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GROUNDWATER EXTRACTION AND TREATMENT

K.1 Groundwater Extraction and Treatment

Data gathered during the Remedial Investigation at the Millcreek Site indicate that
on and offsite contamination of groundwater has occurred. Control of this
contaminated groundwater may be accomplished by pumping the water to the
surface and treating the recovered liquids for release or reinjection. Groundwater
extraction and treatment will achieve the following objectives:

• Control of flow or influences of plume flow.

• Prevent further contaminant migration off site. (See Figure K-1 for
current plume.) ~~

• Control of toxic groundwater contaminants using treatment system
specific to the quality desired. _

• Protection of nearby surface waters by retarding the rate at which
groundwater recharges Marshall's Run.

A series of extraction and injection wells can be used to lift groundwater to the
surface, where it can be treated using physical, chemical, or biological methods.
Treated effluent may either be released to an offsite POTW for further treatment,
released to Marshall's Run, or injected into the aquifer from which it was pumped.

Caieful monitoring of pumped groundwater is necessary to assure that the plume is
e:>..racted to the surface in an effective manner. In particular, the impact of
reinjection must be determined early to make certain that the plume is not
diverted away from the recovery wells. The groundwater collection and treatment
system designed for Millcreek will be described in detail in the following sections.

K-1
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K.2 Groundwater Recovery System

K.2.1 General

The groundwater extraction system was designed to recover the contaminated
groundwater from the sand, silt, and gravel aquifer beneath the Millcreek Site.
Aquifer characteristics were reported in the Rl Report prepared by NUS
Corporation.

The groundwater extraction system was designed with the assistance of
BESTWELLS, a computer optimization model designed by In-Situ, Inc. The model
determines the optimum number and location of wells to, achieve a targeted
drawdown. Injection wells purge the low-flow velocity regions between wells so
that stagnant contamination could be removed.

BESTWELLS is a steady-state, analytical model with the following built-in
assumptions:

• The aquifer is of uniform thickness.

• The aquifer is infinite in extent.

• The properties of the aquifer are homogeneous and constant.

• All wells are fully screened and 100 percent efficient.

• The pumping rate of the well remains constant during the lifetime of the
project; i.e., the pumping rate of the well represents the average pumping
rate for the given pumping period.

• The groundwater head is constant at the boundary of the project area.

K-3
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Since site conditions at Millcreek can be characterized by the model assumption,
BESTWELLS is a useful tool in estimating the location and production rate of the
proposed groundwater extraction system.

1C2.2 System Operation

The groundwater extraction system was designed based on the following input data
obtained during the Remedial Investigation:

• Well diameter - 4 inches
• Maximum available drawdown - 15 feet
• Pumping duration - 6 months
• Aquifer type - unconfined
• Existing water table elevation - 708.1 feet above MSL
• Hydraulic conductivity - 17.8 gpd/ft2
• Specific yield - 0.15
• Target drawdown - 15 feet
« Physical boundary of well field - see Figure K-1
• Location of contaminated plume - see Figure K-1
• Thickness of contaminated plume - 15 feet
• Plume volume - 1.7 x 10*3 cubic feet.

The purpose of applying BESTWELLS is to determine the optimum number and
location of wells to recover the contaminant plume. In other words, the model is
used to design a well field to lower the water table 15 feet below current
elevation. Twelve existing wells were used in the well field design to lower
construction costs. Additionally, the sand, silt, and gravel media in the aquifer
must be flushed at least once during the pumping period.

K.2.3 Model Output

The model indicates that using 12 existing and 6 new wells, at an associated
pumping rate of 500 gpm, will lower the water table by 12 feet (see FU

K-4
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However, to achieve complete recovery of groundwater contaminants, five
recharge wells were added. These wells are located where the drawdown gradient
was relatively flat. The injection rate for each recharge well is designed at
30 gpm. This injection rate is based on the average pumping rate of ^3 18
extraction wells. The total pumping rate of 18 extraction wells and five recharge
wells is 585 gpm. Approximately 150 gpm will be treated and injected into the
aquifer. The net discharge rate will be 435 gpm or 1 cfs.

The drawdown contours from the combined pumping and recharge system indicated
the average drawdown is approximately identical to the 18 extraction well system
(see Figure K-3). However, the stagnant areas between the extraction wells are
significantly reduced by the mixing that is obtained through injection. Based on
the production rate of 585 gpm obtained by the pumping and recharge system, the
amount of water pumped during the 6-month period is 2.0 x 10~7 fr.3, or 12 pore
volumes.

During design of the groundwater recovery system, consideration was given to the
Yoder Wells, located about 2,000 feet south of the site. The drawdown contours
indicate that the cone of depression may extend to the Yoder Wells. The maximum
induced drawdown is approximately 1 foot, attained at the end of the 6-month
pumping period. This effect will be reduced by the natural recovery that occurs
when pumping operations at the site cease. During normal rainfall times, the
induced drawdown is not expected to have an effect on -the Yoder Wells' capacity.
However, there is a possibility that during dry conditions thers may be some
effect.

K.3 Water Treatment

K.3.1 General

Retaining groundwater collection as a control technology leads automatically to
considering appropriate methods of treatment and disposal. Because groundwater
at the Millcreek Site contains volatile and nonvolatile organics

K-6
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several different unit processes may have to be combined to effectively treat the
water. Three basic categories of treatment for potential application are
biological, chemical, and physical.

Based upon review of the available treatment alternatives in Section 11.0, and upon
consideration of the groundwater characteristics at the Millcreek Site, the most
effective treatment sequence would include a process to reduce dissolved metals
concentration (e.g., precipitation); a process to reduce volatile organics loadings
(e.g., air stripping); and a process to reduce nonvolatile organics loadings (e.g.,
carbon absorption or biological treatment). Other treatment components (e.g.,
filtration, equalization, flocculation/sedimentation) may be required to achieve
differing levels of effluent quality, but the basic components will be common to
most treatment alternatives.

At _most sites, treatment can be accomplished either on site, in specially
constructed facilities tailored to specific site requirements, or off site, in an
existing Publicly Owned Treatment Works (POTW). Even when offsite treatment is
selected, a need for some degree of onsite pretreatment usually exists prior to
release to the POTW.

K.3.2 System Design

The groundwater at the Millcreek Site must be treatett for removal of volatile
organics, dissolved metals, and nonvolatile organics. To ensure a thorough purging
of low-flow velocity regions between existing wells, 6 additional wells will be
installed to pump water to the surface, and 5 injection wells will bs strategically
located to inject treated water.

The use of injection wells ensures that the stagnant areas of 'he contaminated
plume can be moved into positions where the groundwater can be lifted to the
surface for treatment. The groundwatar pumping and treatment system is based on
pumping 585 gpm, treating this entire flow, injecting 150 gpm via the 5 injection
wells, and releasing 435 gpm to Marshall's Run. During discussk

K-8
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engineers regarding the capacity of Millcreek Township's sanitary server system,
NUS learned that the proposed 400-450 gpm flow cannot be discharged to any
nearby server. This 576,000 to 648,000 gpd flow rate is greater than the total
system capacity that the Millcreek Township serves. The nearest servers with
sufficient total capacity are more than 2 miles away, in the city of Eris. Even
here, existing server flows leave insufficient room for the Millcreek Site's
discharge flows. The option to pretreat groundwaters for additional treatment off
site in the POTW is not applicable.

The major contaminants identified in groundwater samples were volatile organics,
especially 1,2-dichloroethene, and two dissolved metals, iron, and manganese. The
relative absence of dissolved toxic metals indicates that they, remain in subsurface
soils and are not currently migrating into the groundwater. Low levels of other
organics, such as phthalates and isophorone, were reported for single monitoring
wells only. The groundwater treatment will be used to control of volatile organics.
Iron and manganese, even though nontoxic and found at appreciable levels in
background samples, will have to be reduced in concentrations before the
groundwater can be released or injected into the aquifer. Their presence also
would have adverse effects on the treatment components used to remove organics.

