradient between wells PT-18 and PT-17 is 0. 02 ft/ft for all three aquifer 

conditions. 

The groundwater flow direction in the competent shale aquifer at the Ash Landfill is to the west

southwest, based on data collected from the 5 deep bedrock wells. The gradient between the 

bedrock wells PT-10 and MW-35D was calculated to be 0.025. 

The physical characteristics of the competent shale aquifer that affect the flow of groundwater were 

investigated by reviewing a report prepared by Mozola ( 1951) and reviewing the core data collected 

during the monitoring well installation. Mozola ( 1951) described two distinct sets of joints in the 

area. The main set, termed dip joints, appear to be in the form of two conjugate shear planes that 

intersect to form acute angles ranging from 10° to 30°. The mean direction of the dip joints ranges 

from North 15° to 30° East to North 30° to 45° West. Strike joints at right angles to the dip joints 

trend from North 50° East to North 70° East and are spaced from 1 inch to 4 feet apart. The dip of 

the joint planes ranges from 46° to nearly vertical; dip directions range as noted above. In addition, 

Mozo la (1951) found that, most of the joints in the beds of the shale are filled with clay or fine silt 

which may inhibit groundwater flow. 

The flow of groundwater in the competent shale is believed to be influenced primarily by the joints 

and bedding plane fractures that were observed in the bedrock core samples collected during the RI. 

No other flow pathways were observed in the core samples. This view was suggested by Mozola 

(1951) for rocks of the Hamilton Group and more recently by Merin (1992) for Devonian siltstones 

near Ithaca, New York. Brecciated zones in the shale may have once transported significantly 

greater amounts of water than the unbrecciated shale, however, today they are not believed to be 

major transport pathways because they are filled with a fine silt and clay matrix. In Merin's (1992) 

conceptual model of groundwater flow in a siltstone aquifer near Ithaca, New York, flow is through 

a network of horizontal and vertical bedding plane fractures and joints that exists in the subsurface. 

Limited amounts of groundwater is expected to migrate through vertical and horizontal planes of 

secondary porosity (i .e. , fractures), each of which is a fraction of a millimeter thick and extends 

several inches to tens of feet in length. Based on the physical characteristics of the competent shale 

observed in this investigation, this model is believed to apply to the shale at the Ash Landfill site. 
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3.5.3 Hydraulic Conductivities 

Horizontal hydraulic conductivities were determined for 22 wells at the Ash Landfill site, 8 of 

which are screened in the till/weathered shale and 14 are screened in the competent shale. 

Hydraulic conductivities of these wells ranged from 1.8 x 10-4 to 1.9 x 10·7 cm/sec with one 

anomalous value of 5.8 x 10·11 cm/sec. Hydraulic conductivity values for the shallow till/weathered 

shale aquifer ranged from 3.9 x 10·5 cm/sec to 1.8 x 10-4 cm/sec. Hydraulic conductivity values for 

the competent shale aquifer (as determined by slug testing) ranged from 1.9 x 10·7 to 1.2 x 10-4 

cm/sec. In most instances the conductivity values for the till/weathered shale aquifer are greater 

than for the competent shale aquifer. Within the competent shale aquifer, conductivity values 

generally decrease with depth, a phenomenon which can be attributed to an increase in mechanical 

stresses causing fractures to close (deMarsily, 1986). Merin ( 1992) noted a similar trend in 

fractured Devonian siltstones near Ithaca, New York and attributed it to the fact that shallower 

wells intercepted more highly fractured rock than the deeper wells did. 

3.5.4 Groundwater Velocity 

The average linear darcy velocity of groundwater in the till/weathered shale was calculated using 

the following parameters: 1) an average hydraulic conductivity of 4.5 x 10-4 cm/sec (1.28 ft/day), 

2) an estimated effective porosity of 15% (0.15) to 20% (0 .20), and 3) a groundwater gradient of 

1. 95 x 10·2 ft/ft (Parsons ES, 1994a). The average linear velocity was calculated to 0 .166 ft/day or 

60. 7 feet/year at 15% effective porosity and 0.125 ft/day or 45.5 ft/yr at 20% effective porosity. 

The actual velocity on-site may be locally influenced by more permeable zones possibly associated 

with differences in the actual porosity of the till/weathered shale. 

The average linear darcy velocity of groundwater in the competent shale was calculated using the 

following parameters: 1) an average hydraulic conductivity of3 .73 x 10·5 cm/sec (0.106 ft/day), 2) 

an estimated effective porosity of 6. 75% (0.0675), and 3) a groundwater gradient of 2.5 x 10·2 ft/ft . 

An average linear velocity of3.9 x 10·2 ft/day or 14.3 ft/yr was calculated for the shale. 

3.5.5 Vertical Hydrau_lic Heads and Gradients 

The potential for vertical flow from the till to the shale bedrock was investigated by measuring the 

piezometeric head in the overburden wells and adjacent bedrock wells and calculating the vertical 

gradients in two paired wells. The potenital for vertical flow would be indicated by the magnitude 

J-, 19'6 
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of the head differences over the vertical distance that the measurements were made. Negative 

values is an indication that the direction of vertical flow would be downward, into the shale 

bedrock. Vertical hydraulic head profiles for the two well pairs (PT-16/MW-38D and MW-

36/MW-35D) and four well clusters (MW-46/MW-49D/MW-50D, MW-47/MW-51D/MW-52D, 

MW-53/MW-54D/MW-55D, and MW-56/MW-57D/MW-58D) were determined (Parsons ES, 

1994a). These data do not suggest any significant vertical groundwater moverment. Some of the 

vertical hydraulic head profiles at the Ash Landfill site indicate slight downward flow, whereas 

other areas of the site show slight upward flow. There is no consistent distribution of head over the 

site suggesting there are no clear trends in upward or downward flow. Each well pair/cluster 

location tends to have individual flow characteristics. 

3.5.6 Vertical Connection Between Till/Weathered Shale and Competent Shale 

Aguifers 

Vertical connection tests were performed to observe the influence that would occur by removing 

water from one well and measuring the change in piezometeric head in a paired well. These tests 

were performed to determine the degree of connection between the till/weathered shale and 

competent shale aquifers . Specifically, the tests were performed to determine whether the 

connection between the till/weathered shale and competent shale were small enough that the 

competent bedrock could be considered as a lower impermeable boundary for the shallow 

groundwater flow systems at the Ash Landfill. Such an impermeable boundary would prove to be 

an important limitation on the possible spread of volatiles and other constituents. 

Vertical connection test data are available for two paired wells (PT-16 and MW-38D, MW-36 and 

MW-35D), and four well clusters [(MW-46, MW-49D, and MW-50D), (MW-47, MW-51D, and 

MW-52D), (MW-53, MW-54D, and MW-55D), and (MW-56, MW-57D, and MW-58D)] 

(Parsons ES, 1994a). In all of the vertical connection tests at the well clusters, the degree of 

displacement in the till/weathered shale wells (up to 0.3 feet) was greater during purging of the 

shallow shale wells than the deep shale wells. These greater displacements can be attributed to the 

close proximity of the shallow shale wells to the till/weathered shale wells. The degree of vertical 

connection within the competent shale aquifer is comparatively greater than the connection observed 

between the till/weathered shale and competent shale aquifers. The results indicate that although 

there is a connection between the till/weathered shale aquifer the connection is not significant with 

the competent shale aquifer below it. This could be due to filling of bedding plane fractures and 

joints (noted earlier) by silt and clay in the upper portions of the shale aquifer. Flow into the 
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competent shale is likely controlled by vertical gradients. Vertical connections between wells 

screened within the competent shale aquifer are greater, most likely due to the presence of clean 

vertical sub-millimeter scale bedding plane joints that exist in the shale aquifer. One exception is the 

relatively poor vertical connection between competent shale wells MW-51D and MW-52D. 

3.5.7 Summary of Aquifer CharacterisJics and Behavior 

3.5.7.1 Introduction 

An analysis of the tests perfonned for this investigation, and the 3 years of available historical 

quarterly monitoring data provided the infonnational basis for the development of the conceptual 

model of the overall behavior of the till/weathered shale and competent shale aquifers. The 

historical depth to ground water data was collected for the years 1990 through 1993 during 

quarterly sampling events at the Ash Landfill site. No long tenn historical data was available from 

the wells installed during the Ash Landfill RI (Parsons ES, 1994a) and the ESI investigations 

(Parsons ES, 1995a, 1995b, 1995c) so the data discussed below represents wells the were installed 

prior to the RI fieldwork, conducted in 1992. 

3.5.7.2 Till/Weathered Shale Aquifer 

One of the ost striking aspects of hte historical data is the consistent and dramatic chang observed 

in water levels over the year. These data indicates a clear relationship between seasonal changes 

and the water table elevation. The highest groundwater levels are consistently measured in the 

spring, whereas the lowest levels are observed in the later portions of the year. For the relatively 

thin till/weathered shale aquifer, historical measurements of annual water table elevations indicate 

fluctuations as great as 8.72 feet occur in well PT-26, which is located approximately 2,300 feet 

off-site, near the SEDA airfield. The maximum water table fluctuation at the Ash Landfill site was 

measured in well PT-25, where the water levels have fluctuated up to 8.21 feet (Figure 3-8). The 

maximum thickness of the till/weathered shale aquifer was determined to be at the off-site borehole, 

PT-26, and was approximately 11.6 feet. On-site, the maximum thickness was determined to be 

approximately 8.6 feet and was observed in the borehole for PT-25 . This would mean that during 

the spring, the water table will reach within several inches of the ground surface. Alternatively, at 

certain times of the year, the saturated interval becomes quite thin ,approximately 1 to 3 feet thick, 

and even dries up in some locations, i.e. PT-29 and PT-30. 
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Based on the historical data, the wells at the Ash Landfill site exhibit rhythmic, seasonal water table 

and saturated thickness fluctuations (Figure 3-8). The saturated interval is at its thinnest (generally 

between 1 and 3 feet thick) in the month of September and is the thickest (generally between 6 and 

8.5 feet thick) between the months of December and March. Although portions of the graphs that 

depict this change are not available, i.e. September and December 1992, it is likely that the water 

table would behave in a similar way as in the past, exhibiting a seasonal low. The saturated 

thickness of the till/weathered shale aquifer for high and low water table conditions during the years 

1990 through 1992 are also shown on Table 3-1. This table depicts the change in the water table 

(in feet) from low water table conditions to high water table conditions for two seasonal cycles. The 

average change in the water table for these two seasonal cycles was approximately 5.4 feet. 

Mozola (195 1) states that groundwater in Seneca County (including the Ash Landfill site) is derived 

almost entirely from precipitation within the County. To investigate historical precipitation events 

and the likely relationship between fluctuations in the water table of the till/weathered shale aquifer 

and these precipitation events, monthly precipitation data for the years 1990 through most of 1993 

were obtained from the Aurora Research Farm located 10 miles east of the site. Precipitation is 

relatively constant from month to month, although slightly higher amounts of precipitation occurs 

in the spring (March and April) and fall (September) and relatively lower amounts in the summer 

(with the exception of the month of July 1992) and winter (January and February). These data 

alone do not explain the fluctuations observed on the saturated thickness plots (Figure 3-8) . 

The rhythmic behavior of the aquifer does not appear to be controlled by precipitation events, rather 

it is more likely affected by a combination of precipitation amounts and increased 

evapotranspiration rates. 

Evapotranspiration is affected by temperature, exposure to the intensity of the sun, velocity of the 

wind, and the amount of vegetation and appears to be the most significant factor in explaining the 

occurrance of groundwater fluctuations. The fluctuations cannot be fully explained as a result of 

horizontal groundwater flow . Discharging groundwater from the till/weathered shale unit, that has 

a relatively low hydraulic conductivity, i.e. an average of 3.65 X 10-4 cm/sec, cannot account for the 

amount of groundwater that must be removed from the site over the time required. While vertical 

connection tests indicate that low degrees of downward movement are · possible from the 

till/weathered shale aquifer to the competent shale aquifer, no strong downward vertical gradients 

were not observed on-site and, therefore, downward flow is also believed to be minimal compared to 

evaporative losses . 
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Therefore, based on the hydrographs for the wells, the conceptual model for this groundwater 

system is that the high water table in the late fall and winter is sustained through the spring by 

precipitation, snow melting events (predominantly in March and April) and low evapotranspiration 

rates . Precipitation accompanied by an increase in evapotranspiration (due to an increase in 

temperature and more vegetation growth) in the summer results in little recharge to the aquifer and 

thus a decline in the water table. In the summer, evapotranspiration at the surface causes water to 

move up from the water table to the surface by capillary action, a phenomenon noted by deMarsily 

( 1986). In the fall (September and October) there is a slight increase in precipitation and a decrease 

in evapotranspiration, which accounts for the increasing water table elevations that are sustained 

through the winter months and into the spring. 

There is support for the conceptual model that describes the behavior of the till/weathered shale 

aquifer can be found in the literature. Jones et al . (1992) discusses similar obervations for a 

shallow ground water flow system in a Wisconsin-age weathered till in Iowa and cites vertical 

upward movement and evapotranspiration as a primary source of discharge from the till. Cravens 

and Ruedisili (1987) and Hendry (1988) performed earlier studies at the Iowa site and showed that 

the recharge from surface percolation was predominantly discharged through capillary rise and 

evapotranspiration. They also inicated that lateral flow within the weathered till and vertical 

downward flow were minor. Cravens and Ruedisili (1987) also documented that the water table 

depth ranged from an average minimum of 2.4 feet in the summer to an average maximum of 8.5 

feet in the fall ; a similar seasonal trend was evident at the Ash Landfill site. Specifically, these 

researchers attributed the rise and fall of the water table to "seasonal changes in precipitation, plant 

water use, and evaporation through micropores and fractures." According to Fetter (1980) water 

can rise by capillary action about 4.9 feet in silts and 9.8 feet in some clays. This can explain large 

losses of water from the weathered till zone without the required movement of water downward 

through the unweathered till (Cravens and Ruedisili, 1987). Davis and DeWiest (1966) assert that 

use of water by plants is generally much more important as a means of ground water discharge than 

is direct soil evaporation. However, evaporation aided by soil cracks and capillary transfer is 

effective in the upper 3 feet of sandy soil and the upper 10 feet of clayey soil. 

In another instance, hydrographs for peizometers screened in the upper portions of a till in 

Saskatchewan, Canada showed seasonal fluctuations of up to 8 feet over a period of approximately 

4 months (Keller, at al., 1988). However, at this particular site, the seasonal ground water high 

occurs in September-October and the low in May-June. On the basis of hydrographs from nested 

peizometers, the loss of groundwater at this site was shown not to be from downward flow, but was 

JUM, 1996 
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attributed to a combination of lateral flow and upward losses due to evapotranspiration, freezing in 

the unsaturated zone and other causes that were not noted by the authors. 

DeMarsily ( 1986) notes that both the moisture content of the soil and the water table is generally 

higher in the winter compared to the summer for similar soil. A comparison of general moisture 

profiles in soil for these seasons indicates that precipitation events in the winter months are more 

likely to have a direct impact on the water table . This is due to the higher moisture content of the 

soil in the winter which allows for greater infiltration (recharge) of water during and after 

precipitation events. The moisture profiles indicate that in the summer, when evaporation is high, 

the atmosphere generally takes back all the moisture received during a storm, resulting in little 

recharge to the aquifer. 

The various losses and gains in the till/weathered shale aquifer at the Ash Landfill site, as depicted 

on the water table elevation and saturated thickness plots and in the conceptual water balance 

described above, are supported by the monthly water balance model that was run for the same three 

years of historical data (1990 through 1992). The results of this monthly water balance is presented 

in Table 3-2. The water balance used for development of the conceptual model was developed using 

the rational method described by the U.S. EPA (1975) . The model takes into account 

evapotranspiration, precipitation, precipitation runoff, and infiltration. A more complete discussion 

of the water balance model can be found in Section 4.2. As shown in Table 3-2, much of the runoff 

and almost all of the percolation (groundwater recharge) occurs during March, April, and May, 

during the snow melt period. There is continued runoff throughout the time period when the 

temperature stays above freezing. This is consistent with observations made at the site regarding 

runoff and groundwater levels. There is always runoff at the site during a major rainfall since the 

clay soils on-site prevent rapid infiltration. 

In summary, groundwater levels measured in the spring have historically been highest, dropping 

over the summer due to a decrease in precipitation and increased evapotranspiration. Water levels 

in the late fall and winter rise due to a slight increase in late fall precipitation and vegatative 

dieback. Groundwater levels in the late fall and winter are not as high as those measured in the 

spring, when a combination of increased precipitation, no evapotranspiration and snow melting 

events contribute to the highest water levels of the year. 
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3.5.7.3 Competent Shale Aquifer 

The historical data base for the competent shale aquifer is very limited. Historical water table 

elevations are available for only one well (PT-10) which is believed to be screened in the competent 

shale. Seasonally this well shows the same magnitude of fluctuations in water table elevation as the 

till/weathered shale wells. As the competent shale aquifer does not appear to be a significant 

contributor to the transport of pollutants, the influence of this aquifer on the conceptual model is 

considered to be minimal. 

J - 1"' 
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4.0 CONCEPTUAL MODEL 

lbis section will describe the conceptual model that was developed prior to the initiation of 

modeling activities. The conceptual model for the Ash Landfill has two main components 

associated with it. The first component includes aspects of the model associated with flow 

conditions and the hydrogeological setting. The second component includes aspects associated with 

the fate and transport of the chlorinated organic compounds present in the groundwater. The 

complete conceptual model will present a thorough understanding of these two aspects so that the 

modeling will be consistent with and will represent, as much as possible, the actual flow and 

transport systems at the Ash Landfill. 

The intent of the conceptual model is to integrate the physical hydrogeological setting at the site into 

a simplified, yet representative, depiction of the various hydrological units to be modeled. The 

conceptual model will also define the vertical and horizontal boundaries of the modeling effort. The 

conceptual model is significant because the numerical model grid is a mathematical representation 

of the site conditions and is based upon the conditions of the conceptual model. 

The conceptual model was developed following an evaluation of soil and groundwater stratigraphy 

data collected from the Ash Landfill RI. The Ash Landfill site is located approximately halfway 

between the SEDA topographic high of 760 feet MSL and Seneca Lake, which has an elevation of 

approximately 455 MSL. There are no other high points between these two points. Groundwater 

flow in the overlying glacial till is known to follow the slope of the land surface and, therefore, 

groundwater is expected to flow from the topographic high area, past the Ash Landfill site, 

eventually discharging into Seneca Lake. The direction of flow would be from east to west. 

Based upon this information, the area to be modeled included an area beyond the Ash Landfill site, 

encompassing the western flank of the highlands separating Seneca and Cayuga Lakes. The eastern 

highland area is considered to be a groundwater divide between the two finger lakes; this area is 

also believed to be a likely recharge zone for both the shallow till/weathered shale and deeper 

competent shale aquifers . Seneca Lake is the likely discharge area for horizontal groundwater flow 

for the two aquifer systems. The eastern and western boundaries of the conceptual model are 

approximately 24,000 feet apart, extending from the groundwater divide to the surface of Seneca 

Lake. The groundwater divide represents a no-flow boundary condition, whereas Seneca Lake 

represents a constant-head boundary condition. The boundary conditions along the northern and 

southern edges of the modeling grid are defined as no-flow conditions represented by groundwater 

June, 1996 

PAGE4-1 

K:\SENECAIGROUND.MODISECTION.4 



SENECA ARMY DEPOT ACTIVITY ASH LANDFILL FINAL GROUNDWATER MODELING REPORT 

streamlines. Flow is assumed to be parallel to the streamlines, with no flow across these 

streamlines . This is consistent with the conceptual model since groundwater at the site is known to 

flow in an east-to-west direction. Streamlines have been established that are sufficiently wide to 

encompass the area to be modeled. These streamlines provide the northern and southern boundaries 

of the conceptual model grid covering an area 6,800 feet wide. The total area to be modeled is 

approximately 3,750 acres. 

4.1 DEFINITION OF HYDROSTRA TI GRAPHIC UNITS 

Geologic information including geologic maps, soil boring and rock coring logs were combined with 

information describing hydrogeologic properties of the stratigraphic units identified at this site. 

Anderson and Woessner ( 1992) define hydrostratigraphic units as geologic units with similar 

hydrogeologic properties . 

Two hydrostratigraphic units were identified for this model. The first unit is the till/weathered shale 

unit and the second unit competent shale unit. These two geologic units have different depositional 

environments that account for the movement of water through these units . The shale was deposited 

in an inland sea during the Devonian Period, approximately 400 million years before present (ybp), 

whereas the till was deposited directly by a continental glacier that advanced over the Finger Lakes 

region approximately 10,000 ybp. As a result, these two units have separate and distinct 

compositional and hydrologic properties. 

The first and uppermost hydrostratigraphic unit is glacial till and weathered shale. Till is a geologic 

term that refers to an unsorted mixture of variable geologic material that was deposited at the base 

of the advancing glacier. The till at the facility is a dense, poorly sorted mixture of predominantly 

silt and clay with lesser amount of sand and gravel. Upper portions of the till are generally less 

dense than the lower portions, probably due to greater exposure to weathering processes. The base 

of the till contains clasts of shale that are likely ripped-up clasts incorporated into the till by the 

glacier. No vertical or horizontal fracturing was observed in the till. The till gives way to a 

weathered shale that contains variable amounts of silt and clay in centimeter-scale bedding plane 

fractures . The weathered shale is generally only a few feet thick at the site. From previous drilling 

efforts conducted at the Ash Landfill site and other sites at SEDA, it is known that the 

till/weathered shale unit has an average thickness of approximately 12 feet. The till/weathered shale 

unit has an average horizontal hydraulic conductivity (Kii) of3. 7xl04 cm/sec (Table 4-1). 
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The second hydrostratigraphic unit is the competent shale. This shale is a gray calcareous shale of 

the Ludlowville Formation, characterized by thin limestone units, fossil beds, and minor deposits of 

iron sulfides. Bedding plane fractures, joints and breccia zones all contribute to secondary porosity 

in the shale. Generally, fracture frequency decreases with depth. The competent shale unit has an 

average Kh of 4.2xl0-5 cm/sec (Table 4-1). 

The data indicates that hydraulic conductivity values in the till\weathered shale are greater than 

those measured in the competent shale, and hydraulic conductivity values continue to decrease 

within the competent shale unit with depth (Figure 4-1) . Since the hydraulic conductivities of these 

two units differ by more than an order of magnitude, it was decided that these two lithologic units 

would be modeled separately. Further evidence for differentiating these two hydrostratigraphic 

units is supported by the vertical connection testing performed on paired wells and well clusters at 

the Ash Landfill site. A comparison of drawdowns in the wells indicated that the degree of vertical 

connection within the competent shale aquifer is better than the connection observed between the 

till/weathered shale and competent shale aquifers. Thus, the results indicate that the till/weathered 

shale aquifer is not significantly connected to the competent shale aquifer below it. 

Note in Figure 4-1 that a hydraulic conductivity was extrapolated for a zone below the deepest 

bedrock monitoring wells installed on-site (between 52 and 72 feet) using the three average 

hydraulic conductivities measured for the shallower zones (Figure 4- 1). On the basis of these 

results four proposed model layers were identified (Figure 4-1). These layers correspond to the 

till/weathered shale layer, the upper portion of the competent bedrock, the middle portion of the 

bedrock and the lower portions of the competent bedrock. In Section 4.3, the three average 

hydraulic conductivities and the one extrapolated conductivity were used to define the bottom of the 

flow model. 

Vertical hydraulic conductivities (Kv) were derived from literature values and from the physical 

make up of the aquifer material (Table 4-1). For layer 1, the Kv was based on a anisotropy of Kin 

a fine-grained till aquifer in western New York State where Ktft<v is 9 (Prudic, 1992). For 
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TABLE 4 - 1 

STATISTICAL PARAMETERS OF HYDRAULIC CONDUCTIVITY 

SENECA ARMY DEPOT 
ASH LANDFILL GROUNDWATER MODEL 

Kh (cm/sec) Kh (ft/day) Kv (cm/sec) Kv (ft/day) 
Layer 1 (proposed) 
TiWWeathered Shale 3.090E-05 0.09 3.433E-06 0.01 

7.800E-04 2.21 8.667E-05 0.25 
l.847E-04 0.52 2.052E-05 0.06 
5.258E-04 1.49 5.842E-05 0.17 
7.066E-04 2.00 7.851E-05 0.22 
3.871E-05 0.11 4.301E-06 0.Ql 
7.03 1E-04 1.99 7.812E-05 0.22 

Minumum 3.090E-05 0.09 3.433E-06 0.01 
Maxiumum 7.800E-04 2.21 8.667E-05 0.25 
Arith.Mean 3.650E-04 1.03 4.055E-05 0.11 
Stand. Dev. 3.430E-04 0.97 3.81 lE-05 0.11 

Kh (cm/sec) Kh (ft/day) Kv (cm/sec) Kv (ft/day) 
Layer 2 (proposed) 
Competent Shale 4.719E-05 0. 13 4.719E-06 0.Ql 

l .222E-04 0.35 l.222E-05 0.03 
l.595E-04 0.45 l.595E-05 0.05 
5.044E-05 0.14 5.044E-06 0.01 
3.786E-05 0.11 3.786E-06 0.01 

Minumum 3.786E-05 0.11 3.786E-06 0.Ql 
Maxiumum l .595E-04 0.45 l.595E-05 0.05 
Arith. Mean 7.142E-05 0.20 7.142E-06 0.02 
Stand. Dev. 5.902E-05 0.17 5.902E-06 0.02 

Kh (cm/sec) Kh (ft/day) Kv(crn/sec) Kv(ft/day) 
Layer 3 (proposed) 
Competent Shale 6.934E-06 0.02 6.934E-07 0.002 

5.639E-06 0.02 5.639E-07 0.002 
3.505E-06 0.01 3.505E-07 0.001 
l.671E-05 0.05 l.671E-06 0.005 
3.004E-05 0.09 3.004E-06 0.009 

Minumum 3.505E-06 0.01 3.505E-07 0.001 
Maxiumum 3.004E-05 0.09 3.004E-06 0.009 
Arith. Mean l .344E-05 0.04 l.344E-06 0.004 
Stand. Dev. l.271E-05 0.04 l. 271E-06 0.004 

Layer 4 (proposed) 
Competent Shale (NO MEASUREMENTS FROM TIIlS LA YER) 
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layers 2 and 3, the Kv values were derived based on an anisotropy of Kin the aquifer where Kh/Kv 

is estimated to be approximately IO . 

4.2 WATER BALANCE FROM PRECIPITATION 

The fate and transport of the constituents of concern is influenced by the interaction with 

precipitation, the recharge to groundwater and the migration with groundwater. Moisture content 

in the vadose zone of soil can also influence the rate of biological degradation and the rate of 

volatilization. Accordingly, understanding the water balance of the site is helpful in evaluating the 

contaminant fate and transport at the Ash Landfill. The initial water balance performed prior to 

conducting the modeling effort was developed for this site using the rational method described by 

the U.S. EPA (1975). This procedure calculates infiltration as the difference between precipitation 

and runoff. Recharge to groundwater is the difference between the amount of water that infiltrates 

into the ground minus the actual evapotranspiration and any changes in soil moisture. The results 

of these calculations, which are based on average temperature and precipitation data for the years 

1958-1991 , are summarized in Table 4-2. A comprehensive discussion of the weather data is 

presented in Table 3-1, and discussed in Section 3 of this report. 

The potential evapotranspiration (PET), was estimated using the procedure described by 

Thornthwaite and Mather (1957). Evapotranspiration is an estimate of the amount of water which 

is released from the site through both evaporation and plant uptake (transpiration). The 

methodology begins by determining the Heat Index, which is obtained from either Table 1 or 2 

presented by Thornthwaite and Mather (1957). Mean monthly temperature data was obtained from 

the nearby meteorological station, the Aurora Research Farm, which is operated by Cornell 

University: The data is shown on Line 1 on Table 4-2. The monthly Heat Indexes are shown on 

Line 2 of Table 4-2. Heat Indexes are zero when the mean monthly temperature is less than 32°F. 

From the sum of the monthly Heat Indexes, the unadjusted potential evapotranspiration is obtained 

from either Table 3 or 4 presented by Thornthwaite and Mather (1957) . The unadjusted potential 

evapotranspiration values are presented on Line 3 of Table 4-2. To change the unadjusted values of 

potential evapotranspiration into the adjusted monthly potential evapotranspiration, the unadjusted 

values were multiplied by a correction factor . The correction factor is expressed in terms of a 12-

hour day, which provides an indication of the duration of sunlight for a particular month. 

Correction factors for the unadjusted potential evapotranspiration are obtained from Table 6 of 

Thornthwaite and Mather ( 1957) and depend upon the latitude of the site. This value is presented 
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on Line 4 of Table 4-2. The adjusted Potential Evapotranspiration (PET) is then calculated as the 

product of Lines 3 and 4 of Table 4-2 . 

When the mean monthly temperatures were below 32° F, the monthly precipitation values were then 

corrected to account for precipitation as snowfall in the months of December through March. It 

was assumed that all of the snowfall remained on the ground as snow, with no evaporation, 

infiltration, or runoff until March when the snow began to melt. It was also assumed that 60% of 

the snow (the total precipitation for December, January, and February) melted in March, and 

therefore entered the water balance as precipitation in addition to the normal monthly precipitation 

for March. The remaining 40% of the accumulated snowfall was assumed to melt in April. 

The total monthly precipitation was then adjusted to account for the percent of water which runs off 

as overland flow. Line 8, in Table 4-2, contains the Runoff Coefficient, CRo- This coefficient is a 

measure of the amount of precipitation that will runoff from any given area, and will depend on the 

soils, vegetation, and slopes found at a site. Generally, CRo values range from 0.05 to 0.35 (U.S. 

EPA, 1975). At the Ash Landfill, the surface soils are primarily silty clay loams, as described in 

Section 3. 0. Much of the area is covered with native grasses, though some of the road areas have 

no vegetative cover. The site slopes generally range from I to 3%. For these conditions, the CRo 

values range from O .13 (less than 2 % slope) to O. 22 (2-7% slopes) . Following EPA guidance 

(1975), a higher CRo (0.22) was used for the cooler months, and a lower value (0 .18) was used for 

the warmer months . For the transitional months, (May and November), a value of 0.20 was used. 

Infiltration (I), Line I 0, is calculated as the difference between the monthly corrected precipitation 

values, Line 7, and the calculated runoff values, Line 9. Infiltration (Line 10) minus the adjusted 

potential evapotranspiration values, Line 5, yields I-PET, Line 11. This value was used to assess 

periods of time when the soil moisture is decreasing. A positive value of I-PET indicates the 

amount which is available to increase soil moisture or percolate to groundwater. Negative values 

indicates that potential evapotranspiration exceeds infiltration and there is a net decrease in the soil 

moisture. 

Soil moisture (ST) is a measurement of the available field moisture and is related to soil type. The 

available moisture is obtained as the difference between the field capacity, i.e. the point at which 

water will drain by gravity, and the wilting point, i.e. the point at which water is unavailable for 

plant uptake. The soil types on the site are silt clay loam, as discussed in Section 3.0 of this report. 

From Table IO of the Thomthwaite and Mather (1957), the field capacity for a silty clay loam is 
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approximately 3.6 inches per foot of root zone. The wilting point for a silty clay loam is 

approximately 1.2 inches per foot of root zone. The available soil moisture (ST) is the difference of 

3.6 and 1.2 inches per foot, or 2.4 inches per foot of root zone. Hutton (1972) indicates that the 

root zone for this area is generally between 18 to 24 inches deep. This analysis used 1.62 feet (19.4 

inches) as the root zone; therefore, the ST value used in these calculations was 3.9 inches (Line 13), 

or the product of 2.4 inches per foot of root zone and 1.62 feet of root zone. This initial value is 

assigned to the last month having a positive value of I-PET, which is the month of April. In other 

words, the last month that the field capacity of the soil was achieved and drainage occurred was 

April, and the value of 3. 9 inches was set for this month. The water balance program then 

proceeded to calculate the ST for the remaining months. 

The Actual Evapotranspiration (AET) (Line 15) is calculated only when the change in soil moisture 

is negative. The change is soil moisture is presented on Line 14. If the Heat Index (Line 2) is zero, 

then the AET is also zero. In other words, when the temperature is below freezing there is no AET. 

If the ST, Line 13 , is equal to the field capacity, which is the maximum value ST can be, then the 

AET equals the Adjusted PET, Line 5. Therefore, the AET is greatest when the soil moisture is 

greater. When the change in soil moisture is negative (i .e., the soil moisture is decreasing), the AET 

is calculated as : 

AET = PET+(I - PET - MT) 

where: AET = Actual Evapotranspiration (Line 15); 

PET= Adjusted Potential Evapotranspiration (Line 5); 

I-PET= Infiltration minus Adjusted Potential Evapotranspiration (Line 11); and 

LiST = Change in Soil Moisture (Line 14). 

Percolation (PERC) (Line 16), which is recharge to the groundwater, is calculated as the remainder 

when the change in soil moisture (Line 14) and the AET (Line 15) is subtracted from I (Line 10). 

The results of the water balance analysis indicates that much of the runoff and almost all of the 

percolation (groundwater recharge) occur in March and April, during the snow melt period. There 

is continued runoff throughout the time period when the temperature stays above freezing, however, 

recharge is eliminated by the large amount of water that is released to the atmosphere through 

evapotranspiration; the average annual evapotranspiration at the site is 20.4 inches. These 
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estimates are consistent with observations made at the site regarding runoff and groundwater 

elevation changes . During field operations, runoff was observed following any major rainfall event. 

This observation is consistent with expectations since the dense, clay-rich till prevents rapid 

infiltration. With respect to the groundwater, water levels measured in the spring have historically 

been the highest, with the levels dropping substantially throughout the summer months . Changes in 

water levels of three to four feet per month have been observed. During the late summer and early 

fall, the water table is the lowest, and in some instances the water level appears to be close to the 

top of the competent bedrock. Water levels in the late fall and winter are generally on the rise due 

to late fall precipitation and snow melting events, but they are not as high as those measured in the 

spring, when a combination of increased precipitation and snow melting occurs. 

Using the annual runoff value developed from the water balance ( 6.8 inches) and the surface area 

of the Ash Landfill site, which is approximately 130 acres, the total annual amount of potential 

runoff is 74 acre-feet (24 million gallons) per year. Much of this flow is captured and diverted 

away from the site by the surface drainage swales which line the edges of the roads surrounding the 

site, while some is retained on-site in the freshwater wetlands and low spots. 

To provide a check of the average annual evapotranspiration (ET) rate calculated by the 

Thomthwaite and Mather ( 19 5 7) method in the water balance, an evapotranspiration computer 

model, developed and executed by the Northeast Regional Climate Center at Cornell University, 

was run. This general ET model was developed based on the British Meteorological Office Rainfall 

and Evaporation Calculation System (MORECS). 

According to DeGaetano et al . (1994), MORECS is used "operationally in Great Britain to obtain 

weekly and monthly estimates of average evaporation and soil moisture deficits over 40 km x 40 km 

grid squares . The system relies on routinely observed daily meteorological data as its input. " 

Moreover, MO RECS determines potential and actual ET over a variety of different surface types . 

The Northeast Regional Climate Center model has been modified and validated for use in the 

northeastern United States by DeGaetano et al. (1994). Using MORECS, "historical and real-time 

estimates of potential ET from grass, evapotranspiration from bare soil and standard evaporation 

pans, as well as actual ET from grass- and deciduous tree-covered surfaces are available" 

(DeGaetano et al ., 1994). 

For application to the Ash Landfill, actual ET rates from a grass-covered surface were chosen as 

the most appropriate for the site. Meteorological data from Ithaca, New York was used for the 
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model because this was the closest location that could provide the necessary input data for the 

model; Ithaca is approximately 20 miles south of the Ash Landfill. The model evaluated 

meteorological data foi- the years 1984 through 1994 and derived the monthly total 

evapotranspiration from a grass-covered field (Table 4-3). The average yearly total 

evapotranspiration for the grass-covered field is 21.19 inches. This compares favorably with the 

total evapotranspiration value calculated using the Thornthwaite and Mather ( 19 5 7) method of 

20.40 inches. Details of the MORECS model are included in Appendix A. 

While there is close agreement between both of these models, neither accounts for ET from 

groundwater after percolation has occurred. The importance of this effect is discussed in the 

Section 4.3, Preliminary Water Budget (Qin vs Qaut)- This effect has required modification of the 

initial conceptual model to account for the difference between the amount of water that will 

recharge to groundwater and the amount of water that is removed by evapotranspiration. 

4.3 PRELIMINARY w ATER BUDGET (Qin VS Qout) 

A preliminary field-estimated water budget was prepared for the area to be modeled based on the 

expected sources of water to the system as well as the expected flow directions and discharge areas. 

This preliminary water budget was prepared to obtain information on the magnitudes of these flows 

prior to running the model. It was also used as a calibration criteria for the water budget computed 

by the model. 

The field-estimated water budget encompassed an area equal in size to the area to be modeled. The 

eastern boundary was the groundwater divide (no flow boundary) between Seneca and Cayuga 

Lakes (near Route 96) and the western boundary was Seneca Lake (constant head boundary) 

(Figure 2-1). Because groundwater topographic maps for the site and surrounding area indicate a 

fairly consistent east to west flow direction, the northern and southern boundaries were streamline 

no-flow boundaries. 

Based on the boundary conditions, recharge to the aquifer system is wholly from precipitation and 

groundwater flow is from east to west, eventually discharging into Seneca Lake. The total area of 

the region modeled was 150,413,697 ft2
• The annual recharge from precipitation as determined 
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from the water balance is 7.1 inches (0.592 ft) . To calculate the total recharge to the aquifer 

systems (Qin) the total area was multiplied by the annual amount of recharge from precipitation; 

where: 

Qn = AREAmod X RECHARGE ppt 

Q;n = total recharge to the aquifer system, (ft3/day); 

AREA mad = total area of the model, (ft2) and 

RECHARAGEppt = amount ofrecharge from precipitation, (ft/yr). 

This yield an estimate of Qin at approximately 89,045,000 ft3/yr or 244,000 ft:3/day or 1,825,000 

gallons/day. 

The volume of water flowing into Seneca Lake (Qou1) was calculated based on the expected flow 

through the 4 layers identified shown in Figure 4-1. The darcy flow through each of these four 

layers was determined using the average hydraulic conductivity of each layer, their depths relative 

to the ground surface, their cross-sectional areas, and the observed ground water gradients as shown 

on Table 4-4 . 

Layer 1, the till weathered shale unit, is approximately 12 feet thick and has an average saturated 

thickness of 6 feet. A layer thickness of 20 feet was used for the layer thicknesses of the three 

competent shale units because this is the interval for which the data was available from the 

monitoring wells at the Ash Landfill site; these units are fully saturated. 

The flow for each proposed layer was calculated using the flow equation: 

QOIII = KAI 

where: Q0 u1 = flow out of the layer; 
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K = horizontal hydraulic conductivity (KiJ, (ft/day); 

A = cross-sectional area though which the flow occurs, (ft2); and 

I = groundwater gradient. 
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The individual components of total Q0 ut are 1, 139.99 ft3/day, 922.33 ft3/day, 184.47 ft3/day, and 

10.61 ft3/day for layers 1, 2, 3 and 4, respectively (Table 4-4) . The total volume of water flowing 

into Seneca Lake from these layers was calculated to be 2,257 ft3/day. The flow calculations are 

included in Appendix B. 

To reasonably define the bottom of the flow system to be modeled, the percentage of flow within the 

individual layers was compared to the overall aquifer flow into Seneca Lake. Based on these 

calculations, the contribution of flow from layer 4 (approximately 0.5%) was detennined to not be 

significant when compared to the total flow through the system and ,therefore, a fourth layer was 

not considered in the numerical MODFLOW model. From a modeling perspective, this method of 

determining a practical bottom of the flow system should not compromise the representation of the 

flow system. 

Clearly, when Qin (244,000 ft3/day) from precipitation is compared to Q out (2,257 ft3/day) at the 

discharge point, Seneca Lake, there is an obvious discrepancy. This required a modification of the 

initial conceptual model in order to account for this difference. To do this an additional component 

of the conceptual model, evapotranspiration from groundwater, must be considered in order to 

account for the apparent discrepancy. Conceptual model assumptions, such as boundary 

conditions, groundwater flow parameters, etc., are believed to represent the flow system accurately 

as these parameters are derived from measured values. As discussed earlier in this section, the 

groundwater flow system can only transport a finite amount of groundwater, which is not the 

amount of water that would result from 7 inches of recharge per year. Instead, the discrepancy is 

believed to be caused by the inability of the Thomthwaite and Mather (1957) water balance method 

to account for evapotranspiration from groundwater after recharge has occurred, a phenomena that 

appears to be significant at the Ash Landfill site. This phenomena occurs from the upward 

movement of groundwater in the shallow, fine-grained till aquifer due to capillary action, which 

eventually transpires and/or evaporates into the atmosphere. This is considered to be a key factor 

that must be accounted for in the Ash Landfill conceptual model. 

To evaluate whether the evaporative loss of groundwater is a valid concept at the Ash Landfill, 

historical groundwater data and possible mechanisms by which water could be lost from the aquifer 

system were evaluated. First, historical groundwater observations from monitoring wells appear to 

be in agreement with the recharge value derived from the Thomthwaite and Mather ( 1957) method. 

Secondly, it would appear that evapotranspiration from groundwater is the only possible 

mechanism by which water could be lost from the aquifer. 
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To determine if the recharge value calculated using the Thomthwaite and Mather (1957) method 

was reasonable, seasonal increases in the saturated thickness of the till/weathered shale aquifer 

(Figure 3-8 and Table 3- 1) was compared to the total annual percolation value of 7 inches . First, 

the amount of water that was added to the system from a period when the water table was low (late 

summer early fall) to a period when the water table was high (late winter and spring) was 

determined. On the basis of the data shown in Table 3-1, the average change in the water table was 

5 .4 feet. The amount of percolation that would be required to cause the water table to rise 5 .4 feet 

would be obtained by multiplying the total rise in feet of water in the wells for a season by the 

effective porosity of the till, which is estimated to be approximately O .15 . The effective porosity 

was used because it represents the available space through which water can move, assuming some 

water would be bound up in the interstices of the till. Therefore, an 5-foot rise in the water table 

would require an infiltration of approximately 9 inches of water. Following the same line of 

reasoning, 7 inches of infiltration (which was calculated in the water balance) would result in a 

water level rise of 3. 9 feet (7 inches + 0 .15 = 46 . 7 inches or 3. 9 feet) or approximately 4 feet, which 

is close the average change observed from the well observations which was approximately 5 feet. 

Therefore, the infiltration value of 7 inches is considered to reasonably close to the observed 

changes in the saturated thickness of the till/weathered shale aquifer. This amount of infiltration, or 

more, would be required in order to be able to account for the seasonal rise in the water table 

observed in the wells on-site. This means that the Qin (i.e., recharge) from precipitation is 

reasonable, based on the annual recharge of 0.59 feet (approximately 7 inches) taken from the water 

balance determined using the method of Thomthwaite and Mather (1957). Thus, based on a 

comparison of Qin vs Qout, significantly more water would have to be removed from the groundwater 

flow system in order for the two flows to balance. 

Several mechanisms for the loss of water from the aquifer were considered for the conceptual 

model; horizontal, downward and upward movement were considered. First, the Kh values in the till 

are not believed to be high enough to transport the water horizontally and cause the observed 

decrease in the water table. Secondly, the poor vertical connection between the till and the 

competent shale aquifers suggests that downward movement of groundwater into the bedrock, as a 

means of removing water, is not reasonable. Therefore, the third concept, upward movement 

groundwater via evapotranspiration, was considered to be the most reasonable alternative, given the 

site conditions (i .e. , the fine-grained nature of the till, shallowness of the till/weathered shale 

aquifer, the shallow depth of the water table, the open, vegetated land surface at the site, etc.). 
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The concept of evapotranspirative loss of groundwater from unconfined, fine-grained till aquifers to 

explain large fluctuations in the water table (especially where the water table is close to a vegetated 

land surface) is not uncommon and has been documented by many researchers (i .e., Jones et al ., 

1992; Cravens and Ruedisili, 1987; Hendry, 1988; and Keller et al. , 1988) - Section 3.5.7.2 

presents a detailed discussion of their findings . Furthermore, the characteristics and behavior of the 

aquifer flow system at the Ash Landfill suggest that this phenomenon is occurring at the Ash 

Landfill and in the surrounding area. 

Thus, it is reasonable to conclude that a significant amount of the water that percolates into the 

groundwater flow system at the Ash Landfill is lost to evapotranspiration and is never discharged to 

Seneca Lake. The actual net recharge value (Qin), recharge - evapotranspiration, based on the 

conceptual model information, would be approximately 1.6 x 10-5 ft/day (or 0.07 in/yr) . 

4.4 DEFINITION OF FLOW SYSTEM AND BOUNDARY CONDITIONS 

A flow system is defined by hydrostratigraphy, hydrologic information, and geochemical data. The 

following is a description of the groundwater flow system in the vicinity of the Ash Landfill. 

The groundwater flow system is primarily recharged by prec1p1tation within Seneca County 

(Mozola, 1955). The traditional water balance would suggest that approximately 34.3 inches of 

rain falls in the region, with approximately 6.8 inches being lost to runoff, 20.4 inches being lost to 

evapotranspiration, and 7.1 inches allowed to percolate into the groundwater (Table 4-2). 

However, this does not account for the loss from groundwater, via evapotranspiration, once the 

percolation has recharged groundwater. It is clear from calculation of groundwater flow through 

the system that only a small percentage of the water that percolates to the groundwater actually 

moves throughout the entire length of the system. A large percentage is lost from the system though 

evapotranspiration from the water table. The shallow water table, the fine-grained nature of the till, 

and the relatively large fluctuations in the water table indicate that evapotranspiration likely plays a 

major role in removing water from the till/weathered shale aquifer system. 

The flow of groundwater at the Ash Landfill occurs primarily through two hydrostratigraphic units; 

a till/weathered shale unit and a competent shale unit. Hydrologic data from these units provides a 

more complete definition of the flow system. Water level measurements from the till/weathered 

shale unit at five sites within the modeled area indicate that the general direction of groundwater 

flow is to the west toward Seneca Lake. At the Ash Landfill and at the Garbage Disposal Area 

June, 1996 
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(SEAD-64D) sites, the groundwater flow direction is consistently to the west over an area that 

encompasses approximately 3/4 of the width of the area to be modeled. The flow direction in the 

competent shale at the Ash Landfill site is also to the west. In the eastern portion of the modeled 

area at SEAD-16, -17, -25, and -64A, groundwater flow directions are to the west and southwest 

(Figure 2-1) (Parsons ES, 1995a, 1995b, 1995c). 

In the far eastern portion of the modeled area the combination of an easterly groundwater flow 

direction at SEAD-50 and a topographic high along Route 96 suggests the presence of a 

groundwater divide (Figure 2-1). In the south, the groundwater divide is defined by both the 

easterly groundwater flow and the topography. To the north along Route 96, the topography and 

drainage pattern of small intermittent streams define the location of the divide. Groundwater flow 

in the western portion of the modeled area is controlled by Seneca Lake, which is a large, stable 

water body whose surface elevation is approximately 455 feet above mean sea level. 

The hydraulic conductivity of the layers helped to define the vertical extent of the flow system. 

Hydraulic conductivity data for the modeled area was obtained from slug tests that were performed 

in the till/weathered shale and in the competent shale at the Ash Landfill. Horizontal hydraulic 

conductivity values ranged from 7.8xl04 cm/sec to l.9xl0" 11 cm/sec. The data indicate that the 

conductivity values for the till/weathered shale are greater than those for the competent shale. The 

average hydraulic conductivity of the till/weathered shale unit is 3.7 x 104 cm/sec and for the 

competent shale it is 4.2 x l 0·5 cm/sec. Also, within the competent shale aquifer conductivity 

values generally decrease with depth. Initially, three separate flow units were defined in the 

competent shale (Figure 4-1); a hydraulic conductivity value for the third flow unit in the shale 

was extrapolated from shallower data because no wells were screened at this depth. However, as 

part of the preliminary water budget calculations, the lowermost unit in the competent shale was 

eliminated from the model due to lack of a significant volume of flow in this unit compared to the 

total flow through the system. Therefore, for the purposes of this model, flow was modeled to a 

depth of 52 feet below the land surface. 

No significant vertical gradients exist in the well clusters at the Ash Landfill . Although small 

upward and downward gradients were observed in some of the well, there is no dominant trend in 

the flow directions (Parsons ES, 1994a). 

An important distinction in the flow system is that the competent shale, and its network of bedding 

plane fractures and joints, was considered an equivalent porous medium (EPM) in the groundwater 
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flow model. Fractured rock systems simulate EPM when the fracture apertures are constant, the 

fracture orientations are randomly distributed and the fracture spacing is small relative to the scale 

of the flow system (U.S. EPA, 1989). Generally, in the EPM approach the fractured rock is treated 

as if it were an unconsolidated porous media. The shale at the Ash Landfill is believed to 

approximate EPM because it is characterized by vertical and horizontal joints, and horizontal 

bedding plane fractures . The frequency and size of the bedding plane fractures decreases with 

depth based on an analysis of bedrock cores collected at the Ash Landfill; this is supported by a 

measured decrease is hydraulic conductivity with depth (Figure 4- 1). 

Merin (1992) characterized groundwater flow in fractured siltstone approximately 15 miles south of 

the site near Ithaca, New Yark based on a detailed analysis of rock cores, borehole geophysics and 

thin sections. The results of this analysis indicate that "groundwater flow is conceptualized as 

moving through vertical and horizontal planes of porosity, each of which is a fraction of a 

millimeter thick and extends for several inches to tens of meters in length." In addition, three zones 

of bedding plane fractures were delineated based on the vertical distribution of horizontal fractures , 

and the spacing between these horizontal fractures increases with depth. This supports the finding 

that hydraulic conductivities are higher in the upper portions of the bedrock. Furthermore, Merin 

( 1992) argues that the vertical joints and horizontal bedding plane fractures are conduits in shallow 

bedrock and that groundwater flow might approximate EPM conditions. The data from the Ash 

Landfill site and nearby areas (e.g., Ithaca, NY) do not support a descrete fracture approach to 

modeling groundwater flow in the shale. 

The validity of using the EPM approach to model contaminant transport is not well established. 

However, Pankow et al. (1986) evaluated the EPM approach at two fractured rock sites and they 

concluded that " the EPM approach would work well in describing contaminant transport for the 

system with small interfracture spacing and high enough matrix porosity and diffusion coefficient to 

rapidly establish matrix/fracture equilibrium." 

In summary, three flow units were defined in the analysis of the flow system at the Ash Landfill site 

(Section 4.4) and therefore, the model consisted of 3 layers: layer I - till/weathered shale from Oto 

12 feet bis; layer 2 - competent shale from 12 to 32 feet bis ; and layer 3 - competent shale from 32 

to 52 feet bis. 

Several types of boundary conditions were used for the model. The eastern model boundary was 

represented by a groundwater divide no-flow boundary as indicated by the topography, stream 
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drainage patterns, and groundwater flow directions established at nearby sites . Seneca Lake forms 

a constant head boundary at the western extent of the model. Between these two boundaries 

groundwater flow is essentially to the west as indicated by flow directions established at the Ash 

Landfill and five other sites within the modeled area. Thus, streamline no-flow boundaries were 

used to represent the northern and southern boundaries of the model. 

4.5 CONTAMINANT FATE AND TRANSPORT 

The constituents of concern (COCs) at this site include volatile chlorinated organic compounds that 

were within the boundaries of a well defined groundwater plume. These compounds include 

trichloroethene (TCE), cis- and trans-dichloroethene (DCE) and vinyl chloride (VC). These 

compounds have been detected in various monitoring wells at the site and have been monitored over 

time. From this database, various patterns are apparent which include: 

• The total concentration of the COCs in the plume decreases with increasing distance from the 

source area. 

• The direction of plume travel is consistent with the movement of groundwater. 

• The ratio of TCE to the breakdown products changes as the distance from the source area 

mcreases. 

• The concentration of individual COCs in various wells appears to remain constant over the 

period of groundwater monitoring. 

• The boundaries of the plume do not appear to be expanding. 

From this information and the analytical modeling that was performed during the RI, the hypothesis 

was suggested that degradation of the COC within the plume was occurring such that the plume had 

reached steady state conditions. In other words, the extent of the plume has not substantially 

changed because the rate of input of COCs equaled the removal of COCs by natural removal 

mechanisms . If the site conditions are supportive of biotic degradation it is likely that the 

indigenous microbial community is controlling the mass of COCs present in the plume. Given this 

hypothesis, the remedial strategy that this modeling effort would be used to support is one that 

would incorporate institutional controls in association with continued long-:term monitoring of 

groundwater. This approach was deemed appropriate because source control was accomplished in 

the spring of 1995 and was successful in eliminating continued leaching of COCs to the 

groundwater system. 
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The COCs at the Ash Landfill are known to be resistant to aerobic microbial degradation. 

However, these compounds have been shown to be susceptible to degradation through a process 

called reductive dechlorination. Reductive dechlorination occurs under anaerobic conditions and is 

capable of removing halogens from compounds, in this case chlorine, to produce less toxic 

compounds. Reductive dechlorination is possible because unlike non-halogenated compounds, 

halogenated compounds are in an oxidized state due to the presence of the large electronegative 

chlorine group. This makes the organochloride molecule susceptible to reduction rather than 

oxidation. Thus, compounds with more chlorine atoms are more susceptible to reduction than 

compounds with fewer chlorine atoms. This process sequentially dechlorinates chlorinated organic 

molecules with compounds containing relatively large amounts of chlorine, such as TCE, being 

easier to dechlorinate than the (less chlorinated) breakdown products. 

The process of dechlorination involves a transfer of electrons. Compounds that gain electrons are 

reduced whereas the compounds that donate electrons are oxidized. Oxygen is typically the electron 

acceptor for environmental oxidation processes; however, under anaerobic conditions the electron 

acceptors can be either other organic compounds or inorganic anions such as oxidized forms of 

sulfur, nitrogen, iron, or carbonate. For anaerobic (anoxic) bacteria to degrade chlorinated 

hydrocarbons, certain requirements for the environmental system must be met. These requirements 

include the following: 

• availability of carbon sources (electron donors); 

• presence of electron acceptors; 

• essential nutrients; 

• proper ranges of pH, temperature, and salinity; 

• absence of dissolved oxygen; and 

• proper redox potential. 

With this essential information., it will be possible to evaluate the likelihood that biotic anaerobic 

dechlorination is active in controlling the migration of the dissolved COCs at the Ash Landfill 

As part of the conceptual model development Parsons ES conducted an extensive field sampling 

program with the intention of obtaining data that will provide an understanding of the status of the 

biotic processes that are on-going at the site. Table 4-5 presents the parameters that were measured 

in the monitoring wells that were within the boundary of the groundwater plume. These parameters 
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TABLE 4-5 

CHEMICAL PARAMETERS RELATED TO BIOTIC DEGRADATION 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWATER MODEL 

, PARAMETER METHOD OF ANALYSES SIGNIFICANCE 
Ferrous (Fe +l) Colormetric HACH Kit j Presence of iron in the reduced, divalent state, may inidcate 

. ! anaerobic reduction as ferric Fe •3. an electron acceptor is 
i ! reduced to ferrous, Fe•2 
:O • • •• • •••••• • •••• •••• •••••••• ••• •• •••·••• ••u•uo,u ••••• •••••••• •••••• .. •• .. ••• •••••••••• • .. •••·••••• •·• • • .. •••• .. ••••••••••••••+ •• •• ••• •• •••••• ••• •••••••••••••••••• •••••••• •• ••••• ••• •• ••• •••••••• •••••••• •• ••• •••••••••••• ••• •• •• •• 
! Chloride (Cr) EPA Method 300.0 ! General water quality parameter used as a marker of 
! i biogical dechlorination. Presence of chloride in areas of 
j ! anaerobic dechlorination supports dechlorination process 
! ! since chloride is being sequentially removed from the 

L ................................................. ........................................................................... l..organic.molecule .and being released to .thegroundwater ..... ... . 
! Specific Conductivity EPA Method 120.1 ! General water quality parameter; useful to identify areas 

L ............ ................................................................................................................ l .. where leachin_g from.the.landfill could be occurrin!l . .............. . 
! Alkalinity EPA Method 310.1 ! General water quality parameter; provides an indication of 
! ! the presence of carbonates. Carbonates could be an electron 

! .................................................. ........................................................................... ! .. acceptor. under anaerobic. conditions . ..... ................................. .. 
! Nitrate (N03 ") EPA Method 300.0 ! Potential electron acceptor for anaerobic processes. Nitrate 
i ! can be used as an electron acceptor by facilitative anaerobic 
i ! microorganisms via either denitrification or direct nitrate 
! i reduction. .................................................... ........................................................................... -t -····························· ······································································· ! Nitrite (N0.2) EPA Method 300.0 ! Presence of nitrite is an indication that dentrification 
! ! process is ongoing. 

Sulfate (SO.=) 

Dissolved Sulfide (S=) 

Redox Potential (Eh) 

Methane 

EPA Method 300.0 

Standard Method 4500E 
Standard Method 2580A 

Robert S. Kerr 
Standard Operating 
Procedure (RSKSOP) - 175 

Possible electron acceptor in the anaerobic microbial 
degradation process. 

Product of sulfate-based anaerobic microbial respiration. 
Redox potential influences the nature of the biologically 
produces degradation process. Indicator of the tendency of 
a solution to accept or transfer electrons. Anaerobic 
conditions exist at Eh values less than + 750m V. 

Indicator of reducing conditions; product of anaerobic 
reduction of carbon dioxide. 

! Carbon Dioxide RSKSOP-175 ! Possible source of electron acceptors during 

L ........................................................................................................................... ,l..methano!lenisis ........................................ ................................ .. 
! Ethane, Ethene RSKSOP • 175 ! Products ofbiotransformation of chlorinated hydrocarbons; 
! ! the presence of these compounds indicates that anaerobic 
! ! degradation is occurring. 

pH EPA Method ISO.I 

Dissolved Organic Carbon EPAMethod415. l 

~.1"5 

General water quality parameter, for microbial 
dechlorination to occur, pH must be within acceptable 
range. 

May be source of electrons; acts as an electron donor during 
anaerobic dechlorination processes. 
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include alternative electron acceptors, general water quality parameters, and final end products of 

biotic degradation. 

Field activities for collection of these data took place during June 1995. The results of these field 

efforts are summarized in Table 4-6. The results presented in Table 4-6 suggest that several 

alternative electron acceptors are available to complete the transfer of electrons through an 

anaerobic dechlorinative process. The concentration of carbonates, sulfate, and nitrate are high 

enough to suggest that these compounds could act as electron acceptors. Further, the COCs 

throughout the site may act as electron donors in the transfer of electrons, although, cometabolic 

mechanisms may also play a lesser role. General water quality parameters, such as pH, specific 

conductance, and chloride, all are within the range of what would be acceptable for biological 

growth. The redox potential values are within the range of what would be considered anaerobic, 

suggesting that anaerobic dichlorination could be occurring. Although the redox potential measured 

at SEDA does not indicate strongly anaerobic conditions at the time of measurement, it is 

nonetheless within the anaerobic range. 

June, 1996 

PAGE4-1J 

K;\SENECAIGROUNDMODISECTION.4 



M
onitoring W

ell 
P

T
- 10 

PT
-17 

PT
- 18 

P
T

-20 
PT

-22 
PT

-22 (D
up) 

M
W

-2
4 

M
W

-24 (D
up) 

M
W

-27 
M

W
-28 

M
W

-29 
M

W
-32 

M
W

-36 
M

W
-39 

M
W

-40 
M

W
-4

1
0

 
M

W
-42D

 
M

W
- 43 

M
W

-43 (D
up) 

M
W

-45 
M

W
-46 

M
W

-48 
M

W
-49D

 
M

W
-149(D

up o
f 49D

) 
M

W
-49 (R

insate) 
M

W
-50D

 
M

W
- 53 

M
W

-5
4D

 
M

W
-55D

 
M

W
-56 

M
W

-56 (D
up) 

N
otes: 

T
A

B
L

E
4

-6 

B
IO

D
E

G
R

A
D

A
 T

IO
N

 IN
D

IC
A

T
O

R
 P

A
R

A
M

E
T

E
R

 R
E

S
U

L
T

S 

S
E

N
E

C
A

 A
R

M
Y

 D
E

P
O

T
 A

C
T

IV
IT

Y
 

A
S

H
 L

A
N

D
F

IL
L

 G
R

O
U

N
D

W
A

T
E

R
 M

O
D

E
L

 

E
thene 

E
thane 

M
ethane 

C
hloride 

C
O

2 
S

pec. C
ond. 

(m
g/L

) 
(m__g_/L) 

(m
g/L

) 
(m

g/L
) 

(m
g/L

) 
(um

ho/cm
) 

<0.11 
<

0.08 
<

0.004 
59.7 

327 
794 

<0.11 
<

0.08 
<

0.004 
59.3 

349 
906 

<0.11 
<

0.08 
0.424 

57
.7 

629 
14

50 
<0

.11 
<

0.08 
<

0.004 
67.l 

331 
954 

<0.11 
<0

.08 
<0

.004 
148 

352 
1230 

N
A

 
N

A
 

N
A

 
N

A
 

349 
N

A
 

<0.11 
<

0.08 
<

0.004 
40.3 

275 
763 

N
A

 
N

A
 

N
A

 
N

A
 

276 
N

A
 

<0.11 
<

0.08 
0

.184 
37.8 

268 
633 

<0. 11 
<

0.08 
<

0.004 
25.3 

293 
656 

<0.11 
<

0.08 
<0

.004 
58.2 

316 
944 

<0
.11 

<0
.08 

<0.004 
67

.7 
284 

800 
<0.11 

<
0.08 

<
0.004 

48.8 
270 

706 
<0.11 

<
0.08 

<
0.004 

22 
14

5 
617 

<0
.11 

<
0.08 

<
0.004 

12.5 
221 

486 
<0.11 

<
0.08 

<
0.004 

12.7 
279 

652 
<0.1

1 
<

0.08 
<

0.004 
4.6 

266 
533 

<0.11 
<

0.08 
<0.004 

26.5 
369 

766 
N

A
 

N
A

 
N

A
 

N
A

 
366 

N
A

 
<0

.1 l 
<

0.08 
<0

.004 
24

.4 
285 

567 
<0

.11 
<

0.08 
<0

.004 
25.7 

298 
675 

<0.11 
<

0.08 
<

0.004 
27.5 

271 
578 

<0.11 
<

0.08 
0.009 

25.1 
259 

646 
<0.1 l 

<
0.08 

0
.011 

24.8 
264 

640 
<0.11 

<
0.08 

<
0.004 

1.9 
<

5 
1.83 

<
0.l l 

<
0.08 

<
0

.004 
15.2 

220 
486 

<0.11 
<

0.08 
<

0.004 
74

.7 
308 

904 
<0.11 

<
0.08 

<
0

.004 
53.4 

222 
629 

<0.11 
<

0.08 
<

0.004 
4.6 

218 
534 

<0.11 
<

0.08 
<

0
.004 

42.4 
302 

700 
N

A
 

N
A

 
N

A
 

N
A

 
294 

N
A

 
N

A
-

N
ot A

vailable 

• -
N

itrate-N
 and N

itrite-N
 com

bined due to late holding tim
es 

H
:\E

N
G

\S
E

N
E

C
A

\A
S

H
M

O
D

E
L

\R
E

P
O

R
n

T
A

B
L

E
S

\B
IO

D
E

G
IN

.W
K

3
 

F
errous 

S
ulfide 

(m
g/L

) 
(m__g_/L) 

<0.01 
<

0.10 
0.01 

0.32 
0.01 

<
0.10 

0.01 
<

0.10 
<0

.01 
<0.1 

N
A

 
N

A
 

0.12 
<

0.10 
N

A
 

N
A

 
0

.2
1 

<
0.10 

0.04 
<

0.10 
0.24 

0.16 
0.27 

<
0.10 

<
0

.01 
<0

.10 
<

0.01 
<0

.10 
<

0
.01 

<
0.10 

0.03 
<

0.10 
<0.01 

<
0.10 

0.12 
<

0.10 
N

A
 

N
A

 
0.07 

<0
.10 

0
.01 

<
0.10 

0.11 
<

0.10 
0.06 

<
0.10 

N
A

 
<0

.10 
N

A
 

<
0.10 

0.13 
<

0.10 
0.15 

0.32 
<0.01 

<
0.10 

0.46 
<

0.10 
0.02 

<
0.10 

N
A

 
N

A
 

n
"lg

e
 1 o

f2
 



M
onitoring W

ell 
PT

-10 
P

T
-17 

PT
-18 

PT
-20 

PT
-22 

PT
-22 (D

up) 
M

W
-24 

M
W

-24 (D
up) 

M
W

-27 
M

W
-28 

M
W

-29 
M

W
-32 

M
W

-36 
M

W
-39 

M
W

-40 
M

W
-41D

 
M

W
-42D

 
M

W
-43 

M
W

-43 (D
up) 

M
W

-45 
M

W
-46 

M
W

-48 
M

W
-49D

 
M

W
-l 49(D

up o
f 49D

) 
M

W
-49 (R

insate) 
M

W
-50D

 
M

W
-53 

M
W

-54D
 

M
W

-55D
 

M
W

-56 
M

W
-56 (D

up) 
N

otes: 

T
A

1. 
-6 (co

n
t.) 

B
IO

D
E

G
R

A
D

A
T

IO
N

 IN
D

IC
A

T
O

R
 P

A
R

A
M

E
T

E
R

 R
E

SU
L

T
S 

S
E

N
E

C
A

 A
R

M
Y

 D
E

P
O

T
 A

C
T

IV
IT

Y
 

A
S

H
 L

A
N

D
F

IL
L

 G
R

O
U

N
D

W
A

T
E

R
 M

O
D

E
L

 

D
O

C
 

S
ulfate 

N
itrate-N

 
N

itrite-N
 

R
edox Pot. 

(m
J?. C

/L
) 

(m
g/L

) 
(m

g/L
) 

(m
J?./L) 

(m
V

) 
<

l.0
 

22
.6 

<
0.056 

<0
.076 

367.9 
148 

78 
0.61 

<
0.076 

361.8 
6.1 

231 
<

0.056 
<

0.076 
N

A
 

1.9 
22

.6 
0.15 

<
0.076 

N
A

 
3.1 

218 
0.18 

<
0.76 

352.4 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

4.6 
79 

0.15 
<

0.076 
372

.4 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

2
.3 

50
.7 

0
.098 

<0
.076 

394.7 
2.8 

49.5 
0.089 

<0
.076 

362.5 
3.2 

126 
0.21 

<
0.076 

365
.6 

1.6 
56.4 

0.79 
<

0
.076 

415.3 
1.8 

62.6 
1.7 

<0
.076 

379
.3 

3.5 
26.7 

0.091 
<0

.076 
398

.2 
1.4 

56.7 
0

. 13• 
N

A
 

362.3 
1.2 

41.1 
0.077 

<
0.076 

371.4 
3.2 

24.6 
0.088 

<
0.076 

390
.8 

4.4 
43.4 

<
0.056 

<
0.076 

365.5 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

1.7 
39.1 

0.064 
<

0.076 
351.2 

42 
46

.7 
<

0.056 
<0

.076 
347.9 

2.5 
41.4 

0.081 
<

0
.076 

382.3 
5.3 

57.6 
0.11 

<
0.076 

379.5 
3.7 

58.5 
0.084 

<
0.076 

N
A

 
2.3 

1.1 
<0

.056 
<0

.076 
N

A
 

3.3 
32.8 

0.11 
<

0.076 
N

A
 

3.5 
103 

0.15 
<

0.076 
359.6 

4.1 
40

.6 
0

.27 
<

0.076 
373.9 

<
1.0 

31.3 
0.23 

<
0.076 

340.6 
2.5 

81.7 
0.23 

<
0.076 

360
.6 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 -

N
ot A

vailable 

pH
 7.35 
7.03 
6.87 
7.05 
7.02 

N
A

 7 .09 
N

A
 7.73 
7.09 
7.06 
7.16 
7.25 

7.2 
7.41 
7. 62 
7.48 
7

.09 
N

A
 7.22 
7.13 
7.25 
7.32 
7.36 
6.64 
7.59 
7.0

8 
7.48 
8.88 
7.11 

N
A

 

• -
N

itrate-N
 and N

itrite-N
 com

bined due to late holding tim
es 

H
 :\E

N
G

\S
E

N
E

C
A

\A
S

H
M

O
D

E
L \R

E
P

O
R

n
T

 A
B

LE
S

\B
IO

D
E

G
IN

. W
K

3 

T
ot. A

lk. 
(m

J?. C
aC

03/L
) 

333 
331 
548 
310 
316 

N
A

 
288 

N
A

 
292 
282 
313 
294 
273 
264 
217 
300 
279 
362 

N
A

 
281 
297 
276 
264 
264 

<5 
231 
289 
223 
253 
289 

N
A

 

P
age 2 o

f 2 





SENECA ARMY DEPOT ACTIVITY ASH LANDFILL FINAL GROUNDWATER MODELING REPORT 

5.0 GROUNDWATER FLOW MODEL DESIGN AND RESULTS 

5.1 SELECTION OF MODEL CODE 

This modeling study involved the simulation of both three dimensional groundwater flow and 

transport. The computer code MOD FLOW was selected for this project because of the following: 

• MOD FLOW simulates three dimensional groundwater flow; 

• The head and flow data saved by MODFLOW can be used with particle tracking models (e.g., 

MODPA1H and MODPA1H-PLOT) and the three-dimensional transport model, Modular 

Transport in 3 Dimensions (MT3D); 

• The accuracy of the code has been checked against one or more analytical solutions; 

• The code includes a water balance computation; and 

• The code has been used to simulate groundwater flow in numerous studies. 

Further, MODFLOW has been peer-reviewed for both theory and coding, has been extensively 

verified, field tested and has many users (EPA, 1993). The transport code, MT3D, was selected as 

the transport model, as this model is structured to be used in conjunction with MODFLOW, has 

been peer reviewed for theory and has been both field tested and verified (EPA, 1993). 

5.2 RELATIONSHIP BETWEEN CONCEPTUAL MODEL AND MODFLOW 

NUMERICAL MODEL 

This section describes how the grid of the numerical model was developed from the conceptual 

model. First, the boundary conditions and grid layout will be discussed, followed by the method of 

assignment of input parameter values . 

5.2.1 Boundary Conditions and Grid Layout 

The area modeled extends considerably beyond the Ash Landfill and its immediate surrounding area 

to take advantage of meaningful physical and hydraulic boundaries (Figure 5-1). Seneca Lake, a 

physical boundary, formed a constant head boundary at the western edge of the model. The eastern 

model boundary was represented by a groundwater divide no-flow (i.e., hydraulic) boundary as 

indicated by the land surface topography, stream drainage patterns, and groundwater flow 

directions established at nearby sites (SEAD-50, SEAD-64A, SEAD-25, SEAD-16 and 
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SEAD-17). Between these two boundaries, groundwater flow is essentially to the west as indicated 

by flow directions established at the Ash Landfill and other sites within the modeled area. Thus, 

streamline no-flow (i.e. , hydraulic) boundaries were used to represent the northern and southern 

boundaries of the model. Finally, the bottom of the model was represented by a no-flow boundary 

due to the low hydraulic conductivities measured in the deeper portions of the competent shale. 

The model grid consisted of nodes and associated finite-difference blocks or cells representing a 

block-centered grid. Model boundaries were defined based on physical and hydraulic considerations 

in order to most accurately represent the flow system beneath the Ash Landfill. 

The block-centered finite-difference grid was overlaid on the map of the area to be modeled such 

that the horizontal plane of the aquifer was collinear with the principal directions of hydraulic 

conductivity tensors Kx and Ky (Figure 5-2). In addition, three flow units were modeled: layer 1 

represents till/weathered shale from Oto 12 ft bis; layer 2 represents competent shale from 12 to 32 

feet bis; and layer 3 represents competent shale from 32 to 52 feet bis (as described in Section 4.3). 

The thickness of the layers remained constant throughout the horizontal extent of the model grid. 

However, the array of cells that make up each layer dips gently to the west, generally following the 

land surface topography. This results in a stratigraphic three-dimensional (or non-horizontal 

model-layer) grid (Figure 5-3). By applying a non-horizontal vertical layer discretization scheme to 

simulate flow at the Ash Landfill site, discrete units could be assigned to discrete model layers. The 

angle between the dip of the shale beds and the horizontal axis was so small that K2 was assumed to 

be collinear with the vertical axis (Anderson and Woessner, 1992). Harte (1994) showed that for 

sites with model layer slopes of 0.17 ft/ft or less, the benefits of applying a non-horizontal model 

layer vertical discretization scheme to simulate flow, especially considering the improved ability to 

represent discrete hydrogeologic units, exceeded the numerical errors due to the misalignment of the 

model axes with the hydraulic conductivity tensor (K2). 

The flow model used a variable grid with three layers that totaled 54,120 cells; each layer had a 

grid size of 28 x 220 cells, or 18,040 cells (Figure 5-2). A variable grid was used for this model to 

achieve increased resolution (for hydraulic heads and plume concentrations) at the Ash Landfill. 

The grid consists of a central area of regularly-spaced, 25-foot cells that encompasses the Ash 

Landfill and its immediate surrounding area (Figure 5-4). Beyond this area of regularly-spaced 

cells, the grid expands in increments of 1.5 times (38 ft, 56 ft, 84 ft, 127 ft, and 190 ft) until a cell 

size of 285 ft is reached. Then, this cell size extends to the model boundaries in all 
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directions. A grid size of approximately 284-feet provided enough detail so that simulated heads 

outside the area of interest could be calibrated to observed heads with some degree of spatial 

accuracy, yet it reduced data preparation and computing time for the model. There were 562 

inactive cells in the model; inactive cells are those cells west of the constant head cells at Seneca 

Lake and east of the groundwater divide cells along Route 96 (Figure 5-2). 

The goal of grid spacing is to design a grid so that the dimensionless number, the Peclet number 

(Pe), is less than or equal to 4, Anderson and Woessner (1992). The grid size in the area of the Ash 

Landfill was decreased to 25-feet in order to meet the Peclet criteria for the solute transport model. 

This minimized the effect of numerical dispersion in the finite difference solution and provided the 

necessary detail to understand the migration of chlorinated organics. The equation used to calculate 

the Peclet number is: 

where: P, = Peclet number 

L1L = characteristic nodal spacing, (ft.), and 

a = characteristic dispersivity, (ft.). 

A dispersivity of 10 feet for the till/weathered shale, and a 25-foot grid spacing yields a Pe of 2.5 . 

A dispersivity of 20 feet for the competent shale yields a Pe of 1.25 (the choice of dispersivity 

values is discussed is Section 6.3.3). The 25-foot grid spacing yields Pe numbers for both the 

till/weathered shale and the competent shale that meet the Peclet number criteria recommended for 

solute transport modeling. 

5.2.2 Assignment oflnput Parameter Values For MODFLOW 

The MODFLOW model separates different modeling functions into distinct categories depending 

upon the hydrogeologic conditions being modeled. Input parameter values were assigned to each 

variable associated with the various package use in the model. Groundwater flow was simulated 

using four MODFLOW packages. They are as follows: 

1. Basic Package, 

2. Block Centered Flow Package, 

3. Recharge Package and 

J une, 1996 
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4. Preconditioned Conjugate Gradient (PCG-2) Solution Package . 

