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5.0 CONTAMINANTS OF CONCERN

. The contaminants of concern were identified through the baseline risk assessment -
process. Summaries of the risk assessments are presented in paragraphs 5.1, 5.2, and 5.3.
Cemplete Risk Assessments can be found in appendixes K and L of this RI/FS Reportt. The
contaminants of concern were derived from the soil contaminants assessed in the mdustnal

~ scenario and groundwater contaminants assessed in the residential scenario. The

contaminants of concern are:

_ O:Arsenic ®BEHP ® Chromium
.~ @Chlordane ® Nitrate ' ®PCRB’s
-~ ®Trichloroethene

‘ The toxicity profiles of these contaminants are contained in the appendix K. The nsk
from these contammants are summarized in tables 5.1 and 5.2. e

' 51 SUMMARY OF BASELINE INDUSTRIAL SCENARIO RISK ASSESSMENT

The baseline industrial scenario risk assessment (BISRA) was conducted according to

- Hanford Site Baseline Risk Assessment Methodology (HSBRAM) (DOE-RL-91-45). The
'HSBRAM was developed using EPA Region X guidance. Contaminants were determined by

comparing maximum detected concentrations of parameters to the UTL for that parameter.
The contaminants of potential concern derived from this comparison were presented in table

"49

'Jrhe contaminants were evaluated in a two step process to minimize statistical analyses

-and allow comparison of maximum value concentrations and 95-percent upper confidence -

limit (UCL) concentrations. Maximum concentrations were used not only for preliminary
risk based screening but also for the initial risk based assessment calculations. If a health
risk was indicated using maximum concentration, then the 95-percent UCL concentratlon was
used to refine quantification of the health risk.

- The maximum concentrations of contaminants of potential concern detected within '
each subunit were evaluated for each subunit. Conservative assumptions were made with
respect to the contaminants present. For three subunits, UN-1100-6, the Ephemeral Pool,

-and HRL, soil contaminants that were estimated to have an Incremental Cancer Risk (ICR)

greater than 1E-06, based on the maximum detected contaminant concentrations, were
evaluated using a 95-percent UCL concentration.

The exposure pathways for the industrial scenario were defined in the HSBRAM
(DOE-RL-91-45). These are conservative default parameters for a generic industrial worker.

'The BISRA evaluated only pathways associated with exposure to soils (i.e., soil ingestion,

dermal exposure to soil, and fugitive dust inhalation). Potential exposures associated with
groundwater and surface water are not evaluated in this BISRA. Neither groundwater use
nor direct use of surface water occurs within the 1100 Area because the City of Richland
supplies the water.  The air inhalation pathway assumes exposure to concentrations of dust

5-1
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‘Table 5-1. Summary of the Risks Derived from _Contaminant_s of Concern for Soil . Contaminants - JC
Based on the 95-percent UCL for UN-1100-6, the Ephermeral Pool, and the Horn Rapids Landfill. = -

Py

} iﬁ

Contaminant Totals

- Subunit Totals

Pathwa'.f .
Contaminant Saii.lnuestion Fugitive Dﬁsl lnha[.atlon Darmal Exposufe
Ha* icR* Ha ICR* Ha' ICR* Ha ICR . HI" IR
UN-11006 i o | o
BEHP 03 208 2E-08 0.03 2E-08 03 2E05
~ Chiordane 0.008 2E-07 2E-10 0.008 2607 o.M 4E-07
VPathwnv Totals 03 - 2E-05 2E-08 2E-06 0.3 - 2E:05
Ephmﬂpﬂn] e e - -
Chlordane 0.008 2807 - 6E-10 0.01 2E-07 0.02 4807
PCBs - 9E-08 - 3E-08 - 1E-06 - .- .2E-06 ‘
Pathway Totals 0.008 9E-08 - 3E-08 0.01 1E-05 0oz

2E-05

2607

Arsenic 6.001 - 1E08 0.00003 4E-08 - 0.0m 2E-07
Chromium 1005 2608 0.00009 - 0.006 2E-08
PGBs - 2E-05 - 2E.07 3E-05. - 5E-06
Pathway Totals 0.007 2E-05 2606 0.0001 305 . 0.007 BE-06

*Hazard Quotient
“Hazard index

- = Not Applicable

*Lifetime Incremental Cancer Risk

“Based on 30% absorptien of inhaled arsenic (EPA 1982b)

L9-Z6-TH/HOA
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_ Table5-2. Summary of Risk Defived from Groundwater Based on the
9S~perce1_1t UCL Concentrations from the Baseline Residential Scenario Risk Assessment

Contaminant

Pathway

Groundwater Ingestion

HQ ~_Icr®

Groundwater Inhalation

HC¢

ICR

Nitrate

0.8 : =

cd

Trichloroethene

P 1E-05

2E-05

“Hazard Quotient

bLifetime Incremental Cancer Risk

°Not considered to be a carcinogen

4Not a volatile contaminant

*RfD not available to evaluate this pathway

— Indicates not applicable

1 UCL = Upper Confidence Level

Table 5-2
Page 1 of 1
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directly from each subunit. The EPA Fugitive Dust Model (FDM) was used to estimate

‘concentrations of airborne particulates at each site based on conservative estimation of soil

and- clihatic conditions. Chromium present in the soil at HRL was the only contaminant that

- may be associated with risks greater than 1E-06. However, all chromium was assumed ‘to be
' '_chromlum(VI) which is a conservative assumption o

- Evaluation of the potential contamin_ants of concern using the maximum and
95-percent UCL identified the contaminants of concern for the individual subunits in the
1100-EM-1. Contaminants of concern for individual subunits as determined in the BISRA .

. are:’

-~ UN-1100-6
: BEHP

Ephemeral Pool
PCB’s

HRI.
~ Chromium
PCB_’s

- A summary of the industrial scenario risk assessment based on the 95-percent UCL
for UN- 1100 6, Ephemeral Pool, and HRL is presented in table 5-3.

| 5.2‘_ SUMMARY OF BASELINE RESIDENTIAL SCENARIO RISK ASSESSMENT

The baseline residential scenario risk assessment (BRSRA) was conducted to fulfill an
agreement made between DOE-RL, EPA, and Ecology. The scope of the BRSRA was
defined by an EPA letter [Einan,1991 (see appendix K)]. Further discussion and
correspondence is contained in appendix K.

" Based on the results of the Phase I RI Report, EPA selected the following
contaminants of potential concern, and these were evaluated in the BRSRA:

‘ 1}()()—2 Tetrachlorethene
1100-3 Arsenic
' ' Chromium
Lead
UN-1100-6 _ Bis (2-cthylhexyl) phthalate (BEHP)
Chlordane_

5-5
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Tahle 5-3. Comparison of the Baseline Industrial Incremental Cancer Risk Assessment Results
.using the Maximum Contaminant Concentrations and 95-percent UGL far UN-1100- 6
the Ephemerai Poaol, and the Horn Rapids Landfill.

Subunit Pathway 95% LCL Maxim'um Concentration 95% UCL Maximum Gancentration Subunit
Pathway Totals Pathway Totals Subunit Totals Totals
ICR ICR ICR ICR
UN-1100-6 Soil Ingestian 2E-05 3E-05
Fugitive Dust Inhslation 2E-08 3E-0B
Darmal Expnsire 2E-06 |
. . 2e05 3E-05
Ephemeral Poof Sail ingestion BE-08 3E-06
Fugitive Dust Inkalation 3608 BE-08
Dermal Exposure 1E-05 3E-08
""" ’ 2E-05 6E-05
Horn Rapids Landfil Sail Ingestion 2E-05 BE-06
Fugitive Dust Inhalation 2E.08 3E-05
Dermal Exposure 3E-06 8E-06
5E-05 2E-04

T
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- HRL Arsenic

L Chromium
PCB’s
Nitrate
Tetrachlorethene
Trichloroethene
1,1,1-Trichloroethane
Lead

Ephemefa] Pool Chlordane
_ PCB’s

" In addition to the above, beryllium was evaluated as a contaminant of potential

~eoncern at HRL because the Slope Factor was not available when the Phase I RI Repon: was

prepared

The contammants were evaluated in a two step process to mnmmue statlsucal analyses
and allow comparison of maximum value concentrations and 95-percent UCL concentrations.
Also due to the heterogeneous nature of HRL ,it is not reasonable for a contammant to be

: statlstlcaily spread across the entire soil column or aquifer.

The BRSRA evaluates pathways defined by EPA and focused on soil and water. The
soil related pathways included ingestion of soil, dermal contact with soil, ingestion of garden:
produce, and inhalation of particulates. The air inhalation pathway assumes exposure to '
concentrations of dust directly from each subunit. The FDM is used to estimate
concentrations of airborne particulate at a site based on conservative estimations of soil and
climatic conditions. Region X default parameters for residential scenario are used. (See
appendix K.) Chromium present in the soil at HRL is the only contaminant that may be
associated with risks grédter than 1E-06. However, all chromium is assumed to be .
chromlum(VI), which is a conservative assumption.

The EPA specified exposure pathways for groundwater contaminants detected in the
v1c1mty of HRL include: ingestion of groundwater, inhalation of volatiles from groundwater,

mgestlon of Columbla River ﬁsh and dermal contact with Columbia River water dunng
swimming.

- Evaluation of the potential contaminants of concern using the maximum and
95-percent UCL identified the contaminants of concern for the individual subunits in the

1100-EM-1.  Contaminants of concern for individual subunits as determined in the BRSRA
are: : _

UN-1100-3
Arsenic’

UN-1100-6
BEHP
Ch_Iordane
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Ephemeral Pool
' Chlordane
PCB’s

Arsenic
Beryllium
Chromium
Nitrate
PCRB’s
TCE

A summary of residential scenario risk assessment based on the 95~percent UCL for
UN- 1100~6 Ephemeral Pool, and HRL is presented in table 5-4.

5.3 . SUMMARY OF ECOLOGICAL RISK ASSESSI\/IENT FOR THE llﬂﬂ-mfl 1
'OPERABLE UNIT

5. 3.1 Purpose and Scope of the Ecologlcal Risk Assessment _

The objective of the Ecological RlSk Assessment i 1s to provide an evaluatlon of I:he sxte‘

specific ecological risks. An Environmental Assessmént was provided in the Phase IRI

report (DOE/RL-90- -18) for the 1100-EM-1 Operable Unit. Presentation of an ecoioglcal rlsk C

assessment for the Phase I RI/FS is a voluntary effort that includes Phase II RI data i ma

- manner that follows gu:delmes outlined in the HSBRAM (DOE/RL-91 -45).

ThlS Ecological Risk Assessment includes a problem deﬁmtlon analysxs and nsk
characterization. The problem definition identified stressor characteristics (i.e., COPC),

ecosystems potentially at risk and ecological effects. These discussions lead to the selectioh

of assessment and measurement endpoints. Assessment endpoints are those "specific.

properties of each habitat of interest used to evaluate the state, or change in the state, of the .
' -ecologxcal system" (DOE/RL-91-45). Measurement endpoints are "those usedto
approximate, represent or lead to an assessment endpoint” (DOE/RL-91-45). An analysis -

was performed by characterizing exposure and ecological effects. Risk characterization was .
- performed by integrating exposure and toxicity, cllscussmg uncertainty, and 1nterpretmg B

ecolog1cal nsk

5. 3.2 Problem Definition

The problem definition involved identifying ecosystems potentlal]y at nsk the stressor :
'charactenst:lcs ecological effects, and the selection of assessment and measurement o
‘endpoints. - Potentially sensitive habitats chosen for the 1100-EM-1 site include habitats T
known to be frequented by designated or proposed, endangered or threatened. species. In T
~ determining ecosystems potentially at risk at 1100 EM 1, only terrestrial organisms are ~ @

510

(O



I1-$

T Jo. 1 93eg
-5 °[9BL

S’

Table 8-4. Comparison of the Baseline Residential Scenario Risk Asééssmeht Rééi:ﬁs' e

L

' usmg the Maximum Contaminant Congentrations and 85- -percent UCL for UN-1100- 6

the Ephemeral Pool, and the Homn Raplds Landfill,

Maximsm Concentration

Subunit Pathway 95% UCL Y 95% UCL Maximum Cencentration
Pathway Totals Pathway Totals Subunit Totals Subunit Totals
HI* [CRY Hr* icR -~ Ht . iCR Hi* IR
UN-1100-6 Soil Ingestion 30 404 47 ] eE04
Fugitive Dust shslation - 5608 - 7E.08
Desmel Exposure 0.5 BE-06 0.7 BE-0B
Garden Produce 15 2E-03 18 2E-03
18 2603 =1 3603
Ephereral Pooi Soil ingastion A 2E-04 0.2 5E-04
Fugitive Dust Inhalation - 6E-08 2E-07
Darmsl Exposura 0.2 2E-04 0.2 7E04
Garden Produce 2.2 8E-04 3.2 2E.03
25 1E-03 38 3E-03
Homn Rapids Landfill Soil Ingestion 0.08 5E-04 1 1E-03
Fugitive Dust [nhalation 4E-06 - ~ BE-06
Derma} Exposure 0.001 BE-04 0.02 2603
Garden Produce 0.3 2E-03 38 4E-03 |
Groundwater Ingestion 0.8 1E-06 1 1E-08
inhalation of Volatiles from 2705 3505
Groundwster — :
12 %03 56 | 7E03

*Hazard Index

*ifatime Incrementaf Canger Risk
UCL Upper Confidence Limit
- Indicates not applicable

L9-T6"TH/HOA
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- considered. Aquatic species are not addressed since it has been demonstrated through

: groundwater modeling that contaminants in the groundwater will not hkely reach’ the nver g
_ above drmkmg water standards . : :

_The dominant plant species within the 1100 Area are sagebrush-bitterbrush and

B crxeatgrass The sandwort is designated a monitor species (DNR, 1990). Tabie L-1. _
-(appendix L) is a list of mammals, birds, reptiles and insects that may inhabit the 1100 Area, -
_Of the birds listed, the peregrme falcon and ferruginous hawk are endangered and threatened

Tespectively. The swainson’s hawk, golden eagle and prairie falcon are candidate species

and the long-billed curlew is a monitored species. No threatened or endangered. speczes Of
T mammals reptiles, or insects are known to. inhabit the 1100 Area. However, the

grasshopper mouse and sagebrush vole are monitored, and the pocket gopher and stnped

wh:psnake are candidate species.

No toxrcologlcal studles were performed on spec1es mhabltmg 1100-EM-1 during the
Phase I or Phase Il RIs. The toxicological effects on species exposed to the COPC are
assumed to be those addressed in the derivation of parameters such as the No Observed

. ‘Adverse Effect Level (NOAEL) ‘These parameters are used in the analysis and

charactenzatlon sections.

Phase I field observations of the ecology of 1100-EM-1 (DOE/RL—91 45) showed that

' there was no evidence of adverse impacts from the COPC to the flora and fauna inhabiting
‘any of the subunits, except for the UN-1100-6. Except for a single clump of grass, there is
- no vegetation growirig in the depreSsion of the UN-1100-6 subunit. The only evidence of
“ecological damage at the operable unit is this apparent lack of vegetatwe growth at tlns

subumt

© As noted above assessment endpoints are the properties of habitats of potential
concern that are used 10 assess the state of an ecosystem. These endpoints "must be of
ecolog:cal importance and of direct management reievance..."” (DOE/RL-91-45). Terrestrial
organisms have been designated as having habitats of potentlai concern for this site and the -
ferruginous hawk and peregrine falcon are threatened and endangered, respectively. From
these considerations, adverse effects on these raptors have been chosen as assessment :
endpoints in this risk assessment. Without better data, it isn’t possible to be more specific -
about the assessment endpoints (i.e., to specify, for example abundance, mortality, or
ecosystem productive capability). '

A measurement endpoint is defined "to approximate, represent or lead to an
assessment endpoint” (DOE/RL-91-45). For this risk assessment, adverse effects on the
swainson’s hawk and long—bllled curlew were used as measurement endpoints. These birds

‘were chosen since they can be considered analog species. They were designated as candidate

and monitored species (swainson’s hawk and long-billed curlew, respecuvely) and data used
for the exposure assessiments were readlly available. :

5-13
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533 Analysis

The analysis mvolved perfonnmg an exposure and toxicity assessment This mvolved
first identifying the exposure pathways and secondly, calculating intake rates for the receptor
population (swainson’s hawk and long-billed curlew). :

COPC uptake calculation for the swainson’s hawk and long-billed curlew were .
performed according to Risk Assessment Guidance for Superfund (EPA, 1989). In appendix
L, table L-2 lists maximum contaminant concentrations and plant and small mammal uptake’
factors used in uptake calculations. Similarly, the results of the uptake calculations are .
reported in table L-3. Appropriate parameters were not always available, so conservatlve
estimations, taken from previously conducted studtes were made whenever necessary.

Intake rates for the analog species (swainson’s hawk and long-billed curlew) were
compared to toxicological values in appendix L, table 1-4. Values for birds were. used
whenever possible. When these rates were not available, values for small mammals were
reported, The most conservative paraméters were used where ava;lable [e.g., NOAEL as -
opposed to the Lowest Observed Adverse Effect Level (LOAEL)}

534 Risk Characterization

Given the uncertamty in information available, it was not practlcal to perform nsk ' R
calculations for this evaluatlon Ecologlcal risk was estnnated by comparmg exposure to the - ;/\?
contaminant toxicity. : L A

None of the uptake rates in table L-2 exceed the toxicologic values in table L-3. FOrf N
the swainson’s hawk, uptake rates for zinc, BEHP, beta-HCH, DDT and PCB were between L
10 and 80 times lower than the corresponding toxicity value. Uptake rates for copper, - o
thallium; and chlordane were between 2,000 and 20,000 times lower, and the remammg o
uptake rates were more than 300,000 times below toxicity values. For the long- -billed .
curlew, arsenic, barium, nickel, vanadium, zinc, and BEHP had uptake rates 20 to 100 times -
less than toxicity values. The other contarmnants were more than 100 times less than t0x1c1ty
values ; :

53.5. Uﬁcertainty Analysis

~There were many sources of uncertainty in the exposure assessment and risk N
characterization for the ecological evaluation of 1100-EM-1. All information regardmg the e

- presence and. behavior of species at the site, the exposure to contaminants, and tox:clty of

contammants was estimated and extrapolated from information avaitable from previous. .

* studies. Limited ecological data were taken from the site, therefore, the most conservative:, i
~ and simple models were used to determine the ecological 1mpact Thus, the exposure '

assessment represents the worst case scenario and the companson of toxicity to exposure: v was ‘
hlghly conservattve RS SR TN
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Since limited field observations were made, a search was performed to 1dént1fy all

‘terrestrial organisms expected to inhabit the Hanford site. Of these, organisms that seemed

likely to exist at 1100-EM-1 were reported in table L-1. This list excluded organisms, ‘such :

- as amphibians, not likely to be found at 1100-EM-1. It is probable that many of the:
‘organisms listed in table L-1 do not actually inhabit the site, but they were addressed 1n
: order to ensure that 1mportant species were 1dent1ﬁed -

* Stressor characteristics chosen for the site are also a source of uncertainty. COPC

fro.m the BISRA were used. This is expected to be a highly conservative assumption, smce )
' \these contaminants were chosen by performing conservative risk-based screening that used

exposure parameters for humans. Offsite sources of stressors are not addressed for this _
asseéssment.  Since organisms do not necessarily inhabit the 1100 Area alone, they would be
exposed to offsite contamination. It was not in the scope of this assessment to address these:
offsite exposures. It is possible, however, that the contamination outside the 1100 Area -

~would probably be more significant than that identified at IIOO—EM-I.

When selecting assessment endpomts it is preferable to chose specific cases (such as

: reduced population size). However, with the lack of data regarding the effects of

contaminants at the site on organisms known to inhabit the site, this was not possible.
Therefore, adverse effects that generate the toxicological parameters (NOAEL, efc.) on

‘important species (i.e., the ferruginous hawk and peregrine falcon) were considered

assessment endpoints. It would be preferable to use effects on these species as measurement
endpoints, but data for the analog species (swainson’s hawk and Iong-billed curlew) was
more z'eadlly available.

The simplified exposure routes introduce uncertainty that may underestimate

exposure. Only ingestion of contaminated food is addressed, where other sources of

contamination, such as soil ingestion, would contribute to exposure. ‘The use of uptake

: factors (UF) for plants, insects, and small mammals are also a source of uncertainty.
‘Wherever possible the most appropriate values were used. For example, when available,

UF’s reported for rats were used as UF’s for small mammals. All parameters for the
exposure calculations were taken from previously conducted studies or conservatively
estimated values were used. For example, it was assumed that the swainson’s hawk and
long-billed curlew consumed 100 percent of their contaminated diet from the HRL..

. Toxicological parameters reported in table L-2 are a source of uncertainty. Only two
values were derived from studies on swainson’s hawks. Values for small mammals were
chosen if values for birds were not available, however, the most conservative data available

“are presented. For example NOAEL is used over LOAEL and Toxic Dose Low (TDLo) is
: used over Lethal Dose-50 (1LD50).

5.3'.6 Ecological Implications
Using highly conservative assumptions and models, no uptake rates for the long-biiled

curlew or the swainson’s hawk exceeded toxicity values. Therefore, it is unlikely that
contaminants of potential concern at 1100-EM-1 would have an impact on these birds that

5-15
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was distinguishable from background conditions. Even though there are significant

uncertainties in this assessment, there has been little evidence of ecological damage at the W
site. ' ' - ' : o : o '
Contaminants with uptake rates that were closest to toxicity values were zmc for the
hawk and BEHP for the long-billed curlew, which were approximately 10 and 20 times less
than toxicity values, respectively. Adverse impacts on these organisms would not like be due
to zinc at HRL , or BEHP at UN-1100-6. - DR
/_\\ '
R
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6.0 = CONTAMINANT FATE AND TRANSPORT
61 INTRODUCTION
| This chaptér is.organized as follows. Contaminants of concern identified in the
previous chapters will be briefly discussed. Then, the description of the physical

characteristics and the delineation of the extent of contamination at the 1100-EM-1 Operable
Unit are combined to analyze the fate and transport of contaminants. “The body of field data

~ for-the 1100-EM-1 Area has been provided in previous sections and in other reports cited.

Specific models appropriate to the physical parameters identified at the site have been -
designated by the EPA, DOE, and Ecology to assist in predicting the movement and the fate -
of contaminants within the environment. A summary of the vadose zone unsaturated flow '
model is provided. The unsaturated flow model was used to validate assumptions used in the
groundwater flow model concerning the rate of groundwater recharge from infiltration '
originating as precipitation. Finally, the groundwater flow and contaminant transport model
will be described. Contaminant fate and transport analysis are discussed in greater detail in
the Phase I RI Report for the Hanford S_ite 1100-EM-1 Operable Unit (DOE/RL-90-18).

6.2 CONT AM}NANTS OF CONCERN

Contammants of concern for the 1100-EM-1 Operable Umt as described in section
5.0, are BEHP in the soils at the UN-1100-6, Discolored Soil Sit¢ subunit, PCB’s in the soils
of the Ephemeral Pool subunit, PCB’s and chromlum in soils of the HRL subunit, and TCE
and nitrate in the groundwater of the HRL subunit. A brief discussion of each contammant
of concern will be presented in the following paragraphs.

6.2.1 BEHP

- Bis(2-ethythexyl)phthalate (BEHP) is a compound used to render plastics more
flexible. This substance and other phthalate-ester plasticizers have been found to be general
contaminants in virtually all soil and water ecosystems. BEHP is relatively immobile due to
strong soil sorption, low water solubility, and low vapor pressure. Thus, migration to
groundwater through the vadose zone is not expected. The high potential for
bioaccumulation would be the most likely pathway of importance.

Biodegradaticn of BEHP under aerobic aqueous conditions has been-observed to be
fairly rapid, and following bacterial acclimation, a haif-life of 2 to 3 weeks has been
measured. - Under experimental conditions, aerobic biodegradation has been observ\.d in soil
with a degradation half—hfe of about 14 days. :

6-1
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6.2.2 . Chlordane - o : N

Chlordane is expected to be fairly immobile in the soil/groundwater system due to
strong soil sorption and moderate volatilization. Data on degradation are limited; the
contaminants expected to be moderately persistent. Risk of groundwater contamination is
moderate. Contamination of surface waters from surface runoff over chlordane-contaminated
soils has been reported. Pathways of concern from the soil/groundwater system are

- migration into groundwater drinking supplies, uptake by crops from contammated soils, and

b1oaccumu1at10n by aquatic organisms or domestic animals.

'Chlordane is not expected to undergo signiﬁcant hydrolysis, oxidation, or direct.
photolysis. Little is known about biodegradation, but such a process would be expected to. be
slow. Volatilization is insignificant, but chlordane vapors in the atmosphere are known: to
react with photochemically produced hydroxyl radicals. The estimated half-life of these
vapors is 6.2 hours :

6.2.3 PCB’

Polychlormated biphenyls (PCB’s) are very inert, thermally and chemically stable
compounds having dielectric properties. PCB’s are expected to be highly immobile in the -
soil/groundwater system due to rapid and strong soil sorption. In the absence of organic K
solvents, leaching is minimal. Being strongly sorbed to soils, mlgratlon to the groundwater TN
is not exp_ectod In the atmosphere, transformation takes place in a vapor-phase reaction. with \_/' '

~ photochemically produced hydroxyl radicals. In general, the higher chiorinated biphenyls are

Iess mobile and more persistent than the lower chlorinated species. The potential for PCB .
bioaccumulation is high. RS

.6_.2;4 Chromium

Elemental chromium does not exist naturally-in the envu-onment but is found
pnmanly as a constituent of chromite ore. In compounds, this element exists in one of three
valence states, +2,+3, or +6. The trivalent form is an essential human micronutrient’
involved in carbohydrats metabolism. Adverse effects have not been associated with the

trivalent form. The hexavalent form has been assocmted with serious toxicitics, Hexavalent

chromium is mobile in soil. Under aerobic and. acidic conditions, it is reduced to trivalent -
chromium that readily precipitates with carbonates, hydroxides, and sulfides in the soﬂ
Hexavalent chronnum does not bioaccumulate in significant amounts

6.2.5 Axsenic

 Arsenic is-a common element found in the earth’s crust, usually in the form of_ _
arsenic-bearing minerals. Tt is difficult to characterize as a single element because of its very

L »/f
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complex chemistry. In the soil, arsenic compounds revert to arsenates that are held by clay
soils and are not readily avallable for plant uptake.