The sequence of treatment technologies to be used to remediate the Millcreek Site
groundwater is as follows:

• Equalization to eliminate surges in raw groundwater quality.

• Precipitation of dissolved iron and manganese using lime or sodium
hydroxide at a pH between 8.0 and 10.0.

• Flocculation/sedimentation of suspended matte in a sedimentation basin
or tank. Polymer additions may be used to enhance settling.

• Air stripping of volatile organics, using pack-tower air strippers and
counter-current flow. ABO00705

K-9



O R I G I N A L
(red)

DRAFT

• Adsorption of trace metals, residual volatile organics, and other organics,
using granular activated carbon columns.

• Separating the treated effluents into two discharge flows — 150 gpm to
aquifer recharge via 5 injection wells, and 435 gpm — to direct discharge
via Marshall's Run.

Variations on the basic treatment sequence proposed above are possible. For
example, filtration could be substituted for the flocculation/sedimentation step
prior to air stripping. Biological treatment processes could be considered instead
of air stripping for removal of organics. However, in this latter case, air stripping
has definite advantages over the three retained biological, treatment processes
(activated sludge, trickling filters, and rotating biological contactors). The
biological processes are all more effective in controlling a wide range of organic
contaminants, but the Millcreek Site groundwaters contain volatiles only. For this
reason, air stripping, which only treat volatiles, is the more efficient unit process
for organics control.

A simplified groundwater treatment system for use at Millcreek Site consists of an
oxidation/volatilization basin, wherein dissolved iron and manganese may be
oxidized by brisk mechanical agitation or air sparging. At the same time, volatile
organic compounds will be driven off to the atmosphere. By using theoretical
oxygen consumption rates, with dissolved oxygen in water as the primary oxidant,
and theoretical half-life data for volatile organics under mixing conditions, it is
possible to size the oxidation/volatilization with reasonable retention and mixing
times. Aerated groundwaters would overflow to another onsite basin designed to
provide enough retention time to settle out the ferric and manganic oxide floes.
Final effluents to Marshall's Run would still contain measurable, but safe,
concentrations of the groundwater contaminants

This treatment sequence requires no chemical addition and less complicated
treatment components than the air strippers and carbon adsq/atian AYA'S0"13
proposed earlier. Similar systems are widely used to aerate and oxidize ferrousMrra

K-10
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manganous compounds found in coal mine drainage. However, these latter systems
usually include chemical addition to neutralize acids in the mine drainage, thus

X greatly accelerating the rate at which dissolved iron and manganese will
precipitate.

X;

Even though the simplified treatment approach appears to have advantages, there
are a number of reasons why it should not be considered as an acceptable remedial

^ alternative. First, and most serious, there is no provision for controlling the
; •

quantity of volatile organics that will be transferred from groundwater to the
ambient atmosphere not only on site, but also in the residential areas immediately
adjacent to the site in the prevailing downwind direction. On an average basis, the
3,540 to 4,715 ug/I of one volatile compound — 1,2-dichloroethene — represents a
potential release of 26.4 to 35.1 pounds per day. The remaining volatile organics
will contribute smaller shares to an average total volatile release rate of 28.3 to

x.' 36.0 pounds per day. Moreover, depending on which groundwater wells are being
, . - -—.

^ pumped at any given time, a potential maximum release of up to 216 pounds per
day is possible. The proximity of residential housing to these releases ensures an
immediate negativelresponse to this practice, even though groundwater effluents
would be of acceptable quality.

'^ . The amounts of iron and manganese to be treated are low enough that the
projected conversion to ferric and manganic oxides is supportable, especially since
mechanical aeration or air sparging will replace the dissolved oxygen consumed

/\
•' , during this reaction. Reaction rates will vary with season, but the need for long

control times to volatilize _high concentrations of 1,2-dichloroethene, estimated to
BeC^hours and JO minutes, should permit oxidation of metals to proceed to
completion. However, this long mixing time for a large volume of groundwater will
require heavy-duty mechanical mixers or aerators, with an accompanying high
energy cost. To allow at least 3 hou's, 20 minutes of contact time, the basin
volume has to be at least 124,000 gallons. This entire volume must be continuously
agitated to provide adequate oxidation and volatilization. Much of the money
saved in eliminating air-stripping and chemical addition will have to be spent in
operating and maintaining the aeration system, typically a high mainte

K-11
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remedial alternative? under consideration. The uncontrolled release of volatiles to K ..„'• J-

-— u,-6" * <"the atmosphere, while remediating the groundwate^will have adverse impacts on JH ij('-'
the atmosphereAand create unfavorable public reaction to EPA's efforts. The '
treatment system illustrated in Figure K-4 addresses this problem by controlling
volatile emissions by means of a confined air stripper with an activated carbon trap
on the exhaust line.

The groundwater treatment system will be designated to accommodate a flow rate
of 620 gpm. This allows for some excess capacity to account for minor variations
in expected pumping rates, and to permit treatment of the existing pond waters
and drainage from sludges and sediments in the same treatment plant. When these
waters are brought into the system during the early days of remediation activities,
other pumping rates may have to be adjusted to keep from grossly exceeding
treatment plant capacity. To prevent overloading, Marshall's Run effluent release
rates from the treatment plant should not exceed about 1 cfs (450 gpm). Since the
5 injection wells will each handle 30 gpm, 150 gpm of treatment plant effluent can
be injected and 450 gpm discharged, giving a maximum total flow through
treatment of 600 gpm. Refer to Figure K-4 for a diagram of the groundwater
treatment system, and to Appendix M for details on costs.

Treatment duration is difficult to estimate at this time. Dewatering model studies
indicate that groundwater volumes pumped over a 6-month period will provide
sufficient flushing to replace the original plume volume 10 to 12 times. However,
because of model limitations, costs are based on a more conservative pumping
duration of 24 months.

AR000708
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
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APPENDIX L (red)

LI Hvdroloqic Evaluation of Landfill Performance

The Hydrologic Evaluation of Landfill Performance (HELP) is a hydrologic model
that provides a tool to allow for rapid, economical evaluation of remedial action
alternative designs. The model uses climatologic, soil, and design data to produce
estimates of water movement across, into, through, and out of a cap and landfill.
To accomplish this, the program maintains a water budget by estimating the
effects of surface storage (snow) runoff, runoff, infiltration, percolation,
evapotranspiration, soil moisture storage, and lateral drainage. The. model then
estimates the amount of runoff drainage and leachate production that can be
expected from a variety of landfill and cap designs.

Internally, the HELP program has available default climatoiogic and soil data.
Default climatologic data consists of 5 years of daily precipitation, mean monthly
temperatures, mean monthly solar radiation values, leaf area indices, and winter
cover factors for 102 geographic locations. Default soil data consist of porosity,
field capacity, wilting point, available water capacity, hydraulic conductivity, and
transmissivity for 21 default soil types.

The HELP program has the following design limitation and'built-in assumptions:

• The landfill can have no more than nine distinct layers.

• Each layer must be identified as either a vertical percolation, lateral
drainage, waste, barrier soil layer, or 'barrier soil layer with an
impermeable membrane.

• Each layer is homogeneous with respect to all soil properties.

L-1
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• Vertical percolation layers have hydraulic conductivity high enough to
restrict lateral drainage.

• The integrity of a synthetic membrane is constant over a period of time.

As noted previously, installation of a properly designed cap system can
significantly reduce the infiltration at the Milicreek Site. Reduced infiltration
rates would result in a reduction in contaminant migration. The HELP program
was used to analyze the effectiveness of the various cap and landfill alternatives.
Table L-1 compares the estimated runoff, percolation, and drainage from the base
of the cover that can be expected by the different cap and landfill designs.