Input parameter values for the MODFLOW groundwater flow model were derived from both site 

investigation data, to the greatest extent possible, and the literature when site-specific data were not 

available. Table 5-1 presents the selected input parameters for the flow model along with the 

acceptable range for each value; the best estimate for each parameter used in the model is also 

presented. The parameter values that describe the physical geometry of the flow system, as well as 

those values that describe the aspects of groundwater flow, are discussed below. 

5.2.2.1 Basic Package 

Model Layers and Aquifer Types 

Three model layers were simulated in the model. Model layer 1 simulated groundwater flow in the 

till/weathered shale unit, the ground surface to 12 feet below the land surface. Model layer 2 

simulated flow in the upper 20 feet of the shale unit and, model layer 3 simulated flow in the next 

20 foot interval in the competent shale. The depths to the tops and bottoms of the layers relative the 

land surface are, receptively, 0 to 12 feet for layer 1 (the till/weathered shale), 12 to 32 feet for 

layer 2 (the competent shale), and 32 to 52 feet for layer 3 (also in the competent shale). 

The land surface elevations were established from 2-foot contour maps of the selected sites within 

the modeled area at SEDA and from 1:24,000-scale (7.5 min.) USGS maps (the Dresden and Ovid, 

NY quadrangles). Two foot contour maps were available for six sites within the model grid 

boundaries. Outside of the areas associated with these sites, the 1:24,000 scale maps were used. 

All three model layers were assigned an aquifer type. Model layer 1, which is considered to be an 

unconfined water table aquifer, was designated as a confined aquifer for the purposes of the flow 

model. The reason for this is that the solution scheme of the MODFLOW model was not stable 

enough to meet the closure criteria for the piezometric heads. Simulating model layer 1 as confined 

in a steady state model does not significantly affect the heads calculated by MODFLOW, although 

this does necessitate the need to assume constant transmissivity (hydraulic conductivity times 

saturated thickness) throughout the simulation. Model layers 2 and 3 were simulated under 

confined conditions because the piezometric heads in each layer were measured in the field to be 

above the tops of the model layers . 

Jw,e, 1996 
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Input Parameter 

Aqui(cc Il'.11cs; 

Layer I aquifer type 

Layer 2 aquifer type 

Layer 3 aquifer type 

La)'.cc Ibickncucs; 

Layer I Thickness 

Layer 2 Thickness 

Layer 3 Thickness 

Conductivicy; 

Layer I Kh 

Layer l Kv 

Layer l Vcont 

Layer 2 Kh 

Layer 2 Kv 

Layer 2 Vcont 

Layer 3 Kh 

Icaasmiuivicy; 

Layer I Transmissivity 

Layer 2 Transmissivity 

Layer 3 Transmissivity 

Hnd.t:. 

Constant Head Seneca Lake 

Rccllae&c: 

Net Recharge 

Boundaries: 

Northern Boundary 

Southern Boundary 

Eastern Boundary 

Western Boundary 

Bottom Boundary 

Note: 

TABLE 5-1 

REASONABLE RANGE, BEST ESTIMATE AND UNCERTAINTY FOR 
MODFLOW INPUT PARAMETERS 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWATER MODEL 

Units Reasonable Range Best Estimate 
Low nominal High 

NA NA unconfined • NA unconfined• 

NA NA confined NA confined 

NA NA confined NA confined 

(feet) 4.5 12 18 12 

(feet) 20 20 20 20 

(feet) 20 20 20 20 

(feet/day) 0.09 1.03 2.21 1.03 

(feet/day) O.Ql 0.11 0.25 0.1 I 

0.0007 0.0018 0.0041 0.00 18 

(feet/day) 0.1 I 0.20 0.45 0 .20 

(feet/day) 0.01 0.02 0.05 0.02 

0.0001 0.0003 0.0008 0.0003 

(feet/day) O.Ql 0.04 0.09 0.04 

(sq feet/day) 0.54 6.18 13 .26 6.18 

(sq feet/day) 2.20 4.05 9.00 4.05 

(sq feet/day) 0.20 0.76 1.80 0.76 

(feet, msl) 455 455 455 455 

(feet/day) 0.000012 0.000013 0.000014 0.000013 

NA NA streamline NA streamline 

NA NA streamline NA streaml ine 

NA NA gwdivide NA gwdivide 

NA NA constant head NA constant head 

NA NA low conductiv ity NA low conductivity 

Scource Uncertainty 

field data low 

field data low 

fie ld data low 

fie ld data low 

field data low 

fie ld data low 

field data low 

Literature medium 

Calculation med.- high 

field data low 

Literature high 

Calculation high 

fie ld data low 

field data low 

field data low 

fie ld data low 

Literature low 

field data low 

fie ld data low 

fie ld data low 

fie ld data low 

Literature low 

fie ld data low 

l) • = Layer l was simulated as a confined aquifer (i .e., constant transmissivity) for this steady-state model for reasons discussed in the text. 

H:\eng\seneca\ashmodel\tables\rrbeumf.wk4 
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Boundaries for the Flow Field 

The boundary array for the flow model consisted of constant piezometric head cells along the 

shoreline of Seneca Lake. The northern and southern extents of the model were designated as 

streamline no-flow boundaries. A groundwater divide is present on the eastern boundary of the 

model. All of the cells west of the constant piezometric head cells and east of the groundwater 

divide were inactive for the model runs; all other cells in the model were active. The bottom of the 

model grid was simulated as a no-flow boundary. 

Starting Piezometric Heads 

The starting piezometric head arrays for the three model layers were derived from measured 

groundwater elevations at monitoring wells. In areas where no monitoring wells existed, 

groundwater elevations were extrapolated from the slope of the land surface. The elevation of 

Seneca Lake, 455 feet MSL (Mozola, 1955), was assigned as the piezometric head for the constant 

head cells . 

For layer 1, seasonally averaged groundwater elevations were initially assigned to their 

corresponding model cells. The process of deriving these elevations is described in Section 5 .4.1. 

Starting heads for layers 2 and 3 were 1.0 and 2.0 feet, respectively, below the starting heads for 

layer I . This represented conditions that were measured in the field where bedrock wells were 

installed. 

In areas where no monitoring wells were present, starting groundwater elevations were extrapolated 

between cells by subtracting 5 feet from the land surface elevation. This extrapolation between 

measured and non-measured water table elevations provided a reasonable approximation when 

cross-referenced against selected actual water table measurements. The final array was derived by 

using the observed and approximated data, and a four-point moving average calculation. 

5.2.2.2 Block-Centered Flow Package 

Horizontal hydraulic conductivity (Kn) values for the three layers of the model were obtained from 

the Ash Landfill RI report (Parsons ES, 1994a). A horizontal hydraulic conductivity of 1.03 ft/day 

was used for layer 1 (the till/weathered shale). Horizontal conductivities of 0.2 ft/day and 0.04 

ft/day were used for layers 2 and 3 (in the competent shale}, respectively. The conductivity values 

represent an average for each geologic unit represented as a model layer (Table 4- 1). 

JWN, 1'96 
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Vertical hydraulic conductivities (Kv) were derived from literature values and from the physical 

make up of the aquifer material . For layer 1, the Kv was based on data from a fine-grained till 

aquifer in western New York State where Ki/Kv was determined to be 9 (Prudic, 1992). For layers 

2 and 3, the Kv values were derived based on an anisotropy (Kh/Kv) of 10. 

Vertical Conductance (Vcont) 

Vertical conductances (Vcont)s were calculated for layers l and 2 using the following equation, 

(McDonald and Harbaugh, 1988): 

where: 

Vconti,j.k+J/2 is the vertical conductance between two nodes located at the midpoints of 

vertically adjacent layers; 

Livk is the thickness of model layer k ; 

Livk+J is the thickness of model layer k+I; 

K, iJ.k is the vertical hydraulic conductivity of the upper layer in cell ij,k ; and 

K,iJ.k+I is the vertical hydraulic conductivity of the lower layer in cell ij,k+I . 

The equation is used to represent a transition situation where two adjacent model layers are used to 

represent two vertically adjacent, yet distinct, hydrogeologic units. It incorporates both Kv and the 

thickness of each adjacent unit. 

Using the above equation, a Vcont of0.0018 was calculated for layer 1. For layer 2, Vcon1 of 0.0003 

was calculated. A V cont value was not needed for layer 3 because the bottom of this layer is a no

flow boundary. 

Transmissivity 

Transmissivity was calculated by multiplying the saturated thickness by the horizontal hydraulic 

conductivity (Ki,). A transmissivity value of 6.18 ft:2/day was used for layer 1; this value is based 

on a saturated thickness of 6 feet and Ki, of 1.03 ft/day. The average thickness of the till/weathered 

PAGE S-It 
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shale aquifer was determined to be approximately 6 ft, based on observations of fluctuations of the 

water table in wells at the Ash Landfill. Transmissivities of 4.05 ft2/day and 0.76 ft2/day were used 

for layers 2 and 3; these values were based on a saturated thickness of 20 ft and Ki, values of 0.20 

ft/day and 0.04 ft/day, respectively. 

5.2.2.3 Recharge Package 

Net areal recharge from precipitation was used in the model as the only source of water for the 

flow system. Both a water balance and a water budget was considered in determining the net . 
recharge to groundwater. The water balance indicated that the shallow till/weathered shale aquifer 

received 0.0016 ft/day, (0.59 ft/year) of recharge from precipitation; however, the water budget 

suggested that a significant amount of this water is subsequently lost to evapotranspiration. Instead 

of simulating both recharge from precipitation and evapotranspiration, a net recharge value was 

used in the model. A net recharge of 0.000013 ft/day was used to begin the calibration process for 

the model based on the water budget. Recharge was specified to enter the simulated flow system 

through the uppermost active layer in the model. 

5.2.2.4 Other Model Input Parameters 

Error Criterion for Heads: At the end of each iteration, MODFLOW selects the largest absolute 

difference in heads as a measure of the residual error and compares it to the user-defined error 

criterion. Anderson and Woessner (1992) recommend as a 'hile of thumb"that the error criterion 

should be one or two orders of magnitude smaller than the level of accuracy desired in the head 

results. Because the desired accuracy for head results in this model was 0.1 feet, an error criterion 

of 0.001 was used for the model 

Error Criterion for Water Balance: MODFLOW also calculates an error in the water balance by 

comparing the total simulated inflows and outflows, which serves as another way of checking the 

amount of residual error in the solution. Water entering storage is treated as outflow and water 

released from storage is treated as inflow. The difference between total inflow and total outflow is 

the percent ~rror and it is calculated by MOD FLOW using the equation that follows : 

J--. 1"6 

D = _I o_o(_IN_-_o_u_T) 
(IN +0UT)/2 
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where: D = percent error term; 

IN= total flow into the system; and 

0 UT = total flow out of the system. 

FINAL GROUNDWATER MODELING REPORT 

According to Konikow (1978), the ideal error in the water balance should be less than 0.1 percent, 

however, an error of approximately 1 percent is usually considered acceptable (Anderson and 

Woessner, 1992). 

5.3 MODEL CALIBRATION 

Once the model grid, starting piezometric heads, and the recharge value were established the model 

was calibrated by comparing the modeled and measured site conditions. The groundwater flow 

model was calibrated using industry-standard calibration criteria. A model is considered calibrated 

when it reproduces historical data within some acceptable level of accuracy determined prior to the 

calibration process (EPA, 1992). 

Prior to calibration, an acceptable range for each of the parameter values was identified (Table 5-

1 ), and target piezometric heads were established. 

The conceptual model indicated that a significant amount of water that percolates to the 

groundwater is subsequently lost through evapotranspiration. Thus, the value of the net recharge 

parameter had a significant effect on the piezometric heads in the model. Since many of the 

hydrogeologic input parameters were based on site measurements and literature sources, the model 

was calibrated by selecting the best estimates for all the parameters and then, through trial-and

error, only the net recharge value was adjusted until simulated heads matched measured heads 

within the targeted error of the model. 

The model calibration process began with the net recharge value of 0.000013 ft/day determined in 

during the water budget process. This is significantly less than the 0.0016 ft/day (or 0.59 ft/year) 

of percolation calculated in the water balance because it is believed that evapotranspiration removes 

water from the groundwater system throughout the year. Ultimately, the model was calibrated 

using a net recharge of 0.00001332 feet/day. Output from the calibrated MODFLOW run is 

provided in Appendix C. 

The results of the calibration of the groundwater flow model were evaluated both qualitatively and 

quantitatively. These calibration criteria are as follows : 

JUM, 1996 
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1. Hydraulic Heads (ME, MAE, and RMS) and Gradients; 

2. Water Balance and Volumetric Flow; and 

3. Groundwater Velocity and Advective Travel Time. 

5.3.1 Hydraulic Heads (ME, MAE, and RMS) and Gradients 

The comparison of simulated heads with observed (or target) heads is an essential calibration 

criteria for the model. For this model, target heads were available from 60 monitoring wells within 

the modeled area. 

The target heads for the model cells were set as the seasonal arithmetic mean of the observed water 

table elevations in monitoring wells from 1990 to 1995 . Table 5-2 presents the observed water 

table elevations as well as their seasonal arithmetic means. For wells that had large water elevation 

data sets, the seasonal arithmetic mean was taken to be a reasonably acceptable target elevation for 

the model, since it represented a point approximately midway from the highest to the lowest water 

level elevation. Sample standard deviations for each well for the years 1990, 1991, 1993, and 1994 

were also calculated as well as an average standard deviation for each year. Data presented in 

Section 3.5.2 indicates that the groundwater flow direction and horizontal gradients at the Ash 

Landfill do not significantly change from periods when the water table is high to periods then it is 

low. Assigning the use of seasonally averaged piezometric heads as targets for a steady-state 

groundwater flow model is considered reasonable since flow direction and gradients during periods 

of the year remain constant when piezometric heads were higher or lower than the average value. 

However, this process could not be applied to all of the wells, because for some wells the amount of 

data was limited (i.e. , only one or two seasons were represented in the data). For these latter wells , 

the seasonal arithmetic mean was derived by making appropriate adjustments to the observed data 

based on the average standard deviation of elevations determined at wells where adequate data were 

available. These adjustments were based on knowledge of the established seasonal behavior of 

heads in the aquifer. 

After model calibration was completed, simulated heads were compared to measured (target) heads 

using both maps and X-Y scatter plots. A comparison between contour maps of simulated and 

measured heads is depicted in Figure 5-5 . 

PAGES-14 

K:ISENECAIGROUND.MODISECTION.5 



WELL ELEVATION 
TOP OF PVC 

PT-10 
PT-II 
PT-12 

• PT-15 
5 PT-16 
6 PT-17 
7 PT-18 
8 PT-19 
9 PT-20 

10 PT-21 
II PT-22 
12 PT-23 
13 PT-2• 
14 PT-25 
15 PT-26 
18 MW-27 
17 MW-28 
18 MW-29 
19 MW-30 
20 MW-31 
21 MW-32 
22 MW-33 
23 MW-3' 
2, MW-350 
25 MW-36 
26 MW-37 
27 MW-380 
28 MW-39 
29 MW-<O 
30 MW-410 
31 IIW...2D 
32 MW-<3 
33 IIW-4C 
3' MW-45 
35 MW-<6 
36 MW-47 
37 MW-48 
38 MW-49D 
39 MW-SOD 
,o MW-51D 
'1 MW-520 
,2 IIW-53 
• 3 MW-5'D 
" IIW-550 
, s MW-56 
•6 MW-57D 
'7 IIW-58D 
,U MW-Slil 
' Iii MW-SO 
50 IIW84D-1 
51 MW84D-2 
52 MW84D-3 
53 IIW840-4 
5' MW84D-5 
55 MW8411.-1 

. 56 MW8411.-2 
57 MW8411.-3 
58 MW11!-1 
59 MW11!-2 
BO MW11!-3 
61 MW17-1 
62 IIW17-2 
63 IIW17-3 
84 MW17-4 
65 MWl!>-3 

H:IENGISENECAIASHMODELIREPORTITAl!LES\WATERELEV.WK3 

681.58 
658.26 
652 03 
837 .64 
637.76 
840.62 
656.59 
84s., s 
847.28 
847 .51 
848.62 
841 .5' 
636.35 
637.02 
814 .54 
639.•2 
1537.41 
637.33 
840.23 
838.85 
841 .65 
639.52 
632.89 
631.62 
632.09 
632.89 
637.99 
659.72 
659 .,6 
69' .02 
683.IU 
657.9 

65' .12 
651 .13 
650.65 
628.53 
848.57 
650.69 
650.27 
628.84 

626.7 
639.63 
639.3' 
63U3 
630.69 
630.27 
629.86 
656.83 
eeo.1s 
667.79 
635.2 

848.88 
661 .33 
652.49 
1,s.11 
1,0.98 
739.85 
735.5' 
73' .55 
735.• 8 
738.27 
733.74 
732.15 
734.SB 
745.58 

TABLES-2 

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY AVERAGED 
WATER TABLE AT TIIE ASH LANDFILL 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWATER MODEL 

DEPTH TO WATER IN All WELLS (TOC) NOV-
JAN IIAR J~ SEPT DEC MAR J~ SEPT DEC FEB IIAR J\Al JAN 

1990 1990 1990 1990 1990 1991 1991 1991 1881 1982 1992 1892 1983 
APR J~ DEC FEB JUL SEPT DEC IIAR 

1983 1993 1993 1994 1894 1994 1984 1995 

7.80 
5.80 
6.30 

5.70 
5.10 
5.80 

9.80 10.10 4.71 4.89 10.74 11 .01 7.06 6.66 3.79 5.55 9.10 5.45 
7.20 9.00 4 .56 4.38 8.18 9.77 6.06 5.3' 4.57 4.71 5.95 4.2. 
8.30 9.50 5.06 5.35 9.56 10.30 5.92 5.74 5.32 5.02 5.78 4.83 

8 .40 4 .QO 7.75 10.05 3.75 4 .2lil G.32 10.44 8.48 5.34 4 .08 4 .25 IS.a.& 3.815 
3.80 3.10 4.80 6.50 2.98 2.88 5.66 7.59 4.21 J .JO 2.IM 2.87 2.70 2.78 
5.90 4.70 HO 8.80 4.30 4.08 8.91 10.50 5.28 , .u 3.98 4.00 4.85 4.23 
8.60 5.90 6.80 9.20 5.01 5.18 7.18 9.87 6.72 6.49 5.92 5.02 5.59 4.81 
······ -----···-·-····- ···· ···-·····-··- J .78 .. ·---···--·····-··-········· 
5.40 5.80 7.05 9.20 4.28 5.42 9.32 11 .17 8.51 6.22 5.29 4.82 8.10 4.84 
6.50 UO 7.00 9.25 3.85 4.73 8.01 9.58 HO 12.14 5.12 US 4.09 
6.80 5.90 8.35 10.40 4.87 5.28 9.35 10.77 7.32 5.79 4.95 4.77 6.20 5.29 
s .eo , .10 e .eo 7.95 , ... , .21 e .01 e.se 6.'7 4.70 4.02 4.19 5.62 4.37 
4.70 4.60 5.10 7.00 , .57 U 2 5.95 8.50 4.98 ,.70 4.55 4.29 4.50 4.30 
5.30 3.90 8.55 10.45 3.5' 3.82 8.87 11.57 8.98 4.66 3.87 3.36 3.56 3 ... 
5.20 3.20 6.50 10.75 3.26 2.88 8.25 11 .5' 10.42 U2 2.82 2.96 3.0<I 2.86 
5.00 5.20 6.25 9.05 4.35 U 1 8.89 7.57 5.82 5.08 5.07 5.21 5.60 4.63 
5.20 4.90 5.65 9.15 '-57 .... 6.18 8.33 5.57 4.90 • . 57 4. 13 4.92 4.70 
5.90 6.10 6.65 10.5 5.55 8.21 8.32 10.5 7.19 6.88 6.52 5.74 5.88 5.51 
1.20 s .10 8.os 9.5 , .0e 3.86 10.s 9.52 7.82 6.01 3.98 3.99 4.35 , .16 
4.10 3.10 5.60 9.20 2.43 2.52 6.53 9.85 5.82 3.72 2.88 2.26 2.52 2.28 
6.30 4.70 8.30 8.10 3.87 3.98 9.25 8.56 7.56 4.99 3.82 3.81 3.88 3.87 
6.10 J .90 7.60 9.50 3.60 3.58 6.17 7.37 7.79 4.36 3.57 3.67 3.77 3.76 
-·-···· -··-·······-·--·········- 4.18 ... _........... .. 2.92 2.77 

............. ·--·-··········-····-··· .... -.............. 2.84 ................ - 2.40 2.19 

........ -······-···-····· ..... ···-···· -······ .. - ···· ···· · ·······.......... 2.99 .......... -...... 2.15 2.33 

............... ·-··········· .................. _............................... 3.16 .................. 1.98 2.31 

················-································ ···· ·········· ····· ······-·- 4.08 •••••••••••••••••• 3.32 3.38 
................ _. • ............ ·-·············· .. ········ ······- 1.80 2.18 
·· ··············-·····-.. ···-··................... ................ ... . ....... 4.15 ······· ···-····- 3.50 3.13 
················-·····............. ................... ......................... 1.11 •• .. ••• .. -······· 6.22 6.06 

,....... .... .......................... . ................... 3.61 .................. 2.84 2.38 .......................................... -.............................................. -... . 
f---------· .. ········· ............................................. -..... _ .......................... . 
·····-·······--········ .................. ·-··································------..................................................................... 
................ -........................... .. .......................................................... . 
----··-····················· .. ······································-···········-·············· ... -...... 

................ --···· ......... .. .............. -................... -... .. ------·· .. ············-···· ....... -..................... ___________ _ 

................. -............................................................................................................................ . ................ -....................................................... .. ..................................... . 

9.60 
8.51 
8.03 
a.,1 
4.70 
1.62 
7.33 
6.65 
7.58 
8.15 
8.57 
7.21 
5.21 
6.96 
6.85 
6.75 
5.77 
6.83 
8.83 
6.13 
7.96 
8.84 
5.84 
3.81 
3.90 
us 
5.23 
3.05 
6.30 
8.28 
5.70 
4.58 
5.48 
5.04 
6.64 
5.25 
5.80 
5.83 
5.71 
5.43 
3.84 
8.14 
7.85 
8.20 
3.61 
3.13 
~uo 

5.8 7.75 .................. 5.06 ........ . 
7.02 5.00 8.87 8.84 4.58 , .28 
5.89 4.78 ....... - ••••• - ................ __ 
9.85 5.84 ................. . 6.37 ........ . 
3.47 3.20 .................. 2.70 ••••••••• 
5 00 3.77 .................. 4.12 ... ·-··· 
s .12 6.11·· ................ 6.13••······· 
6.83 ••• _ .. _ 6.38 7.84 4.01 3.10 
6.70 3.07 ···-.. -···--- 5.13 ···-.. •• 
8.46 51 9 .. ••···· .. 
7.84 3.17 ....................... - .......... . 
7.63 2.83 •••••••••••••••••• 4.77 ··-····· 
4 .73 3.16 .................. 4.31 ........ . 
6.36 5.0<I .................. 4.07 ···-.. •• 
4 .M 2.Q5 ............. ..--
US 5.35 6.42 7.09 
5. 14 • . 14 · ··-····-·-···· 
6.12 5_99••···· ........... . 
6.53 6.84 8.40 9.09 
5.14 4.02 .............. - .. 
4.80 5.93 ................. . 
5.10 5.27 
6.50 4.51 ............... -. 

2.56 2.16 ···········-·· ... 
2.48 2.2, 3.43 5.66 
6.2, 3.28 ···-·· .. ···-··-
• . 18 3.Bll _ .............. .. 

3.35 2.03 -······ ......... . 
5.90 3.08 8.0<I 7.28 
8.26 H6 ..... - ... ••-•••• 
8.10 2.43 ........... - . ... . 
5 ... ····-·-................. . 

3.80 5.13 
4.84 ••••••••• 
5.80 ....... .. 
, .oa , .10 
2.75•· .. ••••• 
4.83 ........ . 
5.53 ••••••••• 

2.61 --····· 
2.23 ••••••••• 
2.28 2.3' 
2.14••·-·-
3.40•········ 
1.7J ·····-·· 
3.48 3.61 
6.63 -·--.. 
2.86 ••••••••• 
2.49 • .. •• •• .. 

7.14· ------
5.70 ••••••••• U3 6.38 2.86 3.05 
a.cu ................ - ..... - 3.37 .. ·--· 
7.06 _....... 5.70 6.89 2.85 2.84 
6.39 ......... 5.92 7.00 3.25 3.10 
7.95 ........... ... ·-····-·- 3.58 -·-··-
7.37 .......... 3.88 •• ••••••• 
7.0<1 · ···········........ ....... 2.96 ........ . 
6.66 ······-········· .. -······ 2.50 ••••••••• 
9.50 ......... 6.80 ...... .. . 

9.46 ····-· ·· 6.05 ··-···-
e.82 -··-·········· .. ••••••••• 6.0<1 ···-··-
3.s. -·-·-· 3.82 , .02 2.91 2.95 
3.16 ····-· .............. ___ 1.61 .. ·---
4 .20 ...................... ....... 1 .Jl ........ . 

-···· ····· · · ·················-···············--------------·-··- 3.20 5.22 1.68 1.90 
................ -................................... .. •• ·-····· · · · · ·· .. ············-··········..... .. 3.25 5.32 2.04 2.02 -----···················-····------- 3.43 ......... 2.76 -····· -

.. -····· .. ·····-·········---::::::::.:.-.. -.. -.. :·· ........... _ ....................... ::::::........... .. ...... :::: ~:: ::::::::: : ~: ::::::::: 

............ • ......................... ...................... -.................... .......... ....... ...... •• 6.23 ......... 3.IM ........ . _____ ·_··_··_··_···:::::....................... . ........................... -----· ... · .. ··-·····............ : ~~ ::::::::::::::::::::::::: 
················-· .. ·················............................. . ................................................................................... 6.45 ••••••••••••••••••••••••••• 

············-··-·············· ....... - •• ·······-· .. ····················-······················........... ··········-··· s.11 ··-·· .. ••••••••••••• .... .. 
............... ·-··········................................................................. ........ ................................. 3.40 . .......... ........ ................. ........ . 
. ............... - ........... . ....................... ................................................... ·-··························· 3.5' ........... .... .. . .......................... . 
... ... ......... ·-···· ··· ............ ........ . . . ... - . ............... ....................... ............ ...... ....................... . 4 .22 ... ......... .. ..... ........ . ............... .. 
...... ................. ........... ............. ...... ............... -..... .. ............. ....................... . .......................... .. . 2.80 ........ ......... - ................ . 
........ ........ - ................................................... - ........................ ... ·-··· ·· .. ••••••• .................. _ ........ 3.19 ... .... .................. . ........ . . 

. .............................................. .. . _ .................... .. .......... · - ···· .. •••• ................ _ . ....... 2.38 •••••••••••••••••••••••••••••••••••• 
······· · ········-·············· · .. ······........................ . . . . ......................... . ................................................ 3.00 .................... .... . . ........ .. 
................ ....... .. ·-····-··········· •••••••••••••••••••••••••• .. ·· ······· · ···················..... .......... 3.15 .......................... . ........ . 

Note: Witter levels for Oec 199' w1r1 tilken dlnig lhe Ash l;andfil Romov;al Action and dewateMg optJ"illion 
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WELL ELEVATION 
TOP OF PVC 

PT-10 
PT-11 
PT-12 

4 PT-15 
5 PT-18 
8 PT-17 
7 PT-18 
8 PT-19 
9 PT-20 

10 PT-21 
11 PT-22 
12 PT-23 
13 PT-24 
" PT-25 
15 PT-28 
18 MW-27 
17 MW-28 
18 MW-29 
19 MW-30 
20 MW-31 
21 MW-32 
22 MW-33 
23 MW-34 
2, MW-350 
25 MW-38 
28 MW-37 
27 MW-38D 
28 MW-39 
211 MW-40 
30 MW-41D 
31 MW-42D 
32 MW-43 
33 MW-44 
34 MW-45 
35 MW-48 
311 MW-47 
37 MW-48 
311 MW-49D 
39 MW-50D 
40 MW-51D 
41 MW-52D 
42 MW-53 
43 MW-54D 
44 MW-55D 
45 MW-58 
48 MW-57D 
47 MW-58D 
48 MW-59 
49 MW-80 
50 MW64D-1 
51 MW84D-2 
52 MW84D-J 
53 IIW64D-4 
54 MW84D-5 
55 MW84A-1 
58 MW84A-2 
57 MW84A-J 
58 MWIB-1 
59 MWIB-2 
80 MWIB-3 
81 MWll-1 
82 MWll-2 
83 MWl7-3 
84 MWll-4 
85 MW25-3 

H:\P ·-· c:: ENECA\ASHMO0El\REPORnT ABLES\WATERELEV .WKJ 

881.58 
858.28 
652 OJ 
837.84 
837.78 
840.62 
8S8.S9 
845.45 
847 28 
847.51 
848.82 
841 54 
636.35 
837.02 
6148' 
83942 
637 .,t 
837 33 
840 23 
IS36 BIS 
M1155 
839.52 
832 89 
831.82 
832.09 
832.H 
837.99 
859 72 
859.48 
894.02 
883.04 
857.9 

854.12 
851 .13 
850.85 
821.53 
648 .57 
850.89 
850.27 
121.64 
828.7 

839.83 
839.34 
839.43 
830.89 
830.27 
829.86 
858.83 
880.15 
887.79 
835.2 

648.88 
881.ll 
852.49 
745.77 
740.98 
739.85 
735.54 
734.55 
735 48 
738.27 
733.74 
732.15 
734.58 
745.58 

TABLE 5-2 (cool) 

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY AVERAGED 
WATER TABLE AT THE ASH LANDFILL 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWATER MODEL 

WATER TABLE ELEVATION IN ALL WELLS (TOC) 
JAN MAR JUN SEPT DEC MAR JUN SEPT DEC FEB MAR JUN JAN APR 

1m 1m 1m 1m 1m 1m 1m 1m 1m 1m 1m 1m 1m 1m 

NOV
JUN DEC 

1993 1993 
FEB 

1994 
JUL SEPT 

1994 1994 
DEC MA~ 

1994 1995 

673.78 875.88 871 .98 871.48 878.87 878.89 670.64 870.57 874.52 874.92 877.79 876.03 872.48 878.13 871 .98 675.78 673.83 •••••••••••••••••• 878.52 •••••••• 
652.88 853.18 851 .08 649.28 853.70 853.88 850.08 64U9 852.20 652.92 853.89 853.55 852.31 854.02 851 .75 851 .24 853.26 851.59 649.82 853.70 653.96 
645.73 648.23 643.73 642.53 648.97 846.88 642.47 841 .73 648.11 648.29 648.71 847.01 848.25 847.20 844.00 848.14 647.2S -•••• --··•• 
831 .44 832.94 830.09 827.79 634.09 833.55 828.52 627.40 629,38 832.50 833.78 833.59 831 .80 833.86 829.43 827.99 832.20 .................. 831.47 •••••••• 
633.98 834.88 833.18 831 .26 834.78 834.68 832.10 630,17 833.55 634.48 634.82 834.89 835.08 834,98 833.08 834.29 834.58 •••••••••••••••••• 835.08 •••••••• 
634 .72 835.92 833.22 832.02 638.32 636,54 831 .71 830.12 635.34 635.88 838.84 836.82 835.97 836.39 833,00 635.82 838.85 •••••••••••••••••• 838 50 •••••••• 
MIUUil 650.69 8411.78 647 .39 651 .58 651.◄J 649 .41 646.72 &49.87 650 .10 6S0.87 451.57 651 .00 1551 .78 849.28 850.87 eso.,2 ..... . ............ 6'9 ,86 ...... . . 
··-····-·--·--······-························-······-···---···· 641.67 •••••••••••••••••••••••••••••••••••• 838 80 838.82 ••••••••• 639,07 837,81 641 .44 642.35 
641 BB 641 .46 640.23 838.0B 643.02 641 .86 637.96 638,11 638.77 641 .08 641 .99 642.68 641 .18 642.44 639.70 840.58 844.21 ... - ............. 642.15 •••••••• 
641 .01 642.91 640.51 838.28 64368 642.78 639.50 837.95 640.11 835.37 642.39 642.58 647.51 643.42 839.38 839.05 842J2•• ... ............................. . 
641 .82 642.72 640.27 838.22 643.75 643.34 639.27 837.85 641.30 642.83 643.87 643.85 642.42 643.JJ 640.05 640,78 645.45 ................ . ................ .. 
835.74 838.84 834 .74 633.59 637.10 637.27 633.47 832.58 835.07 638.84 637.52 837.35 835.92 837.17 834.33 833.91 836.71 •• •••••••••••••••• 638.77 •••••••• 
831 .65 831.75 831 .25 629.35 631 .78 631.93 630.40 827.85 831 .37 831 .65 631 .60 632.06 831 .85 832.05 831 .14 631 .82 833.19 •••••••••••• •••••• 632.04 •••••••• 
831 .72 633.12 830.47 626.57 633.48 833.40 826.15 825.45 830,06 632.38 633.15 833.68 833.48 833.56 830.08 830.68 831 .96 .................. 832.95 •••••••• 
609.44 811 .44 808.14 603.89 811 .38 811.78 606.39 803.10 804.22 810.22 811 .82 811 .88 811 .58 811 .78 807.79 809 BO 811 .69 ••••··•••••••·•••••••-•••••••••••• 
834.42 834.22 833.17 830.37 835.07 835.01 632.53 631 .85 633.60 634 .34 834.35 834 .21 833.82 834.79 832.67 634.97 834.07 633.00 832.33 635.62 634.29 
832.21 832.51 631 .78 828.28 832.84 832.97 831 .25 829.08 831 .84 632.51 832.84 833.28 832.49 632.71 631 .84 632 27 833.21 •• •••••••••••••••• 832.47 ··-···· 
631 .43 631 .23 830.68 626.83 831.78 631 .12 629.01 828.83 630.14 830.45 830.81 631 .59 631 .45 831 .82 830,50 831 .21 531-37 ••······ ·········· 831 .53 •••••••• 
833.03 835.13 832.18 830 73 838.15 838.37 829.73 830,71 632.81 834.22 838.25 838.24 835.68 838.07 831 .40 833.70 833.59 831 .63 831.14 836.15 838,13 
832.78 833.78 831 .28 827.88 834.43 834.34 830.33 827 .21 831 .04 833.14 833.91 834.80 834.34 834.S6 830.73 831 .72 832.64 •••••-••••••••••• 834.11 •••••••• 
835.3S 839.95 833.35 832.55 837.78 837 .89 832.40 833.09 834.09 838.88 837.83 837.64 837.87 837.88 833.89 838.85 835.72 •••••••••••••••••• 838 82 ....... . 
833.42 835.82 831 .92 830.02 835.92 835.94 833.35 832.15 831 .73 835.18 835.95 835.85 835.75 835.78 830.88 834.42 834.25 .................. 833.99 •••••••• 
••••••• .. • ...... - .............................................................. 828.71 ·········-···· ... 829.97 830.12 827.05 828.39 828.36 .................. 830.28 ...... . . 
················-··· .. ·····.............. • ................... 828.88 •••••••••••••••••• 829.42 829.83 828.01 829.28 829.88 •••••••••••••••• •• 829.59 •••••••• 
•••••••••• ...... -••••.. • .................. .................. 829.10 •••••••••••••••••• 829.94 829.78 828.19 829.81 829.85 828.88 828.43 829.81 829.7S 
••••••••••••••••-••• .. ••• •••••••••••••••••••••••••••• ••••••• 829.73 ••••••·••••••••••• 830.91 830.S8 828.40 828.8S 829.81 - •••·••·••••••••· 830 75 ·••••··• 
················-······-·· ···················-· ···· · ····-····· · ············· 833.91 •••••••••••••••••• 834.87 834 .81 832.78 833.83 834.10 •••••••••••••••••• 834.59 •••••••• 
··············--·······················-· ··-·-············-········ ······· ....... 857.92 857 .53 858.87 858.37 857.89 ······· · ·-··· .. •• 857.99 •••••••• 
················-················································ ·········· .... 855.31 •••••••••••••••••• 855,98 858.33 853.18 853.58 858.40 853.40 852.18 855 98 855.85 
••••••••••••••••-••• .. •••••••••••••••••••••••••••••••• .. •••••• .... - ••••••••• •• 888.91 •••••••••••••••••• 687.80 887.98 885.74 885.78 888.S8 ••••••••••••••·••• 887.19 ••-• · •· 
.............. . ·-···························· .................................. 879.43 .................. 880.40 880.88 877.34 074.94 880.81 •••••••••••••••••• 880.18 •••••••• 
· · ······-······-·····-·····················-······-··-···· ............................... ---·- 853.32 852.48 .... ·-··-················ 855.42 •••••••• 
··· ·············-················································-·················· ••••• 848.83 848.98 ·····························-···-········ 
•••••••••••• .. · · -······.. • ........ ..................................... . ·-···········-··········-····· 848.09 845.43 ····-··· 848.20 844 75 848.47 648.08 
···········-···-······· · .. ••••• .. ···············.......... ...... ....................................... . .. 844.01 842.81 •••• 847.28 •••••••• 
••••••••••••••••-•••••••-•• .. -•••••••• •••••••-•••••••••••••••••••••••••••••••••••••••••••••-•••••••• 823.28 821 .47 •-•••••• 822.83 821 .84 82S.88 82S.69 
···········-···-··························· .................................................. - •• 642.77 842.18 ••••••••• 842.85 841 .57 845.32 845,47 
............... ·-··-···........ ·············-····-·-·······-········-· .. ·························-· 844.88 842.74 -······ 847.11 -······ 

··-··--············· ··········-·-···- 844.58 842.90 -·-···· .. ·······-······· 848,39 •••••••• 
· ·--························-······· 823.21 821 .58 -················-······· 825.88 •••••••• 

····· ··········· · ·········--······-··················-··· •••• 823.08 820.04 ... ·-··············· ······ 824.20 •••••••• 
............... ·-·-··· · · ······-········································· .. •• •••••••••••••••••••••••••••••••••••••••••• .. •• 831 .49 830.13 ••••••••••••••••••••••••••• 832.83 •••••••• 
. .............. ·-···· .. • .. ·-······ .......... - .......... - ....................................................... - •••••••• 831 ,39 829.88 ............... ............ 833.29 •••••••• 
••••••••••••••--••••••••••••••••••••••••••• -••••••••••••-••••••••-•••••••••••••••••••••••••••••••- 830.23 830.51 ........................... 833.37 •••••••• 
••••••••••••••• ··--····················· ......... .............. ·-······· 827.08 827.15 ••••••••• 828.87 826 87 827.78 827.74 
······ ··-.. -··--······················-········-··-············ .. ·········-·······················--.. ••••••••••••••• 827.14 827.11 ........ ·-··············-- 828.80 ··-···· 
················-···· .. ···········-···· .. ·-······ .. -·········· ·······-·······-······ 828.48 825.88 ••••••••••••••••••••••••••• 828.53 •••••••• 

-·--···-·· ···-········ -······· 853.83 851 .81 854.95 654.93 
···································----···· .. -·················· ······························-··-···-·· ..... 858.90 854,83 858.11 858.13 

················-························ .... _ •••••••••••••• -._···············-···· ················ · ····· ······················-················· 884.38 ••••••••• 865,0J •••••••• 
················-··-· .. ··-······················································ ······················· · ··························-················· 830.75 •••••••• • 833 .49 ··••···· 
···· · ············· ···························-·················-··-······· · ••••••••• · ·• .. · ·················-················· 845 .89 .•••••.•• 848.91 ••••.... 
............... ·-·-························-········ .. ••••• •• .. ••••••••••• ... . ........ ............................... . ............ - ••••••••••••••••• 855.10 ......... 857.39 •••••••• 
············ · ···-······ · ............................................. ................................. ·-······-················· 848.98 . . ••.• ...•••..•........ . .. 
........... • . ................. . . ......................................................................... ·-·····--········ ···· · ·· 738.83 •••••••••••••••••••••••••• 
················-······················· .. ··-······ ··························-············ · ···· . ..... ....... ·-············ ····· 734.53 ......................... . 
················-·· ·· .. •••••••••••• .. ••••••••••• .. ················ · · ···········-···················· · ······ · ···· .. ·················-·-·············· 734.08 •••••••••••••••••••••••••• 
····· ···-······-···················································································································· 732.14 •••••••••••••••••••••••••••••••••••••••••• •• 
················-····· ... ·-·············································-·············· ··-····-··········· ·· ·• 731 ,01 ························-········-········ 
· · ··············-····························································· ··-··················································•131 ,26 •••••••••••••••••••••••••••••••••••••••••••• 
················-· .. ····· ·······-··························································· ....................................... - ... ·-•• 733_47 ••·······················-·· · · ·· ·· 
......................................................... .................... .................. . ............. . ...................... ·-········ 730.55 .................................. . 
............... ·-····························· · ································· . ........ ...... ................................... . ·-······•• 729_77 ••••••••••••••••••••••••••••••••••• 
················-·············· ................... ................... ...... .................. .................. ·-········ 731 .58 ••••••••••••••••••••••••••••••••••• 

............... ·-·······-· ... - •••••••••••••••• •• _ ................. _ •••••••• 742.41 ••••••••••••••••••••••••••••••••••• 

121211/95 PAGE 2 OF 4 



TABLE 5-2 (cont) 

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY A VERA GED 
WATER TABLE AT THE ASH LANDFILL 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWAT ER MODEL 

.::iCA.::ilJNAl ARITHMETIC MEAN OF ELMTIONS 
MSl) - per Ander,on and Wo1uner, 1992. SAMPLE STANDARD DEVIATION OF ELEVATIONS 

WELL ELEVATION ARllHMETIC 
TOPOFP<IC 1U90 1UU1 1UU3 1UIM MEAN 1U90 1UU1 1U93 19114 

1 PT-10 ee1.se 873.28 e13 .1e e14 .ou ens1 1.U9 HI 2.17 
2 PT-11 ese .2e es1 .54 851.1e es2.33 851 .ee ue 2.3e 1.21 
3 PT-12 es2.03 e«.se e«.25 NS.U0 N U O 1.73 2.51 1.35 
4 PT-15 837.N e30.S7 e2u.11 e30.1e e3o.3s 2.1U 2.ee 2.110 
5 PT-H e31 .1e e33 .2e 532.68 e34.3S e33 .o 1.,1 2.02 0.U3 
e PT-17 No.e2 833.UI 833.43 835.25 e34 .21 1.11 3.01 1.53 
1 PT-18 ese.su N U I NU.38 850.73 NUS 1 ... u e 1.08 
8 PT-1U NHS N0.17 N0.17 2.0U 
8 PT-20 Nl.28 N0.42 e3B.BB N0.UB N0.02 1.11 2.40 1.1 5 

10 PT-21 Nl.51 NO.el NO.OU N2.34 Nl .03 1.111 2.01 3.98 
11 PT-22 N8.82 NO.le NO ... N1 .85 N O.US 1.UI 2.40 1.50 
12 PT-23 N1 .54 835.23 834.58 835.33 835.05 1.3U 2.08 1.50 
13 PT-24 e3e.35 831 .00 830.38 83UI 831 .02 1.12 1.81 0.3U 
14 PT-25 837.02 e30.47 82U.27 831 .IM 830.58 2.82 3.34 1N 
15 PT-28 814 .N 808.23 808.37 810.2• 808.28 3.1U 3.85 1.88 
18 IIW-27 83U.,2 833.05 833.25 834.08 833.45 1.87 1.38 1.08 
17 IIW-28 837.41 831 .1U 831 .2U 832.28 831 .58 1.UI 1.83 o., e 
11 IIW-2U 837.33 e3o.a. 82U.2B 831.25 830.1U 2.17 1.N 0.58 
18 IIW-30 N0.23 832.77 832.38 834.2e 833.13 1.N 2.U3 2.18 
20 MW-31 e38.ee 831.3e 830.73 eJZ.N 831 .N 2.el 2.83 1.81 
21 IIW-32 NUS e34.Ss e34 .32 e3U7 835.11 1.98 2.35 1.90 
22 IIW-33 838.52 832.75 833.N e34 .20 833.41 2.37 I.BB 2.30 
23 IIW-34 e32.eu e28.3B 828.38 
2, IIW-35D 831 .e2 e28.D8 829.08 
25 IIW-38 832.08 e2U.38 828.88 82U.02 1.58 
2e IIW-37 832.88 e28.U e2u.u 
27 IIW-380 83H8 833.UI 833.97 
28 IIW-38 es8.72 es1 .12 857.12 
2U IIW-40 esu8 e54.75 85' .35 85' .55 1.17 
30 MW-410 elM.02 888.82 888.82 
31 MW-420 eaJ.04 e11.34 e18 .3' 
32 MW-43 157.8 esau Hs,,.2 es2 .88 NA 
33 MW-44 e54.12 N7.81 HSl,.2 N7.B1 NA 
3' MW-45 151.13 NS.78 HSA-2 N8.88 NB.BB 1.13 
35 MW-48 eso.8s N3.31 HSA.-2 N3.31 NA 
38 MW-47 e2a.s3 822.38 Hs.t,.2 823.86 823.86 2.05 
37 MW-41 Ne.SI 842.48 NSA-2 843.75 843.75 185 
38 MW-480 850.88 N3.80 NS,,.2 843.B0 NA 
38 IIW-500 eso.21 843.73 HSl,.2 843.73 NA 
,o IIW-51D e2B.84 e22 .38 HSA.-2 e22.38 NA ., IIW-520 e28.I e21 .ss HSA-2 821 .55 NA 
, 2 IIW-53 838.83 e30.81 HSA.-2 830.81 NA 
0 IIW-540 83U.34 830.84 HSA.-2 830.84 NA .. IIW-SSD 838.43 e30 .37 HSA.-2 830.37 NA 
, s IIW-58 e30.8U ell .12 HSA-2 827.27 e21 .21 0.58 , 8 IIW-570 e30.21 e21 .13 HSA.-2 e27 .13 NA 
, 1 MW-580 e2U.88 828.08 HSA.-2 828.08 NA ,a MW-SU es8.83 e53.IB 853.78 1.57 ,u IIW-80 eeo.1s 85B.9U 858.U9 1.55 
SO IIWIWD-1 Bel.lU 8N.70 HSA-2 884.70 NA 
51 IIWIWD-2 835.2 832.12 HSA-2 832.12 NA 
52 MWND-3 848.BB 848.,o NSA-2 848.• D NA 
53 IIWIUD-4 Be1 .33 858.25 NSA-2 858.25 NA 
54 MWND-5 es2.,u 84e.98 NSA- 1 8'8.U8 NA 
55 IIWIWA-1 1,s.11 738.83 NSA- 1 738.83 NA 
se IIWIWA-2 1,0.ue 734.53 NSA- 1 734.53 NA 
57 IIWIWA-3 73U.e5 734.08 NSA-1 734.08 NA 
58 MW111-1 735.5' 732.1, NSA-1 732.U NA 
SU MW111-2 734.55 731 .01 NSA-1 731.01 NA 
BO MWlll-3 735.48 731.28 NSA- 1 73 1.28 NA 
81 MWll-1 73e.21 733.47 HSA.-1 733.47 NA 
82 MWll-2 733.7, 730.55 HSA-1 730.55 NA 
83 MW17-3 732.15 729.77 NSA-1 729.77 NA 
84 MW17◄ 734.58 731.58 NSA-1 731 .58 NA 
85 MW25-3 1, s .se 1, i..1 NSA-1 1,2.'1 NA 

.l!lf 
Note: 

2.37 ~ 

NSA-1 •Nola uuonal averag• , represenl, only 1 waler ele~Uoo for tht given yut 
NSA-2 • Nol a seuonal ayer.age , represerts o~ 2 w.aler elevitions for the given year 
NA • NeedsA""sting 
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WELL ELEVATION 
TOP OF PVC 

1 PT-10 881.58 
2 PT-11 e58 .2e 
3 PT-12 852.03 

' PT-15 837.IM 
5 PT-18 837.78 
a PT-17 IMO .Bl 
7 PT-II 858.58 
I PT-IQ IM5 .,5 
Q PT-20 IM7.2B 

10 PT-21 IM7.51 
11 PT-22 IMU2 
12 PT-23 IMl .5' 
13 PT-2, 838.35 

" PT-25 837.02 
15 PT-28 e,u, 
,e IIW-27 83U2 
17 IIW-21 83HI 
II IIW-28 837.33 
18 IIW-30 IM0.23 
20 IIW-31 838.88 
21 IIW-32 IMl.85 
22 IIW-33 838.52 
23 IIW-3' 832.BQ 
2, IIW-350 831.82 
25 IIW-38 832.08 
28 IIW-37 832.IIQ 
27 IIW-380 837.88 
28 IIW-38 858.72 
2Q -0 B5UB 
30 _,o 88'.02 
31 -20 883.°' 
32 -3 857.8 
33 ~ 85' .12 
3' -5 851.13 
35 -a 850.85 
38 

_, 
828.53 

37 -a IMB .57 
38 -80 850.88 
38 IIW-500 850.27 
40 IIW-510 828.IM 

" IIW-520 828.7 
, 2 IIW-53 838.83 
0 IIW-5'0 838 3' 

" IIW-550 838.,3 
45 IIW-58 830.88 ,a MW.570 830.27 ,1 MW.58D 828.68 
'8 IIW-58 858.83 
, 8 IIW-80 880.15 
50 IIWIMD-1 ee7.78 
51 IIWIMD-2 835.2 
52 IIWIMD-3 IM8.88 
53 IIWIM°"' aet .33 
5' IIWIMD-5 85H8 
55 MWIMA-1 1,5.77 
58 MWIMA-2 1,088 
57 IIWIMA-3 738.85 
58 IIWlll-1 735.5' 
58 MWlll-2 73'.55 
60 IIWlll-3 735.,8 
Bl MW17-1 736.27 
82 IIWl7-2 733_7, 
e3 IIW17-3 732.15 
1M MWl7◄ 73' 58 
85 MW25-3 745 58 

H,\,. ·cNECA\ASHMO0EL\REPORnTABLES\WATERELEV.WKl 

JUSTED 
ITHMETIC 

MEAN 

873.51 
851.88 
15'00 
830.35 
83H3 
83'.21 
IMQ.85 
IM0.17 
IM0.02 
IMl .03 
IM0.85 
835.05 
831 .02 
830.58 
808.21 
B3H5 
831 .58 
830.18 
833.13 
831 .IM 
835.11 
83HI 
828.38 
829.01 
828.02 
829.1' 
833.87 
857.12 
85' .55 
888.82 
878.3' 
853.78 
IMl.58 
IMB.88 
IMS .Bl 
823.88 
IM3.75 
IM5 .,5 
114-< .73 
824.02 
822.5' 
831 .17 
831 .83 
831.71 
827.27 
828.8' 
828.87 
853.78 
e5ue 
883.37 
831 .83 
IM5.25 
855.73 
IM8.20 
737.87 
735.77 
735.32 
730.87 
729.IM 
730.08 
731 .81 
728.88 
728.11 
728.82 
7'0.75 

TABLE 5-2 (conL) 

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY AVERAGED 
WATER TABLE AT THE ASH LANDFILL 

SENECA ARMY DEPOT ACTIVI1Y 
ASH LANDFILL GROUNDWATER MODEL 

SEASONALLY AVERAGE D 

COMMENTS 
GROl.tlDWATER ELEVATION 
FOR MODEL CALIBRATION (MSL) 

noact,,wnant 873.51 
no ac;1ustmerC e51 .e8 
no •ctuatmena 114-< .IIO 
no act,ntm•nl 830.35 
no 1<t,,1tmen1 833.0 
no•~ 83'.21 
no a<t,stmenl IMQ.85 
no14ultmtt"t IM0.17 
no 14tJ1tmen1 IM0.02 
no actustmenl IMl .03 
no 14udment IMO.US 
no •ctuttmerc 835.05 
noac:t,,slmn 831.02 
noac;1ustmenl 830.58 
noac;tJStmenl eoe.2e 
no •<t,,stmenl 83H5 
no a$d;tmttt 831 .58 
no act,,,tmert 830.18 
no 1$fttmen1 833.13 
no act,,stmere 831.IM 
no •ctuwn•nl 835.11 
noacfutt,nenl 83HI 
no•~ 821.38 
no ■ tluttmd 828.08 
no 1c:t,J1tmtn1 828.02 
no 1ctntm1n1 829.1' 
no act,Jstmtnl 833.87 
noact,,stmtnl 857.12 
no ■ ct,Jstmtnl 85' .55 
no act,stmtnl 888.82 
no a,t,slmtrt 878.3' 
1 std dtv slt>ttacttd tom Dtc 'SM elev 853.le 
tn std dev added to aritvnetk mean IM8 .58 
no 14',tttmenl IMB.88 
1 std dtv sltltractad t'om Dae 1M MY IMS.Bl 
no aqllstmtnl 823.88 
no 14'astm1ri IM3.75 
t std dn 11.titractad from Dae '84 Mv IMH5 
1 std dtv 111:>tBctad tom Dec '94 -'ev 114-<.73 
1 std dn 11A>tract1d tom Dtc '84 tin e2, 02 
1 ltd dev 11A>tract1d from Otc '04 Mv 822.5' 
1 std dtv slmtracted from Dae '94 elev 831 .17 
1 std dtv stt>tnctad tom Dae 'i4 elev 831 .83 
1 std dev 11.tltn.ctad tom Dae '94 ,._., 831 71 
no •~stmen: 827 27 
1 std dev sl.tltnicttd from Dec '94 elev 826 8' 
1 std dev si.A>tracted from Dec 1M elev 628.87 
no a*stmenl: 653.78 
noa$,Stmtnl: 856.99 
1 std dev 11.t>tracted hm Dec ·~ e~v 883.37 
1 std dev slblracted from Dec ·94 e~v 831.83 
I std dev sLbtnicted from Dec 'SM elev IM5.25 
I std dev sl.t,tracted tom Dec '9' elev 855.73 
3/.C std dev added to J~ lM elev IM6.20 
31.C std dev added to J~ '9-4 elev 737.87 
3/4 std dev added to J~ '9,C elev 735.77 
3/4 std dev added to J~ ·g.c elev 735 32 
314 std dev sa.t,Cn,ctad from Nov/Ooc'9J elev 730.97 
3/.C std dev slbtracted from Nov/Oec'9J elev 729.IM 
3/.C std dev slt>tncted from Nov/Oec'93 elev 730.09 
1 std dev slbtracted from Dec '9,4 elev 731 81 
1 std dev slbtnicted from Dec '9.c elev 728.89 
1 std dev sl.t>tractod from Dec '9.c elev 728.11 
1 std dev slA>tfacted from Dec '9.c elev 729 92 
I std dev sl.blracted from Dec '9.c elev 740.75 

Justification tor aq,llstments lo obtain seasonal average elevation: 
t ) Adjustemenl:s were based on seuonal data for selected wels for \llltllch slandard deviations were calculated 
2) December ttwougti March elevations represenl: ~ ~ler tab~ alld were adjusted down by 1 stand.ud demtion 
3) July eleViltions rep,uenl: nur tnnnl.n1 water table and were a.dusted 14> by 314 standa1d deviation. 
4) Nov/Dec elevations represent near mufflum ~ler table and were adusted do'Ml by 3/4 sl;mdard deviaUon 
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A scatter plot of measured heads versus simulated heads shows the calibration fit for the model 

(Figure 5-6). The plot shows that the simulated heads depart from the measured (or target) heads 

between the elevations of approximately 604 and 680 feet above MSL, which corresponds to a drop 

in land surface slope east of the Ash Landfill (Figures 5-6 and 5-3). A similar departure of 

simulated heads from the target heads occurs in the western portion of the site at the drop in the 

land surface near Seneca Lake, however, since no monitoring well data were available from this 

area to establish the water table in this area, some error would be expected in this area. 

A listing of measured and simulated heads, together with their differences and three types of 

average of the differences are presented in Table 5-3. The average of the differences can be used to 

quantify the average error in the calibration, with the final objective being to minimize this error. 

The three types of average are as follows: 

1. Mean Error (ME), which is the mean difference between the measured heads and the simulated 

heads; 

2. Mean Absolute Error (MAE), which is the mean of the absolute value of the differences in 

measured and simulated heads; and 

3. Root Mean Squared Error (RMS), which is the average of the squared differences in measured 

an simulated heads. 

To help in evaluating the calibration of the flow model, ME, MAE and RMS were plotted against 

net recharge, the most significant calibration criterion. The plots indicate that all three averages 

provide a well-defined minimum (Figure 5-7). Specifically, the ME provided the lowest minimum 

when a net recharge rate of 0.00486 feet/year (or 0.00001332 feet/day) was used. Hydraulic 

gradients for the simulated heads at the Ash Landfill are very similar to those for the observed 

heads. The simulated gradient between till/weathered shale wells PT-18 and PT-17 was 0.014 ft/ft 

compared to a measured gradient of 0.021 ft/ft. Between wells MW-40 and MW-56, that are also 

till/weathered shale wells, the simulated gradient was 0.016 ft/ft compared to a gradient of O.019 

ft/ft measured in the field. For the competent shale wells PT-10 and MW-36, a simulated gradient 

of 0. 0 15 ft/ft was computed while a gradient of 0. 025 was measured. Also, there were no 

significant vertical gradients simulated by the model; this is consistent with vertical gradients 

measured at the site. 
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Plot of Simulated versus Measu red Heads 

760 

744 

728 t 
1712 
-+-' 

(]_) 

2 696 
'-../ 

"D 

~ 680 I 

I 
"D 

~ 664 r 
(/) 

o 648 
(]_) 

2 
632 t-

616 

600 
600 616 

GRAPllll.:s\SENI IMOl>EI.IXYWEI.I.MS.CDK 

Monitoring Well s 

. . 
• 

1 :1 Reference Line\ » 

. 
• 

... 

~--. 

632 648 664 680 696 712 728 744 
Simulated Head (feet msl) 

760 

~PARliiDNlii 
PARliiCINlii ...,IN-R.-.0 liiCa.NCII, IIIC. 

111£ 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWATER MODEL 

WI ENVIRONMENTAL ENGINEERING I OolG NO 726209-01002 

SO!£ NA 

FIGURE 5-6 
PLOT OF SIMULATED 

VERSUS 

MEASURED ff ~ 
,_ 

JANUARY 1996 



TABLE 5-3 

COMPARISON OF MEASURED AND SIMULATED HEADS 

MODEL 
WELL COLUMN 

MW25-3 4 
MW64A-l 82 
MW64A-3 82 

MW17-l 4 
MW16-1 2 
MWJ6-2 2 
MW17-3 4 
MW-41D 11 
MW-42D 70 

PT- 10 47 
MW64D-l 77 

MW-39 17 
MW-60 72 

MW64D-4 79 
MW-40 46 
MW-59 71 
MW-43 35 

PT-II 66 
PT-18 46 

MW-44 34 
MW-45 24 
MW-46 34 

MW-49D 34 
MW64D-3 77 

PT-12 44 
MW-50D 34 

MW-48 26 
PT-21 43 
PT-22 43 
PT-19 58 
PT-20 51 

MW-32 58 
PT-23 30 
PT-17 53 

MW-38D 18 
MW-27 33 

PT-16 18 
MW-33 63 
MW-30 56 

MW64D-2 75 
MW-55D 47 

MW-3 1 61 
MW-54D 47 

MW-28 36 
MW-53 47 

PT-24 40 
PT-25 64 
PT-15 71 

MW-29 46 
MW-37 7 

MW-35D 61 
MW-36 61 
MW-34 75 
MW-56 48 

MW-570 48 
MW-58D 48 
MW-51D 35 

MW-47 35 
MW-52D 35 

PT-26 73 

SENECA ARMY DEPOT ACTMTY 
ASH LANDFILL GROUNDWATER MODEL 

MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET 

ROW LAYER !IlGH LOW MEAN !IlGH LOW 

9 l 742.4 1 742.41 740.75 743.75 737.75 

1l l 736.63 736.63 737.87 740.87 734.87 

12 I 734.08 734.08 735.32 738.32 732.32 

15 I 733.47 733.47 731.8 1 734.81 728.81 

13 I 732.14 732.14 730.97 733.97 727.97 

14 I 731.01 73 1. 01 729.84 732.84 726.84 

16 I 729.77 729.77 728. ll 73 I.I I 725. Jl 

42 2 687.96 685.74 686.82 687.32 686.32 

43 2 680.66 674.94 678.34 678.84 677.84 

44 2 677.79 670.57 673.51 674.01 673.01 

44 I 665.03 664.36 663.37 663.87 662.87 

61 I 657.99 656.37 657.12 657.62 656.62 

62 I 658.13 654.83 656.99 657.49 656.49 

59 I 657.39 655.10 655.73 656.23 655.23 

65 I 656.40 652.18 654.55 655.05 654.05 

65 I 654.95 65 1.61 653 .78 654.28 653.28 

63 I 655.42 652.46 653.76 654.26 653.26 

66 I 654.02 648.49 651.68 652.18 651.18 

72 I 651.78 646.72 649.85 650.35 649.35 

73 I 648.63 646.98 648.59 649.09 648.09 

82 I 648.47 644.75 646.88 647.38 646.38 

83 I 647.28 642.61 645 .62 646.12 645.12 

83 2 647.11 642.74 645 .45 645.95 644.95 

72 1 646.91 645.89 645 .25 645.75 644.75 

81 I 647.25 641.73 644.90 645.40 644.40 

83 3 646.39 642.90 644 .73 645.23 644.23 

89 I 645.47 641.57 643 .75 644.25 643.25 

88 2 647.51 635.37 641.03 641.53 640.53 

88 l 645.45 637.85 640.95 641.45 640.45 

85 l 642.35 637.81 640.17 640.67 639.67 

89 1 644.21 636. 11 640.02 640.52 639.52 

96 I 637.84 632.40 635. 11 635.61 634.61 

IOI I 638.71 632.56 635.05 635.55 634.55 

JOO I 636.85 630.12 634.21 634.71 633 .71 

107 2 634.67 632.76 633.97 634.47 633.47 

103 I 635.62 630.37 633.45 633.95 632.95 

107 I 635.06 630.17 633.43 633.93 632.93 

98 I 635.95 630.02 633.41 633 .91 632.91 

]OJ I 636.37 629.73 633. 13 633.63 632.63 

92 I 633.49 630.75 631.83 632.33 631.33 

103 3 633.37 630.23 63 1.71 632.21 631.21 

103 I 634.60 627.21 631.64 632.14 631.14 

103 2 633.29 629.88 631.63 632.13 631.13 

105 I 633.28 628.26 631.58 632.08 631.08 

103 I 632.83 630. 13 631.17 631.67 630.67 

109 I 633.19 627.85 631.02 631.52 630.52 

104 I 633.66 625.45 630.56 631.06 630.06 

99 I 634.09 627.40 630.35 630.85 629.85 

107 I 631.82 626.83 630.19 630.69 629.69 

116 I 630.91 626.65 629.14 629.64 628.64 

114 2 629.66 628.01 629.08 629.58 628.58 

114 I 629.94 626.43 629.02 629.52 628.52 

JOO I 630.28 626.39 628 .38 628.88 627.88 

119 I 627.78 626.67 627.27 627.77 626.77 

119 2 628.60 627. Jl 626.94 627.44 626.44 

119 3 628.53 625.66 626.87 627.37 626.37 

128 2 625.68 621.56 624.02 624.52 623.52 

128 I 625.69 621.47 623.96 624.46 623.46 

128 3 624.20 620.04 622.54 623.04 622.04 

174 I 611.82 603.10 608.28 608.78 607.78 

Stastical Calculations: 

H:IENG\SENECAIASHMODELIREPORT\TABLESITARGET.WK4 

MODEL DifTercncc 
HEAD (fect l 

OO'~w~~~r~~~~ .. N 

736. l -4.7 
734.0 -3.9 
733 .2 -2.1 
730.8 - l.0 
732.9 l.9 
731.9 2.1 
729.5 1.4 
663.9 -22.9 
660.6 -17.7 
658.5 -15.0 
658.3 -5.) 
650.4 -6.7 
649.8 -7.2 
650.7 -5.0 
648.8 -5.8 
648.7 -5.1 
649.6 -4.2 
648.4 -3.3 
646.2 -3.7 
645 .9 -2.7 
642.6 -4.3 
642.2 -3.4 
642.2 -3.3 
646.0 0.7 
642.9 -2.0 
642.2 -2.5 
639.9 -3.9 
640.2 -0.8 
640.2 -0.7 
641.3 I.I 
639.8 -0.2 
637.0 l.9 
635 .2 0.1 
635 .5 1.3 
632.9 -I.I 
634.4 0.9 
632.9 -0.5 
636.2 2.8 
635 .1 2.0 
638.4 6.6 
634.3 2.6 
634.3 2.7 
634.3 2.7 
633.6 2.0 
634.4 3.2 
632.0 l.0 
633.9 3.3 
635.8 5.5 
632.8 2.6 
629.6 0.5 
629.9 0.8 
629.9 0.9 
635.3 6.9 
627.9 0.6 
627.9 1.0 
627.9 1.0 
624.3 0.3 
624.3 0.3 
624.3 1.8 
604.0 -4.3 

Morutonnlli Wells I 
1illill' -,~ 

ME• -1.58 
MAE• 4.03 

RMS• 5.71 

32.57 

Absolute Squared 
Difference Difference 

' ~ 

4.7 21.66 
3.9 14.99 
2. 1 4.50 
l.0 1.03 
1.9 3.74 
2.1 4.25 
1.4 1.92 

22.9 525.10 
17.7 314.53 
15.0 225 .28 
5.1 25.75 
6.7 45.19 
7.2 51.73 
5.0 25.34 
5.8 33 .09 
5.1 25.81 
4.2 17.34 
3.3 10.73 
3.7 13.32 
2.7 7.22 
4.3 18.28 
3.4 11.73 
3.3 10.59 
0.7 0.56 
2.0 4.00 
2.5 6.42 
3.9 14.84 
0.8 0.69 
0.7 0.56 
1.1 l.28 
0.2 0.05 
l.9 3.56 
0.1 0.02 
1.3 1.65 
I.I 1.14 
0.9 0.90 
0.5 0.28 
2.8 7.77 
2.0 3.89 
6.6 43 .11 
2.6 6.69 
2.7 7.05 
2.7 7.ll 
2.0 4.07 
3.2 10.41 
l.0 0.97 
3.3 I 1.17 
5.5 29.71 
2.6 6.83 
0.5 0.22 
0.8 0.67 
0.9 0.78 
6.9 47.85 
0.6 0.40 
1.0 0.91 
1.0 1.05 
0.3 0.08 
0.3 0.12 
1.8 3.08 
4.3 18.30 
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5.3.2 Water Balance 

The water balance also served as a calibration criterion for the groundwater flow model. Two 

aspects of the water balance (or volumetric budget) were evaluated. 

First, the net recharge value (Qin) used to calibrate the flow model (1.332 x 10·5 ft/day or 0.058 

in/yr) was approximately the same as the estimated value calculated for the water budget (1.622 x 

l 0·5 ft/day or 0.07 in/yr). Also, there was relatively go?<f agreement between the flows out of the 

modeled area (Qou1) as calculated in the preliminary water budget and in the MOD FLOW model. In 

the preliminary water budget, a total outflow (Qou1) of 2,257 ft'/day was calculated, compared to a 

total outflow of 2,004 ft:3/day calculated by the model. 

Second, the percent error in the volumetric budget as calculated by the MODFLOW model was O 

percent, with a total flow in (Qin) of 2004 ft:3/day (solely from recharge) and a total flow out (Ooui) 

at constant head cells at Seneca Lake of 2,004 ft3/day. The model calculated a difference between 

Qin and Qout of -0.077 ft:3/day. 

5.3.3 Groundwater Velocity and Advective Travel Time 

Model calibration was also supported by comparing groundwater velocities calculated using two 

different methods. The methods are as follows : 

• Darcy groundwater velocity equation; and 

• Travel time using MODPATH. 

Using hydraulic data from the Ash Landfill site, a range of groundwater flow velocities in the 

till/weathered shale was calculated to be 45 .5 ft/year, for an effective porosity of 20%, and 60. 7 

ft/year, for an effective porosity of 15% (Parsons ES, 1994a). The groundwater velocity in the 

competent shale was calculated to be 14.3 ft/year . 

The model MOD PA TH was used to calculate the groundwater velocity in layer l by determining 

the time for groundwater to travel a fixed distance in layer l (See Appendix E). This is 

accomplished releasing one particle at the center of a cell, within the Ash Landfill grid matrix, and 

determining the average travel time for the particle to discharge into layer 2 (Figures 5-8 and 5-9). 

The process was stopped when the particle entered a cell in layer 2. The particle traveled a total of 

approximately 8,000 feet in layer l before discharging into layer 2 in l.88E+05 days. The 

J-. 1996 
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groundwater velocity in this layer was 0.067 feet/day or approximately 25 feet/year. This velocity 

represents an average velocity for the entire 8,000 foot distance covered by the particle, and is lower 

when compared to the value calculated from the on-site data. One explanation for this difference 

may be due to the steeper hydraulic gradient on-site compared to the gradients located west of the 

site, between the western boundary of SEDA and Route 96A 

Also, a plume of sodium was identified at the Ash Landfill and was found to have the same general 

longitudinal profile as the VOC plume (Figure 5-10). The series of wells included in the profile 

includes PT-18, PT-12, PT-22, MW-53, and MW-56; MW-40 is a well located directly upgradient 

of the sodium source. Like the VOC plume, the sodium plume originates in the Ash Landfill area 

(near PT-18) and extends west to approximately the SEDA boundary. Both plumes are believed to 

have traveled along the same flow path. In Section 6.0, information from the sodium plume is used 

to develop a biodegradation constant for the VOCs at the site. 

5.4 SENSITIVITY ANALYSIS 

A sensitivity analysis was performed after the flow model was calibrated. The purpose of the 

sensitivity analysis was to determine how sensitive the calibrated model was to variations in the 

aquifer parameters, stresses, and boundary conditions. Thus, during the sensitivity analysis the 

calibrated values for hydraulic conductivity, storage parameters, recharge and boundary conditions 

were systematically changed within the previously established plausible range (Anderson and 

Woessner, 1992). For this model, boundary conditions were characterized using well-defined 

physical and hydrologic boundaries and thus they were not included as part of the sensitivity 

analysis . 

The sensitivity analysis was performed by changing one input parameter at a time and evaluating 

the effects on the distribution of the heads (the dependent variable) in the model. The input 

parameters evaluated for the sensitivity analysis of the model were as follows : 

I. Net recharge; 

2. Horizontal hydraulic conductivity (kh); and 

3. Vertical hydraulic conductivity (kv). 

Each parameter was varied by 10, 20, and 50 percent from its original calibrated value and the 

resulting effects on the head were noted (Appendix D). The results of the analysis are graphically 

shown in Figure 5-11. Net recharge appears to be the most sensitive parameter compared to Kh and 
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Kv. Changes of up to +/- 25% of the calibrated net recharge value produced a mean residual of 

approximately 60 feet of piezometric head for the model. For Ki, , changes of+/- 25% from the 

calibrated value produced approximately 30 to 35 foot mean residual. Changes of up to+/- 25 % 

in Kv produced no measurable changes in head from their calibrated values. Storage parameters 

were not varied because the model is a steady-state simulation. 

5.5 GROUNDWATER FLOW MODEL RESULTS 

The steady-state groundwater flow system at the Ash Landfill was simulated by MODFLOW using 

a stratigraphic three-dimensional grid that extended to 52 feet below the land surface. The model 

successfully simulated heads over the Ash Landfill site and the surrounding area using well-defined 

physical and hydraulic boundaries for the flow system. The heads calculated by the model indicate 

that groundwater flow is primarily to the west in the upper portions of the plateau separating 

Seneca and Cayuga Lakes. The groundwater flow appears to bend to the southwest as it 

approaches Seneca Lake (Figure 5-5). 

PAGES-JO 
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6.0 TRANSPORT MODEL DESIGN AND RESULTS 

6.1 SELECTION OF MODEL CODE 

The transport modeling portion of this study required a computer code that could simulate 

important physical and chemical effects in three-dimensional groundwater flow systems. The 

MT3D computer code was selected to simulate contaminant transport for this project for the 

following reasons: 

• MT3D simulates advection, dispersion, and chemical reactions for contaminants m 

groundwater flow systems in three dimensions; 

• MT3D uses unformatted head and flow files saved m MODFLOW for the transport 

calculations; 

• The accuracy of the MT3D code has been checked against several analytical solutions; 

• MT3D includes a mass balance computation; 

• MT3D has been used to simulate contaminant transport in numerous studies; and 

• MT3D allows the flow model to be constructed and calibrated independently. 

The reliability rating for MT3D indicates that it has peer-reviewed theory, it has been verified and 

field tested, and it has many users (EPA, 1993). 

6.2 RELATIONSHIP BETWEEN CONCEPTUAL MODEL AND MT3D 

NUMERICAL MODEL 

The MT3D transport model can be used in conjunction with the block-centered finite-difference 

MODFLOW model. Thus, the aspects of the conceptual model are preserved in the transport model 

because MT3D retrieves the hydraulic heads and the various flow and sink/source terms saved by 

the flow model, automatically incorporating the specified hydrologic boundary conditions. 

6.3 ASSIGNMENT OF INPUT PARAMETER VALUES FOR MT3D 

The MT3D model uses a modular structure similar to that implemented in MODFLOW. Like the 

MOD FLOW model, the MT30 model uses a main program and complementary series of packages, 

and each of these packages deals with a single aspect of the transport simulation. Input parameter 

PAGE&-! 
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values are entered into the main program and the various packages for use in the model. The three 

model scenarios were simulated using five packages . The packages are as follows: 

1. Basic Transport Package; 

2 . Advection Package; 

3. Dispersion Package; 

4 . Sink & Source Mixing Package; and 

5. Chemical Reaction Package. 

Input parameter values for the MT3D model were derived from both site investigation data and 

from the literature (when site-specific data were not available) . The parameter values that define 

and affect contaminant transport are discussed below relative to the package in which they are 

specified. Three scenarios were simulated for this project, and some of the input parameters varied 

depending on what scenario was simulated. Table 6-1 presents the selected input parameters for the 

transport model along with an acceptable range for each value; the best estimates for the parameters 

used in the model are also presented. 

Because MT3D is a complementary program to MODFLOW, it uses the same model boundary and 

grid conditions that were used for MODFLOW (Figure 6-1). Therefore, none of the physical 

aspects of the model grid or groundwater flow parameters will be discussed here. 

6.3.1 Basic Transport Package Parameters 

In the Basic Transport Package, which is the main program, general model characteristics are 

specified, including: the number of model layers, aquifer layer types, grid dimensions and 

elevations, the major transport packages to be used, effective porosity values, concentration 

boundary conditions, the starting concentration field, and various aspects of the model output. For 

this model, the number of model · layers, the aquifer layer types and the grid were the same as that 

used in the MODFLOW model. 

The effective porosities of the till/weathered shale aquifer and the competent shale aquifer were 

specified as 15% (0.1 5) and 6% (0.06), respectively. These are the same effective porosities used 

to calculate the likely range of groundwater velocities in the Ash Landfill RI report (Parsons ES, 

1994a). 