6.2.6 TCE

- Trichloroethene (TCE) is a widely used industrial solvent. It is relatively mobile in _
the ‘soil/groundwater system, particularly in soils having a low organic content. Volatilization
may be significant for TCE near the surface or in the soil-air phase. Biodegradation may be -
the most important transformation process. The biodegradation byproducts of TCE are _
dichloreethene and vinyl chloride. A contaminant degradation study performed on:samples
obtained from the 1100-EM-1 Operable Unit suggests that rapid biodegradation does not
appear to occur (Golder, 1992). Transformation processes such as hydrolysis, oxidation, and
photolysis are not expected to be important in natural soils. * The primary pathway of concern
in a soil/water system is the migration of TCE into groundwater drinking water supplies.

6.2.7 Nltrate
Ammoma released from SPC has degraded and results in elevated concentrations of

nitrate at HRL. ‘The nitrate form of nitrogen is very water soluble and'is highly mobile in
water and soil, contributing to concern over the presence of these compounds in the

' env1ronment

6.3 VADOSE Z_ONE_M(}D]ELING

- UNSAT-H™ s a one-dimensional computer code developed by Pacific Northwest
Laboratory to model water flow through unsaturated media (Fayer and Jones, 1990). The
purpose of the model is to assess water dynamics of near-surface waste disposal sites located
on the Hanford Site. It is primarily used to predict deep drainage as a function of
environmental conditions such as climate, soil type, and vegetation. The model is
mechanistic in that it is based on Richards’ equation for liquid water flow in unsaturated
media (Richards, 1931), Fick’s law of diffusion for vapor flow and evaporation (Hillel,
1980), and Fourier’s law of heat conduction for soil heat flow (Campbell, 1985). In the
present study, the UNSAT-H™ model is used to determine groundwater- recharge from
surface infiltration of rainwater for the 1100-EM-1 Operable Unit. Values derived will be
compared with recharge amounts input to the groundwater model to confirm their
applicability. :

The original UNSAT-H™ code was written for execution on a VAX™ computer
system. The code was submitted to modeling specialists from the Hydraulics and
Environmental Laboratories at the U.S. Army Corps of Engineers, Waterways Experiment
Station in Vicksburg, Mississippi, who performed necessary modifications to allow model

6-3
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runs on IBM-compatible personal computers. The mediﬁed code was verified by comparing
output to model output published in the UNSAT-H™ User’s Manual. No significant
differences in results were noted. S .

6.3.1 Model Imput

The following paragraphs will describe the inputs used to initialize UNSAT-H model
runs. Actual data will be prov1ded where practicable and the rationale for their use will be

: presented

6.3.1-.1 Soil Data. Soil properties used as model input were obtained from boring logs
developed during the installation of groundwater monitoring wells. Gradation curves of soil
components obtained during analyses. for physical properties during the Phase I RI were .
recomputed and reconstructed to eliminate particle sizes greater than 2.0 millimeters.

Particle sizes greater than 2.0 mm (0.08 in) have minimal impact on unsaturated flow
parameters (Schroeder, 1992), The curves were then compared to soil gradanon curves
included in Smoot ez. al., 1989. During this study of vadose zone moisture flow at a
location within the Hanford Site 200 Area, unsaturated flow parameters were determined
from laboratory analyses of soil samples. The unsaturated flow parameters listed for soils in
this project were assigned to- 1100 Area soils based on the closest match of the gradation
curves. Parameters assigned to the 1100 Area soils included: soil conductivity at laboratory
saturation, and the van Genuchten curve fitting parameters o, n, and-m. Laboratory testing
to determine soil unsaturated flow parameters was not performed during either the Phase I or
Phase I investigations of the 1100-EM-1 Operable Unit.

- Bulk density (y) values were estimated based on classification of the 1100 Area soils
and typical values tabulated in table 3.5 of Hunt, 1986. In situ bulk density measurements
were not obtained during either the Phase I or Phase II investigations due to dlfﬁcultles in
obtammg undisturbed samples of gravelly, cobbly soils. -

Specific gravities (SpG) were measured for 1100 Area soils by laboratory testing, in
some instances. Where no specific gravity analysis was performed, the SpG value of
similarly classified soils based on particle size gradation were assigned to the untested
samples, i.e., if a sandy silt had a measured SpG of 2.63, all untested sandy silts were
assigned an SpG of 2.63. Where a range of SpG values were measured for similarly

“classified soils, the values were averaged and. the average value was asmgned to all untested

s0ils havmg the same classification.

" "Fhe in situ moisture content of the soil was measured during laboratory analysis of

- samples collected during the installation of Phase I monitoring wells on a weight percent
(WT%) basis. Values were converted to a volumetric. basis (cubic centimeters of water per :

cubic centimeter of soil [O]) using the formula:

6:4
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0 = ((y x WI%) / 0.998) / 100
Qury er. al., 1991) - |
A soil residual moisture content (Or) of zero was assigned to all vadose zone soils

based on the generally coarse texture of Operable Unit soils (Fayer, 1992). Saturated

moisture content (Os) was taken to be equal to the porosity of the soil. Soil porosity was
calculated based on the formula:

Os =({1-(v/ SpG))

(Hunt 1986).

Soil matric. potentlal (h) was calculated based on the van Genuchten formula:
h = (((((e On/(©\s- 0t ™) - 1Y/«
(Fayer and Jones, 1990")_:

Initial runs of the UNSAT-H™ model were only marginally successful. The code
was experiencing computational difficulties given the very low measured soil-moisture values
and the use of the van Genuchten/Mualem model option. The Brooks-Corey/Mualem* model -
option was implemented after van Genuchten curve fitting parameters were converted to the
appropriate. Brooks-Corey parameters usmg the formulas: :

h =1/«
b=1/(@-1)
(Féyer, 1992). The Brooks—Coresr matric potential was then computed using.the formula:
| h=h/(©/0s

(Fayer and Jones, 1990). Tables 6-1 and 6-2 present a compilation of computed parameters
for the van Genuchten/Mualem and Brooks-Corey/Mualem computational models, -
respectively. .

Computed soil parameters, laboratory measured soil properties, and soil classifications
derived from. field logs were compared. Monitoring well boring MW-15, Iocated in the east-
central portion of HRL was selected as being most representative of the Operable Unit
vadose zone, and was used for all subsequent unsaturated flow model runs. The log was not
excessively detailed so the soil column could be effectively represented by the model without
resulting in extremes for computer computational time or memory usage. All UNSAT-H™
model runs were accomplished on a DELL 433DE® personal computer having a 80486 -
Processor.
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6.3.1.2 Climatic Data. Climatic data was denved from uU. S Department of Agnculture /“\
synthetic weather generating models WGEN™ and CLIGEN™ (Richardson and Wright, N
1984, and U.S. Department of Agriculture). Weather data generated by these models was

then compared to historic climatic records gathered at the Hanford Meteorological Station to

ensure the synthetic data was reasonable. A 100-year interval was simulated using both the

CLIGEN™ and WGEN™ models. Richland N.E. weather station data was used to generate

weather data with CLIGEN™. The Richland N.E. station is Iocated at the Richland Airport,

approxnnately 1,6 km (1 mile) south of the 1100-EM-1 Operable Unit, Maximum,

minimum, and dew point temperatures, average wind speed cloud cover, and inches of = -

precipitation were generated on a daily basis by the model. CLIGEN™ computed

precipitation values were extracted from the output file and input into the WGEN™ portlon

of the Hydrologic Evaluation of Landfill Performance (HELP) Model (Schroeder, er. al.,

1992) to generate solar radiation values (Langleys). WGEN™ generated solar radiation uni_ts

were substituted for CLIGEN™ data because WGEN™ simulates radiation based on rainfall

occurrence, a more reasonable estimation than the CLIGEN™ based values. Data values

generated by both: weather models were combined by use of various computer routines

written to place the output into a form suitable for direct entry into the UNSAT-H™ code.

_ Initially, climatic data having 17.018 cm (6.700 in) of yearly precipitation was run

over a simulation period of 500 years, the period of time required for steady-state base

drainage (recharge) conditions to develop. Head values for model node points within the -

unsaturated zone were input as elevation heads in centimeters above the water table. A water

table depth of 853 cm (28 fty was used as an average for HRL vicinity. Head values, node N
point depths, and soil type distributions modeled are included in table 6-3.- Table 6-4 =~ - . L
presents inputs for other UNSAT-H™ model variables employed for unsaturated flow
simulations. Steady-state head values for model node points were then used to initiate a 100-
year simulation period with yearly data generated by the weather models used to more
accurately reflect groundwater recharge within the 1100-EM-1 Operable Unit. Table 6-5

lists yearly precipitation vaiues used for the 100-year simulation. Daily cloud cover values
generated by the weather models were input to UNSAT-H™. However, an UNSAT-H™.
program switch was set allowing the code to mdependently compute cloud cover based on -

(

‘input solar radiation values.

6.3.1.3 Vegetation Data. Vegetation input was limited to data on cheatgrass cover as
outlined in the UNSAT-H™ user’s manual (Fayer and Jones, 1990). Deeper rooted
vegetation such as sagebrush was ignored for the purposes of the mode! simulation due to -
uncertainties related to cover percentage versus the time of the year. The resulting model .

~ outputs will, therefore, provide conservative (i.e., overpredict) ﬂux rates at the top of the

groundwater table.

Vegetatlon cover was estimated to be 30 percent, based on a ground surface survey of
the 1100-EM-1 sub-units performed in mid-May, 1992. Root distribution with depth was set .
within the UNSAT-H™ code to the logarithmic option: Cheatgrass germination date and the .
date when vegetation transpiration ceases were set at days 275 and 180 (day 1 equates to. - -
January 1), respectively. Root growth rate and depth of root penetration were input based on
cheatgrass data outlined in the UNSAT-H™ manual. Table 6-3 includes a listing of the day - »

6-6
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of the year when root growth reaches various model nodes (model variable "NTROOT(n)").
Roots were not assumed to extend beyond node number 23; a- depth of 181 cm (71.26 1n)

6.3.1.4 Imtlal Conditions. After steady-state dramage cond1t10ns were realized utilizing a -
uniform precipitation value of 17.018 co/yr (6.700 in/yr), steady-state head values for .
modeled node points were extracted and used to restart a 100-year model pemod with new
weather model-generated values inserted for each yearly interval encompassing the 100-year
timeframe. The 17.018 cm/yr (6.7 in) precipitation amount was selected to use in reaching
steady-state conditions because it was very close to the model computed average value of
19.316 cm/yr (7.605 in/yr); and slightly on the dry side. Tables 6-6 and 6-7 present steady-
state head values for modeled node points used to begin the 100-year runs with the plant
option set on and off, respectively.

6.3.2- Model Results - Plants Modeled

Yearly output for the 100-year model run with the UNSAT-H™ code plant option
enabled and a 30-percent cheatgrass cover assumed is presented in table 6-8. Model results
indicate an average groundwater recharge rate of 1.04 cm/yr (0.41 in/yr). This rate can be
considered a conservative value (higher recharge rates will be computed) because deeper
rooted shrubbery present within all 1100-EM-1 subunits was not included in the model for -
lack -of reliable input values. Model output is grap]:ucally illustrated in figures 6-1
through 6-6.

6.3.3 Model Results - Plants Not Modeled

Yearly output for the 10C-year run with the UNSAT-H code plant option set off to
simulate an unvegetated site is presented in table 6-9. Model results indicate an average
groundwater recharge rate of 3.46 cm/yr (1.36 in/yr). This is considered an appropriate
value to assume for the Ephemeral Pool subunit for precipitation falling directly onto the
existing ground surface. Runoff entering the site from the adjacent asphalt-paved parking
area must be added to this amount. The no-plants recharge rate would also be appropriate to
assume for short periods immediately following ground-disturbing activities such as
excavations, and natural disasters such as range fires, which would reduce or completely
remove the ground vegetative cover. Model output for unsaturated flow in unvegetated areas
is graphically illustrated in figures 6-7 through 6-11. '

6.3.4 Conclusions

. Model results indicating a groundwater recharge rate of 1.04 cm/yr (0.41 in/yr) for a
vegetated site is comparable to resuits obtained from actual on-the-ground lysimeter studies
conducted elsewhere on the Hanford Site (see paragraph 2.4.3.1). The recharge rate of 3.46
cm/yr (1.36 in/yr) is within the published range for recharge below an unvegetated area
recorded during lysimeter studies on the Haunford Site; although on the dry end of most
reported limits. Differences between modeled and measured results arise from difficulties in

6-7
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both study methods. Various modelmg input parameters are difficult to determme due to
complex laboratory procedures, difficult sampling procedures long periods required to
perform reliable-test procedures, and lack of sufficient previous work in the various fields of
interest in the modeling of unsaturated flow. Lysimeter studies suffer from difficulties in
constructing accurate representations of natural soil conditions within the measuring devices.
At the present stage of the technology, resuits from both modeling and field measurements -

should be used to determine the approxmiate magrutude of recharge to be antlclpated not

actual amounts.

6-8
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1100-2
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BAP -2

HRL=1

BAF -1

pP-4

DP-5

DP-6

CP-9

DP -1

- e ’ 7 ’ | /
7 & 1 2 8 204 2 |
Table 6-1: VADOSE ZONE MODELING PARAMETERS
VAN GENUCHTEN MODEL
Estimated
Moisture Soil
Values Porosity = Calculated
Soil Condudtivity In—Situ Saturated Matnc
Sample Gradations at L ab Residual Moisture Moisture Moisture van Genuchten Potential Wentworth
Sample Depth LAB Saturation Moisture Content Weight % Bulk Content Parameters (cm) Soil
Number From To XGRS %M | (cnys HETA HETA) Measured| Densit HETA s SpG a n m Classification
A3202 5.5 585 58 33 ) Silty Sasdy GRAVEL
AD203 | 83 ~ 96 60 27 13 | 5.77E-04 | 0.00 0.0346 1.80 1.92 0.29 26| 009123  1.28327  0.22074| 19,923.99 Sty Sandy GRAVEL
TAOzu | 185 210 58 33 O |282E-04 | 000 00385 2.00 1.92 0.29 269| 025119 160079  0.37531 114.30 | Sty Sandy ORAVEL
AD210 344 354 78 15 7 S.T7E-04 | 0.00 0.0423 220 1.92 0.20 269 0.09123 1.28327 0.22074| $8009€! Sary Sandy ORAVEL

24.310.71

Siry Sandy ORAVEL

914.21 |

Sigiuly Sty Slightly Gruvelly SAND

A0101 0.7 2.0 54 3 10 1.38E-05 | 0.00 0.0462 2.40 1.92 0.29 269 0.15633 1.39591 0.28362 661.43 Sty Sandy GRAVEL
AQ10S 16.5 18.0 70 23 7 2826-04 | 0.00 0.0308 1.60 1.92 0.29 269 0.25119 1.60079 0.37531 166.05 iy Sandy GRAVEL
A0109 28 4 30.0 25 62 13 282E-04 0.00 0.0593 3.70 1,60 Q.41 273 0.25119 1.60079 0.37531 89.11 hely Siry Grevelly SAND

A1002S 22 4.2 26 55 19 1.38E-05 0.00 0.1427 0.15633 1.38581 Gravelly Silty SAND

A1006S 6.1 6.8 54 27 18 8.88E-04 | 0.00 0.0904 0.54741 1.28139 0.21960 401.13 Sury Sandy GRAVEL

A1009S8 78 8.8 42 37 2 577E-04 | 0.00 0.0558 0.09123 1.28327 0.22074| 3,665.25 Sdry Sandy GRAVEL

A1013S 13.4 139 44 43 13 577E-04 | 0.00 0.0616 0.00123 1.28327 0.22074| 2,508.65 | Sdiry Sandy GRAVEL
|

A1015S5

7 1.21E-03

0.39456

1.3455¢9

Saady GRAVEL

AD4025 0.8 1.4 34 85 1 1.78E-04 | 0.00 25,976.92 ! Silry Sandy GRAVEL
AD404S 1.9 3.1 406.45 | Siry Sandy GRAVEL
AD406S a3 5.1

A0410S 10.7 12.4 1.78E—-04 i # 1.34125 92232 Silry Sasdy GRAVEL
A0412S 16.0 17.0 [ 80 32 8 1.38E=05 0.00 0.0519 2.70 1.39591 452.74 Sdry Sandy GRAVEL

1.28139

AD5035 26 a6 48 3¢ 13 | B.BBE-04 0.00 0.0558 ] 3 Sity Sandy GRAVEL

ADS505S | 66 74 35 48 17 | 2.24E-04 0.00 0.1030 5.40 1.92 0.29 260 048677  1.20968  0.23058 62.56 Siry Sandy ORAVEL

A05085 | 100 11.0 48 45 7 | 5.73E-04 0.00 0.0846 4.40 1.62 0.29 269] 008632  1.31349  0.23867 587.04 | Sdty Sandy GRAVEL

A05125 ; 15.0 15.7 33 60 7 1.21E-03 0.00 0.0923 480 1.92 029 269] 039456 1.34559  0.25683 60.00 | Siry Sandy GRAVEL
4

1.36246

SAND

ADB03S | 05 2.0 42 45 13 5.77E-04 0.00 0.0231 1.20 1.92 0.29 2.69 0.08123 1.28327 0.22074| 82,048.31] Silty Saady GRAVE L
ADB04S 25 3.7 36 42 22 577E-04 0.00 0.0308 1.60 1.92 0.29 2.69 0.09123 1.28327 0.22074 | 30,042 61 Sdry Saady GRAVEL
A0607S 4.2 5.7 39 41 20 1.38E-05 0.00 0.0827 4.30 1.92 0.29 2.69 0.15633 1.39591 0.28362 150.84 Silry Sandy QRAVEL
A0809S 7.9 9.0 54 38 8 1.21E-03 0.00 0.0442 2.30 1.92 0.29 2689 0.38456 1.34559 0.25683 585.72 ity Sandy ORAVEL
AD611S 128 i3.8 32 61 Fd 1.21E-03 0.00 0.0616 3.20 1.92 0.29 2.60 0.36456 1.34559 0.25683 223.87 Sy Sandy ORAVEL
A06145 16.3 17.3 14 79 7 5.73E-04 0.00 0.0535 3.20 1.67 0.37 2.66 0.08632 1.31349 0.23867 Gravelly SAND

A11025 2.6 3.6 43 40 17 | 1.38E-05 0.00 __ 0.0500 2.60 1.92 0.20 260 045633  1.39501  0.28362| 54153 Sy Sandy ORAVEL
A11045 6.75 71 51 34 15 | 577E-04 000 01154 7.20 1.60 0.41 260 009123  1.28327  0.22074| _ ©60.36 Sy Sandy ORAVEL
A11085 5.0 9.2 23 69 8 |1.21E-03 000 0.0731 3.80 1.92 0.30 273 039456  1.34550  0.25683|  150.20|  sughly SdeyGrevelly SAND
A11095 9.2 1.5 25 70 5 | 299E-04 0.00___ 0.0653 3.90 1.67 037 266 017633 1.36246__ 0.26603| _ 678.42 Gravelly SAND
A11108 9.2 1.5 21 72 7 | 299E-04 0.00  0.1807 10.80 1.67 0.37 266] 017633 136248 0.26603 33.91 Grawelly SAND
A11125 135 145 1876 6 | 299E-04 000 _ 0.0885 4.60 192 o028 266| 0.17633  1.36246 _ 0.26603| _ 134.75 Grelly SAND
A11135 155 165 26 66 8 | 5.73E-04 000 0.0641 4.00 1.60 0.41 273| 0.08632  1.31349 _ 0.23867| 4,310.85|  sighiy siryOravelly SAND
A11175 218 22.1 45 40 6 | 2.82E-04 000 __ 0.0577 3.00 1.92 0.29 2.60] 0.25119 _ 1.60079 __ 0.37531 58.00 Siry Samly GRAVEL
A11208 250 26.0 69 24 7 | 1.21E-03 000 _ 0.0519 2.70 192 029 260| 009456 1034550 025683 |  367.87 Sy Sundy GRAVEL
A11228 311 32.1 62 28 10 | 2.82E-04 000 0.0481 2.50 1.92 2.60 1.60079 __ 0.37531 78.78 Sy Sandy GRAVEL
A11245 355 36.8 60 20 11 | 577E-04 0.00 __ 0.0712 3.70 1.92 260 128327 0.22074| 64369 Sdry Sandy ORAVEL

_AOS025 | 40 51 46 42 12 | 1.21E-03 000 00481 250 1.92 029 260| 0039456  1.34550  0.25683|  458.51 Sdry Sandy GRAVEL
A0905S 69 7.9 48 42 10 | 1.78E-04 000 0.0462 2.40 1.92 0.29 269| 020954 134125  0.25443| 1,038.04 Sdry Samdy GRAVEL
AD9085 1.9 12.9 15 73 12 | 1.38E-05 000 0.0830 490 1.69 015633 1.39591 297.30 |  sighly Siy Grevelly SAND

155 165 2 91 7 |573E-04 000 00971 580 1.67 008632 1 WD

A09115

_ ADBOYS
ADB11S

1.21E-03 .97 269| 039456  1.34559 0.25683| 3,047 90 Silty Sandy ORAVEL
| 2.82E-04 0.00 0.0519 2.70 _1.92 0.29 269| 025119 160079  0.37531 69.34 Silty Sundy G RAVEL
00647 380 1.70 037 271 020954 134125  0,25443 789.86 Sighdy Gravally SAND
0.0664 3.90 1.70 037 271| 008632 131349  0.23867| 277590 Sliglaly Gravel y SAND
0.0539 280 192 029 __ 269| 025119 160079 037531 6506 Suty Sandy ORAVEL
176 00602 3 60 167 037 266 039456 134559 025683 48477

Grovelly SAND

£9-26-T4/404
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Table 6—1: VADOSE ZONE MODELING PARAMETERS
(centinued)
Estimated
Moisture Soil
Values Porosity = Calculated
Soil Conductivity In—Situ Saturated Matric
Sample Gradations at Lab Residual Moisture Moisture Moisture van Genuchten Potential Wentworth
Sampla Depth LAB Saturation Moisture Content Weight % Bulk Content Parameters (cm) Soil
Number From To XGXS XM cm/s (THETA ) (THETA) Measured| Density (THETA s) SpG a n m Classification
AD703S 23 33 40 19 8.BBE—-04 0.00 0.0289 1.50 1.92 0.29 2.69 0.08632 1.31349 0.23867 | 18,13596 Silry Sandy GRAVEL
AQ7058 i) 8.1 35 5 3.64E-03 0.00 0.0481 2.50 1.92 0.29 2.69 0.10074 1.40147 0.28648 870.41 Silty Sandy GRAVEL
A0707S 10.1 10.8 5 2.99E-04 0.00 0.0736 4.40 1.67 037 266| 0.17633 1.36246 0.26603 487.37 Gravelly SAND
AQ710S 13.2 14.3 3 2.99E-04 0.00 0.0619 3.70 1.67 0.37 2.65| 0.17633 1.36246 0.26603 786 42 SAND
0.0645 0.17633 1.36246 0.26603 811.80 Slightly

A12028 3.64E-03 0.0289 4 1.40147 0.28646| 3,099.65 Silty Sandy GRAVEL
A12078 42 49 9 573E-04 0.00 0.0404 2.10 0.29 2.69 0.08632 1.31349 0.23867 | 6.228.73 Silry Sandy GRAVEL
A12128 54 40 6 2.82E-04 0.00 0.0385 2.00 0.29 2.69 0.25119 1.60079 0.37531 114.39 Silty Sandy GRAVEL
A12148 34 56 10 2.82E-04 0.00 0.0404 2.10 0.2 2.69 0.2511¢ 1,60079 0.37531 105.53 Silty Sandy GRAVEL
A12158 17 73 10 1.21E-03 0.00 0.0423 2.50 038 2.73 0.39456 1.34559 0.25683| 1,454.54 Slighely Silry Gravelly SAND
A1216S 19 73 8 1.21E-03 0.00 0.0502 3.00 2 7 2.66 0.39456 1.34559 0.25683 820.28 Gravelly SAND
A12185 54 33 13 S.77E-04 0.00 0.0385 2.00 0.29 2.69 0.00123 1.28327 0.22074| 5,647.53 Silry Sandy GRAVEL
A12208 54 39 7 2.82E-04 1.60079 0.37531 Sil ORAVEL

A1803S 34 4.8 51 35 14 5.77E-04 0.00 0.0586 3.10 1.92 0.29 2.69 0.09123 1.28327 0.22074 Silty Sandy GRAVEL
A1B06S 8.0 8.9 36 54 10 2.82E-04 0.00 0.0346 1.80 1.82 0.29 2.69 0.25118 1.60079 0.37531 Silry Sandy GRAVEL
A1809S 125 13.5 54 34 12 5.77E-04 0.00 0.0327 1.70 1.82 0.29 2.69 0.09123 1.28327 0.22074 Silty Sandy GRAVEL
A1811S 16.5 17.6 58 29 13 5.77E-04 0.00 0.0327 1.70 1.92 0.29 2.69 0.09123 1.28327 0.22074 Silry Sandy GRAVEL
A1813S 20.0 217 48 35 17 5.77E-04 0.00 0.0442 2:30 1.92 0.29 2.69 0.09123 1.28327 0.22074 Silry Sandy GRAVEL
A2003S8 28 4.4 54 34 12 2.82E-04 0.00 0.0544 2.83 1.62 0.29 2.69 0.25119 1.60079 0.37531 Silry Sandy GRAVEL
A2006S 8.0 9.3 68 24 8 5.77E-04 0.00 0.0577 3.00 1.2 0.29 0.09123 1.28327 0.22074 Silty Sandy GRAVEL
A20088 133 14.5 47 45 8 282E-04 0.00 0.1083 5.63 1.92 0.29 0.25119 1.60079 0.37531 Silty Sandy GRAVEL
A2011S 17.6 18.8 61 29 10 S5.77E-04 0.00 0.0558 290 1.92 0.29 0.09123 1.28327 0.22074 Sdry Sandy GRAVEL
A2013S 22.0 23.2 68 25 7 5.77E-04 0.00 3.57 1.92 0.2 0.09123 1.28327