L-2
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COMPARISON OF CAP AND LANDFILL ALTERNATIVES
MJLLCREEK SITE

(ALL VALUES INCHES/MONTH)

Drainage from
Runoff Percolation Base of Cover

Existing Conditions 0 4.4160 0
Soil Cover .199 4.059 0
Cap Closure .227 .0033 1.799
Onsite Landfill .222 .0028 2.387

Note: Climatologic data from Cleveland, Ohio

«R0007I3
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AVERAGE MONTHLr TOTALS FOR 74 THROUGH 78

.JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOW JUN/DEC

PRECIPITATION (INCHES) 2.79 2.29 3,40- 2.76 2.95 3.57
3.20 4.63 3.04 2.35 2.37 3.33

RUNOFF (INCHES) 0.0 0.0 0,0 0,0 0,0 0.0
0,000 0,003 0.0 0.0 0,0 0.001

EVAPOTRANSPIRATION 0.807 1,181 2.331 2,191 2.31.2
(INCHES'! 2,385 3,135 2,318 1,790 1,095 0.803

PERCOLATION FROM BASE 0,0001 0.0000 4,5224 I. ,0329 0,5938 0,44.4
OF LANDFILL (INCHES) 0,8145 1.2494 1.1504 0,5615 0.9572 1,866:;

DRAINAGE FROM B'nSE OF 0,0 0,0 O.O 0.0 0.0 0 . v
LANDFILL CINCHES') 0.0 0.0 0,0 0,0 0,0 0.0

#:*&#.K.K:*#*;K;K.*:K:K########̂

EXISTING SITE CONDITIONS

HILLCREEK SITE, MILLCREEX TAP., PA
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AVERAGE MONTHLY TOTALS FOR 74 THROUGH 73

JAN/JUL FE8/AUG MAR/SEP APR/OCT MAY/NGV JUN/OEC

PRECIPITATION (INCHES) 2.79 2.29 3.40 2.76 2.95 3.57
3,20 4.68 3.04 -2.35 2.37 3.33

RUNOFF (INCHES) 0.0 0.0 0.199 0.023 0.004 0.001
0.066 0.175 0.010 0.001 0.001 0.210

EVAPOTRANSPIRATIQN
(INCHES) 2.769 3.579 2.689 2.039 1.242 0.731

PERCOLATION FROM BASE 0.0002 0.0001 4.0595 0.9653 0.2905 0.2343
OF LANDFILL (INCHES) 0.3148 0,5419 0.6500 0.3126 0.5339 1.3907

DRAINAGE FROM 8A3E OF 0.0 0.0 0.0 0.0 0.0 0.0
LANDFILL (INCHES) 0.0 0.0 0.0-- 0.0 0.0 0.0

**»»•**»

SOIL COVER

HILLCREEK SITE, HILLCREEK THP., PA
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AVERAGE MONTHLY TOTALS FOR 74 THROUGH 78

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAt'/NOV JUN/DEC

PRECIPITATION (INCHES) 2.79 2.29 3.40 2,76 2,95 3,57
3,20 4,68 3,04 2,35 2,"*"' 3,33

RUNOFF (INCHES) 0.0 0..0 0.227 0,027 0,004 0.001
0.063 0.199 0.010 0.001 0.001 0.224

EVAPOTRANSPIRATIQN 0,803 1,13.1. 2,287 2,331 2.932 3.239
(INCHES) 2,740 3.596 2.660 2.0.18 1.247 0,805

PERCOLATION FROM BASE 0,0020 0,00.1.7 0,0028 0-0033 0.0030
OF COVER (INCHES) 0.0025 0.0024 0.0024 0.0024 0.0023 OJ

PERCOLATION FROM BASE 0.0020 0.0017 0.0027 0.0033 0.0030 0.0025
OF LANDFILL- (INCHES) 0,0025 0.0024 0.0024 0.0024 0.0023 0,0028

DRAINAGE FROM BASE OF 0.511 0,194 1,096 1.799 1.396 0,7S-»
COVER CINCHES) 0.553 0,465 0,605 0.500 0.419 l.OOi

[i R A I. N A G E F R 0 M B A S E 0 F 0 , 0 0 . 0 0 .0 0 - 0 0 . 0
LANDFILL (INCHES) 0,0 0.0 0.0 0,0 0.0

:K :*: :K * * :# & :K * ;K * 'K * * -K * * * * * * * * * * :K .* * * * * * * * * * * * * .X * * # * * :* ;(c * .*: * * * .'K * t * ;K :K . k x: K: M # .*. X

CAP CLOSURE

HILLCREEK SITE, MILLCREEK TOP., PA
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AVERAGE MONTHLY TOTALS FOR 74 THROUGH 78

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 2,79 2.29 3.40 2.76 2.95 3.57
3.20 4.6S 3.04 2.35 2,37 3.33

RUNOFF (INCHES) 0.0 0,0 0.222 " 0.026 0,004 0.001
0.068 0.198 0,010 0.001 0,001 0.221

tVAPOTRANSPIRAXIQN 0.808 1,131 2.297 2.839 2.933 3.235
(INCHES) 2.740 3.596 2.666 2.019 1.256 0.794

PERCOLATION FROM BASE 0.0018 0,0017 0,0026 0.0023 0.0024 0.0022
OF COVER (INCHES) 0.0023 0,0023 0,0023 0.0023 0,0022 0,0026

PERCOLATION FROM BASE 0,00.19 0,0017 0,0025 0,0028 0,0024 0.0'023.
QF LANDFILL (INCHES) 0.0023 0,0023 0,0023 0.0022 0,0022 0,0026

DRAINAGE FROM BASE OF 0,320 0,064 1.371 2,337 0.739 0,7~3
C 0 V E R (I N C l-l E 3 ) _ „ 0 . 3 8 0 0 , 4.10 0 . 6 51 0 . 4 4 9 0,407 I . 2 3 0

DRAINAGE FROM BASE OF 0.000 0.000 0.000 0.000 0,000 0.000
LANDFILL (INCHES) 0.000 0,000 0,000 0.000 0,000 0.000

*##*#**#*#*######*#*#^

ONSITE LANDFILL

HILLCREEK SITE, MILLCREEK THP., PA $ B 0 0 0 7 i 7
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— « . OJ CM
O

— S
CO CM O CO
«-» . ^ CMa

— Ol
CO CM Ol p^
r-» • V CM
O

m" *tf
CO CM CO 3̂^̂  , r̂ CM
O

— • o«
CO *̂ C*1 rfl
••* * iĵ  CMo
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CM CM

oiSigCM CM CM .n vi•» a ->s
c_> a •'--_)•—

>«. Wi. OO
OS- 4i P- -£3 w -i -_• -a

_i-£H — •—_ —_*''» o v ** » _ u.S-3 —

:^<=— 'a3a'5'S ac- aSi 'oac 5. «j — c. v-v, cs — S f- — c. f- 3 s >— •_; >-j ^



-

a

Ol

cc

p..

«•V
VI

^ VIi i.
at vi0 g

Z O
V- f—
UJ V.

£ S
« cc

UJ

V..o

CM

o

Z

|

-2 1

3t — £
sJ ̂  O

i!— _i a

"s* 3 S
O

sO

— « . r^. CM
C.

••̂  CMOQ ̂  p^ ^
*-« • r-s CM

CO ̂  -rt O
*-. . o3 CM
O

m
•M IBM

cc trt m \̂
o

— ̂  CN,
CC U. O CO
o'

*-« CM d

"* 0

m
-• CO ^
CO ̂ O CM vO

o ""

!—— « O^ V^

o*

\r> CM os°=. s sa

o\01 ui a aa e 01 01 01
03 «3 ̂_. 01 —

bO l ̂ O -O CM

O I O C
rf? sT> \f>

It

s =O r-»

wU 2

UJ
f— V>

VI S «
^ >-O O C_
VI VI r— ij
p r- vi V.