PAGE•2 
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TABLE 6-1 

REASONABLE RANGE, BEST ESTIMATE, AND UNCERTAINTY FOR 
-MT3D INPUT PARAMETERS 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWATER MODEL 

Input Parameter Units Reasonable Ranee Best Estimate 
Low Nominal Hi2h 

Adnclioo Iccms: 

Effective Porosity Layer I percent 15 15 25 15 (or 0.15) 

Effective Porosity Layer 2 percent 6 6 6 6 (or 0.06) 

Effective Porosity Layer 3 percent 6 6 6 6 (or 0.06) 

llispccsioo Iccms: 

Long. Dispersivity (L) Layer I feet IO 10 30 10 

Long. Dispersivity (L) Layer 2 feet 15 20 40 20 

Long. Dispersivity (L) Layer 3 feet 15 20 40 20 

Ratio of TH/ L 0.06 0.1 0.5 0.5 

Ratio of TV / L 0.006 0.01 0.05 0.01 

Coeff. of Molecular Diffusion 0 0 0 0 

Chemical Bcaclioo Iccms: 

Sorption Constant (Kd) ml/gram 0.006* 0.013" 0.013" 0.013" 

Bulk Dry Density (Pb) gram/cu. cm 1.51 1.69 1.78 1.65 

k (dissolved phase) /day 5.0E-06 0.00005 0.0006 0.00005 

k (sorbed phase) /day 5.0E-06 0 .00005 0.0006 0.00005 

Notes: 
I) TH = transverse horizontal dispersivity 
2) TV = transverse vertical dispersivity 
3) K = first order biodegradation rate constant 
4) • = Kd for both cis- and trans-1,2-DCE 
5) " = Kd for TCE 
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For Scenarios 1 and 2, two model cells in the vicinity of wells MW-44 and PT- 18 were defined as 

constant source concentration cells, and the remaining were specified as active cells, subject to the 

boundary conditions established in the model. For Scenario 3, all of the model cells were active. 

For the transport modeling, three initial concentration scenarios were generated for use with the 

three transport scenarios. Scenario 1 simulated the initial release of COCs to the present day. For 

Scenario 1, the initial concentration matrix consisted of two point sources that were held constant. 

Under this scenario, the groundwater, other than in the source area, is initially free of impacts. This 

scenario was used as a calibration scenario, since the outcome matched the plume size and 

concentrations prior to the implementation of the source removal effort, completed in June of 1995. 

Calibration of the model involved establishing input parameters such as dispersion coefficients and 

degradation rates, in addition to simulating the effects of constant leaching of chlorinated organics 

to the groundwater. 

The intent of Scenario 2, was to evaluate the existing plume of VOCs (TCE, cis- and trans- 1,2-

DCE, and VC) as depicted in the Ash Landfill RI report over an extended timeframe, had no source 

removal been performed. The initial modeling concentrations were set at the concentration levels 

measured and presented in the RI report, prior to the remediation of the source area. A four-point 

moving average method was used to generate the concentration of cells that did not correspond with 

monitoring well locations where measured concentrations were available. The source concentrations 

used for Scenario 1 were also used for Scenario 2. This also included simulation of constant 

leaching of chlorinated organics to groundwater, similar to the conditions of Scenario 1. 

For Scenario 3, the initial concentration field was established as the concentration of VOCs (TCE, 

cis- and trans-1,2-DCE, and VC) observed after the remediation of the source areas at the Ash 

Landfill had been completed. A complete round of groundwater quality data, performed in July, 

1995, one month after completion of the source remediation program, was used as the basis for 

Scenario 3. This data was supplemented with additional field data, obtained in February 1996, 

during the sampling of source area wells that had been reinstalled in October, 1995. These wells 

were destroyed during the source removal due to their proximity to the source area excavation. 

These supplemental source area concentrations were combined with concentrations measured in the 

downgradient wells in July 1995 as the starting concentration field. This concentration field was 

used to simulate the movement of the plume under the most current site conditions and was used as 

the initial concentration field for Scenarios 3-A, -B and -C. Again, the four-point moving average 

method was used to generate the concentrations at model cells that did not correspond with 

monitoring well locations where measured concentrations were available. 

Jww, 1996 
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6.3.2 Advection Package Parameters 

For this model the hybrid Method of Characteristics/Modified Method of Characteristics 
(MOC/MMOC), or HMOC, advection solution scheme was used. This solution scheme was 

chosen because it combines the strengths of MOC and MMOC by using an automatic adaptive 
scheme that depends on the nature of the concentration field. Thus, the advection term is solved by 
the MOC technique when sharp concentration fronts are present. Away from sharp concentration 
fronts the advection term is solved by the MMOC technique. The critical relative concentration 

gradient for controlling the selective use of either MOC or MMOC in the HMOC solution scheme 

was 0.01. 

The number of cells any particle was allowed to move in any one direction in one transport step (the 

Courant number) was 1.0. The Runge-Kutta particle tracking algorithm was for all of the model 

scenanos. 

6.3.3 Dispersion Package Parameters 

In this package, the dispersion terms for both the till and the competent shale were specified. 

Because no site-specific dispersivity data were available for the geologic units at the Ash Landfill, 

the longitudinal dispersivity for the till and the shale were obtained from the literature. A 

groundwater modeling study cited by Anderson ( 1979) used longitudinal dispersivities of 3 meters 

(9 .8 ft) for till and 6.1 meters (20.0 ft) for a shale unit directly below the till. Thus, for this model, 

a longitudinal dispersivity of 10 ft was specified for the tiWweathered shale and a longitudinal 

dispersivity of 20 feet was specified for the competent shale. The ratio of horizontal transverse 

dispersivity to the longitudinal dispersivity was specified as O .1. The ratio of vertical transverse 

dispersivity to the longitudinal dispersivity was specified as 0.01 . The effective molecular diffusion 

coefficient was neglected as this process was not expected to play a major role in contaminant 

transport. 

6.3.4 Sink & Source Mixing Package Parameters 

Only the recharge option was activated for the Sink & Source Mixing Package but it was not used 

to simulate the constant source terms under Scenarios I and 2 for the transport model. Thus, no 

concentration of recharge flux was specified in this package because the constant source 

concentration terms for the cells that contain MW-44 and PT-18 were defined in the concentration 

boundary array contained in the Basic Transport Package. 

Ju-.19" 
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6.3.5 Chemical Reaction Package Parameters 

The Chemical Reaction Package was used to simulate the effects of sorption and biodegradation on 

the movement of VOCs (TCE, cis- and trans-1,2-DCE, and VC) in the aquifer flow system. 

Sorption refers to the mass transfer process between the contaminants dissolved in groundwater 

(solution phase) and the contaminants sorbed on the porous medium (sorbed phase). Additionally, 

it is generally assumed that equilibrium conditions exist between the solution-phase and the solid

phase concentrations and that the sorption reaction is fast enough relative to the groundwater 

velocity that it can be treated as instantaneous. Mf3D incorporates the sorption isotherms into the 

transport model through the use of the retardation factor (S.S . Papadopulos & Associates, 1992). 

The linear sorption isotherm was used in the transport model. The linear sorption isotherm assumes 

that the sorbed concentration (Csom) is directly proportional to the dissolved concentration (Cc1w) in 

the following manner : 

where: 

Csorb = sorbed concentration; 

Kd = the distribution coefficient; and 

Cdiss = dissolved concentration. 

For linear sorption, the constant of proportionality is known as the distribution coefficient (:Ki). For 

this model, a :Ki of 0.013 ml/g was used to represent the sorption term (Looney et al., 1987 

The retardation factor was calculated by the model using the equation that follows: 

where: R = retardation factor 

J-. 19" 

Pb = bulk density of the soil or rock 

P or = porosity of soil or rock 
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Kd = distribution coefficient 

For th.is model, the measured bulk density of 1.69 g/cm3 was used represent the till (USAEHA, 

1984). A effective porosity of 15% (or 0.15) was also used. On the basis of the above data, a 

retardation factor of 1.2 was calculated using the equation above. 

A first-order rate constant was used to represent biodegradation as part of the contaminant 

transport model. This term was expected to be the most sensitive term in the simulation and 

represents the only term where COCs are actually removed from the groundwater system. Since the 

actual site specific biodegradation term is not readily determined, a range of biodegradation 

constants (k), that could be considered reasonable, were explored using two methods . One method 

was based on the approach developed by Wiedemeier et al. (1995) that relies on a recalcitrant tracer 

and historical concentration data to derive the value of k. The other method, developed by 

Buscheck and Alcantar ( 1995), derives k from historical data of concentration and distance from the 

source. 

The derivation of the biodegradation rate constant was calculated using a method developed by 

Wiedemeier et al. (1995), modified for the Ash Landfill site. Wiedemeier et al. (1995) utilized a 

recalcitrant tracer for determining the degradation rate of a BTEX plume. Trimethylbenzene 

(TMB), also a constituent of fuels, was shown to posses several qualities that made it an ideal 

tracer compound. The tracer compound, TMB, was released at the same time as the compounds 

that were of interest, i.e. BTEX, TMB possessed similar sorption and volatilization potentials as 

BTEX and was found to be nonbiodegradable. By measuring the concentration of th.is compound 

relative to the concentration of other compounds that were biodegradable, at several wells over time, 

Wiedemeier et al. was able to obtain a first order decay constant. Although Wiedemeier et al . 

applied th.is approach to a plume of hydrocarbons, the approach appeared reasonable in developing 

a degradation rate constant for this site. Initially, the historical groundwater chemistry database 

was reviewed to identify the presence of any constituents that could be tracer candidates. Such a 

constituent may have been released coincidentally with the voes during the initial release event and 

possess similar qualities to TMB. Trimethylbenzene could not be used as it was not measured in 

any downgradient well. Following this review, sodium was selected as the best tracer candidate 

because the extent and concentrations of sodium paralleled the VOC plume downgradient of the 

Ash Landfill as it originates near the source area for VOCs and has a historical database that 

mimics the measured extent of the voe plume. Sodium is considered to be a good tracer because it 

is not biodegraded, and is relatively mobile. 

JIIN, 1'96 
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Both sodium and voes are involved in mechanisms that remove these constituents from 

groundwater, however, sodium unlike voes is affected by exchange mechanisms rather than 

sorption mechanisms. Dragun (1988) discusses the mechanisms involved in the exchange of 

cations . The mechanism is governed by the cation exchange capacity (eEe) of the media. Like the 

sorption reaction of voes and soil, the exchange reaction is reversible but unlike the sorption 

reaction, the exchange reaction involves replacement of one cation from the solid phase with another 

from solution. This reaction is typically associated with the removal of common cations such as 

calcium from solution, however, other cations can be involved. In general, trivalent cations are 

preferentially exchanged over divalent cations, which are in tum preferentially exchanged over 

monovalent cations, such as sodium. Of the monovalent cations, sodium is one of the weakest 

adsorbed monovalent cations. The eEe is strongly dependent on the presence of certain types of 

clay that contain the sites responsible for the exchange. Soils that contain an abundance of the right 

type of clay will exhibit high eEes, whereas soils that are low in these constituents have low CEes. 

Since a hierarchy of removal via CEC has been identified, the removal of sodium via this 

mechanism is limited as groundwater chemistry from the site is dominated by the presence of 

divalent cations such as calcium, iron and magnesium that would be removed prior to removal of 

sodium. 

The CEe of the soil at the site was not directly measured, and the impact of eEC on the 

concentration of sodium in the groundwater is not understood. However, from the previous 

discussion, sodium, a weakly exchanged cation, is not considered to be strongly sorbed to soil and 

while a comparison of the sorption properties of sodium to TCE and 1,2-DCE cannot be made all 

three are considered to be weakly sorbed constituents. 

The other chemical property compared to the selected tracer, sodium, was volatilization. Sodium 

and the three compounds of interest (i.e., TCE, cis- and trans-1,2-DCE and VC) do not have similar 

volatilization properties. The three chlorinated compounds of interest are considered volatile while 

sodium, an ion in solution, has no volatilization potential. However, although the potential for these 

differences are great, the actual differences may not be as great as anticipated. While it is likely 

that volatilization from the dissolved phase to the vapor phase is occurring, the migration of the gas 

through the soil pore space may be occurring very slowly, thereby minimizing the error. The 

impermeable nature of the soils and the small concentration differences that were detected to be 

present in the soil gas would suggest that the driving force for release to the atmosphere may be less 

than what would be expected. 

Jw,e, 19'6 
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Therefore, although some uncertainty exists, sodium was selected as the best available tracer for the 

determination of a biodegradation rate using the method described by Wiedemeier et al. (1995), as 

modified for the site constituents at the Ash Landfill. Since this technique represented only one way 

to determine the biodegradation rate constant, the use of the tracer method was deemed appropriate 

as it would represent a reasonable lower limit of the variable of concern. 

The tracer method involves evaluating observed decreases in voe concentrations and adjusting 

these concentrations to account for the decrease that can be attributed to biodegradation. To 

accomplish this, measured concentrations of voes are corrected for the effects of dispersion, 

dilution from recharge, and sorption. As previously mentioned, sodium was selected as the tracer as 

it is considered to be only slightly adsorbed to soil particles and it is not biodegraded. 

According to Wiedemeier et al., "the corrected concentration of a compound is the concentration of 

the compound that would be expected at one point (B) located downgradient from another point (A) 

after correcting °for the effects of dispersion, dilution from recharge, volatilization, and sorption 

between points A and B." For this study, the concentrations of the VOCs was corrected using the 

equation ofWiedemeier et al. (1995) and Wilson et al. (1994) as follows: 

where: Cs.co" = corrected concentration of compound of interest at Point B 

C8 = measured concentration of compound of interest at Point B 

Na A = measured concentration of sodium at Point A 

Na8 = measured concentration of sodium at Point B. 

Six points along a single flow path parallel to the direction of groundwater flow were chosen for 

comparison of corrected and observed voe concentrations to assess the effects of dispersion, 

dilution, and sorption and to determine the biodegradation rate constant. The raw voe and sodium 

data for these wells is presented in Table 6-2. The Na-corrected concentrations are also shown in 

Table 6-3. 

A first-order biological decay rate can be calculated if it can be shown that the biodegradation is a 

first order process. A log-linear plot of Na-corrected voe concentration versus downgradient 

travel time along the flow path is shown in Figure 6-2. Since the semi-log plot of the data produced 
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TABLE 6-2 

voe AND SODIUM CONCENTRATIONS MEASURED IN SELECTED 
MONITORING WELLS AT THE ASH LANDFILL 

SENECA ARMY DEPOT ACTMTY 
ASH LANDFILL GROUNDWATER MODEL 

1992 1993 AVERAGE 
voes Sodium voes Sodium voes Sodium 

Location (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) 
PT-18 11,850 114,000.0 13,740 93,900 12,795 103,950 
PT-12 384 33,800.0 2,458 133,000 1,421 83,400 
PT-22 180 52,800.0 248 64,900 214 58,850 

MW-53 NA NA 55.0 33,000 55.0 33,000 
MW-29 72.0 26,200.0 99.0 25,600 85.5 25,900 
MW-56 NA NA 0.2 19,500 0.2 19,500 

Note: 
1) VOCs = TCE, cis- and trans-1,2-DCE and VC 
2) NA = not available 
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Location 

PT-18 
PT-12 
PT-22 

MW-53 
MW-29 
MW-56 

Note: 

TABLE 6-3 

SODUJM-CORRECTED voe CONCENTRATIONS 
AT THE ASH LANDFILL 

SENECA ARMY DEPOT ACTIVITY 
ASH LANDFILL GROUNDWATER MODEL 

Retarded 
Distance Down- Travel Time Na-Corrected 

gradient from PT-18 VOC Concentration 
(ft) (years) (µg/L) 

0 0 12,795.0 
200 8.22 1,771. 1 
390 16.03 378.0 
770 31.64 173.3 
850 34.93 343.2 

1,165 47.88 1.1 

Concentration 
Ratio 

(C/Co) 

1 
0.138 
0.030 
0.014 
0.027 

0.000083 

1. Travel time calculated in years as VOCs (TCE, cis- and trans-1,2-DCE, VC) with a retardation factor of 1. 5 
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a reasonably straight line with a correlation coefficient of 0.7, there is evidence to suggest that 

biodegradation along the flow path is approximated by first-order kinetics . 

First order decay can be described by the relationship: 

C = C e - 1cr 
0 

where: C = contaminant concentration at time t 

C0 = initial contaminant concentration 

k = first order decay constant 

Travel time, t, was calculated as : 

X 
t= -

v 

where: t = travel time between two points; 

x = distance between two points; and 

v = advective groundwater velocity or retarded solute velocity (where applicable). 

A first-order exponential decay analysis was performed once the travel times between the points 

were determined and the total voe concentrations were corrected for the effects of dilution. The 

data, in a log-linear form, is presented, with Na-corrected voe concentrations as the ordinate and 

travel time from PT-18 in years as the abscissa, as Figure 6-3. A correlation coefficient of -0. 7 was 

obtained for the log-linear straight line, suggesting a reasonable correlation between the two 

variables. From the graphical depiction of the data, an inverse relationship is evident between the 

VOC concentration and the distance from PT-18. Since this data is in the form of a straight line, it 

is possible to determine the biodegradation rate constant. Following the convention of Wiedemeier 

et al. ( 1995), the first order biodegradation ra~e constant for the voes was calculated as 

0.00005/day 

In an alternative method, Buscheck and Alcantar ( 1995) derived a relationship that allows 

calculation of first-order biodegradation rate constants for steady-state plumes. Using this method, 

a regression analysis is performed on a plot of contaminant concentration (logarithmic scale) versus 

distance downgradient (linear scale) and coupled to a one-dimensional, steady-state, contaminant 
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transport that includes advection, dispersion, sorption, and biodegradation. For a steady-state 

plume, the first-order decay rate is given by the following equation: 

where: 

k= first-order biodegradation rate constant; 

Ve = retarded contaminant velocity in the x-direction; 

a,, = dispersivity; and 

k 'Iv.,, = slope of line formed by making a log-linear plot of contaminant concentration 

versus distance downgradient along flow path. 

As discussed in Section 1.2, there is evidence to suggest that the plume at the Ash Landfill may 

have reached steady-state because the total voe concentrations in downgradient wells and in other 

on-site wells do not indicated that concentrations are increasing over time (Table 1-1 and Figure 

1-2). In addition, the site data suggests that the VOC plume has not migrated significantly during 

over the approximately 8 years of quarterly monitoring. 

Using the method of Buscheck and Alcantar (1995), regression analysis was performed on a log

linear plot of voe concentrations versus distance downgradient from PT-18 [ using the same flow 

paths used in the Wiedemeier et al. (1995) - see Tables 6-2 and 6-3]. The parameters required for 

the calculation of the biodegradation rate constant (k) were as follows : a retarded contaminant 

velocity (vc) of 0.06 ft/day was determined by dividing the groundwater velocity of 26 ft/year 

(0 .071 ft/day) by a retardation factor of 1.2; a dispersivity (ax) of 10 ft was used, based on values 

cited in Anderson (1972); the slope of the regression line on the log-linear plot (k/v x) was 

determined to be -0.008 . The first-order biodegradation rate constant (k) was calculated to be 

0 .0005/day using the method ofBuscheck and Alcantar (1995). This degradation rate is faster than 

the value calculated by Wiedemeier et al. (1995) of 0.00005/day, but compares favorably with the 

original rate used in the ODAST modeling. 

The two methods used to derive the biodegradation rate constant for the voes provided a range of 

k values and served as the basis for calibrating the model. The lowest value (0.00005/day) would 

yield the most conservative result and the highest value (0.0005/day) would yield the least 

conservative result. The model runs presented in Sections 6.4 and 6.5 use mostly the conservative 
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approach (k = 0.00005), however, less conservative k values were used in Scenario 3 to 

demonstrate the range of possible model simulation results with the voe source removed. For the 

less conservative runs, k values of 0.0005/day and 0.00009/day were used, with the latter value 

representing the approximate median value between the most conservative and least conservative k 

values derived earlier in this section. 

6.4 MODEL CALIBRATION AND VERIFICATION 

6.4.1 Simulation of Plume from Origin with VOC Source - Scenario 1 

The transport model was calibrated by simulating the plume migration from its origin at the two 

source areas (Parsons ES, 1994a). The measured source term concentrations, represented by the 

concentrations in MW-44 and PT-18 have variability as shown in Table 6-5 . For MW-44, the 

concentration of total voes has varied between 132,000 ug/L and 204,000 ug/L. The range of 

concentration for total voes for PT-18 is between 11,400 ug/L and 23,550 ug/L. It is also 

possible that because these values represent discrete points in a larger source area, the actual source 

concentration may be higher. Since the source term has variability, Scenario 1 evaluated the effect 

that different source term concentrations had on the calibration by performing two simulations with 

differing source term concentrations. However, for each simulation the source concentration was 

held constant over the model run. 

During model calibration, the degradation constant, and the longitudinal and transverse 

dispersivities were among the parameters adjusted (within the reasonable ranges) to obtain a plume 

configuration that matched the extent of the measured plume. Although the distribution coefficient 

(Ko) affects the transport of constituents at the Ash Landfill, the model appeared to calibrate best by 

varying the biodegradation constant (k) and dispersivity. The biodegradation constant was 

considered to be the most uncertain variable of those that control the plume configuration and was 

used for calibration. The expected range of values for k were derived by the two methods described 

previously 

Two source terms were considered and varied to encompass the expected lower and high end of the 

source concentration. The first source term was represented by concentrations in the cells that 

contained wells MW-44 and PT-18 and were held constant at 132,000 µg/L and 13,950 µg/L, 

respectively, with no degradation of the voe source material. The second term was a modification 

of the first and was represented by concentrations of the same two wells that were set at 250,000 

µg/L and 26,022 µg/L, respectively, with no degradation of the voe source material. Model runs 
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Well 
MW-44 
PT-18 
MW-45 
MW-46 
PT- 12 
PT-22 
MW-28 
PT-23 
MW-53 
MW-29 
MW-3 1 
PT-24 
MW-56 
MW-47 

Table 6-4 

Comparison of Measured and Simulated Concentrations of Total Chlorinated VOCs (ug/L) 

Ash Landfill Groundwater Model 
Seneca Army Depot Activity 

BiodeJ?;radation Constant (k) = 0.00005 
Source Term One Source Term Two 

Simulated Simulated Simulated Simulated Simulated 

Measured Range of Concentration at Concentration at Concentration at Measured Range of Concentration at Concentration at 

Concentrations in 3 5 years from 40 years from 45 years from Concentrations in 35 years from 40 years from 

MonitorinJ?: Well* time = 0 time = 0 time= 0 Monitoring Well* time = 0 time= 0 
132,000 - 204,000 132,000 132,000 132,000 132,000 - 204,000 250,000 250,000 

ll,400 - 23,550 13,740 13,740 13,740 l l,400 - 23,550 26,022 26,022 
ND - 0.5 3.8 4.3 4.5 ND - 0.5 7.2 8.1 
167 - 202 24,666 24,179 24,119 167 - 202 46,716 45,793 
81 - 4,654 l 551 1.547 1,535 81 - 4,654 2,938 2,929 
160 - 280 744 788 816 160 - 280 1,410 1,493 
58 - 81 319 1,218 2,364 58 - 81 605 2,306 

ND - 2.0 553 1,424 2,154 ND - 2.0 1,048 2,697 
17 - 55 90 235 368 17 - 55 170 444 

63 - 101 17 82 180 63 - 101 33 156 
ND 0.0 0.0 0.0 ND 0.0 0.0 

76 - 116.7 8.3 81 271 76 - 116.7 16 154 
ND - 0.2 0.0 0.2 2.2 ND - 0.2 0.0 0.4 

ND 0.0 0.0 0.1 ND 0.0 0.0 

Notes: 
1) • = Historical data from 1990 - 1996, although not all wells have data for the full range of these years. 
2) Source Term One: MW-44 is 132,000 ug/L and PT-18 is 13,740 ug/L. 
3) Source Term Two: MW-44 is 250,000 ug/L and PT-18 is 26,022 ug/L. 
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Simulated 
Concentration at 

45 years from 
time = 0 
250,000 
26,022 
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45,681 
2,907 
1,545 
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4,080 
698 
341 
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514 
4.1 
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increasing. This information, suggest that this range of k values encompasses the likely range of 

degradation rate constants. 

To determine the degree of model calibration, the simulated plumes (solid contours) were visually 

compared to the existing plume (dashed contours) for the conditions described with the slowest k 

value, i.e. 0.00005/day. This output is graphically depicted as Figure 6-4. The geometry of the 

simulated plumes between 30 and 40 years from the release of voes is shown for the existing 

plume and the simulated plume in the till/weathered shale aquifer (layer 1) (Figure 6-4). This 

geometry was achieved using the best estimate values for the input parameters shown in Table 6-3 . 

The 10 µg/L contour of the simulated plume at 35 and 40 years extends to the fenced SEDA 

boundary and lower concentrations extend beyond this boundary in a manner similar to the existing 

plume. The configuration of the eastern portion of the simulated plume reflects the two source 

areas of elevated voes in soil, which is supported by the results of the soil gas surveys in this area 

(Parsons ES, 1994a). 

The model is believed to be conservative and predicts higher concentrations of voes in layers 2 

and 3 than were observed in the few bedrock wells located near the source areas (MW-49D, MW-

50D and PT-21) (Figures 6-5 and 6-6). 

The mass balance discrepancies for the two model runs that were used for the Scenario 1 simulation 

are shown in Figures 6-7 and 6-8 . For the model run to 30 years (Figure 6-7) early mass balance 

discrepancies of up to 60 % are quickly reduced to less than 6 %, and as the simulation continued 

the discrepancy held at approximately 6 %. For the model run to 50 years (Figure 6-8) the mass 

balance discrepancies are approximately the same as for the 30 year model run, however, beyond 

30 years they increase to approximately 8 %. 

6.5 TRANSPORT MODEL PREDICTIONS 

6.5.1 Future Plume Migration with VOC Source - Scenario 2 

Scenario 2 was used to simulate the potential maximum migration of the existing plume had the 

source removal program not be performed. For this simulation, as in Scenario l, the model used the 

constant-source concentrations in the cells that contained the monitoring wells MW-44 and PT-18. 

Again, the use of these concentrations assumes that there has been no degradation of the voe 

source material in the soils at these two areas since the time of the release. The most conservative, 

June, 1996 
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slowest, degradation constant k, i.e 0.00005/day, was used to degrade the groundwater plume in the 

plume area outside the source areas . 

Snapshots of the simulated plume at 30, 50, and 100 years from the present are shown in Figures 6-

9, 6-10 and 6-11. At 30 years the model predicts that the plume in layer 1 will have migrated off

site, with the 10 µg/L contour approximately 700 feet west of the SEDA boundary (Figure 6-9). 

At 50 years the 10 µg/L contour will reach to approximately 1000 feet beyond this boundary and 

the 100 and 1,000 µg/L contours will also extend beyond the boundary (Figure 6-9) . By 100 years 

from the present the 10 µg/L contour will have reached the farmhouse and significant areas west of 

the SEDA boundary will have been impacted by concentrations of VOCs greater than 100 to 1,000 

µg/L (Figure 6-9). By this time, the model predicts that the plume will have more than doubled in 

length compared to its existing configuration. 

Not unexpectedly, the concentrations predicted for layers 2 and 3 are smaller than those for the 

layer 1 (Figures 6-10 and 6-11). However, they are likely to reflect a worst-case impact because 

the calibration run in Scenario 1 indicated that concentrations in layer 2 and 3 are higher than those 

observed in bedrock wells. 

The mass balance discrepancy for the model run that was used for the Scenario 2 simulation is 

shown in Figure 6-12. The model was run for 100 years and the mass balance error is stabilized at 

approximately 8 % by the end of the model run. 

6.5.2 Future Plume Migration without VOC Source - Scenario 3 

The modeling performed as part of Scenario 3 was intended to evaluate the potential future 

migration of the plume now that the VOC source was eliminated. The source soils were removed as 

part of a removal action at the Ash Landfill between December 1994 and May 1995 (Parsons ES, 

1994b and IT Corp, 1995). Also, approximately 900,000 gallons of groundwater in the vicinity of 

the source soils were removed and treated during this remedial event. For this scenario, the model 

used different starting concentrations from the previous two scenarios since, based on the results of 

two groundwater sampling events performed after the removal action, one in July 1995 and another 

in February 1996, the source concentrations had been reduced. This was expected since the source 

removal action removed several thousand gallons of groundwater in addition to the source of 

continual groundwater impacts. 
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approach (k = 0.00005), however, less conservative k values were used in Scenario 3 to 

demonstrate the range of possible model simulation results with the voe source removed. For the 

less conservative runs, k values of 0.0005/day and 0.00009/day were used, with the latter value 

representing the approximate median value between the most conservative and least conservative k 

values derived earlier in this section. 

6.4 MODEL CALIBRATION AND VERIFICATION 

6.4.1 Simulation of Plume from Origin with VOC Source - Scenario 1 

The transport model was calibrated by simulating the plume migration from its origin at the two 

source areas (Parsons ES, 1994a). The measured source term concentrations, represented by the 

concentrations in MW-44 and PT-18 have variability as shown in Table 6-5. For MW-44, the 

concentration of total voes has varied between 132,000 ug/L and 204,000 ug/L. The range of 

concentration for total voes for PT-18 is between 11,400 ug/L and 23,550 ug/L. It is also 

possible that because these values represent discrete points in a larger source area, the actual source 

concentration may be higher. Since the source term has variability, Scenario l evaluated the effect 

that different source term concentrations had on the calibration by performing two simulations with 

differing source term concentrations. However, for each simulation the source concentration was 

held constant over the model run. 

During model calibration, the degradation constant, and the longitudinal and transverse 

dispersivities were among the parameters adjusted (within the reasonable ranges) to obtain a plume 

configuration that matched the extent of the measured plume. Although the distribution coefficient 

(K.i) affects the transport of constituents at the Ash Landfill, the model appeared to calibrate best by 

varying the biodegradation constant (k) and dispersivity. The biodegradation constant was 

considered to be the most uncertain variable of those that control the plume configuration and was 

used for calibration. The expected range of values for k were derived by the two methods described 

previously 

Two source terms were considered and varied to encompass the expected lower and high end of the 

source concentration. The first source term was represented by concentrations in the cells that 

contained wells MW-44 and PT-18 and were held constant at 132,000 µg/L and 13,950 µg/L, 

respectively, with no degradation of the VOC source material. The second term was a modification 

of the first and was represented by concentrations of the same two wells that were set at 250,000 

µg/L and 26,022 µg/L, respectively, with no degradation of the voe source material. Model runs 
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from 35 years, 40 years and one to 45 years, were used to generate the simulated plume data. The 

biodegradation constant, k, was selected for each source terms and each time. For the first run, the 

k value selected represented the higher, i.e. faster, end of the expected range, i.e. 0.0005/day. For 

the second run, the k value selected represented the lower, i.e., slower, end of the expected range of 

biodegradation rate constants, i.e. , 0.00005/day. Predicted concentrations for selected points that 

corresponded to monitoring well locations were obtained as model output. These predicted 

concentrations were then compared to the range of measured concentrations as shown in Table 6-4 . 

The output suggests a reasonably close match to actual plume dimensions for both k values. As 

shown in Table 6-4, for the faster degradation rate constant, 0.0005/day, the downgradient 

concentrations at PT-12, PT-23 and MW-45 were within the range of measured values regardless 

of the source term used. Several other downgradient wells such as MW-31, MW-56 and MW-47 

also confirmed that the plume did not migrate beyond the known boundary as the measured 

concentrations were the same as the model concentrations, which were non-detect. The model 

predicted lower concentrations than what was measured at PT-22 and MW-28 but predicted higher 

concentrations than what was measured at MW-46. Under this scenario it appears that the 

predicted concentrations reached an upper limit and remained constant, suggesting that steady state 

had been achieved. 

Table 6-4 provides a comparison between the measured values at the same selected wells and model 

output values for the lower degradation rate constant, 0.00005/day. Under this scenario, the 

predicted downgradient concentrations at PT-12, PT-29 and PT-24 were within the range of 

measured values regardless of the source term used. Although the predicted concentration range at 

PT-29 and PT-24 were within the range, the concentrations at these wells appear to be increasing 

beyond the measured range. The downgradient wells, MW-31 and MW-47 also confirmed that the 

plume did not migrate beyond the known boundary as the measured concentrations were the same as 

the model concentrations, which were non-detect. Under this scenario, the model predicted higher 

concentrations than what was measured at wells MW-45, MW-46, PT-22, MW-28, PT-23 and 

MW-53 . Under this scenario, it appears that the concentration in several wells, in particular the 

wells along the plume boundary, were increasing, suggesting that steady state had not been 

achieved. 

Overall, the two scenanos suggest that the faster k value predicts lower than expected 

concentrations at several wells and steady state is attained, whereas, the slower k value predicts 

concentrations that are higher than what was measured and the concentrations in several wells are 
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Well 
MW-44 
PT-18 
MW-45 
MW-46 
PT-12 
PT-22 
MW-28 
PT-23 
MW-53 
MW-29 
MW-31 
PT-24 
MW-56 
MW-47 

Table 6-4 

Comparison of Measured and Simulated Concentrations of Total Chlorinated VOCs (ug/L) 

Ash Landfill Groundwater Model 
Seneca Army Depot Activity 

Biodegradation Constant (k) = 0.0005 
Source Tenn One Source Term Two 

Simulated Simulated Simulated Simulated Simulated 
Measured Range of Concentration at Concentration at Concentration at Measured Range of Concentration at Concentration at 
Concentrations in 3 5 years from 40 years from 45 years from Concentrations in 3 5 years from 40 years from 
Monitoring Well• time= 0 time = 0 time= 0 Monitoring Well• time= 0 time = 0 
132,000 - 204,000 132,000 132,000 132,000 132,000 - 204,000 250,000 250,000 

11,400 - 23,550 13,740 13,740 13,740 11,400 - 23,550 26,022 26,022 
ND - 0.5 0.1 0.1 0.1 ND - 0.5 0.1 0.1 
167 - 202 2,329 2,262 2,418 167 - 202 4,509 4,290 
81 - 4,654 151 150 153 81 - 4,654 289 286 
160 - 280 15 15 15 160 - 280 27 28 
58 - 81 1.4 2.5 3.0 58 - 81 2.6 4.7 

ND-2.0 2.5 3.4 3.7 ND - 2.0 4.7 6.4 
17 - 55 0.3 0.5 0.5 17 - 55 0.6 0.9 

63 - 101 0.1 0.1 0.2 63 - 101 0.1 0.2 
ND 0.0 0.0 0.0 ND 0.0 0.0 

76 - 116.7 0.0 0.1 0.2 76 - 116.7 0.0 0.2 
ND - 0.2 0.0 0.0 0.0 ND- 0.2 0.0 0.0 

ND 0.0 0.0 0.0 ND 0.0 0.0 

Notes: 
l) • = Historical data from 1990 - 1996, although not all wells have data for the full range of these years. 
2) Source Tenn One: MW-44 is 132,000 ug/L and PT-18 is 13,740 ug/L. 

3) Source Tenn Two: MW-44 is 250,000 ug/L and PT-18 is 26,022 ug/L. 
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Simulated 
Concentration at 

45 years from 
time = 0 
250,000 
26,022 

0.1 
4,364 
288 
28 
5.7 
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0.0 
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Well 
MW-44 
PT-18 
MW-45 
MW-46 
PT-12 
PT-22 
MW-28 
PT-23 
MW-53 
MW-29 
MW-3 1 
PT-24 
MW-56 
MW-47 

Table 6-4 

Comparison of Measured and Simulated Concentrations of Total Chlorinated VOCs (ug/L) 

Ash Landfill Groundwater Model 
Seneca Army Depot Activity 

Biodegradation Constant (k) = 0.00005 
Source Term One Source Term Two 

Simulated Simulated Simulated Simulated Simulated 
Measured Range of Concentration at Concentration al Concentration at Measured Range of Concentration at Concentration at 
Concentrations in 3 5 years from 40 years from 45 years from Concentrations in 35 years from 40 years from 
Monitoring Well* time = 0 time = 0 time= 0 Monitoring Well* time= 0 time = 0 
132,000 - 204,000 132,000 132,000 132,000 132,000 - 204,000 250,000 250,000 

l l ,400 - 23,550 13,740 13,740 13,740 l l,400 - 23,550 26,022 26,022 
ND - 0.5 3.8 4.3 4.5 ND-0.5 7.2 8.1 
167 - 202 24,666 24,179 24,119 167 - 202 46,716 45,793 
81 - 4,654 1,551 1,547 1,535 81 - 4 654 2,938 2,929 
160 - 280 744 788 816 160 - 280 1,410 1,493 
58 - 81 319 1,218 2,364 58 - 81 605 2,306 

ND-2.0 553 1,424 2,1 54 ND-2.0 1,048 2,697 
17 - 55 90 235 368 17 - 55 170 444 

63 - 101 17 82 180 63 - 101 33 156 
ND 0.0 0.0 0.0 ND 0.0 0.0 

76 - 116.7 8.3 81 271 76 - 116.7 16 154 
ND-0.2 0.0 0.2 2.2 ND-0.2 0.0 0.4 

ND 0.0 0.0 0.1 ND 0.0 0.0 

Notes: 
1) • = Historical data from 1990 - 1996, although not all wells have data for the full range of these years. 
2) Source Term One: MW-44 is 132,000 ug/L and PT-18 is 13,740 ug/L. 
3) Source Term Two: MW-44 is 250,000 ug/L and PT-18 is 26,022 ug/L. 
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Concentration at 
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4,478 
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Scenario 3 was comprised of 4 simulation runs, 3, 3-A, 3-B, and 3-C. These runs evaluated 

different components of this scenario, such as starting concentrations and degradation constant 

values that are considered to be plausible for the site. Because two different k values were 

calculated in Section 6.5 .3 and shown to represent the likely range of degradation rates it was 

necessary to consider a range of k values. There is also uncertainty in the time of the release that 

was consider as part of Scenario I that was also considered as part of these scenarios. These 

scenarios were established to consider what would occur over the expected range of k values, from 

a conservative value of 0.00005/day to a less conservative value of 0.0005/day. The 4 simulation 

runs under Scenario 3 are as follows: 

I . Scenario 3: July 1995 starting concentration field and k of O. 00005/day; 

2. Scenario 3-A: February 1996 starting concentration field and k of 0.00005/day; 

3. Scenario 3-B: February 1996 starting concentration field and k of 0.0005/day; and 

4. Scenario 3-C: February 1996 starting concentration field and k of 0.000009/day. 

Scenario 3 

For Scenario 3, the July 1995 post-remediation starting concentrations were headed by a maximum 

concentration of 23,000 µg/L, which was measured at PT-18 (no data was available from MW-44 

because this well was destroyed during the source area removal). The degradation constant used 

was 0.00005/day. In addition, there was no constant source for the VOCs in this scenano 

(Appendix F). Other input parameter values were the same as those used in Scenario I. 

To allow a comparison to Scenario 2 results, snapshots of the simulated plume at 30, 50 and 100 

years from the present for Scenario 3 are shown in Figures 6-13, 6-14, and 6-15 . The most obvious 

difference between the plumes simulated in Scenarios 2 and 3 is that both the size (i.e., length) and 

the concentrations were greatly reduced in Scenario 3. At 30 years the plume in layer l for 

Scenario 3 does not look significantly different from the plume predicted in Scenario 2 (Figure 6-13 

and 6-9). Both figures show the IO µg/L contour hundreds of feet beyond the SEDA boundary, 

however, the maximum concentration within the plume is greatly reduced in Scenario 3; this 

maximum occurs approximately 500 feet west of the former source areas at the Ash Landfill. By 

50 years the plume is significantly shortened compared to its pre-remediation configuration 

(Scenario 2) and the IO µg/L contour is approximately 700 feet beyond the SEDA boundary 

compared to approximately 1,000 feet under Scenario 2. Additionally, the maximum concentration 

is less than 1,000 µg/L . Comparison of the plumes simulated under Scenarios 2 and 3 at 100 years 
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provides the most contrast. With the source removed (Scenario 3), the plume is reduced to a 

relatively small oval shape with concentrations mostly less than 100 µg/L. Concentrations are 

predicted to exceed 100 µg/L in only one small area. At this time the plume is roughly 1,200 feet 

long, compared to a length of almost 3,000 feet under Scenario 2. Also, under Scenario 3 the 10 

µg/L contour has not reached the farmhouse, as it was predicted to do in Scenario 2. 

In layers 2 and 3 the model predicts that the plume sizes and concentrations in Scenario 3 will be 

significantly less that shown under Scenario 2 (Figures 6-14 and 6-15). In layer 2, the plume 

remains within the SEDA boundary at 30 years and concentration are less than 1,000 µg/L (Figure 

6-14). At 50 years the plume is only slightly larger than at 30 years, but the model predicts that it 

will migrate beyond the SEDA boundary. By 100 years the concentrations are greatly reduced (less 

than 100 µg/L) and the plume is mostly beyond the SEDA boundary, with the 10 µg/L contour 500 

feet west of the farmhouse. In layer 3, the plume is reduced to a small area with concentrations 

below 100 µg/L at both 30 and 50 years, and it has not migrated off of SEDA (Figure 6-15). At 

100 years the plume is represented by an even smaller area (approximately 100 feet by 200 feet), 

defined by the 10 µg/L contour (Figure 6-15). 

For Scenario 3, an X-Y plot of concentration versus time for the model cells in layers 1, 2, and 3 

that corresponds to the location of the farmhouse were made to show the nature of the potential 

impacts at the farmhouse (Figure 6-16) . The model predicts that the leading edge of the plume in 

layer 1 will reach the farmhouse after approximately 70 years and that a maximum concentration of 

30 µg/L will be at approximately 137 years (Figure 6-16). Minor impacts to layers 2 and 3 are 

predicted by the model (llµg/L and 1.5 µg/L, respectively), however, the model is believed to 

overestimate the impacts to these layers, since no VOCs have been detected in the competent shale 

wells on-site (Figure 6-16). 

The mass balance discrepancy for Scenario 3 shows initial instability followed by stabilization at 

approximately 4 % error for the model run to 100 years (Figure 6- 17). 

Scenario 3-A 

For Scenario 3-A, the February 1996 post-remediation starting concentrations were headed by a 

maximum concentration of 1,132 µg/L at the source area wells PT- 18 and MW-44. The 

degradation constant was 0.00005/day, which is a conservative value. In addition, there was no 
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constant source for the voes in this scenario (Appendix F). Other input parameter values were the 

same as those used in Scenario 1. 

Profile concentration plots at 5 simulation monitoring points along the longitudinal axis of the 

plume were used to present the modeling results (Figure 6-18) - the plots show how the 

concentration changed with time at each of the points; the starting time was February 1996. 

Analysis of the most conservative results indicates that at the source area concentrations (Point 1) 

decreased to below 5 µg/L (the NYSDEe GA standard for TeE) after approximately 21 years. At 

simulation Point 2, the concentration reaches a maximum of 225 µg/L after approximately 40 years 

and decreased to 5 µg/L after a total of 81 years. Immediately east of the SEDA boundary, at Point 

3, the maximum simulated concentration was 176 after about 50 years. After 89 years the 

predicted concentration was 5 µg/L [the small upward bump on the plot is due to a small, elongate 

zone of relatively high concentrations near MW-29 and PT-17, which caused lower concentrations 

to be assigned to upgradient cells in a portion of the plume when the initial concentration field was 

generated using the 4-point moving average method]. At Point 4, which is 200 feet west of the 

SEDA boundary, the maximum concentration (132 µg/L) is reached after 57 years and the 5 µg/L 

concentration was reached after approximately 98 years. Lastly, at the farm house, a maximum 

concentration of 10 µg/L is predicted after approximately 140 years and it takes another 16 years 

for the concentration at this point to decrease to 5 µg/L. The maximum concentration at the 

farmhouse is three times lower than that predicted under Scenario 3; this response was caused by 

the reduced starting concentration field in the source area for February 1996 compared to July 

1995. 

The mass balance discrepancy for Scenario 3-A shows initial instability followed by stabilization at 

approximately 6 % error for the model run to 250 years. 

Scenario 3-B 

For Scenario 3-B, the February 1996 post-remediation starting concentrations were headed by a 

maximum concentration of 1,132 µg/L at the source area wells PT-18 and MW-44. This time, the 

less conservative degradation constant of 0.0005/day was used. In addition, there was no constant 

source for the voes in this scenario (Appendix F). Other input parameter values were the same as 

those used in Scenario I . 
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Profile concentration plots at 5 simulation monitoring points along the longitudinal axis of the 

plume were used to present the results (Figure 6-19). Analysis of the less conservative results 

indicates that concentrations at Point I (the source area), at Point 2 (60 feet east of the SEDA 

boundary), and at Point 3 (immediately west of the SEDA boundary) are reduced to below 5 µg/L 

after approximately 12 years; only decreasing concentrations are predicted by the model at these 

points. At Point 4, the maximum concentration was 3.3 µg/L after approximately 10 years. The 

model results indicate that the plume will be completely degraded before it reaches the fann house. 

The mass balance discrepancy for Scenario 3-B shows initial instability followed by stabilization at 

approximately 2 % error for the model run to 250 years . 

Scenario 3-C 

For Scenario 3-C, the February 1996 post-remediation starting concentrations were headed by a 

maximum concentration of 1,132 µg/L at the source area wells PT-18 and MW-44. This time, the 

median degradation constant of 0.00009/day was used. In addition, there was no constant source 

for the VOCs in this scenario (Appendix F). Other input parameter values were the same as those 

used in Scenario 1. 

Profile concentration plots at 5 simulation monitoring points along the longitudinal axis of the 

plume were used to present the results (Figure 6-20). Analysis of the Scenario 3-C results (a 

moderately conservative run compared to Scenarios 3-A and 3-B) indicates that at Point 1 it will 

take 19 years for the concentrations to be reduced to 5 µg/L. At Point 2, the predicted 

concentration was approximately 120 µg/L after 40 years and another 32 years are required to 

reduce the concentration to 5 µg/L . Immediately west of the SEDA boundary (at Point 3) the 

maximum simulated concentration was 87 µg/L after 46 years; this concentration was reduced to 5 

µg/L after another 32 years. At Point 4, the maximum was 57 µg/L after 55 years; a 5 µg/L 

concentration is predicted at this point after a total of 85 years . At the farm house, the predicted 

maximum concentration was 1.4 µg/L, which is below the 5 µg/L GA standard. 

The mass balance discrepancy for Scenario 3-C shows initial instability followed by stabilization at 

approximately 5 % error for the model run to 250 years. 
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6.6 SENSITIVITY ANALYSIS 

A sensitivity analysis was performed after the transport model was calibrated. The purpose of the 

sensitivity analysis was to determine how sensitive the model is to variations or uncertainty in the 

degradation constant rate {k), the dispersivity (a.J, and the distribution coefficient (KJ parameters. 

The sensitivity analysis was performed by increasing and decreasing the best estimates for k, a.r.., 

and Kd up to one order of magnitude (i.e., ± 25 percent, ± 50 percent, ± 1 order of magnitude) and 

noting the effects on the maximum concentration observed at selected monitoring points (i.e., cells). 

Thus, during the sensitivity analysis the values for k, a.L, and Kd were systematically changed 

within a wide range of values over many model runs that simulated plume migration to 100 years . 

Four cells along the longitudinal axis of the plume were selected as points at which the 

concentration data was saved over time by the model. The cell coordinates of the monitoring points 

are as follows: 

I. Layer 1, row 102, column 38 (within existing plume) 

2. Layer 1, row 13 l, column 40 

3. Layer 1, row 155, column 42 

4. Layer 1, row 177, column 42 (at fannhouse) . 

6.6.1 Degradation Constant (k) 

The sensitivity of the model to k has been discussed in Section 6.4.1 and was evaluated using two 

scenarios that differ only by the values used for the starting concentrations. Model sensitivity to k 

was also evaluated under Scenario 3, which used both a July 1995 starting concentration field. 

This sensitivity analysis served as a basis of comparison to other parameters, such as a.L and Kd, 

which are discussed in the following sections. 

The results of the initial sensitivity analysis fork are shown on Figure 6-21. These x-y plots show 

how the maximum concentration predicted at a monitoring point changes with differing k values; 

the data points were connected using a spline function. Not unexpectedly, all of the plots exhibit a 

trend where the maximum concentration increases with decreasing k values, and at higher k values 

the maximum concentrations are greatly reduced. Thus, as k values become increasingly small, the 

maximum concentrations are expected to be more influenced by other processes. The results of the 
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subsequent sensitivity analysis were very similar to those obtained in the initial analysis (Figure 6-

22). 

As a comparison, the k value obtained from the literature for the ODAST model (0.00062/day) was 

near the range of expected values calculated using the method of Wiedemeier et al. ( 1995) 

(0.00005/day) and the method of Buscheck and Alcantar (1995), that predicted a degradation 

constant of 0.0005/day. The data suggests that the range of k values that may be considered 

reasonable for the site is between 0.00005/day to 0.0005/day. Using a k value of 0.0005/day, 

which is approximately equal to the value that was used in the ODAST model, results in significant 

degradation of VOCs at monitoring points within the existing plume, attainment of steady state 

conditions and predicts no migration at the monitoring points downgradient of the existing plume 

after 150 years (Figure 6-18). This supports the preliminary conclusion reached after running the 

ODAST model that the plume had achieved a steady-state condition. 

6.6.2 Dispersivity - Longitudinal (aJ 

The sensitivity of the model to a.L was evaluated using the most recent starting concentration field, 

February 1996. This sensitivity analysis served as a basis of comparison to other parameters, such 

ask and Kd . 

The results of the initial sensitivity analysis fora.Lare shown on Figure 6-22. This x-y plot shows 

how the maximum concentration predicted at the monitoring points changes with differing 

distribution coefficient values. All of the plots exhibit a similar trend in that increasing a.L results in 

decreasing maximum concentrations at the four monitoring points. However, a comparison of these 

results with those for k indicated that the transport model is less sensitive to a.L than to k. 

6.6.3 Distribution Coefficient (Kd) 

The sensitivity of the model to Kd was evaluated using the most recent starting concentration field, 

February 1996. This sensitivity analysis served as a basis of comparison to other parameters, such 

ask and a.L. 

The results of the initial sensitivity analysis for Kd are shown on Figure 6-22. This x-y plot shows 

how the maximum concentration predicted at a monitoring point changes with differing dispersivity 
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values. All of the plots exhibit a similar trend in that increasing Kds result in decreasing maximum 

concentrations at the four monitoring points. A comparison of these results with those for k and a.L 

indicated that the transport model is less sensitive to Kd than to either of the other two parameters, k 

and a.L. 
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7.0 SUMMARY AND CONCLUSIONS 

Groundwater flow and contaminant transport modeling were combined to simulate the migration of 

a VOC plume under several scenarios at the Ash Landfill and surrounding area. The primary goal 

of the modeling was to evaluate the potential for future impacts to off-site farmhouse wells by 

VOCs migrating from the Ash Landfill under pre- and post- VOC source removal scenarios. 

The groundwater flow model consisted of a flow system defined by three model layers, layer 1 for 

the till/weathered shale and layers 2 and 3 for the competent shale. The MODFLOW model 

simulated a groundwater flow system defined by a constant head boundary at Seneca Lake, a 

groundwater divide no flow boundary between Seneca and Cayuga lakes, and streamline no flow 

boundaries along the northern and southern sides of the model. An important aspect of the 

groundwater flow system near the Ash Landfill is that much of the water that enters the system via 

precipitation is returned to the atmosphere through a combination of evapotranspiration and 

capillary rise in the fine-grained till. Thus, the net recharge rate was a significant factor affecting 

the heads calculated by the MOD FLOW model. 

Head and flow data from the calibrated flow model were incorporated into the MT3D contaminant 

transport model to simulate the migration of the VOC plume under three scenarios. Under Scenario 

1 the transport model was calibrated using the existing plume as a basis of comparison. The plume 

was simulated from the time of the release (t = 0) to 50 years with two constant sources of VOCs in 

the Ash Landfill. The results indicate that the simulated concentrations in layer 1 matched the 

existing plume configuration at approximately 35 years after the time of the release, depending on 

the degradation rate constant selected. Using a slow k value (i.e., 0.00005/day) the plume appeared 

to match current plume dimensions although several wells were predicted to have higher 

concentrations than what was actually measured. Using a faster k value (i .e., 0.0005/day) the 

plume dimensions were smaller than what was actually measured but several wells appeared to 

coincide with actual measured values. Using the slower k value, VOC concentrations in layers 2 

and 3 were found to be higher than those measured in nearby bedrock wells and thus the model is 

believed to predict higher plume concentrations than actually exist in the bedrock. . 

Scenario 2 was performed to evaluate the migration potential of the plume if the source removal 

action had not be performed. This scenario provided a worst case scenario since the slowest rate 

constant was used in this simulation. This scenario predicted off-site migration of the plume. 

For Scenario 3, the boundary condition of constant leaching of VOCs was eliminated from the 

model to reflect the benefits gained as a result of the removal action completed at the Ash Landfill 

in the Spring of 1995 . Initial starting concentration fields were less than what was used for 
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Scenario 1 or Scenario 2. As expected, the model predicted beneficial effects of the removal action 

in reducing the size (i .e., length of the plume) and the magnitude of the concentrations in the plume 

over time when compared to what would have occurred as part of Scenario 2. While elimination of 

the source decreased the size of the plume and the concentrations in several wells, the potential 

exists for the remaining portion of the plume that was not affected by the removal action to migrate 

off-site. The goal of this scenario was to evaluate this potential. 

From a review of the historical groundwater monitoring data it appears that degradation of the 

existing groundwater plume was likely occurring based upon an increase in the presence of 

breakdown products in the downgradient wells. Scenario 3 was used to evaluate the hypothesis 

that, combined with source removal, the indigenous microbial community was capable of 

eliminating the remaining plume prior to the plume reaching any off-site receptors (the nearest 

current receptor is at the farmhouse) . The degree to which the plume was expected to migrate off

site was determined to be largely a function of this term. A range of likely degradation rates was 

quantified for use in the MT3D model. Two techniques were utilized to provide this allowable 

range, one utilized historical data and a groundwater tracer to derive a degradation rate and the 

other utilized historical groundwater monitoring data at several downgradient monitoring wells to 

obtain the degradation value. The range of degradation rates obtained using these two techniques 

was between 0.0005/day and 0.00005/day. Degradation rate values within this range were 

evaluated during the modeling runs. 

In addition to the modeling runs, Parsons ES collected field data that was used to evaluate whether 

or not the conditions at the site are acceptable to support biotic reductive dechlorination, suspected 

to be the main mechanism of the degradation process. This data detected the presence of dissolved 

organic carbon in the aquifer that can serve as a source of electrons, i.e. electron donors. The redox 

potentials measured in several monitoring wells were in the range considered to be anaerobic, 

although not strongly anaerobic. The pH of the groundwater system was determined to be with the 

range that would support biological activity. This information suggested that site conditions were 

within the range of conditions for degradation to occur. 

Scenario 3 utilized the July 1995 groundwater monitoring results as the starting concentration field 

and a conservative k value of 0.00005/day. Under these conditions, the plume in layer I reached 

the farmhouse in 70 years with a maximum concentration of 30 µg/L at 137 years. In layers 2 and 

3 the plume was predicted to reach the fannhouse in 95 and 150 years, respectively. Additional 

source term groundwater data was collected in February, 1996, for wells that were destroyed during 

the source removal action. This data was not included in this scenario as this information was not 

available when this scenario was evaluated. 
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Scenarios 3-A, 3-B, and 3-e involve simulations of the existing plume using the February 1996 

groundwater sampling data as the source term. For these scenarios, the migration of the plume was 

evaluated using three different degradation approaches that are intended to account for the range of 

possible k values calculated using methods described in Section 6. These rates included a slow rate 

of 0.00005/day, a faster rate of 0.0005/day and a median rate of 0.00009/day. On the basis of 

calibration information, each rate may be applicable to the Ash Landfill site and, therefore, it was 

necessary to consider the range of possible occurrences using each rate. Using the slowest rate, the 

model predicted that the plume of voes remaining on-site after the removal action will not 

completely degrade before it move west from the Ash Landfill to the farmhouse. The model 

predicts a maximum concentration of 10 µIL will be achieved at the farmhouse after 140 years. 

Using the fastest k value, the model predicts that the plume will not move a great distance from the 

Ash Landfill, and will be completely degraded before it reaches the farm house. Also, under this 

scenario the model predicts that the off-site portion of the plume will be degraded to below 5 µIL 
within approximately 15 years. Using the median k value, the model predicts that the plume will 

migrate off-site, but it will be degraded to approximately 1.4 µIL (which is below the 5 µIL 
NYSDEe GA standard for both TeE and 1,2-DeE) when it reaches the farmhouse . 

The contaminant transport simulations of the removal of voe source soils at the Ash Landfill 

predict a reduction in the size and magnitude of the voe concentrations of the plume over time. 

The impacts of off-site migration depend upon the actual value of k, the degradation rate constant. 

The faster rate indicates that the off-site impacts are minimal while the slowest rate suggests that 

there will be off-site migration. While the model prediction are not conclusive, there is sufficient 

data (i.e., the historical groundwater data in Section 1.3) that would suggest that the voe 

concentrations have remained constant. This data, and the model results that predicted stable plume 

conditions using the faster degradation rate, suggests that there is a reasonable likelihood that off

site migration will be minimal. Since uncertainty in these results exists, it is prudent to continue 

monitoring the aquifer at the "toe" of the plume to determine if voe concentrations increase over 

time. If concentrations in the wells predicted by the model using the fast degradation rate increase 

then it is likely that this rate was not correct and the conditions predicted by the slower rate would 

apply. However, if monitoring suggests that the concentrations remain the same or decrease then 

the results predicted by the model using the faster degradation constant are true and the plume will 

not migrate off-site. In either event, there would be sufficient time to implement a remedial 

response prior to the plume impacting any existing potable groundwater supply, should the 

concentrations increase. 
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11 23 Bradfie ld Hall 
Corne ll University 

Ithaca, NY 14853-1901 

Phone: (607) 255-1 751 
Fax: (607) 255-2106 

NoRTHEAST 

R EGIONAL 

C LIMATE 

C ENTER Internet mail: nrcc@cornell.edu 

Mr. Paul Meriney 
Parsons Engineering Science Inc. 
Prudential Center 
Boston, MA 02199-7697 

Dear Mr. Meriney: 

. '··>.~-
9 May 1995t ._ . 

. .·.- ·. -

Enclosed is the climatic data that you ordered. The tabulated values indicate the 
monthly total evapotranspiration from a grass-covered surface at Ithaca, NY. These values 
were derived using our evapotranspiration model which is described in the publication 
which I have included. A bill for this data is also enclosed. 

I hope that this information is useful for your application. If you have any further 
questions, please don't hesitate to contact me. 

Sincerely, 

Arthur T. DeGaetano, Ph.D. 
Research Climatologist 





MONTHLY EV APOTRANSPIRATION FROM GRASS 

ITHACA, NY 

Month 198 4 1985 1986 1987 1988 1989 1990 1 99 1 1992 1993 1994 

January 0 .2 4 0.22 0 .28 0 .24 0 .27 0 .37 0.33 0 .30 0.27 0.24 0. 17 
February 0.53 0.39 0.3 1 0.55 0 .48 0 .35 0 .53 0.47 0.22 0. 4 3 0.54 

March 0.80 1 .2 8 1 .20 1 .65 1 .26 1 .19 1 .27 1.00 0.67 0.93 0 .87 
April 1 .80 2.00 2. 17 1 .96 1. 73 1 .9 1 1. 99 2 .08 1 .64 1 .57 1. 93 
May 2. 12 3 .48 3.7 1 3. 4 6 3.20 2.5 1 2.52 4.03 2.84 3. 4 3 2.64 
June 4 .30 3. 15 3.38 3.5 1 4.39 3 .02 3.60 3 .65 3 .5 1 3. 4 2 4 .20 
July 4 .26 4 . 10 3 .49 4 .19 3 .4 3 4.5 1 3.8 1 3.38 2.35 4. 09 4 .05 

August 3 .39 2.77 3.34 3.08 3 .33 3.27 3. 10 2.03 2 .9 1 3.00 2 .97 
September 2.37 2 .38 2.00 1 .52 2.57 2 .0 4 2 .03 1 .04 2 .2 1 1 .53 2.05 

October 1 .30 1 .27 0 .93 1. 09 0 .9 4 1 .41 1 . 10 1 .44 1 . 14 1 . 11 1.45 
November 0.52 0 .32 0.40 0.5 1 0.53 0.33 0 .69 0 .53 0.43 0 .4 2 0.6 1 
December 0. 32 0 .2 1 0 .27 0 .28 0.34 0.25 0 .3 1 0.30 0 .28 0. 40 0 .41 
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The mission of the Northeast Regional Climate Center (NRCC) is to facilitate and 

enhance the collection, dissemination and use of climate data as well as to monitor 

and assess climatic conditions and impacts in the twelve-state, northeastern region of 

the United States. Implementing this mission involves three programmatic objectives: 

1) the development and management of regional climate data bases, 2) the 

dissemination of information and educational services regarding climate and its 

impacts, and 3) the performance and support of applied climate research. 

Established in 1983, the Northeast Regional Climate Center (NRCC) is one of six 

regional climate centers now operating throughout the nation. These regional centers 

serve as sources of climate data and information to public and private institutions and 

individuals as well as expertise on local and regional climate problems. The Center's 

staff cooperate with State Climatologists and research scientists in disseminating 

climate data and information, analyzing environmental and economic impacts of 

climate variability, and developing new applications of weather and climate data for 

agriculture, business, industry, and government operations. 

The NRCC Research Report series is intended to make available to interested users 

the full results of climate research that has been supported by the NRCC. This report 

series supplements the normal reporting of research results in professional journals 

and provides an outlet for more complete and comprehensive accounts of work 

performed than is generally possible in journals. 

For further information please write or call: 

Northeast Regional Climate Center 

1123 Bradfield Hall 
Cornell University 
Ithaca, New York 14853-1901 

(607) 255-1751 

The Northeast Regional Climate 

Center is supponed by a Grant 

from the National Oceanic and 

Atmospheric Administration. 
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INTRODUCTION 

A recent survey of climate information users in the northeastern United States 
indicated a strong interest in current evapotranspiration (ED and soil moisture values. 
Such data has a wide variety of applications including the planning of agricultural 
operations, flood potential forecasting, and the scheduling of urban lawn watering. 
Unfortunately, routine measurements of evaporation and soil moisture are not widely 
available in the region. Only about 30 cooperative network stations in the Northeast 
measure pan evaporation, and soil moisture is observed at a limited number of 
specialized stations. These measurements are not reported, however, with sufficient 
frequency to be useful in monitoring real-time ET rates or soil moisture status. In 
addition, the historical records of such observations show many gaps and inconsis
tencies. 

Because the inventory of evaporation and soil moisture measurements is so 
limited, numerous methods to estimate ET and soil moisture status have been 
proposed and implemented. Broadly, such methods can be classified as either 
climatological or physically-based. Climatological methods are designed to estimate 
potential ET using routinely measured meteorological data such as air temperature, 
and do not relate well to actual situations where both crop and soil factors affect the 
rate of ET. Such methods are useful only for estimating maximum ET values over 
periods of a month or longer. Formally, potential evapotranspiration is defined as the 
rate of water loss from an extended surface of short green crop assuming that the crop 
fully shades the ground, exerts negligible resistance to the flow of water and is 
continually well supplied with water. 

Perhaps the most widely used climatological method for estimating ET is that of 
Thomthwaite (1948). Based on mean monthly temperature (T), in °C, Thomthwaite's 
method estimates potential ET (ETP) for month i using the formula: 

(1) 

where ETP has units of centimeters and the exponent a is given by: 

(2) 

I is a heat index given as: 

12 

I= L {T/5>1°514 . (3) 
i= l 
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Application of the Thomthwaite method to estimate ETP over periods shorter than 
a month leads to significant errors because short-term temperature means are an 
unsatisfactory surrogate for net radiation, which physically drives evapotranspiration. 
Other climatological methods have been proposed by Blaney and Criddle (1950), and 
Jensen and Haise 0963). 

Physically-based methods for estimating evaporation allow for more reliable, 
short-term estimates at the expensive of requiring considerably more meteorological 
input data. This is exemplified by the commonly used Penman Method (Penman, 
1948) given in simplified form as: 

(4) 

where E is daily evaporation from an open water surface, A is the slope of the 
saturation vapor pressure curve at the mean air temperature, H is an estimate of net 
radiation and y is the psychromatic constant. E

3
, which relies on the saturation and 

actual vapor pressures, es and ea, respectively, and the mean wind speed, u, is given 
as: 

(5) 

Other physically-based methods for estimating evaporation, include those pro
posed by Thomthwaite and Holzman (1942) , Swinbank 0951), and Suorni and 
Tanner 0958). A physically-based method for estimating evapotranspiration was 
developed by Monteith (1963). 

Combining the methods of Penman and Monteith provides a physically-based 
means of estimating ET from surfaces other than open water. The Penman-Monteith 
equation (Monteith, 1965) calculates ET as: 

where E "" 

A -
Rn "" 

G = 
p 
cp ,. 

es -
ea =-

}.. -
'Y 
rs -
ra "" 

A(Rn - G) + pep (es - ea)/ra 
}..E = -------------

A + y (1 + r/ra) 

rate of water loss (Kg m·2s·1) 

rate of change of es with temperature (mb 0 C-1) 

net radiation cwm·2) 

soil heat flux (Wm·2) 

air density (Kg m·3) 
specific heat of air at constant pressure (1005 ]Kg·1 0c-1) 

saturation vapor pressure (mb) 
actual vapor pressure (mb) 
latent heat of vaporization (2.465 x 106 ]Kg·1) 

psychromatic constant (0.66 mb 0 C-1) 

surface resistance (sm·1) 

aerodynamic resistance (sm·1) 

(6) 

Due to its physical basis and its ability to provide reliable daily ET estimates, the 
Penman-Monteith equation is commonly used to estimate ET for a variety of surface 
types and locations. The Penman-Monteith equation forms the basis for the British 
Meteorological Office Rainfall and Evaporation Calculation System (MORECS) 
(Thompson et al., 1981). MORECS is used operationally in Great Britain co obtain 
weekly and monthly estimates of average evaporation and soil moisture deficits over 
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iO km x 40 km grid squares. The system relies on routinely observed daily 
.neteorological data as its input. An important feature of MORECS is a scheme 
designed to determine potential and actual ET over a variety of different surface types. 
Using MORECS, such estimates can be obtained for open water, bare soil, grass, 
cereals, potatoes, deciduous trees, conifers, orchards and pastures. 

The Penman-Monteith equation is also the primary means by which ET is 
calculated in the CERES-Maize com simulation model Qones and Kiniry, 1986). This 
model is used operationally by the Midwest Climate Center to estimate soil moisture 
status under com crops in the midwestem U.S. (Kunkel, 1990). Although well suited 
for use in the Midwest, where com is a widely grown agricultural crop, such a crop
specific model is not a good choice the Northeast due to the wide variety of land uses. 

Because of this need for a more general ET model, the British MORECS has been 
modified and validated for use in the northeastern United States. Presently, historical 
and real-time estimates of potential ET from grass, evaporation from bare soil and 
standard evaporation pans, as well as actual ET from grass- and deciduous tree
covered surfaces are available for the region. In addition, soil moisture deficits can 
be calculated under grass, bare soil and deciduous trees. ET and soil moisture 
estimates can also be obtained for a variety of other crops, however the unavailability 
of reliable verification data for other surface covers has precluded validation of the 
model for other surface cover types. 

MODEL DESCRIPTION 

a. Evaporation 

Calculation of ET values using Equation 6 requires several supplementary physical 
and empirical relationships with which to compute values for terms that are not 
routinely measured. Because solar radiation measurements are not widely available 
in the Northeast, daily estimates of downward shortwave solar radiation are calculated 
based on hourly cloudiness, dew point and station pressure observations using the 
methods described in DeGaetano et al., 1993. Net radiation is obtained by decreasing 
the short wave radiation estimate according to the surface albedo, and summing this 
estimate and the net long wave radiation given by Linacre (1968) as: 

where RLN = 
E 

cr 
e = s 
T 

RLN = Eo'f" [1 .35(e/T)0
·
143 

- 1) (0.6) 

net long wave radiation (Wm-2) 

emissivity (0.95) 
Stefan's constant (5.67 X 10-8 wm-2 °K-4) 
saturation vapor pressure (mb) 
shelter temperature (°K). 

(7) 

The constant 0.6 accounts for cloudiness assuming a constant cloud cover of five 
tenths. 

During daylight hours, G is defined as the flux density of heat into the soil and is 
calculated as: 

(8) 
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where Lis the leaf area index and RNd is daytime net radiation. For grass , L varies from 
2.0 during winter (December-February) to 5.0 in summer (July-September). However, • 
Lis assumed to equal 3.33 when calculating Gd. The leaf area index used to calculate 
Gd for deciduous trees varies linearly from 0.1 during dormancy to 6.0 at full leaf. A 
similar linear decrease in leaf area index is assumed during senescence. For bare soil, 
L - 0.0. At night, an estimate of G is given by: 

(9) 

where D is the number of daylight hours and P is the average daily heat storage in 
soil (Whr m-2) . Monthly values of P were empirically determined by Wales-Smith and 
Arnott (1980) and are given in Thompson et al. (1981). It is assumed that the British 
heat storage values are suitable for use in the northeastern U.S. When estimating pan 
evaporation, G is set equal to 0.0. 

Using the logarithmic wind profile and assuming neutral stability, ra is given as: 

r
3 

= (6.25/u) ln(10.0/ z
0

) ln(6.0/zJ (10) 

where u is the wind speed (ms-1) at a height of 10 m above the ground and z
0 

is the 
roughness length (m). Fixed roughness lengths of 1.5 x 10-2, 5.0 x 10-3 and 5.0 x 104 

m are assigned to grass, bare soil and water, respectively. For deciduous trees, 
roughness length varies linearly between 0.2 mat leaf emergence to 1.0 m for full leaf. 
During autumn, roughness length is linearly decreased from the full leaf value to a 
defoliated value of 1.5 x 10-2 m. Similarly, roughness length is linearly increased during 
the period of bud break in spring. 

In MORECS, water may be extracted from both the soil and the crop. Thus, the 
surface resistance term incorporates resistances due to both the crop and soil. 
Daytime values of crop resistance are prescribed for each surface type . These values 
reflect a crop that is freely supplied with water and thus represent a minimum 
resistance associated with each crop type. For deciduous trees, the minimum 
resistance is set equal to 80 sm-1, while for grass this value varies from 50 during winter 
to 40 sm-1 in the summer months. Despite the lack of crop cover, a relatively high crop 
resistance value of 600 sm-1 is used for evaporation from bare soil to ensure that 
transpiration is negligible. 

MORECS assumes two soil moisture reservoirs. Water in the top reservoir (x) is 
freely available for ET, while water in the second reservoir (y) becomes increasingly 
more difficult to extract as soil moisture decreases. The contents of each reservoir can 
be subdivided into water available for evaporation CXsoIL or y SOIL) and water available 
for transpiration (xCROP or YcaoP). In the case of bare soil, water can only be 
evaporated from xSOIL or y SOIL· Provided water exists in x, the crop resistance remains 
at the minimum value. Soil resistance, is set to 100 sm-1 until.XsorL has been depleted. 
After this point, soil resistance increases according to the formula: 

(11 ) 

where rsorL is the soil resistance, "soIL and XcnoP are the amount of water contained 
in each reservoir, and C~ is the maximum amount of water that can be held in 
XcRoP· For potential evapotranspiration, r501L remains at 100 sm-1 and crop resistance 
is set at the minimum value for grass. 
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Once the water in the x reservoir has been exhausted, r50IL is set to 104 sm-1 and 
ne crop resistance CrcROP) is increased proportionally to the water deficit of the y 

reservoir using the formula: 

(12) 

where y5011 and YcROP are the amount of water contained in each reservoir, Ymax is 
the maximum amount of water that can be held in they reservoir and CrcROP)min is 
the minimum crop resistance value. 

Daytime surface resistance, rs, is related to rCROP and r50IL by the expression: 

rs• rcROP rsoIL/(Crso11Cl-A))+CrcROP A)) 

where A= 0.71. At night, when stomata are closed, rs is given by: 

(13) 

(14) 

However, when the surface is bare soil and ail water in XsoIL has been depleted, 
regardless of the time of day, r

5 
is specified as: 

rs= 100(3.50-(YsoIL/ Symax)) + exp(0.2(SymaJ(YsoIL - 1)))) (15) 

where Sy max is the maximum amount of water that can be held in YsoIL· For an open 
water surface, rs equals 0.0. 

b. Precipitation 

Each of the soil reservoirs can be replenished by rainfall and, theoretically, by dew 
deposition. In cases where the soil surface is covered by vegetation, a certain amount 
of rainfall is intercepted by the plant canopy and is thus unavailable to the soil. The 
proportion of rainfall that can be intercepted by grass, P, is: 

(16) 

The amount of interception, I, is simply the product of P and the daily rainfall. 
However, I can not exceed 20% of the leaf area index, L (i.e., rs; 0.2L). Particularly 
during summer, several individual showers may contribute to the daily rainfall total. 
In such cases, the interception associated with the first shower may evaporate prior 
to any subsequent rainfall. Thus, Thompson et al. (1981) suggest the calculated value 
of I be multiplied by an adjustment factor during the months from March through 
November. These adjustment factors are given in Table 1. During all months, 
however, I is limited to the daily rainfall total. 

Table 1. Adjustmeat factors to allow for naporatloa of lntarceptlo■ reultlat Ina ■■ltlple ally rai■fall 1111ts. 

M.Qillh 
Factor 

Mar 
1.2 

~ 
1.4 

Mal'. 
1.6 

1illl 
2.0 

.lYl 
2.0 

&Ii 
2.0 

~ 
1.8 

Qcr 
1.4 

tlID'. 
1.2 

Interception by deciduous trees is treated differently. Helvey and Patric (1965) 
present a regression-based approach for estimating interception of rainfall in eastern 
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hardwood forests . During dormancy (trees are in a defoliated state), interception is 
given as: 

I = 0.086R + 0 .015 

Interception by trees in full leaf is calculated using: 

I '"' 0.099R + 0 .031 

(17) 

(18) 

where R is the daily rainfall and the dace of full leaf is obtained using phenological 
data. During leaf emergence, I is linearly increased from its dormancy value. 
Conversely, during senescence, I is linearly decreased from its full leaf value. 