0.22074

Silty Sandy GRAVEL

A22038

3.64E-03

/9-26=T4/400

3.2 3.40 2.69 0.10074 1.40147 0.28648 403.86 Silry Sandy ORAVEL
A2206S 8.2 9.7 66 24 10 5.77E~-04 2.40 2.69 0.08123 1.28327 0.22074| 2,966.78 Silty Sandy ORAVEL
A2208S 136 14.4 37 48 15 2.82E—-04 3.20 2.69 0.25119 1.60079 0.37531 51.94 Silty Sandy GRAVEL
A22118 18.9 59 28 13 2,15 2.69 0.09123 1.28327 0.22074| 4,370.21 Sdry Sandy GRAVEL
A22138 23.5 7122 7 3.14 2.69 0.09123 1 0.22074| 1,151.31 GRAVEL

A15035 3.8 6.0 60 35 = 1.78E—-04 ! 0.00 0.1347 7.00 1.92 0.29 2.69 1.34125 0.25443 43.48 Siley Sandy

A15058 8.6 9.4 53 37 10 3.64E-03 | 0.00 0.0712 3.70 1.92 0.29 269 1.40147 0.28646 326.38 Sifry Sandy GRAVEL
A1508S i1.8 13.1 59 28 13 5.77E-04 | 0.00 0.0414 215 1.92 0.29 2.69 1.28327 0.22074| 4,370.21 Silry Sandy GRAVEL
A15118 155 16.0 51 30 19 5.77E-C4 | 0.00 0.0304 1.58] 1.92 0.29 2.68 1.28327 0.22074| 13.002.7¢ Silty Sandy GRAVEL
A1514S 577E-04 | 0.00 0.0308 1 1, 0.22074| 12,416.36 Silry Sandy GRAVEL

0.25443

A1604S Tl 9.4 2 1.78E-04 0.00 0.3174 16.50 1.92 0,20 2.70 0.20954 1.34125 (=1.35,139) Sandy GRAVEL
A1606S 4 2.82E-04 0.00 0.1010 5.25 1.92 0.29 2.68 0.25119 1.60079 0.37531 2216 Siry Sandy GRAVEL
A1608S 2 2.82E-04 0.00 0.1731 9.00 1.92 0.29 2.70 0.25119 1.60079 0.37531 7.83 Sandy GRAVEL
A1610S 2 2.82E-04 0.00 0.1734 $.00 1.892 0.29 2.70 0.2511¢ 1.60079 0.37531 7.83 Sandy GRAVEL
A1611S 14 5.77E-04 0.00 0.0481 250 1.92 029 269| 0.09123 1.28327 0.22074| 2,573.23 Silty Saody GRAVEL
A16148 27 S5.77E-04 0.00 0.0292 1.52 1.92 023 2.69 0.09123 1.28327 0.22074 | 14,989.41 Silty Sandy GRAVEL
A16158 26 B.88E-04 0.00 0.0281 1.46 1.82 0.29 2.69 0.05474 1.28139 0.21960| 73,128.95 Silry Sandy GRAVEL
A1616S & 5.77E-D. 0.0641 3.33 1.82 0.2¢ 2.69 0.09123 1.28327 0.22074 "23315 Silty Sandy GRAVEL

A23028 2.7 4.3 7 3.64E-03 0.00 1z s .25 Suty Sandy GRAVEL
A23058 7.3 8.4 12 5.77E-04 0.00 14 0.22074 2,573.23 Sihty Sandy GRAVEL
A2309S8 11.2 12,2 12 3.64E-03 0.00 1 0.28646 870.41 Silty Sandy GRAVEL
A2311S 153 16.5 13 5.77E-04 0.00 1.28327 0.22074! 8,668.39 sdry Sendy GRAVEL
A2313S 5.77E—-04 0.08123 1.28327 6,436.56 Suiry Sandy GRAVEL

3.20

A14035 : 5.77E-04 : 008123 1. 0.22074| 1,074.00
A14058 7.5 2.45 C 28 258| 015633 1.09501  0.28362| _ 576.40 Gravelly Sity SAND

_ A14085 | 109 5 140 029 269| 054741  1.28139  0.21960| 20,902.75 Sty Sandy ORAVEL
A1410S 176 | 000 00462 240 > 020 269 015633 1.30501  028362| 661,43 siySesdORAVEL
A14135 | 226 4| 0.00  0.0242 1.26 192 029  269] 009123 128327  0.22074| 29,089.82] Suty Sends GRAVEL

Sity Sandy GRAVEL
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Table 6-1: VADOSE ZONE MODELING PARAMETERS Estimated
(continued Moisture Soil
Values Porosity = Calculated
Sail Conductivity In—Situ Saturated Matric
Sample Gradations at Lab Residual M .sture  Morsture Moisture van Genuchten Potential Wentworth
Sample Depth LAB Saturation Moisture Content Weight % Bulk Content Parameters (cm) Soil
Number From To KGREXM cmys. (THETA r} (THETA) Measured Density [THETA s) SpG a n m n Classification
A1703S8 =i | 58 32 10 | 282E-04 | 0.00 0.0616 3.20]| 1.92 029 2.69 0.25119 1.80079 0.37531 51.94 Silry Sandy GRAVEL
_A17055 | 58 51 31 18 | 577E-04 000 _ 00331 1.72] 192 029 269] 000123 1.28327  0.22074] 062884 Sty Sandy GRAVEL
A17085 10.4 85 28 10 5.77E-04 0.00 0.0481 2.50 1.92 0.29 2.69 0.09123 1.28327 0.22074 257323 Sty Sandy GRAVEL
TAI7118 15.2 63 21 10 ST77E-04 00404 210 1.92 0.29 268 0.09123 1.28327 0.22074 | 4,764.26 | Silty Sandy GRAVEL
A17138 74 13 7 2B2E-04 0.0521 2.71 1.92 029 269 0.25119 1.60079 0.37531 Silty Sandy GRAVEL

A1907S 9.1 11.4 73 21 6 | 2B2E-04 0.00 00481 2.50 1.92 0.29 269, 025119  1.60079 037531 78.78 Sy Sandy GRAVEL
A1908S 11.4 13.7 54 37 O | 2B82E-04 0.00 00423 220 192 0.29 260 025119 1.60079 _ 0.37531 g7.72 Sty Sandy GRAVEL
A1910S 169 178 | 82 51 17 | 577E-04 0.00 00712 3.70 1.92 0.29 269] 0.00123  1.28327 _ 0.22074 643.69 Sty Sandy GRAVEL
A19113 i78 201 | 63 30 7 | 2B2E—04 000 00577 3.00 1.92 0.29 269| 025119 160079 0.37531 58.00 Sty Sandy GRAVE L
TA19135 | 279 303 | 81 17 2 | 364E—03 0.00 00683 360 1.02 029 269| 010074 140147 028646  340.20 Sty Sandy GRAVEL

1 : 3 1. : 1. ; ; Silty Sandy GRAVEL
2 | 83 33 2.28E-04 | 0.00 0.0731 3.80 1.92 0.29 2.69| 0.25119 1.60079 0.37531 38.83 Silry Sandy GRAVE L
3 | 60 35 2.28E-04 | 0.00 0.0525 2.73] 1.92 0.29 269| 025119 1.60079 0.37531 68.01 Silty Sandy GRAVEL
4 | 1.78E-04 | 0.00 0.0346 1771 1.86 0.28 272 0.208954 1.34125 0.25443 | 2,186.04 GRAVEL

s 1 1

ORAVEL

Sdty Sandy GRAVEL

Silty Sandy GRAVE L

; : ; i 0.21960| 1,439.99 Grevelly Silty SAND
A2406 7.4 88 | 65 27 B8 | 1.38E-05 000 0.0498 1.92 0.28362| 50055 Sity Sundy GRAVEL
AZ408 15.1 169 | 77 18 5 | 2.82E-04 0.00  0.0477 1.92 0.37531 75.32 Siry Sandy GRAVEL
A2410 23.2 248 45 45 10 | 573£-04 000 0.0523 1.02 0.23867 | 2.443.02 Sity Sandy GRAVEL
Az412 353 37.0 68 24 8 | 2B2E-04 000 00687 1.02 0.37531
1 0.22074 :

1 8.5 95 48 46 6 | 1.21E-03 000  0.0385 2.00 1.92 0.29 269| 039456  1.34456  0.25626 873.55 Silty Sandy GRAVEL

2 16.0 17.0 40 55 5 | 282E-04 0.00 _ 0.0577 3.00 1.92 0.29 270| 025119 1.60078 _ 0.37531 58.00 Saody GRAVEL

3 31.0 32.0 65 32 3 | 1.21E-03 0.00 2.16 1.92 0.29 2.70| 039456 1.34550  0.25683 69811 Sandy ORAVEL

307.75

s 13,658.10 SAND
1.36246 0.26603 889.51 Siliy Sandy GRAVEL
1.60079 0.37531 104.66 Sandy GRAVEL
1.60079 0.37531 191.24 Silry Sandy GRAVEL
s

0.22074

0.23867

1,803.05

Silty Sandy GRAVEL

59

0.0317

-

22893

0.18695

99,731.66

Silry Sandy GRAVEL

1,943.22

5 . i i 0.17633 3 2,403.34 Gravelly SAND
2 145 15.0 65 26 g 0.00 0.0358 1.86 1.92 0.29 269 0.09123 1.28327 0.22074| 10,334.21 Silty Sandy GRAVEL
3 18.6 19.0 68 26 ] 0.00 0.0435 2.26 1.92 0.29 2.69 0.20954 1.34125 0.25443| 1,238.51 Silty Sandy GRAVEL

2.99E-04

0.17633

0.26603

0.08632

- # 1.0 : 1 1.31349  0.23867| 2,501.57 SAND
T @ 35 9 68 23 | 888E-04 6.66 1.60 0.41 270| 054741 1.28139  0.21960|  760.95|  siglulyGravaly sty SAND
o 55 ¢ 82 9 | 1.80E-03 203 1.65 039 271] 007607 138860  0.27995| 7,198.01 Sighly Gravelly SAND
4 65 52 42 6 | 1.80E-03 193 1.92 029 269| 007607 138880  0.27995| 2,603.09 Sdiy Sandy GRAVEL
5 7.0 B 26 713 | 241E-05 2.08 167 0398 270] 015208 1.22993  0.18695|215,341.03 Gravelly SAND
5 100 61 33 6 | 2.82E-04 287 192" 0329 269] 025119 160079 0.37531 62.50 | Sdiy Sandy GRAVEL
b fibs 46 50 4 | 1.78E-D4 253] 192 0.29 270] 020954 134125  0.25443|  889.39] Sandy GRAVEL
8 . 1Bs 66 27 7 | 1.38E-05 843] 192 029 269] 015633 139591  0.28362|  267.93 Sly Sasdy ORAVEL
s | @5 72 23 5 | 380E-03 274] 192 023 265 007607  1.38880  0.27995| 1,054.1¢ Sty Sandy GRAVEL
w1 @as C a5¢l 1.92 029 269 015633  {.39591 028362  13327| Sy SeshGRAVEL

L9-76-T4/400
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Table 6—-1: VADOSE ZONE MODELING PARAMETERS Estimated
(continued) Moisture Soil
Values Porosity = Calculated
Soil Conductivity In—Situ Saturated Matric
Sample Gradations at Lab Residual Moisture Moisture Moisture van Genuchten Potential Wentworth
Sample Depth LAB Saturation Moisture Content Weight %  Bulk Content Parameters (em) Sail
Number | From %¥G%S%M | (cmfs) |(THETAn (THETA) Measured| Density (THETAs) SpG | a n m ) Classification
1 95 62 35 3 1.78E-04 0.00 0.0535 278 1.92 0.29 2.70 0.20954 1.34125 0.25443 §75.04 Sandy GRAVEL
2 13.0 47 51 2 5.73E-04 0.00 0.0448 233 1.92 0.29 2.70 0.08632 1.31349 0.23867 | 4,478.56 Sandy GRAVEL
3 14.0 63 30 7 2.82E-04 0.00 0.0446 2.32 1.92 0.29 2.69 0.25119 1.60079 0.37531 89.43 Siliy Sandy GRAVEL
< 86 12 2 2.82E-04 Q.00 0.0574 294 1.95 0.28 2.72 0.25119 1.60079 0.37531 55.15 GRAVEL
5 4 E 05 0.00 0.0210 1.09 1.92 0.29 0.15633 1.39591 0.28362| 4,851.06 Siiry Sandy GRAVEL
i A ; 8 134.08 Silty Sandy GRAVEL
2 10.8 11.5 50 44 6 82.10 sdlty Sandy GRAVEL
3 20.5 21.0 82 16 2 78.05 ORAVEL
1 2,605.39 Silty Sandy GRAVEL

72 23 5

1 5.0 7.0 54 38 8 Silry Sandy GRAVEL
2 9.0 10.0 55 40 5 Silty Sandy O RAVEL
3 14.5 15.0 73 22 5 Sty Sandy GRAVEL
4 19.5 20.0 72 24 4 Silry Sandy GRAVEL
5 0 Silty Sandy GRAVEL

2. Specific gravity values from lab testing were used for all similarly classified soils; the average of measured Silty Sandy Gravel specific gravity analyses
were used in the similar soil type where no testing was performed; all other values were estimated.

(= T ]

. Soil porosity calculated from (1 —(bulk density/specific gravity)). Soil porosity is assumed equal to the saturated moisture content.

. Soil in—situ moisture calculated from (((bulk density * weight % measured)/0.998)/100). Units in cubic cm./cubic cm, 0.998 = grams water per cubic cm.
. Soll residual moisture value of zero was the recommended value for sands and gravels per Mr. Michael Fayer, PNL.
. Van Genuchten parameters denved from first converting lab gradations to exclude partical sizes >2mm diametar.

2 15.0 16.0 282E-04 0.00 0.0335 1.74 1.92 0.29 2.69 0.25119 1.60079 0.37531 144,32 Llty Sandy GRAVEL
5 300 31.0 0 88 12 2.41E-05 0.00 0.1341 6.97 1.92 0.30 2.74 0.15208 1.22093 0.18695 215.76 Liighely Silty SAND
8 35.0 36.0 28 65 7 2.82E-04 0.00 0.0512 3.06 1.67 0.37 2.66 0.25119 1.60079 0.37531 106.72 Grwvelly SAND
7 37.0 38.0 52 4 7 2.82E-04 0.00 0.1401 7.28 1.92 0.26 2.59 0.25119 1.60079 0.37531 9.75 Sty Sandy TRAVEL

beialatslotetioiinlied 1.07E -01 0.00 9.89 534 54 319.13 51.32 457.12| 3243114 236.42282 40.88322!984.584.75

168 168 168 168 168 168 168 168 168 168 168 168 168 | 168

50 42 9 6.38E-04 0.00 0.06 3.18 1.90 0.31 2.72 0.19304 1.40728 O.27910f 5,860.62
NOTES: 1. Bulk density values estimated from table 3.5, Geotechnical Engineering Analysis and Design, R.E. Hunt.

Second, the converted gradation curves were visually compared to curves for soils listed in the document, Simulations of Infittration of Meteoric Water and Contaminant Plume
Movement in the Vadose Zone at Single~Shell Tank 241 =T —106 at the Hanford Site", WHC—EP -0332. Finally, values listed in the publication for the van Genuchten

parameters were assigned to 1100—EM—1 soils having the closest gradation curve match.

7. Soil Conductivity at Lab Saturation was obtained in the same methcd as the van Genuchten parameters (see note 6).

8. Caiculated matric potential was cbtained using an HP28S calculator and the formula;

({(((in—situ moisture — residual moisture)/(saturated moisture ~ residual maisture)) ~ (1/—m)) — 1)~ (1/n))/a.

9. Shaded rows indicate questionably high in—situ moisture values. Not intended for use.

10. Wentworth Soil Classification entries based on laboratory particle size gradations, NOT on field log gradations.

L9-C6-T4/40a
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Table 6-2: VADOSE ZONE MODELING PARAMETERS
BROOKS -COREY MODEL
Estimated
Maoisture Soil
Soil Values Porosity = Calculated
Soil Conductivity In—Situ In—Snu Saturated Matric
Sample Gradations at Lab Soil Residual Moisture Moisture Moisture Brooks —Corey Potential Wentworth
Sample Depth LAB Saturation Condud. Moisture Content Weight % Bulk Content Parameters (cm) Soil
Number | From To |%G%S%M |Ksicm/s) Ki{om/sec) (THETA HETA) Measured| Densit HETAs) SpG | he b b | Classification
A0202 | 5.5 6.5 | 58 33 9 Sty Saady GRAVEL
A0203 83 2.6 60 27 13 577E-04 3.41E-13 0.00 0.0346 1.80 1.92 0.29 269| 10.66131 3.53020 3.00000| 18,671.38 ity Sandy GRAVEL
AD208 19.5 21.0 58 33 9 2.82E-04 8.60E-10 0.00 0.0385 2.00 1.62 0.28 2.69 3.98105 1.66448 3.00000 112.37 Sdiy Sandy ORAVEL
~ AD210 | 344 354 78 15 7 S577E-04 57E-12 0.00 0.0423 2.20 1.92 0.29 269! 1096131 3.53020 3.00000| 9.342.03 Silty Sandy GRAVEL
A0302 | 8.0 22 10 S.77E-04 1.92E-13 0.00 0.0327 1.70 162 269| 10.96131 3.53020 3.00000| 23.2° Sdty Sandy GRAVEL

567118

2.75803

3.00000 |

Slighely Seity $iig buly Gravelly SAND

i i 576E—12 : 639672 252583 a,ooooE)J[ 641.67 Silty Sandy GRAVEL
AD105 | 165 18.0 70 23 7 | 282E-04 209E-10 0.00 0.0308 1.60 1.92 0.29 269] 398105 166448 300000 16291 Siky Sandy GRAVEL
AD109 28.4 30.0 25 62 13 | 282E—04 1.20E-09 0.00 0.0593 3.70 1.60 0.41 273| 308105 166448  300000]  101.01 Slghely Sty Gravelly SAND

6.39672

" 2.52583

3‘006001'

A10028 ; . i 88.08 Gravelly Silry SAND
A10068 6.1 68 54 27 19 7.76E-09 0.00 00904 470 1.92 0.29 269] 182678 3.55379 3.00000 | 108 71 Silry Sandy GRAVEL
A10095 78 8.8 42 37 2 4.14E—-11 0.00 0.0558 2.90 1.82 0.2 2.66| 10.96131 _3.53020 3.00000, 3.522.63 Siry Sandy GRAVEL
A10135 134 13.9 44 43 13 10.96131 3.53020 2,488.75 Sity Sandy G RAVEL
A1015S 16.3 175 | 65 28 T 2.53447 2.89360 ORAVEL

i 1.00E-15 A . : i 4.77236  2.93040 Silty Sandy GRAVEL

A0404S 19 3.1 31 51 18 2.96E-04 6.1BE-10 0.00 0.0616 320! 182 0.29 2.68 567118 2.75893 Siity Sandy GRAVEL
A0408S 3.3 5.1

4.77236 A Sdlty Sandy GRAVEL

6‘3963‘2:” 3.00000 476.55 Silty Sandy GRAVEL

1.82678

Silty Sandy GRAVEL

] 2 2.054386 3.00000 80 .46 ity Sandy ORAVEL

ADS09S 10.0 11.0 48 X 11.58480 3.00000 564.56 Silty Sandy GRAVEL

A05125 15.0 T 1.21E-03 2.53447 66.93 Silty Sandy GRAVEL
2.99E-04 567118 SAND

5.77E—-15 10.86131 3.53020 3.00000 | 79.384.61 Sliry Sandy GRAVEL
5.77E-04  1.04E-13 10.96131 3.53020 3.00000 | 28.752.63 Silty Sandy GRAVE L
1.38E-05 6.30E=10 6.39672 2.52583 3.00000 147.11 Silty Sandy GRAVEL.
9.07E=11 2.53447 2.89360 3.00000 562.52 Sty Sandy GRAVE L
1.656-09 2.53447 Sity Sandy GRAVEL

7.25E-12

11.58480

Grevelly SAND

A1102S8 £ 2 1.10E-11 6.38672 H ¥ Sty Sandy ORAVEL
A11048 6.75 74 51 34 1S5 5.77E-04  1.88E-09 10.96131 3.53020 3.00000 922,71 Sty Sandy ORAVEL
A1108S 9.0 9.2 23 69 8 1.21E-03 5.46E-09 2.53447 2.89360 2.00000 145.97 Stightdy Saty Graveily SAND
A1109S 9.2 11.5 25 70 5 299E-04 1.08E-10 5.67118 2.75893 3.00000 ©31.36 Gravelly SAND
A11108 9.2 115 21572 7 2.99E-04 6.36E-07 5.67118 2.75803 3.00000 4162 Grawelly SAND S
A1112S 13.5 14.5 18 76 6 2.99E-04 1.73E-08 567118 2.75803 3.00000 133.67 Gravelly SAND
A1113S 45.5 16.5 26 66 8 5.73E-04  1.45E-11 11.58480  3.18989 3.00000| 4,43891 Slighly Sity Gravelly SAND
A1117S 21.8 22.1 45 49 6 2.82E-04 1.12E—-08 3.98105 1.66448 3.00000 57.22 Silry Sandy GRAVEL
A11208 25.0 26.0 69 24 7 1.21E-03 3.71E-10 2.53447 2.89380 3.00000 a53.70 Siliy Sandy GRAVEL
A11228 311 321 62 28 10 2.82E-04 3.53E-09 3.98105 1.66448 3.00000 77.51 Silty Sandy GRAVEL
A1124S 355 60 29 11 577E-04 4.80E-10 1028139 '

2.53447

1.21E-03  1.89E-10 3 2.89360 3.00000 | 441.93 Sty Sandy GRAVEL
69 79 | 48 42 10 | 1.78E-04 1.70E-11 0.00 477236 2093040  3.00000] 1.001.51 Sdry Seady GRAVEL
110 120 | 15 73 12 1.38E-05 6.46E—11 0.00 0.c9672 2.52583 3.00000 300.50 Slighaly Sty Gravelly SANT
L2 ot % 2.04E-09 0.00 11,58480 3.00000
A0BO2S | 20 35 39 51 10 1.21E-03 __ 6.03E-13 0.00 0.0250 1.30] 1.92 0.29 260] 253447 289360 3.00000] 2931.74 Sty Sundy GRAVEL
A0B04S 65 8.0 54 36 10 | 2B2E-04 S574E-08]  0.00 00519 270/ 102 0.29 269| 398105 166448 3.00000 6810 Siliy Sandy GRAVEL
102 | 9 8 5 | 1.78E—04 3 27E—11] 0.00 0.0647 380! 1.70 037 271| 477235 293040 _ 3.00000 806.44 Slightly Gravely SAND
143 | 10 B2 B | 573E-04 S41E—11] 380 1.7 037 2.71| 11.56480  3.18080  3.00000] 2.836.06| _ sighiyOrewilysaD
160 | 40 47 13 2B2E-04  7.23E-09 _ 280 192 029 269] 30A105 1.6644B  300000]  5446]  sipswnoravr
200 14 79 7 |121E-03_ 1.36E-10] O 360 167 037 266] 253447 289360 300000 49242