° 0 2 S

& «c S a

CM

aj — o '

CO -* CM
^ . CM
O

ir so

r-

CO •"* "̂* r™ V
-« . CM O U
O f— 0a

*T"

co — o•-« . m
O

*^ » m mQ

00—03 Ol
—• . Ol CMa

CO
OO CM O CO
--i , ^ CM
O

Ov»-• mco CM m ps.
«•* • *̂ CM
O

m
CO CM CO Ô
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5

:*. — — _
— •— — 3. -5 i. - '

~- C s. s.
> ̂  T; J» o> -o

... .1? ;II ! AR000763

IVMiaiHO'"""""^'



V)
Ob>

•c a*c >
""*

(paj)

bo

u
CM

eig 01 10 01
Ol —— .M ^
r*. IA o vO— — ul

O
•r
O O O

OS
55 ul Ul rf> vrfl
VO *T "T 03 —

OS
vrfl

CM

01 ea oo vo CM
VC O CM — 91

Ol VO -.

CM
0>
VO

vo &
CO VO

CM O Tce r» »r r*. 01 Ol
91 — CM
kf) —

<-! <-> 01 •«s eo CD «r
CM CM CM r_

O O O O O VO CMCM CM CM CM CM r*. 01
—— —— O —— O 01 MM

O O O O O O kfl
—1 Kl O O U") O vO
— 1 MM MM Q O Ol O

o o§o o o c e oo a: = «r o-i o
n» ffv. 55 CM «£! CM

CMlO CM 01 O "» —

Ift O M̂..M- MU UJ

.Ilfei V3,- "^ ^^^ *X ̂  O «J «J (C >* £ O rtJ -JO— o 19 ~ z (A a

"

CJ — t, Vl — U C O

i as w £«•> i s * 1 — •" w a, ~~«c •z^k.
— . —— I CM CL. «, __ S, fe C.w ?'. I— 3^ CJ

C t 4, 6, ••- t • — 3 £ — — •— » — -- •— 7 — •— C
*rt — — • > Z X s» C - ^ O C y ns •— — . (C^— rcw— •

1VNI3IHO



a t
c

X i— i——i u v/1
— o; u
5

a.
cc

— J C "•

00

bT>rs.Or-.rs.CCvDOOT(
mcpO's.rs. — -— iTJOCO*

OO OOen v m. jv •-« •— m ^

CM CM -*

OOOOO-rCMOOO = OOCSTCTiOO

CM G ••• 0% «r

CO r
wO

s
CM
CM

00

.
i« vo ..
r— O «•

VO Ol Olcn r» vo
01 O CM

eo f-. 01 01 r» oo ov 01 vo
vn^ COCB*l*'3'*r 9191

CM*^ CMCMr^O*"* *7O

— o e M . — 0101 — o w CM

SSSSSS8S8
OCO3^vOvCO~-.'cM
«•> MM _w»«^vvO v*̂ ,»»«» 5

ecGocoeo GO
CnglSeOCMCMCO^KO *- CC
csj r^ G <"*>*"* en CM o •* *

*• W w»o ct
_i ** W = o-
«(/)«»•— »— C
<SI O */* 19 «•••• — Ou o *•* w » ^ ^ w
^ U -— w O O -̂̂ *«» tw h_
O U O f— .O w U ? ^ - we o ^ — * ^ - > ' e > i un**-ui-^ <

(P9J)

1VNI3IH



•
UJ t,

— j
£

VI

ec.
O

•
UJ

£

—

=
a;r

o
"

^
>*
c
s "
_ Ps.

*:"*. >
U* •"• •"• 2

• ill!
~~1i

>/•>.-z
s!

u

ii
£ WM
3

Z

a.
i
UJ

at

1/1
Mj

O£

i
m

.M

o.

or
UJ

a:
i

a
z

I

z
=
cr

=

in
T-

« |U &

- b
CM *•
O

*Iyi U
— C

*"
01 f
01 >-

CM

oo
§
CM

C
S

o

co
0

«J

o.g

VI

i
CTl
.£
— c

si

(I

•e
*«
' ab
V*
Beu
f

*"
"5
S
•M

8

5

o

oc
CO

1

c
£

5

D

£2
o —
b 'x

*M 1C

i±1:1
" 1a in

O O
VO CM
.» CM

0 Om CM

ii

0 0

gg
O -T

So.

*«•

%̂.
C sJ
0>a CM
U Ps.

V. CO

Ĵ S>
— rs

fS. G,

c rC

^ I>Q 1CfJ

i
*•
•e
V
3

O
CM
—•

S

es

e

oo
x

o

c

i
£

£C

>

)

|

|

es

o

g
w

01

w

5
>
**

re

-=

10 o o to o oe o o PS. \f> o
O CM V U1 tf.•«-• — CM

•

-

§O O -1 O O
O O p- 01 O

— — CM

c s c c c e
3 3 3 3 5 3

O O O O O O

§o o o o oo o o o o
— «* O •*• ol o

«̂  ol

§1 OlSS

0
u
-5 VIs c.

-3 .- MM

O ~ —

'= - ~ T "9^ — — o C, s
•M <C ———

CM MJ -̂  .T CM £

vo «r O O O
01 01
Ol MM

01

o

o o o

o o

rn u.

•̂
U1
O +->
(̂  Wl

O
U

.C *J
vo o vi re
**- u t.

o w •*Si^s-^ — re

w o **
O >* ^>
<-» ̂  v/- CJ,
2 «. "" —
C C •—

--^e^^1

01 O Oico 10§ §o

o

00

^

O)

2§

S
h—

*—-»

A O
s_̂  re

S-S
trt Oc —

& ^
.— *J 5,

«- w —
._ -̂ ^

^ — i

rs. o * m rs, (n
ps, o CO en --•
•— *-• CM CM —

O

O

e

cr>soo

o

&
Olc
— b) W
b U. u.
O ——i— r-

*n — •• ' — —
• .2 •"•n S « »*

— 4< u a. a/
i/ v/l MM y 5;
^ I-M i; M

C — BO

-ri£ -2^ ii000766



CC

Ol
•e
C&

> VO

GOO> Q% «f% CT»
LT. vO <•(•> CM CM G Ps ~
O PS. CM O*
CM — CM

CC
G Ps ~ G
QO-Mfn^-

^O^ c^ cs o cn ouo m PS « «a-
PS, rs. \o CT> CO

O vO O -£> OVO
CNj*-«CM~ «£OCCv— OCDO inu^o
VO CM O^ CM — * •— »••

Run PS
«n *-*

oa rs. es*
^ 03 vO
rs. O Uicn en «n

s.

vo 01 PS,

91 CM

.
O C
Ol

— ̂  cc
Ps. hT) CC

S

03 00 05 00 -T 00
CM CM CM CM M*. CM

O O O O OVOOOVO
CM CM ̂ J CM CM r* CM CM —

— —'o— — oi o — d

000 O O O -1
Ol Ol Ol o Ol ol CM

0= O — 01 O VO CM

gglg ggggg
-M o Ol O

S 1/1 -• — —i/l O vn «• MM.
U O — u b

*- CM! b CM O
Ob * M. .. •-- 3
w e b - —^._, „• — £•£_ g

~~ ~" 2 — 'S'c'" b»"" — S»« —
£ -. —— _ -^ = * "S . 0 C _ —— >,V1CM01 =

CM^ S fi5 &> O»*~O1 __.^«4 Of ̂
•— Z. O— ^QVI •JO1*4 u O ><t) "5>iOI

OlMM -^ —. bCJ WMMO1O. C . M M O V / l M - V J S
C r e M - . * r t 3 M - O W « O — b v l « . 4.C^«
«M> .__ W> ——. ̂ v C b& M- MM..3, .£ •—— C.M.

. — IO-=C>vj:T34J — O.IB C- J Ol M.

- £«2i £^i 4j, o|i I.... AB000767

IVNIOi'JO



*M O

— Z

-

c

Ol

CO

-

vO

tfl
G
go,

<SI

r—to
0

CO
ST
/Y
EA
R

3

CM

-

O

CO
S!
 C

OH
PO

NE
Nl

v %f>fft m oo ^
~ o ^ ^

vo

3.S & CM
— . r-. CM
O

<r CM
— T co cSo

«• vO
p- • C* <M
O

m

""* o ~

0t iA G X
"" G ~ "*

.