When interception is present, evaporation of the intercepted moisture occurs prior 
co any evapotranspiration from the soil. After setting rs to 0.0, the open water value, 
evaporation is calculated hourly until the foliage is completely dry (no interception). · 
Subsequent hourly ET estimates are calculated using rs given by Equations 13 and/ 
or 14. If intercepted water still exists after 24 hours, the unevaporaced interception 
is assumed to fall to the soil. 

c. Dew Deposition 

The formation of dew is assumed when nighttime evaporation is negative. In these 
instances, dew is treated as open water and nighttime evaporation is recalculated after 
setting rs to zero. If this calculation again yields negative evaporation, the deposition 
of dew is assumed with the amount of dew equal to the absolute value of evaporation. 
Ensuing calculations treat dew deposition in the same manner as rainfall. If 
recalculation yields positive evaporation, nighttime evaporation is set to zero. In such 
cases it is assumed that only dew has evaporated. 

d. Runoff 

For surface types other than deciduous tress, runoff is assumed equal to zero unless 
both the x and y reservoirs are at capacity. In the case of trees, runoff is also assumed 
to occur if the daily rainfall exceeds 1.00 inch or regardless of the daily rainfall total, 
when x50IL is greater than zero. These criteria are based on the curve number method 
(USDA, 1972). Using a simplification of this method, the runoff from a tree covered 
surface is: 

2 
ROtree ,. (R - 0.2D) / (R + 0 .8D) 09) 

R is the daily rainfall (cm), and D is given by: 

D "' (xmax + Ymax) - (xsoil + xcrop + Ysoil + Ycrop) (20) 

where ~ and y max are the capacities of the x and y soil water reservoirs. 

e. Water Budget Calculations 

The maximum total amount of water available for ET from a specific crop (AW) 
is assumed co fill two soil moisture reservoirs. Water in the x reservoir, 40% of AW, 
is freely available for ET, while the remaining 60% of AW, which fills the y reservoir, 
becomes increasing difficult to transpire or evaporate as the contents of y decrease. 
The amount of water within each reservoir is further subdivided into water available 
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for evaporation from bare soil (x
50

u or Ysoil) and water available for ET from a crop 
:overed surface (xcrop or y cro~· For soil with typical water holding capacity, AW is 
assigned a value of 20 mm for bare soil; 125 mm for grass and 175 mm for trees . Thus, 
regardless of crop type, x

50
u and Ysoil can not exceed 8 and 12 mm, respectively for 

a soil with average water holding capacity. 

Through the process of ET, water is withdrawn from X50u until this sub-reservoir 
is empty. Subsequent ET draws water from xcrop until the entire x reservoir is 
exhausted. At this point ET draws water from the y reservoir, depleting Ysoil before 
tapping the reserve stored in y crop· Soil moisture is replenished in a similar manner. 
Rainfall must fill the x

50
u sub-reservoir to capacity before replenishing any moisture 

deficit in xcrop· Once the x reservoir is at capacity, additional rainfall fills Ysoil and 
finally y crop· This sequence of ET and recharge qualitatively represents the decreasing 
availability of soil moisture for evaporation and/or transpiration. Such an assumption 
simplifies the process of specifying crop and soil resistances as soil moisture becomes 
increasingly depleted or recharged. 

f. Modifications for winter conditions 

Because MORECS was developed for a climate in which snowfall is uncommon, 
several modifications were required to adapt the model for use in the northeastern 
U.S. where snowfall is possible throughout the cold half of the year. These 
modifications are designed to assure that soil moisture conditions are correctly 
initialized at the start of the growing season. Precipitation is assumed to fall in liquid 
form throughout the year. Therefore, the liquid water contained in snowfall is 
assumed to immediately replenish the soil moisture reservoirs. Although these 
assumptions allow soil moisture conditions to be tracked through the winter, 
individual daily soil moisture values are overestimated when snow cover is present 
or the soil is frozen. 

Two additional modifications are also incorporated when snow cover exists and/ 
or the air temperature falls below 30° F. The surface resistance is set to 0.0 on days 
with snow cover, because the presence of snow implies that any evaporation will 
occur from an open, although frozen, water surface. At temperatures below 30° F, the 
value of A, used in Eq. 6, is assigned the latent heat of sublimation (2.799x106 Jkg-1). 

VALIDATION 

To assess the accuracy of the ET and soil moisture values estimated by the model, 
output values were compared with observations at several sites in the northeastern 
United States . Unfortunately, sets of high-quality soil moisture observations are 
extremely scarce, so much of the validation analysis is based on pan evaporation 
measurements. Daily pan evaporation observations were obtained from 4 sites in the 
region and compared with the corresponding model estimates of open water 
evaporation. Mean errors (ME), (model - observed), mean absolute errors (MAE) and 
root mean square errors (RMSE) were computed at each site. These results appear in 
Table 2. 

The results in Table 2 indicate close agreement between the observed and modeled 
evaporation values. The model appears to be unbiased as indicated by the overall 
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Tabla 2. Mean anor (ME), maaa abulata anor (MAE) and root mean square anor (RMSE) associated with modeled 
pan avaporatlo■ at the lodlcatatl sltm. Enors have units of Inches. The dally average observed pan evaporation 
(PAN), period of record (Years)_, ■•bar of dally obsarvaUons (OBS) are also given. 

filruiQn ME MaE -8.MSf UN ~ Q!iS 
Beltsville, MD 0.00 0.04 0.06 0.19 1985 - 1990 1043 

Emmaus, PA 0.01 0.05 0.07 0.17 1985 - 1991 1278 

Ithaca, NY 0.00 0.03 0.05 0.15 1984 - 1990 1277 

New Brunswick, NJ 0.01 0.04 0.05 0.17 1985 - 1990 1003 

All Stations 0.00 0.04 0.06 0.17 4601 

mean error value of zero. Little bias is apparent at the individual stations as well. On 
average, individual evaporation estimates deviate from the observed value by 
approximately ±0.04 inches. This value is remarkably consistent among the four 
stations, as are the RMSE values. Errors were also calculated for monthly periods and 
for days with and without precipitation reported. Generally, these results were similar 
to those given in Table 2. 

Model-derived soil moisture estimates under grass and bare soil were verified using 
weekly data collected at Rock Springs, PA (McKee, 1983). Figure 1 compares actual 
and model-derived soil moisture under grass during 1977. This growing season was 
generally characterized by a dry spring and moist early summer. Dry weather during 
the late summer and early autumn was followed by wet late-autumn conditions. 
Despite these frequent and rather abrupt changes in soil moisture conditions, the 
modeled values follow the observed values quite closely. The largest deviations 
between the two curves occur in mid-August and mid-September. During these 
periods, observed soil moisture exceeds the modeled value. Because coincident 
meteorological and soil moisture observations were unavailable, these deviations 
most likely result from differences in the amount of precipitation received at Rock 
Springs and the rain gauge site at State College, PA which is located approximately 
10 miles to the northeast. Prior to 8 August, errors (model - observed) averaged -0.06 
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Figura 1. Comparisol of mltlelell atl observed soil moisture uadar grass during 1977 at Rock Springs, PA. 
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inches, while the mean absolute error and root mean square error were 0.34 and 0.40 
inches, respectively. Over this period actual soil moisture averaged 3.40 inches. 
Similar agreement between observed and model-derived soil moisture values was 
achieved during other growing seasons and for bare soil. 

Soil moisture observations taken within a deciduous forest were available from the 
Hubbard Brook Experimental Forest in New Hampshire. Figure 2a compares actual 
and model-derived soil moisture at this site during 1971. During this growing season, 
dry weather during the spring and early summer was followed by generally wet 
conditions during late-summer and autumn. As was the case for grass, the modeled 
values follow the observed values quite closely. However, particularly from July 
onward, a tendency for the model to overestimate soil moisture is apparent. 1bis bias 
most likely results from runoff characteristics which are specific to the Hubbard Brook 
site. For instance, sharp increases in estimated soil moisture follow rainfalls of over 
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1.8 inches on 27-28 August; 1.90 inches over the period from 12 to 14 September and 
2.13 inches on October 9. Sharp increases in soil moisture are also associated with 
frequent rainfall events during 1972, particularly in autumn and the late spring and 
early summer (Fig. 2b). During 1971, mean errors averaged -0.07 inches, while the 
mean absolute and root mean square errors were 0.28 and 0.33 inches, respectively. 

SUMMARY 

Evapotranspiration and soil moisture measurements in the northeastern United States 
are relatively few in number and have limited periods of record. Since this semi
physical model requires only standard hourly surface observations and daily 
precipitation as inputs, current ET and soil moisture estimates can be generated at 
several dozen hourly observing sites within the region. Historical ET and soil moisture 
estimates dating back to 1948 can also be computed at approximately 30 sites in the 
Northeast. This data base of estimated ET and soil moisture values will provide 
essential data for applications ranging from drought and flood monitoring to the 
scheduling of urban lawn watering. 

ACKNOWLEDGMENTS 

We would like to thank Dr. Tony Federer for providing the soil moisture observations 
from the Hubbard Brook Experimental Forest. We are also indebted to Dr. Ed Ciolkosz 
for the data from Rock Springs, PA. This work was supported by NOAA Grant No. 
NAl 6CP-0220-02. 

REFERENCES 

Blaney, H.F. and W.D. Criddle, 1950: Determining water requirements in irrigated 
areas from climatological and irrigation data. USDA Soil Conseroation Seroice Tech. 
Paper No. 96, 48 pp. 

DeGaetano, A.T., K.L. Eggleston and W.W. Knapp, 1993: Daily solar radiation 
estimates for the northeastern United States. Northeast Regional Climate Center 
Research Publication RR 93-4, 7 pp. 

Helvey, JD. and ].H. Patric, 1965: Canopy and litter interception of rainfall by 
hardwoods of eastern United States. Water Resour. Res., 1, 193-206. 

Jensen, M.E. and H.R. Haise, 1963: Estimating evapotranspiration from solar radiation. 
]. Irrigation Drainage Div. Amer. Soc. Civil Eng., 89, 15-41. 

Jones, C.A. and J.R. Kiniry, 1986: CERES-Maize A Simulation Model of Maiz e Growth 
and Development. Texas A&M University Press, 194 pp. 

Kunkel, K.E. , 1990: Operational soil moisture estimation for the midwestem United 
States. ]. Appl. Meteor., 29, 1158-1166. 

Linacre, E.T., 1968: Estimating the net radiation flux. Agric. Meteorol., 5, 49-63. 

Daily Evapotranspiration and Soil Moisture Estimates for the Northeastern United States 



McKee, G.W., 1983: WeatherObseroations 1969-1982AgronomyResearchFarmRock 
Springs. Agronomy Series 75, Department of Agronomy, The Pennsylvania State 
University, 209 pp. 

Monteith, ].L. , 1963: Gas exchange in plant communities. Environmental Control of 
Plant Growth, L.T. Evans, ed. , Academic Press, New York, 95-112. 

__ , 1965: Evaporation and environment. Symp. Soc. Exp. Biol., 19, 205-234. 

Penman, H.L. , 1948: Natural evaporation from open water, bare soil and grass. Proc. 
Roy. Soc. A ., 193, 120-145. 

Suomi, V.E. and C.B. Tanner, 1958: Evapotranspiration estimates from heat budget 
measurements over a field crop. Trans. Amer. Geophys. Union, 39, 298-304. 

Swinbank, W. C., 1951: The measurement of vertical transfer of heat and water vapor 
by eddies in the lower atmosphere. j. Meteorol., 8, 135-145. 

Thompson, N. , I.A. Barrie and M. Ayles, 1981: The Meteorological Office Rainfall and 
Evaporation Calculation System (MORECS). United Kingdom Meteorological 
Office Hydrological Memorandum No. 45, 72 pp. 

Thomthwaite, C.W., 1948: An approach toward a rational classification of climate. 
Geogr. Rev., 38, 55-94. 

___ and B. Holzman, 1942: Measurement of evaporation from land and water 
suifaces. USDA Tech. Bull. No. 817, 75 pp. 

USDA, 1972: Soil Conservation Service, National Engineering Handbook, Hydrology, 
Section 4, Chapters 4-10. 

Wales-Smith, B.G. and J.A. Amott, 1980: The evaporation calculation system used in 
the United Kingdom . Unpublished paper available from the National Meteorologi
cal Library, Bracknell UK. 

Daily Evapotran.spirntion and Soil Moisture Estimates for the Northeastern United States 11 



NRCC RESEARCH SERIES 

Knapp, W.W. and K.L. Eggleston, Some Impacts of Recent Climate Variability on the 
Northeast, NRCC Research Publication RR 91-1. 

Wilks, D.S., Gamma Distribution Probability Tables for Use in Climatology, NRCC 
Research Publication RR 91-2. 

Samelson, D., A Simple Method for Predicting Snowpack Water Equivalent in the 
Northeastern United States, NRCC Research Publication RR 92-1 . 

Wilks, D.S. , Spline Interpolated Parameters for Adjusting Climatological Precipitation 
Distributions using the 30- and 90-Day Outlooks, NRCC Research Publication 
RR 92-2. 

Cember, R.P . and D.S. Wilks , Climatological Atlas of Snowfall and Snow Depth for the 
Northeastern United States and Southeastern Canada, NRCC Research Publication 
RR 93-1. 

DeGaetano, A.T., K.L. Eggleston, and W.W. Knapp, A Method to Produce Serially 
Complete Daily Maximum and Minimum Temperature Data for the Northeast, 
NRCC Research Publication RR 93-2. 

DeGaetano, A.T., W.W. Knapp, and K.L. Eggleston, Standardizing Growing Degree 
Day Totals for Diflerences in Temperature Obseroing Schedules, NRCC Research 
Publication RR 93-3. 

DeGaetano, A. T., K.L. Eggleston, and W.W. Knapp, Daily Solar Radiation Estimates 
for the Northeastern United States, NRCC Research Publication RR 93-4. 

Wilks, D.S. and R.P. Cember, Atlas of Precipitation Extremes for the Northeastern 
United States and Southeastern Canada, NRCC Research Publication RR 93-5 . 

DeGaetano, A.T., K.L. Eggleston, and W.W. Knapp, Climatology of Extreme Maxi
mum Temperature Occurrences for the Northeastern United States, NRCC Research 
Publication RR 93-6. 

NRCC DIGITAL DATA SETS 

Eggleston, K.L. and D.S. Wilks, Gridded Monthly Precipitation Distribution Param
eters for the Continental United States, NRCC Data Set DS 92-1. 

Cember, R.P ., K.L. Eggleston, and D.S. Wilks, Digital Snowfall and Snow Depth 
Probabilities for the Northeastern United States and Southeastern Canada, NRCC 
Data Set DS 93-1. 

McKay, M., D.S. Wilks, and T.W. Schmidlin, Quality-Controlled Snow Water Equiva
lent Data for the Northeastern Unites States, NRCC Data Set DS 94-1. 



CORNELL 
UNIVERSITY 

r ' '-lrtme-nt of Soil, Crop and Atmospheric Sciences 
a, New York 14853 

Produced by 
Northeast Regional Climate Center 
5/95 lC 125-8436 





APPENDIXB 

Preliminary Water Budget Calculations 
(Qin VS. QouJ 





PRELIMINARY WATER BALANCE CALCULATIONS 

RECHARGE CALCULATION (Qin) 

Total Area of Active Model Grid: 150,413,697.20 square feet 

Rechage from Precipitation: 

Qin= 

!"LOW OUT OF AQUIFER INTO SENECA LAD: (Qout) 

oout tor Layer 1: 

Flow through west-facing cells: 

Total N-S Length: 
Saturated Thickness: 

Area= 

Flow through south-facing cells: 

Total N-S Length: 

Saturated Thickness: 

Area= 

Total area for Layer 1 = 

Qout Layer 1 

K 

feet /day 

Qout = 1. 03 

A 

square feet 

55,339.68 

Qout = 1,14 0 . 00 cu. feet /day 

0.00 1622 feet /yea r 

243 ,971 . 02 cu. feet/day 

6,945.20 feet 

6 feet 

41,671.20 square feet 

2,278. 08 feet 

6 feet 

13,668.48 square feet 

55,339.68 square feet 

I 

0 . 02 
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oout for Layer 2: 

Flow through west-facing cells: 

Total N-S Length: 

Saturated Thickness: 
Area = 

Flow through south-facing cells: 

Total N-S Length: 
Saturated Thickness: 

Area= 

Total area for Layer 1 = 

Qout Layer 1 

K 

feet/day 

Qout = 0.2 

A 

square feet 
184,465.60 

Qout = 922.33 cu. feet/day 

oout for Layer 3: 

Flow through west-facing cells: 

Total N-S Length: 

Saturated Thickness: 

Area= 

Flow through south-facing cells: 

Total N-S Length: 

Saturated Thickness: 

Area= 

Total area for Layer 1 = 

Qout Layer 1 

K 

feet /day 

Qout = 0.04 

A 

square feet 
184,465.60 

Qout = 184.47 cu. feet/day 

6,945.20 feet 

20 feet 

138,904.00 square feet 

2,278.08 feet 

20 feet 

45,561.60 square feet 

184,465.60 square feet 

I 

0 . 03 

6,945.20 feet 

20 feet 

138,904.00 square feet 

2,278. 08 feet 

20 feet 

45,561.60 square feet 

184,465.60 square feet 

I 

0.03 
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oout for Layer 4: 

Flow through west- facing cells: 

Total N- S Length: 

Saturated Thickness: 

Area= 

Flow through south- facing cells: 

Total N-S Length: 

Saturated Thickness: 
Area= 

Total area for Layer 1 = 

Qout Layer 1 

K 

feet/day 

Qout = 0.0023 

A 

square feet 
184,465.60 

Qout = 10.61 cu. feet / day 

Total Oout, Flow system 

Qout Layer 1 = 1,140.00 

Qout Layer 2 = 922.33 

Qout Layer 3 = 184.47 

Qout Layer 4 = 10.61 

cu 

cu 

cu 

cu 

6,945.20 feet 

20 feet 

138,904.00 square feet 

2,278.08 feet 

20 feet 

45,561.60 square feet 

184,465.60 square feet 

I 

0.03 

feet/day 

feet/day 

feet / day 

feet / day 

Total= 2,257.4 0 cu feet /day 
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APPENDIXC 

MODFLOW Output File: 





U.S . GEOLOGICAL SURVEY NODCJLAR PINI'n-DIPP!JU~JfCE GROUND-WATB.R HODBl. 
0THRll DIMBNSIONAl. GROUNOK\TER PLOW SlMULATlctt AT 'ffl! ASH LANOPILL 

3 LAYBRS 220 ROWS 8:Z COLUMNS 
1 STRBSS P&RIOO IS) IN SIMULATlON 

NOD&L TINB UNITS ARB UNOB.PINBD 
01/0 UJUTS1 

&LBM'BNT OP IUNIT, 1 l 3 , S 6 7 8 9 10 11 ll 13 U l!> 16 17 18 19 :ZO :;1:1 ll l3 1, 
1/0 UNIT1 11 0 0 0 0 0 0 18 0 0 0 l2 23 0 0 0 0 0 0 0 0 60 0 0 

OBASl -- BASIC MOO&L PACICAC& , VBRBICf,I l , 9 / 1/87 INPUT A.BAD PRON UNIT l 
ARRAYS RBS AN O BUPP WILL SBARB MBNORY. 
START HBAD WILL NOT BB SAVED -- DRAWOOWN CANNOT BB CA.LCULATBD 

,693S, U.BN.BHTS IN X ARRAY ARB USl!D BY BAS 
'69JS, BLBMENTS OP X ARMY USBD OUT OP 9999999 

OBCPl -- BLOCl-CmrrBRBO Pl,Qf PACICAGB , ~SIClrf 2, 7 / 1/91 INPUT RB.AO PRON UNIT 11 
STBADY-STA'l'B SIKULATION 
C&L.L-BY-CBLL PLOWS WILL Bl RBCOROBD ctl UNIT ,1 
BIAO AT Cm.LB THAT CCliVBRT TO ORY• 0 .100008+31 
WST!'1NG CAPABILITY UI ACTIVB 
WBTMHO PACTOA • 0 . 50 000 WBTTINO ITZ.AATlc»I nrntRVM.• 1 
Pt.AG THAT SPBCI PI&S fflB B,OUATlctl TO USB POii BBAD AT WETTBD C&LLS• 

LAYKR A.QUIP'D TYPB 

I 
l 
3 

36083 BL&NBM'T'S IN X ARRAY ARB UBBD BY 9CP 
sos,37 BLBKmff'S OP J: ARRAY USBO OUT OP 9999999 

ORCBl -- RBCBAEIOB PACUOB , VBR Slctl 1, 9/1 / 87 INPtn' RBAD PRON UNIT 18 
OPTlml 3 -- gcftARCI TO HIGBBST ACTIVB NODB IH BACH VBRTJCAL COLUMN 
CBLL- BY-CBLL PLON TU.NS WILL BB R.BCORDB.D c.l UNIT 0 

18040 EL.UBH'l"S OP J: ARRAY US!W POR RBCBARGI 
523'77 BL&XBNTS OP X ARRAY USBO OUT OP 9999999 

OPCG2 -- CONJ'UGATB CRADlmrt' 90Ll1rlc.l PACJCAGB, VDSIClrf 2 , 5/1/88 
..uuruw OP :Z 5 CALLS OP SOLUTlctl ROtn'INB 
NA.IIN'UN OP 20 INTZRHAL ITZ.AATICl4" PBR CALL TO SOLUTIClrf ROUTINB 
KA'nll.X PRBCQIDITlCIUNCJ TYP& 1 1 

220,80 BLJUICll:JffS IH J: AR.RA Y ARB usao BY PCG 
7'3957 BLBXmff'S OP J: AARAY USBD OUT OP9999999 

lTBRll DJKKNSIOHAL GROUNDWAT&R PLOW 9JMULATICl4 AT 'ffll A88 LANOPILL 
0 

BOUHDAJl:Y ARRAY POR LAYO 1 WILL BB RBAD cti UNIT 30 USING PORMAT1 (8219) ------------------------------------------------------------------------------------------------
I l 3 • 5 6 7 8 9 10 11 ll 13 u 15 16 17 18 19 l0 l l ll l3 H 

l6 l7 lB l9 30 31 3l 33 3' 35 36 37 38 39 •• n •l '3 .. •5 •6 '7 ,a .9 

51 5l 53 5' 55 56 57 58 59 60 61 6l 63 .. 65 66 67 68 69 70 71 7l 73 H 

76 77 78 79 80 81 Bl 

l5 
50 
75 

················· ····· ······ ············ ·· ····· ···· ···· ············· ··· ···· ··············· ··· ···· ······· ·· ······ ·· ·· ·············· 
0 I 0 I 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 l I I I 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 3 I I I I I I 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 • I 1 I I I I I 
I I I I I I I 
I 1 I I I I I 
0 0 0 0 0 0 0 

0 5 I I I I I I I 
I I 1 I I I I 
I I 1 1 1 I I 
I I I I I I I 

0 6 I I I I I 1 I 
I I I I I I 1 
I I 1 I 1 I 1 

I I I I I I 

0 7 I I I I I I 
1 I I I I I 

1 I 1 I I 
I I I I I 

0 8 I I I I I 
I 1 I I I 
I I I I I 
I I I I 

0 9 I I 1 I I 
I I I I I 
I I I I I 
I I I I I 

0 10 1 I I 1 I I 
I I 1 I I I 
I I I I I 
I I I I I 

0 II I I I I I 
I I I I I 
I I I I I 
I I I I 1 

0 ll I 1 I 1 I 

I I I 1 1 

I I I I 1 

1 I I I I 

0 13 1 I I I I 

I I I I 1 

I I I I I 

I I 1 I I 

0 u 1 I 1 1 

I 1 1 I I 

I I 1 I I 

I I I I I 

0 15 I I I I I 

I I I I I 
1 1 1 I 1 

I 1 I I I 

0 16 I I I l I 

I I I I l 
l 1 I I I 

I I I I I 

0 17 I I I I I 

l 1 I I I 

l I I I I 

l l I I I 

0 18 I I I I I 

l I I I 

I I I I 
l I l 



0 19 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

0 20 1 1 1 1 1 1 1 1 

1 1 l l l 1 l 1 

l l l l 1 l l 1 

1 1 l l l l l 

0 21 1 l 1 l l l 1 1 1 

1 l l l l l l 1 1 

l l 1 l 1 l l 1 1 

l l 1 l l l l 
0 ll l l l l l l 1 

l l l l 1 l 1 
1 1 l l l l l 
l 1 l l l l l 

0 l3 l l l l l l l 
1 l l l l l l 
1 1 l 1 1 l 1 
1 1 l l l l l 

0 24 1 l l l l l 1 
l l l l l l l 
l 1 l l 1 l l 
l 1 l l l l l 

0 lS l l l l l l l 
l 1 l l l l l 
l 1 l l 1 1 l 
l l l l l 1 l 

0 2, 1 l 1 1 l l 1 1 

1 l l l l l l 1 

l l l l l l l 1 

l 1 1 l l l 1 

0 l7 l l l l l l l 
l 1 l 1 l l l 
l 1 l 1 1 1 l 
l 1 l l l 1 l 

028 l l l 1 l 1 1 
1 1 1 1 1 1 1 
l l l l l l l 
1 l l 1 1 l l 

0 l9 l l l 1 l l 1 1 

1 l 1 1 1 1 1 1 

l l l 1 1 1 1 1 

l 1 1 l 1 1 1 
0 30 l 1 1 l 1 l 1 

l 1 l l l 1 1 
l l l l l 1 l 
1 l l l l 1 l 

0 31 l l l l l l 1 l 1 1 

1 1 1 1 1 l l 1 1 l 

1 l 1 1 1 1 1 1 1 1 

1 1 1 1 l l l 
0 32 1 1 1 1 1 l 1 

1 
l 

1 1 1 1 1 1 l 
1 l 1 1 l 1 l 

,. 
1 1 1 l 1 1 1 

0 33 1 1 1 l l 1 1 . 1 
1 1 1 1 1 1 l l 
1 1 1 1 1 1 1 l 

l l l l l l 1 
0 3• 1 l l 1 l 1 l 

l l 1 l 1 l 1 
l l 1 1 1 1 1 
1 1 1 1 1 l 1 

0 35 1 1 1 1 1 1 l 
1 1 1 1 1 1 1 
l 1 1 1 l 1 1 
l 1 1 l l 1 1 

0 3g 1 1 1 1 l l 1 
1 l 1 1 1 1 l 
1 l 1 l 1 1 1 
1 1 l 1 1 1 1 

0 37 1 1 l l 1 l 1 1 

1 1 1 1 l 1 l 1 

l l 1 1 1 l 1 1 

1 1 1 1 1 l 1 
0 38 1 1 1 1 1 1 1 

l 1 1 1 1 1 1 
l 1 1 l l l 1 
1 l 1 l 1 1 l 

0 39 1 1 1 1 l l l 1 

l 1 1 1 1 1 1 1 

l 1 1 1 l 1 1 1 

1 1 1 1 1 1 1 
0 ,o 1 1 1 l 1 1 1 

1 1 1 1 1 1 1 
l l l 1 l 1 1 
1 l 1 1 l l 1 

0 U 1 1 1 l 1 l l 1 1 

1 1 1 1 l 1 1 1 l 

1 1 l 1 1 1 l 1 1 

1 1 l 1 1 1 l 

0 Cl l l 1 l l l 1 
l l l l l l l 
1 l 1 l 1 1 l 
l l l 1 1 1 1 

0 '3 1 l l l 1 1 l 

1 l l l 1 1 l 

1 l l 1 1 l 1 

1 l l 1 l l l 
0 .. 1 1 1 1 1 l 1 

l 1 1 1 l 1 l 
l 1 l l l 1 l 
l 1 1 l l 1 l 

0 ,s l 1 1 l l 1 l 
l l l l l l l 
1 l l l l l 1 

1 l 1 l 1 l l 

0 " 
1 1 l 1 1 1 1 
1 1 1 1 l 1 l 
1 1 l l 1 l 1 
1 l l 1 1 1 1 

0 '7 1 l 1 1 l l 1 1 

1 l 1 l l 1 l 1 

1 1 1 1 l 1 1 1 

1 1 1 1 1 l 1 
0 .. 1 l 1 1 1 1 l 

1 l 1 1 1 1 1 

1 l 1 1 l 1 1 
1 1 1 1 l 1 I 

0 U I I 1 1 I I 1 
I 1 1 1 I 1 I 



l l l l 
l l l l l 

0 50 l l l l l l 
l l l l l l 
l l l l l l 
l l 1 l l l 

0 51 l l l l l l l 
l 1 l l l l 
l 1 l l 1 l 
l l l l I l 

0 52 l l l l l I l 
l 1 1 I 1 1 
I l 1 l 1 1 
I 1 1 I 1 l 

0 53 I I I I 1 1 I 
I I I l l l 
l l l l l l 
l l 1 l l l 

0 5< l l l l l l l 
l l l 1 l l 
l l l l l l 
l 1 l l l l 

0 55 l l l l 1 l l 
I l l l l l l 
l l 1 l l 1 l 
1 l 1 1 l 1 1 

0 56 l 1 l l l l l 
l 1 1 l l l l 
1 l 1 l 1 l 1 
1 l l l l l l 

0 57 1 l 1 1 1 l 1 
1 1 l l l 1 1 
l I 1 1 1 l 1 
1 l I 1 1 l l 

0 58 1 l l l l l l 
l 1 l l 1 l I 
1 1 1 l l l l 
l 1 l l l l l 

0 5g l 1 l l 1 l l 
1 I l l l l 1 
l l 1 l l l l 
l l 1 1 l 1 l 

0 60 1 l l l 1 l l 
l I l l l l l 
l l 1 l l 1 1 
l l l l l 1 l 

0 61 l l 1 1 l l l 
1 l l l l l 1 
1 1 1 l l l 1 
1 l l l l l 1 

0 62 1 1 l l l l l 
l 1 1 l 1 I 1 
1 l 1 1 l l 1 
l l l l l l 1 

0 63 I l l l l l 1 
1 I l l l l l 
I l l l l l l 
1 1 l l l l 1 

0 6< l 1 1 l 1 l l 
1 l 1 l 1 l l 
1 l l 1 1 1 l 
l l l l 1 l l 

0 65 1 l l 1 1 l I 
l l l l l l 1 
l l l 1 l l l 
1 l l l l l l 

0 66 1 l l l l l l 
1 1 l l l 1 l 
l l 1 l 1 l l 
l l l 1 l l 1 

0 67 l l 1 l 1 1 l 
l 1 l l 1 l 1 
l l l l l 1 1 
1 l l l 1 l 1 

0 68 l 1 l l l l l 
1 l l l l l l 
1 1 l l 1 l l 
l 1 l l 1 l l 

0 •• l 1 1 l l I 1 
l l l l l l l 
l l l l l l 1 
l l 1 1 1 l 1 

0 70 1 l 1 1 1 l 1 
1 l 1 1 1 l 1 
l l 1 1 1 l 1 
l 1 1 1 I l 1 

0 71 l 1 1 l 1 1 1 
l 1 1 I 1 l l 
l l l l 1 l 1 
l l l l l l 1 

0 72 l l l l 1 1 l 
l l l l l 1 l 
l l l l 1 l l 
1 l l l l l l 

0 73 1 l l l l l l 
1 l l 1 l 1 l 
l l l l l l l 

l l l 1 l l l 

0 7' l l l l l l l 
l l l l l l 1 
1 l l 1 l l I 
l l l l l l l 

0 75 1 l l l l l l 
l l l l l l l 
l 1 l l 1 I l 

l 1 l l l l I 

0 76 l l l l 1 I l 

l l l l l l l 

l l l l l l I 
l l l l l l l 

0 77 l l I l l l 1 
l l l l l l l 
l l I l l l l 
l l l l 1 l l 

0 78 1 l I l 1 l l 
l l l l l l l 
l l 1 l l l l 
l l l l 1 l l 

0 79 1 1 l l 1 l l 

1 l l 1 1 l l 

l l l l 1 l l 

l l I l l l l 



I I I I I I 
I I I I I I ono 
I I I I I I 
t t I t I t 
t t t t I I 
t t t t I I 6010 
I I I I I I 
I I t I I I 
I I I I I I 
I I I I I I 8010 
I I I I I t 
I I I I I I 
I I I I I I 
I I I I I I LOtO 

I I I I I I 
I I I I I I 
I I I I I I 
I I t I I I 9010 
t t I t I I 
I I t I I I 
I I I I I I 
I I I I I I soto 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I t tOIO 

I I I I I I 
I I I I I I 
t t I t I I 
I I I I I I (010 

t t t I I I 
I t I I I I 
I I I I t I I 

I t t t t I I tOIO 
I I t I t I t 
I t I I I I I 
I t t t t I I 
I I I t t I I 1010 

I I I t t t t 
I t t t t I t 
I t I I I I I 
I I I I I I I ooto 
I I I I t I I 
I I I I I I I 
I I t I I t t 
I I I I I I I 66 0 

I I I I I I I 
I I I I I I I 
I I I I I I I 
I I t I I I I 86 0 
I I I I I I I 
I I I I I I I 
I I I I I t I 
I I I I I I I L6 0 
I I I I I I I 
I I I I I t I 
I I I I I I I 
I I I t I t t 96 0 
t t t t I t I 
t t I t t t t 
t t t t t t t 
t t t t t I t .6 0 
I t t t t t t 
t t t t t t t 
t t t t t t t 
t t I I I I I t6 0 

t I t I I I I 

· t 
t I t I I l t 

t 
t I I I l I t 

t 
t t t I I t t (6 0 

t I t t I I I 
I t t t I t t 
I I t I I I t 
t I t I l l I t6 0 
t l l l I l l 
l t I I t l t 
t I t I t I I 
l I t t t I t 16 0 
t t I I t I t 
I I t t l I I 
I l I I t t t 
t t l I I I l 06 0 
t t l I I t t 
t t t l I t t 
t t t t l t l 
t t t t l t t 68 0 
t t t t I t t 
t I t t I I t 
t t t l t t t 
t t l t I t l BB 0 
t I t t t t t 
t t t t t t t 
l t I t l I t 
t t I t t t t LB 0 

t l I t I t t 
t l t t t l t 
t I l t t t t 
I t t t I I t 98 0 
t t I l t t t 
t t I t t t t 
t I I l I t t 
t t t t t t t •• 0 

t I I l I t I 
t I l t I l t 
t t l t t t l 

t t t t I t t •• 0 
t t t t t l t 
t t t t t t t 
t t I t t t t 
t t t t t t <B 0 
t I t t I t l 

t t I t l t t 
t t t t t t 
t t t t t t tB 0 
I t t t t 
t t t t I 
I I I I I 
I I I I I 18 0 

I I I I I 

I I I I I 

l I I I 
I I I I 08 0 



t t t 
t I t 
t t t 
t t t ono 
t t t 
I t t 
t t t 
t t t t 6Ct0 
t t t t 
I t t t 
I t t I 
t t t t BOO 
t t t t 
t t t t 
I t t t 
t t t t LCtO 
t t t t 
t I I I t 
t t t I t 
t t t I t t 9Ct0 
t I t I I t 
t t t t t t 
t t t t t t 
t t t t t t Seto 
t I t t t t 
t t t t t t 
t t t t t t 
t t t t t t ,no 
t t t t t t 
t t t t t t 
t t t t t t t 
t t t t t t t CCtO 
t t t t t t t 
t t t t I t t 
t t t t I t t 
t I I t t t t tCtO 
t t t t I t t 
t t I t t t t 
t I t t I t I 
I t I t t t I t(tO 
I t I t t t t 
t I I t I t t 
t I t t I t t 
t t t t I t t 000 
I t I t t t t 
t I I t t t t 
t t I t t t t 
I t t t t t t 6tl0 
t t t t t t t 
t t t I t t t 
t t t t t t t 
I t t t t t t Hto 
I t I t t t I 
t t t t t t t 
t t t t t t t 
t t t t t t t UtO 
t t t I t t t 
t I t I t t t 
t I t I t t t 
t I t I t t I 9tl0 
t I t I I t t 
t t t t t t t 
t I I t t I I 
I I I I t I I sno 
t I I t I I t 
I t I t I t I 
I t I t I I t 
I I t t t t t ,no 
I I t t I I t 
t I I I I t I 
I t I t I t t 
I I I t t t I tttO 
t I I t t t t 
t I t t I t t 
t t t t t t I 
t I I t t t t ttto 
I t t t t t I 
I I I I t t t 
t I t I I t t 
I t t I t t I tttO 
t t I I t I t 
I t I I t t I 
I t I I I t t 
I t t I t t I Otto 
t I I I t t I 
t t I t t t I 
I t I I t t t 
I t I I t t t 61t0 
I t I I t t I 
I I t I t t I 
t t t I I t I 
t t t t t t t enc 
I t I t t t I 
t I I I t t I 
I t I I t t I 
I t I I I t I LttO 
I t t t t I I 
I t t I t t I 
I t t I I t I 
I I I I t t t 91t0 
I t I I I I I 
I I t I t t t 
t t I I t t t 
t I I t t t t litlO 
t I I I t t t 
I I t I t t I 
t I t I I t I 
t I t I t t I ,no 
t I t I t I t 
I I I I t t I 
I I t t t I t 
t I I t t t t CttO 
t I I t t t t 
I I I I I t I 
I I I I t I I 
I I I t I I tttO 
t I I t I I 
I I I t 
I I I I 
I I I tt to 
I t I 
I I I 



0141 I I I l 1 I I I I I I l I 

l I I I I I I 1 I I I I 1 

I I I I I I 1 I 1 I I 1 1 

1 I I I I I I 

0141 I 1 1 1 I 1 I 

1 I 1 1 I 1 1 

1 I I 1 I 1 1 

I I 1 I I I 1 

01,l I 1 1 I 1 1 I 

I 1 I 1 I 1 I 

I I I I I I I 

1 I 1 I I I 1 

01U 1 I I I I I I 

I I I 1 I 1 1 

1 I I I I I I 

1 I I I I I I 

01,s 1 1 I I 1 I I 

I I 1 I 1 I 1 

1 I I 1 I 1 1 

1 1 I 1 1 1 1 

01,6 I 1 I 1 1 I 1 

I 1 1 I I 1 1 

I 1 I 1 I 1 1 

I 1 I I I 1 I 

0 1 ,1 I 1 1 1 I I 1 

1 1 1 I I I 1 

1 1 1 I 1 1 I 

I 1 1 1 I I I 

01'8 1 1 1 1 1 1 1 

I 1 1 1 1 1 1 
I 1 1 I 1 1 1 

I 1 I 1 1 1 1 

01,9 1 1 1 1 1 1 1 

1 I 1 1 1 I 1 

I 1 1 1 1 1 1 

1 1 1 1 1 I 1 

01SO 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 

1 1 1 1 1 I 1 

1 I 1 1 1 1 1 

0 1 51 I 1 1 I 1 1 1 

1 1 I I 1 1 1 

1 I 1 1 1 1 1 
1 I 1 I I 1 I 

01S 1 I I 1 I 1 1 1 
1 I I I 1 1 I 

I 1 1 I 1 1 I 

1 1 1 I 1 1 1 

01Sl 1 I 1 1 1 1 I 
1 1 I I 1 1 I 

1 I 1 I 1 1 1 
1 1 1 1 I 1 1 

01s, I I 1 I 1 I I 
1 1 I 1 I I 1 
1 1 1 I 1 1 I 
1 1 I I 1 1 1 

01S5 1 1 1 1 1 1 I 
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627 . 0 627 . 0 621 . 0 62 1 . 0 627 . 0 627 .0 6n .o 6l7 .0 627 .0 627 . o 

627 . 0 627 . 0 627 .0 6l7 . 0 627 .o 627 .0 627 .0 627 .0 627 . 0 627 . o 

6l7 .o 627 . 0 627 . 0 627 . 0 626 .o 626 .o 61 6 . 0 626 . 0 626 . o 62 6 . o 

626. 0 626 .0 626 .0 626 .o 62S.O 625 . 0 62S .0 62 S . O 62S . O 62S. 0 

625 . O 62,. 0 62 , . 0 62,. 0 62' , 0 62'.0 62, . 0 623 . o 623 . o 623 . o 

623 . o 623 . 0 623 . 0 623 .o 622 . 0 622 .o 622 .0 622 . o 621 . 0 622 .o 

622 .o 62l . 0 
0109 6 18 , 0 619 . 0 621.0 62, . o 62 , . 0 625 . o 625 . 0 625 . o 6l6 . O 626 . o 

626 . 0 6l6 . O 6:;!:6 . 0 6l6 .o 6 l6 . 0 626 . o 626 .0 626 .o 6l7 .O 627 . 0 

627 . 0 627 . 0 617 . o 627 ,0 627 . 0 627 . 0 627 . 0 627 . 0 627 . 0 627 . 0 

627 . 0 627 . 0 611 . 0 627 . o 627 . o 626 . 0 626 . o 626 . o 626 . o 626 . o 

616, 0 626 . o 626 . o 626 . o 626 . 0 626 , 0 626 . o 626 . o 626 . o 6lS . O 

6lS . O 625 . o 625 . o 62 5 . 0 625 . o 625 .0 625 . o 624, . 0 6 24, . 0 6:U . O 

624. .0 61, . 0 614,.0 624,.0 623 . o 623 . 0 623 .0 623 . 0 623 . o 6l3 . O 

612 .0 622 . o 622.0 621 . 0 62l . O 622 . 0 622 . o 621.0 621.0 621.0 
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619 . 0 619 .0 619 . 0 619 . 0 619 .o 619 . o 619 .o 619 . 0 619 . 0 619 . o 

619 . o 619 , 0 619 . o 619 . o 6 19 . 0 619 .o 619 . o 619 . 0 619 . 0 619 . o 

619 . o 619 .0 619 .o 619 . 0 619 . 0 619 . 0 619.0 619 . 0 619 . o 619 . 0 
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61 6 . o 616 .o 616 .o 615 .o 615 . 0 614.0 614.0 614 , 0 6U . 0 61' . 0 
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618 . 0 6 18 .0 619 . o 619 . 0 619. 0 619 . 0 619 . o 619 .o 619. 0 619 .o 

619. 0 619 . o 619 .0 619 . o 619 . o 619 . 0 619 .o 619 . o 619. 0 619 . o 

619 . 0 619 . o 619 . o 619. 0 618 . o 618 . o 618 .o 618. 0 618 .o 618 .o 

618 .o 618 .o 618 .o 618.0 618 . 0 618 . o 618 . 0 618. 0 618 . o 618 . o 

618 . o 618 . o 618 . o 618 . o 618 . 0 618 .o 618 . 0 618. 0 618 . o 618 . o 

618 . o 6 18 . o 618 . o 618 . o 618 . o 617 . 0 617 . 0 617. 0 617 ,0 616 .o 

616 . o 616 .0 615 . o 615,0 61' . 0 6U . 0 61' . 0 61'.0 61' . 0 61, . 0 

61,.0 61' , 0 
01::Zl 615 . o 615 . 0 615 . o 616.0 616 .o 616 .o 617 . 0 617 . 0 617 . 0 618 .o 

618 . 0 618. 0 618 . o 618 .o 618 .0 618 .o 619 .o 619 . 0 619 .o 619 . o 

619 . o 619 . 0 619 . o 619 .o 619 . o 619 .o 619 . o 618 .o 618 . o 618 . o 

618 .o 618 . 0 618 .o 618 . o 618 . o 618 .o 618 . 0 618 . o 618 . o 618 . o 

618 . o 618 .o 618 .o 618 .o 618 . o 618 . o 618 . o 618 . o 618 .o 618 .o 
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o · S09 o· S09 o · so9 o· so, o· so, o· so, o · S09 O' S09 o ·s o9 O · S09 

o · S09 O' S09 o · S09 o · S09 o· ,09 o· to9 o · to9 O' t09 o ·,09 o· t09 

o · to9 o · ,09 o· to9 o · t09 o · to9 o · ,o, O' t09 O' t09 o ·,o, o· ,09 t9t0 
o · S09 o· S09 

o· so, o· so, o· S09 o · S09 o · S09 o·so, o · S09 o · S09 O' S09 o · S09 

o· so, o· S09 o· so, o · S09 o · S09 o·so, O' S09 o · S09 o · S09 o· S09 

o· so, o· so, O' S09 o · S09 o · S09 o·sog o · S09 o· S09 o· S09 0 ' S09 

o · S09 O' S09 O' S09 o· S09 o · S09 o·so9 O' S09 o · S09 o· S09 o · S09 

o · so, o·so, o· S09 o · S09 o· so, o · S09 o· S09 o· S09 O' S09 o· S09 

o· S09 O' S09 o · S09 o · so, o • S09 o· S09 o · so9 o · S09 o· S09 O · S09 

O' SOi. O' S09 O' S09 o · S09 o · S09 o · sot o · S09 o· S09 o· S09 o· S09 

O' S09 o· so, O' S09 o · so, o · S09 o · S09 o · 509 o· S09 O' S09 o · S09 09t0 
0 ' 909 o· 909 

o · 909 o · 909 o· 909 o · 909 o · 909 o · ,o, o · 909 o · 909 0 ' 909 o· 909 

o· ,o, o · 909 0 "909 o · 909 o· 909 o · tot o · 909 o · 909 o · 909 o · 909 

o· ,o, o · 909 o· 909 o· to9 o · 909 o · 909 o· 909 0 "909 0 ' 909 o · 909 

o· ,o, O' S09 o· S09 O' SCSI o· 509 o · S09 0 ' S09 o · S09 o · S09 o · 509 

O' S09 o· S09 o· S09 0 ' S09 o· so, o · S09 o · S09 o· 509 o· S09 o· 509 

o · 509 o · S09 O' S09 o · S09 o· so, o · S09 o· S09 o · sot o · 509 o· 509 

o · S09 o· so, o· S09 o · S09 O' S09 o · so, o· S09 o · S09 o · S09 o· sot 

o· so, O' S09 o· S09 o· S09 o · S09 o· S09 O' S09 o· c;o9 o · S09 o· S09 6HO 
o · 909 0' 909 

o· ,o, o · siosi o · tosi o· ,o, O' 909 o· 909 o · si09 o· 909 o · 909 o · 909 

O' 909 o· 909 o· ,osi o· 909 o · t09 o · 909 o· 909 o· 909 o· 909 0' 909 

o· ,o, 0'909 o· 909 o· 909 o· 909 o· ,09 o · 909 o· 909 o· 909 o· 909 

o· 909 o · 909 o· 909 o· 909 o· ,o, o· 909 o · 909 0' 909 o· 909 o· 909 

o · 909 o · 909 o · 909 o· 909 o · 909 o· 909 0 ·909 o· 909 o · 909 o· 909 

o· 909 o· 909 o · 909 o· 909 o· ,o, o· 909 o· 909 o· 909 0 "909 o· 909 

o· 909 0 ' 909 o · 909 o · 909 o· ,o, o· ,09 o· 909 o · 909 o· 909 o· 909 

o · to9 o· 909 o · 909 o · 909 o· ,o, 0'909 o · 909 o · 909 0 ' 909 o · 909 85tO 
0 ' 909 o · 909 

o · 909 o· 909 o · 909 o · 909 o · tot 0 ' 909 o· 909 o · 909 o· t09 o· 909 

o · 909 o· 909 o· 909 o· 909 o· ,o, o· 90t o· 909 0 ' 909 o · 909 o· 909 

o · 909 o · 909 o · tot o· to9 o · to9 0 ' 909 0'909 O' 909 0 ' 909 0' 909 

o · 909 o · 909 o · 909 o · 909 o · 909 o· 909 o· 909 0'909 o· 909 o· 909 

o· 909 o· 909 o· 909 o· 909 o· ,o, 0 '909 o · 909 o· 909 o· 909 0 · 5109 

o· 909 o· 909 o · 909 o· 909 o· ,o, o · 909 o· 909 0 · 909 o · 909 0 ' 909 

o· 909 o · 909 o · 909 o· 909 o· 909 0'909 o · 909 o· 909 0 ' 909 o · 909 

o · 909 o · 909 o· 909 o· 909 o · 909 0"909 o· ,09 o · ,o, o· 909 o· 909 LStO 
0 ' L09 0 · L09 

o· L09 o· L09 O' L09 o· L09 o· L09 o · L09 O' L09 o· L09 o · L09 0 · L09 

o · L09 O' L09 o· L09 O' L09 O' L09 0 ' L09 o· L09 O' L09 o· L09 O' L09 

o· L09 O' L09 o· L09 O' L09 O' L09 o · L09 o· L09 o · L09 o· L09 0 · L09 

O' L09 o · 909 o· 909 o· 909 o · 909 0'909 o· 909 0'909 o· 909 0. 909 

o · 909 o · 909 o· 909 o· 909 o· 909 o · 909 o· 909 o· 909 0· 909 0' 909 

o· 909 o · 909 o · 909 o· ,o, o· 909 o · 909 o · 909 o· 909 0 ' 909 0 · 909 

o· 909 0 ' 909 0· 909 o· 909 o· 909 o · 909 o · 909 o· 909 o · 909 0' 909 

o· 909 o · 909 o· 909 o· 909 o · 909 o · 909 o · 909 o· 909 o · 909 0' 909 9510 
o · L09 0' L09 

0 ' L09 O' L09 O' L09 O' L09 O' L09 o · L09 O' L09 o· L09 O' L09 0' L09 

O' L09 O' L09 O' L09 o · L09 o · L09 o · L09 O' L09 O' L09 o · L09 0' L09 

0 ' L09 O' L09 O' L09 O' L09 o · L09 o· L09 o· L09 o · L09 o · L09 0 · L09 

O' L09 o · L09 o· L09 o· L09 O' L09 0 · L09 O' L09 o· L09 o· L09 0 · L09 

O' L09 o· L09 O' L09 o · L09 O' L09 0 · L09 o · L09 o · L09 o · L09 0 · L09 

O' L09 O' L09 O' L09 o · L09 O' L09 o· L09 O' L09 O' L09 o · L09 0 • L09 

o · L09 O' L09 o· L09 o · L09 o · L09 o· L09 o · L09 o · L09 o · L09 0' L09 

o · L09 O' L09 O' L09 o · L09 o · L09 O' L09 o· L09 o· L09 o · L09 o · L09 sst o 
O' L09 0' L09 

0 ' L09 o· L09 o· L09 O' L09 O' L09 o · L09 o · L09 o · L09 O' L09 0' L09 

o · L09 o · L09 o · L09 o· L09 o · L09 O' L09 o · L09 o· L09 o · L09 0 · L09 

O' L09 o · L09 o · L09 O' L09 o · L09 O' L09 O' L09 O' L09 o · L09 0 · L09 

O' L09 0 ' L09 o · L09 o · L09 o · L09 o · L09 o · L09 O' L09 o · L09 0' L09 

O' L09 O' L09 O' L09 O' L09 O' L09 o· L09 O' L09 O' L09 O' L09 0' L09 

o· L09 o · L09 O' L09 O' L09 O' L09 O' L09 o · L09 o· L09 O' L09 o· L09 

O' L09 0' L09 O' L09 O' L09 O' L09 O' L09 O' L09 o · L09 o· L09 0' L09 

O' L09 O' L09 O' L09 O' L09 O' L09 O' L09 0 ' L09 O' L09 o · L09 o· L09 tStO 
o· 009 o · 009 

o· 809 o· 809 o· 009 o · 009 o· 009 o· 809 o · 009 o· 809 o· 809 o · 009 

o · 009 o · 809 o· 809 o · 009 o · 009 o· 009 o· 009 o· 009 o· 009 o· 009 

o · 009 o· 809 o · 809 o· eo9 o· 009 o· eo9 o · 009 o· 009 o · 009 o· 009 

o · L09 o · L09 O' L09 O' L09 O' L09 o · L09 O' L09 O' L09 0 ' L09 o · L09 

O' L09 o · L09 o · L09 o· L09 o · L09 o · L09 O' L09 O' L09 o · L09 o · L09 

O' L09 O' L09 o · L09 0' L09 O' L09 o· L09 0 ' L09 o· 809 o· 809 o· eo9 

o · eo9 o· 909 o· 009 o· 809 o · 009 o· so, o · 009 o· 009 o · 809 o · 809 

o · 009 o· 909 o · 809 o · 809 o · 009 0'809 o· 009 o · 009 o · 009 o· 8 09 tStO 
o · 809 0 · 809 

0'809 o· 809 o· 909 o · 809 o · 009 o · eo, o · 009 o · 009 o · 009 0 · 809 

o · 809 o· 009 o · 909 o· 809 o · eo9 o· 809 o · 009 o· 009 0 '809 0 · 809 

o · 809 o· 009 o· 909 o· 809 o · 809 o · 809 o· 009 o · 809 o· 009 0 · 809 

o · 009 o · 809 o · 009 o· 809 o· 809 o· 809 o· 009 o· 809 o· 00, o · 009 

o· 809 o· 809 o · 00, o· 809 o· 809 o· 809 0 · 009 o· 009 o· 809 o · 909 

o · 009 o· 809 o· 809 o· 809 o · 009 o· 809 o · 009 o· 009 o · 809 o · 009 

o· 009 o· 809 o · 009 o· 809 o· 809 o· 009 o · 009 o· 809 o · 809 o · 009 

o· 809 o· 809 o · 009 o· 809 o· 809 o· 809 o· 009 o· 809 o · 009 0 ' 809 r:sto 
o · 009 0 · 809 

o · 109 0 ' 809 o· 809 o· 809 o· 809 o· 009 0· 009 o·eo9 o · eo9 0' 809 

o· 809 o· 009 o· 809 o · 909 o· 809 o· 809 o · 009 o· 809 0 '809 o · 009 

0 · 809 o· eo9 o· 809 o· 909 o· 009 o · 009 0 · 009 o · 909 o · 809 o· 009 

o· 809 o· 809 o· 009 o · 009 o · 009 o · 009 o · 009 o· 009 0·909 o· 809 

o· 809 o· 809 o · 009 o· 009 o· 009 o · 809 o· 809 o· 809 o · 809 0 • 809 

o · 009 o· 809 o· 009 o · 009 o · 809 0 '809 o· 809 o· 909 o · 809 0' 809 

0 ' 809 o · 809 o· 009 o· 809 o· 809 o· 809 0 ' 809 o · 609 0'609 0 · 609 

o· 609 o· 609 o· 609 o· 609 o· 609 o · 609 o· 609 o· 609 0 ' 1509 0 · 1509 tStO 
0 ' 1509 0 · 609 

o· 609 0' 1509 0' 1509 o · 609 o· 609 o· 609 o · 609 0 ' 609 0 ' 609 o· 609 

o · 1509 o· 609 o· 609 0 ' 1509 o · 609 0'1509 0'609 o· 609 0'609 o · 609 

0 ' 609 o · 609 o · 609 o · 609 o· 609 o· 609 o · 609 o· 609 0 ' 609 0 · 809 

0 · 009 o· 009 o· 809 o · 809 o· eo, o · 909 o · eo9 o · so, o· 809 0 ' 809 

o· 909 o · 809 o· 909 o· 009 o · 109 o · 809 o·eo9 o· eo9 o · 809 0 · 809 

o· 009 0 · 809 o · 009 o · 809 o · 609 o · 609 o · 609 o · 609 0 ' 609 o · 609 

o· 609 0 '609 o · 1509 o · 609 o · 1509 o · 1509 o· 609 o· 609 0 ' 1509 o · 609 

o· 609 0 ' 1509 o· 609 o· 609 0' 1509 0 ' 1509 0 "609 o · 609 0 ' 609 0 · 609 OStO 
0'609 o· 609 

0 ' 609 o· 609 o · 609 0· 609 o · 609 o · 609 o · 609 o · 609 o· 609 0 · 609 

0"609 0 ' 609 o· 609 o · 609 o · 609 0 ' 609 o · 609 o · 609 0'609 o· 609 

o · 609 o · 609 0'609 o· 609 0 · 609 0 ' 609 o · 609 o · 1509 o· 609 o· 609 

o · 609 o · 609 o· 609 o · 609 o· 609 0'609 0 · 609 o · 1509 0 ' 609 0 · 609 

o· 609 o· 609 o· 609 o· 609 o· 609 o· 609 o · 609 o · 609 0"609 o· 609 

o· 1509 o · 609 o· 609 o· 609 o · 609 o · 609 o · 609 o· 609 o · 609 0 · 609 

o· 609 o· 609 o· 1509 o · 609 o· 6 0 9 o · 609 o· 60 9 o · 609 o· 609 o · 609 

o · 609 o · 609 o· 609 o· 609 o· 609 o · 609 o · 609 o · 609 0' 609 0' 609 6tt0 
o· 609 o · 609 



o·oo, o· 009 

0"009 o· 009 o· oo, o· 009 o· 009 o· 009 o· 009 o· 009 o· 009 o· 009 

0"009 0·009 0·009 o· 009 o· 009 0·009 o· 009 0·009 0·009 o· oo, 

0·009 0 ' 009 0"009 o· 009 o· 009 0 ' 009 o· 009 0·009 0·009 o· 009 

o· 009 0 ' 009 o· 009 o· 009 o· 009 o· 009 o· 009 0 · 009 o· 009 o· 009 

o· 009 o· 009 o· 009 o· 009 o· 009 o· oo, o· 009 0·009 o· oo, 0· 009 

0· 009 o· 009 o· 009 o· 009 o· 009 o· 009 o· 009 o·oo, o· 009 0'6U 

o· u;5 o· 665 o· 665 o· 665 o· 665 0' 665 o· 665 o· 6155 o· 665 0' 665 

o·us o· 865 0· 86'5 o· 865 0· u5 o· 86'5 0' 865 0· 865 o· 1165 0. 86'5 SLt0 
o· t09 o· to9 

o· to9 0· 109 0· 109 o· 109 0· to9 0· 109 o· 10, o· 109 o· 10, 0' 109 

o· 10, o· to9 o· 109 o· 10, o· to9 o· 109> o· 109 o· 109 o· 10, o· to, 

o· 109 o· 109 o· 109 o· 109 o· tot o· 109 0· 10, o· 109 o· 10, o· 1051 

o· 109 o· 10, o· 109 o· 109 o· 009 0·00, o· 009 0· 009 0·009 o· 009 

o· 009 o· 0051 o· 009 o· 009 o· 009 0 ' 009 0·009 o· 009 o· 009 o· 009 

o· 009 o· oo, o· oo, o· 009 o· 009 o·oo, 0·009 o· 009 o·oo, o· 009 

o· 009 o· 0051 o· 0051 o· 009 o· 66S 0"66'5 o· 66S 0'66'5 0' 66S o· 66S 

o· 66S o· 66S o· 66S o· 66S o· 66s o· 16s o· 86S o· 86> o· 86S o· 86S tLlO 
o· to9 o· to9 

o· to9 o· 109 o· 109 o· 109 o· 1051 o· 10, o· 109 o· 109 o· tot o· 109 

o· 109. o· to9 o· 109 o· 1051 o· 1051 o· 109 o· 109 o· 109 o· t09 o· t09 

o· 109 o· to9 o· 109 o· 109 o· 1051 o· 109 o· 109 o· 109 o· 109 o· to9 

o· 109 o· to9 o· 109 o· 109 o· t09 o· 109 o· 10, o· 109 o· 109 o· 109 
o· 109 o· 109 o· 109 o· 109 o· tot o· 10, o· 109 o· 109 o· 109 o· 109 

o· 109 o· 009 o· 009 o· 009 o· 009 o· 009 o· 009 o· 009 o· 009 o· 009 

o· 009 o· 009 o· 009 o· 009 o· 009 0 ' 009 0·009 0·009 o· 009 o· 665 

o· 665 0"66'5 o· 66'5 o· 66S 0"66'5 0' 66S o· 665 0"66'5 o· 66'5 o· 66'5 CLlO 
o· 109 o· 10, 

o· 109 o· t09 o· 109 0' 109 o· 109 o· 10, o· 10, o· 109 o· 109 o· 109 

o· 109 o· 10, o· 109 o· 109 o· 109 o· 109 o· 109 o· 109 o· 109 o· 109 

o· 109 o· 109 o· 109 o· 109 o· tot o· 109 o· 109 0' 109 o· 109 o· 109 

o· 109 o· 109 0' 109 o· 109 o· 109 0· 109 o· 109 o· 109 o· 109 o· 109 

o· 109 o· 1051 0' 109 o· 109 o· 109 o· 109 o· 109 o· 109 o· 109 o· 109 

o· 109 o· 109 o· 10, o· 109 0· 109 0· 109 o· 109 o· 109 o· 109 o· 109 

o· 009 o· 009 0 ' 009 o·oo, o· 009 0·009 o· 009 0·009 o·oo, o· oo, 

o· 009 o·oo, o·oo, o·oo, o· 66s 0"66S o· 66S 0"66'5 o· 66S o· 66'5 tLt0 
o· to9 o· to9 

o· to, o· to, O"t09 o· to9 o· to9 o·co, o· t09 o· t09 o· tot o· to9 

o· to9 o· to9 O' t09 o· tot o· tot o· t0t o· tot o· t09 o· tot o· to9 

o· to9 o· co, o· tot o· tot o· to9 o·to9 o· to9 o· ,;09 o· to9 o· to9 

o· tot o· tot o· to, o· 10, o· 109 0' 109 o· 10, 0' 109 o· 109 0' 109 

o· 109 o· 109 o· 109 o· 109 o· 109 0' 109 o· 109 o· 109 o· 109 0' 109 

o· 109 o· 109 o· 109 0" 109 o· 109 o· 109 o· 109 o· 109 o· 109 o· 109 

o· 109 o· 109 o· 109 o· 109 o· 109 0' 109 o· oo, o· 009 o· 009 o·oo, 

o· 009 0' 009 0·009 0 · 009 o· oo, o· oo, o· 009 o· oo, o· oo, o· 009 tL to 
o· tot o· to9 

o· to, o·to9 o · to9 o· tot o· to9 o· to9 o· tot o· to9 o· tot o· co, 

o· co, o· to9 O' t09 o· to9 o· to, o· to9 o·tot o· to9 o· to9 o· tot 

o· co, O't09 O' t09 o· co, o· to, o· co, o· to9 o· co, o· co, o· tot 

o· to9 o · to9 o· t09 o· co, o· t09 o· to9 o · to9 o· co, o · to9 o· tot 
o· co, o· tot o·to9 o·tot o· tot o· to9 o· to9 o· to9 o· tot o· to9 

o· to9 o·to9 o· 10, o· 10, o· 10, o· to9 o· 109 o· 10, o· tot o· 109 
o· 10, o· 10, o· 10, a· 10, o· 109 o· 10, o· 109 o· 10, o· 10, o· 10, 

o· tot o· 109 0' 109 o·oot o· oo, o· oot 0 ' 009 o· 009 0' 009 o· oo, OLtO 
o· to, o· to9 

o· to9 o· cot O' t09 o · to9 o· tot o· tot o· co, o· to, O' t09 o· to9 

o· to9 O' t09 o· to, o· co, o· to9 o· tot o· tot o· tot o· tot o· co, 

o· co, o· t09 o· to9 o·tot o· cog o· to9 o· co, o· tot o·tot o· co, 

o· cog o· to9 o·to9 o· tot o· to, o· to9 o· to9 O' t09 o· to9 o· to9 

o· t09 o ·to9 O' t09 o·to, o· to, o· tot o· to9 o· tot o· to, o· co, 

o· co, o· to9 O' t09 o· to, o· to9 o· to9 o· to9 o· to, o· to, o· t09 

o· to9 o· t o, 0' 109 o· 10, o· 109 o· 109 o· 10, o· 10, o· 109 o· 109 

o· to, o· 109 o· to, o· 10, o· 10, o· tot o· 10, o· 10, o· 109 o· 10, 6910 
o· co, o· co9 

o· co, o· co9 o· co9 o· co9 o· co, o· co9 o· co9 0' (09 o· co, o· co9 
o· co, o· to9 o· t09 o· t ot o· £09 o· £09 o· £09 o·co, o· to9 o· co, 

o· co, o· to9 o· co, o· co, o· co9 o· co9 o· cot o· co, o· co, o· co9 

o· £09 o· co, o· to, o· to, o· :co, o· to9 o· co, O' t09 O' t 09 o· to9 

o·to9 o· t 09 o· to9 o· to, o· to9 o· cot o ·to9 o· co, o· to9 o· co, 

o· :co, o· tot o· to9 o· co, o· tot o· to9 o· to9 o· co, o · to9 o· co, 

o· to9 o· to, o· to9 o· tot o·tot o· to9 o· to9 o·to, o · to9 o· to9 

o· 109 o· tot o· 109 o· t09 o· 10, o· tot o· 109 o· 109 o· 109 o· 10, 8910 
o·co, o· co, 

o· £09 o· to9 o· co9 o· £09 o· co9 o· £09 o· co, 0' (09 o· co, o· co9 
o· co, o· co9 o· co, o· co, o· co9 o· co, o· co9 o· co9 o·co, o· co, 

o· £09 o· co, o· co9 o· cot o· co, o· t09 o· co9 o· co9 o· co, o· cot 

o· co, o· co, o· co, o· co, o· tot o· co9 o· co9 o· £09 o· co, o· co, 

o· co9 o· co, o· co9 o· C09 o· to9 o· co9 o· co, o· co9 o· co, o· t09 

o· co, o· co, o· co9 o· C09 o· to, o· tot o· to, o· t o9 o· to9 o· co, 

o· to9 o· co, o· tot o· tot o· :co, o· t09 o· co, o· to9 o· co, o· to9 

0' t09 o· co, o· t09 o· tot O' t09 o· co, o· co, o· to9 o· t09 o· tot L9l0 
o· co, o· co, 

o· co, o· co, o· co9 o· co9 o· £09 o· co, o· co9 o· co9 o· co9 o· co, 

o· co, o· co9 o· co51 o· £09 o· co, 0'(09 o· co, o· co, o· co, o· co, 

o· co9 o· £09 o· £09 o· £09 o· co9 0 ' (09 o· co, o· co9 o· co9 o· co, 

o· cot o· £09 o· co, o· to9 o· co, 0' (09 o· co, o· co9 0'(09 o· co, 

o· co, o· £09 o· co9 o· £09 o· co9 o· £09 o· co, o· co, 0' (09 o· co, 

o· co, o· co9 o· co, o· t09 o· co, o· co9 o· co, o· co, o· £09 o· co, 

0' £09 o· C09 o· C09 o· to9 o· co9 o· co, o· to9 o· co, o·to9 o· co, 

o· to9 o · to9 O't 09 o· tot o· to, o· to9 o· to9 O' t09 O' t09 o· to9 9910 
o·to9 o· tot 

o· to9 o· to, O' t09 o· to, o·,09 O't09 O't09 O' t09 o· to9 o· ,09 

0 't09 O' t09 O' t09 O' t09 o· ,o, o·tot o·to9 O't09 o· tot o·tot 

0 't 09 o·tot o· to9 O"t09 o· tot o·tot o· tot o· to9 o· tot o· ,o, 

o ·,o, o·tot o· co, o· co, o· co, o· £09 o· co, o·co, o· co, o· cot 

o· co9 o· co, o· co, o· co, o· co, o· co9 o·co, o· co, o· co, o· co, 

o· co, o· co, o· co, o· co, o· co, 0' £09 0' [09 o· to9 o· co9 o· co9 

o· £09 o· co9 o· £09 o· co9 o· co9 o· co, o· C09 o· co, o· £09 o· cot 

o· £09 o·to9 o·to9 o· C09 o· co9 0'(09 0' ( 09 0' (09 0' (09 o· co9 5910 
O' t09 o· to9 

o·,ot o· to, O' t09 o·,o, o· ,o, o· to9 O' t09 O' t09 o · to9 O"t09 

O't09 o· t09 O' t09 o· ,09 O' t09 o· ,o, o· tot O' t09 o· t09 o· tot 

0' t09 o· tot o· to9 o· to, o· ,o, O't09 O' t09 o· to, o· to9 o·tot 
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614.9 614 . 9 614. 9 614.9 614.9 614.9 614.9 614. 9 614 .9 674 . 9 

614 .9 614.8 614.8 674.8 67, . 8 614 . 8 674 . 8 614 .8 674 . 8 67 4 . 8 

614 . 9 614. e 614 . 8 614. e 67' .B 614.8 674 . 8 61, . 8 674.8 67 , .8 

614 .8 61,. e 614 . 8 67' .8 674 .8 67'.8 674.8 614 . 8 674 . 8 674 , 8 

674 .8 674. 8 614 . 8 67 4 .8 67' .8 674.8 614 .8 614.8 61 , .8 61 4 . 8 

61, . 8 61 4 .8 614.8 614 .8 614 . 8 61, .8 614 . 8 61 4 .8 614.8 61 , . 8 

674 . 8 614. 8 614. 8 614. 7 674. 7 67 , . 7 614. 1 674. 1 674 .1 614, 1 

674. 7 614, 7 
0 40 611. 4 611, 4 671. 4 671.4 671. 4 671 . 4 671 . 4 671.4 611. 3 671. 3 

611.3 671. 3 611.3 671.3 671. 3 671. 3 611.3 671, 3 611.3 671,l 

671. 3 671 .3 671.3 611.3 671.3 611 . 3 6 71 .3 671 . 3 671.3 671.l 

671. 3 611. 3 671. 3 671 .3 671 . 3 671. l 671 .3 671. 3 611 .3 611.3 

671. 3 671, 3 671. 3 671 . 3 671 .3 611. l 671.3 671, 3 671 . 3 671 . J 

671 .l 671 .l 671.l 671.l 6 71 , l 611.l 671.l 611. l 671. l 671.l 

671. l 671 .l 611.l 671.l 671.l 671. J 671.l 671 , l 671 . l 671. l 

671. l 611 .l 671.l 671, 2 67\.2 611. l 671 . 1 611.1 671 .1 611 .1 

671 . 1 671, 1 

0 " 
667. 8 667 . 8 667 . 8 667 .8 667 . 8 667 . 8 66 7. 7 667 . 7 667. 7 667. 7 

667 . 7 667 . 7 661. 7 667 . 7 667. 7 667 . 7 661. 7 667. 7 661 . 7 667. 7 

667 .1 667 . 7 667. 7 667. 7 667 . 6 667 . 6 667 , 6 667 . 6 667 . 6 667. 6 

667 . 6 667 . 6 667. 6 667 . 6 667 . 6 667 . 6 667 .6 667 . 6 661 . 6 667 . 6 

667 . 6 661 . 6 667 . 6 667 . 6 667 . 6 667 . 6 667 .6 667 . 6 661 . 6 667 , 6 

667 . 6 667 . 6 667. 6 667 . 6 667 . 6 667 . 6 667 .6 667 . 6 667 . 6 667 . 6 

667 . 6 667 . 6 667 . 6 667 . 6 667 . 6 667. 6 667 .6 667 .6 667 .6 667 ,6 

667 . 6 667 . S 661 . S 667 . 5 667 . 5 667. 5 667. 5 667 . 5 667. 5 667.4 

667 . 4 667 . 4 
0 42 664, . 1 664 . 1 664 . 1 664 . 1 664 . 0 664.0 664, .o 664 . 0 664.0 664, . 0 

663 .9 663 . 9 663 . 9 663 . 9 663 .9 663 . 9 663 .9 663 . 9 663 . 9 663 . 9 

663 .9 663 . 9 663 . 9 663 . 9 663 .9 663 . 9 663 .9 663 . 9 663 .9 663 .9 

663 ,9 663 . 9 663 . 9 663 . 9 663 . 9 663, 9 663 .9 663 . 9 663 . 9 663 . 9 

663 .9 663 . 9 663 .9 663 . 9 663 .9 663. 9 663 . 9 663 .9 663 . 9 663 . 8 

663 . 8 663 .8 663 . 8 663 . 8 663.8 663 . 8 663 .8 663 .8 663 . 8 663 .8 

663 .9 663 . 8 663 . 8 663 . 8 663 . 8 663 . 8 663 .8 663 . 8 663 ,8 663 . 8 

663 .8 663 . 8 663. 8 663 . 8 663 .8 663 . 7 663 . 7 663. 7 663 . 7 663 . 7 

663 . 7 663 , 7 
0 43 660 . 9 660 . 9 660 . 9 660 . 9 660 . 9 660 . 8 660 . 8 660 .8 660 . 8 660 . 8 

660. 7 660 . 7 660 . 1 660 . 7 660 . 7 660. 7 660 . 7 660. 7 660. 7 660 . 1 

660.1 660 . 1 660 . 7 660 . 7 660. 7 660 . 7 660 . 7 660 . 1 660 .1 660. 7 

660 . 1 660 . 1 660. 7 660 . 7 660 . 7 660 .1 660 . 7 660. 7 660. 7 660. 7 

660. 7 660 . 7 660. 7 660 . 1 660. 7 660 . 7 660 , 7 660 . 6 660 . 6 660 .6 

660 . 6 660 . 6 660 . 6 660 . 6 660.6 660 . 6 660 , 6 660 .6 660 . 6 660 . 6 

660 .6 660 , 6 660 . 6 660 . 6 660 . 6 660 . 6 660 . 6 660. 6 660 . 6 660 . 6 

660 . 6 660 , 6 660 . 6 660 . 6 660,5 660. 5 660. S 660 . 5 660 . 5 660 . 4 

660 .4 660 . , 
0 .. 658 . 7 658 . 7 658. 7 658 . 7 658 . 7 658. 1 658 . 7 658 . 6 658 . 6 658 . 6 

658 .6 658 . 6 658 , 6 658 , 6 658 .6 658. 6 658 .6 658 . 6 658 . 6 658 . 5 

658 . 5 658 . 5 658 . 5 658 . 5 658 . 5 658 . S 658 . S 658 . 5 658 . 5 658. 5 

658. 5 658. S 658 . 5 658 . 5 658. 5 659. 5 658. 5 658. S 658 . 5 658. 5 

658 . 5 658 . 5 658. 5 658 . 5 658 . 5 658. 5 658 . 5 658 . 5 658 . 5 658 . 5 

658. 5 658 . 5 658. 5 658 . 5 658 . 5 658, 5 658 . 4 658 . 4 658 . , 658 . 4 

658 . 4 658. 4 658 . 4 658 · " 658 . 4 658., 658. 4 658. 4, 658 · " 658 , 4 

658 .4 658 , 4 658 . 4 658 . 4 658 . 4 658 .J 658. 3 658 . 3 658 . 3 658 . 3 

658 . 3 658 . 2 
0 45 657 .3 651 .3 657 . l 657 .3 657 . J 651 . l 657. l 651 . l 657 . 1 657 . 1 

657, 1 657 .1 657 . 1 657 .1 657 . 1 657 , 1 657 .1 657 . 1 657 .1 657 . 1 

657 .1 657 . I 657. 1 657 .1 657 .1 657 .1 657 .1 657 . 1 657 . 1 657 , 1 

651 . 1 657 . 1 657 . 1 657 . 0 657 .0 657. 0 657 . 0 657 . 0 657 .o 657 .o 
651 . 0 657 . o 657 .o 657 .o 651 . 0 657 .o 657 . 0 657 . o 657 . 0 651 .o 

657 .o 657 . 0 657 . 0 657 .o 657 .o 657. 0 657 .o 657 . o 657 . o 651 .o 

657 .o 657 .o 657 . o 651 .o 657 .o 657. 0 657 .o 657 . o 656 .9 656 .9 

656 .9 656 . 9 656 . 9 656 . 9 656 . 9 656 .9 656 .8 656 . 8 656 .8 656 .8 

656 .8 656 . 8 
0 '6 656 . 3 656 . 3 656 . 3 656 . 3 656 . 3 656. l 656 .l 656 . l 656 .J 656 . 1 

656 . 1 656 . 1 656 . 1 656. I 656 . 1 656 . 1 656 .1 656 , 1 656 . 1 656. I 

656 . 1 656 .1 656.1 656. 1 656 . 1 656 .1 656 .1 656. 1 656 . 1 656 . 1 

656. I 656 .1 656 . 1 656.1 656 . 1 656 . 1 656 . 1 656 . 1 656 .o 656 .o 
656 .o 656 .0 656 . 0 656 . 0 656 . 0 656 .0 656 .o 656 .o 656 .o 656 .o 
656 .o 656 .o 656 . 0 656. 0 656.0 656 .o 656 .o 656.0 656 .0 656 .o 
656 . 0 656 .o 656 . 0 656.0 656 . 0 656 .o 656 .o 656 .0 656 . 0 656 .0 

656 . 0 655 .9 655 . 9 655 . 9 655 . 9 655 .9 655 .9 655 .8 655. 8 655 . 8 

655 . 8 655 . 8 
0 '7 655 .6 655 . 6 655 .6 655 . 6 655 . 6 655 . 6 655 .6 655 . 5 655 . 5 655 , 5 