Oravelly SAND =y

(9-T6-T4/d0a
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Table 6-2: VADOSE ZONE MODELING PARAMETERS Eslimated
(continued) Moisture Soil
Soil Values Porosity = Calculated
Soil Condudivity in—Situ In—Situ Saturated Matric
Sample Gradations at Lat: Sail Residual Moisture Moisture Moislure Brooks —Corey Potential Wertworth
Borehole Sample Depth LAB Saturation Conduct. Moisture Content  Weight % Bulk Content Parameters (cm) Soil
Number Number | From Jo |%G%S%XM |Kslcm/s) Kicm/sec) (THETAQ (THETA) Measured| Density (THETAs) SpG he b b m) ‘ Classification
HRL-9 A17035 | 28 37 | 58 32 10 |282E-04 1.68E-08 0.00 0.0616 3.20| 1.92 0.29 260| 308105  1.66448  3.00000 51.39| Sdry Sandy GRAVEL
TAI7058 | s0 58 | 51 31 18 | 577E-04 216E-13 0.00___ 0.0331 172] 1.92 0.29 269] 1096131 353020  3.00000| 22,274.06 Sty Saady GRAVEL
A17085 | 94 104 | 65 25 10 | 577E-04 920E-12 000 0.0481 2350] 1.52 0.29 269] 1096131 353020 3.00000| 594914 Sty Sandy GRAVEL
[ 142 15.2 69 21 10 | 577E-04 1.61E—-12] 0.00 0.0404 192 0.29 269] 1096131 353020  3.00000| 11,009.39] Sty Sandy GRAVEL
21.7 74 19 7 | 2.82E-04 | 52 2 0 a| 3 Sy Sandh GRAV
HAL-10  A1807S 2.82E-04 3.98105 i Sty Saady GRAVEL
A1908S 54 37 G | 282E-04 0.0423 220/ 192 0.29 26G| 398105 166448  3.00000 95.89 Sdty Sandy GRAVEL
A19108 169 32 51 17 | 577E-04 . 00712 3.70] 192 0.29 269| 1006131 353020  3.00000] 149072 Sty Sandy GRAVEL
A19115 30 7 | 282E-04 i 0.0577 3.00] 1.92 0.29 2.60] 308105  1.66448  3.00000 57.22 Siry Sandy GRAVEL
" A1913S 3.64E —03 | 9.92654 Silty Sandy GRAVEL
MW -1 1 5 10.96131 g j 66,824.21
2 | 210 220 63 33 4 | 2.28E-04 1.92 0.29 266| 3098105  1.66448  3.00000 33.61 Sidry Sasdy GRAVEL
3 | 203 313 60 35 5 | 228E-04 1.92 0.29 269| 3098105 166448  3.00000 66.95 Sary Sandy GRAVEL
4 | 340 35.0 8613 1 | 1.78E-04 195 0.28 272 477236 203040 300000 2.26111] GRAVEL
5 32 4 | 573E-04 584 679.51
MW -2 1 11.5 12.8 56 36 6 |1.21E-03 567E—11] 0.00 0.0419 2.18 1.92 029 26G| 253447 289360  3.00000 656.86 Sity Sandy GRAVEL
2 19.0 1.21E-03  864E-12 ] 0 1,220.16 Sy Sandy GRAVEL
MW-3 ) 14 63 23 | B8BE-04 1.98E-10] 1.82678 j Grevelly Silty SAND
A2406 7.4 8.8 65 27 8 1.38E-05 1.45E-11 0.28 2.65 6.39672 252583 3.00000 480.46 ity Sandy GRAVE L
A2408 15.1 16.9 77 18 5 | 282E-04 4.28E-09 0.28 2.65| 3.08105 166448  3.00000 73.69 Sty Sandy GRAVEL
A2410 23.2 24.8 45 45 10 | 573E-04 9.82E—11 0.28 2.65| 11.58480  3.18089  3.00000| 2,316.75 Sty Sandy GRAVEL
A2412 353 37.0 68 24 8 | 2B2E-04 4.29E-08 0.28 265 3.98105  1.66448  3.00000 4019 Sy Sandy GRAVEL
A2414 577E-04 258E-09 10.96131 ity Sandy GRAVEL
MW -4
MW-5 1 24 25 2 94 4 |573E-04 5.30E—13] 0.00 0.0403 2.41 1.67 0.37 265| 11.58480 3.18989  3.00000| 13,607.25 SAND
2 | S8 6.0 54 41 5 | 20Q0E-04 5.52E—11 0.00 0.0464 2.41 1.92 0.29 269]| 567118 275893 3.00000 860.40 Sy Saady GRAVEL
4| 185 19.0 39 57 4 | 282E-04 1.14E-09 0.00 0.0406 2.11 1.92 0.29 270| 3.08105  1.66448  3.00000 104.37 Sandy GRAVEL
§ | 345 35.0 75 22 3 | 282E-04 1.22E-10 .00 0.0z83 1.47 1.92 0.29 2.69| 3.96105  1.60448  3.00000 187.59 Siky Saody GRAVEL
6 480 48.5 72 22 6 | 577E-04 3.93E-09 0.00 0.0877 456 1.92 0.29 269] 1096131 3.53020  3.00000 712,83 Suky Sandy ORAVEL
MW -6 5.77E—04 10.96131 __ 3.53020 16,275.84
5.73E—04 11.58480  3.18989
. R
MW-8 2.82E-04 3.98105
MW-0 10.96131
2 59 1.62E—16 0.00 0.0317 1.65 1.92 0.29 269| 657549  4.34915
5.67118
MW-10 222E-12 ; ¥ 567118
15.0 65 26 4.74E-13 0.00 0.0358 1.86 1.92 0.29 2.69| 10.96131
9.96E—12 4.77236
2 99E-04 567118
15 0O 98 2 |[577E-04 7.92E—11 0.00 0.0686 4.10 1.67 0.37 2.65| 11.58480  3,18989  3.00000| 249832 LAND
40 9 68 23 | 888E-04 1.18E-09 0.00 0.1068 6.66 1.60 0.41 2,70 1.82678 355379 3.00000 213.03 Sigiuly Oravaly Sdiy SAND
60 | 9@ 82 9 [180E-03 371E-12] 000 0.0336 2.03 1.65 0.39 271 13.14579  2.57202 _ 3.00000| 7,274.60 Slibely Oravelly SAND
7.0 S2 42 6 | 1BOE-03 1.08E-10] 000 _ 0.0371 1.63 192 029 2.60| 13.14570 257202 3.00000| 251300 Sty Sandy TRAVEL
70 18 26 71 3 | 241E-05 _1656-17 000 00348 208 167 038 270| 6.57549  4.34015  3.00000218,816.77 Gravelly SAND
h 105 | 61 33 6 | 2B2E-04 B.45E-09| 000 00552 2.87 192 029 2.60| 398105 166448  3.00000 51.60 Sty Sandy GRAVEL
120 | 46 S50 4 | 17BE-04 250E-11| 000 00487 253 192 0.20 270| 477236 293040 3.00000 881.50 Sandy GRAVIL
170 | 66 27 7 |1.33E-05 1.02E—10] 000 00660 343 192 020 269| 639672 252583  3.00000 260.38 Saity Sandy GRAVE L
270 | 2 2 5 | 1.80E—O. 000 00527  274] 192 029 260] 1314576 257202 3.00000] 1.02035]  siysemhORAVEL
1 a1 40 s -T2 £ 1 38E-05 000 0 nasa 451| 192 029 259 6.39672 252583 3.00000 130 41 Sty Semly THAVE L.
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Number
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MW-17

Sum
n
Average

¥ 2 ] e #
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Table 6-2: VADOSE ZONE MODELING PARAMETERS Estimated
(continued) Moisture Soil
Soil Porosity = Calculated
Soil Conductivity In—Situ Saturated Matric
Gradations at Lab Soil Residual Moisture Moisture Potential Werntworth
LAB Saturation Conduct. Moisture Content Weight % Bulk Content Soil
XGRS %M Ks{em/s) Kl{cmsec)| (THETAr} (THETA) Measured| Density (THETA s) SpG Classification
62 3 3 1.7BE-04 S5.75E-11 0.00 0.0535 2.78 1.92 0.29 2.70 Sandy G RAVEL
47 51 2 5.73E-04 1.47E-11 000 0.0448 2.33 1.92 029 2.70 Sandy G RAVEL
63 30 74 2.82E-04 2.20E-09 0.00 0.0446 232 1.92 0.29 2.69 Sty Sandy GRAVEL
86 12 2 2.82E-04 1.17E-08 0.00 0.0574 2.94 1.95 0.28 2.72 GRAVEL
7719 4 1.38E-05 1.00E-14 0.00 0.0210 i Sulry Sandy VEL
0.00 0.0866 : 15 ; Sty Sandy ORAVEL
50 44 0.00 0.0535 278 1.92 0.29 Silty Saady GRAVEL
82 16 0.00 0.0487 239 1.95 0.28 GRAVEL
265 1.38 1.92

L

1 ) 2 8 1.46E—-12 ! i 1.92 0.29 2.69 4.77236 293040 3.00000| 225276 Sty Sandy GRAVEL
2 9.0 10.0 55 40 S 1.14E-08 0.00 0.0402 2.09 1.92 0.29 2.69 3.98105 1.66448 3.00000 104.43 Sulty Sandy GRAVEL
3 145 15.0 73 22 5 5.53E-10 0.00 0.0454 2.36 1.92 0.29 2.69| 13.14579 257202 3.00000| 1.498.01 Sty Sandy GRAVEL
4 19.5 200 72 24 4 6.97E-11 0.00 0.0352 1.83 1.92 0.29 2.689| 13.14579 2.57202 3.00000| 2,881.52 __ Sdry Saady GRAVEL
5 Q 1.96E—-14 0.00 0.0256 1,33 1.92 0.28 267 | 10.96131 3.53020 3.00000| 51,657.58 Silry Sandy GRAVEL

0.00 0.0335 141.68 Silry Sandy GRAVEL
0.00 0.1341 6.97 215.92 ‘Slighedy Sty SAND
0.00 0.0512 3.06 108.11 Gravelly SAND
0.00 0.1401 7.28 11.05 Sty Sandy GRAVEL

f“’*"‘“""'"' 4.41E-04 0.00 9.89 5.3454] 316.13 51.32 457.121 1204.43 450.52038 507.00000/ 12342868

| 168 168 168 168 168 168 168 | 168 168 168 | 168 168 168 168

[ s0 a2 o 2.62E-06 0.00 0.06 3.18 1.90 0.31 272] 7.16921 279482  3.01786| 7,346.95

NOTES: 1. Bulk density values estimated from table 3.5, Geotechnical Engineering Analysis and Design, R.E. Hunt.
2. Specific gravity values from lab testing were used for il similarly classified soils; the average of measured Siity Sandy Gravel specific gravity analyses

were used in the similar soil type where no testing was performed; all other values were estimated.

;bW

he = 1/a
b =1/(n—1)

b' = (1 +I) where | is taken as 2.0 for the Burdine conductivity model.

7. Soil Conductivity at Lab Saturation was obtained in the same method as the van Genuchten parameters (see note 6).

8. Calculated matric potential was obtained using an HP28S calculator and the formula;

h = he/(THETA/THETAs) " b
9. Shaded rows indicate questicnably high in-situ moisture values. Not intended for use.
10. Wentworth Soil Classification entries based on laboratory particle size gradations, NOT con field log gradations.

. Soll porosity calculated from (1 —(bulk density/specific gravity)). Sail porosity is assumed equal to the saturated moisture content.
. Soil in=situ moisture calculated from (((oulk density * weight % measured)/0.998)/100). Units in cubic cm./cubic cm. 0.998 = grams water per cubic cm.
. Scil residual moisture value cf zero was the recommended value for sands and gravels per Mr. Michael Fayer, PNL.

. Brooks=Corey parameters were denved from converting Van Genuchten functions using the formulas:

£9-26-Td/40a
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TABLE 6—3: UNSAT--H MODEL CONSTRUCTION
based on monitoring weil MW—15 located at the Horn Rapids Landfill
Node Hlevation So - Plant Root
Node - Depth (cm) Node. Hesd (cm) Type Growth
Number Z(m)" Depth (i) H(wy MAT(s)  NIROGT(n)"
1 0.00 0.0000 853.00 1 1
2 0.10 0.0033 852.80 1 1
3 0.20 0.0066 852.80 1 1
4 0.20 0.0098 852.70 1 1
5 0.40 0.0131 852.60 1 1
6 0.50 0.0164 852.50 1 1
7 1.00 0.0328 852.00 1 1
8 3.00 0.0984 850.00 1 1
9 5.00 0.1640 848.00 1 i
10 15.00 0.4921 §38.00 1 1
11 25.00 0.8202 828.00 1 1
12 40.00 1.3123 813.00 1 1
13 60.00 1.9685 793.00 h| 1
14 80.00 2.6247 773.00 1 65
15 100.00 3.2808 753.00 1 20
16° . 120.00 3.9370 - 733.00 1 120
17 130.00 4.2651 723.00 1 135
18 150.00 4.9213 703.00 1 165
19 160.00 52493 - 693.00 1 243
20 170.00 55774 683.00 1 321
21 17700 58071  676.00" 1 362
22 - 179.00 5.8727 674.00 1 364
23 181.00 59383 672.00 1 365
24 182.50 5.9875 670.50 o1 365
25 182.70 5.9941 670.30 1 365
26 182.90 6.0067 670.10 1 365
27 - 183.00 6.0039 670.00 2 365
28 183.10 6.0072 669.90 2 365
29 183.30 6.0138 669.70 2 365
30 183.50 6.0203 669.50 2 365
31 -.184.00 6.0367 669,00 2 365
32 186.00 6.1024 667.00 2 365
33 188.00 6.1680 665.00 2 365
34 185.00 6.3976 658.00 2 365
35 205.00 6.7257 . 648.00 2 365
36 220.00 7.2178 633.00 2 365
37 240.00 7.8740 613.00 2 365
38 260.00 8.5302 583.00 2 365
39 280.00 9.1864 573.00 2 365
40 300.00 9.8425 553.00 2 365
41 31000  10.1706 543.00 2 365
42 320,00 104987 533.00 2 365
43 328.0¢  10.7940 524.00 2 365
44 331.00 10.8596 522.00 2 365
45 333.00 10.9252 520.00 2 365
46 33450 109744 518.50 2 365
47 33470 109810 518.30 2 365
48 33490  10.9875 518.10 2 365
49 335.00 10.9908 518.00 3 365
50 335.10 109941 517.90 3 365
51 335.30 11.0007 517.70 3 365
52 33550  11.0072 517.50 3 365
53 336.00  11.0236 517.00 3 365
54 338.00 11.0892 515.00 3 365
55 340.00 11.1549 513.00 3 365

6-17
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TABLE 6—3: UNSAT—-H MODEL CONSTRUCTION
based on monitoring well MW—15 located at the Horn Rapids Landifill

. Initol .
Node E " Hlevation SoR Plant Root

Node Depth (cm) Node Hoad (cm) Type Growth

Number Z{m)" Depth () © TH(m)* "MAT{n)' "NTROOT(n)"
56  350.00 11.4828 - 503.00 3 365
57 360.00 11.8110 . 493.00 3 365
58  375.00 12.3032  478.00 3 365
59 39500 129593  458.00 3 365
60 41500 136155 . 438.00 3 365
61 45500 149278  398.00 3 365
62 47500 155840 ©  378.00 3 365
63 51000 16.7328  343.00 -8 365
64  550.00 18.0446  303.00 3 365
65  585.00 191929  268.00 3 365
66  625.00 20.5053 - 228.00 8 365
67  655.00 21.4895 198.00 3 365
68  685.00 22.4738 168.00 3 365
69 70500 23.1209 - 148.00 3 365
70 72500  23.7861 128.00 - 3 365
71 74000 242782  113.00 3 365
72 750.00 24.6063 103.00 38 365
73 757.00 24.8360 96.00 3 365
74  759.00 24.9016 94.00 3 365
75 76100 24.9672 92.00 3 365
76 76150 24.9836 91.50 3 365
77 76170  24.9902 91.30 3 365
78 761.90 24,9967 91.10 3 365
79 76200 25.0000 91.00 4 365
80 762.10  25.0033 90.90 4 365
81 762.30 25,0098 90.70 4 365
82 76250 25.0164 90.50 4 365
83  763.00 25.0328 90.00 4 365
84  765.00 25.0984 88.00 4 365
85  767.00 25.1640 86.00 4 365
86 77500 25.4265 78.00 4 365
87 78500 257546 68.00 4 365
88  800.00 26.2467 53.00 4 - 365
89 81000 26.5748 43.00 4 365
90 82000 26.9029 33.00 4 365
91 830.000 27.2310 23.00° 4 365
92 83500 27.3950 18.00 4 365
93 84000 275591 . 13.00 4 365
94 84800 27.8215 5.00 4 365
95  850.00 27.8871 3.00 4 365
96 85200 27.9528 1.00 4 365
97 85250 27.9692 0.50 4 365
98 852,70  27.9757 0.30 4 365
99 85290 27.9823 0.10 4 365
100 853.00  27.9856 0.00 4

365
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Table 6-4:  UNSAT-H™ Input Listing (1 of 2)

Parameter Description

- Code Run Options:

Plant Option

Lower Boundary Condition
Profile Orientation

Heat Flow Option

Upper Boundary Condition
Lower Boundary Condition
Simulation Years )
Water Application

Convective Heat Flow
Evaporation Option (No Plants)
Evapotranspiration Distribution

~ Surface Boundary Condition

Meteorological Condition
Cloud Cover Condition
Soil Hydraulic Computation
Vapor Flow '
Upper Surface Head Limit
Maximum Soil Head .
Minimunt Soil Head
Tortuosity

Average Soil Temperature
Vapor Diffusion in Air
Number of Soil Types
Number of Analysis Nodes

Soil Property Description Options:
Saturated Soil Water Content
Saturated Hydraulic Conductivity

Soil #1

Soil #2

Soil #3

Soil #4
Residual Water Content
Conductivity Model

Initial Conditions: -
Initial Suction Heads

Plants Modeled Plants Not Modeled

0.29cm?*/cm®

0.6408
1.0152
€.4800
2.0772
0.06
Mualem

Table 6-6

On Off
------—— Constant Head --—--———
-—-—-——-- Vertical ~————=-

Off Off
—-——- Calculated Heat Flux -———-
————- Constant Heat Flux —-——-

100 100
--—- Values Provided as Input —-

Off Off

- On
-—-—-—— Generated by Model -------

Flux Flux
--—- Values Provided as Input ----
- Generated by Model -------
--—------ Brooks-Corey -------——

On On
—-- Constant Upper Head Value ----

1.0E5 1.0B5

1.0E-4 1.0E4

0.66 0.66

288°K 288°K

0.24cm?/s 0.24cm?'s

4 4

100 100

0.29¢m?/cm?

0.6408
1.0152
6.4800
2.0772
0.00
Mualem

Table 6-7
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Table 6-4:  UNSAT-H™ Input Listing (2 of 2) |

Parameter Description

Plant Information:
Leaf Area Index Off -
Root Growth exponential B
PET Partitioning . cheatgrass data ~  -—-
Day of Year; Seed Germination 275 —————
Day of Year Transpiration Ends 180 e
Coefficients for Root Growth Equation

a. 1.163

b. 0129 = e

c. 0020 -
Growth Day Roots Reach Each Node Table 11-4 -~ —--
Wilting Head Value 30,000cm ' e
Head Where Transpiration Starts Decreasing 3000cm ' -
Transpiration Limiting Head 0.10cm e
Percent of Bare Ground Surface T0% - +100%
Boundary Conditions: : :
Surface Albedo. 0.25 -0:25
Altitude of Study Site : 103m 103m
Height of Wind Speed Measurement 3.0m 7 3.0m
Average Annual Atmospheric Pressure- 929mb . 92%mb-
Meteorological Data e Table 11-3 ~—---—-

-Plﬁﬁgs_ Modeled

6-20
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Table 6-5:

DOE/RL-92-67

Precipitation Input rfor the UNSAT-H™ model

PRECIPITATION
YEAR {cm) (in)

1 17.0002
21.2065
- 22,7508

15.8496
23.2308

22.2783

18.0848
22.0269
20.4318
18.4785
15.7886
21.8135
17.4244
20.9601
19.5377
20.1879
16.7691
22.8879
16.8148

24,1402
24.7955
24.3230

14.7396

'17.1933

16.8935
12.8143
21.2776
15.9741
23.5255
17.7292
14,1351
18.8493
24.6380
15.3619

6.6930
8.3490
8.9570
6.2400
9.1460
8.7710
7.1200
8.6720
8.0440
7.2750
6.2160
8.5880

6.8600

8.2520

7.6920

7.9480
6.6020

9.0110-

6.6200

9.5040 .

9.7620
9.5760
5.8030
6.7690

6.6510

5.0450
8.3770
6.2890
9.2620
6.9800
5.5650
7.4210
9.7000
6.0480

PRECIPITATION

YEAR (cm)

(in)

35
16
37
38
39
40
41
42
43
44
45
46
47
43
49
50
51
52
53
54
55
56
57
58
59
60
51

62"

63
64
65
66
67
63

15.3213
37.1145
18.7401
19.5885
24.1986
17.2187
22.8321
21.1023
12.3139
18.8519
18.7350
14.9581
15.0825
16.8707
21.8084
15.5702
18.3388
12.2885
22.2428
19.9873
15.4102
19.1135
21.2065
18.9941
19.3700
19.5885
15.0520
21.3563
22.0777
13.9065
19.0678
20.2971
23.6626
14.6075

6.0320
14.6120
7.3780
7.7120
9.5270
6.7790

8.9860

8.3080
4.8480
7.4220
7.3760
5.8890
5.9380
6.6420
8.5860
6.1300

7.2200

4.8380
8.7570
7.8690
6.0670
7.5250
8.3490
7.4780
7.6260
7.7120
5.9260
8.4080

8.6520

5.4750
7.5070
7.9910
9.3160
5.7510

Average:

Maximum;
Minimum:

6-21

70
71
72

73

74
75
76
77
78

79

80
31
82
83

84

85

86

87
88
89

90

91
92
93

94 -
95

96
97
98

99

PRECIPITATION
L__(f.:m)__t_)

19.8780
18.8011
16.7437
15.1384
19.6621
24.4069
21.9913
13.4772
18.3515
18.4734
12.4714
18.0442
20.0279
18.8773
29.9034
14.7523
21.8516
22.2809
24.9580

15.8394.

22.7533
17.1323
27.4701
16.3449
20.9525
19.3116
17.7571
17.0028
13.4925
13.2842
25.0515

7.8260
7.4020
6.5920
5.9600
7.7410
9.6090
8.6580
5.3060
7.2250
7.2730
4.9100
7.1040
7.8850
7.4320
11.7730
5.8080
8.6030
8.7720
9.8260
6.2360
8.9580
6.7450 -
10.8150
6.4350
8.2490
7.6030
6.9910
6.6940
5.3120
5.2300
9.8628

100 24.3434 9.5840

19.3161 7.6047
37.1145 14.6120
12.2885 4.8380



Table 6-6;

NODE _HEAD (cm)

1
12
13
14
15
16
17
18
19
20
21
22

23

24

25

26
27
28
29
30
31
32
33

34

D o0 =1 v W

131.326
124.583
118.683
113.484
108.792

- 104.515

87.8913
58.0712
46.0729
55.1736
72.8150
99,7704
159.293
172.919
170.134
176.268
180.922
189.025
188.727
184.825
180.273
178.742
177.117
175.840
175.666
175.491
175.414
175.464
175.560
175.651
175.857
176.394
176.630
176.090

NODE _HEAD (cm)
176.474

35
36
37
38
39
40
41
42
43

44

45
46
47
48
49

50

51

.52
53

54
55
56
57
58
39

" 60

61
62
63
64
65
66

67

68

DOR/RL-92-67

178.828
183.623
191.465
205.044
230.942
254.677
295.592
371.113
403.534
449.033
498.778
507.116
515.957
515.860

'515.762

515.565

515.369 -

514.877
512.909

510.942
501.097

491.244
476.443

456.691 .

436.905
397.251
377.391
342.586
302.746
267.843
227.915
197.949
167.971

6-22

Initial Suction Heads, Plants '.Modcl_ed' '

69

70

71
72
73
74
5
76
77
78
79
80
81
82
83
84

85

86
87
83
89
90
N
92
93
94
95
96
97
08
99

147.981
127.987
112,990
102.992
95.9926
03.9928
91.9930
91.4931
01.2931
91.0931
90.9931
90.8932
90.6932
90.4933
89.9934
87.9940-
85.9945
77.9962
67.9978
52.9991
42.9996
32.9998
23.0000
18.0000
13.0000
5.00000
3:00000
.999999
500000
.300000
099999

100 0.0000

NODE _HEAD (cm)

N
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N \ .
" Table 6-7:  Initial Suction Heads, Plants Not Modeled
NODE HEAD(cm! NODE HEAD(cm1 NODE HEAD (cm!
1 118,943 35 43.0274 69 145.509
2 - 113.584 36 42.0997 © 70 126.314
3. 108.787 37 41.2159 | 71 111.724
"4 104.507 | 38 40.7483 .72 101.924
5. 100.600 | 39 40.8108 73 95.0348
6 - 97.0004 40 42.3209 - 74 93.0625
7 82.6371 © 41 445799 75 91.0886
8 554025 42 50.6674 76 90.5949
9 44.0472 43 68.4945 .77 90.3973
10  48.5146 44 81.1530 78 90.1998
11, 57.6727 | 45 109.521 | 79 90.1016
B 12 63.4112 46 '183.126 80 90.0054
oo 13- 75.7525 | 47 231953 81 89.8129
B 14 88.4700 48 365.349 82 89.6203
- 15 88.8131 - 49 365.411 83 89.1387
. 16 - 82.0681 50 365.392 84 87.2095
-t 17. 77,8838 51 365.355 85 85.2762
o~ 18 67.5820 52 365.317 86 77.5017
e, 19 61.5698 53 365.223 87 67.7064
20, 54,7590 - 54 364.840 | - 88 52.8825
o 21 49.5207 55 364.449. 89 . 42.9469
22, 47.9576 . 56 362.327 90 32.9801
R 23. . 46.3623 57 360.094 91 22.9936
- 24 45.1452 .. 58 356288 92 17.9967
| 25 44.9816 | 59 350.478 . 93 12.9981
e 26 44.8177 . 60 343.825 94 4.99937
. 27 44,7478 61 327.739 95 2.99962
28 44.7389 - 62 318.401 96 .999875
29° 44.7213 63 299.685 97 .499937
300 44.7037 | 64 274.599 98 .299962
31 44.6599 - 65 249.563 99 .099988
32° 44.4870 - 66 217.566 100 0.0000
33 44.3178 67 191.644
34 43.7553 68 164.314

6-23
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Table 6—-8: UNSAT—H Modei OQutput (1 of 2)
Plaat Option: ON

Year

Yearly
Precipitation

[fole  Jea e RSN R 42 0 o B

10

12
13
14
15

17

18

19
20
21
22
28
24
25
26
27
28
29
30
A
32
33
34

35

36
37
38
39
41
42

45
47

49
50

1.7000E+01 -

2.1206E+01
2.2751E+01
1.5850E+01
2.3231E+01
2.2278E 401
1.8085E+01
2.2027E+01
2.0432E401

1.8479E+01

1.5789E+01
2.1814E+01
1.7424E+01
2.0960E+01
1.9538E4-01
2.0188E+01
1.6769E+01
2.2888E+01
1.6815E+01
2.4140E401
2.4796E+01
2.4323E4-01
1.4740E+01

1.7193E+01.

1.6893E+01
1.2814E+01
2.1278E+01
1.5974E+01
2.3526E+01
1.7728E+01
1.4135E+U1
1.8849E+01
2.4638E+01

1.5362E+01

1.5321E+01

3. 7115E+-01

1.8740E+01
1.9588E+01
2.4199E+01
1.7219E+01
2.2832E+01
2.1102E+01
1.2314E+01
1.8852E+01
1.8735E+01

4 4958E+01

1.5082E 401
1.6871E+01
2.1808E+01
1.5870E+C1

- 1.8339E+01

Yearly
Precipitation
(inches)

6.69
8.35
- B.96
6.24
'9.15
8.77
7.12
8.67
8.04
7.27
6.22

8.59

6.86
8.25
7.69
7.95
6.60
9.01
6.62
9.50
9.76
9.58

5.80

6.77
6.65
5.04
8.38
6.29
9.26
6.98
5.56
7.42

970

6.05
6.03
14.61
7.38
7.71
9.53
6.78
8.99
8.31
4.85
7.42
7.38
589
5.94
6.64
8.59
6.13

7.22.

Actaal
Transpiration

5.5034E+00

5.2294E+00

6.3698E+00

5.9101E+00
6.2967E+00
5.6090E+00
6.2240E+00
6.7875E+00
6.8586E+00
6.0740E+00
6.3602E+00
6.7858E+00
5.9963E +00
6.2020E+00
5.7601E+00
6.2563E+00
5.7681E+00
5.9465E+00
6.0374E+00
6.3302E+00
5.7994E+00
6.4987E+00
6.0042E+00
6.1821E+00
6.3317E-+00
5.4150E +00
6.5871E+00
5.5811E+00
6.2115E+00
5.8741E+00
5.3537E+00
6.1167E+00
6.3686E+00
6.0011E+00
5.4946E+00
6.4731E+00
6.0179E+00
6.0527E+00
6.6423E+00
6.6067E+00
6.4998E+00
6.4595E+00
4.9165E+00
5.9074E+00
6.7438E+00
5.5111E+00
6.1161E+00
5.8231E+00
5.6192E+00
6.6800E+00
6.8106E+00

Actual

Evap_oi‘alionfu '
1 ;0394E+01'
1.2227E+01

1.4701E+01
1.0293E 401
1.3954E 401
1.4077E+01
1.0394E 401
1.4322E+01
1.3619E+01
9.8763E +00
9,4854E+00
1.4282E +01

1.1588E+01
1.2776E +01

1.2180E+01
1.2591E+01
1.1306E+01
1.3461E+01
1.2709E+01
1.4229E+01
1.4092E+01
1.6034E+01
9.5139E+00
1.1288E+01
1.0617E+01
9.4406E+00
1.2432E +01
8.1086E+00
1.3756E+01

1.1468E+01.