V CM O
&> VO CM PS,

"*o* "" ~

pn
IT CO CMa* vo m <o
""' o ~ "*

•v trt «ocr> rs, «r tf)
^ o *"" """

vO
^£2
V0o. 0,

91

— — Ol S 01
1O 1A > Ol MMo

SOS CO
1 Ol Ol CM

O 1 0 "" C ~"
CM CM CM

»

O 5

UJ 2i §
i s

i— VI O C^
t-O V) *« U
O r~ oO VI

^C 2 Q

= BSS
^•"SS

CM

91 — CN,
.« . CM
O

01
W CM
MM . CM

O

01
*" Ol
0V — VO
— • CM
O

9i _j ;
2 » _ < -O, MM 91 MM ̂
MM . CM O M

O 1— C
C

«r vc
91 MM CM
MM . Ol
0

-T O
Ol MM Ol O

"" o "

2d ^ ^

CO
O> CM CM QO

-d *

01 CM vc r>.— • -r CM
O

01

OV CM MM vO
— • 01 CM
O

»» Ol
91 CM VO Ol
MM . Ol CMe

2
Ol 01 CM **
MM . vO CM
O

II

at

o
T z
MM V")

CL

VI «
M- 1/1un MMo au

: x vn
OKOagoc 2 O

«T in
2 °

01

Ol
V VO
Ol O
o'

vo
Oi O
"" d

^
Oi O
"" d

CM

*" G*

""" G

G

CO
S1
S

DI
SC
OU
NT

 R
AT

t=
J

o
CM
CMm
CM

II

=

CM

m

tO

£

X

g
II

I

PR
ES

EN
l

-- CM m *r

H80Q0788

1VNI9IHO



SUMMARY Or SENSITIVITY ANALYSIS

::ST
-AC7C8

;A?-TAi CCSTS

?S£3£S. WORTH

A..::-..̂

-8..r-S-

ISi:

(S):

:

-
3

.

j

0

:

3

.

0

1

2

i

-

'

e

*

is
t 1

;

i

1

3

-

t

:

-

:

-

:

CD

LU\(.

Wl

6)
Ce>

M

^

i .

i$f

'2C?
7
17
4

Lo
i^
•̂ 7
6
6
1<

.

**

kV

71
'40
n
'/7
?̂

A//

23;

26
6
6
(

^

S£X5ZT

6̂

571

,/33
17
.(7
94-

•

:V:T\- -ACTOR

.

iXAMlNS: Ri

OM
5C173

filN
(red)

"

UROOC

M

!769'



DRAFT

REMEDIAL ACTION ALTERNATIVE 7

(pa-.

4aooo??o



S r-
UJ s

— C

c

r—

O

r—

^
sJ
UJ
0£
S

WJ
t_)
*™
Q.

i
h—

UJ

O

wO
H-
Z

Ss

J .0
M O- <->

i —s
£
0.

i
Ul

cc§«I

Irt
«J<c
CL
UJ
KM.

£

Xo
v/1

h—
1£
£Ci.

i
UJ

CC
G
CO«I
«J

v^

s
UJ
H—s

w
i>
CW
Ou
•̂
as
J<->

1
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VIĴi
•o<uIrt
CMo

^
vo

01
Ol

o

VO
CM

01

s
CM

O

01

X.*
Ol
CM

o

Olo
01

2
«•

ô
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e e —/nc5iil5f-:3cli -glfefe •=!=" -1^ -ifI I AB00077II w CÊ J u a f W o — . ( f l ^ ^ ^ w ^ — • w ' c o — ' k . f l ^ - c c p a .



c.

3-

(paj) 5
VNIDIllfi

VJ ^. U __

! = ̂<5

ocM"icnovoooiG

5 JM — ?-5 *3 SS
— CM

OCM0101 «

-2 ̂  2 - t: =Jl oJ C"i CC CC CD

G G O G G G O
U1 ̂  O O G
O ̂  CT G PS
CM CO vO CM G

••*

0o jg
0 —
01 X
CM

-D

-J.
vO

CM
CM
Ol

CM

O

CM

§
vO

CM CM O CC -^

CM m — G — •^o m CM *r m01 —•—. — —
°

m
o

O e*> ̂ "
& S3m — om CM ̂

CM O
\o <*•»
V0 -—CM m
CM

G vO
\O CM
CM ̂ *— m
m ̂ -

S-rS

2 s =
o 5s S
rs.

m
o
rs,

— CO

CMm
rs.

CM

\0
COm«r
vO

=

*O °& CM

«T 1— 0So. 3
X —

01
91
O

Pi
vo
X

91
O
CM

CM
01
91
01
CM

*
S
vO

vo ~»
MM CM

—— CM

O CM

O «r 01 01 01 p«. 01
O CM X X X -T •»

O O O O O JO O-*M-^

OOOOOO01O
O1O1OOO1OVOV0

o§000000ooosoooo

A +* a cn
3 w» _ — »— c
VI 3 u. fO -*^ — U

(j O — <-) 1- -*• U. cj•*- u u o a tn o .—-.— ub. urf

>«, o O '— > s M C V t
O1— U»«0 •• — Oo*< -̂  — ij (j fi.

AR000772
M M M . w W - ^— u M. — i sr— i— c— =-<

D i i i l — i = 3 1 — S i U - — -•- — — —i — — B —
- •



I/I
0

- - _ uc o — — —CM M- v> MM «e
1C S — •a. j c • M. a.

_
IM I/Ij — « 4 -O
O — I 01

Ol £ .M. -. £ wi01 M- z n v> s

OOOOOOO3O01O<
OCMOlCMCMOOOO^Ol;
O— -.CM — «T O O 01 — CM ;

MM MM CM
01 01

COOOO SCOOi/lO
OOOO**O1

01 -r o o O
Ol Ol
Ol MM
— Ol

o oo

in -r
01 Ol
Ol —— o<

01 o en

00

01 .*» 01
01 vo Xas 01 —
—— ̂ " CM
CM CM —

i £ 5 § § I S g 11 §
£ x .-• •>•' e -r s <e s --•

55 K

~ £ I

Sot""— .Z * a. -".6 ~

nonnnT^oA8000773



•c
c

u.
BL.

tn -c
CT* <f>

Ii
01 01

fi-r

X 91
01 CM

O O
O

MM

X rs.uv «c

is. 10

g

Z

«o -o wn vo —

O W m ^ m c>j
«̂ •»• rn *•• ̂w
•̂  *"• ̂ U

OOC5— -*r-^O*PG

«-• ̂  fT — « CM — « rf)
CM ——

§OWO«-CMOOO
OOS«"ff\OOvO

fn en « CM

CM CM fs. 0 — ^- O

gggssssse
Ol•»

Sgig'tggg
"*SCZ 5**

v.

CM O "• 9* ̂T
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S G
LtJ ^
1/1 r——

& ^C£ G

* OC
UJ

•̂s. en
wi-o

CM

O

UJ
g

fs» ^
C

^ G SJ

CC i_i OO
sJ -* G
— i p»

z z

rs Ol
CO (-1
"" d

10
3S
"" d

rs CM
— "*"d

rs. .0
B -r
d

Ol
rs MM
X ol
O

*rrs. vo
X Ol

O

^
rs CM
X 'O

G

m
3S
O

rs, tf.
CO PS,
G

V0
— CM
MM X

^ O

Ol

0

rs rs

CM 1 CM
tM CM

O

UJ

CCat
^

i— ui o
>/l V/1 O- '̂ J

O MM v/1 VI

O U O

z«||

Ol
sO

CMrs

Olrs

rs
X

vO
Ol

Ol
0

10
MM

X
CM

O

^
ool

01
01ol

rs.

CM
CM

II

f
at
i

W

2

C.

m
cst

CM
CM

CM

o
CM

Ol

X

^

vC

01

01

CM

CM - .. - .