655 , 5 655. 5 655 , 5 655 , 5 6S5 . 5 655 . 5 655 . 5 655 . 5 655 . 4 655 . 4 

655 , 4 655 . ' 655 ., 655 . 4 655. 4 655 . 4 655 . 4 655 . 4 655 .4 655 . 4 

655 . 4 655 . 4 655 .4 655 .4 655 . 4 655. 4 655 . 4 655 . ' 655 .4 655 . 4 

655 . 4 655 . 4 655 . 4 655 . 4 655 .4 655 . , 655 . 4 655 . ' 655 . 4 655 . , 

655 ., 655 . 4 655 .3 655 . 3 655 .3 655 .3 655 . 3 655 . 3 655 . 3 655 . 3 

655. 3 655 . 3 6 55 .3 655 , 3 655 . J 655 . 3 655 .3 655 . J 655 . 3 655 , 3 

655. 3 655 . 3 655. 3 655 .3 655 . l 655. 'l 655 . 'l 655 . J 655. 1 655, 1 

655 .1 655 . 1 
0 '8 655 .l 655 . l 655 . 2 655 . l 655 . l 655. l 655 . 1 655 . 1 655 . 1 655. I 

655 . 0 655 .o 655 .0 655 .o 655 .o 655 .o 655 .o 655 . 0 655 .o 655 .o 

655 . 0 655 .o 655.0 655 . 0 655 . 0 655 . 0 655 .o 655.0 655 .o 655 . o 

655 .o 655 .o 655 . 0 655 . 0 655.0 655 . 0 655 .o 655 . 0 65' . 9 654 .9 

654 . 9 654 .9 654 . 9 65' , 9 654 . 9 65' . 9 65' . 9 654 . 9 654.9 654 .9 

654 . 9 654.9 654 . 9 654 . 9 654.9 65' . 9 654 . 9 654 . 9 654.9 654, . 9 

654 . 9 654 . 9 654 . 9 65' . 9 654.9 654.9 654 . 9 654 . 9 654.9 654 . 9 

654.9 654 . 8 654.8 654 . 8 654.8 654.8 654 . 7 654 . 7 65,. 1 65' . 7 

654. 7 654 . 7 
0 '9 654 . 9 65, .9 654 . 8 654.8 654.8 65, . 8 654 . 8 654 . 7 65, . 7 654 , 7 

654. 7 654 . 7 654. 7 654 , 7 65' , 7 654. 7 654 . 7 654 . 7 654 . 1 65'. 7 

654. 7 654 . 6 654,.6 654 . 6 654.6 654, . 15 654 . 6 654,.6 654 , 6 654.6 

654 . 6 654.6 654 . 6 654 . 6 65' . 6 654 . 15 654 . 6 65, . 6 654 . 6 65,.6 

654 . 6 654 . 6 654 . 6 65, . 6 65, . 6 65' . 6 654 . 6 65" . 6 654 . 6 654 . 6 

654 . 6 654.6 654 . 6 654 . 6 6S4. S 65, . 5 65' . 5 654. 5 654. 5 654 . 5 

654. 5 65'.5 654. 5 65,. s 654. 5 65' , 5 654 . 5 654 . 5 1554. 5 654 . 5 

654. S 654 . 5 654 . 5 654. 5 654 . 4 654.4, 65, . ' 654 . 4 65'.3 654 . 3 

654 . 3 654. 3 
0 50 65' . 5 654 . 5 654 . 5 654. 5 65' , 5 654 .4 65, . ' 654 . 4 654 ., 654. 3 

654 . 3 654 . l 654 . l 654 . 3 654 , l 654 .3 654 , l 65, .3 654 . 3 65' . 3 

654.3 65,.3 654,. 3 654 . 3 654. l 654. l 65' . ) 654. 3 65' . 3 155,. 3 

654 . ) 65' . 3 65".3 654 . 3 6 54 . l 654.J 65, . l 654 . l 654 . l 654 , l 

654 . l 654. l 654 . l 654. l 654, 'l 654.l 654 . l 654 . l 654.l 65' . l 

654.l 65' . 2 654, . l 654. l 654 .J 654.l 654 . l 65' . l 654.l 654 , l 

654 . l 654 . l 654. l 654 . l 65' .l 654.'l 654 . l 654 . l 654 . 1 654 . 1 

654 . 1 654 . 1 654 . 1 654. 1 654 . 1 654.0 654 .o 654 .o 654.0 654.0 

65'.0 654 . 0 
0 SI 65' . l 654.1 6S4, . 1 654 . 1 65' . 1 654 . l 65, .1 65'.0 654 . 0 654.0 

654 .o 654 . 0 6S, . O 65'.0 6S4 . 0 654, . 0 654 . 0 65' . 0 653.9 65) . 9 

653 .9 653 . 9 653 . 9 653 . 9 653.9 653.9 653 .9 653 .9 65) . 9 653 . 9 

653 .9 653 . 9 653. 9 653 .9 653 . 9 653.9 653 .9 653 . 9 653.9 653 . 9 

653 . 9 653 . 9 653 . 9 653 .9 653 . 9 653 ,9 653 .9 653 .9 653 . 9 653 . 9 

653. 8 653 . 8 653 .8 653 . 8 6S3 .8 653 . 8 653 . 8 653 .8 65) . 8 653 . 8 

653 .8 653 . 8 653 . 8 653 . 8 653.8 653.8 653 .8 653 . 8 653 .8 653 . 8 

653 .8 653 . 8 653 .8 653 . 7 653. 7 653 . 7 653. 7 653.6 653 .6 653 .6 

65) .6 653 . 6 
0 52 653 .8 653 .a 653 . a 653 . 8 653 . 8 653 . 7 653 . 7 653. 7 653. 7 653 . 6 

653 .6 65) . 6 653 . 6 653.6 653.6 653 . 6 653 .6 653 . 6 653 . 6 653 . 6 

653 . 6 65) . 6 653 . 6 653.6 65) . 6 653 .6 653 . 6 653 . 6 653.6 653 . 6 

653 .6 653 . 6 653 . 6 653 , 5 653. 5 653. 5 653.5 653 . S 653 . 5 653. 5 

653 , S 653 . 5 653. 5 653 . S 653 . 5 653 . 5 653 . 5 6S3 . 5 653 . 5 6S3. 5 

653. 5 653 . S 653 . 5 653. 5 653 . 5 653 . 5 653. 5 653 . 5 6S3 . 5 653 . 5 



653. 5 653. 5 653 . 5 653. 5 653 . 4 653 . 4 653 . 4 653. 4 653. 4 653 . 4 

653. 4 653 .4 653 . 4 653, 4 653 .4 653 . 3 653 . 3 65). l 653 . l 653 .3 

653. 2 6S3. 2 
0 S) 65). 4 653 .4 653, 4 653 . 4 653 .4 653 .4 653 .4 653. 3 653. 3 65) .3 

653. 3 65) .) 653. J 653. 3 653 .l 65) .2 65) .2 65). 2 653.2 65). 2 

653. 2 653 .2 653. 2 653 .2 653 .2 653 . 2 6S3 .2 653 ,l 653, :::Z 653 . :::Z 

653. 2 B3 . :::Z 653. 2 653 . 2 653 ., 653 . , 653, l 653.2 653. 2 65) . 2 

653. 2 653. 2 653. 2 653. 2 653 . 2 653 . 2 653 . 1 653.1 653 . 1 65) . 1 

65) . 1 653 . 1 653 , 1 653, 1 653. 1 653 .1 653 . 1 653 , 1 653, 1 65).1 

653. l 653 .1 653. l 653 . 1 653 .1 653.1 653. 1 653 .1 653, l 653 .1 

653. 1 653 . 1 653 .o 653 .0 653 .o 65) .o 653 .o 65:il.9 652 . 9 652 .9 

652. 9 652 ,9 
0 s, 653 .1 653 .1 653, 1 653 , 1 653 .o 653 .o 653 .o 653 .o 652 . 9 652 ,9 

652 . 9 652 .9 652 .9 652, 9 652 .9 652 .9 652 .9 652.9 652.9 652 .9 

652 .9 652 .9 652 . 9 652 .9 652 .9 652 .9 652 .9 652, 9 652 . 9 652 . 8 

652. 8 652 . 8 652 .8 652, 8 652 •• 652.8 652 .8 652 .8 652.8 652 .8 

652 .8 652 . 8 652 . 8 65l. 8 652 .8 65l . 8 652 . 8 652 . 8 652 .8 652 . 8 

652. 8 652 . 8 652 . 8 652 . 8 652 .• 652.8 652.8 652 .8 652 . 8 652, 8 

652. 7 652. 7 6S2. 7 6S2. 7 652. 7 652. 7 65 '2.7 652, 7 6S2 . 7 652 . 7 

6S2. 7 652 . 7 652 . 7 6S2. 7 6S2., 6S2.6 652 .6 6S2 . 6 6S2.S 6S2. S 

652. 5 6S2.S 
0 ss 652. 7 652. 7 652. 7 65:Z . 7 652. 7 652. 7 6S2 .6 6S2 . 6 652 . 6 6S2 .6 

652 .6 65:Z , 6 652 , 5 652. 5 652 . 5 652. 5 652. 5 652 . 5 652 .5 652. 5 

6S2. S 652 . 5 652. 5 652 . 5 6S2.S 652 . 5 652. 5 652. 5 652. 5 652. 5 

652, 5 6S2 . S 652. 5 6S2. S 65l .5 652. 5 652. 5 652. 5 652 . 5 652. 5 

652 . 5 652. 5 652 . 4 652 , 4 652. 4 652 .4 652 .4 652 .4 652.4 652. 4 

65l . 4 652, 4 652, 4 652. 4 6S2 . , 652 .4 652. 4 652 .4 652.4 65:Z. 4 

652. 4 652 . 4 652 . 4 652, 4 65:Z ,4 652 .4 652 .4 652 . 4 65:l.4 652 . 4 

651. 4 65l. l 6Sl. 3 652 .3 65l.3 65l .3 65J. 2 652. 2 652 .2 6S2. 2 

652. J 6S2 .2 
O S6 652. 4 652 . 4 652 . 4 652 .4 6S2 .3 65l . 3 652 .3 65l .l 6S2 . 2 652 .2 

652. 2 65:;J: . 2 652 .l 652 .l 652, 2 652 . l 652. :;J: 6S2 . 2 65) . 2 65) .2 

65~L 2 652. 2 652 . l 652 .2 6S2. I 652 . l 652. l 652 . 1 652 . 1 652. l 

651 . 1 652 .1 651 .1 651 .1 651, l 652. 1 6S2. I 652. l 652. 1 652 , 1 

652 .1 651 .1 651 .1 652 .1 652 . 1 652 . 1 652 . 1 6S2. I 652 . 1 6S2. I 

652 .1 652, 1 652 . 1 652 .1 651 .0 652 .o 652 .o 652 .o 652 .o 652 .o 
652 .o 652 .o 652 .o 652 .o 651 .o 652. 0 652 .o 652 . 0 652 .o 652 .0 

651 .o 652 .o 652 .o 6S2 .0 651,9 651.9 651.9 651 .8 651 .e 651. 8 

651. 8 651.8 
O S7 652 .o 652 . 0 652 . 0 652 . o 652 .o 652, 0 651.9 651 . 9 651,9 651 .9 

651.8 651.8 651.8 651 . 8 651 .8 651.8 651.8 651 .8 651.8 651.8 

651. 8 651.8 651.8 651.8 651 . 8 651. 8 651.8 651.8 651.8 651.8 

651. 8 651.8 651.8 651.8 651.8 651.8 651. 7 6SI. 7 651.7 651. 7 

651. 7 651.7 651. 7 651. 7 651. 7 651. 7 651. 7 651. 7 651. 7 65 1 . 7 

651. 7 651, 7 651. 7 651. 7 651. 7 651. 7 651 . 7 651. 7 651. 7 651 . 7 

651, 7 651. 7 651. 7 651. 7 651 . 7 6SI. 7 651.6 651.6 651 .6 651. 6 

651.6 651.6 651.6 651 .6 651 . , 651, 5 651.5 651. 5 651. 5 651 . 5 

651.4 651.4 
0 S8 651. 7 651.7 651.7 651.6 6Sl.6 651.6 651 . 6 651. 5 651. 5 651. 5 

651.5 651. 5 651.5 651. 5 651 , 5 651 . 5 651.5 651 . 5 651 . 4 651.4 

651. 4 651. 4 651.4 651.4 651 . 4 651. 4 6SI.• 6SI. • 651. 4 651,4 

651.4 651.4 651.4. 651.4 651,4 651. 4 651.4 6s1., 651. 4 651.4 

651.4 651. 4 651.4 651.4 651. 4 651, 4. 651., 651.4 651. 3 651.3 

651.3 651 .3 651. l 651.l 651 .3 6Sl.3 651. 3 651.3 651.l 651.l 

651. 3 651.3 651.l 651.3 651,3 651. l 651.l 651.3 651.l 651.3 

651 . l 651.3 651.l 651. 1 651. 2 651.l 651.1 651, 1 651.1 651.1 

651.1 651.1 
0 S9 651 . J 651.l 651. 3 651 . 3 651.l 651 . l 651 . J 651. 2 651. 2 651.1 

651.1 Hl.1 651.1 651.1 651 . 1 651.1 651.1 651, 1 651 . 1 651.1 

651.1 651. 1 651.1 6SI.I 651, 1 651.1 651.1 651 , 1 651.1 651.1 

651.0 651.0 651 . o 651.0 651 .o 651. 0 651 .o 651.0 651 .o 651.0 

651.0 651.0 651.0 651 . 0 651,0 651. 0 651 .o 6Sl.0 651.0 651.0 

651.0 651.0 651.0 651.0 651 .o 651. 0 651,0 651.0 651.0 651 . 0 

650 , 9 650 . 9 650. 9 650 .9 650 . 9 6SO. 9 650 .9 650 .9 650 .9 650 .9 

650 .9 650 . 9 650 .9 650 . 9 650 .8 650 . 8 650. 8 650.8 650 . 7 650 . 7 

650. 7 650. 7 
0 60 651.0 650.9 650. 9 6SO . 9 6SO .9 650. 9 6SO. 9 650 . 8 650.8 6SO .8 

650. 8 650 , 8 6SO. 7 650. 7 650 , 7 650, 7 650. 7 650. 7 650 . 7 650 . 7 

650. 7 650. 7 650 . 7 650. 7 650. 7 650 . 7 650. 7 650 . 7 650. 7 650. 7 

650. 7 6S0. 7 650 . 7 650. 7 650. 7 6SO. 7 650 . 7 6SO . 7 650 .1 650. 7 

650 . 7 650 .6 650.6 650 . 6 6SO .6 650. 6 650 . 6 650. 6 650 .6 650.6 

650 . 6 650 . 6 650 . 6 6S0 . 6 650 .6 650. 6 650 . 6 650,6 650 . 6 650 .6 

650 . 6 650 .6 650 . 6 6S0 . 6 650 .6 650. 6 650 . 6 650 .6 650 .6 650 .6 

650 . 5 650. 5 650. 5 650. 5 6SO . S 650. 4 650 . 4 650 . 4 650. 4 650 .4 

650 . 3 6SO .3 
0 61 650 .6 650 . 6 650 . 6 650 .6 650 .5 6SO. S 650. 5 650, 5 650 , 4 650 , 4 

650 . 4 650 . 4 650. 4 650 . 4 650 ,4 650. 4 650. 4 650,, 650. 4 650 , 4 

650 . 4 6SO . • 650.4 650. 3 6SO .) 650. J 650 . 3 6SO .) 650 . ) 650 .) 

650. 3 650 . 3 650 .3 650. 3 650 . 3 650 . J 650. l 650.J 650. l 650 .3 

650 . l 650 .3 6SO . 3 650 .3 650 .) 650. J 650 . 3 650.l 650 .) 650 .) 

650 . 3 650 . l 650 .l 6SO . 2 6SO .2 650. l 650, l 6S0.2 6SO . 2 650 .2 

650. 2 650. 1 650, 2 650, 2 6SO .2 650 . 2 6SO. 2 650 . 2 650 .1 650 .2 

650. 2 650. 2 6SO . 2 6SO. I 6SO. I 650, 1 6SO. I 650. 0 650 . 0 6SO . O 

650 .o 650 . 0 
0 62 650 . 2 650. l 650. 2 650 .2 650.2 650 . 2 650 . 1 650. 1 650. 1 650 .1 

650 . 0 650 . 0 650 . o 6SO . 0 650.0 650 . 0 650.0 650 . 0 650 .o 650 .0 

650 .0 650 .o 650 .0 650 . 0 650.0 6SO . 0 6SO . O 650 . 0 6SO .0 650 .0 

650 .0 650 .o 650 . 0 650 .o 6'9 ., 649 . 9 6'9.9 649 . 9 649 . 9 60.9 
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64 2 .o 64:2 .o 64 1.0 6,1.9 6 4 1.9 6U.9 641.8 U l ,8 641.8 641. 7 

6U . 7 641.7 
0 ., 642 .1 64:l .1 64 :2 .1 642 . 1 64:2.1 64:2 ,0 642 . 0 64:l.O 6,1. 9 6U . 9 

6U.9 641 , 9 6U . 9 641.9 641.9 60 . 9 641. 9 6U , 9 641 .9 641 . 8 

6U.9 641.9 6U . 8 641.8 6U . 8 6U.9 641.8 641,9 6U . 9 641.8 

641. B 6U .9 6U . 8 641 . 8 641.8 6U.8 641. 8 6'1 , 9 641,8 641.8 

6U .1 6U,7 6U. 7 6U . 7 641. 7 6U . 7 6U . 7 641.7 6U,1 6U. 7 

641. 7 6U .7 6U.7 641.7 6U , 7 60,7 641 , 7 6U . 7 641 . 7 641. 7 

6U. 7 6U ,7 6U . 6 641.6 641 , 6 6U.6 . 6U,6 6,t.6 641.6 6,1 . 6 

6'1.6 641. 6 6'1 . 6 6U . 6 6'1.S 6U . 5 6U .4 641,4 64 1 ,4 641. 4 

6,U .3 641. 3 
0 BS 6,1 .8 641 ,B 6U . 7 641. 7 641 . 7 6U.1 6U , 6 6U .6 6U,6 641. S 

641.5 641, S 641. 5 6U .5 641. S 6U . 5 6U.5 6'1 . 5 641. 5 641. 5 

641 , S 6U.S 641,' 641.4 641,4 6u., 6U.4 641 . 4 641.4 641., 

6U .4 641 .4 6u . , 6U . 4 64,1.4 6u., ut.4 641 ., 641 . 4 6U . 4, 

6U . , 641.4 6U.4 641.4 641.3 6U.3 6U.l 641. l 64,1.3 6U.3 

6U . 3 6U .3 6U . 3 6U . 3 641. 3 641 . 3 641 .3 641. 3 641 .3 6U.3 

641.3 64,1.3 641. 3 6U . 3 Ul . 3 641. 3 6U.l 641. 2 6U .l 641. 2 

6,1. 2 6U .l 6U . 2 6U.l 641.1 641 . 1 641.1 641 . 0 6U.O 641.0 

6U .0 6U . O 
0 86 641.4 641. 4 6u. , 6U.3 641 , 3 6U.3 641.3 641.:l 6U,2 6,1 . 1 

6U . l 641 , l 6U.l 6U.l 641. 1 6U .l 6U.l 6U .1 641, l 641.l 

641. l 641 , l 6U . 1 6U , l 641, 1 6U . l 6U.0 6U . 0 641. 0 641, 0 

6U . 0 641,0 6U . 0 6U , 0 641.0 60.0 641.0 641.0 64 1. 0 6'1,0 

641 . 0 641 . 0 6U .0 6'1.0 6U . 0 641.0 641 . 0 6U.0 640 . 9 640 ,9 

640 , 9 640 . 9 6,o . 9 6,o . 9 6 4,0 .9 640 .9 6,o . 9 640, 9 640 ,9 64,0.9 

6,o. 9 640 .9 640 . 9 6,0 . 9 640.9 64 0 .9 640 . 9 640 .9 640 .9 640 . 9 

640 .8 640. 8 640 . 8 640 . 8 640 . 7 6,o. 1 640. 1 640 . 6 640 .6 6,o .6 

6 , o . 6 6,o .6 
0 8 7 641.0 6U.O 6,1.0 6U.0 640.9 640 .9 640 .9 640, 8 640 . 8 640. 9 

6,o . 0 640. 7 6,o .1 64,0. 7 640 . 1 640. 7 640 .1 640 .1 6,o . 1 640 .1 

6,o . 1 64,0. 7 640 . 7 64,0. 7 640. 7 640. 7 640. 7 640 . 7 640 . 7 6,o. 1 

640 .6 640 . 6 640 .6 64,0 . 6 64,0 ,6 640 .6 640 . 6 640 . 6 640. 6 640. 6 

6"0 .6 640 , 6 640 .6 640 . 6 640 . 6 6,o . 6 640 .6 640 . 6 6,o .6 640 . 6 

640 .6 64,0 .6 64,0 . S 640. S 640 . 5 640 . 5 640. 5 640 . S 640, S 640 , 5 

64,0. 5 64,0 . 5 640 . 5 640 . S 640. 5 640. 5 640, 5 640. 5 640. 5 640 . 5 

640 . 5 640 ., 640. 4 64,0.4 64,0 .4 6 , o . 3 640,3 640 .3 640. :2 640 . l 

640. 2 640 . 2 
0 88 64,0 .6 6,o .6 6"0 .6 6'0 . 6 6"0 . 6 640 . 5 640, 5 640, 5 640 .4 640 ,, 

64,0 ., 640., 640 . 3 64,0 .3 6i40. 3 640.J 640 . 3 640 .3 6,o. J 640. 3 

640. l 640 . 3 64 0 .3 640 . 3 6i40 .3 640. 3 640 . 3 640 , 3 6,o .3 640. 3 

640. 3 640 . 3 640 . 3 640 .3 6i4,0 . :2 640 .l 640 .:2 640 . 2 6,o. :2 640. :2 

640 .l 640. :2 640 .:2 640 . 2 640 . :2 640. J 640,:2 640. 2 6,o . :2 640 , :2 

640. :2 640 . 2 640 .:l 640. :l 64.0 .:2 64 0 . l 640.l 640 .1 6,o .1 640 , l 

640 .1 640 . 1 640 .1 640 , 1 640 . 1 640 .1 640 . l 640 , l 6,o . 1 640.1 

640 . 1 640 , l 640 . o 640 .o 6 40 . o 6)9 .9 639 . 9 639 .9 639 .8 639 .8 

6)9. 8 639 .8 
0 89 640 . :2 640. 2 640 .l 640 . 2 640 .:2 640 .:2 640 .1 640 . 1 640 . o 640.0 

640. 0 640 . 0 640 . o 640 .o 640 . 0 640 . o 639 . 9 639 . 9 639 .9 639 .9 

6)9 . 9 639 ,9 639 .9 6 39 . 9 639 .9 639 .9 639 . 9 639 .9 639 .9 639 . 9 

6)9 .9 639 .9 639 . 9 639 .9 639.9 639 . 9 639 ,9 639 . 8 639 .9 639 . 8 

639 .8 639 . 8 639 .0 6)9 .8 639 .B 639 .8 639 . 8 639 .8 639 .0 6)9 . 8 

639 . 8 639. 8 639 . 0 639 .8 639 . 8 639 . 8 639 .8 639 . 9 639, 7 639. 7 

6)9. 7 639. 7 639 . 1 639 . 1 639 . 7 639 . 7 639 . 1 639 . 7 639 , 7 639 . 7 

639. 7 639. 7 639 . 7 6)9 . 6 639 . 6 6)9 . 5 639. 5 639 . 5 639. 4 639 . 4 

639., 639 ., 

0 90 639. 9 639 .9 639 .8 639 .9 639 . 8 639 . 9 639 . 7 639 . 1 639. 7 639 .6 

639 . 6 639 .6 639 . 6 639 .6 639 . 6 639 .6 639 ,6 6)9 . 6 639 .6 639 .6 

639. S 639. 5 639. 5 639 . 5 639 , 5 639 . 5 639. 5 639 . 5 639 , 5 639 . 5 

639. 5 6)9 . 5 639. 5 639. 5 639. 5 639. 5 639. S 639 . 5 639 . 5 639 . S 

6)9. 5 639., 639 .' 639 . , 6)9 .4 63!L4 639. 4 639., 639 . 4 639 .4 

639 . 4 639 ., 639 ., 639 ., 639, 4 635L4 6)9 . 4 639 . 4 639 . 4 639 . , 

639 . 4 639. 3 639 . 3 639 . 3 639 . 3 639 . 3 639 . 3 639 , 3 639 . 3 6 39 . 3 

639 . 3 639 . 3 639. 3 639 .2 639 . l 639 .:2 639. l 639 , 1 639 . l 639 . 0 

639 . 0 639 . o 
0 9 1 639 . 5 639 . 5 639. S 639 . 4 639 . 4 639 . 4 639 . 3 639 . 3 639 .3 639 .l 

639. 2 639 . l 639. :2 639 .2 639.2 639 .2 639 .:2 639. 2 639 .2 639. :l 

6 3 9. 2 639 . 2 639 . :2 639 . 1 639 . l 639 . 1 639.1 639 . 1 639. l 639 . 1 

639 .1 639 .1 639. l 639. l 639 . 1 639 . l 639 . 1 639 . 1 639 . l 639 . 1 

639 .1 639. l 639 .1 6)9 .1 639.0 639 .o 639 .0 639 . o 639 .o 639 . o 

639 . o 639 .o 639 .o 639 . o 639. 0 639 . o 639 . 0 639 . o 639 . o 639 . o 

639 .o 6)9 .o 639 .0 639 .o 638 . 9 639 .9 639 .9 638 . 9 638 .9 638 .9 

639 .9 639 .9 638 . 9 638 .9 638 .8 638 . 8 631 . 1 638 , 7 638 , 7 638 .6 

639. 6 638 . 6 
0 9l 639 . l 639 . 1 639 . l 639, 1 639 . 0 639.0 639 . o 638 ,9 638 . 9 6)8 . 9 

638 .8 638. 8 638 .0 638.8 638.8 638 .8 638 . 8 638 .8 638 .8 6 38 . 0 

639. 8 639 . 8 638 . 9 639.8 638 . 8 638. 8 638. 7 638. 7 638. 7 638 . 7 

638 . 7 639 . 7 638 . 7 638. 1 638 .1 638. 7 638 . 7 638 .1 638 . 7 638 . 7 

638. 7 638 . 7 638 . 7 638. 7 638 . 7 638. 7 638. 7 638. 6 638 .6 639 . 6 

638 . 6 638 .6 638 . 6 638 . 6 638 . 6 638 . 6 638 .6 638 .6 638 .6 638 .6 

638 . 6 638 .6 638 .6 638 . 6 638 .6 638 .6 638.6 638. S 638. S 638 . 5 

638 . 5 638 . 5 638. S 638 . 5 638. 4 638 .4 631 . 3 638 . 3 638 ,) 638. 3 

638. 2 638. 2 
0 93 638 . 7 638 . 7 638. 7 638. 7 63 8 . 7 638 . 6 638 .6 638 . 5 638. 5 638 . 5 

638 . 5 638 . , 638 .4 638 .4 638 .4 638 .4 638., 638 .4 638 .4 638 . 4 

638 . 4 638 . 4 638 .4 638 .4 638 .4 638 .4 638 . 4 638. 4 638.4 638. 3 



638. 3 638 .3 638 .3 638. 3 638 .3 638. 3 638 . 3 63 8 . 3 639 . 3 639 . 3 

639 . 3 639 . 3 63 9 .3 639 .3 638 .3 638. 3 638. 3 638 .3 639 . 3 639. l 

638 . 2 63 9 . 2 63 9 . 2 639. l 638 .2 638. l 638, l 638 .l 63 9 , l 638 . l 

639 . 2 63 8 .J 639 . l 639 . l 6 38 .l 639 . l 63 9 . l 638 . l 639 . l 638 . 1 

63 8 .1 638 . 1 639 . 1 639 . 1 638 .o 63 8 . 0 638 . o 637 . 9 6 37 . 9 637. 9 

637 . 9 637 . 9 
0 9' 63 9. 3 639 . 3 639 . 3 639 . 3 639 . 3 638 , l 638 . l 638 . l 638 . 1 638 . l 

639 . 1 638 .1 639 .o 639 . o 639 .o 638 . 0 638 . o 639 . o 638 . o 63 9 . 0 

639 .o 63 8 .o 639 . o 638 .o 638 .o 638 . o 638 .o 63 8 .o 638 .o 638 . o 

638 . o 638 . 0 637 . 9 637 . 9 637. 9 6 37 .9 637 . 9 6 37 . 9 63 7 . 9 6 37 .9 

637 . 9 637 . 9 637 . 9 63 7 . 9 637 . 9 637 . 9 637 . 9 6 37 .9 637 .9 637 .9 

63 7 . 9 63 7 . 9 637 . 8 637 . 8 637 . 8 637 . 8 637 . 8 637 . 8 63 7 .8 637 . 8 

63 7. 8 637 . 8 637 .8 637 . 8 637 .e 637 .8 637 . 8 637 . 8 637 .8 637 . 8 

637 . 8 6 37 . 7 637 . 7 637. 7 637 . 6 63 7 . 6 637 . 6 637 . 5 63 7 . 5 637 . 5 

6 37. 5 6 37. 5 
0 95 6 38 . o 638 .o 637 . 9 637 . 9 637 . 9 637 .9 637 . 8 637 .a 637 . 7 637 . 7 

637 . 7 637 . 7 637. 7 637. 7 637 . 6 637 . 6 6 37 . 6 637 . 6 637 . 6 637 . 6 

637 . 6 637 . 6 637 . 6 637 . 6 637 .6 637 . 6 637 . 6 637 . 6 637 . 6 637 . 6 

637 .6 637 . 6 637 . 6 637 . 6 637 . 5 637 . 5 637. 5 637 . 5 637 . 5 637 . 5 

637 . 5 637 , S 637 . 5 637. 5 637 . 5 637. 5 637. 5 637 . 5 637. 5 637 . 5 

637 . 5 637 . 5 637 . 5 637 . 5 63 7 . • 637. • 63 7. • 637. • 637 . • 637 . • 

63 7 . • 637. • 637 . • 637 . • 637 . • 637 . • 637 .• 637 . • 637 . • 637 . , 

637 . .f. 637 . 3 637 . 3 637 . 3 637 . 3 637. l 637 . l 637 . 1 637, l 637 . 1 

637 . l 637 . 1 
0 96 637 . 6 637 . 6 637 . 6 637 , 5 637 . 5 637. 5 631.-6 637 . • 637 . 3 637 . 3 

637 . 3 6 37 . 3 637 . 3 637 . 3 6 37 .3 6 37 . 3 63 7 . 3 637 .l 637. l 637. l 

637 . l 637 .l 637 . l 6 31. l 631 .l 637 . l 631 . l 637 . '2 637 . l 637 . '2 

637 . l 637 .'2 637 . '2 637 . l 637 . l 637 , l 637 . 1 637 . 1 637 . 1 637 . l 

637 . l 637 . 1 637 . 1 637 . 1 637 . 1 637 . 1 637 . l 637 . 1 637 . 1 637 . 1 

637 . 1 637 . 1 637 , 1 637 . 1 637 . 1 63 7 .1 63 7 .o 637 . 0 637 .o 637 . 0 

637 .o 637 .o 637 . 0 637 . 0 631 .o 637 .o 637 . 0 631 . 0 637 .o 63'1 .0 

637 .0 631 . 0 636 . 9 636 . 9 636 . 9 636 . 0 636 . 8 636 . 7 636 . 7 636 . 7 

636 . 7 636 . 7 
0 97 637 . l 637 . l 637 .l 637 . l 637 . 1 637 , 1 637 . 0 637 . 0 637 . 0 636 . 9 

636 . 9 636 . 9 636 .9 636 . 9 636 . 9 636 . 9 636 . 9 636 . 9 636 . 9 636 . 8 

636 . 8 636 . 8 636 . a 636 . 8 636 . 8 636 . 9 636 . 8 636 . 8 636 . 9 636 . 8 

636 . 8 636 . 8 636 . 8 636 .8 636 . 8 636 . 8 636 . 8 636 . 8 636 . 7 636 . 7 

636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 6 36 . 7 636 . 7 

636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 636 . 7 636 . 6 636 . 6 

636 . 6 636.6 636 . 6 636 . 6 636 . 6 636 . 6 636 . 6 636 . 6 636 .6 636 . 6 

636 . 6 636 . 6 636 . 5 636 . 5 636 . 5 636 . , 636 , -6 636 . ) 636 . 3 636 .3 

636. 3 636 , 3 
0 99 636, 8 636 , 8 636 . 8 636 , 8 636. 7 636 . 7 636 . 7 636 . 6 636 .6 636 , 5 

636, 5 636. 5 636 . 5 636. S 636 . 5 636 . 5 6 36 . 5 636. 5 636. 5 636. 5 

636 . 5 636 . • 636 . 4 636 . 4 636 . 4 636 . , 636 . , 636 •• 636 . , 636 . • 

636, .f. 636 . , 636 . • 636. 4 636 . 4 636 . 4 6 36 . , 636 . 4 636 . 4 636 . .f. 

636 .3 636 . 3 636 . 3 636 . 3 636 . 3 636 . l 636 . 3 636. 3 636 . 3 636 . 3 

636 . 3 636 .3 636 . l 636. 3 636 . 3 636 . ) 636 . l 636. 3 636 . 3 636 . l 

636 . l 636 . l 636 .l 636 . l 636 .l 636 . 2 636 . l 636 . l 636 . l 636 . 2 

636 . 2 636 .l 636 . 2 636 . 1 636 . 1 636 . 0 636.0 636 .o 635 . 9 635 . 9 

635 . 9 635 . 9 
0 99 636 ., 636 ., 636 . , 636 . 4 636 . ) 636 . 3 636 . ) 636. l 636 . l 636 . 1 

636 . l 636 . 1 636 . 1 6 36 . l 636. 1 636. 1 636. I 636 . 1 636 . 1 636 .1 

636 . 1 636 . 1 636 .1 6 36 .o 636 .o 636 .o 636 .o 636 . 0 636 . 0 636 .o 

636 . o 636 . 0 636 . 0 636 . 0 636 .o 636 .0 636 . 0 636 .o 636 .o 636 .o 
636 . o 636 .o 635 . 9 635 , 9 635 . 9 635 . 9 635 . 9 635 . 9 635 . 9 635 . 9 

635 . 9 635 . 9 635 .9 635 . 9 635 . 9 635 . 9 635 , 9 635 . 9 635 . 9 635 . 9 

635 . 9 635 , 8 635 . 8 635 . 8 635 . 8 635 . 8 635 .8 635 . 8 635 . 8 635 . 9 

63 5 . 8 635 . 8 635 . 8 635 . 7 635 , 7 635 . 6 635 . 6 635 . 6 635 . 5 635 . 5 

63 5. 5 635 . 5 
0100 636 .o 636 .o 636 . o 636 . 0 636 .o 635 . 9 635 . 9 635 . 8 635 . 8 635 . 8 

635 . 7 635 . 7 635.1 635 . 1 635 . 7 635 . 7 635. 7 635. 7 635 . 7 635 .1 

635 . 7 635 . 7 635 . 7 635 . 7 635 . 7 635 . 6 635 . 6 635 . 6 635 . 6 635 . 6 

635 .6 635 . 6 635 . 6 635 . 6 635 . 6 635 . 6 635 . 6 635 . 6 635 . 6 635 . 6 

635 , 6 635 . 6 635 . 6 635 . 5 635 . 5 635 . S 635 . 5 635. 5 635 . 5 635 . 5 

635 . 5 63S. 5 635 . 5 635 . 5 635 . 5 635 . 5 635 . 5 635 . 5 635 . 5 635 . 5 

635. 5 635, S 635 . • 635 . 4 635 . 4 635 . , 635. 4 635 . , 635 . , 635 . • 

635 . , 635 , 4 635 ., 635 . 3 635 . 3 635 . l 635 . l 635 .l 635. 1 635. I 

635 . 1 635 . I 
0101 635 . 6 635 . 6 635 . 6 635 . 6 635 . 6 635 . 5 635 .5 635 . , 635 •• 635 . .f. 

635.3 635 . 3 635 . 3 635 . 3 635 . 3 635 . 3 635 . 3 635 .3 635 . 3 635 . 3 

635 . 3 635 . 3 635 . 3 635 . 3 635 . 3 635 . 3 635. l 635 . l 635 . l 635 , l 

635 . l 635 . l 635 . l 635 . l 635 . l 635 . l 635 . 2 635 . l 635 . l 635 . l 

635 . 2 635 . l 635.'2 635 . l 635 , l 635 .1 635 . 1 635 . l 635 . I 635 . 1 

635 . 1 635 . 1 635 . 1 635 . l 635 . 1 635 . 1 635 , 1 635 . 1 635 . l 635 . 1 

635 . 1 635 . 1 635 . 1 635 .o 635 .o 635 .o 635 .o 635 .o 635 .o 635 .o 

635 . o 635 .o 635 .o 63' . 9 63.f. . 9 634 . 8 63' , 8 63' . 8 63, . 7 63.f.. 7 

634 . 7 63.f, . 7 
OlOl 635 . 3 635 .l 635 . l 635 .l 635 . l 635.1 635 . l 635 . 1 635 .o 635 .o 

635 . 0 63, . 9 63 • • 9 63.f. . 9 63.f. . 9 63.f,.9 63' . 9 63.f. . 9 634 .9 634 . 9 

634 . 9 6)-6 . 9 634 . 9 63.f. . 9 634 . 9 634.9 63.f, . 9 634 . 9 63.f. . 8 634 . 9 

634 . 8 63.f. . 9 63.f. . 8 63.f. . 8 6 3, . 8 63, . 8 634 . 8 634 . 8 634 . 8 63-4 . 9 

634 . 8 63 • • 8 63.f. . 8 63-6 . 9 634 . 8 63 •• 8 634 . 7 634 . 1 634 , 7 63.f, . 7 

634 . 7 63.f. . 7 63-6 . 7 63-6 . 7 63, . 7 634. 7 634 . 7 63.f. . 7 63.f. . 7 63.f. . 7 

634, 7 63.f. . 7 6).f, . 1 63.f, . 7 634,6 634.6 63 • • 6 63.f. . 6 63-6 . 6 63.f. . 6 

63'.6 63, . 6 634 . 6 63.f, . 5 634 . 5 634. 4 634 • .f. 63.f, . .f, 6).f, . ) 63.f. . 3 

63' . 3 63• . 3 
0103 634 . 9 63• .9 63.f, . 8 63,.8 63.f. , 8 63.f..8 634 . 7 63, . 7 634 . 6 63.f.,6 

63' , 6 63• . 5 63.f, . 5 63 • . 5 634 .5 63'.5 63' . 5 63-6 . 5 634 . 5 63.f. . 5 

63-4 , 5 63 • • 5 63 • . 5 63' . 5 634 . 5 63'.5 63' . 5 63.f. . 5 63.f. . 5 63.f. . , 

634 . -6 634,4 63,. 4 634 . 4 634 , -4 63,.4 63' . 4 63.f. . 4 634 . , 63.f. • • 

63' . • 634 . 4 634 . 4 63' . • 634 . , 63,.4 634 . 4 6).f. . 3 63.f. . 3 63.f. . 3 

634 . 3 634 . 3 634 . 3 63• . 3 63.f. . 3 63,.3 634 . l 63.f. . 3 634 . J 63.f. . 3 

634 . 3 63, . l 63• . l 634.3 63.f. . 3 63.f..'2 634 . l 63.f, . l 63.f. . l 63.f. . l 

634 , 2 63,.l 63' . 2 634 . l 63.f. . 1 63-6.0 634 . 0 63.f. . 0 633 . 9 633 . 9 

633 . 9 633 . 9 
010, 634 . 5 63.f, . 5 634 . 5 61, . , 63, . 4 63.f, . 4 634 . 3 63-6 . 3 63, . 2 63.f,, 2 

634 . 2 63.f, . 2 634 . 1 63' , l 634 . 1 63'.1 634 .1 6)-6.1 63-4.1 63, . 1 

634 . l 63.f.. 1 63-4.1 6).f, . l 63.f, . 1 634 . l 634 . 1 634 . 1 63-4 . 1 63, . 1 

634.0 63.f. .o 63-6 . 0 634 . 0 634 . 0 634.0 63, . 0 63 • . 0 63-4 . 0 63' . 0 

634,0 63.f, . 0 634.0 63,.0 63, . 0 634 . 0 634 . 0 63' . 0 633 . 9 633 . 9 

633 , 9 633 . 9 633.9 633 . 9 633 . 9 633 . 9 633 , 9 633 . 9 633 . 9 633 . 9 

633 , 9 633 .9 633 . 9 633 . 9 633.9 633.9 633 . 8 633 . 9 633 . 8 633 . 8 

633 . 8 633 . 8 633 . 8 633 . 7 633 . 7 633. 7 633 . 6 633 .6 633 . 5 633 . 5 

633. S 633 . 5 
0105 ,1, . 1 63' . 1 634 . 1 n, .o n,.o 634.0 633 . 9 633 . 9 633 . 8 633 . 8 

611 . 8 633 . 8 633 . 11 633 . 7 633 . 7 633. 7 633 . 7 633. 7 633 . 7 633 . 7 

633 . 1 633. 7 633 . 7 633, 7 633 . 1 63 3 . 7 633. 7 633 . 7 633 . 7 633 . 7 

633 . 7 633 . 6 633 . 6 633 . 6 6 33 . 6 633 . 6 633 . 6 633.6 63 3 . 6 633 . 6 

633. 6 633 . 6 633 . 6 633 . 6 633 . 6 633 . 6 633 . 6 633 . 6 633 . 5 633 . 5 

633 . 5 633 . 5 633 . 5 633 .s 633, 5 633 . 5 63) . S 633 . 5 633 . 5 633 . 5 

633 . 5 633 . 5 633 . 5 6ll . 5 633 , S 633 . 5 633 . 4 633. • 633., 633 ., 

633 , -6 633 . 4 633 . , 633 . 3 633 .3 633 . 3 633 . 2 633 . l 633 . 1 633 . 1 

633, 1 633 . 1 
0106 6 33 , 1 633 . 7 633 . 7 633 . , 633 . 6 633 . 6 63 3. 5 633 , 5 6)3 . 4 633 . , 

633 . , 633. 4 633 . , 633 ., 633 . 3 633 .J 633 . 3 633, l 633 . 3 633 . 3 

633.3 633 . 3 633 . 3 633 . 3 633 . 3 633 . 3 633 . 3 633 . 3 633 , l 633 . 3 

633 . 3 633 . l 633 . 2 6ll , 2 633 . l 633 . l 633 .l 633. l 633 . 2 633 .l 

633. 2 633 , l 633 . l 633 .l 633 .l 633 . l 633 . l 633 . l 633 . l 633 . I 

633 . l 63 3 . l 633 . l 633 . 1 633 . 1 633 . l 633 . 1 633 . l 633, 1 633 , l 

633 . 1 6 33 . l 63 3. l 633 . 1 633 . 1 633 . l 633 . 0 633 . 0 633 . 0 633 . 0 

63 3 .o 6 33 .o 633 .o 633 . 0 632 .9 63l .9 63l .9 63 1 . 9 63 '2 . 7 632, 7 



9' Lt9 9' Lt9 9· lt9 9'Lt9 9. Lt9 9· LC9 9 · Lt9 9' lt9 9· Lt9 9. Lt9 

9' Lt9 9' Lt9 L ' lt9 L' Lt9 L. Lt9 L. Lt9 L · Lt9 L' Lt9 L. Lt9 L . Lt9 

L · Lt9 L · Lt9 L. Lt9 L · Lt9 L. Lt9 L ' Lt9 L · Lt9 8' Lt9 8' Lt9 8 . Lt9 

e · Lt9 8' Lt9 6' Lt9 o · et9 o · at, 1 "lt9 1' 8t9 1' 8t9 t · 8t9 1 · 8t9 Ot10 
►' Lt9 t. Lt9 

t. Lt9 t· Lt9 S . Lt9 5 · Lt9 9 · Lt9 9 " Lt9 L ' Lt9 L . Lt9 9 · Lt9 e · Lt9 

e· Lt9 e· Lt9 8 ' Lt9 8' Lt9 e · Lt9 8 " Lt9 8' Lt9 8' Lt9 8' Lt9 8. Lt9 
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649 .5 649. 5 60 . S 649. S 649 ,5 649. S 649. 5 649 , S 649 . S 649 . S 

1549 . S 649 . 4 60 . , 649 . , 60 . , 649 , J 60 . J 649 , l 649.J 60 . J 

649 . 2 649 . 2 
0 6' 649 . S 649 . 5 649 . 5 649, 5 649. 5 649.4 649 . , 64 9 . , 649 , l 6'9.3 

60.l 649 .3 60 . J 649 .J 6'9 . 3 649 .3 649 . 3 649 , 3 649, 3 649 , 3 

64.9 .3 60.3 60 . 3 649 .3 649.3 649 . :Z 60.:Z 649 , :Z 649 , 2 649 . '2 

649,2 649. 2 649 . :Z 649. :Z 60 . 2 649 .2 649 . 2 6'9 . 2 649 . 2 60.2 

60, 2 60.2 649 .2 649 , 2 649,'2 649 .2 60 , :Z 649. '2 6'9 . 2 649. 2 

64.9. 2 60 . '2 649.2 649 . 1 60 , 1 6•9 . 1 60 , 1 649 . 1 60 . 1 60 . 1 

6'9 .1 649 , 1 649 . 1 649 .1 60 , 1 6•9 . 1 6'9 . 1 649 , 1 60.1 60 . 1 

64.9. 1 649 . 1 60 . 1 649 . 0 60.0 6 4 9 . o 648 . 9 648.9 60 . 9 648 . 9 

648 .9 648 , 9 
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648 .1 648 . 7 6'8. 7 648 , 7 648 , 6 648 . 6 648.6 648 .6 648 , 5 6'8 . 5 
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64.8 .J 648 . 3 648 . 3 648 , l 648 . 3 648 . '2 648.2 60 . :Z 6•8 . 2 648 , 1 
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648 .2 6'8 . 2 648 . 2 648 . 2 648.2 648 . 2 64.8 . :Z 648 , :Z 648 . 2 648 .2 
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647., 647 . 4 647 . , 647 ., 647 . ' fi47 . 4 6'7 . , 647., 647 . 4 64,7 . , 
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646 . 7 64,6 . 7 
'". 7 

646 . 6 64fi , 6 6,6 . 6 646 . 6 646 . 6 646 . 6 64.6 . fi 

&,6 . fi 6,6 . 6 6U.fi 646 .fi 646 . 6 64fi . 6 6'6 , 6 6'6 . 6 646 . fi 646 . fi 

64.6 . 6 646, 6 6 C6.6 646 . 6 646 . 6 646 , 6 646.6 646 . 6 646.6 fi'6 . 5 

646 . 5 646.5 646 . 5 646 . 5 646 . 5 64.6 .5 646 . 5 646 . 5 6'6 , S 646 . 5 

fi46. S 646 . 5 ,,6 . 5 
'". 5 

646 . 4 64. 6 ., 646.4 646.3 646 . 3 646.l 

646.3 646 . 3 
0 72 646 . 6 646 . 6 64fi.6 646 . 6 6.6 . 5 646 . 5 646 . 5 6u . , 6'6., fi46 . 4 

64,6. 4 6'6 . , 646 . , 646 . , fi46, 4 646 . 3 646 . J 646 . 3 fi46 . 3 fi46 . 3 

646 . 3 fi46.3 646,3 646 , 3 6U . 3 64fi.J 646 , 3 646 . J 646 . J 6,6 . 3 

646 . 3 646 .3 646 . 3 646 . 3 646 , J 646 . l 646 . 3 6,6 .3 646 . 3 6,6 . J 

646, J 646 . 2 646 . 2 646. 2 646 , 2 646 .2 646 .2 646 . 2 646 . 2 6•6 . 2 

646. 2 646. 2 646 . '2 646 . 2 646.2 64 6 . 2 6,6 . 2 646 . 2 646 . 2 646, l 

646. l 6'6 . 2 646 . 2 646 , 2 646.'2 646 .2 6'6 . 1 646 . 1 6,6 . 1 646 . 1 

646 . 1 fi46. l U6 .1 6'6.1 6'6 . 0 646 . 0 646 . o 646 .o 645 . 9 645 . 9 

645 . 9 645 .9 
0 73 646 . :Z 646 . 2 6'6 .2 646.2 6U . 2 646 . 1 60.1 646 .1 64fi . o 6'6 . 0 

646 .o 6,6 . o 646.0 6U . O 646 .o 646 . 0 6,fi .0 646 , 0 646 , 0 646 . 0 

646 .o 646 . o 60 . 0 645 . 9 645 . 9 645 . 9 645 . 9 6,5 .9 6'5 . 9 ,,5 .9 

64S .9 6,5 . 9 645 . 9 645 .9 645 . 9 645 , 9 6,s .9 6,5. 9 ,,5 .9 6'5.9 

64.5 . 9 645 . 9 645.9 645 . 9 645.9 645 . 9 645 . 9 6,s. .9 6,s.. 9 6,s. . 0 

6,s . 8 645 . 8 us.a 645 . 8 6'5 . 8 645 . • 6,5 . 8 645 . B 6,5 . 8 645. 8 

645 . 0 645 . 8 645.8 645 . 8 64 5. 8 645 . 8 645 . 8 6,s .8 6,5 . 8 6,5 .8 

645 . 8 6'5. 7 645 .7 6,5 . 7 64 5. 7 ,,5 .6 645 . , 645 . 6 645 . 6 6,5 . 5 

645 . 5 6,s . 5 
OH 645 ,9 6,s . 9 645 . 8 6'5 . 8 645 . 8 645 . a 645 . 7 645 . 7 645 . 7 645 . 7 

6,5 . 6 &,5 .6 645 . 6 6'5 . 6 645 , 6 645 . 6 645 . 6 fi45 . 6 645. 6 6,5 . 6 

645,6 6,5 . 6 645 . 6 ,,5 . 6 645.6 645- , 6 645 . 6 645 . 6 645 . 6 645 . 6 

6,5 . 5 645. S US , 5 6'5.5 645 . 5 645 . 5 64S.5 645 ,S 645 , 5 645 . 5 

645 .5 6,s . s 645 . 5 645 . 5 645 . S 645 .5 645.S 645 . 5 645, 5 645 . 5 

64.5 . 5 645. S 6'5 . S 645 . 5 645 . S us . , us . , 645 . 4 645 . , 6,s . 4 

&,s . , 645 . , 6'5 . , us . , 645 . 4 us . , us., 645 . , 64.S . ' 645 . , 

64S . , 645 . , 645 . , 645.J 6,s . 3 645 .3 645 . 2 6'S . 2 64.S . 2 645 , 2 

64.5 . :z 645. 1 
O 7S fi45 . 5 645. 5 6,s . 5 6'S . 5 us., 6,s . ' 6,5.' 6C5 . J 645 .3 645 , 3 

645 . ) 6,s . 3 6 • S . 2 6'S .2 6,s.2 6,S .l 6•s . 2 6'5.2 6'5.2 645 . 2 
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t"tl9 C' t'i9 c·ts9 C' tS9 C"tl:i9 t ' t'i9 C" tS9 C' tS9 £"t19 t' t59 

C-tS9 , . t'i9 t"tS9 t · tS 9 t"t59 5' t59 s · t59 5 · tS9 s · t59 5' t59 01 0 
C "t59 £' tS9 

t ' t59 C "t59 t · ts, t·ts9 t·t59 t' tS9 5 "t59 s · t59 s ·ts9 S' tS9 

5 · t59 5 't59 s "t 59 5' t59 c; · ,c;, 5' t59 5 ' t59 S' t59 5 · tS9 5' t59 

S • t59 5 · ts9 c; ·t59 5' tS9 s ·,59 5 ·t59 S. t59 5 ·ts9 9"t59 9 · tS9 

9· t59 9 ·,u 9"tS9 9 · tS9 9"t59 9't59 9' tS9 9't59 9"t59 9' t59 

9· tS9 9"tS9 9·t59 9 "tS9 9"t'i9 9't'i9 9' t59 9 ' t59 9' tS9 9' tS9 

9 "tS9 9"t59 9 "t 59 9· t59 9' t59 9' t59 9'tS9 9' t59 9' t59 9· tS9 

9· t59 L "tS9 L "tS9 L "t59 L 'tS9 L' t59 L "t59 L' t59 L ' t59 L. t59 

L "t59 L "t'i9 L "t 59 9· ts9 e · ,s9 8 "tlj9 e · ,59 0·,59 8"t59 6"t59 •• 0 
L "tl9 L "t59 

L "t59 L "tS9 L 't59 L "t59 e·ts9 0· ,s, 9·ts9 8' t59 8 "t59 8"t59 

8' t59 6"t59 6' t59 6'tS9 6 ' t59 6'tlj9 6 "t59 6 · t59 6"t59 6"tlj9 

6" t59 6"t59 6' tS9 6"tS9 6' t59 6 "tS9 6"t59 6' t59 6' t59 6"t59 

6" tS9 6't'i9 6't59 6"t59 6"t59 6'tS9 6 ° tS9 6' t59 6' tS9 6"tS9 

6"tS9 6' tS9 6 ' t59 6"t59 0' 559 o· 559 o· 5S9 O' 5S9 o· 559 o· 559 

o· 119 o · 559 o · 559 o · 559 o· 559 o · 559 o· l:iS9 O' 559 o· 559 o· 5S9 

o· 559 o · 559 O' 559 o· 559 0 · 559 o · 559 0 · 559 o· 559 O' Sl:i9 o · 119 

o· 51:i9 t ' 559 t. 559 1 ·559 t' 559 t ' 559 t· 559 t ' 559 t:' S59 t:. 559 a• 0 
1 · 5'i9 t · SS9 

t · 559 t · 559 t· 559 t·s59 t' 559 t ' 559 t· 119 C' SS9 t' 5S9 ("559 

C. 559 c· 559 c· 559 c · s59 C'S59 C' S59 c· 559 c · ss, C · 559 C" 559 

C- 119 ("559 c· 119 C' S59 ('559 t' S59 C" 559 C' 559 C" S59 t"S59 

t · S59 ,. 5S9 t "SS9 t · 559 t · 5S9 t' S59 , . 559 t' 559 t 'S59 t' SS9 

t' 559 ,. 559 ,. 559 t' SS9 t ' 559 t "'i59 , . 559 t' S59 t' 559 ,. 559 

,. 559 t"559 , . 559 , ·s59 t' 559 t ' 559 ,. 559 t · 5S9 t · 559 t · 559 

t · 559 t "H9 ,. . 559 t· SS9 5 ' 559 5' 559 S. S59 5 • 559 5 . 559 5 ' S59 

5 · 159 I ·559 c; ·ss9 9' 559 9 ' 559 9' SS9 9' 559 9' SS9 9· 5'i9 9' SS9 Lt 0 
0· 559 8' 559 

a· SS9 0· 559 e· 5S9 e· 559 6 ° 559 6' 559 6° 559 6 " 559 6' S59 6' 559 

o· 959 o· 959 o· 959 o· 959 o · 959 o· 959 o· 959 o · 959 o · 959 o· 959 

o · 919 o· 959 O' 959 o · 959 o· 9S9 o· 959 o· 919 o· 959 0"959 o· 959 

o· 919 0· 9c;9 0 · 9S9 o · 959 o· 959 o· 959 o· 959 0 ·9 59 o· 959 o· 9S9 

o· 919 0· 959 o· 959 o· 959 t • 959 t · 959 t · 959 t ' 9S9 t · 9S9 t ·959 

t . 959 t · 959 t · 959 t · 9S9 t '95 9 t. 959 t . 959 t · 9S9 t · 9S9 t ·959 

t' 959 t •959 t ·959 t '9S9 t • 959 t. 959 t. 959 t' 959 1 · 9S9 t' 959 

t ' 959 t·959 t:· 959 t. 959 t:· 959 C" 959 c· 959 t' 959 c · 959 t' 9S9 9t 0 
e· 959 e · 959 

e· 959 e· 9S9 e · 9c;9 8' 9'i9 9·959 6' 959 6"959 6 ' 959 6" 959 6 ' 959 

6 ° 9S9 6 " 959 6"959 6'959 O' LS9 O" L59 o· L59 O' LS9 o· L59 O' L59 

O' L59 o· L59 o · L59 o · LS9 O' L59 O' L59 o· L59 o · LS9 o· LS9 o· LS9 

O' LS9 o· Ll9 O' LS9 o · LS9 o · L59 O' LS9 o· Ll9 o· Ll9 o· Ll9 o· LS9 

O' LS9 0· L59 O' LS9 0 · L59 o· LS9 O' L59 o · L59 0 · L59 o· L59 o· L59 

t · LS9 t · LS9 t 'L59 t . LS9 t' L59 t · L59 t . L59 t. L59 t 'LS9 t · L59 

t . L59 t' LS9 t · L59 t · L59 t . L59 t' L59 t · LS9 t' L59 t · LS9 t ' L59 

t · L59 t · L59 t'LS9 t. L59 t' L59 t' L59 t:' L59 C. L59 r· LS9 t· LS9 St 0 
t. 859 t:· 859 

C" 859 C' 8S9 C" 8S9 c· es9 C' 859 t' 8S9 t' 859 t . 859 t' 859 t· 8S9 

t · 859 t ' 859 t· 8S9 t. 8S9 t · 8S9 t '8S9 t · 859 t' 8S9 ,. 859 t' 859 

t' 859 t ' U9 ,. 859 t · 8S9 t' 859 ,. 859 S . 859 5 · 8S9 S · 8S9 S. 859 

S' 859 5' 859 5. 859 S ' 8S9 5 . 859 S' 859 5' 8S9 S · 859 S' 859 5 · 8S9 

5 '859 5' 81:i9 5. 859 5. 859 s · 959 5 · 859 5 '859 5 . 859 S. 8S9 5' 859 

S '859 5' 859 c; ·es9 5 "859 5. 859 S. 81:i9 S' 859 'i' 859 S ' 8'i9 S' 859 

S. 859 S • 859 S · 959 9 ·9s9 9· 859 9 · 859 9' 859 9 · 8S9 9' 859 9' 859 

9· 859 9· 819 9 "8'i9 9 • 859 L . 8S9 L. 859 L ' 859 L' 859 L . 859 L' 859 •• 0 
,. 099 t' 099 

t · 099 S · 099 'i' 099 5 ' 099 5'099 5 · 099 S '099 9' 09 9 9· 099 9' 099 

9' 099 9 "099 9' 099 9· 099 9· 099 9· 099 9· 099 9' 099 9' 099 9' 099 

9 . 099 9' 099 9' 099 9 · 099 9'099 9 "099 9 ' 099 9' 099 9· 099 9' 099 



6 "9t9 6 ° 9t9 6 ' 9t9 6° 9t9 6. 9t9 6' 9t9 6 ° 9t9 6" 9t9 6 ° 9t9 6' 9t9 

O'U9 o · Lt9 o · Lt9 0 " Lt9 o · Lt9 o · Lt9 o · Lt9 o· U9 o · u, o · u, 

o · u9 o · Lt9 o · u, 0'Lt9 o · Lt9 o · U9 o · Lt9 o · L99 o · U9 o · u9 

0'Lt9 O"U9 o · u9 o · u9 O' Ltt O' U9 t · Lt9 1 · u9 t · Ltt t . Lt9 

t ' U9 t·u, t · Lt9 t'U9 t · L99 t • Lt9 t ' U9 1 · ut t ' Lt9 t · U9 

1 · Lt9 t · Lt9 t· Ltt t'Lt9 r: · u, C-U9 c · u, c · u, t· Lt9 t · Ut 0L 0 
0 ' Lt9 o · u, 

O' Ltt o·ot 1 · Lt9 t "U9 t' L99 t ' L'9 t · U9 r: · Lt9 t'Lt9 r:·ut 

t · Lt9 C- Lt9 £'L99 ( ' Ut C- Lt9 t ' Lt9 t'U9 ( ' L99 C'Lt9 C' U9 

C' Lt9 C" Lt9 ("Lt9 C' Lt9 C'Lt9 ( ' Ltt C' Lt9 C · Lt9 C' Lt9 C' Lt9 

C'U9 C"Lt9 C' Lt9 ( ' Lt9 C' Lt9 ('Lt9 C'U9 t ' Lt9 t'U9 t ' U9 

t ' U9 t · Lt9 t· Lt9 t'U9 t' Lt9 t ' Lt9 t'U9 t' Lt9 t "Lt9 t' Lt9 

t . Ltt , · u9 t ' Lt9 t ' Lt9 t · Lt9 t ' Lt9 t'Lt9 t ' Lt9 t ' U9 t. Lt9 

t ' Ltt t · Ltt t' Lt9 ,·ut 'i'Lt9 'i' Ltt 'i'Ut 'i . Ltt S ' Lt9 S · U9 

'i ' Ltt 'i · Ltt 'i · Lt9 9 · Lt9 9' Lt9 9 ' U9 L ' Lt9 L'Lt9 L . Lt9 L' Lt9 69 0 
t · Ltt t . Ltt 

t · Ut t· Lt9 t· U9 'i ' Lt9 'i' Ltt lj ' Ltt 9'U9 9'U9 9 · Ltt 9 ' Lt9 

t · U9 9 · U9 9 . Ltt 9 ' Ltt 9 · Lt9 , . u, 9'U9 t · Lt9 9 · Ltt L' U9 

L. Lt9 L . Lt9 L ' Lt9 L ' Lt9 L'Lt9 L' 09 L ' Lt9 L. Lt9 L • Lt9 L ' 09 

L'Lt9 L . Lt9 L ' Lt9 L'Lt9 L ' Lt9 L'09 L'Lt9 L ' Lt9 L · Lt9 L' Lt9 

L"U9 L . Lt9 L' Lt9 L " Lt9 L ' Lt9 L " Lt9 B'U9 8 ' Lt9 e · Ut e· U9 

s • Lt9 e· Lt9 8' Lt9 e · u, e· L.tt e· u, B'Ut B' U9 s · Lt9 8 . Lt9 

e • U9 a· Ltt B' Lt9 B · Lt9 e · ut 8' Lt9 e · U9 e · Lt9 e · Ltt e· Lt9 

6 " Lt9 6 ' Lt9 6° Lt9 6 " Ltt o·ett o· et9 o · et9 o · e,9 o · ett t · 8t9 89 0 
e · ut e · o, 

e · u, e · Ltt 8 · Ltt 8 " Ltt 6 ° Ltt 6 ° Lt9 6 " Lt9 o· e,9 o · Btt o· Bt9 

o · ett o · Btt o· 8t9 o · et9 o· a,, o·ett o· ett o· "' 
o · ett o · et, 

o · ett o · ett o · att o · Btt o · ett o· Btt o · "' 
O" Btt 1 · 8t9 1 · 8t9 

1 ' 8t9 t . Bt9 t ·stt t · eu t·ett t .... , t · 8t9 t • Btt 1 · Bt9 t · 8t9 

1 · 8t9 t · 8t9 t ' 8t9 t • 8t9 t · Btt t .•• , t · Btt 1 • 8t9 1 · 8t9 1 · .,, 

1 '8t9 t · 8t9 t .•• , t · 8t9 t·att r: · ett t. 8t9 r: · 8'9 t · 8t9 t · St9 

r: · 09 t • Btt t' Btt r:·au r:· 8t9 r:·at9 r:· .. , t · 8t9 t:' 8t9 t: · St9 

t ' 8t9 t· Bt9 C' Bt9 t· 8'9 c· a t9 , . ett , . 8t9 t ' 8t9 t · 8t9 t· Bt9 L9 0 
t · 8t9 t' 8t9 

t ' .,, t· 8t9 t: .• ,, t: · .. , t:· 8t9 c · Btt C"8t9 C · 8t9 C"8t9 c · ett 

t · 8t9 ,. 8t9 ' .. ,, , ... , ,. a tt ,. .. ,, ,. . .,, t ' 8t9 t · ett t · St9 

t · 8t9 , . ,,, t' 8t9 t · Btt ,. . 8t9 t · 8t9 ,. . 8t9 t · Stt t . ,,, t. ett 

t • a,, t ••• , t · et9 t ' 8t9 t · att ,. . 8t9 t · Bt9 'i ' Btt S · 8t9 S · 8t9 

s . • ,, s .• ,, s · ett s . •• , s . • ,, s · 8t9 s · a,, S • Btt s · a,, s' 8t9 

lj "8t9 s .• ,, lj · et9 5 . 8t9 s ' ,,., s · .,, s · stt s ·et, S . 8'9 s · et9 

s . "' 
S · Btt S ' 8t9 S · Bt9 , .. ,, 9 · .,, ,·au , ... , 9 ' 8t9 9 · 8t9 

,. a,, 9 • Bt9 , · et9 L ' 8t9 L. • • ,, L . 8t9 e · a,, e · at9 8 · 8t9 e· ett 99 0 
S . 8t9 S' 8t9 

s . ,,, 5 . .,, g· Bt9 9· 8t9 , . ett ,. a,, L. • Btt L ' Btt L ' 8t9 L ' Bt9 

L. 8t9 L'8t9 L "8t9 L. 8t9 L. ' 8t9 L ' Bt9 L. • .,, L"Bt9 8'8t9 8 ' St9 

a · et9 e · at9 8 . 8t9 e· Bt9 8 ' 8t9 e· et9 e · et9 e· ett 8 ' Btt e · ett 

e · a,, e · Btt 8 • • ,, e · et9 a · a,, e· a,, e · att e · st9 e · ett e· e t9 

e · ett e · ett e · att e · ett e· a,, 8 ' .,, 6 ° 8t9 6 ' 8t9 6 "8'9 6' 8t9 

6 ° 8t9 6" .. , 6 "8t9 6 ° 8t9 6 ' 8t9 6 ' 8t9 6 ° 8t9 6 ' 8t9 6 ' 8t9 6' a,, 

6 ° et9 6 ° 8t9 6"8t9 6 ° 8t9 6 ' 8t9 6 ° Bt9 6° 8t9 6 ' ett 6'8t9 6' Bt9 

o · 6t9 0 "6t9 0 ' 6t9 o · 6'9 t ' 6t9 t. 6'9 t ' 6t9 t "6t9 1 "6t9 1' 6t9 S9 0 
6 "8t9 6 . 8t9 

6' Bt9 6 ' Bt9 6 *8t9 6 ° 8t9 o· 6tt o· 6t9 o · 6t9 1 ' 6t9 t "6t9 t. 6t9 

t"6t9 t "6t9 t · 6t9 t · 6t9 t' 6t9 t "6t9 t · 6'9 t · 6t9 t · 09 t · 6t9 

t"6t!il t *6t9 t ' 6t9 t. 6t9 t · 6t9 t ' 6t9 t · 6t9 t ' 6t9 t: "6t9 t' 6t9 

t '6t9 t · 6t9 t'6t9 t:· 6t9 t: "6'9 t "6t9 t: · 6t9 t"6'9 t "6t9 t' 6t9 

t "6t9 t ' 6t9 z: · 6t9 t· 6t9 t "6t9 t' l!it9 z: · 6t9 t' 6t9 t "6t9 z:·o, 

t· 6t9 t ' 6t9 t' 6t9 t " 15t9 t ' 6t9 C- 6t9 C"6t9 C "6t9 ("6t9 ( . 6t9 

C" 6t9 C-6t9 C. 6t9 t'6t9 ("6t9 c · l!it9 C" 6t9 ( ' 6'9 ( ' 6'9 c· 6t9 

c · 6t9 c · 6t9 ,. 6t9 t ' 6t9 t·6t9 S "6t9 s · l!it9 S ' 6t9 S ' 6t9 S . 09 t9 0 
Z: ' 09 t . 6t9 

C" 6t9 c· 6t9 t" 09 C"6t9 t" 6t9 t"6t9 t · 6t9 t · 6t9 t' 6t9 t · 6t9 

5 . 09 S · 09 S · 09 S "6t9 S. 6t9 5 "6t9 s· 6tt S · 09 S '6t9 S . 6t9 

S · 15t9 S · 6t9 S . l!it9 S '09 S · 6t9 s · ot S · 09 S . 09 S · 09 S ' 6t9 

S ' 6t9 S · 6t9 S ' 6t9 S ' 6'9 S . 6t9 S'6t9 S . 09 9 · 09 9'6t9 ,. 6t9 

9 · 0, ,. 6t9 9 · l!it9 9'09 ,. 6t9 9 "6t9 9" l!it9 9 · 6t9 ,. 6t9 9 ' 6t9 

9 · 6t9 , . l!it9 9 "6t9 9' 09 9· 6t9 9 "6t9 9 · 6t9 9 · 6t9 g· 09 9 · 6t9 

9 ' 6t9 9 · 6t9 9 · 6t9 9 ' 6t9 , . 6t9 9"6t9 L . 09 L' 6t9 L"09 L' 6t9 

L . 6'9 L ' 6t9 L. ' 6t9 8' 6t9 e · 6t9 8 ' 6t9 e · 6t9 6 ° 6t9 6 ° 6t9 6' 6t9 [9 0 
9 ' 6'9 , . 6t9 

, . l!it9 9"6t9 L "6t9 L. 6t9 L . 6t9 L ' 6t9 e· 09 • • 6t9 e · 6t9 8 ' 09 

e · 6t9 8'6t9 8 ' 6t9 e· 6t9 e · 6t9 8 "6t9 8"09 e · 6t9 B"6t9 6 ° 6t9 

6 ' 6t9 6' 6t9 6 · 6t9 6° 09 6 ° 6t9 6 ' 6t9 6" l!it9 6 ° 6t9 6"6t9 6' 09 

6 "6t9 6'6t9 6 ° 6t9 6 ° l!it9 15· 6t9 6"6t9 15" l!it9 6' 6t9 6'6'9 6 ° 6t9 

6 ' 6t9 6 ' 6t9 6 ° 6t9 6° 15t9 6 ° 6t9 6 ' 6t9 6 ° 6'9 6 ° 6'9 o·ost O' OS9 

O' OS9 O' OS9 o· OS9 o · OS9 o · OS9 o · os9 o· OS9 o · OS9 o·os9 O' OS9 

O' OS9 O' OS9 O' OS9 o · os, O'OS9 o · ou o· OU o · OS9 o · os, O' OS9 

O' OS9 t . os, t ' 019 t · OS9 t · OS9 t "OS9 t· OS9 t ' OS9 t • OS9 t' OS9 t9 0 
0 · 059 O' 059 

o·ost o · ou o · OS9 0' OS9 t ' OS9 t · os, t · OS9 t ' O'i9 t: ' OS9 t' OS9 

t· OS9 t· OS9 t' 019 z: · os9 t · OS9 t "Oi9 t ' OS9 t · OS9 t '059 t· OS9 

t· OS9 t· OS9 t · OS9 t· 059 z:· 0 59 z: · os9 t ' OS9 z: · OS9 t "OS9 z: · OS9 

t'OS9 c· 019 c · OS9 c · os9 t'OS9 c · ost t" OS9 C-OS9 C"OS9 C-059 

c· 059 c· 019 C' OS9 c· osg t'OS9 C' OS9 C'OS9 c· 019 ( ' 019 t" OS9 

t" OS9 C"OS9 C"OS9 C' OS9 t'OS9 C-OS9 t"OS9 t' OS9 t ' 0l9 t· OS9 

t · OS9 t "OS9 , · os, t · ou t"OS9 ,·ost t "OS9 , · ost t · os9 t · OS9 

t' 059 •·os9 'i ' O'i9 S ' OS9 l'OS9 s · 059 ,·os, 9 · OS9 9 ' 0S9 t· OS9 t9 0 
C ' 059 C"OS9 

t' OS9 t ' OS9 , · os9 t · ost t ' OS9 S ' OS9 s ·os9 5 · 059 s · osg S . O'i9 

S ' OS9 9 ' 059 9' 059 9 ' 059 9 ' 0 S9 9 ' 0S9 , · ost 9· OS9 9·os, 9 ' OS9 

9' 019 9' OS9 9· 059 9 ' OS9 ,·os9 9 ' OS9 9'0S9 9· OS!il 9 · os, 9 · 019 

9 · 019 9 ' OS9 9 ' OS9 9' OS9 , · ost 9 ' 0S9 9 "0S9 9 · OS9 9 · os, 9' OS9 

L • OS9 L . OS9 L ·os9 L' 059 L' OS9 L ' OS9 L ·os, L ' OS9 L. · os9 L' OS9 

L. OS9 L. 059 L. OS9 L · 059 L ·os, L · os, L' OS9 L ' OS9 L · ou L'OS9 

L. OS9 L • 059 L' OS9 L. 059 L. • O'i9 L' OS9 L ' 059 L . OS9 L · os, a · OS9 

e ·ost • • 019 a · OS9 e · OS9 6' OS9 6'059 6 ' OS9 6' 059 6° 059 6 " OS9 09 0 
L "OS9 L . OS9 

L. "OS9 L ' OS9 e· 019 e · os9 e· OS9 e · ou 6 "0S9 6 ° OS9 6 ' 0S9 6 ° Ost 

6' OS9 6 "0S9 6"0S9 6"0S9 6° OS9 6 °059 6' OS9 6 "0S9 6 ' 0S9 6 ° OS9 

6' OS9 6 "0S9 o· tS9 o· tS9 o · tS9 o · tS9 o · ts9 o · tS9 O't§9 o · tS9 

O' tS9 o · tS9 o · t.S9 o · tst O' 1S9 O' tS9 o · tS9 o · ts9 O"ts9 O' tS9 

o • tS9 o· tS9 O't§9 o · tS9 o· 1st o· tS9 o· tl9 o· ts9 o · tS9 o· tS9 

0' ts9 O' 159 t · tS9 t · tS9 1 · tS9 t ' tS9 t · 1st t · tS9 t · tS9 t ' tS9 

t " 1S9 t' 159 t · 1S9 t · tS9 t. lS9 t · 1S9 t · 159 t · tS9 t ' tSt t' tS9 

t · ts, z:· 1s9 z:· tS9 t · tS9 t· tS9 C- tS9 t" 1st C- tS9 c· tl9 C · tS9 6S 0 
t ' tS9 t ' tS9 

t ' 1S9 t · 159 t • tS9 t · tS9 t· tl9 t · tS9 t• tS9 t't§9 c· ts9 C' 159 

C" 159 t' t'i9 C-ts9 (. t'i9 c· tS9 C" tS9 t" 1S9 t" tS9 C" tS9 C- tS9 

C" tS9 t' 1S9 C- ts9 ('t'i 9 C · tS9 C-1S9 t" 159 t"tS9 c· tS9 C" 159 

C' tS9 C" tS9 C" 159 t" 159 t · tS9 t· tS9 t · 159 t · tS9 t · tS9 t · tS9 

t' tS9 t · tS9 t . tS9 t· tS9 t · 159 t· tS9 t · tS9 t' tS9 t · tS9 t · tS9 

t · tS9 t · 1S9 t . tS9 t · 1s9 t · tst t · 1s9 t · tS9 t ' 1S9 t · tS9 , . tS9 

t' t'i9 t · tS9 t · 1st t• tS9 S. tS9 s · tS9 S ' tS9 s · tst S' 1S9 S · tS9 

S ' 1S9 S · tS9 S. tS9 9 ' tS9 9 ' tS9 9· tS9 9' tS9 g · tS9 L' 1S9 L. tS9 Bl 0 
t ' 159 t · tst 

t· tst S' tS9 s·n9 S · tS 9 S. 159 , · ts9 9 ' tS9 9 · tS9 9' tS9 9' tS9 

,· 1s9 9' 1S9 9' 1S9 g · tS9 g· tS9 ,. tS9 L ' tS9 L' t'i9 L ' tS9 L ' tS9 

L" 1S9 L • tst L' tS 9 L'tS9 L . tS9 L • tS9 L. • tS 9 L" tS9 L ' tS9 L' tS9 

L"tS9 L • tS9 L. tS9 L · t'i9 L. tS9 L. tS9 L. tS9 L " tS9 L · tst L. • tS9 

L. tS9 L . tS9 L' 1S9 L' tS9 L" tS9 L . tS9 8 ' tS9 e· tS!il 8' tS9 8' tl9 

e· 1S9 e· 1S9 e· n9 e· tS9 8' t S9 e · tst 8' tS9 e· tS9 8' tS9 8 · 119 

8' 159 e· 1s9 e· tS9 8' lS9 e· tS9 e · tS9 8' tS9 B' t'i9 8 · tS9 e · tS9 



646. 9 646 ,9 646 .9 646 . 9 646.9 6.C6 .9 6'6.9 646 , 9 6'6 .9 646 . 9 

646 . 9 646 .9 646. 8 646 .8 646 . 8 646. 8 646. 7 646. 7 646. 7 6'6. 7 

646 . 6 646 .6 
0 71 647 .o 647 .0 646. 9 646 .9 646 . 9 646. 9 6'6 . 8 646. 8 646. 8 646. 8 