9.4520E +00
1.0461E+01
1.5482E +01
1.1822E+01
9.3426E+00

1.5101E+01 -

1.3422E+01
1.1159E +01
1.4088E+01
1.2386E+01
1.5704E+01.
1.1834E+01
8.3683E+00
1.2435E+01
1.2525E+01
9.3724E+00
9.6692E +00
1.0368E+01
1.1574E+01

1.0206E+01"
1.3054E4-01-

6-24

" rotal

Base

. Drainape

1.7133E-02
1.7134E-02
1.7135E-02
1.7135E—-02
1.7182E-02
3.0914E-02
3.2955E 01
2.3259E +00
1.8671E+00
1.2894E+00
1.0013E+00
1.1447E400
1.2008E+00
9.4858E—01
7.0901E--01
5.6848E-01
7.5807E-01
1.2282E+00
9.8328E-01
7.5047E—-01
9.8082E—01
2.6833E+00

2.0995E+00

1.8132E4+00
1.4011E4-00
9.0448E—01
6.1420E—01
4.4761E—01
3.4383E-01
2.7716E-01
8.8514E 01
1.5647E+00
1.2143E+00
8.5392E - 01
7.9986E—-01
2.9893E4-00
7.5592E+00
3.6490E +00
1,7811E+00
1.0645E+00
2.0124E+00
1.6392E-+00
1.0113E+00
7.2821E-01
7.1631E-01
6.7995E 01
55173E-01
4.4500E-01
3.6607E—01
3.0320E 01
25212E~01

Final
Moisture

Storage
7.8551E+01
8.2212E+01
8.3806E+01
8.3375E+-01

8.6291E+01 "

8.8784E+01
8.9842E +01
8.8358E +01

8.6358E+01

8.7561E+01

8.6439E+01 -
8.5966E+01

8.4528E+01
8.5487E+01
8.6317E+01
8.7032E+01

8.5904E+01

8.8070E+01
8.5081E+01
8.7867E+01
9.1749E 401
9.0775E+01
8.7840E+01
8.5690E +01
8.4154E+01
8.1145E+01
8.2796E+01
8.4569E +01
8.7715E+01
8.7752E+01
8.6139E+01

8.6764E4+01"

8.8261E+01
8.4876E+01
8.4488E+01
9.8519E+01

9.0193E+01-

8.8841E+01
9.0484E+01
8.7571E+01
8.6096E 401
8.7187E+01
8.5162E4-01
8.4881E+01
8.3556E+01

8.2876E+01

8.1549E+-01
8.1703E+01
8.5894E+01
8.4119E+01
8.2266E+01

‘Mass
Balance

_Brror (%)
2,6424E—01
.3.4341E-01
3.0005E-01
3.7879E~01
- 1.9821E-(H
3.0930E-01
4.3641E-01
3.4296E-01
4.2318E-01
-1.9328E-01
4.0607E-01
3.4261E—01
4.3953E-01
3.5723E~-01
2.9977E-01

" 2.8546E 01

3.7672E~01
3.7868E—01
4.3764E-01
© 1.8527E~01
1.6509E 01
3.3400E—01
3.8657E~01
3.4651E~01
| 4.7314E-01
4.9566E 01

. =8.5507E-02

3.9869E—01
2.9085E~01
4.0989E =01
4.0433E 01
4,3578E~01
3.0550E~01
4.5685E—01
4.6815E—01
~2.3919E+00
' 3.5204E~-01
 4.1079E-01
1.8401E—01
4.2920E 01
3.9544E 01

- 3.7261E-01

8.5150E=01
- 3.3174E-01
3.9649E~01
4.9881E~01
4.8692E~-01
4.7180E-01
| 2.6666E~01
' 4.2672E—01
4.1252E—01

R



Table 6—8: UNSAT—H Model Outpiit (2 of 2)

.52
53
54
55

56

.57

58
59
- 60

.61

g2

63

64
" 65
66
67

70

72
73
74
75
76
77

: 78
S0 79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

94 .

95
96
97
98

29

100

Minimum
Maximum
Average

Std.Dev.

N

Year

68
69

71

3.9770E+00

Continued
Yearly
Yearly Precipitation
Precipitation (inches)
1,2289E+01 4.84
| 2.2243E+01 6.68
1.9987E+01 7.87
1.5410E+O1 6.07
1.8113E+01 752
2.1206E+01 8.35
1.894E+01 7.48
1.9370E+01 7.63
1.9588E+01 7.71
1.5052E+01 593
2.1356E+01 8.41
'2.207BE+01 869
1.3906E+01 547
1.9068E+01 7.51.
2.0297E+01 7.99
2.3663E+M 8.32
1.4607E+01 575
1.9878E+0H1 7.83
1.88C1E+01 740
1.8744E+01 6.59
1.5138E+01 5.96
1.9662E+01 7.74
2.4407E+01 9.61
2.1991E+01 - 8.66
1.3477E+01 5.31
1.8352E+01 7.22
1.8473E+01 7.27
1.2471E+01 4.91
1.8044E+01 7.10
2.0028E +01 7.88
1.8877E+01 - 7.43
2.9903E+01 M1.77
1.4752E+01 5.81
21852401 '8.60
2.2281E+01 8.77
- 2.4958E+01 9.83
1.5839E+01 6.24
2.2753E 401 8.96
1.7132E4+01 674
2.7470E+01 10.81
1.6345E+01 6.43
2.0953E+01 8.25
1.9312E+01 7.60
1.7757E+01 6.99
1.7003E +01 6.69
1.3492E+01 5.31
1.3284E+01 523
2.1052E+01 8.29
2.4343E401 9.58
1.2289E+01 4.84
- 87115E+01
1 9236E 10

Traﬁspiratioa

CiActoal ol

DOE/RL~92-67

‘:_‘-::.;_Ahicmal
Evaporation

~ Total
* ‘Bage

Drainage

5.4844E+00
6.6794E+00
6.2984E+00
5.1305E+00
5.7894E+00

6.6752E+00

6.0831E+00
5.9592E+00
€.0903E+-00

6.6265E+00"

6.3187E+00
6.2100E+00
5.6450E+00
6.7436E +00
5.7370E+00
5.4965E +00
5.7592E+00
6.4090E+00

5.9344E+00

6.3216E+00
5.9209E+00
6.3435E+00
7.2304E+00
6.7086E +00
5.3000E+00
5.6968E+00
5.6911E+00
6.1848E+00
5.6368E+00
6.0285E+00
5.3753E+00
6.8305E+00
5.9794E+00
6.2025E +00
5.9794E+00
6.6254E +00

5.7930E+00

6.4463E +00
6.0190E +00
6.1225E+00
6.0340E+00

- 8.3784E+00

5.6214E+00
6.2728E-+00
6.0085E +00
5.4126E+00
5.8866E-+00
5.8881E+00
6.0759E+00

4.9165E+00

 44101E-01

7.6426E+00
1.3723E+01
1.4445E +01
9.3250E+00
1.1733E+01
1.2838E+01
1.1996E+01
1.1404E+01
1.1265E+01
8.4625E+00
1.4688E+01
1.2646E4+01
9.3472E+00
1.2166E+01
1.2454E+01
1.5779E4-01
1.0364E+01
1.2541E+01
1.1646E+-01
1.0380E+01
9.4352E+00
1.2658E+01
1.6169E+01
1.3604E+01
8.5320E+00

11313E+01

1.1347E+01
8.7382E+00
1.1342E+01
1.2770E+01
1.1460E +01
1.8305E+01
8.6041E+00
1.2560E-+01
1.4026E+01
1.3033E+01
9.8688E +00
1.8827E+01
1.1657E+01
1.6565E+01

1.1431E+01

1.3470E+01
1.2281E+01
1.1241E+01
9.5332E400
8.6770E4+00
9.0244F +00
1.3501E+01
1.5747E+01

7.6426E+00

2.2189E-01

2.5617E—-01
3.1215E-01
3.1401E~01
28038E—01
2.4155E—01
2.0882E—01
1.8401E-01
4.2682E-01
3.1197E+00
1.8587E+00
1.0366E+00
6.5556E—01
4.5904E 01
4.0939E—01
4.7852E—01
4.6068E--01
5.1946E-01
9.8392E 01
9,6472E-01
7.4325E~01
5.5650E 01
4.4845E-01

3.8900E--01

3.7167E-01
3.9900E --01
4.7868E—01
7.4234E-01
1.2573E+00
9.4937E-01
6.5030E~01
4.6225E-01
5 8068E—01
2.9284E+00
1.7867E+00
1.2998E +00
1.6676E+00
3.1615E+00
2.6048E +00
1.7789E+00
1.3207E+00
2.3799E+00
1.7339E+00
1.0826E+00
7.7126E-01
6.9790E-01
6.5812E—01
5.5940E~01

4.7616E-01"

1.7133E-02

0

620E+00 1.0109E+00 2811

Final
Moistare
Storage
8.1155E+01
8.2651E+01
8.1500E+01
8.2086E+01
8.3303E+01
8.4681E+01
8.5530E+01
8.7289E+01
8.9022E+01
8.5802E +01
8.4230E+01
8.6322E+01
8.4518E 401
8.4132E+-01
8.5778E+01
8.7600E+01
8.5556E 401
8.5899E +01
8.6069E+01
8.5081E+01
8.4052E+01
8.4087E+01
8.4566E+01
8.5784E+01
8.4987E+01
8.5872E+01
8.6780E+01
8.3523E+01
8.3249E+01

8.3453E+01.

§.4812E+01
8.9145E+01
8.8683E+01
8.8769E+01
8.9195E+01
8.3100E+01

9.1560E+01"

9.0807E +01
8.7587E+01

9.0528E+01

8.8042E-+01
8.6681E-+01
8.6201E+01
8.5398E+01
8.6019E+01
8.4650E+01
8.2103E+01
8.3125E+-01
8.5102E4-01

7.8551E+01

4E+00

Mass
Balance
Error (%)
3.7897E--01
3.95914E-01
3.6924E—-01
4.10660E-—-01
4.9278E-01
3.5016E-01
~7.5555E—01
3.3241E~01
3.7325E~-01
4.1874E--01
2.9557E—-01
4.1757E-01
4.4304E-01
4.,4940E-01
2.5297E~-01
3.6569E-01
4.5864E—-01
3.2847E-01
- 3.5728E—01
3.8910E-01
4.4992E-01
3.4927E-01
3.2811E-01
3.2791E--01
5.1200E~-01
83.1727E-01
2.6506E-01
5.0543E—-01
4.4921E-01
3.8022E—01
1.7687E-01
~0.4327E-02
3.4422E-01
3.4018E-01
2.8018E-01
3.8126E-01
3.1212E--01
3.1586E-01
4.1894E—-01
2.2658E-01
2.7820E-01
4.0325E-01
3.3758E-f01
2.9944E--01
4,1015E~01
4.8223E-01
5.3421E-<01
3.8486E 01
2.7373E-01

—2.3919E+00

5.3421E—01
31944E-01
3.1062E—01

NOTE: All units reporied in centimeters unless otherwise noted.
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Figure 6-1: Actual Plant Transpiration as Computed by UNSAT-H (cm)
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_Figure 6-5: Final Yearly Soil Column Moisture Storage as Calculated By UNSAT-H (cm)
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Yearly
Precipitation

1.7000E +01
2.1206E+01
2.2751E+01

1.5850E+01

2.3231E+01
2.2278E+01
1.8085E+01
2.2027E+01
2.0432E+01
1.8479E+01
1.5789E+01

2.1814E+01

1.7424E+01
2,0960E +01

1.9538E+01
2.0188E+01.

1.6769E+01

- 2.2888E+01

1.6815E+01

. 2.4140E+01
2.4796E401 .

2.4323E+01
1.4740E+01
1.7193E+01
1.6893E+01

1.2814E+01
2.1278E+01
.- 1.5974E+01
2,3526E+01.
1.7729E+01

1.4135E+01
1.8849E+01
2.4638E+01

1.5362E+01

1.5821E+01
3.7114E+01
1.8740E+01

-1.9588E+01
2.4199E+01
1. 7219E+01
' 2.2832E+01

2.1102E+01

-1.2314E4+01 .

1.8852E+01

1.8735E+01

1.4958E+01
1.5082E+01
1.6871E+01

.2.1808E+01
1.5570E+01 -
-1.8339E+01

Yearly
-Precipitation
6.69
8.35
8.96
6.24
9.15
8.77
7.12
. 8567
8.04
7.27
6.22
8.59
6.86
8.25
7.69
795
. 660
9.01
6.62
950
976
9.58
5.80
8.77
6.65
5.04
838
6.29
9.26
6.98
5.56
7.42
. 970
6.05
. 6.03
- 14.61
7.38
7.71
9.53
6.78
. 899
8.31
4.85

742
7.38'

5.89
5.94
6.64
8.59
6,13
7.22
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Table 6—9: UNSAT—H Model Output (1 of 2)
’ Plast Optign: OFF

Actual
Evaporation

Total
Base
- Drainage

1.41C0E+01
1.5284E 401

1.8455E+01.

1.3654E+01
1.7690E+01
1.7298E+01
1.3934E+01
1.8572E+01
1.7916E+01
1.9263E+01
1.3407E+01
1.8624E+01
1.5465E+G1
1.6650E+01
1.5532E+01
1.6328E+01
1.4778E+01
1.7086E+01
1.6371E+01
1.7958E+01
1.7493E+01
2.0046E+01
1.3003E+01
1.5106E+01
1.4675E+01
1.2624E+01
1.6603E+01
1.1531E+01
1.7383E+01
1.4734E+01
1.2333E+01
1.4412E+01
1.9360E+01
1.5456E+01
1.2749E+01
1.8887E+01
1.6926E+01
1.9305E+01
1.7930E+01
1.6411E+01
1.9829E +01
1.5766E+01
1.0926E+01
1.6096E+01

1.9216E+01
1.2667E+01.

1.3618E+01
1.4069E +01
1.5014E+01
1.4299E+01
1.7520E+01

6-29

2.3140E+00
2.3867E+00
4.1297E+00
4.8522E+00
35775E+00
3.3099E+00
5.3738E+00
4.9329E+00
4.8986E+00
3.3537E+00
4.1015E+00
3.7954E +00
2.9600E+00
2.2742E+00

3.3130E+00-

3.6498E+00
4.3436E+00
2.6799E+00

2.7545E+00 -
3.8552E+00

5:4322E+00
4.8815E+00

4.2071E4+00

3.8502E+00
2.3214E+00
2.0886E400
1.8660E+00

2.6566E+00.

2.6647E400
5.5404E4-00
4.8066E+00
3.4449E+00
2.3256E+400
2.1915E400
2.4376E+00
6.9744E+00
1.0286E+01
4.5448E4-00
2.5356E4-00
5.2689E+00
4.5821E+00
2.6268E+00
2.9651E+C0
3.6108E+00

2.3038E+00 -

2.5143E+00
2.3864E+00
1.9428E+00
1.6922E+00
2.8331E+00
4.3258E+00

Final
Moistare
Stoi'age
9.0940E+01

9.4427E+01

9.4536E+01
9.1839E+-01
9.3777E+01
9.5430E +01
9.4152E+01

9.2604E4+01 .
8.1705E+01

9.3436E+01
9.1675E+01
9.1021E+01
8.9967E +01
9.1948E+01
9.2774E+01
9.2945E+01
9.0544E +01
9.3594E 01
9.1228E+01
9.3526E+01
9.5375E+01
9.4709E+01
9.2201E+01
9.0392E+01
9.0233E+01
8.8291E+01
9.1123E+01

$.2865E+01.
9.6295E+01
9.3694E+01
9.0648E+01 -

9.1582E+01
9.4476E+01
8.9244E+01
8.9322E+01
1.0122E+02
9.2696E+01
9.2831E+01
9.6550E+01
9.2041E+01
9.0416E+01

9.3069E+01 -

9.1420E+01
9.0531E+01
9.0186E+01
8.9919E+01
8.8945E+01

- 8.9746E+01

9.4814E+01
8.3206E +01
8.9643E+01

Mass .
‘Balaace
Error (%)

1.6947E~-01
2.2921E-01

2.5305E-01
2.5226E-01

1H17AHE-01 -

9,9536E —02
3.0879E—01
3.2052E—01
3.1460E 01
1.2880E ~01
2 6653E~01
2.1611E-01

- 3.0791E-01
2.5861E—01

© 2.2525E~01
1.9201E-01
2,8993E -0
3.1260E-01
3.2725E-01
1.2343E-01
8.2499E—02
25124E-01 -
2.5503E—01

. 2.6986E-01
3.2995E-01

- 3.3775E-01

~5.7901E~01 -
2.7470E-01

2.0359E-01 .

3.1534E—01
2.9170E-01
3.1082E-01
2.3614E—01
- 3.4052E-01
3.6857E-01
—2.0422E+00
2.9620E-01
2.7350E —01
5 8396E—02
2.7770E—01 -
1.9928E—01
2.7434E-01
2.0911E-01
2.2797E-01
2.8932E-01
~ 3.6098E—01
3.4383E-01
3.4288E-01 "
1.5607E 01
2.9820E-01
3.0444E-01
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Tabie 6—9: UNSAT-H Model Output (2 of 2) -
Plant Option: OFF

Year

100

Minimum
Maximum

Std Dev.

NOTE: All units reported in centimeters unless otherwi

6-30

1 0286El+01

Yeaily - R Total -, Final Mass
Yearly Precipitation Actaal’ Base Moisture Balance
Precipilation jmchesl " Ewvaporation Draina.g' c Storage Errozr (%)
1.2289E+-01 484 1.0880E+01 24969E+00 B.8521E+01 2.0357E-01
2.2243E+01 8.76 1.8234E+4+01 2.1104E+00 9.0358E+401 . 2.7249E-01
1.9987E +01 7.87 1.8471E+01 18470E+00 8.9977E+01 2.1110E-01
1.5410E+01 '6.07 1.2301E+01 2,5034E+00 9.0541E+01  2.7381E-01
1.9113E+01 752 1.5327E+01 2.1185E+00 9.2137E4+01  3.7856E-01
2.1206E+01 - 8.35 1.7083E+0% 2.3608E+00 9.3845E+01 2.5353E-01
1.8994E+01 748 1.5537E+01 3.5684E+00 9.3915E+01 —9.5840E—-01
1.9370E+01- 7.63 14891E+01 8.9223E+00 9.4422F+01 2.6092E—-01
1.9588E+01 7.71 1.4843E+01 6.5323E+00 9.2587E+01 2.4595E-01
1.5052E +01 - 593 1.2606E+01 5.1733E+00 B8.9818E+01 2.7365E-01
2.1356E +01 8.41 18961E+01 2.4036E+00 8.9774E+01 1.6390E--01
2.2078E+01 8.69 1.6610E+01 1.7326E+00 9.3441E+01 3.0889E-01
1.3906E+01 -5.47 1.2410E+01 2.5768E+00 9.2307E+01  3.7847E—01
1.9068E+01 751 1.5867E+01 1.1690E+00 9.0577E+01  3.2304E-01
2.0297E+01 799 1.5840E+01 2.3270E+00 9.2681E+01 1.2976E-01
2.3663E+01° 9.32 1.8972E+01 2.2243E+00 95091E+01  2.4308E-01
1.4607E+01 5.75 1.3822E+01 4.0965E+00 9.1730E+01  3.3993E-01
1.9878E+01 .7.83 1.6534E+01 4.0409E+00 9.0986E+01  2.3972E-01
1.8801E+01 7.40 1.523BE+01 3.0049E+0C 9.1504E+0t1 2.1850E-01
- 1.6744E+01 659 1.4204E+01 2.2434E+00 9.1659E+01 3.0267E-01
1.5138E+01 596 19442E+01 26776E+00 9.0966E+071  3.3383E-01
1.9662E+01 774 1 ;6581:E'+01_ 24309E+00 9.1572E+01  2.2430E-01
2.4407E+01 961 2.0744E+01 3.0652E+00 _9.2109E+01 2.4809E-01
2.1991E+01 8.66 1.7905E+01 2.9000E+00 9.3249E+01 2.1092E-01 -
1.3477E4+01 . 531 1.1478E+01 3.5143E4+00 9.1675E+01  4.3280E-01.
1.8352E+01 722 14701E+01 2.8420E4-0C 9.2443E+01 2.2331E-01
1.8473E+01 7.27 1.4564E+01 3.4882E+00 9.2823E+01 2.2085E-01
1.2471E+01 491 1.2480E+01 4.4900E+00 8.8278E+01 3.6308E--01
1.8044E +-01 7.10 1.5188E+01 24320E+00 8.8647E+01 3.0652E—01
2.0028E+01 7.88 1.6598E+01 1.7471E+00 9.0286E+01  2.2004E-01
1.8877E+01 743 1 A247E+01 1.7500E+00 9.3148E+(H 9.6878E—-02
2.9903E+01 11.77 2.1856E+01 4.3062E4+00 9.7008E+01 —5.7736E—01
1.4752E+01.. 581 1.2113E+01  7.3835E+00 - 9.2234E+01 " 2.0065E-01
2.1852E+01 860 t1.6514E4+01 4.7895E+00 9.2724E4+01° 2.6415E-01
2.2280E+01 8.77 1.7333E+01 3.1070E4+00 945i6E+01 2,1940E-—-01
2.4958E 1+01 983 1.71 05E+0‘I 4.3458E+00 9.7954E+01  2.7685E-01
1.5839E+01 6.24 1.3184E+01 5.7420E+00 9.4837E+01  1.9279E-01
. 2.2753E+01 8.96 1.7830E+01 5.3473E+00 9.4360E+01  2.3241E-01-
1.7132E+01 6.74 15328E+01 44587E+00 9.1658E+01 - 2.8250E-01
2.7470E+01 10.81 2.0270E+01 3.3054E+00 9.5508E+01 1.6170E—01
- 1.6345E+01 643 1 4903E+01 4.8473E+00 9.2072E+01 1.8747E-01
2 0953E+01 8.25 1.7426E+01 4.6474E400 9.0891E+01 = 2.9271E-01
1.9312E+01 760 1 5662E+01' 2.8783E+00 9.1612E+01 2.6001E—-01
1.7757E+01 6.99 1.5074E+01 25934E4+00 9.1660E+01 2.3118E-01
1.7003E+01 669 1.3121E+01 3.51 43E+00 9.1972E+01 3.3324E-01
1.3492E+01 5.31 1.1658E+01 2.4817E+00 9.1277E+01  3.5020E-01
1.3284E+01 5.23 1.2851E+01 27938E+00 8.8864E+01 3.9685E—01
2.1052E+01 8.29 1.7351E+01 2.3034E400 9.0202E+01  2.7905E =01
2.4343E+01 958 1.9383E+01 1.8211E4+00 9.3306E+01 1.4874E—-01
1.2289E+01 4.84 1.0889E+01 1.1690E+00 8.8278E+01 —2.0422E-+00
3.7114E+01 14.61 2. 1856E+01' 1.01 22E+02

4.3280E 01
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Figure 6-8: Precipitation Values Used in UNSAT-H Simulation (cm)
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6.4 SATURATED ZONE CONTAMINANT TRANSPORT MODELING

The purpose of modeling the groundwater flow and contaminant transport at the 1100-
EM-1 Operable Unit was to determine the migration rate and persistence of the contammants _
of .concern for the baseline condition (i.e., no active remediation) and to evaluate the
effectiveness of selected remediation alternatlves The contaminants of concern are TCE and
nitrate. Figure 6-12 shows the observed concentration levels and approximate plume
delineations for March, 1992. The modeling analysis focused on TCE migration, because of
its greater persistence, and provided predicted migration and
attenuation rates for the baseline (natural) condition and selected extraction-treatment-
infiltration (pump and treat) remediation scenarios. The modeling analysis also provided a
‘better understanding of the origin of the TCE contaminant.

6.4.1 Conceptual Model

Groundwater flow and contaminant transport at the site were simulated for the area
shown in figure 6-13. The model area boundaries were oriented to minimize hydranlic flux

- across the northern and southern boundaries and to avoid the possibility of computed -

contaminant plumes approaching the edges of the model grid. Prevailing groundwater flow
enters the model area from the southwest and travels northeastward toward the Columbia
River. The flow within the modeled boundary is generally uniform except for the increased
velocities near the river. The North Richland well field and recharge area and the active
agricultural area west of the SPC facility are not within the model boundaries. Observed
levels in wells immediately adjacent to the river indicate vertical water table fluctuations of
about 2.0 m (6.6 ft), which directly correlate to river stage fluctuations. Near the upgradient
(western) boundary, data from well MW-8 show water table fluctuations of about 0.3 m (1. ~
ft) caused mainly by seasonal increases in upgradient recharge. Numerical simulations
included these fluctuations by calibrating the model to three different observed water table
data sets representing the high, average, and low water table conditions.

~ The unconfined aquifer (upper aquifer), upper aquitard, and underlying confined to
semi-confined aquifer (lower aquifer) form the basic hydrogeologic units. The model
included the units underlying the silt aquitard to more accurately represent site flow,
however, finer definition was emphasized for the unconfined aqguifer because the
contaminants of concern have been detected only there. The Hanford and Ringold Formation
soils in the unconfined aquifer exhibit different hydraulic properties; the estimated horizontal
hydraulic conductivities being 400 to 500 m/d (131 to 1,641 ft/d) and 10 to 72 m/d (33 to
236 ft/d), respectively. These units were differentiated in the model. Velocity estimates for
flow in the unconfined aquifer are 0.1 to 0.3 m/d (0.3 to 1.0 ft/d) (Ringold Formation) and

0.4 to 1.0 m/d (1.3 to 3.3 ft/d) (Hanford formation). The site geology and hydrogeology are

discussed in section 2.0.
Positive pressﬁre head differences, occurring between the confined and unconfined

aquifers, were observed in three areas (at MW-8 and MW-9 in the 1100 Area, and at 7a, b,
and ¢ and 399-1-17a, b, and ¢ in the 300-FF-5 Area), indicating upward pressure head
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differences of 2.0 m (6.6 ft) upgradient of HRL, 0.3 m (1.0 ft) downgradient HRL, and less -
than 0.1 m pear the river. This data is consistent with the observation of the upper -

silt Iayer becoming discontinuous and/or nonexistent in parts of the eastern portion of the
modeled area, adjacent to the river.