2". ~
O

01
rs CM
X — Ol
— . CM
O

rs ol
X — vo
— . CM
0

>•os _i :

«•* - CM G M
O l— G

G

<rrs, \o
ffl — ^

G*

CQ ̂ » '̂  O
—• . en m
G

CC
rs, O\
•••* « m CM

COrs, *-•
CQ <M *•• 03— • • «r CM
G

Cftps, m
33 CM Û  P"s
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tô
m
vO

«
CM
0̂

-

Lrt

2

G

CM CO Ps
V ^T COrs, m m
PS m GOv0 rs, ̂ -4m

I §
Sin

CM

^ CM

GO O O *-> G-• CM CM •—* wi •—«
GO vo VO •» O *-»

U VI
O Cfcu ut̂ ** o 01

3 wt -»^ — .— C
W1 O V» * •—' •»- U
O O — C_J t- h. LU Ov» o w a Q o —-f— u.o w a; r— js *-• cj r—

o • <2 •—*ii i M. ._i «- vno U -J O X —
O O * * M > | V ! C M 1 1 1 Xt.. «»« o •• -e

i o> £- u. ^ec^*^ _2'.-i -S5 c<y ^

! W na f~ O 3 S < Q < Q OCW O Q Q J OOC <C
I O CO (^ r- "-O CD —i S h— — ̂  r— 2 S H-ULU <J



ORIGINAL
(red)

Zr
UJ C.

— e
M

M-

£O

h-

I
uJ
CC

UJ

s
Q.
1—

p—
UJce

• r—
J t/>
-• ̂

S

H-

ia.
8-
UJ

K
G
CO*C
W

CO
__J

H4

sc
r—
q;

.§

z1g.
UJ

S"
VI.J

s
UJ
H-

OCMPsCMO-C

SSmSS^Sl
«-» m m <n o m

CM <M i«<

O CM CM PS, U.
W — V CM COo «r o — ou. rs, CM 10 *r
in vn o G O

O O cr* PS, o cc
m 5 m §5 10

•-.4 m

O O vO CO O GO-N in o îm CM *•* »*
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CM

5 !

I" k k.
_ 3. —

?•-- _5? ~ »•— =— =i «
= 5ii ~ » ^ r r T .Z ™ ~"~^ ~C.— —

™3~M. M •-. '^ C S S - ^ J S C«_ Z?^ WWW <
•-MMMfc ——— ——— i. MMJ^™ «>MM» ^

AR000787



Xr- —

ao
v/1

e
i

ORIGINA
II

ooooo 0000000011 osoooo
i-OOOO OOOOSO-lC-l O O O O — O

(red)

— • ̂  CM o — OvS^OOOOOCM o CM o rs — o

OOO O O O O O O O O u-l OOOOOO
SOS C CSOOOCSS M! OOOCT3S
vO ̂  — o CS -3 *r O O >£ CC CC CCvOa£UlCBOrs. o o va ^i CM o ~MCM a

SSSsS §§§§|82 § §ig§g§
»">O-~OO OG*nOGOCM O CM«0CMCMCMOOvC<n^jco o%vo^GQOen ^^ —• CM m *— rs. CM

«̂ rs. CM G -• »« «r —• ~
•— CM «»

m o O CM
G O — ̂
52 — — rs.

— O Tm mm
CM

Sio —

0-, CM
CM .N.

^SE

oo

•sssfs ssissssfs ssssss
§' o d "v d o'oddo'da>"wui d d o' o d o'o o w o oooooo — ->o o o o o cc o

OOOOO OOOOGOU1OO OOOOOO
OOOOO OOOOOO—OO OOOOOO
§0000 ooo'ooovnoo doo'ovnooooo oooooo*9''-io oooovno
.rt O MM — o OO^IOOO «*> ̂ » CM O3 <*1 CD CM *T G

— -a •- Q
O 3 VI MJ —— H.

S vfl M. v/» o VI fl —* .
vi M- g AC * _ u - ' M M c S -
=. ul 301 — CN. VJ O Ol O U 1 — -. MJ oS >, a. C «•»—(_;= o - -i — "S 01 — u- — <c
3U1 — — -— »«J30« -10 — C — 0 s- O.~ b. — x 4J^ o<o^£ via > e s ^ 3

Ot4tl/l MM MM —— -J*| MJ^M.* II S± «4 V/1
~ — ^ s» vl O <at s- o a —

3-»~~u.-S'i/. ~c— — — 5C~s u "OK -i —^t wo/a. r~
— ooc.-. ^.M-_ = w •— 5 —<-i« u""o >fl TS>>OI ^

VI W -^ s O V l M M C J M M ' M * M U O V 1 3 C U —— ,̂ >a at MM &VO M M ^ f ——_̂ .M s :̂  ̂  IB av S «. v_ ̂ IM L! ̂  *r? — ra MM ;_ ui ^ ^ c 'M» '_'•e — <L u
O O ^ ' M - — — r a c u O C - M - M.OU MJ S,^ CJUois-oc;— a.<-3o£a;oi—oo c s . — «—•

o a 3 ~ ]? ?c- 003 soc
. . . . . . . ̂ i^ i^ ̂ ^ . . . . . _ _ ^ _



s.0:.• s o - - - - -
o

_ s
o
•̂
at
o

s

S

*"•* ~ •*———— **

ORIGINAL
(red)

0000
O O O ̂ l
u-. *r G M

T O
O —

C : C O

GOO«^- s =
§

G.

* £ — — M M _ _ _ _ _ _ _ _ _
.__ __ __ .. ^ __ ^

<r41 3]{i| ?|= 5|1 m i 5R000789



1
VI ——

vi «e
~ °1
i *§."*.
c •
3*
"" «,
— — Si
2 C 5;

= ± =
~~ =

Z r
«J *

C

0o
••
i
UJ
QC

a

UJ
t-.
aa.
Z
i
MM.

W
Ql

v/l
yt
'•si»
0

--

£ 0

3

Z1
_,

3-̂j

ccoa<c

I/I— t<
«
1*1

I

s
fcy-»

!•*z;

1a.
i
UJ

s
<c

(̂

s

i

MM

s«
•=.

X
—

-•

..rs

s§01 vr

O MM
0 0
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wOô̂
G

CM O fl U 1 ̂  CS.(n •— -̂ CM m.— LTJ so <n m
Ul —• ^O wD vOM_ «. CM CM

G

O

O

iT.
O
O
^
O

ORIGINAL
(red)

— O 3 C-

SiiS

CM CM S Ul
V

** — C MJ — Ui s i S v a

Ct* Ml —.

tfSS =
O s. a ""

seooosos



555
— at u
o

OO o O ensr\ & «• ,-• en£̂
 CT» 31 «» •«• n M CM—• in rf. •* •"• CM *os

.J C v/i

OKIG i*
(red)

. _ cn o rs. rs. ̂ o CO P^« G O GS Ot03 ̂ ^ r̂  ̂  G in ̂ » cc G *"̂*n

OOoO

CM o —' cr* 'rs. cc PS, <
O U*) r*« '

s:

00

VO -1 rs
\Q vO rs
rs a w

"
a o
P. ̂ * .

Ul r^ »a —

eo r_ i-i n rs oo ot <•> vou> *r CD ® *r v v e» 01
CMrs. CM CM rs a — ^ a

iSfeuJ.