646 . 7 6'6,7 646. 7 6'6.7 646. 7 646. 7 646. 7 646 . 7 646. 7 6'6 . 7 

646. 7 6'6,7 646. 7 646. 7 646. 7 646. 7 646. 7 6'6. 7 646. 7 646. 1 

646. 7 646 .1 646 .6 646 . 6 6'6.6 646. 6 6'6 . 6 6'6. 6 646 .6 646 .6 

646 .6 646 . 6 646 .6 6'6 .6 646 .6 646 , 6 646.6 6'6 .6 646 . 6 6'6 .6 

6'6 .6 646. 6 646. 6 6'6. 6 646 .6 6'6 .6 6'6.6 6'6 . 6 646. 5 646. 5 
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646. 3 6'6 .3 
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646 .1 646 .1 646 .1 646.1 6'6. 1 646 . 1 6'6 . 1 6'6 , l 6.f.6 . 1 6.f.15 .1 

6'6 .1 6'6 .1 646 , l 646 .1 646.0 1546 .o 646 . o 6'6 .0 6.f,5 . 9 6.f.5 .9 

6.f.5 .9 645 .9 
0 73 646 .1 6'6 . 1 6415 .1 646 . 1 6'6.1 6'6 . 1 6'6,1 6'6, l 6'6 . o 646 .o 

6'6. 0 6'6.0 6'6 .o 6'6.0 646 .o 646 . 0 6'6 . 0 646 . 0 646.0 646 .0 

646 . o 6416,0 645 .9 645.9 645.9 645 . 9 6'5 . 9 645 .9 6'5 . 9 645 . 9 

645 .9 645 . 9 645 .9 645 .9 645.9 645 .9 645.9 645 . 9 645 . 9 645 . 9 

645 .9 6.f,5 . 9 645 .9 6'5 . 9 645.9 645 .9 645 . 9 6.f.5 . 8 6'5.8 645 . 8 

6'5,8 645 .8 6.f.5 .8 645 . 8 645 . 8 645 . 8 645.8 6.f.5. 8 645. 8 6.f.5 .0 

645 .8 645 . 8 645 .8 6'5 . 8 645 .8 645 . 8 645 .8 6.f.5 .8 6,5 .8 6.f,5 .8 

645. 8 6.f.S . 7 6.f.5. 7 645. 7 645 . 7 645 .6 645 .6 645 .6 645 .6 645. 5 
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6.f.S. 6 6•5 . 6 6'5.6 6.f.5 .6 645 .6 6.f.5 .6 645. 6 645 . 6 6.f,S ,6 645 . S 

6'5. 5 645 . S 6.f.5 . 5 645. 5 645. S 6.f.S. 5 645. 5 6'5.5 6.f.S. 5 645. S 

6'5. S 645. s 6.f.5. S 645 . 5 645 . S 6.f.S . 5 6'5.5 6'5,5 645 . S 6'5. 5 

645 . S 645. 5 645. 5 6.f.5 . 5 6•5 ., 6.f.5 .4 6.f.5 . -4 645 ., 6.f.5 ., 6.5 ., 

645. 4 645 , .f, 6.f.5 . 4 645 . .f, 645 . 4 6.f.5 . , 645 .4 645 .4 us., 6.f.5 ., 
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645. 3 645 .3 6.f.5 .1 6'5 . 1 6.f.5 . 1 645. 1 645 . 1 6.f.5 .1 6.f,5 . 1 645. 1 

6.f.5 .1 645 .1 6.f.5, 1 645 . 1 ,,s. 1 645. 1 6'5. 1 6.f.5 . 1 645 .1 645 . 1 

6'5 .1 645 .1 6.f.S .1 us. 1 645 .1 6.f.S .1 6'5 . 1 6.f.5 . l 645 . 1 645. l 

645 .1 6,5.1 6.f.5. 1 645 . 1 645 .1 645 .1 6'5.1 6'5,1 645 . 1 645. 1 

645 .1 645 . 1 645 .1 645 . 1 645 . 1 645 . 1 6'5. 1 645 , 1 645 , 1 6.f.5 .1 

645 .o 645 .0 6.f.5 . 0 645 . 0 645 . o 6,s . o 645 .0 645 . o 645 . o 6.f.S . 0 
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64• .1 64 4 .1 644 .1 644, 1 6U,l 644 , l 6U .l 644 .1 6U.1 644 .1 

6U .1 6,4. l 644 .1 644.1 6U.l 644 . 1 644, 1 644 . 1 6U.l 644.1 

644 .0 644,0 6U.O 644.0 64,.0 644.0 6U.O 644.0 6U.0 644.0 
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644 . 0 64,.0 644 . 0 644.0 6'3.9 643 . 9 643 .9 6'3.9 643 .9 643 .9 

643 . 9 643.9 643 .9 60.9 643 . 9 643 . 9 643 .9 643 .9 643 .9 643 . 9 
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6'3 . 7 643. 7 6'3. 7 643. 7 643 .1 643. 7 6'3. 7 643 . 7 643 . 1 643. 7 

6'3.7 643 . 1 6'3. 7 6'3.7 6'3. 7 6'3. 7 643 .6 6'3 .6 643 .6 643 .6 

6'3.6 60 . 6 643 .6 643.6 643 .6 643 . 6 6'3.6 6'3 .6 643 .6 643 .6 

643 .6 643 .6 6'3 . 6 6'3 . 6 643 .6 643 . 6 643.6 643 .6 643 .6 6'3 . 5 

6'3 . 5 643. S 643, 5 643. 5 643. S 6,3 . 5 643. 5 60. 5 643 .5 643. 5 

643. 5 643 . 5 643. 5 643. 4 643 . 4 6,3. 4 643 .3 6'3 . 3 643 .3 643 . 3 

6'3 .3 6'3.1 
0 80 643 .6 643 .6 60 . 6 643 . 6 643 . , 643. S 643. S 6'3. S 6'3 . , 643 ., 

643. 4 643 .4 6'3. 4 643 . 4 60 .4 6'3.' 643 .4 643. 4 6'3 . 3 643 .3 

643. 3 6'3. 3 643. 3 6'3. 3 643 . ) 643 . ) 643.3 643. l 643 .3 6,3. 3 

6'3 . 3 643 .3 643 . 3 643. J 6'3. 3 643 . 3 643 .) 6'3 . 3 6'3 . ) 60 . 3 

643 . 3 643 .3 643 . 1 643. 1 643.1 643. 1 643 . 1 643 . 1 643 .1 60 ,1 

643 . 1 643 .1 643 . 1 643 .1 643 . 1 643. 1 643 .1 6'3. 1 643. 1 643 .1 

6'3 . 1 643 , 1 643. 1 60. 1 60 .1 6,3. l 643 .1 60 ,1 60 .1 643. 1 

643 . 1 6•3 . 1 643 . 1 643 . 1 643 . o 6,3 .o 643 . 0 641 . 9 641.9 6.f.1 .9 

641, 9 641 . 9 
0 81 64), 3 643 .1 643 . 1 6'3 . 1 60. 1 643, 1 643.1 643.1 ,,1 .1 643 .o 

6'3 .0 643 .o 6'3 . o 643 .o 643 .o 643 . o 643 . o 60 . 0 6'3 .0 643 .o 

643 .o 643 .o 643 . o 643.0 641.9 64:1: . 9 6'1.9 641 . 9 6,l .9 641 . 9 

641 .9 641,9 641 . 9 641.9 641.9 64:1: . 9 641 . 9 641.9 6,1.9 64::Z .9 

641 .9 ,,1 .9 641.9 641 .9 641.9 641 , 9 641.9 641 . 8 641.8 6,::z .8 

641.8 641 . 0 6,1 .9 641 . 8 6'1.8 641, 8 641.8 6'1 . 8 641 , 8 641 .0 

641.8 64::Z .8 641.8 641.8 641.8 6':2. 8 641.8 641. 8 6G . B 641 .8 

641. 1 641 . 1 641 .1 641.1 641 .1 6,::z . 6 641.6 6'1,S 641. 5 6 4::Z. 5 

6'1.5 6'1.5 
0 82 641, 9 641 . 9 641 .9 6':J,8 641.8 641 .8 6'1.8 641,1 641, 7 6.f.1.1 

641.6 ,,1.6 641 .6 64l . 6 6'1 . 6 64:1: . 6 641.6 641 .6 641.6 641.6 

641.6 641 . 6 641 .6 6'1.6 641 , 6 641. 6 64::Z.6 641.6 641 . 6 641. S 

641. 5 641 . 5 641. 5 64:J , 5 641. 5 641. 5 6'1.5 6'1 , 5 641, 5 6,1. 5 

641 . 5 641. 5 64:J. 5 64:J, S 641 . 5 641 . 5 6'1. 5 6'1,S 641 .5 641 . 5 

641 . 5 641. 4 6.f.1 .4 641. 4 6':J,4 641 . 4 6'1.4 6'1 , 4 6,1.4 64::1: . 4 

641 . 4 641 . 4 6'1.4 641. 4 641, 4 64:l .4 6'1.4 6'1.4 641 .4 641 . 4 

641. 4 641.4 641 .) 641.3 641 .3 641 .1 641.1 641.1 641 . 1 6.f.1 . 1 

641.1 641.1 
0 83 641 . S 641 , 5 641 . 5 6'1.5 641, 4 6,::Z .4 6'1.4 6'1. 3 641 . ) 641 . 3 

6'1 . 3 641 . 3 641 . 1 641.1 641 . 1 6,2 . 2 641.1 6'1.1 641.1 641.1 

641 . 1 641 . 1 641.1 641 .1 641 . 1 64::Z .1 641 . 1 6'1 , 1 6,1.1 6'2 . 2 

641.1 6.f.l. 1 641, 1 641.1 641, l 641.1 641 . 1 6'1 . 1 6,1. l 641 .1 

641 .1 6'1 .1 641, 1 6'1.1 641 . 1 64::Z. 1 641 . 1 641 . l 641, 1 6'1.1 

641. l 641 . 1 641. 1 6'1 .1 641 . 1 6,:1 . 1 6'1.0 641.0 641 .o 642 .o 

641.0 641 .o 641 .o 641 .0 6C1 .0 64:l .O 6'1,0 641 .o 641.0 ,,1.0 

6'1.0 641.0 6'2 . 0 6,1.9 641.9 641 .9 6'1.8 641 , 8 6U , B 6U . 1 

6'1.7 6'1,7 
0 8, 6'1.1 ,41.1 641.1 6'1.1 641 . 1 64::Z .o 641 .o 641.0 6,1.9 6'1,9 

6'1 . 9 6U.9 641 . 9 641. 9 641.9 641.9 6U . 8 641.8 6•1.s 641.8 
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APPENDIXD 

MODFLOW Model Sensitivity Analysis Results 

• Sensitivity of Heads to Net Recharge 
• Sensitivity of Heads to Ki, 
• Sensitivity of Heads to ~ 





• Sensitivity of Header to Net Recharge 





Sensitivity of Heads to Net Recharge 

0% 
Recharge: l.332E-05 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER HIGH LOW MEAN IIlGH LOW HEAD (feet) Difference 

~~ 
MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 736.1 -4.7 4.7 

MW64A-l 82 II I 736.63 736.63 737.87 740.87 734.87 734.0 -3 .9 3.9 

MW64A-3 82 12 I 734.08 734.08 735.32 738.32 732.32 733.2 -2.1 2.1 

MW17- l 4 15 I 733.47 733.47 731.81 734.81 728.81 730.8 -1.0 1.0 

MW16- l 2 13 I 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 731.9 2.1 2.1 

MWJ7-3 4 16 I 729.77 729.77 728.11 731.11 725.11 729.5 1.4 1.4 

MW-41D II 42 2 6!r7.96 685.74 686.82 687.32 686.32 663.9 -22.9 22.9 

MW-4W 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 658.5 -15.0 15.0 

MW64D-l 77 44 I 665.03 664.36 663.37 663.87 662.87 658.3 -5.1 5. 1 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655.23 650.7 -5.0 5.0 

MW-40 46 65 I 656.40 652.18 654.55 655.05 654.05 648.8 -5.8 5.8 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653.28 648.7 -5.1 5.1 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653 .26 649.6 -4.2 4.2 

PT-11 66 66 I 654.02 648.49 651.68 652.18 651.18 648.4 -3.3 3.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 646.2 -3.7 3.7 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 645.9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645.12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3 .3 3.3 

MW64D-3 77 72 I 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 642.9 -2.0 2.0 

MW-SOD 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -2.5 2.5 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.25 639.9 -3 .9 3.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 -0.8 0.8 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 

PT-19 58 85 I 642.35 637.81 640.17 640.67 639.67 641.3 1.1 1.1 

PT-20 51 89 I 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 637.0 1.9 1.9 

PT-23 30 101 I 638.71 632.56 635.05 635.55 634.55 635.2 0.1 0.1 

PT-17 53 JOO I 636.85 630.12 634.21 634.71 633.71 635.5 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 632.9 -1.1 I.I 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 634.4 0.9 0.9 

PT-16 18 107 I 635.06 630.17 633.43 633.93 632.93 632.9 -0.5 0.5 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 636.2 2.8 2.8 

MW-30 56 IOI I 636.37 629.73 633.13 633.63 632.63 635.1 2.0 2.0 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-550 47 103 3 633.37 630.23 631.71 632.21 631.21 634.3 2.6 2.6 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 634.3 2.7 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 633.6 2.0 2.0 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 I 633.66 625.45 630.56 631.06 630.06 633.9 3.3 3.3 

PT-15 71 99 I 634.09 627.40 630.35 630.85 629.85 635.8 5.5 5.5 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 632.8 2.6 2.6 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 

MW-35D 61 114 2 629.66 628.01 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 627.9 1.0 1.0 

MW-SID 35 128 2 625 .68 621.56 624.02 624.52 623.52 624.3 0.3 0.3 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 624.3 0.3 0.3 

MW-SW 35 128 3 624.20 620.04 622.54 623.04 622.04 624.3 1.8 1.8 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 604.0 -4.3 4.3 

Statistical Calcul.ations: 

-1.58 
4.03 
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Sensitivity of Heads to Net Recharge 

-5% 
Recharge: l.260E--05 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Abaoluw 

WELL COLUMN ROW LAYER lilGH LOW MEAN lilGH LOW =:::::n::c:::;:m::Jf:l:ti:::t::::!Ex::; 
MW25•3 4 9 I 742.41 742.41 740.75 743.75 131.15 720.9 ·19.9 19.9 

MW64A-1 82 11 I 736.63 736.63 737.87 740.87 734.87 718.9 -19.0 19.0 

MW64A· 3 82 12 I 734.08 734.08 735.32 738.32 732.32 718.2 -17.1 17.1 

MW17-1 4 15 I 733.47 733.47 731.81 734.81 728.81 115.9 ·15.9 15.9 

MW16-1 2 13 I 732.14 732.14 730.97 733.97 727.97 717.9 •13.1 13.1 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 716.9 -12.9 12.9 

MW17•3 4 16 I 729.77 729.77 728.11 731.11 725.11 714.7 ·13.4 13.4 

MW-4ID 11 42 2 687.96 685.74 686.82 687.32 686.32 652.6 -34.2 34.2 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 649.5 -28.8 28.8 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 647.5 -26.0 26.0 

MW64D-1 77 44 1 665.03 664.36 663.37 663.87 662.87 647.3 -16.1 16.1 

MW-39 17 61 1 651.99 656.37 657.12 657.62 656.62 639.8 -17.3 17.3 

MW-60 72 62 1 658.13 654.83 656.99 657.49 656.49 639.3 -17.7 17.7 

MW64D-4 79 59 1 657.39 655.10 655 .13 656.23 655.23 640.2 -15.5 15.5 

MW-40 46 65 1 656.40 652.18 654.55 655.05 654.05 638.3 -16.3 16.3 

MW-59 71 65 1 654.95 651.61 653.78 654.28 653.28 638.2 -15.6 15.6 

MW-43 35 63 1 655.42 652.46 653.76 654.26 653.26 639. 1 •14.7 14.7 

PT- 11 66 66 I 654.02 648.49 651.68 652. 18 651.18 637.9 -13.8 13.8 

PT- 18 46 72 1 651.78 646.72 649.85 650.35 649.35 635.9 -14.0 14.0 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 635.6 -13.0 13.0 

MW-45 24 82 1 648.47 644.75 646.88 647.38 646.38 632.4 •14.5 14.5 

MW-46 34 83 1 647.28 642.61 645.62 646.12 645. 12 632.0 -13.6 13.6 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 632.0 -13.5 13.5 

MW64D·3 77 72 1 646.91 645.89 645.25 645.75 644.75 635.7 -9.6 9.6 

PT-12 44 81 1 647.25 641.73 644.90 645.40 644.40 632.7 -12.2 12.2 

MW-SOD 34 83 3 646.39 642.90 644.73 645.23 644.23 632.0 · 12.7 12.7 

MW-48 26 89 1 645.47 641.57 643.75 644.25 643.25 629.9 ·13.9 13.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 630.2 -10.8 10.8 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 630.2 -1 0.7 10.7 

PT-19 58 85 1 642.35 637.81 640.17 640.67 639.67 631.2 -9.0 9.0 

PT-20 51 89 1 644.21 636.11 640.02 640.52 639.52 629.8 ·10.2 10.2 

MW-32 58 96 1 637.84 632.40 635.11 635.61 634.61 627.2 -7.9 7.9 

PT-23 30 101 1 638.71 632.56 635.05 635.55 634.55 625.5 -9.6 9.6 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 625.7 -8.5 8.5 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 623.3 -10.7 10.7 

MW-27 33 103 1 635.62 630.37 633.45 633.95 632.95 624.7 -8.8 8.8 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 623.3 -10.1 10. 1 

MW-33 63 98 1 635.95 630.02 633.41 633.91 632.91 626.4 -7.0 7.0 

MW-30 56 101 1 636.37 629.73 633.13 633.63 632.63 625.4 -7.7 1.1 

MW64D·2 75 92 I 633.49 630.75 631.83 632.33 631.33 628.5 -3.3 3.3 

MW-550 47 103 3 633.37 630.23 631.71 632.21 631.21 624.7 -7.0 7.0 

MW-31 61 103 1 634.60 627.21 631.64 632.14 631.14 624.6 -7.0 7.0 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 624.7 -6.9 6.9 

MW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 624.0 -7.6 7.6 

MW-53 47 103 1 632.83 630.13 631.17 631.67 630.67 624.7 -6.5 6.5 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 622.4 -8.6 8.6 

PT-25 64 104 1 633.66 625.45 630.56 63 1.06 630.06 624.2 -6.4 6.4 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 626.0 -4.3 4.3 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 623.2 -7.0 7.0 

MW-37 7 11 6 I 630.91 626.65 629.14 629.64 628.64 620. 1 -9.0 9.0 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 620.4 -8.7 8.7 

MW-36 61 114 1 629.94 626.43 629.02 629.52 628.52 620.4 -8.6 8.6 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 625.5 -2.9 2.9 

MW-56 48 119 1 627.78 626.67 627.27 627.77 626.77 618.6 -8.7 8.7 

MW-SID 48 119 2 628.60 627.11 626.94 627.44 626.44 618.6 -8.3 8.3 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 618.6 -8.3 8.3 

MW-5ID 35 128 2 625.68 621.56 624.02 624.52 623.52 615.2 -8.8 8.8 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 615.2 -8. 8 8.8 

MW-52D 35 128 3 624.20 620.04 622.54 623.04 622.04 615.2 -7.3 7.3 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 596.0 -12.3 12.3 

S1.11istic.al Calculations: 

Manito~ Wclla 
.;~~~,,~~ >~-.~,~~~~~~ \~, \h \-.~,~::-,,~ 

ME= -13.95 
MAE= 13.95 
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Sensitivity of Heads to Net Recharge 

-15% 
Recharge : l.132E--05 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER HIGH LOW MEAN HIGH LOW HEAD (feet) Diffcrcru:c 

MW25·3 4 9 1 742.41 742.41 740.75 743.75 737.75 693.9 -46.9 46.9 

MW64A•l 82 11 1 736.63 736.63 737.87 740.87 734.87 692.1 -45.8 45.8 

MW64A-3 82 12 1 734.08 734.08 735.32 738.32 732.32 691.4 -43.9 43.9 

MW17- t 4 15 1 733.47 733.47 731.81 734.81 728.81 689.4 -42.4 42.4 

MW16-l 2 13 1 732.14 732.14 730.97 733.97 727.97 691.2 -39.8 39.8 

MW16-2 2 14 1 731.01 731.01 729.84 732.84 726.84 690.3 -39.5 39.5 

MW17-3 4 16 1 729.77 729.77 728.11 731.11 725.11 688.3 -39.8 39.8 

MW-4ID 11 42 2 61!7.96 685.74 686.82 687.32 686.32 632.6 -54.2 54.2 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 629.7 -48.6 48.6 

PT-10 47 44 2 611.19 670.57 673.51 674.01 673.01 627.9 -45.6 45.6 

MW64D-l 11 44 1 665.03 664.36 663.37 663.1!7 662.87 627.8 -35.6 35.6 

MW-39 17 61 1 657.99 656.37 657.12 657.62 656.62 621.0 -36. l 36.1 

MW-60 72 62 1 658.13 654.83 656.99 657.49 656.49 620.6 -36.4 36.4 

MW64D-4 19 59 1 657.39 655. 10 655.73 656.23 655.23 621.3 -34.4 34.4 

MW-40 46 65 1 656.40 652.18 654.55 655.05 654.05 619.7 -34.9 34.9 

MW-59 71 65 1 654.95 651.61 653.78 654.28 653.28 619.6 -34.2 34.2 

MW-43 35 63 1 655.42 652.46 653.76 654.26 653.26 620.4 -33.4 33.4 

PT-11 66 66 1 654.02 648.49 651.68 652.18 651.18 619.3 -32.4 32.4 

PT-18 46 72 1 651.78 646.72 649.85 650.35 649.35 617.5 -32.4 32.4 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 617.2 -31.4 31.4 

MW-45 24 82 1 648.47 644.75 646.88 647.38 646.38 614.4 -32.5 32.5 

MW-46 34 83 1 647.28 642.61 645.62 646.12 645.12 614. l -31.5 31.5 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 614.1 -31.4 31.4 

MW64D-3 11 72 1 646.91 645.89 645.25 645.75 644.75 617.3 -28.0 28 .0 

PT-12 44 81 1 647.25 641.73 644.90 645.40 644.40 614.7 -30.2 30.2 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 614. l -30.6 30.6 

MW-48 26 89 1 645.47 641.57 643.75 644.25 643.25 612.1 -31.7 31.7 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 612.4 -28.6 28.6 

PT-22 43 88 1 645.45 637.85 640.95 641.45 640.45 612.4 -28 .5 28.5 

PT-19 58 85 1 64235 637.81 640.17 640.67 639.67 613.3 -26.9 26.9 

PT-20 51 89 1 644.21 636.11 640.02 640.52 639.52 612.0 -28.0 28 .0 

MW-32 58 96 1 637.84 632.40 635.11 635.61 634.61 609.7 -25.4 25.4 

PT-23 30 101 l 638.71 632.56 635.05 635.55 634.55 608.2 -26.9 26.9 

PT-17 53 100 1 636.85 630.12 634.21 634.71 633.71 608.4 -25.8 25.8 

MW-380 18 107 2 634.67 632.76 633.97 634.47 633.47 606.2 -27.8 27.8 

MW-27 33 103 1 635.62 630.37 633.45 633.95 632.95 607.5 -26.0 26.0 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 606.2 -27.2 27.2 

MW-33 63 98 1 635.95 630.02 633.41 633.91 632.91 609.0 -24.4 24.4 

MW-30 56 101 1 636.37 629.73 633.13 633.63 632.63 608.1 -25.0 25 .0 

MW64D·2 75 92 l 633.49 630.75 631.83 632.33 631.33 610.9 -20.9 20.9 

MW-550 47 103 3 633.37 630.23 631.71 632.21 631.21 607.4 -24.3 24.3 

MW-31 61 103 l 634.60 627.21 631.64 632. 14 631.14 607.4 -24.2 24.2 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 607.4 -24.2 24.2 

MW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 606.8 -24.8 24.8 

MW-53 47 103 1 632.83 630.13 631.17 631.67 630.67 607.4 -23.8 23 .8 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 605.4 -25.6 25.6 

PT-25 64 104 1 633.66 625.45 630.56 631.06 630.06 607.0 -23.6 23 .6 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 608.6 -21.7 21.7 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 606.1 -24.1 24.1 

MW-37 1 116 1 630.91 626.65 629.14 629.64 628.64 603.4 -25.7 25.7 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 603.6 -25.5 25.5 

MW-36 61 114 1 629.94 626.43 629.02 629.52 628.52 603.6 -25.4 25.4 

MW-34 75 100 1 630.28 626.39 628.38 628.88 627.88 608.2 -20.2 20.2 

MW-56 48 119 1 627.78 626.67 627.27 627.77 626.77 602.0 -25 .3 25.3 

MW-570 48 119 2 628.60 627.11 626.94 627.44 626.44 602.0 -24.9 24.9 

MW-580 48 119 3 628.53 625.66 626.87 627.37 626.37 602.0 -24.9 24.9 

MW-5ID 35 128 2 625.68 621.56 624.02 624.52 623.52 598.9 -25 .1 25.l 

MW-47 35 128 1 625.69 621.47 623.96 624.46 623.46 598.9 -25.1 25 . l 

MW-520 35 128 3 624.20 620.04 622.54 623.04 622.04 598.9 -23.6 23.6 

PT-26 73 174 1 611.82 603. 10 608.28 608.78 607.78 581.6 -26.7 26.7 

Statistical Calculations: 

Monitoring Wells 

ME= -35.95 
MAE= 35.95 
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Sensitivity of Heads to Net Recharge 

-25% 
!.OOIE--05 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET Difference 

WELL COLUMN ROW LAYER ffiGH LOW MEAN HIGH LOW 

MW25-3 4 9 1 742.41 742.41 740.75 743.75 737.75 666.2 -74.6 74.6 

MW64A-I 82 11 1 736.63 736.63 737.87 740.87 734.87 664.6 -73.3 73.3 

MW64A-3 82 12 1 734.08 734.08 735.32 738.32 732.32 664.1 -71.2 71.2 

MW17-l 4 15 1 733.47 733.47 731.81 734.81 728.81 662.2 -69.6 69.6 

MW16-I 2 13 1 732.14 732.14 730.97 733.97 727.97 663.9 -67.1 67.1 

MW16-2 2 14 1 731.01 731.01 729.84 732.84 726.84 663.1 -66.7 66.7 

MW17-3 4 16 1 729.77 729.77 728.11 731.11 725. 11 661.3 -66.8 66.8 

MW-4ID 11 42 2 687.96 685.74 686,82 687.32 686.32 612.0 -74.8 74.8 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 609.5 -68.8 68.8 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 607.9 -65 ,6 65.6 

MW64D-I 77 44 I 665.03 664.36 663.37 663.87 662.87 607.8 -55.6 55.6 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 601.8 -55.3 55.3 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 601.4 -55 .6 55.6 

MW64D-4 79 59 I 657.39 655.10 655.13 656.23 655.23 602.1 -53.6 53.6 

MW-40 46 65 I 656.40 652.18 654.55 655.05 654.05 600.7 -53.9 53.9 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653.28 600.6 -53.2 53.2 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653.26 601.2 -52.6 52.6 

PT-II 66 66 I 654.02 648.49 651.68 652.18 651.18 600.3 -51.4 51.4 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 598.7 -51.2 51.2 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 598.5 -50.1 50.1 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 596.0 -50.9 50.9 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645.12 595.6 -50.0 50.0 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 595.6 -49.9 49.9 

MW64D-3 77 72 I 646.91 645.89 645.25 645.75 644.75 598.5 -46.8 46.8 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 596.2 -48.7 48.7 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 595 .6 -49.1 49.1 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.25 594.0 -49.8 49.8 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 594.2 -46.8 46.8 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 594.2 -46.7 46.7 

PT-19 58 85 I 642.35 637.81 640.17 640.67 639.67 595.0 -45.2 45.2 

PT-20 51 89 I 644.21 636.11 640.02 640.52 639.52 593.9 -46.1 46.1 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 591.8 -43.3 43.3 

PT-23 30 IOI I 638.71 632.56 635.05 635.55 634.55 590.4 -44.7 44.7 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 590.6 -43.6 43.6 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 588.7 -45.3 45.3 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 589.8 -43.7 43.7 

PT-16 18 107 I 635.06 630.17 633.43 633.93 632.93 588.7 -44.7 44.7 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 591.2 -42.2 42.2 

MW-30 56 101 I 636.37 629.73 633.13 633.63 632.63 590.3 -42.8 42.8 

MW64D-2 15 92 I 633.49 630.75 631.83 632.33 631.33 592.8 -39.0 39.0 

MW-550 47 103 3 633.37 630.23 631.71 632.21 631.21 589.8 -41.9 41.9 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 589.7 -41.9 41.9 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 589.8 -41.8 41.8 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 589.2 -42.4 42.4 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 589.8 -41.4 41.4 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 588.0 -43.0 43.0 

PT-25 64 104 I 633.66 625.45 630.56 631.06 630.06 589.4 -41.2 41.2 

PT-15 71 99 I 634.09 627.40 630.35 630.85 629.85 590.9 -39.4 39.4 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 588.6 -41.6 41.6 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 586.2 -42.9 42.9 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 586.4 -42.7 42.7 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 586.4 -42.6 42.6 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 590.5 -37.9 37.9 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 585.0 -42.3 42.3 

MW-SID 48 119 2 628.60 627.11 626.94 627.44 626.44 585.0 -41.9 41.9 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 585.0 -41.9 41.9 

MW-5ID 35 128 2 625.68 621.56 624.02 624.52 623.52 582.2 -41.8 41.8 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 582.3 -41.7 41.7 

MW-52D 35 128 3 624.20 620.04 622.54 623.04 622.04 582.2 -40.3 40.3 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 566.9 -41.4 41.4 

Statistical Calculations: 

Mo~~"•~~~ : 
ME;,; -sli:4i 

MAE= 58.47 
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MODEL 
WELL COLUMN 

MW25-3 4 
MW64A-l 82 
MW64A-3 82 

MW17- l 4 
MW16-l 2 
MW16-2 2 
MW17-3 4 

MW-4ID 11 
MW-420 70 

PT-10 47 
MW64D-1 77 

MW-39 17 
MW-60 72 

MW64D-4 79 
MW-40 46 
MW-59 71 
MW-43 35 

PT-11 66 
PT-18 46 

MW-44 34 
MW-45 24 
MW-46 34 

MW-49D 34 
MW64D-3 77 

PT-12 44 
MW-50D 34 

MW-48 26 
PT-21 43 
PT-22 43 
PT-19 58 
PT-20 51 

MW-32 58 
PT-23 30 
PT-17 53 

MW-380 18 
MW-27 33 

PT-16 18 
MW-33 63 
MW-30 56 

MW64D-2 75 
MW-550 47 

MW-31 61 
MW-54D 47 

MW-28 36 
MW-53 47 

PT-24 40 
PT-25 64 
PT-15 71 

MW-29 46 
MW-37 7 

MW-350 61 
MW-36 61 
MW-34 75 
MW-56 48 

MW-570 48 
MW-58D 48 
MW-SID 35 

MW-47 35 
MW-520 35 

PT-26 73 

MODEL 
ROW 

9 
11 
12 
15 
13 
14 
16 
42 
43 
44 
44 
61 
62 
59 
65 
65 
63 
66 
72 
73 
82 
83 
83 
72 
81 
83 
89 
88 
88 
85 
89 
96 

101 
100 
107 
103 
107 
98 

101 
92 

103 
103 
103 
105 
103 
109 
104 
99 

107 
116 
114 
114 
100 
119 
119 
119 
128 
128 
128 
174 

Sensitivity of Heads to Net Recharge 

MODEL 
LAYER 

1 
I 
2 
2 
2 

I 
2 

3 
I 
2 
I 

I 
2 

1 
3 
I 
2 
I 
I 

I 
2 

I 
2 
3 
2 
I 
3 
I 

MEAS. 
IIlGH 

742.41 
736.63 
734.08 
733.47 
732.14 
731.01 
729.77 
687.96 
680.66 
677.79 
665.03 
657.99 
658.13 
657.39 
656.40 
654.95 
655.42 
654.02 
651.78 
648.63 
648.47 
647.28 
647. 11 
646.91 
647.25 
646.39 
645.47 
647.51 
645.45 
642.35 
644.21 
637.84 
638.71 
636.85 
634.67 
635.62 
635.06 
635.95 
636.37 
633.49 
633.37 
634.60 
633.29 
633.28 
632.83 
633.19 
633.66 
634.09 
631.82 
630.91 
629.66 
629.94 
630.28 
627.78 
628.60 
628.53 
625.68 
625.69 
624.20 
611.82 

MEAS. 
LOW 

742.41 
736.63 
734.08 
733.47 
732.14 
731.01 
729.77 
685.74 
674.94 
670.57 
664.36 
656.37 
654.83 
655.10 
652.18 
651.61 
652.46 
648.49 
646.72 
646.98 
644.75 
642.61 
642.74 
645.89 
641.73 
642.90 
641.57 
635.37 
637.85 
637.81 
636. 11 
632.40 
632.56 
630.12 
632.76 
630.37 
630.17 
630.02 
629.73 
630.75 
630.23 
627.21 
629.88 
628.26 
630.13 
627.85 
625.45 
627.40 
626.83 
626.65 
628.01 
626.43 
626.39 
626.67 
627. 11 
625.66 
621.56 
621.47 
620.04 
603.10 

TARGET 
MEAN 

740.75 
737.87 
735.32 
731.81 
730.97 
729.84 
728.11 
686.82 
678.34 
673.51 
663.37 
657.12 
656.99 
655.73 
654.SS 
653.78 
653.76 
651.68 
649.85 
648.59 
646.88 
645.62 
645.45 
645.25 
644.90 
644.73 
643.75 
641.03 
640.95 
640.17 
640.02 
635.11 
635.05 
634.21 
633.97 
633.45 
633.43 
633.41 
633.13 
631.83 
631.71 
631.64 
631.63 
631.58 
631.17 
631.02 
630.56 
630.35 
630.19 
629.14 
629.08 
629.02 
628.38 
627.27 
626.94 
626.87 
624.02 
623.96 
622.54 
608.28 

TARGET 
IIlGH 

743.75 
740.87 
738.32 
734.81 
733.97 
732.84 
731.11 
687.32 
678.84 
674.01 
663.87 
657.62 
657.49 
656.23 
655.05 
654.28 
654.26 
652.18 
650.35 
649.09 
647.38 
646.12 
645.95 
645.75 
645.40 
645.23 
644.25 
641.53 
641.45 
640.67 
640.52 
635.61 
635.55 
634.71 
634.47 
633.95 
633.93 
633.91 
633.63 
632.33 
632.21 
632.14 
632.13 
632.08 
631.67 
631.52 
631.06 
630.85 
630.69 
629.64 
629.58 
629.52 
628.88 
627.77 
627.44 
627.37 
624.52 
624.46 
623.04 
608.78 

Statistical Calculations: 
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TARGET 
LOW 

737.75 
734.87 
732.32 
728.81 
727.97 
726.84 
725. 11 
686.32 
677.84 
673.01 
662.87 
656.62 
656.49 
655.23 
654.05 
653.28 
653.26 
651.18 
649.35 
648.09 
646.38 
645.12 
644.95 
644.75 
644.40 
644.23 
643.25 
640.53 
640.45 
639.67 
639.52 
634.61 
634.55 
633.71 
633.47 
632.95 
632.93 
632.91 
632.63 
631.33 
631.21 
631.14 
631.13 
631.08 
630.67 
630.52 
630.06 
629.85 
629.69 
628.64 
628.58 
628.52 
627.88 
626.77 
626.44 
626.37 
623.52 
623.46 
622.04 
607.78 

+5% 
Recharge: l.399E--05 (ft/day) 
MODEL Difference Absolute 

HE~=k·.,. ,,,,,~~~'~:;~:r==:r::~;;;~~< 
750.2 9.4 9.4 
748.0 IO.I 10.1 
747.2 11.9 11.9 
744.6 12.8 12.8 
746.9 15.9 15.9 
745.8 16.0 16.0 
743.4 15.3 15.3 
674.5 -12.3 12.3 
670.9 -7.4 7.4 
668.7 -4.8 4.8 
668.5 S. l 5.1 
660.2 3.1 3.1 
659.6 2.6 2.6 
660.6 4.9 4.9 
658.6 4.0 4.0 
658.5 4.7 4.7 
659.4 5.6 5.6 
658.1 6.4 6.4 
655.9 6.0 6.0 
655 .S 6.9 6.9 
652.0 
651.6 
651.6 
655.6 
652.3 
651.6 
649.2 
649.5 
649.5 
650.7 
649. l 
645.0 
644.3 
644.6 
641.9 
643.5 
641.9 
645.3 
644.2 
647.7 
643.4 
643.3 
643.4 
642.6 
643.4 
640.9 
642.9 
644.9 
641.7 
638.3 
638.7 
638.7 
644.4 
636.6 
636.6 
636.6 
632.8 
632.8 
632.8 
611.5 

Monitoring Wells 

5.1 
6.0 
6.1 

10.3 
7.4 
6.9 
S.4 
8.5 
8.6 

10.S 
9.1 
9.9 
9.2 

10.4 
7.9 

10.0 
8.5 

I 1.9 
11.1 
15.9 
11.7 
11.7 
11.8 
11.0 
12.2 
9.9 

12.3 
14.6 
11.5 
9.2 
9.6 
9.7 

16.0 
9.3 
9.7 
9.7 
8.8 
8.8 

10.3 
3.2 

tt\ftft:i:t/i:itt:fftffHf 
ME= 9.92 

MAE= 10.88 

5.1 
6.0 
6.1 

10.3 
7.4 
6.9 
5.4 
8.5 
8.6 

10.5 
9.1 
9.9 
9.2 

10.4 
7.9 

10.0 
8.5 

11.9 
II.I 
15.9 
11.7 
11.7 
11.8 
11.0 
12.2 
9.9 

12.3 
14.6 
11.S 
9.2 
9.6 
9.7 

16.0 
9.3 
9.7 
9.7 
8.8 
8.8 

10.3 
3.2 
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Sensitivity of Heads to Net Recharge 

+15% 
Recharge: l.532E-05 (ft/day) 

MODEL MODEL MODEL "lvlEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WEll COLUMN ROW LAYER IDGH LOW MEAN IDGH LOW HEAD (feet) Difference 

MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 778.3 37.5 37.5 

MW64A-l 82 11 I 736.63 736.63 737.87 740.87 734.87 11S.8 37.9 37.9 

MW64A-3 82 12 1 734.08 734.08 735.32 738.32 732.32 775.0 39.7 39.7 

MW17•1 4 15 I 733.47 733.47 731.81 734.81 728.81 772.2 40.4 40.4 

MW16-l 2 13 I 732. 14 732.14 730.97 733.97 727.97 774.7 43.7 43.7 

MW16-2 2 14 1 731.01 731.01 729.84 732.84 726.84 773.5 43 .7 43 .7 

MW17-3 4 16 I 729.77 729.77 728.11 731.11 725. ll 770.8 42.7 42.7 

MW-41D 11 42 2 687.96 685.74 686.82 687.32 686.32 695.3 8.5 8.5 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 691.5 13.2 13.2 

PT- 10 47 44 2 677.79 670.57 673.51 674.01 673.01 689.0 15.5 15.5 

MW64D•l 77 44 I 665.03 664.36 663.37 663.87 662.87 688.8 25.4 25.4 

MW-39 17 61 1 657.99 656.37 657.12 657.62 656.62 697.7 40.6 40.6 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 679.1 22.1 22.1 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655.23 680.1 24.4 24.4 

MW-40 46 65 1 656.40 652.18 654.55 655.05 654.05 677.9 23 .3 23 .3 

MW-S9 71 6S 1 654.9S 651.61 653.78 654.28 653.28 677.8 24.0 24.0 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653.26 678.8 25.0 25.0 

PT-II 66 66 I 654.02 648.49 6S1.68 652.18 651.18 677.4 25.7 25.7 

PT-18 46 72 1 651.78 646.72 649.85 6S0.35 649.3S 674.9 25.0 25 .0 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 674.6 26.0 26.0 

MW-45 24 82 I 648.47 644.1S 646.88 647.38 646.38 670.7 23.8 23.8 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645. 12 670.3 24.7 24.7 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.9S 670.3 24.8 24.8 

MW64D-3 77 72 1 646.91 645.89 645.25 645.75 644.75 674.7 29.4 29.4 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 671.1 26.2 26.2 

MW-SOD 34 83 3 646.39 642.90 644.73 645.23 644.23 670.3 25.6 25.6 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.2S 667.7 23.9 23.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 668.0 27.0 27.0 

PT-22 43 88 1 645.45 637.85 640.95 641.45 640.4S 668.0 27.1 27.1 

PT-19 S8 85 I 642.3S 637.81 640.17 640.67 639.67 669.3 29.1 29.1 

PT-20 SI 89 I 644.21 636.11 640.02 640.S2 639.S2 661.S 27.5 27.5 

MW-32 58 96 I 637.84 632.40 635. 11 63S.61 634.61 664.4 29.3 29.3 

PT-23 30 101 I 638.71 632.56 63S.OS 635.SS 634.SS 662.3 27.2 27.2 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 662.6 28.4 28 .4 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 6S9.6 25.6 25.6 

MW-27 33 103 I 635.62 630.37 633.45 633.9S 632.9S 661.4 27.9 27.9 

PT-16 18 107 I 63S.06 630.17 633.43 633.93 632.93 6S9.6 26.2 26.2 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 663.4 30.0 30.0 

MW-30 S6 101 I 636.37 629.73 633.13 633.63 632.63 662.1 29.0 29.0 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 666.0 34.2 34.2 

MW-SSD 47 103 3 633.37 630.23 631.71 632.21 631.21 661.3 29.6 29.6 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 661.2 29.6 29.6 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 661.3 29.7 29.7 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 660.4 28.8 28.8 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 661.3 30.1 30.1 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.S2 6S8.6 27.6 27.6 

PT-25 64 104 I 633.66 625.45 630.56 631.06 630.06 660.7 30.l 30.1 

PT-IS 71 99 I 634.09 627.40 630.35 630.85 629.8S 662.9 32.6 32.6 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 659.S 29.3 29.3 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 655.8 26.7 26.7 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.S8 6S6. 1 27.0 27.0 

MW-36 61 114 I 629.94 626.43 629.02 629.S2 628.S2 656. 1 27.1 27.1 

MW-34 1S 100 1 630.28 626.39 628.38 628.88 627.88 662.4 34.0 34.0 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 653.9 26.6 26.6 

MW-SID 48 119 2 628.60 627.11 626.94 627.44 626.+4 6S3.9 27.0 27.0 

MW-58D 48 119 3 628.S3 625.66 626.87 627.37 626.37 653.9 27.0 27.0 

MW-SID 35 128 2 625.68 621.56 624.02 624.S2 623.S2 649.7 25 .7 25 .7 

MW-47 3S 128 I 625.69 621.47 623.96 624.46 623.46 649.8 25 .8 25.8 

MW-520 35 128 3 624.20 620.04 622.54 623.04 622.04 649.7 27.2 27.2 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 626.4 18.1 18.1 

Statistical Calculations: 

Monitorin& Wells 

ME= 33.1S 
MAE= 33 .1S 
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Sensitivity of Heads to Net Recharge 

WELL 

MW25-3 
MW64A•l 
MW64A-3 

MW17-l 
MW16-l 
MW16-2 
MW17-3 
MW-4ID 
MW-42D 

PT-10 
MW64D- l 

MW-39 
MW-60 

MW64D-4 
MW-40 
MW-59 
MW-43 

PT-II 
PT-18 

MW-44 
MW-45 
MW-46 

MW-49D 
MW64D-3 

PT-12 
MW-SOD 

MW-48 
PT-21 
PT-22 
PT-19 
PT-20 

MW-32 
PT-23 
PT-17 

MW-380 
MW-27 

PT-16 
MW-33 
MW-30 

MW64D-2 
MW-SSD 

MW-31 
MW-54D 

MW-28 
MW-53 

PT-24 
PT-25 
PT-IS 

MW-29 
MW-37 

MW-3SD 
MW-36 
MW-34 
MW-56 

MW-570 
MW-58D 
MW-5ID 

MW-47 
MW-520 

PT-26 

MODEL MODEL MODEL 
COLUMN ROW LA YER 

4 
82 
82 

4 
2 
2 
4 

11 
70 
47 
77 
17 
72 
79 
46 
71 
35 
66 
46 
34 
24 
34 
34 
77 
44 
34 
26 
43 
43 
58 
SI 
58 
30 
53 
18 
33 
18 
63 
56 
75 
47 
61 
47 
36 
47 
40 
64 
71 
46 

7 
61 
61 
75 
48 
48 
48 
35 
35 
35 
73 

9 
II 
12 
IS 
13 
14 
16 
42 
43 
44 
44 
61 
62 
59 
65 
65 
63 
66 
72 
73 
82 
83 
83 
72 
81 
83 
89 
88 
88 
85 
89 
96 

101 
100 
107 
103 
107 
98 

101 
92 

103 
103 
103 
IDS 
103 
109 
104 
99 

107 
116 
114 
114 
100 
119 
119 
119 
128 
128 
128 
174 

I 
I 
1 
2 
2 
2 
I 
I 

I 
2 
I 
I 
3 
1 
2 

1 
2 
1 
1 
I 
I 
I 
3 
1 
2 

1 
1 
2 

1 
2 
3 
2 
1 
3 
1 

MEAS. 
lilGH 

742.41 
736.63 
734.08 
733.47 
732.14 
731.01 
729.77 
687.96 
680.66 
677.79 
665.03 
657.99 
658.13 
657.39 
656.40 
654.95 
655.42 
654.02 
651.78 
648.63 
648.47 
647.21 
647.11 
646.91 
647.25 
646.39 
645.47 
647.51 
645.45 
642.35 
644.21 
637.84 
638.71 
636.85 
634.67 
635.62 
635.06 
635.95 
636.37 
633.49 
633.37 
634.60 
633.29 
633.21 
632.83 
633.19 
633.66 
634.09 
631.82 
630.91 
629.66 
629.94 
630.21 
627.78 
628.60 
628.53 
625.68 
625.69 
624.20 
611.82 
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MEAS. 
LOW 

742.41 
736.63 
734.08 
733.47 
732.14 
731.01 
729.77 
685.74 
674.94 
670.57 
664.36 
656.37 
654.83 
655.10 
652.18 
651.61 
652.46 
648.49 
646.72 
646.98 
644.75 
642.61 
642.74 
645.89 
641.73 
642.90 
641.57 
635.37 
637.85 
637.81 
636.11 
632.40 
632.56 
630.12 
632.76 
630.37 
630.17 
630.02 
629.73 
630.75 
630.23 
627.21 
629.88 
628.26 
630.13 
627.85 
625.45 
627.40 
626.83 
626.65 
628.01 
626.43 
626.39 
626.67 
627.11 
625 .66 
621.56 
621.47 
620.04 
603.10 

+25% 
Recharge : 1.665E-05 (ft/<UY) 

TARGET TARGET TARGET MODEL Difference Absolute 
MEAN lilGH LOW HEAD Difference 

740.75 
737.87 
735.32 
731.81 
730.97 
729.84 
728.11 
686.82 
678.34 
673.51 
663.37 
657.12 
656.99 
655.73 
654.55 
653.78 
653.76 
651.68 
649.85 
648.59 
646.88 
645.62 
645.45 
645.25 
644.90 
644.73 
643.75 
641.03 
640.95 
640.17 
640.02 
635. 11 
635.05 
634.21 
633.97 
633.45 
633.43 
633.41 
633.13 
631.83 
631.71 
631.64 
631.63 
631.58 
631.17 
631.02 
630.56 
630.35 
630.19 
629.14 
629.08 
629.02 
628.38 
627.27 
626.94 
626.87 
624.02 
623 .96 
622.54 
608.28 

743.75 
740.87 
738.32 
734.81 
733.97 
732.84 
731.11 
687.32 
678 .84 
674.01 
663 .87 
657.62 
657.49 
656.23 
655.05 
654.28 
654.26 
652. 18 
650.35 
649.09 
647.38 
646.12 
645.95 
645.75 
645.40 
645 .23 
644.25 
641.53 
641.45 
640.67 
640.52 
635.61 
635 .55 
634.71 
634.47 
633.95 
633.93 
633.91 
633.63 
632.33 
632.21 
632.14 
632.13 
632.08 
631.67 
631.52 
631.06 
630.85 
630.69 
629.64 
629.58 
629.52 
628.88 
627.77 
627.44 
627.37 
624.52 
624.46 
623.04 
608.78 

Statistical C.tlculatiom: 

12/28/95 

737.75 
734.87 
732.32 
728.81 
727.97 
726.84 
725.11 
686.32 
677.84 
673.01 
662.87 
656.62 
656.49 
655.23 
654.05 
653.28 
653 .26 
651.18 
649.35 
648.09 
646.38 
645 .12 
644.95 
644.75 
644.40 
644.23 
643.25 
640.53 
640.45 
639.67 
639.52 
634.61 
634.55 
633 .71 
633 .47 
632.95 
632.93 
632.91 
632.63 
631.33 
63 1.21 
631.14 
631.13 
631.08 
630.67 
630.52 
630.06 
629.85 
629.69 
628.64 
628.58 
628.52 
627.88 
626.77 
626.44 
626.37 
623.52 
623.46 
622.04 
607.78 

806.4 
803.7 
802.8 
799.7 
802.4 
801.1 
798.2 
716.2 
725.3 
709.3 
709.1 
699.2 
698.5 
699.7 
697.3 
697.1 
698.2 
696.7 
694.0 
693.6 
689.5 
688.9 
688.9 
693.7 
689.8 
688 .9 
686.1 
686.5 
686.5 
687.9 
686.0 
682.6 
680.3 
680.6 
677.4 
697.3 
677.4 
681.5 
680. 1 
684.3 
679.2 
679.1 
679.2 
678 .3 
679.2 
676.3 
678 .6 
681.0 
677.2 
673 .2 
673.6 
673 .6 
680.4 
671.2 
671.2 
671.2 
666.7 
666.7 
666.7 
641.3 

Monitoring Wells 

65.6 
65.8 
61.S 
67.9 
71.4 
71.3 
70.1 
29.4 
47.0 
35.8 
45 .7 
42.1 
41.5 
44.0 
42.7 
43 .3 
44.4 
45.0 
44. 1 
45.0 
42.6 
43.3 
43 .4 
48.4 
44.9 
44.2 
42.3 
45 .5 
45.6 
47.7 
46.0 
47.5 
45.2 
46.4 
43.4 
63.8 
44.0 
48.1 
47.0 
52.5 
41.S 
47.5 
47.6 
46.7 
48.0 
45.3 
48.0 
50.7 
47.0 
44.1 
44.5 
44.6 
52.0 
43.9 
44.3 
44.3 
42.7 
42.7 
44.2 
33.0 

ME= 56.28 
MAE= 56.28 

65.6 
65 .8 
67.5 
67.9 
71.4 
71.3 
70.1 
29.4 
47.0 
35.8 
45 .7 
42. 1 
41.5 
44.0 
42.7 
43.3 
44.4 
45.0 
44.1 
45 .0 
42.6 
43.3 
43.4 
48.4 
44.9 
44.2 
42.3 
45.S 
45.6 
47.7 
46.0 
41.S 
45.2 
46.4 
43.4 
63.8 
44.0 
48.1 
47.0 
52.5 
47.5 
47.5 
47.6 
46.7 
48.0 
45.3 
48.0 
50.7 
47.0 
44.1 
44.5 
44.6 
52.0 
43.9 
44.3 
44.3 
42.7 
42.7 
44.2 
33.0 
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• Sensitivity of Heads to Ki, 





Sensitivity of Heads to Kh 
0% 

Kh: 1.0300 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER HIGH LOW MEAN HIGH LOW HEAD (feet) Difference 
~ ,, -~~fill I 

MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 736.1 -4.7 4.7 

MW64A-l 82 11 1 736.63 736.63 737.87 740.87 734.87 734.0 -3.9 3.9 

MW64A-3 82 12 I 734.08 734.08 735 .32 738.32 732.32 733.2 -2. 1 2.1 

MW17- l 4 15 1 733 .47 733.47 731.81 734.81 728.81 730.8 -1.0 1.0 

MW16- l 2 13 I 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MW16-2 2 14 1 731.01 731.01 729.84 732.84 726.84 731.9 2.1 2.1 

MW17-3 4 16 1 729.77 729.77 728.11 73 I.I I 725.1 1 729.5 1.4 1.4 

MW-41D 11 42 2 687.96 685.74 686.82 687.32 686.32 663.9 -22.9 22.9 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 658.5 -15.0 15 .0 

MW64D-1 77 44 1 665.03 664.36 663.37 663 .87 662.87 658.3 -5.1 5.1 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658. 13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655.23 650.7 -5.0 5.0 

MW-40 46 65 1 656.40 652. 18 654.55 655.05 654.05 648.8 -5.8 5.8 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653 .28 648.7 -5.1 5.1 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653.26 649.6 -4.2 4.2 

PT-11 66 66 I 654.02 648.49 651.68 652.18 651.18 648.4 -3 .3 3.3 

PT-18 46 72 1 651.78 646.72 649.85 650.35 649.35 646.2 -3 .7 3.7 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 645.9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 I 647.28 642.6 1 645.62 646.12 645 .12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3.3 3.3 

MW64D-3 77 72 I 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 642.9 -2.0 2.0 

MW-50O 34 83 3 646.39 642.90 644.73 645 .23 644.23 642.2 -2.5 2.5 

MW-48 26 89 I 645 .47 641.57 643.75 644.25 643.25 639.9 -3.9 3.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 -0 .8 0.8 

PT-22 43 88 I 645 .45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 

PT-19 58 85 I 642.35 637.81 640.17 640.67 639.67 641.3 I.I 1.1 

PT-20 51 .89 I 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 

MW-32 58 96 1 637.84 632.40 635.11 635.61 634.61 637.0 1.9 1.9 

PT-23 30 101 1 638.71 632.56 635.05 635.55 634.55 635 .2 0.1 0.1 

PT-17 53 100 1 636.85 630.12 634.21 634.71 633.71 635 .5 1.3 1.3 

MW-38O 18 107 2 634.67 632.76 633.97 634.47 633 .47 632.9 - I.I I.I 

MW-27 33 103 1 635.62 630.37 633.45 633.95 632.95 634.4 0.9 0.9 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 632.9 -0.5 0.5 

MW-33 63 98 1 635.95 630.02 633.41 633.91 632.91 636.2 2.8 2.8 

MW-30 56 IOI I 636.37 629.73 633.13 633 .63 632.63 635. 1 2.0 2.0 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-55D 47 103 3 633.37 630.23 631.71 632.2 1 631.21 634.3 2.6 2.6 

MW-31 61 103 I 634.60 627.21 631.64 632. 14 631.14 634.3 2.7 2.7 

MW-54O 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 633.6 2.0 2.0 

MW-53 47 103 I 632.83 630. 13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 I 633 .19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 I 633 .66 625.45 630.56 631.06 630.06 633.9 3.3 3.3 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 635.8 5.5 5.5 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 632.8 2.6 2.6 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 

MW-35O 61 114 2 629.66 628.01 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-570 48 119 2 628.60 627. 11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58O 48 119 3 628.53 625.66 626.87 627.37 626.37 . 627.9 1.0 1.0 

MW-SID 35 128 2 625.68 621.56 624.02 624.52 623.52 624.3 0.3 0.3 

MW-47 35 128 I 625.69 621.47 623 .96 624.46 623.46 624.3 0.3 0.3 

MW-52D 35 128 3 624.20 620.04 622.54 623 .04 622.04 624.3 1.8 1.8 

PT-26 73 174 1 611.82 603 .10 608.28 608.78 607.78 604.0 -4.3 4.3 

Statistic.al Calculations: 

Monitorin~ Wells 
fow'.m~ 

ME= -1.58 
MAE= 4.03 
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Sensitivity of Heads to Kh 
-5% 

Kh: 0.9785 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER IDGH LOW MEAN IDGH LOW HEAD (feet) Difference 
... ><•·?~:·:·r·t:··.-·{;~?:c: :+'(;r~:,~1t·--.::rn"J 

MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 744.2 3.4 3.4 

MW64A-l 82 II I 736.63 736.63 737.87 740.87 734.87 742.0 4.1 4. 1 

MW64A-3 82 12 I 734.08 734.08 735.32 738.32 732.32 741.3 6.0 6.0 

MW17-l 4 15 I 733.47 733.47 731.81 734.81 728.81 738.7 6.9 6.9 

MW16-I 2 13 I 732. 14 732.14 730.97 733.97 727.97 741.0 10.0 10.0 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 739.9 10.1 10.1 

MW17-3 4 16 I 729.77 729.77 728. 11 731.11 725.11 737.5 9.4 9.4 

MW-41D II 42 2 687.96 685.74 686.82 687.32 686.32 670.0 - 16.8 16.8 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 666.5 - 11.8 11.8 

PT-10 47 44 2 677.79 610.51 673.51 674.01 673 .01 664.4 -9.1 9.1 

MW64D-l 77 44 I 665.03 664.36 663.37 663.87 662.87 664.2 0.8 0.8 

MW-39 17 61 I 651.99 656.37 657.12 657.62 656.62 656.0 -I.I I.I 

MW-60 72 62 I 658. 13 654.83 656.99 657.49 656.49 655.0 -2.0 2.0 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655 .23 656.4 0.7 0.7 

MW-40 46 65 I 656.40 652.18 654.55 655 .05 654.05 654.4 -0.2 0.2 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653 .28 654.3 0.5 0.5 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653 .26 655.2 1.4 1.4 

PT- 11 66 66 I 654.02 648.49 651.68 652. 18 651.18 654.0 2 .3 2.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 651.8 1.9 1.9 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 651.4 2.8 2.8 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 648.0 I.I I.I 

MW-46 34 83 I 647.28 642.61 645.62 646. 12 645. 12 647.6 2.0 2.0 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 647.6 2.1 2.1 

MW64D-3 77 72 I 646.91 645.89 645.25 645 .15 644.75 651.5 6.2 6.2 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 648.3 3.4 3.4 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 647.6 2.9 2.9 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.25 645.3 1.5 1.5 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 645 .6 4.6 4.6 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 645.6 4.7 4.7 

PT-19 58 85 I 642.35 637.81 640.17 640.67 639.67 646.7 6.5 6.5 

PT-20 51 89 I 644.21 636.11 640.02 640.52 639.52 645 . 1 5. 1 5.1 

MW-32 58 96 I 637.84 632.40 635.1 I 635.61 634.61 642.3 7.2 7 .2 

PT-23 30 101 I 638.71 632.56 635.05 635.55 634.55 640.4 5.3 5.3 

PT- 17 53 100 I 636.85 630.12 634.21 634.71 633.71 640.7 6.5 6.5 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633 .47 638.1 4.1 4.1 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 639.6 6.1 6.1 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 638.1 4.7 4.7 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 641.5 8.1 8.1 

MW-30 56 101 I 636.37 629.73 633.13 633.63 632.63 640.3 7.2 7.2 

MW64D-2 15 92 I 633.49 630.75 631.83 632.33 631.33 643.7 11.9 11.9 

MW-550 47 103 3 633 .37 630.23 631.71 632.21 631.21 639.5 7 .8 7.8 

MW-31 61 103 I 634.60 627.21 631.64 632. 14 631.14 639.5 7.9 7 .9 

MW-54D 47 103 2 633.29 629.88 631.63 632. 13 631.13 639.5 7.9 7 .9 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 638.8 7.2 7.2 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 639.5 8.3 8.3 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 637. 1 6.1 6.1 

PT-25 64 104 I 633.66 625.45 630.56 631.06 630.06 639.0 8.4 8.4 

PT-15 71 99 I 634.09 627.40 630.35 630.85 629.85 641.0 10.7 10.7 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 637.9 7.7 7.7 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 634.6 5.5 5.5 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 634.9 5.8 5.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 634.9 5.9 5.9 

MW-34 15 100 I 630.28 626.39 628.38 628.88 627.88 640.5 121 12.1 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 632.9 5.6 5.6 

MW-570 48 119 2 628.60 627.11 626.94 627.44 626.44 632.9 6.0 6.0 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 . 632.9 6.0 6.0 

MW-51D 35 128 2 625.68 621.56 624.02 624.52 623 .52 629.2 5.2 5.2 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 629.2 5.2 5.2 

MW-520 35 128 3 624.20 620.04 622.54 623.04 622.04 629.2 6.7 6.7 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 608.3 0.0 0.0 

Statistic.ti Calculations: 

Monitorins Wells 
::::::~::;.;;.~;;J:;;.~;;;;;;;;;i~\J.~(;i~J. 

ME= 5.03 
MAE= 6.64 
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Sensitivity of Heads to Kh 
-15% 

Kh: 0.8755 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER HIGH LOW MEAN HIGH LOW HEAD (feet) Difference 

MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 762.0 21.2 21.2 

MW64A-l 82 11 I 736.63 736.63 737.87 740.87 734.87 759.7 21.8 21.8 

MW64A-3 82 12 l 734.08 734.08 735.32 738.32 732.32 758.8 23.5 23.5 

MW17-1 4 IS I 733.47 733.47 731.81 734.81 728.81 756.2 24.4 24.4 

MWl6-l 2 13 I 73214 732.14 730.97 733.97 727.97 758.5 27.5 27.5 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 757.4 27.6 27.6 

MW17-3 4 16 I 729.77 729.77 728.11 731.11 725.11 754.8 26.7 26.7 

MW-41D II 42 2 687.96 685.74 686.82 687.32 686.32 683.2 -3.6 3.6 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 619.S 1.2 1.2 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 677.2 3.7 3.7 

MW64D-l 77 44 I 665.03 664.36 663.37 663 .87 662.87 677.0 13 .6 13.6 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 668.4 11.3 11.3 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 667.8 10.8 10.8 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655.23 668.8 13.1 13.l 

MW-40 46 65 I 656.40 652.18 654.SS 655 .05 654.05 666.7 12.1 12.1 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653.28 666.6 12.8 12.8 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653.26 661.5 13 .7 13.7 

PT-11 66 66 I 654.02 648.49 651.68 652.18 651.18 666.2 14.5 14.5 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 663.9 14.0 14.0 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 663.5 14.9 14.9 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 659.9 13.0 13.0 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645.12 659.4 13.8 13.8 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 659.4 13.9 13 .9 

MW64D-3 77 72 I 646.91 645.89 645.25 645.75 644.75 663.6 18.3 18.3 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 660.2 15.3 15 .3 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 659.4 14.7 14.7 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.25 656.9 13 .1 13 . 1 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 657.3 16.3 16.3 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 657.3 16.4 16.4 

PT- 19 58 85 I 642.35 637.81 640.17 640.67 639.67 658.4 18.2 18.2 

PT-20 SI 89 I 644.21 636.11 640.02 640.52 639.52 656.8 16.8 16.8 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 653.8 18.7 18.7 

PT-23 30 IOI I 638.71 632.56 635.05 635.SS 634.5 5 651.8 16.7 16.7 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 652.1 17.9 17.9 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 649.3 15.3 15 .3 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 651.0 17.5 17.5 

PT-16 18 107 I 635.06 630.17 633.43 633.93 632.93 649.3 15.9 15.9 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 652.9 19.S 19.5 

MW-30 56 101 I 636.37 629.73 633.13 633.63 632.63 651.7 18.6 18.6 

MW64D-2 15 92 I 633.49 630.75 631.83 632.33 631.33 655 .3 23 .5 23 .5 

MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 650.9 19.2 19.2 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 650.8 19.2 19.2 

MW-54D 47 103 2 633 .29 629.88 631.63 632.13 631.13 650.9 19.3 19.3 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 650.1 18.5 18.5 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 650.9 19.7 19.7 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 648.3 17.3 17.3 

PT-25 64 104 I 633.66 625.45 630.56 631.06 630.06 650.3 19.7 19.7 

PT-15 71 99 I 634.09 627.40 630.35 630.85 629.85 652.4 22.1 22.1 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 649.1 18.9 18.9 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 645.6 16.5 16.5 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 646.0 16.9 16.9 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 646.0 17.0 17.0 

MW-34 15 100 I 630.28 626.39 628.38 628.88 627.88 651.9 23.5 23.5 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 643.9 16.6 16.6 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 643.9 17.0 17.0 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 . 643.9 17.0 17.0 

MW-S ID 35 128 2 625 .68 621.56 624.02 624.52 623.52 639.9 15.9 15.9 

MW-47 35 128 I 625 .69 621.47 623 .96 624.46 623 .46 639.9 15.9 15 .9 

MW-52D 35 128 3 624.20 620.04 622.54 623.04 622.04 639.9 17.4 17.4 

PT-26 73 174 I 611.82 603. 10 608.28 608.78 607.78 617.7 9.4 9.4 

Sbtistical Calculations: 

Monitorini Wells 

ME= 19.52 
MAE= 19.66 
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Sensitivity of Heads to Kh 
-25% 

Kh: 0.7725 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL D iffc:rencc Absolute 

WELL COLUMN ROW LAYER HIGH LOW MEAN HIGH LOW HEAD (f.~ t) D iffc:rencc 

MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 782.1 41.3 41.3 

MW64A-l 82 II I 736.63 736.63 737.87 740.87 734.87 779.6 41.7 41.7 

MW64A-3 82 12 I 734.08 734.08 735 .32 738.32 732.32 778.7 43.4 43.4 

MW17-l 4 IS I 733.47 733.47 731.81 734.81 728.81 775 .9 44.1 44.1 

MW16-1 2 13 I 732.14 732.14 730.97 733.97 727.97 778.4 47.4 47.4 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 777.2 47.4 47.4 

MW17-3 4 16 I 729.77 729.77 728. 11 731.11 725.11 774.5 46.4 46.4 

MW-4ID II 42 2 687.96 685.74 686.82 687.32 686.32 698. l 11.3 11.3 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 694.2 15.9 15 .9 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 691.8 18.3 18.3 

MW64D-1 77 44 I 665 .03 664.36 663.37 663.87 662.87 691.6 28.2 28.2 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 682.3 25.2 25.2 

'MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 681.7 24.7 24.7 

MW64D-4 79 59 I 657.39 655. 10 655.73 656.23 655.23 682.8 27.1 27.1 

MW-40 46 65 I 656.40 652.18 654.55 655 .05 654.05 680.5 25.9 25.9 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653.28 680.4 26.6 26.6 

MW-43 35 63 I 655 .42 652.46 653.76 654.26 653.26 681.4 27.6 27.6 

PT-II 66 66 I 654.02 648.49 651.68 652.18 651.18 680.0 28.3 28.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 677.5 27.6 27.6 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 677.1 28.5 28.5 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 673.3 26.4 26.4 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645.12 672.8 27.2 27.2 

MW-49D 34 83 2 647.11 642.74 645 .45 645 .95 644.95 672.8 27.3 27.3 

MW64D-3 77 72 I 646.91 645.89 645.25 645.75 644.75 677.2 31.9 31.9 

PT-12 44 81 I 647.25 641.73 644.90 645 .40 644.40 673.6 28.7 28.7 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 672.8 28.1 28. l 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.25 670 .2 26.4 26.4 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 610.S 29.5 29.5 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 670.5 29.6 29.6 

PT-19 58 85 I 642.35 637.81 640. 17 640.67 639.67 671.8 31.6 31.6 

PT-20 SI 89 I 644.21 636.11 640.02 640.52 639.52 670.0 30.0 30.0 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 666.8 31.7 31.7 

PT-23 30 101 I 638.71 632.56 635.05 635.55 634.55 664.7 29.6 29.6 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633 .71 665.0 30.8 30.8 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633 .47 662.0 28.0 28.0 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 663.8 30.3 30.3 

PT-16 18 107 I 635.06 630.17 633.43 633.93 632.93 662.0 28.6 28.6 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 665.9 32.5 32.5 

MW-30 56 101 I 636.37 629.73 633.13 633.63 632.63 664.5 31.4 31.4 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 668.4 36.6 36.6 

MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 656.2 24.5 24.5 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 663 .6 32.0 32.0 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 663 .7 32.1 32.1 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 662.8 31.2 31.2 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 663.7 32.5 32.5 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 661.0 30.0 30.0 

PT-25 64 104 I 633.66 625.4S 630.56 631.06 630.06 663.1 32S 32.5 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 665 .4 35 .1 35 .1 

MW-29 46 107 I 631.82 626.83 630. 19 630.69 629.69 661.9 31.7 31.7 

MW-37 7 116 I 630.91 626.6S 629. 14 629.64 628.64 658.1 29.0 29.0 

MW-35D 61 114 2 629.66 628.01 629.08 629.58 628.58 658.5 29.4 29.4 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 658.5 29.5 29.5 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 664.8 36.4 36.4 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 656.2 28.9 28.9 

MW-570 48 119 2 628.60 627.11 626.94 627.44 626.44 656.2 29.3 29.3 

MW-58D 48 119 3 628.53 625 .66 626.87 627.37 626.37 656.2 29.3 29.3 

MW-SID 35 128 2 625.68 621.56 624.02 624.52 623.52 6520 28.0 28.0 

MW-47 35 128 I 625.69 621.47 623 .96 624.46 623.46 652.0 28.0 28.0 

MW-520 35 128 3 624.20 620.04 622.54 623 .04 622.04 652.0 29.5 29.5 

PT-26 73 174 1 611.82 603.10 608.28 608.78 607.78 628.4 20.1 20.1 

Statistical Calculations: 

.... .. .. 
ME= 35 .73 

MAE= 35 .73 
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Sensitivity of Heads to Kh 
+5% 

Kh: 1.0800 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER IDGH LOW MEAN IDGH LOW HEAD (feet) Difference 

rrmrrrrrmrrttmrrrtiriJrttflttttrrr; 
MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 728.6 -12.2 12.2 

MW64A-l 82 11 I 736.63 736.63 737.87 740.87 734.87 726.5 -11.4 11.4 

MW64A-3 82 12 I 734.08 734.08 735.32 738.32 732.32 725.8 -9.5 9.5 

MW17-l 4 15 I 733.47 733 .47 731.81 734.81 728.81 723.4 -8.4 8.4 

MW16-l 2 13 I 732.14 732. 14 730.97 733.97 727.97 725.6 -5.4 5.4 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 724.6 -5 .2 5.2 

MW17-3 4 16 1 729.77 729.77 728.11 731.11 725. 11 722.3 -5.8 5.8 

MW-410 11 42 2 687.96 685 .74 686.82 687.32 686.32 658.4 -28.4 28.4 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 655 .1 -23.2 23.2 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 653 .1 -20.4 20.4 

MW64D-l 77 44 1 665.03 664.36 663.37 663.87 662.87 652.9 -10.5 10.5 

MW-39 17 61 1 657.99 656.37 657.12 657.62 656.62 645.2 -11.9 11.9 

MW-60 72 62 1 658.13 654.83 656.99 657.49 656.49 644.6 -12.4 12.4 

MW64D-4 79 59 1 657.39 655.10 655.73 656.23 655.23 645.5 -10.2 10.2 

MW-40 46 65 1 656.40 652.18 654.55 655 .05 654.05 643.7 -10.9 10.9 

MW-59 71 65 1 654.95 651.61 653 .78 654.28 653.28 643.6 -10.2 10.2 

MW-43 35 63 1 655.42 652.46 653.76 654.26 653.26 644.4 -9.4 9.4 

PT-11 66 66 1 654.02 648.49 651.68 652.18 651.18 643 .2 -8.5 8.5 

PT-18 46 72 1 651.78 646.72 649.85 650.35 649.35 641.2 -8.7 8.7 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 640.8 -7.8 7.8 

MW-45 24 82 1 648.47 644.75 646.88 647.38 646.38 637.6 -9.3 9.3 

MW-46 34 83 1 647.28 642.61 645 .62 646.12 645.12 637.2 -8.4 8.4 

MW-49D 34 83 2 647.11 642.74 645 .45 645.95 644.95 637.2 -8.3 8.3 

MW64D-3 77 72 I 646.91 645 .89 645.25 645.75 644.75 640.9 -4.4 4.4 

PT-12 44 81 1 647.25 641.73 644.90 645.40 644.40 637.9 -7.0 7.0 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 637.2 -7.5 7.5 

MW-48 26 89 1 645.47 641.57 643.75 644.25 643.25 635 .0 -8.8 8.8 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 635 .3 -5.7 5.7 

PT-22 43 88 1 645 .45 637.85 640.95 641.45 640.45 635.3 -5.6 5.6 

PT-19 58 85 1 642.35 637.81 640.17 640.67 639.67 636.3 -3 .9 3.9 

PT-20 51 89 1 644.21 636.11 640.02 640.52 639.52 634.9 -5.1 5.1 

MW-32 58 96 1 637.84 632.40 635. 11 635.61 634.6 1 632.2 -2.9 2.9 

PT-23 30 101 1 638.71 632.56 635.05 635.55 634.55 630.4 -4.7 4.7 

PT-17 53 100 1 636.85 630.12 634.21 634.71 633.71 630.7 -3.5 3.5 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 628.2 -5.8 5.8 

MW-27 33 103 1 635.62 630.37 633.45 633.95 632.95 629.7 -3.8 3.8 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 628.2 -5.2 5.2 

MW-33 63 98 1 635.95 630.02 633 .41 633.91 632.91 631.4 -2.0 2.0 

MW-30 56 101 1 636.37 629.73 633 .13 633.63 632.63 630.3 -2.8 2.8 

MW64D-2 75 92 1 633.49 630.75 631.83 632.33 631.33 633.6 1.8 1.8 

MW-550 47 103 3 633.37 630.23 631.71 632.21 631.21 629.6 -2.1 2.1 

MW-31 61 103 1 634.60 627.21 631.64 632.14 631.14 629.5 -2.1 2.1 

MW-54D 47 103 2 633.29 629.88 631.63 632. 13 631.13 629.6 -2.0 2.0 

MW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 628.9 -27 2.7 

MW-53 47 103 1 63283 630.13 631.17 631.67 630.67 629.6 -1.6 1.6 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 627.3 -3.7 3.7 