- Groundwater flow into the modeled area included recharge from precipitation through
the upper surface, upward seepage through the lower surface, and some horizontal flux
inward through all horizontal boundaries except the river boundary, which has outward flux. .
The main source of horizontal flow for the unconfined aquifer is the Yakima River located
nearly 3.2 km (2 mi) west of the area.

The analysis included contaminant transport of the TCE and nitrate plumes extendmg :
from the SPC plant area northeastward toward the Columbia River. Nitrate is considered a
conservative solute (no significant reaction with the host soil) for purposes of this analysis,
Migration of TCE can include processes of advection, retardation-due to adsorption,
dispersion, degradation, and volatilization. These processes were listed in their appromate
order of influence on TCE migration rates for the site. Advective transport is proportional to
the effective groundwater velocities, which are dependent on the hydraulic conductivity of the
host material and the aquifer pressure gradient. Advective transport is, therefore, the most -
accurately defined of the transport processes because of the available hydraulic conductivity
and water level observations at the site. - Retardation due to the adsorption-desorption
relationship between TCE and the host material is known to occur at the site. The details
defining the exact relationship on the micro-scale were not available, and may not be useful,
because of potential scale effects encountered when applying small scale measurements to a
laige scale analysis. Similar difficuliies exist for determining dispersion, degradation, and
volatilization effects on an aquifer-wide scale. The approach used in this analysis, as
discussed further in the mode! calibration sections (paragraphs 6.4.5.1 and 6.4.5.2), was to
determine estimates of the factors governing these processes from the observed history of the
plume iiself. In other words, the observed nature and extent of the plume, through time, was
the best available indicator of the effects of retardation and dispersion processes. The effects
of biodegradation and volatilization of TCE were not modeled, thus making the model results
conservative (i.e., the computed persistence of the TCE was overestimated because the actual
losses due to biodegradation and volatilization were not included). Refer to chapter S of the
Phase 1 RI report for a more complete discussion on basic subsurface transport.

The available TCE data for the earliest (fall, 1987), latest (March, 1992), and one
intermediate (April through May, 1990} sampling rounds, determined the approximate extent
of plume through time as shown in figure 6-14. Data indicates that in the 5-year period from
1987 to 1992, natural attenuation caused the maximum TCE concentration to reduce from

- 420 to 58 ppb. Nitrate levels have also attenuated from about 1,000 to 2,000 ppm (exact_

value is not known because only total nitrogen was measured) in 1977 at TW-2, to 2
maximum value of 52 ppm in 1992, These reductions indicate that the site hydrogeology
allows for significant reductions in contaminant levels due to natural attenuation, which is,-in
murn, due to dispersion and the other processes discussed above, Section 4.0 provides
additional contaminant characterization and plume description.
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6.4.2 Comparison With The Phase I RI Model Analysis

 During the Phase I RI, a PORFLOW™ model was constructed for the purpose of

estimating contaminant migration at the site. This model was two-dimensional,
homogeneous, and used assumed ranges of hydraulic and contaminant transport parameters,

- Results from this model provided rough, widely-banded estimates of TCE and nitrate plume
“migration but lacked the detail and capability to provide calibrated simulations of plume
migration and remedial action: scenarios. Subsequent to the Phase I RI, additional
information on hydraulic parameters, site stratigraphy, and contaminant source data was
gathered and a three-dimensional, heterogeneous model was constructed and calibrated to
include ‘variable river stages, recharge, vertical seepage, horizontal boundary flux, and more
detailed hydraulic and contaminant transport parameters. Table 6-10 summarizes the
differences between the Phase I RI model and this final RI/FS report model.

6.4.3 Numerical Model Description

pa
i
&

Groundwater flow and contaminant transport were simulated numerically through use
-of the PORFLOW™ gsoftware package developed by Analytical & Computational Research,
Inc. (ACRI), Los Angeles, California. Version 2.4 was used, which, for the scope used in.
this is modeling study (i.e., single phase, saturated flow), is computationally equivalent to
earlier PORFLOW™ versions. Descriptions of PORFLOW™ capabilities, and reasons that it
is included in the list of Hanford Site software, are found in DOE/RL-91-44. The '
PORFLOW™-based simulations were run on a DELL® 486 personal computer at the offices
of the U.S. Army Corps of Engineers, Walla Walla District. Successful software installation
was verified by comparing test file output provided by ACRI with test file output from runs
made by the U.S. Army Corps of Engineers on April 14, 1992 No significant numerical
dlfferences were observed.

5]
&

g )

. F

3

&

. The analysis approach focused on predicting the transport and persistence of TCE for
the following reasons. The current maximum nitrate levels (50 to 60 ppm) are closer to the
nitrate MCL of 10 ppm than current maximum TCE levels (50 to 60 ppb) are to the TCE
MCL of 5 ppb. Also, because of adsorption of TCE, its predicted persistence and difficulty
of remediation were predicted to be much greater than that of nitrate. Only a rough analysis
of nitrate transport was included, with the assumption being that nitrate will attenuate to -
below MCL prior to TCE for all scenarios conmdered '

The modeling analysis was accomplished in a manner that emphasized accuracy of
groundwater flow velocities and contaminant transport in the areas of SPC and HRL and
downgradicnt to the Columbia River. Refinement of peripheral issues, such as total water
budget, seepage from the basalt aquifer, 300 Area groundwater contamination, efc., were not
emphasized as their significance to the simulation of the 1100 Area contaminant plume was
minimal.

o 6.4.3.1 Model Grid Definition and Hydrofacie Zones. Figure 6-15 shows the horizontal
- grid definition and boundaries of the model. For numerical modeling purposes, the model

- 6-45
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Table 6-10. Comparison of Remedial Investigation and Feasibility Study

5 - Groundwater Models .
e R S

Remedial Investigation

Used PORFLOW, v-1.0
2-dimensional

Constant grid with
61.0x61.0 meter

node spacing

Constant assumed
boundaries

Uncalibrated model
- Homogeneous soil
No recharge or seepage

| Assumed source range
at HRL -

Feasibility Study

Used PORFLOW, v-2.4

3-dimensional

Variable grid with

closest node spacing '
of 30.5x30.5 meters

- Variable and constant

boundaries

Calibrated model
Hetefogeneous soil
Recharge and seepage

Source correlates to
TCE use
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area was divided into a 63 by 42 gnd mesh Wlth vzmable honzontal node spacing rangmg _
from 30.5 by 30.5 to 122.0 by 305.0 m (100.1 by 100.1 by 400.3 ft). The longer axis of -
the modeled area is 3,965 m long (about 2.5 mi), the shorter axis is 2,928 m (about 1.8 mi), -
with a total area of 11.6 km? (about 4.5 m#?). Vertical model definition was accomphshed

using 15 layers, ranging in thickness from 1 to 33.5 m (3.3 to 109.9 ft) thick as shown in
figure 6-16. The largest xy, xz, and yz aspect ratios were located near the grid boundary

. and were 1/10,-1/183, and 1/305 respectively. Differentiation between the distinct
‘hydrogeological units (hydrofacies) was accomplished by dividing the three dimensional gnd :

into zones that follow the prevailing site hydrogeologic boundaries. Figure 6-17 shows the
hydrofacies zone designation for layer 12 and shows the delineation of the zones representing
the Ringold Formation above the silt (Zone 4), the Hanford formation near HRL (Zone 8),
and other zones for this model layer. The properties and hydrogeologic description

associated with each zone are discussed further in paragraph 6.2.5 and are listed in table 6-

'15. Figures H-1 through H-15 in appendix H show the zone definition of all 15 grid layers.

This discretized zone placement was developed from the isopach and formation contact maps
provided in appendix C.- These maps were based on drill logs and other data collected .

“during well development

6.4.3.2 Boundary Conditiens. The model boundary conditions are listed in table 6-11.

The western boundary (upgradient boundary) was represented by constant head nodes ranging
in elevation from 108.7 to 109.2 m (356.6 to 358.3 ft) for the unconfined upper layers, and
110.7 m (363.2 ft) for the lower layers (below the silt aquitard). These values were taken
from upgradient extrapolation of observations in wells in the HRL/SPC area. This

- extrapolation was not intended to-predict groundwater elevations at the boundary, but was

done to provide a starting point for the model to match the observed levels in the area of
interest (i.e., from the SPC area downgradient toward the Columbia River).

The eastern boundary (river boundary) was modeled with constant head nodes set at
the appropriate levels for the high, average, and low river stage conditions. The nodes -
representing the unconfined layers varied from elevations 105.30 m to 105.65 m (high)
(345.49 1o 346.64 fi), 104.35 m to 104.70 m (average) (342.37 to 343.52 ft), and 103.65 m
to 104.00 m (low) (340.08 to 341.22 ft). These values correspond to the observed water
levels in wells near the river for the June 1990, February through March, 1990, and
September, 1990, groundwater level data sets shown in figures 6-18 through 6-20. A -
statistical analysis of the levels in wells near the river showed that the water elevations were
higher than 97 percent, 48 percent, and 7 percent of observed well levels from January,
1990, to January, 1992. Lower layers had constant nodes set 0.1 m (0.3 ft) higher than
upper layer nodes as determined by observations in wells 399-1-16a and -b, and 399-1-17a
and -b.

~ The nerthern boundary was set as a no-flow boundary except near the northeast
corner where constant head elevations were set according to the river stage. The point where
the boundary condition changed from no-flow to constant head ranged from grid column 56
to 59 for the three river-boundary conditions.

6-49
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6-50

Table 6-11. 1100-EM-1 Groundwater Model Boundary Conditions ”)
* Location Type Range
Southwest Horizontal ~ Constant Head Nodes © 108.7 to 109.2'(Upper)?
(Upgradient Boundary) ' 110.7(Lower Layers)
Southeast Horizontal ~ Constant Flux Nodes 0 to 0.45 meters/day
. Northeast Horizontal ~ Constant Head Nodes  105.3 to 105.65(High)’
~ (River) - 104.35 to 104.7(Avg.)
' 103.65 to 104.0(Low)
Northwest Horizontal  Constant Flux and Flux = 0 B
Constant Head Nodes  C.H. same as River - -
(Columns 56- 65)
- Lower Vertical - Constant Flux 0.0005 meters/clay
(Upward).
~ Upper Vertical Constant Flux 0.0001 meters/day R :/\ \
o : (Downward) - R | R
! Elevations in meters
2 Upper and Lower refer to the model layers representmg strata above and below the
silt aqultard
3 H1gh Ave., and Low refer to the three representative river stages that were used
for cahbratlon _ _ : S
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Figure 6-17
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/"""“\ - Table 6-13. Contaminant Transport Sensitivity Analysis
 Parameter 1988 1992 2000
. "Varied Max b, Max C (ppb) Max C (pph)
.._Ba‘se Case 180 ' 80 30
-~ R =135 130 55 15
R =40 180 80 30
8§ =1 180 80 30
S§ =4 180 80 30
= .1 110 30 3
e Nerr = 4 220 130 5
e =4 180 80 30
o ong = 0 180 80 30
o Ol = 4 160 76 28
- Uins = -001 220 120 45
Cppags = 0 20 5 0
&
pey
B,
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: The southern boundary was initially set as a no-flow boundary but positive inward
fluxes were added as determined in the calibration process as discussed in the calibration
section (paragraph 6.4.5.1)

. :'The upper model surface boundary was set as a uniform constant downward flux

(vertical recharge) of 1.0E-4 m/d (0 .13 inches/year). This value was determined from

initial vadose zone modeling runs (sec sensitivity and calibration sections for further o
discussion on the relative importance of recharge). The PORFLOW™ software was not
capable of treating this boundary as a free surface boundary but computed the entire 3-
dimensional grid as saturated flow. Although the upper surface was chosen at an elevation
near the actual water table, the area of the model near the river had higher than actual
transmissivities because the groundwater surface slopes downward at this location. This was -

- not a large concern for the analysis because the model was calibrated so that total pressure

heads and hydraulic conductivities (and, as a result, computed groundwater velocities, the .
important factor in determining contaminant migration) matched the observed data. In other
words, -the model appropnately matched the groundwater velocities and, because of the
software constraints, no attempt was made to match the total water budget. This approach is

‘consistent with the stated model objectives.

- The lower model surface was set with a uniform constant upward flux of 5.0E-4 m/d
(16. 4E-4 ft/ d).. This value was determined in the calibration process and corresponds to
values of 10 m (32.8 ft) of positive head differential across the lower silt aquitard (an
observed value) and a vertical hydraulic conductivity value of about 5.0E-4 m/d (16.4E-4
ft/d) for that unit,

6.4.3.3  Computational Parameters. Hydraulic flow simulations were run in steady-state
(i.e., although the boundary conditions for each of the calibrations, representing the high, -
average, and low water table conditions, are different, only one set of conditions was used at

a time). The number of time steps required, until a steady-state simulation converged, varied
depending on the starting condition; several thousand steps required for a simulation starting -
from rough initial conditions to several hundred for restart files that have initial conditions.
close to the convergence conditions. Steady-state runs were typically initialized from restart
files and used 1,000 time steps. Contaminant transport simulations were run in the transient -
mode in order to simulate plume migration through time. Time steps used in the transient
mode ranged from 1 to 200 days depending on the time period being modeled. A typical
transient run incorporated approximately 1,200 time steps.

Default matrix and governing differential equation solvers were used. The grid Peclet

number remained below two during simulations. No significant mass balance errors were

observed. See appendix H for input and output files, and for additional information on the
computational aspects of the PORFLOW simulations,

6.4.3.4 Contaminant Transport. The contaminant transport portion of the model used the
calibrated hydraulic flow parameters, then added source terms and contaminant transport
parameters to simulate plume progression through time. Specific source term and
contaminant transport data were not available for input to the model. Information on the
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' ‘Table 6-12. Hydraulic Flow Sensitivity Analysis | |
| TOTAL PRESSURE HEAD
DIFFERENCE IN METERS |

DOE/RL-92-67

N
-
Z
2

TESTED PARAMETER

- RUN
0  1c60
1 1c6l
2 162
3 1e63
4 1co4
5 1c65
6 1c66
7 1c67
-8 1¢69
9 1c70
10 Ic71
11 1c72
12 1¢73
13 1c74
14 Ic75
15 . 1c76
16  1c77
17 1c78
18 1c79
19 180
20 1c81
21 1c82
22 1¢83
23 1c84
24 1c85
25 1c86
26 1c87
27 1¢88

A@CI5R22 A@C36R22  A@C52R22

Base

K, = K, x .50 (all)
K, = K, x .25 (all)
K, =K, x 2.0 (all)
K’ = K, x 4.0 {all)

K, =K, x .50 (all)

K, =K, x .25 (all)

K, =K, x 2.0 @all)

0

0.007

0.151
-0.245
-0.304
-0.189
-0.215
-0.117

Up Surf. Rech,”= 0 in./yr -0.206
Up Surf. Rech.’= 4 in./yr -0.134

Low Surf. Rech.” x .50
Low Surf. Rech.”’ x 2.0
Low Surf. Rech.” x 1.5
Low Surf, Rech.” x .25
Porosity’ =Poros. x .25
Porosity’ =Poros. x 4.0

-0.169
-0.108
-0.128
-0.180
-0.149
-0.149

K, = K, x .25 (Hanford) 0.109
K, = K, x .50 (Hanford) -0.037
K, =K, x 2.0 (Hanford) -0.245
Ky’ =K, x 4.0 (Hanford) -0.323
K.’ = K x .25 (Up Ringd) -0.151
K, = K, x .50 (Up Ringd) -0.154
K, = K; x 2.0 (Up Ringd) -0.158
K, = K, x 4.0 (Up Ringd) -0.189

K, =K, x .25 (Sil)
Kh, = Kh X 4.0 (Si}t)

-0.146
-0.145

Ky = K, x .25 (Lo Ringd) -0.112
K, = K, x 4.0 {Lo Ringd) -0.152

6-63

0
0.045
0.428
-0.236
-0.297
-0.172
-0.197
-0.097
-0.146
-0.075
-0.171
-0.048
-0.089
-0.192
-0.130
-0.130
0.213
0.016
-0.254
-0.346
-0.140
-0.140
-0.120
-0.111
-0.129
-0.127
-0.100
-0.112

0
0.095
0.476

-0.109

-0.147

-0.042

-0.042

-0.038

-0.027
0.012

-0.074
0.075
0.025

-0.098

-0.024

-0.024
0.387
0.123

-0.144

-0.209

-0.044

-0.039

-0.008
0.020

-0.023

-0.023

-0.044
0.041
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TCE source was limited to a history of lagoon liner instaliation and repair at SPC (see source
discussion in section 4.0). Quantities, timing, and location of the TCE source were - _
determined, for use in the modeling analysis, by correlation with the lagoon liner history and
matching: plume progression with observed TCE groundwater concentrations. Because the e °
xact source location is unknown, the simulated source arca was not treated as a point source

~ but as a volume 90 by 152 by 4 m (295 by 499 by 13 ft) located near SPC Lagoon No. 1. -
“The best indicator of the contaminant transport parameters was the observed TCE plume and -

ranges of these parameters developed during the calibration process as discussed in paragraph
6.4.5.2. The observed nitrate data was not used for parameter estimation because the
information did not allow for complete plume definition.

All simulations used retardation values directly, as dlscussed in paragraph 6. 4 5.2,
and were consistent with a linear adsorption-desorption assumption. This assumption is
reasonable at Iow contaminant concentrations and is thus applicable at this site.

6.4.4 Sensitivity Analysis

_ Sensi-tivity analyses were performed on the flow and the contaminant transport :
portions of the model. The purpose of the sensitivity analyses was to determine the relative
influence of the model input parameters on model results. -

6.4.4.1 Hydraulic Flow Sensitivity. The hydraulics portion of the model was run _
repeatedly with the hydraulic parameters multiplied and divided by factors of 2 and 4 to
determine model sensitivity. For recharge due to precipitation, the range was only varied-
from O to 4 inches per year. For each run, total pressure head deviations from the base case
(calibrated average model) were determined at XY nodes (15,22), (36,22), and (52,22).
Deviations are listed in table 6-12. This analysis showed the hydraulic model to be’
insensitive to changes in soil density and porosity. There was only slight sensitivity to
recharge due to precipitation,. horizontal flux across the southern boundary, vertical hydranlic
conductivity, and secpage (positive flux) into the bottom of the model. The unconfined
aquifer pressure heads were not very sensitive to flux into the model’s lower boundary due to
the intervening silt aquitard, which tends to dampen effects of changes in the lower aquifer.
Unconfined aquifer total pressure heads were not very sensitive to upper surface recharge
(precipitation recharge) because of the high hydraulic conductivities in the upper part of the
unconfined aquifer and due to the small range of possible precipitation recharge.. The model
was most sensitive to changes in horizontal hydrauhc conductivity. This is consistent with
gmundwater systems and groundwater models in general. :

6.4.4.2 Contaminant Transport Sensitivity. A contaminant transport sensitivity analysis
was performed in which pertinent parameters were varied within reasonable ranges. Table 6-
13 shows predicted maximum TCE concentrations for years 1988, 1992, and 2000 as a result
of simulations using the parameters listed in the first column. The analysis indicated the
model was most sensitive- to total and effective porosity values, significantly sensitive to.
retardation and dispersivity values, and minimally sensitive to storage and diffusive porosity
values.
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represent conditions where the river boundary was higher than 97, 48, and 7 percent of

DOE/RL-92-67
6.4.5 Calibration '

The hydraulic flow and contaminant transport portions of the model were calibrated to
observed site data. The purpose of the calibrations was to set model parameters consistent
with site parameters so that model results better simulate actual site conditions. Without
calibration, 2 model can produce results having little resemblance to what is observed in the
field.

6.4.5.1 Hydraulic Flow Calibration. For the hydraulic flow portion of the model,
calibration data was chosen from the observed groundwater levels reported in WHC, 1991b.
Three data sets, June 25-27, February 27-March 2, and September 24 to 27, were chosen to
represent the groundwater levels relating to the hlgh— average-, and low-river stage
conditions., ‘These calibrations were performed in the steady-state mode with boundary
conditions and hydraulic conductivities adjusted until the model simulated the observed -
groundwater levels. Figures 6-21 through 6-23 show the observed and calibrated water
surface contours superimposed. Table 6-14 lists the observed, computed, and the resulting
difference for 22 wells in the area of interest. Maximum deviations of the computed from
the observed elevations consistently occurs at well MW-13 which appears to be screened at a
different depth or to have some other similar cause for its levels being consistently about
0.5 m (1.6 ft) higher than those of MW-14.. Most other dev1at10ns are less than 0.1 m
(0.3 ft) which indicates reasonably close calibrations. '

The snnulated river stages and 1nﬂ0w1ng flux values at the southern boundary were N
modified appropriately for each condition. The high-, average-, and low-river stages ' "

o«
—

normally distributed river elevations. During the calibration process, horizontal and vertical
hydraulic conductivities and boundary fluxes were adjusted until reasonable matches between
observed and computed heads were obtained. Table 6-15 shows the calibrated hydraulic
conductivities. The calibrated values for the Hanford formation and middle Ringold '
Formation correspond reasonably well to the pump test results [365 to 472 m/d (1 198 to
1,548 ft/d) at SPC and 37 to 50 m/d (121 to 164 ft/d) near the 300 Area].

6.4.5.2 Contaminant Transport Calibration. Contaminant transport parameters were
calibrated by matching simulated plume concentrations with observed contaminant levels. -
The model was used to determine an approximate source term that corresponds with TCE use

~ at the site. Discrete spike source terms, with release ‘timing correlating to penods of most -

intense lagoon repair and installation activity, were input to the model that was run meratwely
until dispersion and retardation values produced calculated plumes matching observed o
plumes, This process began with an attempt to match the observed plume in a simulation

- having only one source spike in the summer of 1987. This was tried as a starting po_int.' :

because the observed data begins with a maximum 1987 reading of 420 ppb as shown in " :
figure 6-24. By comparing the simulated plumes, shown in figure 6-25, with those drawn
from observed data shown in figure 6-14, the determination was made that it was not -

-possible, even with unreasonable input values, to match the observed data with only one

source term occurring in 1987 (the time-series graphs, such as figure 6-25, are 2-dimensional .
slices of the computed, 3-dimensional contaminant plumes taken at the layer where the plume ‘
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extends the farthest). Because the simulation with one source spike did not match the _
observed data, one additional source spike was added in 1983, at the next earlier period of
increased TCE use, with the result shown in figure 6-26. This simulation showed that-

additional, earlier, TCE introduction was still required for computed values to match the

observed values. With one additional spike introduced in 1980 (12 shown in figure 6-27), _-
near the earliest recorded use of TCE, the simulated values were able to produce a -
reasonable match to observed values as shown in figure 6-28. For this simulation, the TCE

~ concentrations attenuate to below 5 ppb by the year 2007 with no concentrations above that . .

level migrating across the George Washington Way Diagonal (and line extending stra:lght
therefrom as shown in figure 6-25).

The simulation discussed above is considered unconservative (the computed _
contaminant plume is less persistent than is actually the case) because, comparing the 1992
t:ompute(ﬂ and observed plumes, the simulated concentrations in the source area appear to be -
dissipating faster than is occurring.. The parameters used for this condition were: retardatlon '
factor (R) = 2.0, total porosity (7,0 = 0.23, effective porosity (n.q) = 0.20, and
longitudinal and transverse dispersivity factors of 1.0 and 0.03, respectively. Porosity values |
are for sand and gravel zones, the silt zone had 5., and a 4, of 0.24 and 0.28 assigned
throughout. - A conservative simulation (contaminant plume attenuates slower than actuaf)
was found through repeated model runs. Results are presented in figure 6-29. The
parameters used for this condition were: retardation factor (R) = 2.55, total porosity (4,
= (.32, effective porosity (5.} = 0.28, and longitudinal and transverse dispersivity factors -
of 0.3 and 0.01, respectively. For this simulation, the TCE concentrations attenuate to
below 5 ppb by the year 2017 with no concentrations above that level migrating across the
George Washington Diagonal area. Because these contaminant transport parameters were
more conservative, the source terms (figure 6-30) were reduced so the simulation would
match the 1987 to 1992 observed data {i.e., the more conservative transport parameters cause
the simulated plume to remain at hlgher concentrations longer; so as the parameters become
increasingly conservative, the source must be reduced proportionately in order to match the
observed datay. - This simulation was the most conservative one found that would match the

" observed data.

The modeled source term and an estimate of the actual source amount were
compared. The model used source amounts of 33 and 24 gal (125 and 91 1) for the
unconservative and conservative simulations, respectively, The amount of actual source
material is not documented and is not evident from the observed concentrations in the plume’
because of Josses due to adsorption, degradation, and dispersion of TCE in concentrations
below detection limits. However, an estimate of the amount of TCE in the groundwater
plume was made by multiplying TCE concentration levels with their corresponding plume
volumes and found to be about 15 to 20 gailons.
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Table 6-14. Comp_ﬁrison of Observed Groundwater levels and Comptited Total

WELL #

399-1-~17A

399-3~6
399-3-7
399-3-12
399-4-1
399-4-11
399-5-1
399~-6-1

699-~527-E14 -
699-529-~E12
699-S30~E (MW-10)
699-S30~E (MW-11)
699~530~EL5A
699-S31-E(MW-08)
699-831-E(MW-12)
699-531~E(MW-14)
699~531-E(MW-13)
699-531~E(MW-15}
699-531-E13
699~532~E13A
699-532-E13B
699-S34~E(MW-02)

o)
s
Fov Y
"
A

)q,,%la .