§0 3 O = O O O 09£ S = o CM CMS-r a: os\ \& y\ &* •• •«•» CM CM (np«*o*nf*icn CM

3 Wl ——— MM MM £
1*1 O VI IV -MS ... tj

e o M- -> s_ -j vo — M. — ~ <
Ul MM.^^^'.-rf^^. 1£'*"*4 »/l

MM, M j M - V l C C — — O M ——

I O—— Utt'O ..—— C ——
C — o r - ol — M.CM:G,<5.~ ~ ~ O > * U 1 — rs*J ^ M . «

C — 1_SM^SM— iii Vx —— Ul S. £ S i,-| —— •_ C 3- - - - «_— - v i _ _ _ s. c — o

u i -M w^ a
i-'?"S'--^=-~ ^*J M « C . > S — — -MU - — --

—— ^.r3MM4^—— -M.C — O. MM —— —— 5,- . C M i . 5 — i.e-4;
— «S i — «,

- s. ..= I z
• M " ^ M M « M . - £ - > M M I — — MM Ti —— ̂  V M *5 ' —— MM IC^MM r;*-.M. ——.r ~ _ c ^ ^ c i ~ ̂ o— — ̂  _ ̂ — —"H? M. = j rrS? —? xs %S?Ct-|- -e : -5 s i '•»•-— « - —

Svi<s^ i «j — r-. vi v/-. — _• .- 3 v. i^ — v," s ̂ j i: —.-^i. —-is — Z ̂

flf.000806



£;
— <

G

turn

^
•̂

i
UJ
OS

Q

UJ

a.

z

w

~~

01c
c. ,
5 _*
-- r
S —

VI """

tpO <J*

C' 55>
il "S.

5 'sS
5 ̂
z

C flS —
5 — —
- i, Z
~ < i

»̂
1
w

j •-'•>- o- u>
H

z
UJ

S
i
O£
O
e

VI

c&
UJ>—

caa
VI

Z
.MJ

Ck

asr
MJ

oca

VI_j

s

I

s
—1

ST.

t/.

• cre 9
41 =

O O
CM MJ

1C

*i
trt '.

*•• C

3 ~
o

en .—

O

o
CM

g
OS
CM

(O

O

0
o

ifi S
cn rs.

VI

c.

'""
£ si— c
? '_•

4,
•B M.i. a
MJ W
. U 41
3 i.
w &
VI MM
Co •
0 |
4> —•a *•
MM

S -s

O O
MM rs

o o
—— fS»

O O

g§
s vn

5 SMM cn

c
4.
41
i-
V,

E3
w ̂
c

5 -

41
^
^

J

4
M, Ol
A, v.

I -

= 4
O vi
VI 3

O O
CM — «

O O
CM MM

§i

O O

§§
«r OS

a Sm —

^

1

VJ

CM

• C

1 M.

— J;
w it

<3 £

e
*J

g
*

*

o

a
^

Scn

'«.

V)

2

,_,

"

i

O
C

"

§
a

i

0

oo
a

g
-

^
o
w
_3
C
O
W

-o
"o
c
MM

4,

^

e
cs

O

CM

§

O

oo
M3

0
CM

Of

«w

-
"

3

o vn o o
«• u. LO
CM

-

O on o O

v -n u.
CM

iiii

o o o a

§000o o a
o ui a o

ui ui !Cm m MM

VI

CM

ftf

VI VI•a — — —
-II1^33^
i£ T £

-r> ̂  o o Gen û*n — «
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Ô "—
<J> WO O O A cn

^ u
".) C -C —
1 12.-
7 ̂  MM Q*

T:e

1

•sj cn u-

.̂  5k ̂

§ 0 Ul 0

isii
a a a a

iiii

o a cn a

rocn cn AO ro — .cn
§U1 SM- Oa cn o

-̂
n'
-i

o

•vj
§

_

*•

g

°
c

§

-

f\J

a

^
s?
.̂

^
A

.1
O
3a.e
a

|

r-

0

g

0

i

a

i. zr̂
•» <s>
" T a"
ri w

— — 50
*v* 3 *
•» • -sj

n
ŝ
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MILLCREEK
Annual Operating Costs STORMWATER MANAGEMENT
All Alternatives SYSTEMS

COST COMPONENT * ESTIMATE ($) * BASIS OF ESTIMATE * FREQUENCY * YEAR*******************************************************
0 & M COSTS * * * *
1. Operating Labor * * * * ^30

a. * * * *
b. * * * *
c. * * * *

2. Maintenance, Matl's * * CLEAN BASINS * *
and labor * * 2 MEN @ 30/HR * *

a. Labor * $2880.00 * 24 HR. EA., 2X1YR * Annual * 1-30
* (2)(30)(24)(2)

b. * * * *

3. Auxiliary Materials * * Assume replacement * *
and Labor * * of 1% of topsoil * *

a. Equipment * $2000.00 * $2000 * Annual * 1-30
b. * * * • *
c. * * * *

4. Purchased Services * * * *
a. Equipment * $1000.00 * * Annual * 1-30
b. * * * *
c. * * * *************************************************************************************

5. Disposal * * * *
a. * $3500.00 * Dispose of sediments * *b. * * * *

* * * *
************************************************************************************
6. Administration * $1000.00 * * Annual * 1-30* * * *

7. Insurances, Taxes * * * *
Licenses * * * *
a. * * * *
b. * * * *
c. * * * *

8. Maintenance and * * * Annual * 1-30
Contigency Costs * * * *************************************************************************************

9. Other * $1000.00 * * Annual * 1-30

ANNUALIZED CAPITAL * * * Annual * 1-30
COST * $11380.00 * * *

(pai)
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MILLCREEK
Annual Operating Costs
All Alternatives

MONITORING & ANALYSIS

COST COMPONENT * ESTIMATE ($) * BASIS OF ESTIMATE * FREQUENCY * YEAR************************************************************************************
0 & M COSTS * * QUARTERLY INSPECTION * *
1. Operating Labor * $5760.00 * 2 Men . $30/hr * Annual * 1-30

a. Sampling * * 24 hrs. ea. , 4xlyr * *
b. • * * (2)(30)(24)(4) * *************************************************************************************

2. Maintenance, Matl's * * * *
and labor * * * *

a. Equipment * $1000.00 * * Annual * 1-30* * * *
b. * .. * * *

************************************************************************************

3. Auxiliary Materials * * * *
and Labor * * * *

a. * * * *
* * * ' *

b. * * * *
************************
4. Purchased Services * * 35 Monitroing Wells

a. Lab Analysis * $140000.00 * Quarter $1000/sample* 35(1000)(4)
* $12000.00 * 3 Surface Water
* * Quarter $1000/sample

b. * . * 3 (1000)(4)
**************************************

5. Disposal * *

*
Annual * 1-30

a.

*
*
*
k*4

* *
* * * *

b. * * * *
* * * *

************************************************************************************
6. Administration * * * ** * * *
************************************************************************************
7. Insurances, Taxes * * * *

Licenses * * * *
a * * * *u .
b. * * * *
r * * * *
\f •

8. Maintenance and * * * *
Contigency Costs * * * .. *************************************************************************************

9. Other * * * *
************************************************************************************

ANNUALIZED CAPITAL * * * *
COST * $158760.00 *' ' * Annual * 1-30

1VNI9IH



MILLCREEK
Annual Operating Costs . PARTIAL CAPPING OPTIONS
Alternatives 3&4

COST COMPONENT * ESTIMATE ($) * BASIS OF ESTIMATE * FREQUENCY * YEAR

0 & M COSTS * * * *
1. Operating Labor * * * * ^30

a. * * * *
b. * * * *
c. * * * *

2. Maintenance, Matl's * * 2 men e $30/hr * *
and labor * * 24 hrs ea., 4xlyr * *

a. Labor * $5760.00 * (2)(30)(24)(4) * Annual * 1-30
* * _________.._.,______„_ * *

b. Material * $.1000.00 * Fencing & Reveg. * *

3. Auxiliary Materials * * Assume replacement * *
and Labor * * of IX of topsoil * *

a.Materials * $1400.00 * $1400 * Annual * 1-30b. * * * . *
c. * * * *

4. Purchased Services * * * *
a. Equipment * $1000.00 * * Annual * 1-30
b. * * * *
c. * * * *

5. Disposal * * * *
a. * * * *
b. * * * *

* * * *
************************************************************************************
6. Administration * $1000.00 * * Annual * 1-30* * * *
************************************************************************************
7. Insurances, Taxes * * * *

Licenses * * * *
a. * * * *
b. * * * *
c. * * . * *

8. Maintenance and * $1000.00 * * Annual * 1-30
Contigency Costs * * * *

9. Other * * * *************************************************************************************
ANNUALIZED CAPITAL * * * Annual * 1-30