PT-25 64 104 1 633.66 625.45 630.56 631.06 630.06 629. l -1.5 1.5 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 631.0 0.7 0.7 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 628.0 -2.2 2.2 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 624.9 -4.2 4.2 

MW-35D 61 114 2 629.66 628.01 629.08 629.58 628.58 625.2 -3.9 3.9 

MW-36 61 114 1 629.94 626.43 629.02 629.52 628.52 625.2 -3.8 3.8 

MW-34 75 100 1 630.28 626.39 628.38 628.88 627.88 630.5 21 2.1 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 623.3 -4.0 4.0 

MW-570 48 119 2 628.60 627.11 626.94 627.44 626.44 623.3 -3.6 3.6 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 · 623.3 -3.6 3.6 

MW-510 35 128 2 625.68 621.56 624.02 624.52 623 .52 619.8 -4.2 4.2 

MW-47 35 128 1 625.69 621.47 623 .96 624.46 623.46 619.8 -4.2 4.2 

MW-520 35 128 3 624.20 620.04 622.54 623.04 622.04 619.8 -2.7 2.7 

PT-26 73 174 1 611.82 603 .10 608.28 608.78 607.78 600.1 -8.2 8.2 

Statistical Calculations: 

Monitorin5 Wells 
::::::::::::;:::=:t=r~:======t:=Jt=====~~ft =t~}= 

ME= -7.66 
MAE= 7.84 
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Sensitivity of Heads to Kh 
+15% 

Kh: 1.1845 (fVday) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER HIGH LOW MEAN I-IlGH LOW HEAD (feet) Difference 

MW25-3 4 9 I 742.41 742.41 740.75 743 .75 737.75 714.2 -26.6 26.6 

MW64A-1 82 11 I 736.63 736.63 737.87 740.87 734.87 712.3 -25 .6 25.6 

MW64A-3 82 12 I 734.08 734.08 735 .32 738.32 732.32 711.6 -23.7 23 .7 

MW17-1 4 IS I 733.47 733.47 731.81 734.81 728.81 709.3 -22.5 22.5 

MW16-l 2 13 I 732. 14 732.14 730.97 733.97 727.97 711.3 - 19.7 19.7 

MW16-2 2 14 I 731.01 731.0 I 729.84 732.84 726.84 710.4 -19.4 19.4 

MW17-3 4 16 I 729.77 729.77 728.11 731.11 725.11 708.2 -19.9 19.9 

MW-41D II 42 2 687.96 685.74 686.82 687.32 686.32 647.7 -39.1 39.1 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 644.6 -33 .7 33.7 

PT-10 47 44 2 677.79 670.57 673 .51 674.01 673.01 642.6 -30.9 30.9 

MW64D-l 77 44 I 665.03 664.36 663.37 663.87 662.87 642.6 -20.8 20.8 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 635.2 -21.9 21.9 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 634.7 -22.3 22.3 

MW64D-4 79 59 I 657.39 655.10 655 .73 656.23 655 .23 635.S -20.2 20.2 

MW-40 46 65 I 656.40 652.18 654.55 655.0S 654.0S 633.7 -20.9 20.9 

MW-59 71 65 I 654.95 651.6 I 653.78 654.28 653.28 633.7 -20.1 20.1 

MW-43 35 63 I 655.42 652.4-0 653.76 654.26 653.26 634.4 -19.4 19.4 

PT-11 66 66 I 654.02 648.49 651.68 652.18 651.18 633.3 -18.4 18.4 

PT- 18 46 72 I 651.78 64-0.72 649.85 650.35 649.35 631.4 - 18.S 18.5 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 631.1 -17.S 17.5 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 628.0 -18.9 18.9 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645.12 627.6 - 18.0 18.0 

MW-49D 34 83 2 647.11 642.74 645 .45 645.95 644.95 627.6 -17.9 17.9 

MW64D-3 77 72 I 646.91 645.89 645 .25 645 .75 644.75 631.1 -14.2 14.2 

PT-12 44 81 I 647.25 641.73 644.90 645 .40 644.40 628.3 -16.6 16.6 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 627.6 - 17.1 17. 1 

MW-48 26 89 I 645.47 641.57 643 .75 644.25 643.25 625 .S -18.3 18.3 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 625 .8 -15.2 15.2 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 625.8 - IS.I IS . I 

PT-19 58 85 1 642.35 637.81 640.17 640.67 639.67 626.8 -13.4 13.4 

PT-20 51 89 I 644.21 636. 11 640.02 640.52 639.52 625.4 -14.6 14.6 

MW-32 58 96 1 637.84 632.40 635 .11 635.61 634.61 622.9 -12.2 12.2 

PT-23 30 101 1 638.71 632.56 635 .05 635.55 634.55 621.2 -13 .9 13.9 

PT-17 53 100 1 636.85 630.12 634.21 634.71 633.71 621.5 -12.7 12.7 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 619.l -14.9 14.9 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 620.5 - 13 .0 13.0 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 619.1 -14.3 14.3 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 622.1 -11.3 11.3 

MW-30 56 101 1 636.37 629.73 633.13 633.63 632.63 621.1 -12.0 12.0 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 624.2 -7.6 7.6 

MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 620.4 -11.3 11.3 

MW-31 61 103 1 634.60 627.21 631.64 632.14 631.14 620.3 - 11.3 11.3 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 620.4 - 11.2 11.2 

MW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 619.7 -11.9 11.9 

MW-53 47 103 1 632.83 630.13 631.17 631.67 630.67 620.4 -10.8 10.8 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 618.2 -12.8 12.8 

PT-25 64 104 1 633.66 625.45 630.56 631.06 630.06 619.9 -10.7 10.7 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 621.7 -8 .6 8.6 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 618.9 -11.3 11.3 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 616.0 -13.1 13. 1 

MW-35D 61 114 2 629.66 628.01 629.08 629.58 628.58 616.3 -12.8 12.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 616.3 -12.7 12.7 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 621.3 -7.1 7.1 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 614.5 -12.8 12.8 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 614.5 -124 12.4 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 614.5 - 12.4 12.4 

MW-51D 35 128 2 625.68 621.56 624.02 624.52 623 .52 611.2 -12.8 12.8 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 611.2 -12.8 12.8 

MW-52D 35 128 3 624.20 620.04 622.54 623.04 622.04 611.2 -11.3 11.3 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 592.4 - IS.9 15.9 

Statistical Calculations: 

Monitorin5 Wells 

ME= - 19.38 
MAE= 19.38 
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Sensitivity of Heads to Kb 
+25% 

Kh: 1.2875 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL DiffCTCttce Absolute 

WELL COLUMN ROW LAYER IDGH LOW MEAN HIGH LOW HEAD (feet) DiffCTCttce 

:Ii!i:i:1:::nrriti:i:rti:1:iiti:rrmirrrtri!tri;rmtni:rr 
MW25-3 4 9 I 742.4 1 742.41 740.75 743.75 737.75 701.4 -39.4 39.4 

MW64A- 1 82 11 I 736.63 736.63 737.87 740.87 734.87 699.6 -38.3 38.3 

MW64A-3 82 12 I 734.08 734.08 735.32 738.32 732.32 698.9 -36.4 36.4 

MW17-1 4 15 I 733.47 733.47 731.81 734.81 728.81 696.8 -35.0 35 .0 

MW16- 1 2 13 I 73214 732.14 730.97 733.97 727.97 698.7 -32.3 32.3 

MW 16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 697.8 -32.0 32.0 

MW 17-3 4 16 I 729.77 729.77 728.11 731.11 725.11 695.7 -32.4 32.4 

MW-4ID 11 42 2 687.96 685.74 686.82 687.32 686.32 638.2 -48.6 48.6 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 635.2 -43. 1 43.1 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 633.4 -40.1 40. 1 

MW64D-1 77 44 I 665.03 664.36 663.37 663.87 662.87 633.2 -30.2 30.2 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 626.3 -30.8 30.8 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 625.8 -31.2 31.2 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655.23 626.6 -29.1 29.1 

MW-40 46 65 I 656.40 652.18 654.55 655.05 654.05 624.9 -29.7 29.7 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653.28 624.8 -29.0 29.0 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653.26 625 .6 -28.2 28.2 

PT-II 66 66 I 654.02 648.49 651.68 652.18 651.18 624.5 -27.2 27.2 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 622.7 -27.2 27.2 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 622.4 -26.2 26.2 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 6 19.5 -27.4 27.4 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645.12 619.1 -26.5 26.5 

MW-49D 34 83 2 647.11 642.74 645 .45 645 .95 644.95 619. 1 -26.4 26.4 

MW64D-3 77 72 I 646.9 1 645.89 645.25 645.75 644.75 622.4 -22.9 22.9 

PT- 12 44 81 I 647.25 641.73 644.90 645.40 644.40 619.7 -25.2 25.2 

MW-SOD 34 83 3 646.39 642.90 644.73 645.23 644.23 619.1 -25.6 25.6 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.25 617.1 -26.7 26.7 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 617.4 -23.6 23.6 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 617.4 -23.5 23.5 

PT-19 58 85 I 64235 637.81 640.17 640.67 639.67 618.3 -21.9 21.9 

PT-20 51 89 I 644.21 636.11 640.02 640.52 639.52 617.0 -23 .0 23.0 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 614.6 -20.5 20.5 

PT-23 30 101 I 638.71 632.56 635.05 635.55 634.55 613.0 -22.1 22.1 

PT-17 53 100 I 636.85 630. 12 634.21 634.71 633.71 613.3 -20.9 20.9 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 611.0 -23 .0 23.0 

MW-27 33 103 1 635.62 630.37 633.45 633.95 632.95 612.3 -21.2 21.2 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 611.0 -22.4 22.4 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 613.9 -19.5 19.5 

MW-30 56 101 I 636.37 629.73 633 . 13 633 .63 632.63 612.9 -20.2 20.2 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 615 .8 -16.0 16.0 

MW-SSD 47 103 3 633.37 630.23 631.71 632.21 631.21 612.2 -19.5 19.5 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 612.2 -19.4 19.4 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 612.2 -19.4 19.4 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 611.6 -20.0 20.0 

MW-53 47 103 I 63283 630.13 631.17 631.67 630.67 612.2 -19.0 19.0 

PT-24 40 109 I 633. 19 627.85 631.02 631.52 630.52 610.2 -20.8 20.8 

PT-25 64 104 I 633.66 625.45 630.56 631.06 630.06 611.8 -18.8 18.8 

PT-15 71 99 I 634.09 627.40 630.35 630.85 629.85 613.5 -16.8 16.8 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 610.9 -19.3 19.3 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 608.1 -21.0 21.0 

MW-35D 61 114 2 629.66 628.01 629.08 629.58 628.58 608.3 -20.8 20.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 608.3 -20.7 20.7 

MW-34 75 100 1 630.28 626.39 628.38 628.88 627.88 613.1 -15.3 15 .3 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 606.6 -20.7 20.7 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 606.6 -20.3 20.3 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 · 606.6 -20.3 20.3 

MW-SID 35 128 2 625.68 621.56 624.02 624.52 623.52 603.5 -20.5 20.5 

MW-47 35 128 1 625.69 621.47 623.96 624.46 623.46 603.5 -20.5 20.5 

MW-52D 35 128 3 624.20 620.04 622.54 623 .04 622.04 603.5 -19.0 19.0 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 585.6 -22.7 22.7 

Statistical ulculations: 

Mottitorin& Wells 
:: .... ::::):;::::=::t\/'.:/:/ttftt{t 

ME= -29.80 
MAE= 29.80 
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Sensitivity of Heads to Kv 
0% 

Kv: 0.0018 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Differ,mce Absolute 

WELL COLUMN ROW LAYER IDGH LOW MEAN HIGH LOW HEAD (feet) Difference 

~~rr~1~ma 
MW25-3 4 9 1 742.41 742.41 740.75 743.75 737.75 736.1 -4.7 4,7 

MW64A·l 82 11 1 736.63 736.63 737.87 740.87 734.87 734.0 -3.9 3.9 

MW64A·3 82 12 1 734.08 734.08 735.32 738.32 732.32 733.2 -2.1 2.1 

MW17- l 4 15 I 733 .47 733.47 731.81 734.81 728.8 1 730.8 - 1.0 1.0 

MWl 6-l 2 13 I 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MW16·2 2 14 I 731.01 731.01 729.84 732.84 726.84 731.9 2.1 2. 1 

MW l7-3 4 16 1 729.77 729.77 728.11 731.11 725 .11 729.5 1.4 1.4 

MW-41D 11 42 2 687.96 685.74 686.82 687.32 686.32 663.9 -22.9 22.9 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 658.5 -15.0 15 .0 

MW64D-l 77 44 1 665 .03 664.36 663.37 663 .87 662.87 658.3 -5. 1 5.1 

MW-39 17 61 I 657.99 656.37 657.12 657.62 656.62 650.4 -o.7 6.7 

MW-60 72 62 1 658.13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655.23 650.7 -5.0 5.0 

MW-40 46 65 I 656.40 652.18 654.55 655 .05 654.05 648.8 -5.8 5.8 

MW-59 71 65 1 654.95 651.61 653.78 654.28 653.28 648.7 -5.1 5.1 

MW-43 35 63 1 655.42 652.46 653.76 654.26 653.26 649.6 -4.2 4.2 

PT-II 66 66 I 654.02 648.49 651.68 652.18 651.18 648.4 -3.3 3.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.3 5 646.2 -3.7 3.7 

MW-44 34 73 I 648,63 646.98 648.59 649.09 648.09 645.9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645.12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645 .95 644.95 642.2 -3.3 3.3 

MW64D-3 77 72 1 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 1 647.25 641 .73 644.90 645.40 644.40 642.9 •2,0 2.0 

MW-50D 34 83 3 646.39 642.90 644.73 645 .23 644.23 642.2 -25 2.5 

MW-48 26 89 1 645.47 641.57 643.75 644.25 643.25 639.9 -3.9 3.9 

PT-2 1 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 -0.8 0.8 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 

PT-19 58 85 1 642.35 637.81 640.17 640.67 639.67 641.3 1.1 I.I 

PT-20 51 89 I 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 

MW-32 58 96 I 637.84 632.40 635.11 635 .61 634.61 637.0 1.9 1.9 

PT-23 30 101 I 638.71 632.56 635.05 635 .55 634.55 635.2 0.1 0.1 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633 .71 635 .5 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 632.9 ·I.I 1.1 

MW-27 33 103 I 635.62 630.37 633 .45 633 .95 632.95 634.4 0.9 0.9 

PT-16 18 107 I 635 .06 630.17 633.43 633.93 632.93 632.9 -0.5 0.5 

MW-33 63 98 I 635 .95 630.02 633 .41 633.91 632.9 1 636.2 2.8 2.8 

MW-30 56 101 I 636.37 629.73 633 .13 633.63 632.63 635 .1 2.0 2.0 

MW64D·2 75 92 I 633 .49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 634.3 2.6 2.6 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 634.3 2.7 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 633 .6 2.0 2.0 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 I 633 .66 625.45 630.56 631.06 630.06 633 .9 3.3 3.3 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 635 .8 5.5 5.5 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 632.8 26 2.6 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 

MW-35D 61 114 2 629.66 628.0 1 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-5 8D 48 119 3 628.53 625.66 626.87 627.37 626.37 627.9 1.0 1.0 

MW-SID 35 128 2 625.68 621.56 624.02 624.52 623 .52 624.3 0.3 0.3 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 624.3 0.3 0.3 

MW-52D 35 128 3 624.20 620.04 622.54 623 .04 622.04 624.3 1.8 1.8 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 604.0 -4.3 4.3 

Stali.!tical Calculatiorui: 