Pressure Yleads for the High, Average, and Low River Stage Model
Calibrations

OBS
meters
104.05
103.98
103.97
103.93
103.87
103.93
104.03
104.13

103.88
105.42
106.34
106.49

"103.84

107.69

-106.22

106.43
167.01
106.37
105.55
105.65

107,70

SEPTEMBER 24-27,

CALC
meters
104.01
104.01
104.01
104.00
103.99
104.00
l04.08
104.08

104.02
105.10
106.26
106.36
104.089
107.56
106.29
106.39
106.39
106.40
105.45
105.45

107.72

1990,
DIFF

meters

0.04
0.03
0.04
G.07
0.12
0.06
0.05
0.06

0.14
0.32
0.08
0.13
0.25
<12
.07
.04
L 62
-03
-11
0.21

OO Q

et

0.01

FEB 27
OBS
maters
104.72
104,67
104,67
104 .64
104,59
104.63
104.65
104.72

104.58
165.32
106.22
106.37
104.80
107.61
106.09
106,30
106.88
106.24
105.38
105.47

105.55

107.40

-~ MARCH 2, 1990

CALC
meters
104,69
104.70
104.70
104.69
104 .65
104.69
104,75
104.75

104.69
105.32
106.31
106.36
104.74
107.54
106.32
106.37
106.42
106.43
105.37
105.63
-105.85

- 107.46

DIFF
meters
0.03
0.03
0.03
0.05
0.06
0.06
0.10
0.03

0.10
0.01
0.09
0.00
0
0

iJUNE 25
OBS
meters
105,73
105,68
105.66
105.61
105.53
105.59
105.686
105.77

105.52
105.86
'106.28
106.39
105.65
107.60
106.16
106.34
106.92
106.28
106.00
106.065
106.08
107.43

- 27, 1990
CALC DIFF
meters meters
105.65 0.08
105.64 0.04
105.64 c.02
105,62 0.01
105.60 - 0.07
105.62 0.02
105.65 0.01
105.67 0.10
105.60 0.09
105.80 0.06
106.51 0.23
106.61 0.21
105.57 .09
107.52 0.08
106.53 0.37
106.57 0,23
106.62 0.30
106.62 0.34
105.97 0.03
106.03 0.02
106.18 0.11
107.48 0.04

—

[9-26-T/400
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0L-9

C1-9 219EL

O

ZONE GEOLOGIC

#

UNIT

10

Lower Ringold
(sand/gravel)

Upper Ringold

(sand/gravel}

Upper Ringold
(silt) '

Hanford
(near river)

Hanford -

(HRL vicinity) -

Ringold
(ASH)

Hanford
(near river)

73

HORIZON.
HYDRAUL
CONDUCT.

60.

0.01
1000.
400.

0.05

5000.

~ Table 6-15.- Model Zone Properties

VERTICAL EFFECTIVE DIFFUSIVE TQOTAL -
HYDRAUL POROSITY POROSITY POROSITY

CONDUCT.
1.2

3.400

0.001

64.

13.7

0.005

50.

20,
20,
20,
20,
20,

.20,

I Hydraulic conductivity values are in meters per day.

20, .28
28
24
28
28
24

.28

2 The first value was used in the unconservative simulations, the

(/ -:") | .

20,
.20,
20,
20, .
20,
20,

.20,

|l 28520477

28
.28

.24

28

28

24

.28

.23, .32
23, .32
23, .27
23, .32.
23, .32
23, .27

.23, .32

STORE
COEFF.

0.2

0..2

0.2

0.2

0.2. :
0.2

0.2

7N
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- For the purposes of determining the sensitivity of the modeled results to the
contaminant transport parameters, additional simulations were made with retardation,
dispersion, and porosity values stretched to more conservative degrees with results being

- shown in figures H-16 through H-18 in appendix H. These simulations do not match the
1987 to 1992 observed data well enough to be considered calibrated, but do demonstrate that

the model results are not extremely sensitive to transport parameters. In other words, even
when out-of-range porosity, retardation, and dispersivity values were used, TCE :
concenirations approached 5 ppb at about the same time (2015 to 2020) as the cahbrated
conservahve simulation discussed earlier.

~ Reported contaminant transport values, for another groundwater modeling study -
involving TCE migration at the Fort Lewis, Washington site (USACE, 1990), were:
retardation factor (R) of 3.0, dispersivity factors of 0.75 (¢, longitudinal) and 0.075 («,,
transverse) and porosity values () of 0.25. These values compare fairly closely with the
conservative simulation factors of R = 2.55, o = 0.30, o, = 0.01, and » = 0.28 to0 0.32.

‘Reported retardation values were assigned to the Hanford and Ringold Formahons gravel

and sand deposits; the

- retardation for the silt layer was set at 10 because of its low hydraulic conductivity.

6.4.6 Model Simulation Results

The calibrated contaminant transport model was used to determine TCE persistence

‘and migration extent for the baseline (no active remediation) and for three remediation
scenartos the selection of which was determined by an optimization analysis.

6.4.6.1 Baseline Scenario Results. The migration of TCE was simulated using both the
unconservative and conservative contaminant transport parameters with results shown in
figures 6-28 and 6-29, respectively. These simulation results predict that the TCE plume.
will attenuate to below 5 ppb between the years 2007 and 2017. They also predict that the
TCE plume will attenuate to below 5 ppb before crossing the George Washington Way
Diagonal (and line extending straight therefrom as shown in figure 6-25) and that the
maximum predicted level of TCE reaching the Columbia River will be approximately 1 ppb.
Other potential simulations providing results to the contrary and still matching the observed
data were not found. The analysis assumed no additional TCE source introduction.

The above results were checked in a simulation that used the conservative parameters
and ran the high, average, and low river stage boundary conditions in a cyclical series. This
series followed a pattern so that the average condition was used 50 percent of the time and
the high and low conditions were each used 25 percent of the time. Figure 6-31 shows the
time series plots for this simulation and shows that the results are similar whether or not the

river boundary was set at the average river stage or caused to fluctuate.
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6. 4, 6.2 Remediation Scenario Results. Extraction-treatment-infiltration (pump and treat or -
extraction-infiltration) scenarios were the only action remediation scenarios analyzed with the
“model, | A preliminary optimization of possible site extraction-infiltration scenarios was -

accomplished to select a limited number of scenarios for further analysis. The results of the

optimization simulations are shown in figure 6-32. The graphed data points represent the -
dates when maximum plume concentration dropped below 5 ppb for the pumping rates and -

well configurations simulated. The results predict the greatest TCE reductions with the first:

few wells [between 379 and 1,136 I/min (100 and 300 gal/min) total extraction rate] and

-decreasmg reductions thereafter. Only a small amount of contaminant is reduced for total

extraction rates greater than 1,894 1/min (500 gal/min). This effect occurs because the first
well can be located in the most optimum place, wells added thereafter are located in
increasingly less effective places. This, and effects from low permeability areas and the -
adsorption and,desorption process, preclude a linearly effective extraction of contaminan.ts.

Based on the preliminary optimization, three extraction—mfiltratmn scenarios were
identified for further analysis: (1) a single well system extracting 379 I/min (100 gal/min),

- (2) a three well, T-configuration system extracting 300 gpm, and (3) a 10 well, longitudinaily _

linear system extracting 3,783 l/min (1000 gal/min). Figure 6-33 shows these three
configurations, each being the most effective configuration for their respective extraction
rates. For each, the treated water is infiltrated, in a near-surface trench, just downgradient
of the extraction wells. The model simulated extraction wells screened in the unconfined
aquifer.

The effectiveness of these scenarios was evaluated in two ways: (1) using the
calibrated hydraulic flow portion of the model only, the area of the aquifer captured by the
extraction welis was identified and compared to the observed extent of the plume, and (2)
using the calibrated flow and contaminant transport model functions, the migration of the
plume, with the features of extraction of contaminated water and infiltration of clean water,
was run in a time-series (transient) mode. '

. Figure 6-34 shows the predicted capture zones (shaded areas) for the three scenarios.
Comparison of these zones with the 1992 TCE plume shown in figure 6-14, shows that
scenario ! would capture only the most highly concentrated portion of the plume (levels -
above approximately 35 ppb), scenario 2 would just capture the 5 ppb plume, and scenario 3
would capture the 5 ppb plume and about 100 percent additional water outside the 5 ppb
plume. If scenario 3 were implemented and operated continually until clean-up standards
were achieved, most of the water treated would be already below the TCE MCL. Likewise
for scenario 2, although it captures the current 5 ppb plume almost exactly, after a few years
of operation, its capture zone would also include water with below 5 ppb concentrations.

~ From an efficiency standpoint, the optimum scenario treats the most highly concentrated

portion of the plume with the untreated portion attenuating to MCL about the same time the
treated portion achieves MCL. The capture zone analysis indicates that the optimum pump
and treat scenario for this site would include wells extractmg between 379 and 1,136 l/mm
(100 and 300 gal/min) (one to three wells).
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'I’he three extraction-infiltration scenarios were also analyzed in the comammant _
transport mode using the conservative parameters discussed earlier. Figures 6-35 through _
6-37 show the time series results. Predicted dates when TCE concentmtlons are reduced to -

‘below 5 ppb are years 2012, 2008, and 2004 for scenarios 1, 2, and 3, respectively, These .
~ dates compare to the predicted baseline clean-up date of 2017 for the conservative condition. |
* Simulations were not made using the unconservative transport parameters, but would result in -

earlier dates than those above. Table 6- 16 lists these results for the baseline and the three
pump and treat scenarios.

~  Nitrate mlgratlon was simulated and results predict nitrate attenuation to below 10
ppm before the year 2005. These results are given in appendix H and were derived using

“conservative transport parameters (with no retardation) and the assumption of no future

nitrate source introduction. This simulation was calibrated to the observed nitrate data but
had greater uncertainty than the TCE simulations because of less detailed plume delineation
and-less information about the source term. As discussed earlier, nitrate was considered a
conservative solute and has greater dispersion and attenuation than TCE. Because of this,

and because the nitrate concentrations are closer to MCL’s than TCE, nitrate is predicted to-
attenuate to MCL’s faster than TCE, both for the baseline and active remediation scenarios.
However, if a remediation scenario included pump and treat for nitrate, the optimum well
placement would be slightly different than those shown in the TCE pump and treat scenanos '
because the two plumes are not exactly aligned (figure 6-12). ‘

The results for the baseline scenario are reported as a range, and the results for the
remedlatuon scenarios are reported as expected upper limits, because of the uncertainty
associated with the source terms and the contaminant transport parameters. This uncertainty
was dealt with by setting the conservative condition transport parameters to their maximum
limits while still matching the observed 1987 to 1992 data (i.e., the conservative simulated -
contaminant plume was sli ghtly more persistent than the observed plume so that predictions’
beyond 1992 are considered expected upper limits). Also, the simulations did not include
blodegradatron and volatilization losses, making the results more conservative.

Some predictions of TCE attenuation at other sites, particularly at pump and treat -
project sites, have been shown to be overly optimistic due to uncertainty concerning the
amount of TCE available for desorption back into the groundwater. At some sites, the
concentrations resulting from desorption alone leveled off above clean-up levels and are
anticipated to remain so for a long time, implying long operation times and limited
effectiveness of pump and treat in reaching low target concentration levels ("The

Effectiveness of the Pump and Treat Method for Aquifer Restoration,” Environmental

Restoration "91 Conference Proceedings, sponsored by DOE Office of Environmental

Restoration, Pasco, Washington, 1991). This is not expected to be the case for this site

because of the smaller source amount and refatively low concentration levels (S0 ppb
compared to 1,000 and 10,000 ppb at other sites), and a relatively rapid attenuation that is
not leveling off.
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. P
- As discussed earlier, if cufrent tedugtion’t ] ‘ _rea wells were to - S
contmue, assuming a half-life of 2 years, the conc ions would attenuate to 5 ppb by
about the year 2000, This simplé extrapolatzon does not account for the plume movement or
the adsorptlon—dcsmptmn relationship over time, but does add to the credibility of the 2007
to 2017 range predicted by the model that did include these factors. The modeling results
reported are the best predictions pessible, using aﬂ available data, state-of- the~art slmulatmn
software and sound modelmg and modcl callbratlon methods
R

6-96



1755.50

171.20

1756.00

1n.o

e
e e S A
DI s NV S W o
R o 1 i

Cle

A

—L 1A 14

4

e g,

B e e e i el ! 010 oA Dle” AL
[ WAL EENE
VS A TR
o B M %0
EXTRACTION-INFILTRATION SCENARIO 1 g /\J{’% H ol "J_
7 il i L >3 Pl o L
| " EXTR c“r9 W ? N4 20 B, E ‘ / -
TR LT T 4 VA X PSR N A
L) 1yr i ¥ Y | _INFEIL /T] %FLH( 7) o TR { A 5
L / 0 § [ N L L
. E AW AWE 5 W N WASS, NN 5
; | i 7] £47L W e L 71 ] 1
H ik e . LYy —y s b v/ frev 1 ,"
‘lk i -H I koH' A ;E{): - ;j’g”? 'Illlr | g \” v/ HH”J:' 1"’ =
RS ] HHH = . 4 et ;1.'} =g 7 LL;I—':‘—:!
: :\ = il Hi1 A 1‘ ¥ fr “1 ey 1:; Tif :
ORI T = o oy g = /i Ay L)
I g { /11 5 ] 7 77 o
il d W rd ” r L 9LY Z] 7L — - .
&3 ] L r/, - Ve n ]
B iRuE P i I S e o e 5 i
7 I iR £ 2 e ./ v/i Pl 80 e
y E K CEEEE g 7 A \ 7 (e riramwd s 1
A pyes B §1 GREdn rdv/} L et —1
21 f 5 This scenario consisted of one extraction well located | 1o
1§l 250 meters down-gradient from MW-14 with 200 feet of s
H 1 infiltration trench located 60 meters further down- L
LHIT ; gradient. :
4 i 1IN M/ 1) I‘T\‘i\I\J”“J I = e B bkl 1,
AT . i BN
/ Rt A% 4L 67| ™4 4 /)
3 NG P N CF 3 20
EXTRACTION INFILTRATION SCENARIO 2 77 /é‘\\";\ \éﬂ& o \ {‘.[ "
HH L £y Var = V| 5 U 3
it O AU AN
AR LT R L L C e TR Wi sy | ISR 7
/) = o 1 N5 l
i 5 f [ T L N o
A ik £ by L] o
1 [
N L i) Hi V LNEL‘,,%I!;\ "RENCHI._ - —*/\-3 - =
2 I’J °E 7 ey i v £ /3 ~ |9 B, e e
55 R - A= R =t
N TR L /il e bt L 4 i P p—le=—t ) 27—
: TRERmE Rt i P St B
11‘3 P L I p g A, 1’:17{,& 10 e /i H=
ri E ST T | b . _-_._'r’“i‘ ~ [f, —Hr\ 73 1."rf 71:1; -+
= LY R e : 4 Lﬁﬁéi =y 2 i
Zrr HRv S N3 LR o g r A s 7 04 & oo —r fa L
S LA == o ‘ e e
}_ HSNaE T H = 7 :_7‘/ y N = jIE‘I:‘LL:L_’J_
e Mid|{d 9 ‘2: 5 whau —",:_-';]_I"“% 4 T = —
2ttt Burdh pddl =2 A ==le===E T
<] : ;
7
L=

This scenario consisted of three extraction wells, one
located near MW-14 and two located about 250 meters
down—-gradient, with 600 feet of infiltration trench
located 60 meters further down-gradient.

o

e~ e W =

e R,

Lol
LB

:. 71

1758.20

| 1P 4 § RIS

T Ty

a1

o

‘©-| SOLBUdDS

AR A £ @ AL
e L

1umn.2q
L
ol

g [
L] S TR T ]

’g’-‘ C'lg./\ I AT }”Nf

T

w1
*

+
o

7 =T

57 4l

O Ol 20 T O O St I iy S Sy e, ey (e S (R T T -
TR BWASNE P
LN A
NFILTRATION SCENARIO 3 i AN e
e Wy e P 7ZV7/\7§:\1‘3\/)_.,‘@.U \ 3 P
ﬁL% 4 /Z 7 Q\<x’3:'¢.\,\(z —\é’ . VL 3
TITLTSY JEXTRAG N WELLS = | ok, 98040 )
e o s :
Ao ZINFICTRATIAN TRERCH W, || | | wige
{5 I P N7 7/ | N Ay N Y O I 4 j‘: 3
Sl i b gt el s 17,//1‘ e ﬁéj = :
o ) 7 = 74 freiz L -5 TS
Ll R e IS
; ] 2 Pt e = E o= == I =
b St s iR EEERE s ia e e
SpmE mao e o e S T AR e P e e e
;2] £ 11{:! [ﬂ;{::' :_;;‘IL ;
= 1 = Hae] “th?_si_____%ﬁtj- :ji
ER e Se== o=
1 i S Z] l_. A ol E
Thlﬂ scenario congisted of ten extraction wells 10
located in a line from near the center of HRKL to about s

300 meters down—-gradient of MW-14. An infiltration
trench 1000 feet long was located 120 meters down-

gradient as shown.

EEEE B — ‘. ¢ q'-. _-_G —_——p— s
L RS e
R VA

, For all scenarios, the extracted water was
= assumed to be treated before infiltration. 3

C IR

i

=

-
0.00

UOI1BJ1|1JU|-UOI10RIIXT 10O} SuoneINBIIUOD |IBAA

£g-9 ainbi4

’I
iy ) e |
‘NS RAES AN _\%‘2071:;{%4’__!_ /l,
SR | Y t \
i 26T
il A I |
2265. 71 032,14 3396.517 395,00

TN "7 vy e~ o




UU LU0 s

20500

€-9 ainbi4

‘€-1 SOLIRUBDS

uol1eJ1|Ijul-uo1loeIIXg 10} sauoz ainided [|9AA

244000

1952.00

464,00

2440.00

1952.00

9.

1us4.00

[

EXTRACTION-INFILTRATION SCENARIO 1

TR TTTTT]

SN | ] Sl 1oy 112
| N . a |- 3 o
e =8 "

151

e, %
\/fi} = ’
— K :
~ ™y 2 % -»"'
N N
S U I . S
_ % s
i;\ F /
2 - Vi
L M T T

EXTRACTION-INFILTRATION SCENARIO 2

o ) a5 b
2

3};:7‘
i3 /; 2119 1 = 3 e 8
t=] /( (ék %’gog 9‘

0SS0

— 35 ppb TCE plume, March 1992

EXTRACTION-INFILTRATION SCENARIO 3

/

TIPTTT R TITT] [~

~J

‘r:

£9-76-T4/30d




DOE/RL-92-67

T

1
L

s

=

i
b
L
A
Gy A
-

VAR Sl
b

/AT ) S W

L

7
Fia

e,
7

=

L
:

i

.2

1

1}

Y
LAY

=

/(I

L
/g
18
Y
X

s

rAVARE/ /)
4 p7 8
744

Ny

AL

i
VAW 7R

A

Z"

74

¥4

i

b L

3

1T

o

Bl
(1]

& £ )

-
y/40

——

i 5L G L O L L L L O L T T T 1 T F J%
o
TCE CONCENTRATIONS 1987 - 2015 o
- 10
m
R = 2.55 Concentrations ol s
N = 0.32 5 ppb | g
N = 0.28 10 ppb }
a, = 0.30 50 ppb
o, = 0.01 75 ppb 2
100 ppb = “,3
200 ppb 19
Source is peaks of 1100, 380, & 500 ppb at ) -
years 1979, 1983, & 1987. —~
= ls)
r‘-
Extraction-infiltration scenario 1. 17
= 2
e : =
E ‘,’ _.’/"
f T == et P T—
! b §s = |
a1 - i m
LA : &
=T w
(58]
1O L) E
= : (¥p)
=
z 2 g = = = =5
- m
53 e T e 0
——HHHH - 5
1o8{sa g
- B L TR —t
i & o
- IEra——
2010 2015

Computed TCE Plumes for Extraction-
Infiltration Scenario 1.

Figure 6-35

~ A4 14NN




DOE/RL-92-67

9

- - T LN
=g CT T T T Ty e 17 10 ] @
T A = L ™
e T H A, .
W BRI ek 155 TCE CONCENTRATIONS 1987 - 2015
¥ 4 ‘”/ Bst ?;- Py Ly %
A PR :
452 Rl | T 3
—5 R N Ri=12.58 Concentrations %
R 7 E3Y N = 0.32 5 ppb b2
3 (R | .= 0.28 10 ppb
14 Lz RHAERAL o = 0.30 50 ppb ‘ 0
Eapi TS T o, = 0.01 75 ppb ¥
7 e T 100 ppb &
= Al R 200 ppb T | i
! K Way Di-sd""m .
s:_lcwﬂewuhmsw". meEs Source is peaks of 1100, 380, & 500 ppb at [ o
NSHATIAE years 1979, 1983, & 1987. = =
\F’T\h\ssggl{’ﬂ .q' 4 E: r:;
e S D s LU G HHHT Extraction-infiltration scenario 2. o
_g‘ Wt e*-n‘t, T [ i LLHAT i LT 4T |l L o o
ML S ==
i ‘i (E3aEAL TR — " 3
I = RS EE, — =1
Ben TN : - Tl e H e - HHHHHH= 2
i Ty ; i AT H ﬁ \ ] d 1153 50 L
SETEREPY i F= 1 TN ; =T | | H 1T L
STTHALS g AT {ii |\ i =3 .
[Bass ATt i A v @
T t = A Y @
: jiseetth \Ssi ey = = : = = : ;
= oS\ e AT EsumEin F & = &5 o
e i e s 01 Ere—
s i; ) e + : J'\ ——
! LI 5. A ¥ B oK P 4 ALY = o = - -
= o : Hi fisiiin
==t + : -t? == s == = un
- - + Bg i ] L% i } ™ (\:l
S b2 3 e CTERET 2= =
23 Il i 2 - T =
: , e : g S i sasass e
= . NG ’
PSS L .
E ECE =
i S F RN A i Be==nmy BE:oam FHAT— 1A ] LY =" o
A .ﬁ;hr‘y‘} tH 45 1] EEEEITIC T ©
A ¥ s R A B o == w
f"’ -qa;:\u_.s- \ ot D S 2
2 : 16 LT |
d o "'\‘1 0 = __\. ___.,1- LT ”J_,_‘.__..—-»—"”_' il
r bl _._'--:L( BERRESC AEENERESC NERERECS by ’_+_._-~ L
2 TR T | | | || A LU
RN NG | | n 8
: ' T 1] i S : o

Computed TCE Plumes for
Extraction-Infiltration Scenario 2.

Figure 6-36

6=103/104




WL/ RL=F4=0/

3

9

= T ] .“:
. RRGLLIIUHIUIERR R -
; H | T PR ]
RS TCE CONCENTRATIONS 1987 - 2015 @
ML R S
V. NN;iE REid% ;'--:_ o
SRR } ’ R =255 Concentrations =
st o = 0.32 5 ppb %
T TR Ny = 0.28 10 ppb
I I\ o, = 0.30 50 ppb ok
T a, = 0.01 75 ppb = o
100 ppb @
3 200 ppb =l =
T ey Disgonal Line '
George Washington Wey 1 Source is peaks of 1100, 380, & 500 ppb at e i
1l 1A .
et : years 1979, 1983, & 1987. @
= 4 l':\rJ
=T = B L HHHE lim Extraction-infiltration scenario 3. .
EIERINE 1 LT REEREES s i H =t ==
T i i THH oy i— HH b =
Pyl 4 B =] ==t !
. i N HH y I -1 >
jares = iz T i 2 ——1eb H 50 =
Bl w a =dl i e ¥ d
| 8 H -
/ 1 o
y A 3 CD
| RO S
puaeh Ba o I u B s B = = = et = w
3i u HFH = Euw o7 — (_—:_?‘
P e 1 :E: L] r —— —
Ful i 1 TH - 3 F100) = =
e r: HHHY A HH = . &
» = :_! - Chep i — &
: ==t i : s i
i = T T . = — s S a
1 1 H ] (5]
: = = i gias i
t o 5 1 5 u
=== e EEERT % i = — =] @
7~ T T adiin= 2 I~ EE 4 w
ai ] :’]?17 9 HE Rt b LD m
i 'N: : '. ;-} 108,50 — g
5 . —
v al 1 f’ { DB RS LU LT E
b ___NLUJ—‘. ____,__F_——-—""'- ‘___H_.—-“""f‘ _‘__—-—"""—"_ _d-‘”‘_d_-‘-— ‘,_““ﬂh_
LTI e LT <af = i ==
=T I = o
| » L 0110 O P S =
1] ‘u* 4'7 LI gl -

Computed TCE Plumes for
Extraction-Infiltration Scenario 3.

Figure 6-37

A=-105/10A




o

DOE/RL-92-67

, Tﬁble 6-16. Clean-up Times and Operation Duration for the
~‘Baseline and Selected Remediation Scenarios

Predicted
Start of  Treatment  Predicted End Date when

- Operation Rate,# Weils of Operation Conc. < 5 ppb

1. Baseline Scenario NA NA NA 2007 - 2017
. (no active

- remediation)

2. Scenario 1 Jan 1995 100 gpm,1 < 2012 < 2012

3. Scenario 2 Jan 1995 300 gpm,3 < 2008 < 2008

4. Scenario 3 Jan 1995 1000 gpm,10 < 2004 < 2004

< arrow indicates that the value indicated was a result of a simulation using _t_hé

- conservative parameters and is a upper limit of the predicted range.
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7.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES |

71 INTRODUCTION

The Ob_]eCtlveS of this RI/FS report are to identify and screen a range of waste:
management technologies. Appropriate technofogies should ensure the protection of . human
health and the environment and should involve the complete elimination or destruction of .
hazardous substances at the site, the reduction of concentrations of hazardous substances to
acceptable health-based levels, prevention of exposure to hazardous substances via o
engirieering or institutional controls, or some combination of the above. The process for
identifying and screenmg technologies consists of six steps, which are discussed below {EPA :
1988) '

1) Devemp remedial action objectives (RA()’s) specifying contaminants and media of
mterest exposure pathways, and preliminary remediation goals. Preliminary remediation
goals are based on chemical-specific ARAR’s, when available, other pertinent 1nformat10n
(e. g carcmogemc slope factors), and site-specific, nsk related factors.

2) Devel()p general response actions for each medium of interest defining
containment, treatment, excavation, pumping, or other actions that may be taken, smgularly

or m (,ombmatlon ‘to satisfy the remedial action objectives for the site.

3) Identify volumes or areas to which general response actions might be applied,
taking into account the requirements for protectiveness as identified in the remedial actlon
objectives and the chemical and physical characterization of the site.

- 4) Identify and screen technologies applicable to each general response action and
eliminate those that cannot be technically implemented at the site.

'5) To the extent possible, identify and evaluate the retained technologies and select
one representative process for each technology type retained for consideration. These
processes are intended to represent the broader range of process options within a general
technology type.

6) Assembic the representative processes intc alternatives that represent a range of

‘ treatmén_t and containment combinations, as appropriate.