COST * $11160.00 * * *
************************************************************************************

(pai)
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MILLCREEK
Annual Operating Costs • FULL CAPPING OPTIONS
Alternatives 5,6,7,8,9 & 10

COST COMPONENT * ESTIMATE ($) * BASIS OF ESTIMATE * FREQUENCY * YEAR

0 & M COSTS * * * *
1. Operating Labor * * * * ^39

a. * * * *
5^ * * * *
c. * * * *

2. Maintenance, Matl's * * 2 men e $30/hr * *
and labor * * 40 hrs ea. @ 4xlyr * *

a. Labor * $9600.00 * (2)(30)(40)(4) * Annual * 1-30
* * -----_-..._.___._._. * *

b. Material * $XOOO.OO * Fencing & Reveg. * *

3. Auxiliary Materials * * Assume replacement * *
and Labor * * of 1% of topsoil * *

a. Materials * $3250.00 * $3250 * Annual * 1-30

4. Purchased Services * * * *
a. Equipment ' * $1000.00 * * Annual * 1-30
b. * * * *
c. * * * *

5. Disposal * * * *
a. * * * *
b. * * * *

* * * *

6. Administration * $1000.00 * * Annual * 1-30* * * *

7. Insurances, Taxes * * * *
Licenses * * * *
a. * * * *
b! * * * *
c. * * * *

8. Maintenance and * $1000.00 * * Annual * 1-30
Contigency Costs * * * *************************************************************************************

9. Other * * * .. *************************************************************************************
ANNUALIZED CAPITAL * * * Annual * 1-30

COST * $16850.00 * * *

(P9J)
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MILLCREEK
Annual Operating Costs GROUNDWATER TREATMENT.

SYSTEM

COST COMPONENT * ESTIMATE ($) * BASIS OF ESTIMATE * FREQUENCY * YEAR*************************************************************************************
0 & M COSTS * * OPERATOR * *
1. Operating Labor * * 24 hr/7 day wk * Annual * 1-2

a. Labor * $300000.00 * * *
b. * * * *
c! * * * *

*************************************************************************************
2. Maintenance, MatVs * * * *

and labor * * * *
a. Electric * $22100.00 * (33.6 Kw)x24x365x.075 * Annual * 1-2* * * *
b. Materials * $52200.00 * * **************************************************************************************

3. Auxiliary Materials * * * *
and Labor * * * *

a. Materials * $19200.00 * Polymer * Annual * 1-2
b. * $6200.00 * Lime * • *
c. * $21900.00 * Carbon * *

4. Purchased Services * * * *
a. * * * *

* * * *
c. * * * *

5. Disposal * * * *
a. * * * *
b. * * * *

* * * *

6. Administration * $1000.00 * * Annual * 1-2* * * *

7. Insurances, Taxes * * * *
Licenses * * * *
a. * * * *b! * * * *c. * * * *

8. Maintenance and * $1000.00 * * Annual * 1-2
Contigency Costs * * * **************************************************************************************

9 . Other * * * • - * * * *
ANNUALIZED CAPITAL * * * *

COST * $423600.00 * * Annual * 1-2

(P9-0

1VNI9IUO MQQG869



MILLCREEK
Annual Operating Costs LEACHATE COLLECTION

SYSTEM

COST COMPONENT * ESTIMATE ($) * BASIS OF ESTIMATE * FREQUENCY * YEAR************************************************************************************
0 & M COSTS * * QUARTERLY INSPECTION * *
1. Operating Labor * $1920.00 * 2 Men @ $30/hr * Annual * 1-30

a. Labor * * 8 hrs. ea. , 4xlyr * *
b. * * (2)(30)(8)(4) * *
c. * * * *

************************************************************************************
2. Maintenance, Matl's * * 2 men @ $30/hr * *

and labor * * 8 hrs. ea.» 4xlyr * *
a. Labor * $1920.00 * (2)(30)(8)(4) * Annual * 1-30* * * *
b. Material * - * 0.5% of M+L C o s t s * *

3. Auxiliary Materials * * * *
and Labor * * " * *

a. Equip. * $1000.00 * Experience * Annual * 1-30
b. * * * • *
-. * * * *w »

^ -CXX^^wWXXW^W-TW^ .t.fc'-'fitXŵ W-twwWW -TWWWW

4. Purchased Services * * * *
= * * * *u •
b. * * * ** * * *

5. Disposal * * * *
a * * * *O .
b. * * * *

* * * *
**********************************************************************************
6. Administration * $1000.00 * * Annual * 1-30* * * *
**********************************************************************************
7. Insurances, Taxes * * * *

Licenses * * * *a * * * *b! * * * *c. * * * *
**********************************************************************************

8. Maintenance and * $1000.00 * * Annual * 1-30
Contigency Costs * * * *
t*****.

9. Other
tftfK 'K̂ f'fC'ff'i

ANNUALIZED CAPITAL * * * *
COST * $6840.00 * * *
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MILLCREEK
Annual Operating Costs SURFACE WATER TREATMENT

SYSTEM

COST COMPONENT * ESTIMATE ($) * BASIS OF ESTIMATE * FREQUENCY * YEAR

0 & M COSTS * * OPERATOR * *
1. Operating Labor * * 24 hr/day; 60 days * Annual * 0

a. Labor * $25000.00 * * *
b. * * * *
c. * * * *

************************************************************************************
2. Maintenance, Matl's * * * *

and labor'* * * *
a. Electric * $140.00 * (1.3 Kw)x24x60x.075 * Annual * 0* * * *
b. Materials * $300.00 * * *************************************************************************************

3. Auxiliary Materials * * * *
and Labor * * * *

a. Materials * $130.00 * Polymer * Annual * 0
b. * * * . • *
c. * $200.00 * Caustic Soda * *************************************************************************************

4. Purchased Services * * * *
a. POTW • * $3000.00 * Cost to discharge * *b. * * into POTW< * *
c. * * * *

5. Disposal * * * *
a. * * * *
b! * * * *

* * * *

6. Administration * $1000.00 * * Annual * 0* * * *

7. Insurances, Taxes * * * *
Licenses * * * *
a. * * * *
b. * * * *
c. * * * *

8. Maintenance and * $1000.00 * * Annual * 0
Contigency Costs * * * *************************************************************************************

9. Other * * * *

ANNUALIZED CAPITAL * * * *
COST * $30770.00 * * Annual * 0
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DRAFT

PRELIMINARY EXPOSURE ASSESSMENT SUPPORT

The action-levels or criteria that were developed as described in Section 12.8 were
applied to the site data to arrive at a volume of contaminated soil/fill that would be
excavated, isolated, and capped on site to remediate the site. Because of the lack
of analytical data available on the western portion of the site, a range of volumes
to be excavated was developed to present a best-case/worst-case scenario for
Alternative 11.

To provide a data base to carry out the volume calculations, the following
assumptions were made:

• The sample data identify contamination only at the sample points
(best-case).

• The sample data are representative of a larger area of the site
(worst-case).

Using these assumptions, the low and high volumes of soil/fill material to be
excavated were calculated along with the associated costs. The actual volumes
and costs should fall within this range. Table N-1 presents the volume calculations
for the best- and worst-case scenarios. The corresponding costs can be found in
Section 14.0 and Appendix M.

Figure 12-8 represents the best-case scenario. The isolated incidences of
contamination (contamination found at specific sample locations) will be excavated
and consolidated on site prior to capping with a RCRA-approved cap.

The worst-case scenario involves excavating the entire western portion of the site.
The material will be disposed of on site and covered with a RCRA-approved cap.
As identified in Section 12.0, there is insufficient information concerning the
extent of contamination in the western portion of the site. Further sampling and

N-1
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analysis may be required to give a more accurate estimate of the volume of
material to actually be excavated.

Construction activities for each of these scenarios will be similar, except for the
volume to be excavated and the area to be capped.

N-2
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