Monitorirui: Wells 

~~~-ME= -1.58 
MAE= 4.03 
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Sensitivity of Heads to K v 
-5% 

Kv: 0.0017 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER IIlGH LOW MEAN IIlGH LOW HEAD (feet) Difference 
:-=·=❖=~:::<({'";':«❖=<,,,,,:~~:~t~:;wf::°';::t~;r:::::•=~ 

MW25-3 4 9 1 742.41 742.41 740.75 743.75 737.75 736.1 -4.7 4.7 

MW64A-1 82 11 I 736.63 736.63 737.87 740.87 734.87 734.0 -3.9 3.9 

MW64A-3 82 12 I 734.08 734.08 735.32 738.32 732.32 733.2 -2. 1 2.1 

MW17-l 4 15 I 733.47 733.47 731.81 734.81 728.81 730.8 -1.0 1.0 

MW16-l 2 13 I 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 731.9 2.1 2.1 

MW17-3 4 16 I 729.77 729.77 728.11 731.11 725.11 729.5 1.4 1.4 

MW-4ID 11 42 2 687.96 685.74 686.82 687.32 686.32 663 .9 -22.9 22.9 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 658.5 -15.0 15.0 

MW64D-l 77 44 I 665.03 664.36 663.37 663.87 662.87 658.3 -5.1 5.1 

MW-39 17 6 1 1 657.99 656.37 657.12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 I 657.39 655.10 655.73 656.23 655.23 650.7 -5.0 5.0 

MW-40 46 65 I 656.40 652.18 654.5 5 655 .05 654.05 648.8 -5.8 5.8 

MW-59 71 65 I 654.95 651.6 I 653.78 654.28 653.28 648.7 -5 .1 5.1 

MW-43 35 63 I 655.42 652.46 653 .76 654.26 653.26 649.6 -4.2 4.2 

PT- 11 66 66 I 654.02 648.49 651.68 652.18 651.18 648.4 -3.3 3.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 646.2 -3.7 3.7 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 645 .9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 1 647.28 642.61 645.62 646.12 645.12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3.3 3.3 

MW64D-3 77 72 I 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 642.9 -2.0 2.0 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -2.5 2.5 

MW-48 26 89 1 645.47 641.57 643 .75 644.25 643.25 639.9 . -3.9 3.9 

PT-2 1 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 -0.8 0.8 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 

PT-19 58 85 1 642.35 637.81 640.17 640.67 639.67 641.3 I.I I.I 

PT-20 51 89 1 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 

MW-32 58 96 I 637.84 632.40 635.11 635 .61 634.61 637.0 1.9 1.9 

PT-23 30 101 I 638.71 632.56 635.05 635.55 634.55 635.2 0.1 0.1 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 635.5 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633 .97 634.47 633.47 632.9 -I.I I.I 

MW-27 33 103 I 635 .62 630.37 633.45 633.95 632.95 634.4 0.9 0.9 

PT-16 18 107 I 635.06 630.17 633.43 633.93 632.93 632.9 -0.5 0.5 

MW-33 63 98 1 635.95 630.02 633.41 633.91 632.91 636.2 2.8 2.8 

MW-30 56 101 I 636.37 629.73 633.13 633.63 632.63 635.1 2.0 2.0 

MW64D-2 75 92 1 633.49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 634.3 2.6 2.6 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 634.3 2.7 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 633.6 2.0 2.0 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 1 633.66 625.45 630.56 631.06 630.06 633.9 3.3 3.3 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 635.8 5.5 5.5 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 632.8 2.6 2.6 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 

MW-35D 61 114 2 629.66 628.01 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 100 I 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-570 48 119 2 628.60 627.11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58D 48 119 3 628.53 625 .66 626.87 627.37 626.37 · 627.9 1.0 1.0 

MW-510 35 128 2 625.68 621.56 624.02 624.52 623 .52 624.3 0.3 0.3 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623 .46 624.3 0.3 0.3 

MW-520 35 128 3 624.20 620.04 622.54 623.04 622.04 624.3 1.8 1.8 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 604.0 -4.3 4.3 

Statistical Calculatiom: 

Monitorin~ Wells 
/fi?•:::>:j:x1(:=:·:·:':·.·:·:s:i .. ~~ ... >. : :·:·: 

ME= -1.58 
MAE= 4.03 
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Sensitivity of Heads to K v 
- 15% 

Kv: 0.0015 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Diffcn:nce Absolute 

WELL COLUMN ROW LAYER IDGH LOW MEAN IDGH LOW HEAD (feet) Difference 

MW25-3 4 9 I 742.41 742.4 1 740.75 743 .75 737.75 736. 1 -4.7 4.7 

MW64A- 1 82 11 I 736.63 736.63 737.87 740.87 734.87 734.0 -3 .9 3.9 

MW64A-3 82 12 1 734.08 734.08 735.32 738.32 732.32 733 .2 -2. 1 2. 1 

MW17- l 4 15 1 733.47 733.47 731.81 734.81 728.81 730.8 -1.0 1.0 

MW16-1 2 13 1 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MW16-2 2 14 I 731.01 731.01 729.84 732.84 726.84 731.9 2.1 2. 1 

MW17-3 4 16 1 729.77 729.77 728. 11 731.11 725.11 729.5 1.4 1.4 

MW-410 11 42 2 687.96 685.74 686.82 687.32 686.32 663.9 -22.9 22.9 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT- 10 47 44 2 677.79 670.57 673.51 674.01 673.01 658.5 -15.0 15.0 

MW64D-1 77 44 1 665.03 664.36 663 .37 663.87 662.87 658.3 -5. 1 5. 1 

MW-39 17 6 1 I 657.99 656.37 657.12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 1 657.39 655.10 655.73 656.23 655.23 650.7 -5.0 5.0 

MW-40 46 65 1 656.40 652.18 654.55 655.05 654.05 648.8 -5.8 5.8 

MW-59 71 65 1 654.95 651.61 653.78 654.28 653.28 648.7 -5.1 5.1 

MW-43 35 63 I 655 .42 652.46 653 .76 654.26 653.26 649.6 -4.2 4.2 

PT-11 66 66 1 654.02 648.49 651.68 652.18 651.18 648.4 -3.3 3.3 

PT-18 46 72 1 651.78 646.72 649.85 650.35 649.35 646.2 -3.7 3.7 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 645.9 -2.7 2.7 

MW-45 24 82 1 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 1 647.28 642.61 645.62 646. 12 645 .12 642.2 -3 .4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3.3 3.3 

MW64D-3 77 72 1 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 642.9 -2.0 2.0 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -2.5 2.5 

MW-48 26 89 1 645.47 641.57 643.75 644.25 643.25 639.9 -3.9 3.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 -0.8 0.8 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 

PT- 19 58 85 1 642.35 637.81 640.17 640.67 639.67 641.3 1.1 1.1 

PT-20 51 89 1 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 

MW-32 58 96 1 637.84 632.40 635. 11 635.6 1 634.61 637.0 1.9 1.9 

PT-23 30 101 1 638.71 632.56 635 .05 635.55 634.5 5 635 .2 0.1 0.1 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 635 .5 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633 .97 634.47 633.47 632.9 - 1.1 1.1 

MW-27 33 103 1 635.62 630.37 633.45 633.95 632.95 634.4 0.9 0.9 

PT-16 18 107 1 635.06 630. 17 633 .43 633.93 632.93 632.9 -0.5 0.5 

MW-33 63 98 I 635.95 630.02 633 .41 633.91 632.9 1 636.2 2.8 2.8 

MW-30 56 10 1 1 636.37 629.73 633 .13 633.63 632.63 635 .1 2.0 2.0 

MW64D-2 75 92 1 633 .49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 634.3 2.6 2.6 

MW-31 61 103 I 634.60 627.21 63 1.64 632.14 631.14 634.3 2.7 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 633.6 2.0 2.0 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 I 633.66 625 .45 630.56 631.06 630.06 633.9 3.3 3.3 

PT-15 71 99 I 634.09 627.40 630.35 630.85 629.85 635 .8 5.5 5.5 

MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 632.8 26 2.6 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 

MW-35D 61 114 2 629.66 628.0 1 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 1 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 100 1 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 1 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-570 48 119 2 628.60 627. 11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58D 48 119 3 628.53 625 .66 626.87 627.37 626.37 · 627.9 1.0 1.0 

MW-51D 35 128 2 625 .68 621.56 624.02 624.52 623.52 624.3 0.3 0.3 

MW-47 35 128 I 625 .69 621.47 623.96 624.46 623.46 624.3 0.3 0.3 

MW-520 35 128 3 624.20 620.04 622.54 623.04 622.04 624.3 1.8 1.8 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 604.0 -4.3 4.3 

Statistical Calculations: 

Monitorini Wells 

ME= -1.58 
MAE= 4.03 
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Sensitivity of Heads to K v 
-25% 

Kv: 0.0014 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER IIlGH LOW MEAN HIGH LOW HEAD (feet) Difference 

MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 736.1 -4.7 4.7 

MW64A-l 82 II I 736.63 736.63 737.87 740.87 734.87 734.0 -3.9 3.9 

MW64A-3 82 12 I 734.08 734.08 735.32 738.32 732.32 733.2 -2. 1 2.1 

MWl7-l 4 IS I 733.47 733.47 731.81 734.81 728.81 730.8 -1.0 1.0 

MWl6-l 2 13 I 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MWl6-2 2 14 I 731.01 731.0 I 729.84 732.84 726.84 731.9 2.1 2.1 

MWl7-3 4 16 I 729.77 729.77 728.11 73 I.I I 725.11 729.5 1.4 1.4 

MW-41D II 42 2 687.96 685 .74 686.82 687.32 686.32 663.9 -22.9 22.9 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673 .01 658.5 -15.0 15.0 

MW64D-l 77 44 I 665.03 664.36 663.37 663.87 662.87 658.3 -5. l 5.1 

MW-39 17 61 I 657.99 656.37 657. 12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 I 657.39 655 .10 655.73 656.23 655.23 650.7 -5.0 5.0 

MW-40 46 65 I 656.40 652.18 654.SS 655.05 654.05 648.8 -5.8 5.8 

MW-59 71 65 I 654.95 651.6 I 653.78 654.28 653.28 648.7 -5.1 5.1 

MW-43 35 63 I 655.42 652.46 653 .76 654.26 653.26 649.6 -4.2 4.2 

PT-II 66 66 I 654.02 648.49 651.68 652.18 651.18 648.4 -3.3 3.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 646.2 -3.7 3.7 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 645 .9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 I 647.28 642.61 645.62 646.12 645 .12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3.3 3.3 

MW64D-3 77 72 I 646.91 645 .89 645.25 645 .75 644.75 646.0 0.7 0.7 

PT-12 44 81 I 647.25 641.73 644.90 645 .40 644.40 642.9 -2.0 2.0 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -2.5 2.5 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643 .25 639.9 -3.9 3.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 -0.8 0.8 

PT-22 43 88 I 645.45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 

PT-19 58 85 I 642.35 637.81 640.17 640.67 639.67 641.3 I.I I.I 

PT-20 SI 89 I 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 637.0 1.9 1.9 

PT-23 30 IOI I 638.71 632.56 635.05 635.SS 634.55 635.2 0.1 0.1 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 635 .S 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633 .47 632.9 - I.I I.I 

MW-27 33 103 I 635 .62 630.37 633.45 633.95 632.95 634.4 0.9 0.9 

PT- 16 18 107 I 635.06 630.17 633.43 633.93 632.93 632.9 -0.5 0.5 

MW-33 63 98 I 635.95 630.02 633.41 633 .91 632.91 636.2 2.8 2.8 

MW-30 56 IOI I 636.37 629.73 633.13 633.63 632.63 635.1 2.0 2.0 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-55D 47 103 3 633 .37 630.23 631.71 632.21 631.21 634.3 2.6 2.6 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 634.3 2.7 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 633.6 2.0 2.0 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 I 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 I 633.66 625.45 630.56 631.06 630.06 633.9 3.3 3.3 

PT- 15 71 99 I 634.09 627.40 630.35 630.85 629.85 635 .8 s.s s.s 
MW-29 46 107 I 631.82 626.83 630.19 630.69 629.69 632.8 2.6 2.6 

MW-37 7 116 I 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 JOO I 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 627.9 1.0 1.0 

MW-51D 35 128 2 625 .68 621.56 624.02 624.52 623.52 624.3 0.3 0.3 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 624.3 0.3 0.3 

MW-52D 35 128 3 624.20 620.04 622.54 623.04 622.04 624.3 1.8 1.8 

PT-26 73 174 I 611.82 603.10 608.28 608.78 607.78 604.0 -4.3 4.3 

Sutist.ical Calculations: 

Monitorins Wells 

ME= -1.58 
MAE= 4.03 
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Sensitivity of Heads to K v 
+5% 

Kv: 0.0019 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER IDGH LOW MEAN IDGH LOW HEAD (feet) Difference 

::::::::=:=:=========:=======================:::::::::::::=?===~====r}=====r:rrr=r=::::::=t;= 

MW25-3 4 9 I 742.41 74241 740.75 743.75 737.75 736.1 -4,7 4.7 

MW64A-l 82 11 I 736,63 736.63 737.87 740.87 734.87 734.0 -3.9 3.9 

MW64A-3 82 12 I 734.08 734,08 735 .32 738.32 732.32 733.2 -2.1 2.1 

MW17-1 4 IS 1 733.47 733.47 731.81 734.81 728.81 730.8 - 1.0 1.0 

MW16·1 2 13 I 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MW16-2 2 14 1 731.01 731.01 729.84 732.84 726.84 731.9 2.1 2. 1 

MW17-3 4 16 I 729.77 729.77 728.11 731.11 725.11 729.5 1.4 1.4 

MW-4ID 11 42 2 687.96 685.74 686.82 687.32 686.32 663 .9 -22.9 22.9 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 - 17.7 17.7 

PT-10 47 44 2 677.79 670.57 673 ,51 674.01 673.01 658.5 - 15.0 15.0 

MW64D•l 77 44 1 665.03 664.36 663.37 663.87 662.87 658,3 -5.1 5.1 

MW-39 17 61 1 657.99 656.37 657.12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658.13 654.83 656.99 657,49 656,49 649.8 -7.2 7.2 

MW64D-4 79 59 1 657.39 655.10 655.73 656.23 655.23 650.7 -5.0 5.0 

MW-40 46 65 1 656.40 652.18 654.55 655 .05 654.05 648,8 -5,8 5.8 

MW-59 71 65 1 654.95 651.61 653.78 654.28 653.28 648.7 -5.1 5.1 

MW-43 35 63 1 655 .42 652.46 653.76 654.26 653 .26 649.6 -4.2 4.2 

PT-11 66 66 1 654.02 648.49 651.68 652.18 651.18 648.4 -3.3 3.3 

PT-18 46 72 1 651.78 646.72 649.85 650.35 649.35 646.2 -3 .7 3.7 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 645 .9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 I 647.28 642.61 645 .62 646.12 645. 12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3.3 3.3 

MW64D-3 77 72 1 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 642.9 -2.0 2.0 

MW-SOD 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -2.5 2.5 

MW-48 26 89 1 645.47 641.57 643.75 644.25 643.25 639.9 -3.9 3.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 --0.8 0.8 

PT-22 43 88 1 645.45 637.85 640.95 641.45 640.45 640.2 --0.7 0.7 

PT-19 58 85 I 642.35 637.81 640.17 640.67 639.67 641.3 1.1 1.1 

PT-20 51 89 I 644.21 636.11 640.02 640.52 639.52 639.8 --0.2 0.2 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 637.0 1.9 1.9 

PT-23 30 101 1 638.71 632.56 635.05 635 .SS 634.55 635.2 0.1 0.1 

PT-17 53 100 1 636.85 630.12 634.21 634.71 633.71 635.5 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633 .97 634.47 633.47 632.9 -1.1 1.1 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 634.4 0.9 0.9 

PT-16 18 107 I 635.06 630.17 633.43 633.93 632.93 632.9 --0.5 0.5 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 636.2 2.8 2.8 

MW-30 56 101 I 636.37 629.73 633 .13 633.63 632.63 635 . 1 2.0 2.0 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-550 47 103 3 633.37 630.23 631.71 63221 631.21 634.3 26 2.6 

MW-31 61 103 1 634.60 627.21 631.64 632. 14 631.14 634.3 27 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632. 13 631.13 634.3 27 2.7 

MW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 633.6 2.0 2.0 

MW-53 47 103 1 632.83 630.13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 1 633.66 625.45 630.56 631.06 630.06 633 .9 3.3 3.3 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 635 .8 5.5 S.5 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 632.8 2.6 2.6 

MW-37 7 116 1 630.91 626.65 629. 14 629.64 628.64 629.6 0.5 0.5 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 1 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 JOO I 630.28 626.39 628.3 8 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 1 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-SID 48 119 2 628.60 627.11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 · 627.9 1.0 1.0 

MW-5ID 35 128 2 625.68 621.56 624.02 624.52 623 .52 624.3 0.3 0.3 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623 .46 624.3 0.3 0.3 

MW-520 35 128 3 624.20 620.04 622.54 623.04 622.04 624.3 1.8 1.8 

PT-26 73 174 1 611.82 603.10 608.28 608.78 607.78 604.0 -4.3 4.3 

Statistical Calcul.ations: 

MonitorinS Wells 
;:i:t!t{:fttttft/tftlftf 

ME= - l.58 
MAE= 4.03 
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Sensitivity of Heads to Kv 
+15% 

Kv: 0.0021 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER HIGH LOW MEAN HIGH LOW HEAD (feet) Difference 

MW25-3 4 9 I 742.41 742.41 740.75 743.75 737.75 736.1 -4.7 4.7 

MW64A-I 82 II I 736.63 736.63 737.87 740.87 734.87 734.0 -3.9 3.9 

MW64A·3 82 12 I 734.08 734.08 735 .32 738.32 732.32 733 .2 -2.1 2.1 

MW17•1 4 15 I 733.47 733.47 731.81 734.81 728.81 730.8 -1.0 1.0 

MW16-l 2 13 I 732. 14 732. 14 730.97 733.97 727.97 732.9 1.9 1.9 

MW 16·2 2 14 I 731.0 I 731.01 729.84 732.84 726.84 731.9 2.1 2.1 

MW17•3 4 16 I 729.77 729.77 728.11 731.11 725 . 11 729.5 1.4 1.4 

MW-4ID II 42 2 687.96 685 .74 686.82 687.32 686.32 663.9 ·22.9 22.9 

MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT-10 47 44 2 677.79 670.57 673 .51 674.01 673.01 658.5 -15 .0 15.0 

MW64D-l 77 44 1 665.03 664.36 663 .37 663.87 662.87 658.3 -5 .1 5. 1 

MW-39 17 61 1 657.99 656.37 657.12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 I 657.39 655 .10 655.73 656.23 655.23 650.7 -s .o s.o 
MW-40 46 65 I 656.40 652.18 654.55 655 .0S 654.05 648.8 -5 .8 5.8 

MW-59 71 65 I 654.95 651.61 653.78 654.28 653 .28 648.7 -5.1 5.1 

MW-43 35 63 I 655.42 652.46 653.76 654.26 653.26 649.6 -4.2 4.2 

PT•ll 66 66 I 654.02 648.49 651.68 652.18 651.18 648.4 -3 .3 3.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 646.2 -3 .7 3.7 

MW-44 34 73 I 648.63 646.98 648.59 649.09 648.09 645 .9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 1 647.28 642.61 645.62 646.12 645 .12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3 .3 3.3 

MW64D-3 77 72 I 646.91 645.89 645 .25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 I 647.25 641.73 644.90 645.40 644.40 642.9 •2.0 2.0 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -2.5 2.5 

MW-48 26 89 1 645.47 641.57 643.75 644.25 643 .25 639.9 -3 .9 3.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 ..0 .8 0.8 

PT-22 43 88 1 645.45 637.85 640.95 641.45 640.45 640.2 ..0.7 0.7 

PT- 19 58 85 I 642.35 637.81 640.17 640.67 639.67 641.3 I.I I.I 

PT-20 SI 89 1 644.21 636.11 640.02 640.52 639.52 639.8 ..0 .2 0.2 

MW-32 58 96 I 637.84 632.40 635.11 635.61 634.61 637.0 1.9 1.9 

PT-23 30 101 1 638.71 632.56 635.05 635 .55 634.55 635 .2 0.1 0.1 

PT-17 53 100 I 636.85 630.12 634.21 634.71 633.71 635.5 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 632.9 -I.I I.I 

MW-27 33 103 1 635.62 630.37 633.45 633 .95 632.95 634.4 0.9 0.9 

PT-16 18 107 I 635.06 630.17 633.43 633.93 632.93 632.9 ..0.5 0.5 

MW-33 63 98 I 635.95 630.02 633.41 633.91 632.91 636.2 2.8 2.8 

MW-30 56 101 1 636.37 629.73 633.13 633.63 632.63 635 .1 2.0 2.0 

MW64D-2 75 92 I 633.49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 634.3 2.6 2.6 

MW-31 61 103 I 634.60 627.21 631.64 632.14 631.14 634.3 2.7 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 I 633.28 628.26 631.58 632.08 631.08 633.6 2.0 2.0 

MW-53 47 103 I 632.83 630.13 631.17 631.67 630.67 634.4 3.2 3.2 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 1 633.66 625 .45 630.56 631.06 630.06 633.9 3.3 3.3 

PT- 15 71 99 I 634.09 627.40 630.35 630.85 629.85 635.8 5.5 5.5 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 632.8 2.6 2.6 

MW-37 7 116 1 630.91 626.65 629.14 629.64 628.64 629.6 o.s 0.5 

MW-35D 61 114 2 629.66 628.01 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 1 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 100 1 630.28 626.39 628.38 628.88 627.88 635 .3 6.9 6.9 

MW-56 48 119 I 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58D 48 119 3 628.53 625 .66 626.87 627.37 626.37 . 627.9 1.0 1.0 

MW-SID 35 128 2 625.68 621.56 624.02 624.52 623.52 624.3 0.3 0.3 

MW-47 35 128 I 625.69 621.47 623.96 624.46 623.46 624.3 0.3 0.3 

MW-52D 35 128 3 624.20 620.04 622.54 623.04 622.04 624.3 1.8 1.8 

PT-26 73 174 1 611.82 603.10 608.28 608.78 607.78 604.0 -4.3 4.3 

Statistical Calculations: 

Monitorins Wells 

lvffi= -1.58 
MAE= 4.03 
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Sensitivity of Heads to K v 
+25% 

Kv: 0.0023 (ft/day) 

MODEL MODEL MODEL MEAS. MEAS. TARGET TARGET TARGET MODEL Difference Absolute 

WELL COLUMN ROW LAYER ffiGH LOW MEAN IDGH LOW HEAD (feet) Differen.ce 

tttttrttfrtttt?it{Jttttt=trnrtrnrr?r 
MW25-3 4 9 1 742.41 742.41 740.75 743.75 737.75 736.1 -4.7 4.7 

MW64A- l 82 11 I 736.63 736.63 737.87 740.87 734.87 734.0 -3.9 3.9 

MW64A-3 82 12 1 734.08 734.08 735.32 738.32 732.32 733.2 -2. 1 2. 1 

MW17- l 4 15 1 733.47 733.47 731.8 I 734.81 728.81 730.8 -1.0 1.0 

MW16-l 2 13 1 732.14 732.14 730.97 733.97 727.97 732.9 1.9 1.9 

MW16-2 2 14 1 731.01 731.01 729.84 732.84 726.84 731.9 2.1 2.1 

MW17-3 4 16 1 729.77 729.77 728. 11 731.11 725.11 729.5 1.4 1.4 

MW-41D II 42 2 687.96 685.74 686.82 687.32 686.32 663 .9 -22.9 22.9 

MW-420 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 

PT-10 47 44 2 677.79 670.57 673.51 674.01 673.01 658.5 -15.0 15.0 

MW64D-l 77 44 1 , , 665.03 664.36 663.37 663 .87 662.87 658.3 -5.1 5.1 

MW-39 17 61 1 657.99 656.37 657. 12 657.62 656.62 650.4 -6.7 6.7 

MW-60 72 62 I 658.13 654.83 656.99 657.49 656.49 649.8 -7.2 7.2 

MW64D-4 79 59 1 657.39 655.10 655 .73 656.23 655 .23 650.7 -5.0 5.0 

MW-40 46 65 1 656.40 652.18 654.55 655.05 654.05 648.8 -5. 8 5.8 

MW-59 71 65 1 654.95 651.61 653 .78 654.28 653 .28 648.7 -5. 1 5.1 

MW-43 35 63 1 655.42 652.46 653 .76 654.26 653.26 649.6 -4.2 4.2 

PT-11 66 66 1 654.02 648.49 651.68 652.18 651.18 648.4 -3 .3 3.3 

PT-18 46 72 I 651.78 646.72 649.85 650.35 649.35 646.2 -3.7 3.7 

MW-44 34 73 1 648.63 646.98 648.59 649.09 648.09 645 .9 -2.7 2.7 

MW-45 24 82 I 648.47 644.75 646.88 647.38 646.38 642.6 -4.3 4.3 

MW-46 34 83 1 647.28 642.61 645.62 646.12 645 .12 642.2 -3.4 3.4 

MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 642.2 -3.3 3.3 

MW64D-3 77 72 1 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 

PT-12 44 81 1 647.25 641.73 644.90 645.40 644.40 642.9 -2.0 2.0 

MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -2.5 2.5 

MW-48 26 89 I 645.47 641.57 643.75 644.25 643.25 639.9 -3 .9 3.9 

PT-21 43 88 2 647.51 635.37 641.03 641.53 640.53 640.2 -0.8 0.8 

PT-22 43 88 1 645.45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 

PT-19 58 85 I 642.35 637.81 640.17 640.67 639.67 641.3 I.I I.I 

PT-20 51 89 1 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 

MW-32 58 96 1 637.84 632.40 635.11 635.61 634.61 637.0 1.9 1.9 

PT-23 30 IOI 1 638.71 632.56 635 .05 635.55 634.55 635 .2 0.1 0.1 

PT-17 53 100 1 636.85 630.12 634.21 634.71 633.71 635.5 1.3 1.3 

MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 632.9 -1.1 I.I 

MW-27 33 103 I 635.62 630.37 633.45 633.95 632.95 634.4 0.9 0.9 

PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 632.9 -0.5 0.5 

MW-33 63 98 1 635.95 630.02 633.41 633 .91 632.91 636.2 2.8 2.8 

MW-30 56 101 1 636.37 629.73 633.13 633.63 632.63 635. 1 2.0 2.0 

MW64D-2 75 92 1 633.49 630.75 631.83 632.33 631.33 638.4 6.6 6.6 

MW-550 47 103 3 633.37 630.23 631.71 632.21 631.21 634.3 2.6 2.6 

MW-31 61 103 1 634.60 627.21 631.64 632.14 631.14 634.3 2.7 2.7 

MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 634.3 2.7 2.7 

MW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 633 .6 2.0 2.0 

MW-53 47 103 1 632.83 630.13 631.17 63 1.67 630.67 634.4 3.2 3.2 

PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 632.0 1.0 1.0 

PT-25 64 104 1 633.66 625.45 630.56 631.06 630.06 633.9 3.3 3.3 

PT-15 71 99 1 634.09 627.40 630.35 630.85 629.85 635.8 5.5 5.5 

MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 632.8 2.6 2.6 

MW-37 7 116 1 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 

MW-350 61 114 2 629.66 628.01 629.08 629.58 628.58 629.9 0.8 0.8 

MW-36 61 114 I 629.94 626.43 629.02 629.52 628.52 629.9 0.9 0.9 

MW-34 75 100 1 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 

MW-56 48 119 1 627.78 626.67 627.27 627.77 626.77 627.9 0.6 0.6 

MW-57D 48 119 2 628.60 627.11 626.94 627.44 626.44 627.9 1.0 1.0 

MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 627.9 1.0 1.0 

MW-SID 35 128 2 625.68 621.56 624.02 624.52 623.52 624.3 0.3 0.3 

MW-47 35 128 1 625.69 621.47 623 .96 624.46 623.46 624.3 0.3 0.3 

MW-520 35 128 3 624.20 620.04 622.54 623 .04 622.04 624.3 1.8 1.8 

PT-26 73 174 I 611.82 603. 10 608.28 608.78 607.78 604.0 -4.3 4.3 

Statistical Calculations: 

Monitorin3 Wells 
\i!\\t}\i?:f!ff:::::::(:(::::'.:t/:\:f:;:;:::::: 

ME= -1.5 8 
MAE= 4.03 
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POROSITY . o. ,ooooooa-01 POR u.YU 

POROSITY . 0 , 60000008-01 POR LAYU 

---------------
BU.OS VlUlB RAAD POR LAYD 1 , BTR&86 PD.JOO l TJKB ITSP 

B&ADS V&RE RBAD POR LAYU l , 8TRU6 PUJOO l TJNB 8TBP 

BU.OS WBRB Jt&AD POR LATU 3 , STRB86 PBRIOD l 'TJNB l'TBP 

B&ADS HAVE~ RAAD 
RU.DING BCP BUDGIBT DATA POR STR&SS PUJOD 1 , T IO &TSP 

BCP PLOW R.Afl.S HAVE UBH Jt&AD 
RECBARC! DATA BJUNG JlBAD POR STRBSB PERIOD 1 , TIO STBP 

RBCHARCB RATB ■ 0. lJll000a- o, 

:2 43 Clll.LS HAD IUUIORS > 1. 0000 
KAIJKUM &JI.ROA • 6, 8706 1 IN ROW 1 COL l LAYBR 

CBLL-BY-CBLL &RROR ltnOIAJtY , ROW COLIJNH LAYD &RROR II ) &RROR(ABSOLUTB I 

2 1 - 2. 6473 -o .18977£-01 
1 - l . 9195 -0 . 335338-01 
1 -t.8689 -0 . 31848~-01 
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1 -t . 6411 -0 . 281508- 01 

1 -1, 7526 -0 . 26715!. · 01 
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••••• ••• PARTICLE TBR.NIHATION IHPORN>.TlOH 

PARTICLE 1 NA6 STOPPED IN ROW 210, COL 62, LAY 2 TJO• 1.187'8+05 

TR.Aval. TINE 8UIOQ.RY POR ALL PARTJCLBS 1 
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General Comment 

Response to Comments 
by 

USEPA 
for Draft Final Feasibility Study at the Ash Landfill 

Seneca Army Depot Activity 
Romulus, New York 

Comment Date: April 8, 1997 

Comment 1. EPA comments have been adequately addressed. 

Response 1. Acknowledged. 





Comment #2 

Response #2 

Comment #6 

Response #6 

Response to Comments 
by 

USEPA 
for Draft Final Feasibility Study Report at the Ash Landfill 

Seneca Army Depot Activity 
Romulus, New York 

Comment Date: January 1997 

Based on a review of the text it appears that the alternative selected will discharge to 
the drainage ditches near the site. However, it is still stated that the 4,000 feet of 
piping required is a drawback. This contradiction should be corrected. 

Agreed. The description of the alternative has been modified so that it no longer 
states that 4,000 feet of piping is a drawback for the alternative because discharge 
will be to the drainage ditches near the site. The text in Section 3.4.6 was modified. 

In the response to comment Parsons ES states that the contingency plan will include 
deed restriction on off-site properties. The Army may be able to place a deed 
restriction on its property by may not place a deed restriction on properties it does 
not own. This statement should be removed from the document and should not be 
included in the contingency plan. 

Agreed. Currently, Section 5.4.4.1 states that "The contingency plan would 
consists of applying a deed restriction to the parcel of land to indicate that no 
groundwater wells may be used for drinking water, and supplying an alternative 
water supply to off-site residences." Although the response to the comment 
indicates, in error, that the contingency plan will include deed restrictions of the off
site property, the Ash Landfill FS does not state this. However, the Ash Landfill FS 
was clarified so that it is clear that the deed restriction would apply to property that 
is owned by the Army. The text changes were made in Section 5.4.4.1 of the Ash 
landfill FS. 
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Comment #1 

Response #1 

Response to Comments 
by 

NYSDEC 
for Draft Final Feasibility Study Report at the Ash Landfill 

Seneca Army Depot Activity 
Romulus, New York 

Comment Date: January 1997 

5.4.1.1 Definition of Alternative MC-2: This alternative states that a groundwater 
monitoring plan will be implemented and if the monitoring data indicates an upward 
trend in concentration of the c~nst_ituents of concern, then a contingency plan will be 
implemented. The contingency plan would consist of applying deed restrictions to 
the parcel of land to indicate that no groundwater wells may be used for drinking 
water. Please explain how the Army would be able to place a deed restriction on 
off-site land which is owned by parties other than the U.S . Government. 

In addition, the contingency plan also includes supplying an alternative water supply 
to the off-site residences and any future residences . The details of an alternative 
water supply should be provided in this section. 

Agreed. Currently, Section 5.4.4.1 states that "The contingency plan would 
consists of applying a deed restriction to the parcel of land to indicate that no 
groundwater wells may be used for drinking water, and supplying an alternative 
water supply to off-site residences. " Although the response to the comment 
indicates, in error, that the contingency plan will include deed restrictions of the off
site property, the Ash Landfill FS does not state this. However, the Ash Landfill FS 
was clarified so that it is clear that the deed restriction would apply to property that 
is owned by the Army. The text changes were made in Section 5.4.4.1 of the Ash 
landfill FS. Also, additional details regarding the type of alternative water supply 
that would be used (extension of the SEDA water main) was added to paragraph 
three in Section 5 .4 .4 .1. 
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RESPONSE TO COMMENTS 
BY 

U.S. ARMY FOR 
DRAFT FINAL FEASIBILITY STUDY 

AT THE ASH LANDFILL SITE 
SENECA ARMY DEPOT ACTIVITY 

ROMULUS,NY 
JANUARY 1996 

Comments by K. Healy 

Comment #1 

Response #1 

Comment #2 

Section 1.5.1 , Page 1-16. 

a. Paragraph 1. In the first full paragraph of this page, it is stated that the excess 
cancer risks and the excessive hazard index is due to the potential exposure of 
receptors to groundwater as their sole drinking water source. However, the only 
groundwater used for consumption in this immediate area is taken from an aquifer 
that is significantly deeper than, and hydraulically disconnected from, the 
contaminated layer of groundwater. We should definitely differentiate between the 
shallow use (assumption) and the deep aquifer use (reality). Toward that aim, I 
would recommend presenting an additional scenario . The first scenario presented is 
that of "Current Off-Site Residents". This scenario is based on the extremely 
conservative assumption that residents are drinking from the contaminated aquifer. 
This should be considered Scenario la. The new scenario should be Scenario lb, 
and should be based on reality, i.e., that no contaminated groundwater is consumed. 
This scenario would no longer have an excess cancer risk, nor would it have an 
excessive Hazard Index. Such a comparison would lend tremendous perspective to 
our efforts to demonstrate that, without the ridiculously conservative assumptions, 
this site is no longer a risk to anyone. 

b. Paragraph 2. In the second full paragraph of this page, the same discussion is 
continued (i .e., residential consumption of contaminated groundwater). Here, the 
argument is dismissed for a good reason. However, I believe the best reason has 
been omitted. Along the lines of a), above, I would recommend rewriting this entire 
section, qualifying the discussion to demonstrate the worthlessness of the 
exceptionally conservative assumptions that are being forced upon us. 

The baseline risk assessment must consider all potential pathways of exposure 
including the use of the shallow aquifer for drinking water purposes . This aquifer is 
currently being used by the nearest off-site receptor (Farmhouse wells) and therefore 
should be considered in the analysis . The scenario you are suggesting is not 
considered to be a valid exposure pathway because no hydraulic link has been 
established between the VOCs in the shallow aquifer and the deeper aquifer. 

Section 2.2.2, Page 2-10. 

In the third paragraph on this page, a discussion similar to the above is presented 
("Carcinogenic and non-carcinogenic risks .. . below EPA risk criteria."). This too 
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Response #2 

Comment #3 

Response #3 

Comment #4 

Response #4 

should be qualified. Whether or not wells are planned is immaterial if drinking 
water wells all draw from a discrete and much deeper aquifer. 

This paragraph has been revised to state that: " ... the total Hazard index and the 
total carcinogenic risks for the current and future land use scenarios; with the 
exception of the future on-site residential scenario." The total non-carcinogenic 
(IIl) and carcinogenic risks must be considered for each receptor separately and 
therefore the former statement was inaccurate. 

Section 2.2.4.1, Page 2-20. 

The discussion contained in the third bullet on this page is apparently generic. 
Would question whether we should still be referring to VOC's as chemicals of 
concern since the removal action is now complete. Recommend creating a section 
(or repositioning Section 2.2.5) to fully discuss the removal action and what it 
accomplished and put the entire issue of voe contamination of soils at this site to 
bed. In such a case, Table 2. 3 would be changed to reflect the treated soil values 
(column 5). 

Agreed. The purpose of this section is to list all ARARs and TB es for the site, and 
the NYSDEe TAGM HWR-94-4046, which is discussed in the third bulleted item, 
is a chemical-specific TBe for soil at the site. The subsequent discussion in Section 
2.2.5, Removal Action Remedial Objectives, fully discusses the Removal Action 
and states that the cleanup objectives and volume of soil for that removal action 
were derived from the referenced NYSDEe TAGM for soil listed in Section 2.2.4. 1. 

Section 2. 3 has been expanded to more fully describe the General Response Actions · 
and the Remedial Action Objectives (RAOs) for the site. The discussion states that 
the implementation of the Removal Action, i.e., the removal of the source of voes 
in groundwater, resulted in a reduction of the EPA carcinogenic risk value, 
compliance with the NYSDEe TAGM for soil, and elimination of leaching of 
voes to groundwater. As a results , the RAO for groundwater involves only 
management of the voe plume and the RAO for soil addresses only metals and 
P AHs. This section completes the discussion of voe contamination in soil at the 
site. Table 2.3 has not been changed. 

Section 2.2.6.1, Page 2-32. 

In the first paragraph, we say that the goal is to reduce the site risks to within the 
acceptable EPA range. In the second paragraph we say that, currently, both risks 
are within the accepted ranges . We should rearrange these two thoughts and restate 
the goal as being to further reduce the risks (if we decide to do anything at all). 

Agreed. The two statements are contradictory. The sentence in the first paragraph 
has been revised to state that the clean-up goal will be to further reduce the risks. 
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Comment #5 

Response #5 

Comment #6 

Response #6 

Comment #7 

Response #7 

Section 2.2. 6.2, Page 2-32 . 

In the second paragraph of this section , we say that the calculated risks are both 
currently within the accepted ranges . Then we say that the most significant risk 
comes from certain pathways and that these risks have been reduced by virtue of the 
removal action. If we have reduced the components of a risk that was acceptable in 
the first place, shouldn' t we conclude that there is nothing more to worry about 
here? At the very least, this section needs to be rewritten somewhat for clarity. 

Agreed. Section 2.3, General Response Actions, has been expanded to provide a 
more complete discussion of the soil clean-up goals . This section states that while 
the risk analysis indicates that soil remediation is not a requirement, there is a need 
to consider the NYSDEC TAGM values for clean-up of soils. The Remedial Action 
Alternatives for soils were developed ( 1) to mitigate exposure pathways for dermal 
contact with and ingestion of metals and P AHs and (2) to comply with NYSDEC 
soil clean-up TAGM values for metals and PAHs. 

Section 2.4 .2, Page 2-38 . 

Case l should be discussed as part of the background and, already having been put 
to bed previously (See comment 3, above), left out of all calculations of what is to 
be remediated. The same would hold true for Table 2-7. I don 't see a purpose to 
adding 23 ,126 yards to the soil to be treated under cases 2-4 . 

These scenarios were presented to show the cumulative effort on the mean soil 
concentrations and the effect on the non-carcinogenic (HI) and carcinogenic risks .. 
The volumes are added in this table since the effects are cumulative. However, the 
table also shows the volumes for each area separately should only one or more be 
selected for removal as in the alternative SC-5, where only the debris piles are 
considered for removal and disposal. The driving force for soil remedial actions is 
not the human health risks ( which are all within the EPA target ranges) but rather 
the high lead levels present i.e., concentrations above 500 ppm, which the EPA 
considers to be the T AGM for lead in soil. 

Section 2.4 .2, Page 2-38 . 

In the final lines of this page and the first portion of the next, we discuss the skewed 
mean values created by a reduced number of data points . Is there any way to 
correct for this or to dismiss it through the explanation provided? The rationale for 
doing anything on this site is currently non-existent (oops, I mean tenuous) . This 
mathematical aberration should not be allowed to push us into having to remediate if 
we can avoid it. 

Acknowledged. This section merely provides an explanation of the statistical results 
of the calculation of the 95th UCL of the mean and the risk values. Table 2-8 
indicates that removal of all four operable units will result in a reduction of the 95th 
UCL of the mean and overall reduction in the risk values. 
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Comment #8 

Response #8 

Comment #9 

Response #9 

Comment #10 

Response #10 

Comment #11 

Response #11 

Figure 2- 1. 

This figure should be moved to the generic discussion of the removal action. It is 
out of place here. 

Disagree. The details of the Removal Action are discussed only in this section. 
Subsequent sections of the report discuss the actions which will be performed. 

Section 2.4.2, Page 2-44. 

In paragraph 1, the statement "Again, the cancer risk ... rather than the prevalence of 
these compounds." is made. This has always intrigued me since it would appear 
that most of the driving force behind any future remediation is a fluke rather than a 
justifiable rationale. Would question whether this should be expanded upon and 
used to drive home the point that nothing is required in the way of remediation for 
this site. 

Agreed. Section 2.3, General Response Actions, has been expanded to provide a 
more detailed explanation of the development of the general response actions . The 
text reiterates the fact that the risk to human health are acceptable, however, there is 
a need to consider the NYSDEC TAGM values for the clean-up of soils. 

Section 2.4.2, Page 2-44. 

Despite all of the soil removal, the P AH values remaining do not fall below the 
NYSDEC TAGM values. No amount of remediation will get us there due to the 
ridiculously low TAGM values and, to start with, the PAH contamination is based 
on a mathematical fluke . This is what is driving the remediation at this??? 

Agreed. Section 2.3 states that the remedial action alternatives were derived to 
mitigate exposure pathways to metals as well as P AHs, and to comply with 
NYSDEC TAGM criteria for both metals and PAHs. Remediation of the areas 
proposed for soil remedial action will reduce the concentration of metals to below 
the respective NYSDEC T AGM values, although the P AH concentrations will 
remain above the NYSDEC TAGM values . 

Section 3.2, Page 3-7. 

In the second-to-the-last paragraph on this page, MC-6 needs to be better identified 
as was done with the other alternatives. In the first line, briefly define MC-6 and, in 
the 5th line, define "this technology". Confusion is likely due to the fact that MC-6, 
MC-4 and MC-5 are all being discussed to some degree in this paragraph. 

Agreed. The text has been revised and Alternative MC-6 has been described as 
utilizing ultraviolet oxidation as a treatment system for groundwater. 
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Comment #12 

Response #12 

Comment #13 

Response #13 

Comment #14 

Response #14 

Comment #15 

Response #15 

Section 3.3 .2, Page 3-9. 

In the last paragraph of this section we discuss the current site risk values . To 
avoid confusion, recommend changing "Under these exposure .. . " to "Under the 
current exposure .. . " in line four. Since we make such a good case for no action, 
shouldn't we begin the discussion of the next section by saying something along the 
lines of " In case some soil remediation is undertaken, the following alternatives are 
presented."? 

Agreed. The phrase has been changed. 

As discussed in Section 2.3, the Remedial Action Alternatives for soil were 
developed to mitigate exposure to metals and P AHs, and to comply with NYSDEC 
TAGM values for metals and PAHs. Therefore, the proposed sentence was not 
added to the text at the beginning of Section 3.3.3. 

Section 3 .4 .2, Page 3-17. 

The statement "If the intended future land use ... risks would be unacceptable." is 
made in Line 4 of the second paragraph on this page. This would only be true if 
shallow groundwater were used. Recommend qualifying this statement as in 
comment la, above. 

This statement has been revised to indicate the use of the shallow aquifer for 
drinking water purposes. 

Section 3.4.3, Page 3-17. 

The last sentence on this page mentions that the existing farmhouse makes use of the 
overburden well . Recommend defining that usage. Engineering controls on the 
future use of that well (if the usage is or is to be substantial) is more amenable than 
spending millions to remediate groundwater. 

Agreed. The text has been revised to state that water from the overburden well is 
used for farming purposes including irrigation, and not for drinking water. 

Section 3.4.6, Page 3-21 . 

The reference is made to substantial piping requirements in the last sentence of this 
section. Would question why discharge has to be directly into the creek. The IRM 
simply discharged to nearby drainage ditches and let it flow the remainder of the 
way. 

Agreed. It would be more cost effective to discharge the treated water into the 
existing drainage ditches located along the roadways, and if necessary, upgrade the 
ditches to accommodate the potential volume of flow from the treatment process. 
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Comment #16 

Response #16 

Comment #17 

Response #17 

Comment #18 

Response #i8 

Comment #19 

Response #19 

This option will be investigated if this alternative is selected as the remedial 
alternative for migration control. 

Section 3.4.7, Page 3-22. 

In the last sentence of this section, please correct the two occurrences of "Kenadia". 

Agreed. The text has been revised. 

Table 3-4. 

I anticipate a lot of trouble in justifying why the Army plans on pursuing the fifth 
rated alternative. Is there anyway, based on all the evidence presented to date in 
favor of the natural attenuation alternative, to refigure this ranking? 

The alternatives are compared in more detail in Section 5 of the FS report. The 
results of the groundwater modeling study are presented in the detailed description 
of Alternative MC-2 5 to provide historical data and modeling results which 
substantiate the use of natural attenuation. The effectiveness of this alternative, 
which is supported by the groundwater modeling study, as well as the low cost of 
this alternative are reasons for selecting this remedial alternative. 

Section 3.6.2.2, Page 3-29. 

I don 't believe that plume migration and groundwater use should be discussed in a 
section dealing with source control. These discussions should be separate and. 
distinct. 

Agreed. The reference to plume migration and groundwater has been changed to 
potential exposure to metals and PAHs in soil . 

Section 3.6.2.2, Page 3-29. 

In line three of the first paragraph of the discussion of Migration Control, I believe 
we should qualify the statement "Since there is no treatment. .. use of shallow 
groundwater." 

This statement simply reflects that the potential for off-site exposure of groundwater 
contaminant does exist as shown by the risk assessment which must consider this as 
an exposure pathway. The next sentence attempts to qualify this assumption by 
citing the groundwater modeling study which indicated that the potential for 
exposure via this pathway is low. 
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Comment #20 

Response #20 

Comment #21 

Response #21 

Comment #22 

Response #22 

Comment #23 

Response #23 

Comment #24 

Section 3.6.2.2, Page 3-30. 

In the first line on this page, suggesting that natural attenuation does not remove 
pollutants is not exactly accurate. Removal is accomplished in a passive sense and 
over a longer period. 

Agreed. This discussion, which is now in Section 3.7.2.2, has been revised to state 
that Alternative MC-2 ranks lower because this alternative does not utilize a 
treatment technology, although pollutants are reduced in a passive system. 

Section 3.6.2. 6, Page 3-33 . 

In line 5 of the paragraph on Migration Control, recommend rephrasing 
" .. . combined with the No Action .. .if mobility is increased" to " ... combined with the 
natural attenuation alternative to monitor mobility, not overtly control it. " 

Agreed. The text, which is now in Section 3.7.2.6, has been changed. 

Section 3.6.2.7, Page 3-34. 

In line two of the discussion on Migration Control, recommend changing "which 
rely on natural degradation" to "which relies on natural attenuation". Attenuation, I 
believe, involves a few more factors, which is point in our favor . 

Agreed. The phrase, which is now in Section 3.7.2.7, has been changed. 

Section 3.6.3.3, Page 3-38 . 

Please change "and there would be continued leaching of pollutants to the 
groundwater." in line two of the paragraph on Source Control and replace that 
thought with a".". To my knowledge, there has been non concern over metals and 
PAH's in the groundwater at this site, so continued leaching is inflammatory. Also, 
for consistency, we should maintain the same language throughout this document. 
Please change "attenuation/biodegradation" to "attenuation" in line four of the 
discussion on Migration Control. 

Agreed. The phrase referencing potential leaching has been removed. In addition, 
the wording in the discussion on Migration Control, which is now in Section 3.7.3 .3, 
has been changed. 

Section 5.2. l.l, Page 5-l. 

In line four of the first paragraph, the statement "Groundwater monitoring activities 
have previously included quarterly monitoring ... but will not continue under this 
alternative." is made. First, I would question why this is being discussed as part of 
Source Control, secondly, the current groundwater monitoring is done as a distinct 
program. I believe it is incorrect to say that monitoring will stop, even if the No 
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Response #24 

Comment #25 

Response #25 

Comment #26 

Response #26 

Action alternative is chosen. Also, in the last sentence of this paragraph, please 
change "but is part" to "because this is part". 

The sentence "Groundwater monitoring .. . " has been deleted. The last sentence has 
been changed to "because this is part". 

The referenced phrase in the past sentence of this paragraph has been changed. 

Section 5.2.1.3, Page 5-2. 

This discussion refers to VOC's and leaves one with the impression that such 
contamination still remains . This section should be rewritten to reflect the 
remediation that has been completed. Additionally, both this section and the one 
following need to be rewritten to make it absolutely plain that heavy metals and 
PAH's are the only contaminants that remain to be concerned with. A few 
qualifications, as discussed in earlier comments, would be appropriate, as well . 

Agreed. The sentence referencing chlorinated organic solvents is misleading and has 
been removed from Section 5 .2.1.3. Section 2.2 .5 and the revised Section 2.3 both 
provide a detailed discussion the remediation of the source soils and the results of 
the removal action. The discussion also states that as a result of the removal action, 
the contaminants of concern for soil are now only metals and P AHs. Section 
5.2.1.3 and the following section have not been rewritten because the two sections in 
Section 2 have been revised. 

Section 5.2.2.1, Page 5-3. 

Recommend changing the first sentence in paragraph I, "area, the soils at the .. . has 
been completed), the debris piles" to "area and the debris piles". The fact that the 
removal was completed has been documented enough in the prior pages. Also, 
reference is made to the residual materials . Are we proposing to re-excavate these 
or is this an extraneous reference that can be deleted? Additionally, in paragraph 2, 
line 6, please define "all the soils" (e.g. , debris piles, etc.). 

Acknowledged. This discussion refers to Alternative SC-3, which is now presented 
in Section 5.2.3.1 . Both paragraphs have been revised to describe exactly which 
areas of the site will be excavated. The first sentence in paragraph 1 has been 
revised to the following : "This option consists of excavation of the soils in the Ash 
Landfill area, the soils at the "Bend-in-the-Road" area, and the debris piles, and 
consolidation in the NCFL. " There is still a potential exposure to metals and P AHs 
from dermal contact with or ingestion of the "Bend-in-the-Road" soils . Therefore, 
these soils will be excavated and consolidated in the NCFL for Alternative SC-3. 
Table 2-7 lists the four cases, Ash Landfill, debris piles, NCFL, and "Bend-in-the
Road" soils. "All the soils" refers to the cases listed in Table 2-7. The referenced 
sentence has been revised to the following : "all the soils listed in Table 2-7". 
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Comment #27 

Response #27 

Comment #28 

Response #28 

Comment #29 

Response #29 

Comment #30 

Response #30 

Comment #31 

Response #31 

Comment #32 

Section 5.2.3.2, Page 5-5. 

In the final paragraph on this page, we discuss risk reductions due to Case 3. I 
would recommend qualifying the final sentence by saying" ... removal action, which, 
in and of itself, created a condition which is protective of human health." 

Agreed. The phrase has been added to the text. 

Section 5.2.4.1, Page 5-9. 

In the last full paragraph on this page (line 4), the statement "There are organics in 
the soil... " is made. Please clarify what organics are being referred to here. 
Following the removal action, I would say that nothing remains. 

Agreed. The sentence has been revised to state that P AHs are present in the soil. 

Section 5.2.4. 1, Page 5-13. 

I would question why munitions are mentioned at all here. There has never been 
any evidence of such. 

Agreed. The reference to munitions has been removed. 

Section 5.2.4.2, Page 5-15 . 

In the second paragraph in this section, the statement "Following implementation of 
this alternative ... to reduce the risk further." The ' 'No Action" alternative would 
leave us with risks that meet the accepted range, also, thereby obviating the need to 
do anything. Therefore, this sentence is misleading as written and should be 
qualified. 

Acknowledged. The No Action alternative results in risks that meet the EPA target 
risk ranges . However, the No Action alternative does not protect against ingestion 
of and direct contact with metals and P AHs in the soil, which is one rationale for 
developing soil remedial action alternatives . The sentence has not been changed. 

Section 5.3 . l. l , Page 5-18. 

In the third line of this section, correct "As described above .. . " I didn 't see any such 
discussion. 

Agreed. The sentence, which is now in Section 5. 4. 1. 1, has been removed. 

Section 5.3 . l.2, Page 5-19. 

In line three, please change "the no action alternative" to "the natural attenuation 
alternative". 
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Response #32 

Comment #33 

Response #33 

Comment #34 

Response #34 

Comment#35 

Agreed. The referenced phrase, which is now in Section 5.4.1.2, has been revised. 

Section 5.3 .1.3, Page 5-20. 

In the first line, we blithely suggest that "there would be a reduction in the VOC 
concentrations" over time. Recommend making this a more forceful statement by 
quoting the modeling study as necessary. Also, please change, "the volume of 
impacted groundwater (i .e., size of the plume) .. . by the groundwater model 
(Appendix F). to "the driving force behind the groundwater contamination has been 
removed." I did not see the report enclosed in Appendix F. 

Acknowledged. Section 5.4.1.1, Definition of Alternative MC-2, has been expanded 
with a discussion of the natural attenuation process based on historical data from 
the site and the results of the groundwater modeling study. The groundwater 
modeling study is included in Appendix F of this final report. The text has not been 
changed. 

Section 5 .3 .2.2, Page 5-22. 

In the fourth paragraph, reference is made to direct contact with affected soil and 
inhalation of vapors as being exposure routes . Please be more specific. What soil 
will anyone come into contact with? There are no longer any soils contaminated 
with VOC's either in the old location of the source or downgradient where the 
trenches will be installed. 

Agreed. The revised Section 2 .3 discusses the rationale for developing soil remedial . 
action alternatives, which were to mitigate exposure pathways for dermal contact 
with and ingestion of metals and P AHs. This discussion should clarify the text in 
Section 5.3.2.2. 

Section 5.3.3.2, Page 5-31 . 

Recommend rewriting the first two paragraphs as follows for clarity and 
succinctness. "The first issue in short-term effectiveness is protection of the 
community during the remedial action. All remedial activities associated with this 
alternative will be conducted on-site. Additionally, all air emissions from the air 
stripper will meet all NYSDEC and EPA air standards. Therefore, this alternative 
will be protective of the community." 

"The short term protectiveness to site workers has also been considered. The major 
routes of exposure during excavation are direct contact with the affected soil and 
inhalation of vapors or particulates. Because the non-time critical removal action 
has been completed, the concentrations of potentially hazardous constituents in the 
area of the excavations will be minimal to non-existent leading to a minimal 
potential for worker exposure. However, it is likely that some level of personal 
protective equipment will be necessary as a precaution." 
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Response #35 

Comment #36 

Response #36 

Comment #37 

Response #37 

Comment #38 

Response #38 

Comment #39 

Response #39 

Also recommend changing "years considering the fact ... has been completed" to 
"years" in the last paragraph on this page. 

Agreed. The section which now discusses alternative MC-5 is Section 5.4.3.2. 
This section has been revised accordingly. 

Section 5.3.3 .3, Page 5-32. 

Recommend changing "no offsite" to "no additional offsite" in line 3 and " removed" 
to "attenuated" in line four. 

Agreed. The phrase in the referenced section, which is now Section 5 .4. 3 .3 , has 
been changed. 

Section 5.3.3.6, Page 5-33. 

Recommend deleting the second paragraph in the discussion on Technical 
Feasibility. This would be appropriate if the removal was still ongoing which we 
know is not the case. 

Disagree. The second paragraph of Technical Feasibility, which is now in Section 
5 .4 .3 . 6, has not been deleted. Source control alternatives include the excavation of 
areas at the Ash Landfill site. Therefore, other remedial activities may be 
performed. 

Section 5.3 .4.2, Page 5-37/5-38. 

In the final line of this page (and the first line of the next), recommend changing "4 
to 8 years if the .. . 30 to 40 years otherwise" to "4-8 years since the source of 
groundwater contamination has been eliminated." Also, in the second paragraph of 
the discussion on Long-Term Protectiveness, please change "OV oxidation" to "UV 
oxidation". 

Acknowledged. This section, which is now Section 5.4.4.2, has been revised. 
Based on the results of the groundwater modeling study, the time until treatment is 
accomplished is approximately 12 to 15 years. 

The text in the second paragraph has been revised to UV oxidation. 

Section 5.3.4.4, Page 5-38 

Delete the third sentence "If the source of. .. goals will be decreased." 

Agreed. This sentence, which is now in Section 5.4.4.4, has been deleted. 
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Comment #40 

Response #40 

Comment #41 

Response #41 

Comment #42 

Response #42 

Comment #43 

Response #43 

Comment #44 

Section 5.3.4.6, Page 5-39. 

In the discussion of Technical Feasibility, delete the second paragraph. 

Disagree. The second paragraph, which is now in Section 5.4.4.6, has not been 
deleted because there may be potential source control remedial activities at the site. 

Section 5.4.3.1, Page 5-41. 

In the last sentence on this page, the ' 'No Action" alternative is stated as providing 
the little long-term protection because leaching of VOC's will continue. How?? 
Since the removal action was completed, there are none remaining. Metals may 
leach; however, this has never been a problem at this site and I wouldn't expect it to 
start now. 

Agreed. The referenced sentence, which is now in Section 5. 3. 3 .1, has been 
changed to state that the ' 'No Action" alternative provides little long-term protection 
because dermal contact with and ingestion of metals and P AHs will continue. 

Section 5.4.3.1 , Page 5-42. 

In line three, correct "permanent until" to "permanent once". In the last sentence of 
the first paragraph, regardless of whether no treatment is taking place, permanence 
is irrelevant. As we stated earlier, there is no risk at this site. 

Agreed. The referenced phrase, which is now in Section 5. 3. 3 .1, has been changed. 

Section 5.4.3.1, Page 5-42. 

In the second paragraph in the discussion on Migration Control, we speculate that 
treatment will require 25 to 30 years to complete. In and of itself, I would suggest 
that it would take a lot less, especially since it appears that the 25-30 years was 
based on the assumption that the source is still in place. We should give more of a 
realistic estimate of time based on site conditions as they are. 

Agreed. The referenced paragraph, which is now in Section 5. 5. 3. I, has been 
revised. The time required for treatment is approximately 15 years which was 
determined in the groundwater modeling study. This time frame is based on the time 
for the concentration ofVOCs to degrade to below 5 mg/L. 

Section 5.4.3.2, Page 5-43. 

In paragraph 2 of this section, the comment "For this site ... to be responsible for the 
majority of the risk. " Since the removal action is complete, these should be the only 
contaminants which are contributing to the risk. If that risk is minimal, then this 
fact needs to be better qualified. 
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Response #44 

Comment#45 

Response #45 

Comment #46 

Response #46 

Comment #47 

Response #47 

Comment #48 

Response #48 

Agreed. The referenced sentence in paragraph 2, which is now in Section 5.3.3.2, 
has been removed. 

Section 5.4.3.2, Page 5-44. 

In paragraph 3 of this page, would it not be better to say that MC-2 relies on 
"natural attenuation", which involves additional factors besides biodegradation? 

Agreed. The referenced phrase in paragraph 3, which is now in Section 5.5.3.2, has 
been changed. 

Section 5.4.3.3 , Page 5-44. 

Recommend deleting "however, it involves handling of...which must also be 
treated." since this is irrelevant within a discussion on short-term effectiveness. 

Agreed. The paragraph containing the referenced sentence has been rewritten and 
the sentence has been deleted. This paragraph is now in Section 5. 3. 3. 3. 

Section 5.4.3.4, Page 5-45 . 

Would question the appropriateness of discussing long-term monitoring with respect 
to a source control alternative as is done in the second paragraph of this section. 
Also, in the third paragraph, would question why concerns of impacts to 
groundwater would be used as a rationale for judging a source control measure. 

Acknowledged. The referenced section is now Section 5 .3. 3 .4. Long-term 
monitoring is discussed with respect to the source control alternatives because 
monitoring will be required depending on the remedial action selected. Groundwater 
monitoring will be required at the off-site landfill, and as part of the capping 
system. 

Section 5.4.3.4, Page 5-46. 

In the discussion of Migration Control, recommend changing "best technical 
implementability" to "best with regard to technical implementability" in the first 
sentence. In the second, recommend changing "administrative implementability" to 
"administrative feasibility due to probable regulatory disagreement. " In line three 
recommend changing "standard however, they are expected to meet these standards 
overtime." to "standard". However, standards will be met in time." 

Agreed. The phases in this discussion of Migration Control, which 
Section 5.5.3.4, have been added or changed accordingly. 
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Comment #49 

Response #49 

Comment #50 

Response #50 

Comments by Tate 

Comment #1 

Response #1 

Comment #2 

Response #2 

Comment #3 

Response #3 

Section 5.4.4, Page 5-46. 

In the final line on this page, recommend changing "natural degradation" to "natural 
attenuation". 

Agreed. The referenced phrase, which is now in Section 5.5.4, has been changed. 

Section 5.4.4., Page 5-47. 

In line two, we state that MC-3 can be ruled out as an option. Is it appropriate to 
do that here or do we simply wish to present the facts? 

Agreed. The referenced sentence has been removed. 

Page 1-4 , List 

The bulleted list of 9 designated units includes cooking grease pit/disposal area and 
underground diesel fuel tank, neither of which is normally designated for CERCLA 
remediation. 

The bulleted list is from the original Army list prior to the Remedial Investigations 
conducted under the Ash Landfill operable unit. 

The cooking grease pit/disposal area and the underground diesel fuel tank were 
eliminated from further consideration based upon the results . of the Remedial 
Investigation. 

Page 3-7, Paragraphs 4 and 5 

The meaning of " .. was combined .. " with reference to MC-5 and MC-6 is not clear 
in the context of the paragraphs . 

Agreed. The text has been revised. For MC-5, the wording has been changed to 
"was considered". For MC-6, the wording was removed and a phrase inserted 
which describes the alternative as utilizing ultraviolet oxidation. 

Page 3-41, Table 3-5 

The O&M cost of bioremediation does not usually exceed the O&M cost of air 
stripping or the O&M cost of UV Ox. For the same flow, particularly when kitchen 
grease and diesel fuel are in the water to be treated. 

These costs are based on vendor quotes . Please see MC-7 backing costs, m 
Appendix D. 
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Comment #4 

Response #4 

Comment #5 

Response #5 

Comment #6 

Response #6 

Comment #7 

Response #7 

Comments by Peterson 

Comment #1 

Page 4-3 , List 

1110-1-154 Standard Outlines for Scope-of-Work for Investigations and Studies at 
Hazardous, Toxic, and Radioactive Waste (HTRW) Sites Under CERCLA 
(SARA), RCCA, and NEPA dated 28 Feb 94 in Enclosure 12 gives the required 
outline for a treatability study report which places considerably more emphasis on 
the utility of the treatability study data. Material balances and identification of the 
limits of the process as indicated by the results are of particular significance. 

Acknowledged. Parsons ES will refer to the cited reference when developing the 
treatability study workplans . 

Page 4-4, Paragraphs 2 and 3 

The method described, vendor selection prior to development of the specification 
requirements does not comply with the ARs and ERs for procurement. 

Acknowledged. Parsons ES will comply with all ARs and ERs for vendor 
procurement. 

Page 4-4, Section 4.3.1 

ETL 1110-1-158 Treatability Studies for Solidification/Stabilization of 
Contaminated Material 28 Feb 95 describes the study and CEGS 02445 
Solidification/Stabilization of Contaminated Material Mar 94 Tl (Dec 94) S (Aug 
95) covers the contractual requirements . 

See Response #4. 

Page 4-5, Section 4.3.2 

CeGS 02281 Soil Washing Through Separation/Solubilization Apr 95 covers the 
contractual requirements for this process . ' 

See Response #4 . 

General 

It is difficult to find a final recommended plan in this document. Section 5 discusses 
the various advantages/disadvantages of each alternative selected for analysis, but 
there is no concluding overall recommendation. Should there be one in this report, 
or are treatability studies necessary first? 
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Response #1 

Comment#2 

Response #2 

Comment #3 

Response #3 

Acknowledged. The draft version of the Ash FS did include a "Conclusion and 
Recommendation" section that included a recommended remedial alternative for the 
site, however, we were asked by the NYSDEC in the last round of comments to 
remove this section, and we did so. NYSDEC felt that it was premature to 
recommend an alternative in the FS. NYSDEC recommended that upon finalization 
of the FS report, the Anny should propose their recommended alternative through a 
draft proposed remedial action plan (see Section of the EPA Guidance for 
Conducting RI/FS under CERCLA, EP A/540/G-89-004, OSWER Directive 
9355.3-0.1 , October 1988 and IAG Section 12 and Attachment 2. 

General 

The use of vendor quotes for alternative analysis is good as was done for this report. 
The other cost backup used for preliminary alternative analysis may be adequate; 
however, we are not sure how accurate the costs are that CORA produces. We had 
previously heard from HQEPA sources that EPA funding for CORA had been 
discontinued. Currently the HTRW-CX recommends using the Air Force 's 
Remedial Action Cost Engineering and Requirements cost estimating system, 
RACER, to develop early-stage cost estimates . The Air Force 's POC for RACER 
is Mr. Tom Ove, (904) 283-6186. 

Agreed. Parsons ES does not currently have the cost estima~ing system, RACER. 
However, we will investigate the use of RACER for the cost estimate of the final 
recommended plan. 

General 

The cost estimate for the final recommended plan must be structured by using the 
HTRW Remedial Action Work Breakdown Structure, and prepared using the 
Corp's MCACES Gold Cost estimating software as required by ER 1110-3-1301. 
HND's Cost Engineering Branch must be involved in the review of all cost 
estimates . 

Agreed. The cost estimate for the final recommended remedial action alternative 
will be developed using ERl 100-1-1300, Cost Engineering Policy and General 
Requirements - 26 Mar 93, ER 1100-3-1301 , Cost Engineering Policy and General 
Requirements for HTRW Remedial Action Cost Estimates - 15 Apr 94 . MCASES 
Gold software will be used to estimate the cost for the selected plan. 
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RESPONSE TO COMMENTS 
BY 

U.S. ARMY FOR 
EPA GENERAL COMMENTS AND SPECIFIC COMMENTS ON 

DRAFT FINAL FEASIBILITY STUDY 

/ 

AT THE ASH LANDFILL SITE 
SENECA ARMY DEPOT ACTIVITY 

ROMULUS,NY 
JUNE 1996 

Comments by Bradley/EPA FS General Comments & Specific Comments 

Comment#! 

Response #1 

Comment#2 

Response #2 

EPA FS General Comments: Responses 1 and 2 

General support for acceptance of natural attenuation may be achievable by more 
clearly listing site specific e lements which make this scenario more app licable: 

• First, source removal to el iminate risks from contaminated soils. 
• Second, rational for high metals content in groundwater samples not being 

reflective of site contamination. 
• Third, evaluation of historical plots of con tam in ant decrease. 
• Fourth, inclusion of long term monitoring and a contingency plan to assure 

protection of the public. 

Agreed. The description of Alternative MC-2, Natural Attenuation, has been . 
rewritten in Section 5 .4.1.1. The description now includes a discussion of the 
results of the groundwater modeling study indicating the time frame for natural 
attenuation to occur; an evaluation of the historical data and plots of trends in the 
concentration of VOCs in the groundwater; and a description of the contingency 
plan and groundwater monitoring program for the site. Section 2 of the report 
now includes more discussion of the results of the Removal Action for the source 
of the VOC plume and a discussion of the metals in groundwater. 

EPA FS General Comments: Response 2 

Consideration should be given to designing plume edge monitoring wells as 
potential extraction or injection wells to speed implementation of contingency 
actions. 

Disagree. The groundwater monitoring program, which is part of MC-2, involves 
monitoring wells located along the boundary of the Ash Landfill and the offsite 
farm. The purpose of this groundwater monitoring program is to ensure that the 
natural attenuation process is occurring at the site. According to the results of the 
groundwater modeling study, the maximum concentration of VOCs at a point 
approximately 200 feet west of the SEDA boundary wi ll be 3 .3 ug/L after 
approximately 10 years. Based on these results, the add ition of extraction or 
injection wells does not seem to be necessary. 
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Comment #3 

Response #3 

Comment#4 

Response #4 

Comment #5 

Response #5 

Comment#6 

Response #6 

EPA FS General Comments: Response 3 

Additional rational should be provided to alleviate concerns over saturation of 
new soil with contaminants in the groundwater. 

Agreed. Section 2.2.5 presents a discussion of the Removal Action for the soils at 
the "Bend-in-the-Road". One objective of the removal action was to treat the 
groundwater which was collected from the excavation using an air stripping 
system and discharge the treated groundwater to the ground surface after 
confirmatory sampling. Therefore, any new water allowed to infiltrate into the 
treated soil would have been treated. 

EPA FS Specific Comments: Response 1 

In the case of pentachlorophenol, it is difficult to conclude that exceeding the 
standard by 54 times is "small" . Additionally, the statement that the groundwater 
chemistry is drastically different must be supported by analytical data (possibly a 
declining concentration in disposal analyses can be presented to achieve this). 

Agreed. Of the three SVOCs detected above the respective standards at MW-44, 
pentachlorophenol was detected at a concentration which was far above the 
standard. 

There is currently no analytical data to support the statement that the groundwater 
chemistry is different because the post remedial action groundwater sampling did 
not include SVOCs. 

EPA FS Specific Comments: Response 7 

Indicate if text revisions were made relative to this response. 

No text changes were made in response to the comment. 

Support Branch FS General Comments: Response I 

More justification for taking exception to Kerr ' s conclusions about natural 
attenuation at this site must be provided. 

Agreed. The detailed description of the natural attenuation alternative, MC-2, in 
Section 5.4. 1.1 of the FS report provides justification for taking exception to 
Kerr ' s conclusions about natural attenuation at the site. The results of the 
groundwater modeling study, which simulated the migration of the VOC plume 
under three different scenarios, are presented in detail. Historical data including 
the plots of historical trends in the concentration of VOCs in selected wells at the 
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Comment#7 

Response #7 

Ash Landfill are also included in the detailed description of MC-2 . An extensive 
groundwater monitoring program is part of Alternative MC-2 in order to ensure 
that the natural attenuation process is occurring at the site. [n the case that the 
groundwater monitoring program shows any statistically significant upward trends 
in the groundwater data, a contingency plan will be initiated as part of the natural 
attenuation alternative. 

EPA GWM Report General Comments: Response 3 

A summary of this comment response should be included in this GW Modeling 
Report. 

Agreed. There is no General Comment No. 3, however there is a Specific 
Comment No. 3. The information in the response to that comment is contained in 
the Groundwater Modeling Report. 

Comments by Healy/EPA comments on Ash Landfill Feasibility Study 

Comment#! 

Response #1 

Comment#2 

Response #2 

Response to General Comment No. I, pages 1,2, and 3 

In the EPA' s comment, the reviewer seems to suggest that if we were to use low 
flow sampling methods we should not have the high turbidity values that are 
evident. I was under the impression that we instituted low flow sampling methods 
in the phase II field work at this site. In our response, metals sampling results and 
low sampling methods are discussed, but they are discussed separately. We need 
to make the point that the exceedances discussed were found in samples taken . 
using low flow methods, 

Disagree. The low-flow sampling method as described in the Response to 
Comment# I was not initiated in the phase II field work at the Ash Landfill. The 
low-flow method, which involves the use of a submersible pump, is being used 
for the RI/FS investigations that are currently being conducted at other sites at 
SEDA. The low-flow method has been recently used at the Ash Landfill , but only 
for the quarterly sampling program, which does not include metals as part of the 
sampling suite. 

Response to General Comment No. 1, page 12 

I am unaware that the Army makes any habit of purchasing or leasing land as a 
remedial action. Any such references should be removed. The same would be 
true of the reference made on page 13 as part of the response to Specific Comment 
No. 1. 

Agreed. The reference to purchasing or leasing land as part of the contingency 
plan has been removed. Response to EPA comments dated September , I 996 
addresses this change to the contingency plan, which had been proposed. 
Therefore, the response to Specific Comment No. I has not been changed. 
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Comments for 
Revised Groundwater Modeling Report at the Ash Landfill Site and 
Revised Draft Feasibility Study (FS) Report at the Ash Landfill Site 
by The United States Environmental Protection Agency (USEPA) 

September 1996 

General Comments 

Comment #1 

Response #1 

The response makes the reasonable conclusion that a decrease in turbidity 
in groundwater samples is associated with a decrease in the concentration 
of inorganic constituents. However, the conclusion that if turbidities were 
further reduced that concentrations of inorganic constituents would all be 
below ARARs is conjecture. The available information indicates that 
some groundwater samples the certain ARARs for inorganic constituents 
are exceeded. For example, the turbidity in MW-53 was 40 NTUs, which 
is below the New York State Department of Environmental Conservation 
guidance of 50 NTUs for groundwater samples, and ARARs for 
chromium, lead, and nickel were still exceeded. 

The contention that the lead concentration in groundwater samples from 
MW-44 would be lower due to the dewatering of soils during excavation 
for the thermal treatment seems to be inconsistent with the argument that 
turbidity causes elevated lead values . If the groundwater itself did not 
contain the lead then how did removing groundwater help to reduce future 
lead concentrations? Is the text implying that dewatering removed a 
sufficient amount of fine-grained sediment from the soil? In two places in 
the response to comment, it appears that the identification of the 
referenced tables is incorrect. In the second paragraph, the reference to 
Table A should to be Table B. In the third paragraph, the second 
reference to Table B should be to Table A. 

The text states that manganese is a commonly occurring element that is 
considerably less toxic than other metals. Manganese, while an essential 
nutrient, can cause a Parkinson's-like syndrome in doses not far removed 
from the Recommended Daily Allowance (RDA), and should therefore not 
be dismissed as relatively non-toxic. 

Treatment of groundwater for dissolved metals will be coincident with its 
treatment for VOCs . The collection of groundwater which contains VOCs 
will also collect groundwater which contains dissolved metals . Due to the 
concentrations of dissolved metals in the groundwater, pretreatment by 
precipitation/flocculation will likely be necessary to minimize maintenance 
requirements of VOC removal equipment. Treatment of groundwater 
containing dissolved metals will need to meet applicable requirements 
prior to discharge. 

SEDA maintains its pos1t10n that turbidity levels in groundwater are 
responsible for the exceedances of metals in groundwater at the Ash 
Landfill. In order to justify this position, SEDA conducted an analysis of 





Comment #2 

Response #2 

Sn,ecific Comments 

Comment #6 

all metals data collected to determine if a correlation between turbidity 
values and metals concentration exists. Appendix H of the Final FS 
Report contains summary tables highlighting a comparison of filtered and 
non-filtered samples and turbidity values to metals concentrations. These 
tables show that in the vast majority of cases, higher levels of turbidity 
result in elevated concentration of metals in the groundwater samples. In 
addition, even in the cases where metals concentrations exceeded either the 
federal MCLs of the NYS GA groundwater standards, those exceedances 
generally were small. Reductions of 90% or greater for metals 
concentrations were observed for filtered vs. non-filtered groundwater 
samples that showed metal exceedances. SEDA concurs that it is 
conjecture at this time that all wells would not exceed the MCL or GA 
groundwater standards if the turbidity values were lowered to below the 
NYSDEC guidance value of 50 NTUs. However, based on the available 
data SEDA believes that there is not sufficient justification to identify 
groundwater cleanup for metals as a remedial action alternative for the 
Ash Landfill. SEDA agrees that subsequent monitoring of these wells 
using current EPA low-flow monitoring procedures may be warranted to 
confirm that ARARs for metals in groundwater are not being exceeded. 

The response to comment indicates that a contingency plan will be 
initiated if groundwater monitoring indicates a statistically upward trend 
in the constituents of concern. The text indicates that the contingency 
plan includes the purchase or leasing of off-site land which has been 
affected. Other elements of the contingency plan are not specified in this 
response so that it is not possible to fully evaluate its effectiveness. It 
should be noted that in discussing the Natural Attenuation alternative, the 
Draft Ash Landfill Feasibility Study (Section 5.3.1.2, pages 5-42) states 
that "there is some uncertainty associated with long term protectiveness 
since off-site land use cannot be controlled." If this statement is accurate 
then it is unclear how the contingency plan can rely on the ability to 
purchase or lease off-site property in the future . As SEDA is a base 
closure site, the objective of which should be to transfer property from 
government ownership, a contingency which requires the purchase of 
more property is inappropriate. 

Agreed. The purchase or lease of off-site property is not consistent with 
the above statement. The FS has been revised to state that a contingency 
plan would include institutional controls such as a deed restriction for the 
Ash Landfill and/or providing an alternative water supply to off-site 
residents. 

The response indicates that the dewatering during the excavation of soils 
for thermal treatment is believed to have reduced contaminant 
concentrations in the vicinity of MW-44 . If there are recent analytical 
results which support this belief they should be cited. 
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Response #6 

Comment#l2 

Response #12 

MW-44 was resampled in February 1996 for VOCs. The total VOCs 
concentration detected was 1, 132 ug/1 consisting of vinyl chloride (360 
ug/1) and 1,2-dichloroethene (730 ug/1) and trichloroethene (42 ug/1). 
Compared to the concentrations of total VOCs concentration (204,000) 
measured in 10/93 in this well, this shows a 99% reduction in 
concentrations of VOCs since the source removal action was implemented 
in this area of the Ash Landfill . 

In its response, Parsons ES indicated that they could not find specific 
comment #10 which was cross-referenced in specific comment #12. 
However, comment #12 which cross-referenced comment #10 was 
included in the March 22, 1996 letter. 

This comment needs clarification in order to respond. 

Program Support Branch/Specific Comments 

Comment#4 

Response #4 

Comment #5 

It appears that in calculating summary risk statistics the total receptor risk 
from current on site hunters and future on site construction workers was 
added together. It is inappropriate to sum the risk from current and future 
exposure scenarios. Additionally, the risk summaries for both the current 
on site hunter and the future on site construction worker do not agree 
between the RI report (Table 6-48) and the FS report (Table 1-1). 

Agreed. Table 1-1 has been revised so that the total receptor risk from 
current and future on-site hunters and the total receptor risk from future 
on-site construction workers is no longer added together. The risk 
summaries shown in Table 1-1 are in agreement with the most recent RI 
report table summaries . 

The text includes the following incorrect statements: 

"The second factor (determining the lead clean-up level of 500 mg/kg) 
was the result of an EPA transport model study, which determined that a 
lead soil level in the range of 16 mg/kg, 88 mg/kg and 483 mg/kg would 
be protective of groundwater." 

and 

"Therefore, the range of concentrations between 88 mg/kg and 483 mg/kg 
is the allowable concentration of lead in soil that will not produce a 
concentration of lead in groundwater above the Federal action level of 15 

g/L " µ . 

The clean-up goal of 500 mg/kg for lead in soil was not based on the 
results of EPA's modeling study. The clean-up goal was based on the 
results of conference calls between the Army, EPA and NYSDEC, 
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Response #5 

D#l5 

summarized in Steve Absolom 's June 30, 1995 letter to Kamal Gupta and 
Carla Struble, regarding the May 31 , 1995 conference call. 

Since September 1994, EPA has been requesting that the Army perform 
extensive fate and transport modeling of lead in soils to determine what 
specific concentration of residual lead remaining in soil would still be 
protective of groundwater and ensure ARARs would not be exceeded in 
the future as a result of lead leaching from soil to groundwater. The 
Army has not performed this modeling. EPA utilized the VLEACH model 
along with broad assumptions concerning existing site information in 
order to develop a screening level. In order to protect groundwater, the 
simulated soil cleanup level range was 16 mg/kg to 483 mg/kg for lead in 
soil. The reason EPA is requiring the Army to perform appropriate post
remediation groundwater monitoring at the OB Grounds is because there 
is currently no guarantee that 500 mg/kg of lead remaining in soil will be 
protective of groundwater. 

The FS has been revised to include this information. (see page 2-10). 

As required by the Federal Facilities Agreement between our agencies, 
EPA anticipates that the Army will response to and revise the Draft FS 
for the Ash Landfill to address the concerns expressed in this comment 
letter. In an effort to save time, the revised pages to the Ash Landfill FS 
and the Draft Proposed Plan for the Ash Landfill can be submitted 
simultaneously. If you have any questions, please call me at (212) 637-
4322 . 
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SE? 2 7 1996: 
ATTACHMENT 

E.Sa - GOSTON 
The following comments on the Groundwater Modeling Report are provided for information 
and discussion only, Further revisions to the document are not necessary. The 
approporiateness or inappropriateness of natural attenuation as a remedy for the Ash Landfill 
has been judged from the report in its present form. 

GENERAi, COMMENTS 
• The justification of why the groundwater flow model is calibrated to a recharge value 

of 0.07 in/yr (p. 4-17) is still very dubious. The water balance analysis presented 
estimated a recharge value of 7.1 in/yr (p . 4-13) . This analysis incorporated the 
evapotranspiration calculated by the Thomthwaite and Mather (T&M) method of 20.40 
in/yr (p. 4-11). This value of recharge corresponds, in general to the seasonal water 
level fluctuations measured at the site. The report explains that the discrepancy 
between the water balance recharge value and the model calibrated value (i .e. , 7 in/yr -
0 .07 in/yr = 6.93 in/yr) is due to ET from the water table surface since the T&M 
method does not take this phenomenon into account. After extensive research into the 
T &M method, it appears that the assumption that excess water evapotranspirated 
beyond what is already calculated by the T&M method is unreasonable . This is 
because the T &M method assumes that all of the water needs of the plant are satisfied 
and does not delineate where the source of water is derived (i .e., groundwater or 
percolating rainfall) . Perhaps, an alternative explanation is that the excess is removed 
from the subsurface directly by evaporation from the soil. However, the report states 
that this mechanism is relatively unimportant (p . 3-26). Therefore, it is still uncertain 
what is a reasonable explanation for why the model needs to be calibrated with such a 
low value for recharge. It is our position that adequate explanation of the extremely 
reduced recharge estimates has not been provide. 

• This final report included three new modeling scenarios (i.e. , 3A, 3B, 3C) which were 
not included in the draft report. The methodology and usefulness of these scenarios are 
not clear. For example, why were these scenarios conducted using initial 
concentrations from the February 1996 sampling event while the model was 
"calibrated" to the July 1995 sampling event? Our recommendation would have been to 
use the July 1995 calibrated model to reproduce the February 1996 concentrations in an 
attempt to verify the adequacy of the calibration and evaluate how well the model 
predicts contaminant migration. Once this had been accomplished then the model could 
have been used for future predictive scenarios with greater confidence. 

• The Anny provided a table of biodegradation indicators which was incomplete and in 
some cases did not support that biodegradation was occurring . For example, ethane 
and ethene were generally not detected, and there was no trend of increasing chloride 
concentration with distance from the source, which would be expected if complete 
dehalogenation was occurring. Also, oxygen levels provided in a previous submittal 
indicate that conditions may not be sufficiently anoxic to support complete reductive 
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dehalogenation. Again, The Army does not seem to be following their own guidance 
in terms of documenting natural attenuation. 

SPECIFIC COMMENTS 

Section 6 3 1 Basic Transport Package Parameters (p. 6-5): The report states that for Scenario 
3, July 1995 water quality data was supplemented with February 1996 data. However, in the 
Summary and Conclusions (Section 7) the report states that this new data was not included in 
the scenario. Actually, it appears that the data were not combined, but rather different 
scenarios were conducted using each independent data set as initial conditions (e.g . , Scenario 3 
with July 1995 data and Scenario's 3A, 3B, & 3C with February 1996 data). 

Section 6 4 1 Simulation af Plume from Origin with voe Source - Scenario 1 (p . 6-18): This 
scenario was used for calibration purposes by varying the degradation rate constant (k) 
between 0.0005/day and 0.00005/day. The results of these two simulations were compared 
using two different sets of wells. For example, the simulation where k = 0.0005/day was 
compared with wells PT-12, PT-23, and MW-45 and the simulation where k = 0 .00005/day 
was compared with wells PT-12, PT-29 and PT-24. Both of these degradation rates provided 
simulation results that are uwithin the range of measured values regardless of the source term 
used ." It is unclear which of the degradation rates, if either, are representative of site 
conditions and why two different sets of wells were used to evaluate the simulation. 

Section 6 5 2 Funire Plume Migration without voe Source - Scenario 3 (p . 6-32) 
The value of the degradation rate for the fourth simulation under Scenario 3C should have 
been changed from 0.000009/day to 0.00009/day . 

The second paragraph states that the maximum concentration measured in July 1995 in PT-18 
was 23, OOOµg/L and that no data was available from MW-44 because this well was destroyed 
during the source area removal. However, on page 6-36 (Scenario 3-A) the report states that 
February 1996 data indicate the maximum concentration at the source area wells PT-18 and 
MW-44 was 1, 132µg/L. Some explanation should have been included regarding whether the 
well MW-44 was reconstructed prior to the February 1996 sampling event and, if so, whether 
it has similar construction characteristics (e.g., screened interval) . 

Section 6 5 2 Future Plume Migration without voe Source - Scenario 3-C (p . 6-41) 
The sentence in the fourth paragraph u Analysis of Scenario 3-C results (a moderately 
conservative run compared to Scenarios 3-A and 3B) ... " is not valid. This simulation is 
conservative only with respect ta Scenario 3-B 

Section 6 6 Sensitivity Analysis (p. 6-44) 
It is unclear why the sensitivity analysis was conducted on the model simulations using the 
February 1996 data as initial conditions while the model calibration was conducted using the 
July 1995 data . Also, a sensitivity analysis is typically conducted on the calibrated model 
prior to conducting future predictive scenarios. 
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Response to Comments by 
the New York State Department of Environmental Conservation (NYSDEC) 

and the New York State Department of Health (NYSDOH) 
Draft Final Feasibility Study Report 

at the Ash Landfill Site 
Seneca Army Depot Activity 

Romulus,NY 
March 14, 1996 

Draft Groundwater Modeling Report 

Comment#l 

Response #1 

Section 4.5 - Contaminant Fate and Transport: 

Analysis of the field data does not indicate that anaerobic dechlorination 
is occurring at the Ash Landfill site. It is generally believed that 
degradation of chlorinated organics is a cometabolic mechanism, which 
depends on the availability of a primary sub-strate, such as the BTEX 
compounds, for satisfying the energy requirements of the 
microorganisms (microorganisms do not obtain free energy from the 
transformation of chlorinated solvents). The data collected at the Ash 
Landfill site does not indicate the availability of a primary sub-strate 
such as BTEX compounds. In addition, the concentration of chlorinated 
compounds at the source area and downgradient locations does not 
indicate that degradation products have been formed over time. Further, 
no analysis of chemical parameters which are related to biotic 
degradation (Table 4-5) from upgradient locations, from within the 
groundwater plume or from downgradient locations has been performed 
to confirm that biodegradation is indeed occurring. 

Disagree. We acknowledge that only low concentrations of BTEX 
compounds were found in the source area at the Ash Landfill , and that 
they are not widespread across the site. However, Parsons ES collected 
field data from wells located throughout the site that was used to 
evaluate whether or not conditions at the site are acceptable to support 
biotic reductive dechlorination, which is suspected to be the main 
mechanism of the degradation process. This data detected the presence 
of dissolved organic carbon in the aquifer that can serve as a source of 
electrons, i.e., electron donors. The redox potentials measured in several 
monitoring wells were in the range considered to be anaerobic, although 
not strongly anaerobic. The pH of the groundwater system was 
determined to be within the range that would support biological activity. 
The information suggests that site conditions were within the range that 
would allow degradation to occur. Also, we believe that the 
concentrations and distributions of chlorinated compounds in the 
aquifer does indicate that degradation products (i.e. , vinyl chloride, cis-
1,2-DCE) have been formed at the site. 





Comment#2 

Response #2 

7.0 - Summary and Conclusions: 

It appears that the most significant component in the reduction of 
contaminant concentration in groundwater is the volatilization of 
contaminants to atmosphere. The modeling report concludes that near 
the Ash Landfill, much of the water that enters the groundwater system 
via precipitation is returned to the atmosphere through a combination of 
evapotranspiration and capillary rise in the fine-grained till. It seems 
obvious that with the evaporation of groundwater to the atmosphere, 
volatile organic compounds should also be volatizing and migrating to 
the atmosphere, which may constitute a major component of the fate 
and transport of contaminants. 

Acknowledged. While the modeling did not quantify the loss of VOCs 
due to ET, we believe that this is not a significant process for several 
reasons. First, our conceptual model does indicate that much of the 
water that percolates into the aquifer is subsequently lost to ET. 
However, as one possible explanation, we believe that much of the water 
that is responsible for the seasonal rise in the water table consists of 
"clean" water that percolates to the groundwater table, resulting in a rise 
in the water table. And, the low permeability of the aquifer materials, 
relatively low groundwater velocity, and the lack of any significant 
vertical gradients would tend to support a no-mixing environment in the 
till/weathered shale aquifer; thus forming a quasi-stratified aquifer. 
Generally, during the summer and fall seasons (when recharge is low 
and ET is high) water is lost from the aquifer due to capillary rise and 
ET), but it is the "clean" water on top which has not mixed significantly 
within the aquifer that is lost from the aquifer. Second, the historical 
concentrations of TCE measured in the wells indicates that the 
concentrations remain relatively constant. The small seasons 
fluctuations in the VOC concentrations may be due to mixing that occurs 
in the area around the monitoring wells during sampling. 

Draft Final Feasibility Study Report 

Comment#l 

Response #1 

Section 1.5.1 - Baseline Human Health Risk Assessment. 

This section states that the "future intended use of the site has yet to be 
definitively determined by the BRAC process" . Perhaps this would be 
an appropriate place to include a description of the process by which the 
Army and the Local Redevelopment Authority will evaluate and select 
suitable uses for the Depot after its closure. 

Agreed. A discussion has been added to Section 1.5.1 about the future 
land use proposal developed by the Local Redevelopment Authority. As 
of July 1996, the Local Redevelopment Authority has recommended to 
the Army the following reuse alternatives for areas of SEDA: 
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Comment#2 

Response #2 

Comment#3 

Response #3 

Comment#4 

No1th Administration Area 

Elliot Acres Housing 

Storage Buildings in the 
Administration in the 
eastern portion of SEDA 

Loran Station 

Lake Front Housing 

Airfield 

All remaining areas of SEDA, 
including the Ash Landfill site 

Institutional uses such as a 
prison facility, retirement area, 
or educational institution 

Residential use 

Industrial use 

Transfer to the Coast Guard 

Residential use 

Special events such as flea 
markets and drag racing 

Wildlife management use 

Section 3.4.6 - MC-5 Interceptor Trenches/Tank Storage/Filtration/Air 
Stripping/Discharge to Surface Water: 

It is stated that the nearest point to the Kendaia Creek is over 4,000 feet 
from the site and a substantial piping system may be required for 
discharge of treated water. Parsons Engineering Science (PES) should 
also explore the possibility of either discharging the treated water into a 
tributary of the Kendaia Creek or to groundwater. These alternatives 
may prove to be more cost effective than the piping system. 

Agreed. It would be more cost effective to discharge the treated water 
into a tributary of Kendaia Creek that is nearer to the treatment area. If 
this is not possible, an alternative solution would be to discharge into the 
existing drainage ditches located along the roadways, and if necessary, 
upgrade the ditches to accomodate the potential volume of flow from the 
treatment process. These options will be investigated if this alternative 
is selected as the remedial alternative for migration control. 

Section 5 .2.1.3 - Reductions: 

Please correct the typographical errors in this paragraph. 

Agreed. The typographical errors have been corrected . 

Section 5.2 - Source Control: 

In the discussions of short-term protectiveness for each of the source and 
migration control alternatives, the phrase " .. .protection from exposure 
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Response #4 

Comment#S 

Response #5 

Comment#6 

can be minimized'' is used. This statement is akin to a double negative. 
I'm sure the consultant actually intends to maximize protection from 
exposure. Please correct this grammatical error. 

Agreed. The text has been revised to state that "protection from 
exposure will be maximized" . 

Section 5 .2.1.1: 

In the analysis of the no-action remedial alternative, the consultants state 
that security activities will continue while the parcel is under Army 
control. Furthermore, the costs of this security are not associated with 
the remedial alternative but are part of normal base activities. How will 
security measures be paid for after the base has closed? If a 30 year 
operation and maintenance period is projected, should not the cost of 
security after base closure be included in the cost of the remedy? This 
comment is relevant to all of the remedial alternatives under analysis. 

Agreed . For Alternative SC-1 , the no-action source control alternative 
discussed in Section 5.2.1.1, security measures will not continue after 
SEDA becomes inactive. By definition of the no-action alternative, no 
remedial activities will be conducted . This alternative is retained only 
as a baseline for comparison with the other alternatives. 

For the remaining three source control alternatives, the remedial 
activities will be completed within months of initiation and no security 
measures are required in subsequent years. Only the costs for long-term 
maintenance activities (for 30 years) are included in the O & M portions 
of the total costs. 

For MC-2, the natural attenuation migration control alternative, 
institutional controls have been added to prevent exposure to the 
groundwater. These controls include deed restrictions to indicate that no 
drinking water wells should be constructed on-site. No security 
activities will be required for this alternative. The discussion of security 
activities has been removed from the cost analysis section for this 
alternative. 

Section 5.3.1 - Alternative MC-2: Natural Attenuation of Plume/ 
Institutional Controls: 

This alternative states that the public health and the environment will be 
protected by a groundwater monitoring program and institutional 
controls, if necessary. We believe that institutional controls can be 
imposed on the land owned by the Army but may not be able to impose 
on land owned by others, i.e. , off-site farm houses. This alternative 
therefore should include a contingency plan, which would address any 
off-site well contamination in the future. The contingency plan may 
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Response #6 

include provisions for public water, treatment system at the well head or 
bottled water to the affected community. 

Agreed. Additional remedial actions have been added to alternative MC-
2 in order to control exposure to the VOC plume by off-site receptors. 
An extensive groundwater monitoring program and a contingency plan, 
which will be initiated if the groundwater monitoring data indicates a 
statistically significant upward trend in the constituents of concern have 
been added to this alternative. The contingency plan will include deed 
restrictions of the off-site property and/or providing an alternative water 
supply. 

Appendix C: ARAR Compliance 

Comment#7 

Response #7 

Table C-1: 

It appears that alternative SC-5 and SC-6 mentioned in this table refer to 
alternatives SC-3 and SC-4 of Section 5. Please correct the discrepancy. 

Agreed. The headings of Table C-1 have been corrected. 

D# 15\comments\ashfs\nysdec96.doc 
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Tables A and B 

Analysis of Metals Concentrations and 
Turbidity Relationship in Groundwater 

at the Ash Landfill 





05/23/96 

Table A 

Metals Concentrations Exceeding MCL or Class GA Standards (ug/L) 

Well Metals Turbidity 
Cr Pb Ni Zn Sb Ba Be Cu (NTUs) 

1 PT-21 733 NA 

2 PT-26 69.7 17.3 106 56.9 1,700 

3 MW-29 83.8 28.8 122 300 176 

4 MW-43 86.2 21.9 107 1,500 

5 MW-44 147 100 

6 MW-46 88.4 23 101 1,031 

7 MW-48 22 63 

8 MW-53 76.2 25.8 107 40 

9 MW-56 351 44.3 533 1100 191 1460 11.7 272 18,800 

10 MW-58D 59 103 

Standards: 

Fed. MCL 100 15 100 NA 6 2000 4 1300 

NYSGA 50 25 NA 300 NA 1000 NA 200 

h:eng\seneca\ashfs\comments\METEXCED.WK.4 Page I of I 





05/23/96 

Table B 
Metals in Groundwater 

PHASE I PHASE I PHASE II % Reduction 
EPA NYSDEC MW-35D MW-35D MW-35D in 

MCL CLASS GA 01/14/92 01/14/92 07/03/93 Concentration 
(µg/1) (µg/1) MW-35D MW-35D MW-35D 

(Filtered) High Turbidity 
to 

Low Turbidity 
Turbidity: >200 Filtered 11.l 

' ' Metals f,10/1) 

Aluminum - - 23200 24.5 U 72.2 U 99.7 
Antimony 6 - 53 .2 U 53.l U 49.7 UJ 
Arsenic 50 25 8.6 J 4.3 J 1.4 UJ 84 
Barium 2000 1000 318 104 J 106 J 67 
Beryllium 4 - 0.89 U 
Cadmium 5 10 5.4 3U 2.8 U 48 
Calcium - - 41100 14600 28900 30 
Chromium 100 50 34.9 6.2 U 2.7 UJ 92 
Cobalt - - 20.4 U 20.4 U 5.5 U 
Copper 1300* 200 22.5 J 10.l U 4.7 U 79 
Iron - 300 33800 7U 40.9 J 99.9 
Lead 15* 25 5 1.2 U 0.8 U 84 
Magnesium - - 13300 4590 J 9220 31 -
Manganese - 300 662 110 61.8 91 -
Mercury 2 2 0.1 4 J 
Nickel 100 - 49.7 14.7 U 7.5 UJ 85 
Potassium - - 6230 2760 J 2590 J 58 
Selenium 50 10 1.3 u lU 1.5 UJ 
Silver - 50 3.4 U 3.4 U 5.5 U 

--- - --
Sodium - 20000 130000 110000 81500 37 _,_ -
Vanadium - - 32.7 J 9.4 U 6.8 UJ 79 
Zinc - 300 8.5 U 3.1 J 
Cvanide 200 100 10 U 10 UJ 
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PHASE I PHASE I PHASE II % Reduction 
EPA NYSDEC MW-36 MW-36 MW-36 in 

MCL CLASS GA 01/14/92 01/14/92 07/03/93 Concentration 
(µg/1) (µg/1) MW-36 MW-36 MW-36 

(Filtered) High Turbidity 
to 

Low Turbidity 
Turbidity: >200 Filtered 42 

' ' Metals (110/1) 

Aluminum - - 15900 24.4 U 1090 93 
Antimony 6 - 53.l U 52.9 U 49.7 UJ 
Arsenic 50 25 3.5 U 3.5 U 1.4 UJ 
Barium 2000 1000 167 J 78 .6 J 53 
Beryllium 4 - 0.9 U 
Cadmium 5 10 3.6 J 3 U 2.8 U 22 
Calcium - - 182000 117000 135000 26 
Chromium 100 50 27.1 6.1 U 2.7 UJ 90 
Cobalt - - 20.4 U 20.3 U 5.5 U 
Copper 1300* 200 19.8 J 10.1 U 4.7 U 76 - --
Iron - 300 29000 6.9 U 1260 96 - ------
Lead 15* 25 5 1.2 U 0.8 U 84 
Magnesium - - 31000 17400 19300 38 --
Manganese - 300 658 44.9 139 79 - -
Mercury 2 2 0.09 UJ 
Nickel 100 - 39.l J 14.7 U 7.5 UJ 81 
Potassium - - 3310 J 1620 J 2110 J 36 
Selenium 50 10 1.3 u JU 1.8 J 
Silver - 50 3.4 U 3.4 U 5.5 U - -
Sodium - 20000 21300 19600 21300 0 - -
Vanadium - - 23.2 J 9.4 U 6.8 UJ 71 
Zinc - 300 120 8.4 U 9.3 J 92 
Cyanide 200 100 10 U 10 UJ 
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PHASE I PHASE I PHASE II % Reduction 
EPA NYSDEC MW-37 MW-37 MW-37 in 

MCL CLASS GA 01/10/92 01/10/92 06/24/93 Concentration 
(µg/1) (µg/1) MW-37 MW-37 MW-37 

(Filtered) High Turbidity 
to 

Low Turbidity 
Turbidity: >200 Filtered 93 

' ' Metals "io/1) 
Aluminum - - 19100 24.5 U 637 97 
Antimony 6 - 55.9 U J 53.2 U 49.7 UJ 11 
Arsenic 50 25 3.5 U 3.5 U 1.4 UJ 
Barium 2000 1000 329 79.6 J 76 
Beryllium 4 - 0.89 U 
Cadmium 5 10 2.9 U 3 U 2.8 U 
Calcium - - 279000 J 109000 115000 59 
Chromium 100 50 29.8 6.2 U 2.7 UJ 91 
Cobalt - - 28 J 20.4 U 5.5 U 80 
Copper 1300* 200 25.3 10.2 U 5.4 J 79 -·, --
Iron - 300 27800 7U 1080 96 

~ -
Lead 15* 25 8 1.2 U 0.8 U 90 
Magnesium - - 28600 17900 16100 44. -
Manganese - 300 2190 84.9 129 94 . 

Mercury 2 2 0.09 UJ 
Nickel 100 - 36.9 J 14.8 U 7.4 UJ 80 
Potassium - - 4470 J 1330 J 1160 J 74 
Selenium 50 10 1 U lU 1 UJ 
Silver - 50 9.1 U 3.4 U 5.5 U 
Sodium - 20000 11900 J 11200 15000 -26 
Vanadium - - 30.6 U 9.5 U 6.8 UJ 
Zinc - 300 58.8 8.5 U 
Cyanide 200 100 10 U J 10 UJ 
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PHASE I PHASE I PHASE II % Reduction 
EPA NYSDEC MW-38D MW-38D MW-38D in 

MCL CLASS GA 01/08/92 01/08/92 07/03/93 Concentration 
(µg/1) (µg/1) MW-38D MW-38D MW-38D 

(Filtered) High Turbidity 
to 

Low Turbidity 
Turbidity: >200 Filtered 13.2 • • Metals (11i!/I) 

Aluminum - - 2110 24.4 U 72.5 U 97 
Antimony 6 - 55.6 U J 52.9 U 49.9 UJ 
Arsenic 50 25 3.5 U 3.5 U 1.4 UJ 
Barium 2000 1000 187 J 105 J 115 J 39 
Beryllium 4 - 0.9 U 
Cadmium 5 10 2.9 U 3 U 2.8 U 
Calcium - - 123000 J 93500 93500 24 
Chromium 100 50 6.6 J 6.1 U 2.7 UJ 59 
Cobalt - - 19.9 U 20.3 U 5.5 U 
Copper 1300* 200 14.4 U IO.I U 4.7 U ------

Iron - 300 3630 6.9 U 214 94---
Lead 15* 25 4.1 1.2 U 0.79 U 81 
Magnesium - - 16700 J 18400 16800 - 1 
Manganese - 300 508 130 174 66 
Mercury 2 2 0.09 UJ 
Nickel 100 - 15.9 U 14.7 U 7.5 UJ 
Potassium - - 4960 J 4830 J 3220 J 35 
Selenium 50 10 IU 1 J 1.5 UJ 
Silver - 50 9U 3.4 U 5.5 U 
Sodium - 20000 5480 J 5540 3750 J 32 
Vanadium - - 30.4 U 9.4 U 6.8 UJ 
Zinc - 300 8.4 U 3.4 J 
Cyanide 200 100 10 U J 10 UJ 
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PHASE I PHASE I PHASE II % Reduction 
EPA NYSDEC MW-39 MW-39 MW-39 in 

MCL CLASS GA 01/14/92 01/14/92 06/23/93 Concentration 
(µg/1) (µg/1) MW-39 MW-39 MW-39 

(Filtered) High Turbidity 
to 

Low Turbidity 
Turbidity: >200 Filtered 2 

' ' Metals hio/1) 

Aluminum - - 7930 24.5 U 72.6 U 99 
Antimony 6 - 53.3 U 53. l U 49.9 UJ 
Arsenic 50 25 3.5 U 3.5 U 1.4 UJ 
Barium 2000 1000 80.9 J 40 J 5 1 
Beryllium 4 - 0.9 U 
Cadmium 5 10 3.1 J 3U 2.8 U 10 
Calcium - - 97900 83500 102000 -4 
Chromium 100 50 12.5 6.2 U 2.7 UJ 78 
Cobalt - - 20.4 U 20.4 U 5.5 U 
Copper 1300* 200 33 .3 10.2 U 4.7 U 86 
Iron - 300 11400 7U 28.2 U 100 -
Lead 15* 25 2.3 J 1.2 U 0.8 U 65 
Magnesium - - 15800 12400 14100 11 
Manganese - 300 229 21 29.6 87 
Mercury 2 2 0.09 UJ 
Nickel 100 - 21.l J 14.7 U 7.5 UJ 64 
Potassium - - 3720 J 1770 J 2420 J 35 
Selenium 50 10 l.3U lU 1 UJ 
Silver - 50 3.4 U 5.5 U 
Sodium - 20000 15100 14000 10600 30 
Vanadium - - 13.3 J 9.5 U 6.8 UJ 
Zinc - 300 8.5 U 7 J 
Cyanide 200 100 10 U 10 UJ 
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PHASE I PHASE I PHASE II % Reduction 
EPA NYSDEC MW-40 MW-40 MW-40 in 

MCL CLASS GA 01/09/92 01/09/92 07/01/93 Concentration 
(µg/1) (µg/1) MW-40 MW-40 MW-40 

(Filtered) High Turbidity 
to 

Low Turbidity 
Turbidity: >200 Filtered 41 

' ' Metals (,00/1) 

Aluminum - - 2730 24.6 U 972 64 
Antimony 6 - 56 U J 53.4 U 49.9 UJ 
Arsenic 50 25 3.5 U 3.5 U 1.4 UJ 
Barium 2000 1000 77.8 J 68 J 13 
Beryllium 4 - 0.9 U 
Cadmium 5 10 2.9 U 3 U 3.3 J 
Calcium - - 154000 J 101000 115000 25 
Chromium 100 50 19.7 6.2 U 4.2 J 79 
Cobalt - - 20 U 20.5 U 5.5 U 
Copper 1300* 200 14.5 U 10.2 U 4.7 U - -
Iron - 300 6040 7U 1390 77 - --

Lead 15* 25 2.1 J 1.2 U 0.8 U 62 
Magnesium - - 14300 13800 13000 9 -
Manganese - 300 931 454 77.9 92 ... ~-
Mercury 2 2 0.09 UJ 
Nickel 100 - 16 U 14.8 U 7.5 UJ 
Potassium - - 2810 J 2610 J 2250 J 20 
Selenium 50 10 lU lU 1.6 J 
Silver - 50 9.1 U 3.4 U 5.5 U 
Sodium - 20000 7540 J 7270 16600 -120 
Vanadium - - 30.6 U 9.5 U 6.8 UJ 
Zinc - 300 8.5 U 15.7 J 
Cyanide 200 100 10 U J 10 UJ 
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PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-43 MW-43 in 

MCL CLASS GA 06/30/93 11/06/93 Concentration 
(µg/1) (µg/1) MW-43 MW-43 

High Turbidity 
to 

Low Turbidity 
Turbidity: 1500 125 

' Metals (nail) 

Aluminum - - 52700 N NA 
Antimony 6 - 49.8 UJ N NA 
Arsenic 50 25 1.4 UJ N NA 
Barium 2000 1000 358 N NA 
Beryllium 4 - 2.5 J N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 403000 N NA 
Chromium 100 50 86.2 J N NA 
Cobalt - - 36.1 J N NA 
Copper 1300* 200 61.4 N NA 
Iron - 300 86500 N NA 
Lead 15* 25 21.9 N NA 
Magnesium - - 36100 N NA 
Manganese - 300 2260 N NA 
Mercury 2 2 0.35 J N NA 
Nickel 100 - 107 J N NA 
Potassium - - 10300 N NA 
Selenium 50 10 5 UJ N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 11900 N NA 
Vanadium - - 73.4 J N NA 
Zinc - 300 223 N NA 
Cvanide 200 100 10 UJ N NA 
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PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-44 MW-44 in 

MCL CLASS GA 07/15/93 11/06/93 Concentration 
(µg/1) (µg/1) MW-44 MW-44 

High Turbidity 
to 

Low Turbidity 
Turbidity: 100 

' Metals (11a/I) 

Aluminum - - 12300 J N NA 
Antimony 6 - 49.7 U N NA 
Arsenic 50 25 7.8 J N NA 
Barium 2000 1000 317 N NA 
Beryllium 4 - 1.5 J N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 370000 N NA 
Chromium 100 50 18.2 J N NA 
Cobalt - - 22.5 J N NA 
Copper 1300* 200 12.9 J N NA ---
Iron - 300 18500 J N NA 
Lead 15* 25 147 N NA ··-
Magnesium - - ·- 41100 N NA 
Manganese - 300 7120 N NA -· 
Mercury 2 2 0.38 N NA 
Nickel 100 - 30.5 J N NA 
Potassium - - 6680 N NA 
Selenium 50 10 10 UJ N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 37600 N NA 
Vanadium - - 13.3 J N NA 
Zinc - 300 117 J N NA 
Cyanide 200 100 4.3 J N NA 
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PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-45 MW-45 in 

MCL CLASS GA 07/15/93 11/06/93 Concentration 
(µg/1) (µg/1) MW-45 MW-45 

High Turbidity 
to 

Low Turbidity 
Turbidity: 54 31.4 

' Metals (110/1) 

Aluminum - - 21300 J N NA 
Antimony 6 - 49.6 U N NA 
Arsenic 50 25 2.7 J N NA 
Barium 2000 1000 243 N NA 
Beryllium 4 - 1.6 J N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 181000 N NA 
Chromium 100 50 29.l J N NA 
Cobalt - - 28 .3 J N NA 
Copper 1300* 200 8.7 J N NA 
Iron - 300 30100 J N NA .. 

Lead 15* 25 5.8 N NA 
Magnesium - - 22100 N NA 
Manganese - 300 10 10 N NA 
Mercury 2 2 0.18 J N NA 
Nickel 100 - 45.3 J N NA 
Potassium - - 6220 N NA 
Selenium 50 10 0.99 UJ N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 8420 N NA 
Vanadium - - 26.2 J N NA 
Zinc - 300 116 J N NA 
Cyanide 200 100 1.3 J N NA 
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05/21/96 

PHASE II PHASE HA % Reduction 
EPA NYSDEC MW-46 MW-46 in 

MCL CLASS GA 07/14/93 11/06/93 Concentration 
(µg/1) (µg/1) MW-46 MW-46 

High Turbidity 
to 

Low Turbidity 
Turbidity: 1031 

' Metals (uo/1) 
Aluminum - - 55300 N NA 
Antimony 6 - 49.7 U N NA 
Arsenic 50 25 3.1 J N NA 
Barium 2000 1000 813 N NA 
Beryllium 4 - 2.5 J N NA 
Cadmium 5 IO 2.8 U N NA 
Calcium - - 459000 N NA 
Chromium 100 50 88.4 N NA ·-
Cobalt - - 36.7 J N NA 
Copper 1300* 200 49.6 N NA -Iron - 300 85600 J N NA 
Lead 15* 25 

.,.__ -~ T, 
23 N NA 

Magnesium - - 43600 N NA ---
Manganese - 300 2770 , N NA 

~ 

Mercury 2 2 - 0.41 J N NA 
Nickel 100 - 101 N NA - ~. 

Potassium - - 11600 N NA 
Selenium 50 IO 2.9 J N NA 
Silver - 50 7.2 J N NA 
Sodium - 20000 11700 N NA 
Vanadium - - 81.9 N NA 
Zinc - 300 240 N NA 
Cyanide 200 100 1.2 U N NA 
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05/23/96 

PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-47 MW-47 in 

MCL CLASS GA 07/10/93 11/07/93 Concentration 
(µg/1) (µg/1) MW-47 MW-47 

High Turbidity 
to 

Low Turbidity 
Turbidity: 192 51.8 

' Metals (110/1) 

Aluminum - - 17900 N NA 
Antimony 6 - 49.6 VJ N NA 
Arsenic 50 25 1.7 J N NA 
Barium 2000 1000 214 N NA 
Beryllium 4 - 0.89 V N NA 
Cadmium 5 10 2.8 V N NA 
Calcium - - 153000 N NA 
Chromium 100 50 27.5 J N NA 
Cobalt - - 11 .2 J N NA 
Copper 1300* 200 18 J N NA 
Iron - 300 •o- ,, 'C,23400 N NA 
Lead 15* 25 8.3 N NA 
Magnesium - - 18700 N NA -
Manganese - 300 6 14 N NA ~- , ~ 
Mercury 2 2 0.09 VJ N NA 
Nickel 100 - 30 J N NA 
Potassium - - 4730 J N NA 
Selenium 50 10 1.5 VJ N NA 
Silver - 50 5.5 V N NA 
Sodium - 20000 11000 N NA 
Vanadium - - 27.3 J N NA 
Zinc - 300 N NA 
Cyanide 200 100 4.4 VJ N NA 
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PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-48 MW-48 in 

MCL CLASS GA 07/15/93 11/05/93 Concentration 
(µg/1) (µg/1) MW-48 MW-48 

High Turbidity 
to 

Low Turbidity 
Turbidity: 63 753 

I 

' Metals (mr/1) 
Aluminum - - 22700 J N NA 
Antimony 6 - 49.5 U N NA 
Arsenic 50 25 3.9 J N NA 
Barium 2000 IOOO 259 N NA 
Beryllium 4 - 1.8 J N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 202000 N NA 
Chromium 100 50 36.2 J N NA 
Cobalt - - 27.8 J N NA 
Copper 1300* 200 14.4 J N NA -
Iron - 300 34700 J N NA 
Lead 15* 25 22 N NA 
Magnesium - - 25800 N NA 
Manganese - 300 1230 N NA -

Mercury 2 2 2.3 N NA 
Nickel 100 - 50 J N NA 
Potassium - - 5520 N NA 
Selenium 50 IO 10 UJ N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 10400 N NA 
Vanadium - - 29.4 J N NA 
Zinc - 300 149 J N NA 
Cyanide 200 100 1.2 U N NA 
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05/2]/96 

PHASE II PHASE HA % Reduction 
EPA NYSDEC MW-49D MW-49D in 

MCL CLASS GA 07/14/93 11/06/93 Concentration 
(µg/1) (µg/1) MW-49D MW-49D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 11 21.7 

' Metals h•a/1) 
Aluminum - - 82.9 J N NA 
Antimony 6 - N NA 
Arsenic 50 25 1.4 U N NA 
Barium 2000 1000 95 J N NA 
Beryllium 4 - 0.9 U N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 86600 N NA 
Chromium 100 50 2.7 U N NA 
Cobalt - - 5.5 U N NA 
Copper 1300* 200 5 J N NA 
Iron - 300 719 J N NA 
Lead 15* 25 0.59 U N NA 
Magnesium - - 20500 N NA 
Manganese - 300 98.9 N NA 
Mercury 2 2 0.09 UJ N NA 
Nickel 100 - 7.5 U N NA 
Potassium - - 2520 J N NA 
Selenium 50 10 1.5 U N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 12200 N NA 
Vanadium - - 6.8 U N NA 
Zinc - 300 22.3 N NA 
Cyanide 200 100 1.7 J N NA 
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05/23/96 

PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-50D MW-50D in 

MCL CLASS GA 07/14/93 11/06/93 Concentration 
(µg/1) (µg/1) MW-50D MW-50D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 16.8 11 

' Metals liur/1) 

Aluminum - - 81.6 J N NA 
Antimony 6 - N NA 
Arsenic 50 25 1.4 U N NA 
Barium 2000 1000 65.9 J N NA 
Beryllium 4 - 0.89 U N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 45900 N NA 
Chromium 100 50 2.7 U N NA 
Cobalt - - 5.5 U N NA 
Copper 1300* 200 7 J N NA 
Iron - 300 112 J N NA 
Lead 15* 25 0.6 U N NA 
Magnesium - - 20800 N NA 
Manganese - 300 72.2 N NA 
Mercury 2 2 0.09 UJ N NA 
Nickel 100 - 7.4 U N NA 
Potassium - - 2800 J N NA 
Selenium 50 10 1.5 U N NA 
Silver - 50 5.6 J N NA ·-
Sodium - 20000 21100 1 N NA ·-· 
Vanadium - - 6.7 U N NA 
Zinc - 300 23.4 N NA 
Cyanide 200 100 1.4 J N NA 
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05/23 /96 

PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-51D MW-51D in 

MCL CLASS GA 07/10/93 11/07/93 Concentration 
(µg/1) (µg/1) MW-51D MW-51D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 5.7 10.5 • Metals "•o/1) 

Aluminum - - 113 J N NA 
Antimony 6 - 49.8 UJ N NA 
Arsenic 50 25 1.4 UJ N NA 
Barium 2000 1000 81.2 J N NA 
Beryllium 4 - 0.9 U N NA 
Cachnium 5 10 2.8 U N NA 
Calcium - - 103000 N NA 
Chromium 100 50 2.7 UJ N NA 
Cobalt - - 5.5 U N NA 
Copper 1300* 200 4.7 U N NA 
Iron - 300 121 N NA 
Lead 15* 25 0.59 U N NA 
Magnesium - - 15400 N NA 
Manganese - 300 81.7 N NA 
Mercury 2 2 0.09 UJ N NA 
Nickel 100 - 7.5 UJ N NA 
Potassium - - 774 J N NA 
Selenium 50 10 1.5 UJ N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 12100 N NA 
Vanadium - - 6.8 UJ N NA 
Zinc - 300 N NA 
Cyanide 200 100 5.3 UJ N NA 
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05/2J/96 

PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-52D MW-52D in 

MCL CLASS GA 07/02/93 11/07/93 Concentration 
(µg/1) (µg/1) MW-52D MW-52D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 700 410 

I 

' Metals (,10/1) 

Aluminum - - 31200 N NA 
Antimony 6 - 49.7 UJ N NA 
Arsenic 50 25 2.8 J N NA 
Barium 2000 1000 271 N NA 
Beryllium 4 - 2.2 J N NA 
Cadmium 5 IO 2.8 U N NA 
Calcium - - N NA 
Chromium 100 50 23.8 J N NA 
Cobalt - - 8.3 J N NA 
Copper 1300* 200 13.9 J N NA 
Iron - 300 24800 N NA 
Lead 15* 25 14 N NA 
Magnesium - - 11700 N NA 
Manganese - 300 340 N NA 
Mercury 2 2 0.09 UJ N NA 
Nickel 100 - 33.4 J N NA 
Potassium - - 5020 N NA 
Selenium 50 10 1.5 UJ N NA 
Silver - 50 5.5 U N NA - -
Sodium - 20000 126000 N NA -
Vanadium - - 28.1 J N NA 
Zinc - 300 111 N NA 
Cyanide 200 100 10 UJ N NA 
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0512:1 /96 

PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-53 MW-53 in 

MCL CLASS GA 07/13/93 11/05/93 Concentration 
(µg/1) (µg/1) MW-53 MW-53 

High Turbidity 
to 

Low Turbidity 
Turbidity: 40 78.8 • Metals (11(1/1) 

Aluminum - - 47700 N NA 
Antimony 6 - N NA 
Arsenic 50 25 5.3 J N NA 
Barium 2000 1000 325 N NA 
Beryllium 4 - 2.5 J N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 166000 N NA 

--

Chromium 100 50 76.2 N NA -

Cobalt - - 54.5 N NA 
Copper 1300* 200 70.5 N NA --
Iron - 300 80900 J N NA 
Lead 15* 25 25.8 N NA 
Magnesium - - 34400 N NA - . 

Manganese - 300 2930 N NA 
Mercury 2 2 0.09 UJ N NA -

Nickel 100 - 107 N NA 
Potassium - - 9280 N NA 
Selenium 50 10 1.5U N NA 
Silver - 50 5.5 U N NA -
Sodium - 20000 33000 N NA --
Vanadium - - 71.2 N NA 
Zinc - 300 284 N NA 
Cyanide 200 100 1.8 J N NA 
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05m l96 

PHASE II PHASE HA % Reduction 
EPA NYSDEC MW-54D MW-54D in 

MCL CLASS GA 07/13/93 11/05/93 Concentration 
(µg/1) (µg/1) MW-54D MW-54D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 17.6 7.6 

' Metals (no/I) 

Aluminum - - 246 N NA 
Antimony 6 - N NA 
Arsenic 50 25 1.4 U N NA 
Barium 2000 1000 151 J N NA 
Beryllium 4 - 0.9 U N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 64600 N NA 
Chromium 100 50 2.7 U N NA 
Cobalt - - 5.5 U N NA 
Copper 1300* 200 5.5 J N NA 
Iron - 300 507 J N NA 
Lead 15* 25 0.59 U N NA 
Magnesium - - 20700 N NA 
Manganese - 300 145 N NA 
Mercury 2 2 0.09 UJ N NA 
Nickel 100 - 7.5 U N NA 
Potassium - - 2910 J N NA 
Selenium 50 10 1.5 u N NA 
Silver - 50 5.5 U N NA -
Sodium - 20000 29500 N NA 
Vanadium - - 6.8 U N NA 
Zinc - 300 8 J N NA 
Cvanide 200 100 2.1 J N NA 
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PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-55D MW-55D in 

MCL CLASS GA 07/15/93 11/05/93 Concentration 
(µg/1) (µg/1) MW-55D MW-55D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 23.1 200 

I 

' Metals (110/1) 

Aluminum - - 4140 J N NA 
Antimony 6 - 49.5 U N NA 
Arsenic 50 25 1.9 U N NA 
Barium 2000 1000 117 J N NA 
Beryllium 4 - 0.89 U N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 8580 N NA 
Chromium 100 50 7.1 J N NA 
Cobalt - - 5.4 U N NA 
Copper 1300* 200 4.7 UJ N NA 
Iron - 300 5310 J N NA 
Lead 15* 25 1.3 J N NA 
Magnesium - - 2950 J N NA 
Manganese - 300 86.2 N NA 
Mercury 2 2 0.09 U N NA 
Nickel 100 - 7.4 UJ N NA 
Potassium - - 2670 J N NA 
Selenium 50 10 I UJ N NA 
Silver - 50 5.4 U N NA 
Sodium - 20000 114000 N NA 
Vanadium - - 6.7 UJ N NA 
Zinc - 300 N NA 
Cyanide 200 100 1.2 U N NA 
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PHASE II PHASEIIA PHASEIIA % Reduction 
EPA NYSDEC MW-56 MW-56 MW-56RE in 

MCL CLASS GA 07/02/93 11/07/93 11/07/93 Concentration 
(µg/1) (µg/1) MW-56 MW-56 MW-56RE 

High Turbidity 
to 

Low Turbidity 
Turbidity: 18800 44.8 

' Metals "• 0 /1) 

Aluminum - - 228000 N N NA 
Antimony 6 - 191 J N N NA -
Arsenic 50 25 1.4 UJ N N NA - ..... 

Barium 2000 1000 1460 N N NA 
Beryllium 4 - 11.7 N N NA 
Cadmium 5 10 2.8 U N N NA 
Calcium - - 287000 N N NA -

Chromium 100 50 351 J N N NA 
Cobalt - - 201 N N NA ... 
Copper 1300* 200 272 N N NA 
Iron - 300 379000 N N NA 
Lead 15* 25 44.3 N N NA -

Magnesium - - 100000 N N NA 
Manganese - 300 10600 N N NA 
Mercury 2 2 

-· 
0.13 J N N NA 

Nickel 100 - 533 J N N NA 
Potassium - - 24800 N N NA 
Selenium 50 10 1.5 UJ N N NA 
Silver - 50 5.4 U N N NA 
Sodium - 20000 19500 N N NA 
Vanadium - - 317 J N N NA --
Zinc - 300 1100 N N NA 
Cyanide 200 100 10 UJ N N NA 
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05/23/96 

PHASE II PHASE IIA % Reduction 
EPA NYSDEC MW-57D MW-57D in 

MCL CLASS GA 07/02/93 11/07/93 Concentration 
(µg/1) (µg/1) MW-57D MW-57D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 790 359 

' Metals {110/J) 

Aluminum - - 18500 N NA 
Antimony 6 - 49.6 UJ N NA 
Arsenic 50 25 2.8 J N NA 
Barium 2000 1000 617 N NA 
Beryllium 4 - 1.2 J N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 61800 N NA 
Chromium 100 50 32.2 J N NA 
Cobalt - - 11.3 J N NA 
Copper 1300* 200 18.1 J N NA 
Iron - 300 31000 N NA 
Lead 15* 25 6.7 N NA 
Magnesium - - 12300 N NA 
Manganese - 300 791 N NA 
Mercury 2 2 0.09 UJ N NA 
Nickel 100 - 37.3 J N NA 
Potassium - - 4830 J N NA 
Selenium 50 10 1.5 UJ N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 148000 N NA 
Vanadium - - 28.8 J N NA 
Zinc - 300 67.2 N NA 
Cyanide 200 100 10 UJ N NA 
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05/23 /% 

PHASE II PHASEIIA % Reduction 
EPA NYSDEC MW-58D MW-58D in 

MCL CLASS GA 07/10/93 11/07/93 Concentration 
(µg/1) (µg/1) MW-58D MW-58D 

High Turbidity 
to 

Low Turbidity 
Turbidity: 103 >1000 • Metals luff/I) 

Aluminum - - 40100 N NA 
Antimony 6 - 49.6 UJ N NA 
Arsenic 50 25 3.3 J N NA 
Barium 2000 1000 705 N NA 
Beryllium 4 - 3.5 J N NA 
Cadmium 5 10 2.8 U N NA 
Calcium - - 71400 N NA 
Chromium 100 50 59.2 J N NA 
Cobalt - - 19.8 J N NA 
Copper 1300* 200 32.3 N NA 
Iron - 300 50200 N NA 
Lead 15* 25 13.5 N NA 
Magnesium - - 19100 N NA 
Manganese - 300 1100 N NA 
Mercury 2 2 0.09 UJ N NA 
Nickel 100 - 65.8 J N NA 
Potassium - - 11200 N NA 
Selenium 50 IO 1.5 UJ N NA 
Silver - 50 5.5 U N NA 
Sodium - 20000 147000 N NA 
Vanadium - - 67.1 J N NA 
Zinc - 300 122 N NA 
Cyanide 200 100 3.8 UJ N NA 
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05/2.1 /96 

PHASEIIB % Reduction PHASE IIB % Reduction 
EPA NYSDEC MW-59 in MW-60 in 

MCL CLASS GA 04/11/94 Concentration 04/11/94 Concentration 
(µg/1) (µg/1) MW-59 MW-60 

High Turbidity High Turbidity 
to to 

Low Turbidity Low Turbidity 
Turbidity: 8.4 2.2 

I 

' ' Metals (na/1) 

Aluminum - - 247 NA 75.4 J NA 
Antimony 6 - JU NA 0.99 U NA 
Arsenic 50 25 1.5 U NA 1.5 U NA 
Barium 2000 1000 IOI J NA 30.6 J NA 
Beryllium 4 - 0.06 U NA 0.06 U NA 
Cadmium 5 10 0.1 U NA 0.12 J NA 
Calcium - - 208000 NA 97400 NA 
Chromium 100 50 0.5 J NA 0.4 U NA 
Cobalt - - 0.87 J NA 0.6 J NA 
Copper 1300* 200 1.5 J NA 1.2 J NA -

Iron - 300 505 NA 120 NA 
Lead 15* 25 0.8 U NA 0.8 U NA 
Magnesium - - 43300 NA 13400 NA 
Manganese - 300 79.1 NA 17.7 NA 
Mercury 2 2 0.03 U NA 0.03 U NA 
Nickel 100 - 2.1 J NA I.I J NA 
Potassium - - 1570 J NA 490 J NA 
Selenium 50 10 1.7 U NA l.7U NA 
Silver - 50 0.7 U NA 0.7 U NA 
Sodium - 20000 38300 NA 8180 NA 
Vanadium - - 0.86 J NA 0.81 J NA 
Zinc - 300 2.8 J NA 1.8 J NA 
Cyanide 200 100 SU NA SU NA 
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05/23/96 

PHASE II PHASE II 
EPA NYSDEC MW-80 MW-82 

MCL CLASS GA 07/13/93 07/10/93 
(µg/1) (µg/1) Dup of PT-17 Dup of PT-24 

Turbidity: 

Metals {■■ nil) 

Aluminum - - 84.7 J 142 J 
Antimony 6 - 50 UJ 
Arsenic 50 25 1.4 U 1.4 UJ 
Barium 2000 1000 54.2 J 46.8 J 
Beryllium 4 - 0.89 U 0.9 U 
Cadmium 5 10 2.8 U 2.8 U 
Calcium - - 116000 113000 
Chromium 100 50 2.7 U 2.7 UJ 
Cobalt - - 5.5 U 5.5 U 
Copper 1300* 200 5.8 J 4.7 U 
Iron - 300 93.8 J 162 
Lead 15* 25 0.6 U 0.6 U 
Magnesium - - 11400 12700 
Manganese - 300 6.4 J 32.3 
Mercury 2 2 0.09 UJ 0.09 UJ 
Nickel 100 - 7.4 U 7.5 UJ 
Potassium - - 1560 J 1260 J 
Selenium 50 10 1.5 u 1.5 UJ 
Silver - 50 5.5 U 5.5 U 
Sodium - 20000 28600 14800 
Vanadium - - 6.8 U 6.8 UJ 
Zinc - 300 3.1 J 
Cyanide 200 100 4 J 1.2 UJ 
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PHASE II PHASE II 
EPA NYSDEC MW-84 MW-86 

MCL CLASS GA 07/15/93 07/14/93 
(µg/1) (µg/1) Dup ofMW-44 Dup ofMW-46 

Turbidity: 

Metals ( lll'/1) 

Aluminum - - 45600 J 91200 
Antimony 6 - 77.7 
Arsenic 50 25 6.3 1 2.3 J 
Barium 2000 1000 408 1190 
Beryllium 4 - 2.4 J 4 J 
Cadmium. 5 10 2.8 U 2.8 U 
Calcium - - 385000 481000 
Chromium 100 50 77.8 J 143 
Cobalt - - 40.3 J 57.4 
Copper 1300* 200 49.2 J 75.4 
Iron - 300 75700 J 141000 J 
Lead 15* 25 132 20.l 
Magnesium - - 54700 57800 
Manganese - 300 7560 3290 
Mercury 2 2 0.18 J 0.25 J 
Nickel 100 - 99 J 169 
Potassium - - 11600 16400 
Selenium 50 10 9.9 UJ 1.5 U 
Silver - 50 5.5 U 5.5 U 
Sodium - 20000 38400 11900 
Vanadium - - 64.6 J 128 
Zinc - 300 257 J 383 
Cyanide 200 100 3.4 J 1.2 U 

H:\ENG\SENECA\ASHFS\COMMENTS\METGW.WK4 Page 25 





05/21/9(, 

PHASE II PHASE II 
EPA NYSDEC MW-88 MW-88RE 

MCL CLASS GA 07/10/93 07/10/93 
(µg/1) (µg/1) Dup ofMW-58D Dup ofMW-58D 

Turbidity: 

Metals (110/1) 

Aluminum - - 76500 N 
Antimony 6 - 50 UJ N 
Arsenic 50 25 4.3 J N 

---

Barium 2000 1000 1060 N 
Beryllium 4 - 5.4 N 

" 

Cadmium 5 10 2.8 U N 
Calcium - - 75100 N 

" 

Chromium 100 50 111 J N -
Cobalt - - 36.7 J N 
Copper 1300* 200 53.2 N - -
Iron - 300 91100 N 
Lead 15* 25 16.3 N - --
Magnesium - - 31300 N - -
Manganese - 300 1410 N 
Mercury 2 2 0.09 UJ N 
Nickel 100 - 118 J N 
Potassium - - 21700 N 
Selenium 50 IO 1.5 UJ N 
Silver - 50 5.5 U N .• -
Sodium - 20000 149000 N 
Vanadium - - 123 J N 
Zinc - 300 186 N 
Cyanide 200 100 3.5 UJ N 
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Groundwater Sampling Results 
Post Non-time Critical Removal Action 





1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

MW -44 
Lab Name : INCHCAPE ENVIRONMENTAL 

Lab Code : INCHVT Case No . : OBASH 

Cont r a c t : 932 06 

SAS No. : sr:x:; No. : 56643 

Matrix: (soil / water ) WATER Lab Sample ID : 289680 

Sample wt / vol : 5 . 000 (g /mL) ML 

LOW 

Lab File ID: S28968 0DV 

Level: (l ow/ med) 

% Moisture: not dee . 

GC Column : CAP ID : 0.53 (mm} 

Date Re ce ived : 02 / 03/ 96 

Date Analyzed : 02/0 8/ 96 

Dilution Fa ctor : 5.0 

Soil Extract Volume : ____ (uL ) Soi l Al i quot Volume: ____ (uL) 

CONCENI'RATION UNITS : 
CAS NO. C'OMPOUND (ug/ L or ug/ Kg) UG/ L Q 

74 - 87 - 3-------- -Chloromethane 50 u 
74 - 83 - 9 ---------Brancmethane 50 u 
75- 01 - 4 ---------Vinyl Chloride 360 
75 - 00 - 3 --------- Chloroethane 50 u 
75 - 09 - 2 ---------Methylene Chlor ide 50 u 
67 - 64 -1---------Acetone 50 u 
75 - 15 - 0--------- carbon Di sul f ide 50 u 
75 - 35-4---------1 ,1 -Dichlor oethene 50 u 
75 - 34 - 3 --------- 1,1-Dichloroethane 50 u 
54 0 -59 - 0 --------1,2 -Dichlor oethene (total ) 730 -67 - 66 - 3 --------- Chlor oform 50 u 
107- 06 - 2 --------1 ,2 -Dichlor oe thane 50 u 
78-93 - 3--------- 2 - Butanone 50 u 
71-55 - 6---------1,1,1-Trichlor oethane 50 u 
56-23 - 5---- ----- carbon Tetrachloride 50 u 
75 - 27 -4 - ------ -- Branodichlor anethane 50 u 
78 - 87 - 5 -- ---- - - -1,2 ~Dichloropropane 50 u 
10061 - 01 - 5 - - - - --cis -1,3 -Dichloropropene 50 u 
79 - 01 -6 -- --- - ---Trichloroethene 42 J -
124 - 48 -1----- - -- Dibranochlor anethane 50 u 
79- 00 - 5---------1 , 1 , 2-Trichloroethane 50 u 
71 - 43 - 2---- - ---- Benzene 50 u 
100 61 - 02 - 6 - -- - -- t r ans-1 , 3 -Dichloropropene __ 50 u 
75 - 25- 2- - --- -- --Branoform 50 u 
10 8 - 10 - 1- -- -- - -- 4 -Methyl - 2 -Pentanone 50 u 
591- 78-6 --- --- -- 2-Hexanone 50 u 
12 7-18 - 4 --- -----Tetrachloroethene 50 u 
79-34-5--- -- -- - -1,1 , 2,2-Tetrachloroe thane 50 u --108 - 88-3 - ---- - - -Toluene 50 u 
108 - 90-7 - - - --- - -Chlorobenzene 50 u 
100-41 - 4---- - - -- Ethylben zene 50 u 
100-42 - 5 -- -- - - -- Styrene 50 u 
1330- 20 - 7 - -- ---- Xylene (total ) / -5_0 u 

FORM I VOA 