7.2 REMEDIAL ACTION OBJECTIVES

RAQ’s are site specific goals that define the extent of cleanup necessary to achieve -
the specified level of remediation at the site. The RAO’s include preliminary remediation
goals derived from ARAR’s, the points of compliance, and the restoration timeframe for the
remedial action. These goals are formulated to meet the overall goal of CERCLA, wmch is
to prowde protection to overall human health and the environment.
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This section describes the RAO s for the 1100-EM-1 Operable Unit. Contaminants of

potential concern were identified based on a statistical and risk-based screening process in -
site-affected media and the potential for adverse effects to human health and the environment
were initially identified in the Phase I RI report (DOE-RL-90-18), and are further evaluated
in the BISRA and the BRSRA (appendixes K and L). Findings of these assessments are -
summarized below. There are no contaminants that pose risks to ecological receptors that
are distinguishable from the baseline conditions (appendix L).

'7.2.1 Chemicals and Media of Coanm |

_ Risks from soil and groundwater contaminants of concern. identified in appendixes K
and L are at levels that exceed the EPA risk threshold and may, therefore, pose a threat to
human health. The NCP requires that the overall incremental cancer risk at a site not exceed
the range of 10° to 10*. For systemic toxicants or noncarcinogenic confaminants, acceptable
exposure levels shall represent levels to which the human population may be exposed without
adverse effect during a lifetime or part of a hfetlme ThlS is represented by. a hazard-
quotlent 'Where the cumulative carcinogenic site risk to an individual based on reasonable
maximum exposure for both current and future land use is less that 10“‘ and the
noncarcinogenic hazard quotient is less than 1, action generally is not warranted unless there
are adverse environmental impacts. However if MCL’s or nonzero MCLG’s are exceeded
act10n generally is warranted (EPA, 1991).

Contaminated soil at three 1100-EM-1 subumts account for the mcremental cancer
risks associated with the industrial use scenario. The maximum caiculated incremental

cancer risk from any one subunit is SE-5 based on the 95-percent UCL. These subunits. ;ire:

. UN-1100-6 Subunit (Dlscolored Soil Site);
® HRL;
® Epheriicral Pool.

Contaminants detected in soils and identified as posing incremental cancer risks to

“human health at these three subunits include: BEHP at the Discolored Soil Site; chromium-
- and PCB’s at HRL; and PCB’s at the Ephemeral Pool. Based on the review of the RI results
- and assoc1ated risk assessments, EPA, Ecology, and DOE have concluded that there is no '

chromc threat to human health.

Chmmmm was identified as a contammant of concem at HRL due to the fugmve dust :
“exposure pathway. This determination was made using maximum and 95-percent UCL soil.
chromium concentrations taken at depths from 0 to 4.6 m (0-15 ft) in selected boreholes and
' exploratory trenches. Using these values in risk based screening within the risk assessment
is appropriate. However, RAO’s to protect the ambient air quality from contaminated.

fugmve dust migration should specifically apply to surface soils. Upon reevaluating: sample
analyses from chromium in only the top 0.6 m (2 ft) of HRL, a mean concentration for
chromium in soits of 9.06 mg/kg with a 95-percent UCL of 9.76 mg/kg was calculated. .
The Phase I RI reported chromium in background soils with a mean concentration of 9 19 -
mg/kg and a 95-percent UTL of 12.9 mg/kg providing evidence that chromium -

72
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 concentrations in the HRL surface soils are typical of the site. Using the 95'—percent UCL of

9.76 mg/kg to recalculate the incremental cancer risk of fugitive dust from the HRL gives a
risk of 2E-7 under the industrial scenario. - Therefore, chromium is determined not to be a
contammant of concern and will not be considered when developing RAO’s.

' .Fr_iable asbestos was also found to be dispersed throughout HRL. The risk .
assessment did not evaluate the risks associated with this contaminant because there are nb =
published reference doses or carcinogenic potency factors for asbestos. However, releases of
friable asbestos in fugitive dust does pose health risks to onsite workers and RAO’s wﬂl be.

.developed to address this health risk.

" The Phase II RI has confirmed the presence of groundwater contaminants at the s‘iﬁé.
These contaminants do not present any risk to human health under the current and future

-industrial land use scenarios of the site because: (1) downgradient users are supplied by the

city’s water distribution system, and (2) the Phase I and II RI’s determined that the city’s
well field is not impacted by the contaminant plume and is not at risk. The uncontrolled land .
use future uncertainty assessment using residential exposure (appendix L) indicates a lugher
but acccptable risk range.

A summary of the chemicals and media of concern, and the risks assomated with each
is provided in section 5.0 of this report.

7.2.2 Exposure Reutes

The exposure routes and receptors that may be affected by the currently identified .
chemlcais of concern: are discussed by medium in the followmg paragraphs.

7.2.2.1 Soils. Contam-mants of concern are identified in surface‘and near-surface soils of
three subunits. Primary receptors include people with direct site access and job duties
pertaining to the UN-1100-6 Discolored Soil Site, HRL, and the Ephemeral Pool. Receptors
could be exposed through dermal contact, incidental ingestion, or inhalation of fugmve dust.
Additional risk and pathway discussions can be found in appendix K. :

The Phase II RI study has investigated the potential for future leaching of soil
contaminants to the aquifer and has ruled out percolation and vertical migration of
contaminants to the water table as an operative pathway under existing land- and water-use-
conditions. These conclusions are based on the low solubility and mobility of the soil

- contaminants and the minimal recharge rate at the site (paragraph 6.3). That soil

comaminants are not leaching from contaminaied sites soil is further demonstrated by the fact
that, to date, no elevated concentrations of site soil contaminants of potentlal concermn have
been identifi ed through groundwater sampling and analyses.

7-3
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7.2.2.2 Groundwater. Primary exposure routes for groundwater are through the ingestion
of drinking water and the inhalation of contaminants released through the household use of

water. However, no known or expected groundwater users presently exist and are unhkeiy
to be present within the next 20 years (appendix J).

7.2.3 Applicable or Relevant and Appropriate Requirements

In addition to the baseline risk assessment, section 121 of the Superfund: Amendments
and Reauthorization Act (SARA) provides a framework for selection of remedial actions and
evaluation of cleanup standards for Superfund sites. This section of the statute sets forth the
need for appropriate remedial actions, consistent with the National Oil and Hazardous
Substances Pollution Contingency Plan, 40 CFR, part 300 (NCP), that provide a cost- -
effective response. Subsection (d) of section 121, generally, requires that remedial actions -
attain a level or standard of control at least equivalent to ARAR’s promulgated under Federal
or state laws. '

Identification of ARAR’s is done on a site-specific basis and involves a two-part
analysis: first, determining whether a given requirement is applicable; and second, if a given
requirement is not applicable, determining whether it is relevant and appropriate. When the .
analysis determines that a requirement is relevant and appropnate substantive compliance is
the same as if it were applicable.

Appllcable standards are those cleanup or control standards and other substantive )
environmental protection requirements, criteria, or limitations promulgated under Federal or

state law that specifically address a hazardous substance, pollutant, contaminant, remedna_l

action location, or other circumstance at a CERCLA site. Relevant and appropriate -
standards refer to those cleanup or control standards, and other substantive environmental

“protection requirements, criteria, or limitations promulgated under Federal or state law: that,
~ while not applicable, address problems or situations. sufficiently similar to those encountered

at a CERCLA site that their use is well-suited to the particular site. Nonpromulgated

. advisories or guidance documents issued by Federal or state governments do not have the

status of potential ARAR’s. However, they are to be considered (TBC) in determining the
necessary level of cleanup for protection of human health and the environment. The EPA -
has identified three categories of ARAR’s:

L Chemical specific;
@ Location specific (e. & wetland hmxtatxons or hlstoncal sites); and
® Action specific (e.g., performance and design standards).

Chemlcal—specxﬁc requirements set health or nsk based - concentration hmrts or ranges
in various environmental media for specific hazardous substances, pollutants, or
contaminants. These requirements may set protective cleanup levels for the chemicals of
concern in the designated media, or may indicate an acceptable level of discharge (e.g., alr
emlssmn or wastewater discharge) where it occurs in a remedial activity.

7-4
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©  There are a limited number of chemical-specific requirements; therefore, itis = -
frequently necessary to-use chemical-specific advisory levels, such as carcinogenic slope -

factors or reference doses (RfDs). While not ARAR’s, these chemical-specific advisory

levels may factor into the establishment of protective cleanup goals (EPA, 1988). The

'ARAR’s and TBC’s for the operable unit are comprehensively discussed in appendix M.. .

72 4 Land Use

A key component in the identification of ARAR’s is the determination of current and
potential future land use af the site. The current use and long range planning by the city,
county, and Hanford Site planners show this site as industrial (appendix J). Area planners
expect that the current land use patterns will remain unchanged as long as the Hanford Site
exists. If control of the site is relinquished by the Government, Iand use in the vicinity of
the Operable Unit would remain unchanged due to the presence of éstablished commercial -
and mdustnal facﬂltles that could be readily utilized by the public sector

7.2.5 Plre]iminary Remediation Goals (PRG’s)

PRG’s are goals that when achieved will both comply with ARAR’s and result in
residual risks that fully satisfy the NCP requirements for the protection of human health and
the environment. Chemical-specific PRG’s establish concentration goals for contaminants in
medias of concern based on the land use at the site. For the 1100-EM-1. Operable Unit,
chemical-specific PRG concentrations are determined by ARAR’s. ARAR’s include -

- concentration levels set by Federal or state environmental regulations. PRG’s for this'-report :

are either based on MCL’s set under the Safe Drinking Water Act (SDWA) or clean-up
levels determined under the State of Washington’s Model Toxics Control Act (MTCA).

7.2.5.1 Media Specific PRG’s. PRG’s for the ingestion and dermal contact exposure
pathways for contaminated operable unit soils were derived using the MTCA (WAC) 173-
340]. For these exposure pathways, the points of compliance for contaminated soil sites will
be throughout the subunit from ground surface to a depth of 15 feet. The migration of
contaminants (o surface water or groundwater is not considered an operative pathway and
PRG s, based on these contaminant mlgratlon pathways were not calculated. '

Groundwater under HRL. is not a current or potential future drinking water source and
meets the MTCA criteria to disqualify it as such. However, EPA and MTCA guidance
requires that the groundwater be remediated to its most beneficial use (source of drinking
water), where practicable. ' PRG’s for groundwater are based on the most stringent of

- applicable Federal or state requirements that have been determined to be SDWA MCL’s. -

Groundwater remediation will be affected in the shortest timeframe determined to be
technically feasible. The points or alternate points of compliance will be as determined by
the EPA and Ecology. Proposed points of complance are discussed in section 8.0 as part of
the selection of alternative remedies. '



bl

R

g
~E%

A

g 3

DOE/RL-92-67

Selection of the appropriate ARAR’s for the determmatlon of these PRG’s is _
discussed in appendix M. Tables 7-1 and 7-2 summarize the PRG’s associated with each | N
media and exposure pathway for the contaminants of concern at each operable subunit. o g

7.2.5.2 Remediation Timeframe. Soil and groundwater remediation will gen_eral!y .be_ -
accomplished in the shortest timeframe that is technically feasible and that meets the fiscal
constraints of the site. Promising innovative technologies may require a longer timeframe to
implement than more proven technologies. However, because the immediate site risk is. low,
innovative technologies should not be screened out on this basis alone. The overall goal is to
select a remediation alternative that wﬂl both be effective and that can be implemented in a
reasonable timeframe.

7.2.6 Soil RAO’s

RAQ’s have been identified for the contammated near surface and subsurface soils at
the Discolored Soil Site, the Ephemeral Pooi, and HRL based on detected concentrations of
chemicals of concern in exceedence of chemical-specific ARAR’s. Al RAQ’s shall-be
accomplished in the shortest timeframe that is technically feasible and shall minimize
exposure to contaminated soils during remediation. These specific operable unit RAO’s are:

" @ UN-1100-6 Subunit (Discolored Soil Site)

a. Prevent the ingestion of and dermal contact with soils having BEHP = N
concentrations greater than the MTCA B cleanup level of 71 mg/kg. Soils shall be ‘
remediated from the surface to a depth at which the contaminant ievel falls below the cleanup
level throughout the identified area of subumt contamination, where practicable, to attam
clean closure. :

M

b.. For remedial actions that leave any contaminant in place above MTCA B

'levels provide adequate institutional controls to monitor the site after remediation, and to

prevent potent.lal future receptor exposure to contaminants.
. Ephemeral Pool

g a. Prevent the ingestion of and dermal contact with soils having PCB _
concentratlons greater than the MTCA A cleanup level of 1 mg/kg. All contaminated soils

_ sha]l be remediated from the surface to a depth at which the contaminant level falls below the

cleanup level throughout the identified area of subunit contamination, if practicable, to attain

~ clean closure. Remedlatlon would extend to a maximum of 4.6 m (15 ft).

b. For remedial actions that leave any contaminant in place above MTCA A
levels, ‘provide adequate institutional controls to monitor the site after remediation and to- "

~prevent potential future receptor exposure to contaminants.

®
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TABLE 7-1. RISKS ASSOCIATED WITH SOIL PRG’s

. PRG Cone Soil Ingestion Fugitive Dust Dermal Exposure Contaminant Totals * Subunit Totals

Operable Subunit Contaminant (mg/kg)

: HQ Risk HQ Risk HQ Risk HQ Risk "HQ Risk
UN-1100-6 BEHF 711t 0.001 8E-08 - 9E-11 0.0001 © 9EQ9 0.0011 9E-08 . 0.0011 9E-08
Discolored Soil Site §
Ephemeral Pool PCB's 1 - 6E-07 - 2E-09 - 7E-07 - 1E-06 - 1E-06
HRL PCB's 173 - 1E-05 - 8E-08 - 1E-05 - | 2505 - 2E-05

Maximum Site Risks 0.0011 2E05
! PRG for subsurface soils based on MTCA Method B.
? PRG for subsurface so0iis based on MTCA Method A Table.
3 PRG for subsurface soils based MTCA Method C.
N

TABLE 7-2. SITE RISKS ASSOCIATED WITH PRG’s FOR CONTAMINATED GROUNDWATER!

Operable Subunit - Contaminant PRG Conc Water Ingestion Inhelation of Dermal Exposure Contaminant Totals Subunit Totals
(mg/D ’ Household Release
HQ Risk | HQ Risk HQ Risk HQ Risk HQ Risk
Site-wide TCE 0.005 B 6E-07 -- 1E-06 - - - 2E-06
Groundwater .
Nitrate 10 0.17 - - - - - 0.17 -
0.17 2E-06
Site Totals 17 2E-06

! PRG's for groundwater are based on sDWA MC‘_L’s.

N

L9-T6-TWHOT
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e HRL

- a. Prevent soil ingestion of and dermal contact with soils having PCB’s at
concentrations greater than the MTCA C cleanup level of 17 mg/kg. All contaminated soils

'shall be remediated from the surface to a depth at which the contaminaot level falls below the .

cleanup level throughout the identified area of subunit contanunatlon if practicable, to- attam :

clean c]osure

: b. Prevent inhalation of fugitive dust from soils that may contam asbestos _
ﬁbers Soils shall be remediated from the surface to 2 depth of 0.6 m (2 ft) throughout the
subumt

¢. For remedial actions that Jeave any contaminant in place above MTCA. C -

levels, provide adequate institutional controls to monitor the site after remediation and to
prevent future receptor exposure to conta.mmants ' :

7.2;7 ' Gmudeater RAO’s

: For the contaminated groundwator the following RAO’s based on chemlcal-spmlﬁc
ARAR s are’ identified. .

a. Minimize exposure to contaminated groundwater during remediation

_ | through exzstmg institutional controls and the use of the domestic water supply system.

b. Restore contaminated aquifers to SDWA MCL’s of 5 ug/l for TCE and 10
mg/1 for nitrate as nitrogen at the designated points of compliance. The points of compliance
are t0 be defined by EPA and Ecology. Cleanup levels shall be met at these points within
the shortest timeframe practncabie Monitoring for compliance with this cleanup level will be
performed at the perimeter of the area defined by the points of compliance. :

: c. Protect environmental receptors in surface waters by reducing groundwater
contaminant concentrations in the plume to levels that are safe for biological and human
receptors that may be affected at the groundwater discharge point to-the Columbia River. .

7.2.8 ' Residuaf Risks Post-Achievement of PRG’s

 Residual risks after meeting PRG’s were calculated and are presented in tables 7-1
and 7-2. Maximum site risks from contaminated soils are teduced from 5E-05 based on the
95-percent UCL to 2E-05 for a 60-percent reduction in the incremental cancer risk. _
Although the groundwater is not a current or potential future source of drinking water and
there are no receptors, risks based on 1ngestlon and inhalation were calculated for purposes

79



of comparison to the baseline condition. For nitrates, remediation to the PRG gives a hazard

quotient of 0.17 compared to a 95-percent UCL based hazard quotient of 0.8. For TCE, the -

total incremental cancer risk due to-inhalation and ingestion is reduced from 2E 05 based on
the 93-percent UCL to 3E-06 for a 90-percent reduction in risk. =

Not included in these are the potentaai risks to human health and the env:ronment
assocmted with remedial activities at the site. An example would be the remedlatxon of any
soils within the HRL. Because there is a significant presence of asbestos in. landfill soils,
fugitive dust poses a health threat to remedial workers. Any activities conducted must
include the suppression of fugitive dust. Typically this is accomplished by thoroughly -
wetting the contaminated soils. While PCB’s are relatively insoluble in water, this practice

‘could potentially lead to the migration of other contaminants from the vadose zone to the
groundwater

7.3 GENERAL RESPONSE ACTIONS

~ These paragraphs describe. general response actions that satisfy the remedial action
ob_]ectlves with a range of response actions presented for soil and groundwater
contamination. These response actions should ensure the protection of human health and the
environment, maintain protection over time, and minimize untreated waste (40 CFR 300).
"Each general response action, with appropriate technology and process options, is more fully
evaluated in paragraph 7.4 and section 8.0. The following paragraphs describe the general
response actions, and include identification of areas and volumes of contaminated soils and-

. groundwater.

-7;3.1 Areal Extent and Volume of Contaminated Media

The areal extent and volumes of contammated 301] and the areal extent of and the :
volume of contaminant in groundwater are estimated in the followmg sections.  In the case of
soils, estimates are based o the results of Phase 1 and II RI soil sampling. For
groundwater, the estimates are based on modelling results that used Phase I and T RI

groundwater sampling results as input..

7.3.1. 1 Extent and Volume of Seil Contamination. Soﬂ contammatlon is beheved to be
 restricted to surface and near surface s01ls As discussed in section 4.0, the origin of the -
'BEHP at the Discolored Soil Site appears to be the result of one, and possibly several,

incidents where containers of liquid organic material were dumped onto the ground: The"

“contamination at the Ephemeral Pool is probably the result of parking lot. runoff containing
PCP’s. The PCPB’s contaminated hot spot at the HRL is believed to have originated either as

a release of hydraulic fluid from heavy machinery or from an incident where containers. of -

_11qu1ds containing PCB’s were dumped. The extent and volume of these contammated areas -

are estimated as follows:

; i ‘& UN-1100-6 Subunit (Discolored Soil Slte)——A grld was established and 15 soil -
samples were taken at this site (samples A6141S through A6155S on figure 4-3). Of these

" BEHP was only detected in samples A6150S through A6155S. These sample locations are .

within or in close proximity to the area of the soil discoloration. Because of the transport
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.




e

Ly

DOE/RL 92-67

mechanisms of BEHP (section 6.0}, the soil centammatlon is beheved to be confined to this
area. A _conservative estimate of the areal extent of the contamination is made by _
considefing the contaminated area to be bounded by the sample points, which did not detect
any BEHP.- This area is shown in figure 7-1 and measures 0.07 hectares (0.18 acres). The =
depth to which discolored soils can be distinguished is less than 0.25 m (10 in). Since- BEHP. -
is strong]y sorbed to soils, the depth of contamination is not anticipated to extend much past
this point. Contamination is conservatively assumed to extend from the surface to a depth of
0.46 m (1. 5 ft) The volume of contaminated material is thus calculated to be 340 m® (440
yd3)

. Ephememl Pool--Six surface soil samples were taken during the Phase I RI along
the bottom of the surface depression that constitutes the Ephemeral Pool (figure 4-7). ' PCB’s
contamination was detected at only two of these locations (E2 and E3). Runoff from the
parking area (presumed source) is discharged by a storm drainage pipe whose outlet is
approxiinately 12 m (40 ft) scuth of E3. Because no PCB’s contamination was detected at

- EA4, it is used as the southern most boundary of the contaminated area. The northern

boundary of the contamination is chosen as the point in the depression that is equal in
elevation to that of E4, which is 122.4 m (401.5 ft) above msl. This area is depicted in
figure 7-2 and averages 7.1 m (20 ft) in width and is 93 m (305 ft) long. The depth of
contamination is assumed to be shallow as the PCB’s should be confined to the fine =
sediments deposited as a result-of muitiple runoff events. Contamination is assumed to = -

‘extend from the surface to a depth of 0.46 m (1.5 ft). The volume of contaminated soils

associated with this site is 250 m’ (340 yd').

& HRI--HRL was investigated in both the Phase I and IT RI’s. These investigations
are summarized in section 3.0. Sampling concentrated on areas of the landfill known to have
been actively used. Because access to the landfill was uncontrolled, it is difficult to
determine what other areas may have been used. As a result of this unknown, the active
area of the landfill is assumed to be bounded by physically undisturbed topological features.
The outline of this area is shown in figure 7-3 and the area calculated by planimetry is_ .
approximately 10.1 hectares (25 acres). The exception is the southwest portion of the site
that appears to have been used as a source of borrow material. Soil sampling in this area
gave no mdlcatron of contamination that is distinguishable from background.

~Only one contaminant, PCB, is present at levels that may pose a risk to human health.
The PCB’s are concentrated around boring HRL-4 (figures 7-3 and 7-4) from which samples -
were analyzed during the Phase I RI. PCB’s were detected in soils from the surface to a

~ depth of 0.85 m (2.8 ft). PCB’s were not detected in the next sample interval that was taken

at depths greater than 1.52 m (5 ft). Additional surface and near surface samples were taken
during two separate soil sampling events during the Phase I RI (figure 4-24)} in an effort to
delineate the areal extent of the contamination. All samples were taken within an area
approximated by a 8.5 m by 8.5 m (28 1) square centered around HRL-4. Samples taken
during the last sampling event, at the vertices of this square, contained detectable '
concentrations of PCB’s. In order to determine the approximate areal extent of the
contamination, straight line extrapolations were made from the presumed center of the hot
spot, along the diagonals of the sampled area, to a point where PCB’s concentrations would
be zero. Using the most conservative of these extrapolations, the contaminated area is

7-11
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~ LEGEND :

% Approximate Aree of Sofl Discoioration
[:::3' Estimated Area of BEHP Contamination

Figure '7-41.' : Estimafed Area of BEHP Contamination at the UN-1100-6 Operabie Subunit
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estimated to be bounded by 2 17.3 m by 17.3 m (57.75 ft) square centered aIrOﬁnd HRL-4..
Using 1.52 m (5 ft) as the depth of the contamination gives a volume of 460 m® (600 yd3) _
7.3;2. Extent and Volume of Groundwater Containination

’I“‘he source of groundwater contamination at and downgradient of the HRL is

; preSumed to have originated from activities conducted offsite. The present length and w1dth ‘
© of the TCE plume is 1.6]1 km (1 mi) and 0.32 km (0.2 mi), respectively. The estimated

volume of TCE in groundwater is 75-115 L (20-30 gal). This volume does not account for
the amount of TCE which may be adsorbed onto saturated zone soils. The length of the-

" nitrate pllume is 2 km (1.25 mi) and its width is also 2 km (1.25 mi). The TCE and mtrate

plumes are shown in figure 6-12 of section 6.0.

7.3.3 '_General Response Actions for Soils and Groundwater

. General response actions for soils and groundwater are classes of actions that will
satisfy either one or more of the remedial action objectives described in paragraph 7.2.
Appropriate response actions include no action, institutional controls, containment,
excavation/treatment/disposal for soils, extraction/treatment/discharge for groundwater, and
in situ treatinént, all of which may be used alone or in combination. General response
actions have been determined for the UN-1100-6 Subunit Discolored Soil Site, the Ephemeral
Pool, HRL, and the groundwater beneath the HRL, and are discussed in paragraphs 7.3.3.1
through 7.3.3.6. '

7.3.3.1 . No Action. - This alternative is required by the NCP and has been retained for
comparison with other alternatives. Because no remedial activities would be implemented,
long-term human health and environmental risk for the site would be those identified in the
baseline risk assessments (appendixes K, L, and M} ' :

7.3.3. 2 Institutional Controls. Institutional controls include fencing, posting of signs,
fand-use restrictions, and other controls that restrict future access to, and use of,
contaminated soils and groundwater. Continued monitoring of air and groundwater quality
would also be implemented to assess the migration of contaminants offsite.

7.3.3.3 Containment. Containment actions usually involve capping contaminated soils with
a protective barrier, such as clay, concrete, or plastic liners, or isolating contaminated soils
by placing an in situ barrier, such as a bentonite slurry wall. These barriers limit
infiltration, prevent plants and animals from being exposed to contaminated soils, prevent
fugitive dust, and provide long-term stability with relatively low maintenance requirements.

Containment options for groundwater prevent the further migration of contaminants
offsite. Typically, this is achieved through the use of vertical barriers such as a bentonite
slurry ‘wall or by controiling the hydraulic gradient using a series of extraction and injection
wells. Impervious caps are also sometimes used to prevent infiltration and aquifer recharge.
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7.3.3.4 Excavation/Treatment/Dispesal for Seils. - Excavation/treatment/disposal actions
include excavation and disposal of untreated soils at.an offsite landfill; excavation, offsite
contaminant destruction, nnmob]hzat;on or other treatment, and- dlsposal at-an offsite
landfili; and excavation, -onsite contaminant destruction 1mmoblllzat10n or other treatment
-and onsite disposal. Typical treatment options inclide biological landfarming, thermal
processing, soils washmg/dechlonnaﬂon and stablhzal:ion/ﬁxatlon

7.3.3.5 Extraction/Treatment/Disposal for Groundwater Extraction wells are used to.
collect contaminated groundwater for treatment. Treatment options consist of physical,
chemical, and biological processes. Physical treatment processes include carbon adsorption,
air stripping, and reverse osmosis. Chemical oxidation, ultraviolet radiation, irradiation, and
ion exchange are several of the chemical processes. "The use of aerobic and/or anaerobic
bacteria to degmde the contaminants are the basis of biological processes. Treated =
groundwater is discharged either back into the aquifer through injector wells or discharge -
trenches, to stonn or sanitary sewers, or dlrect]y to surface waters.

7.3.3.6 In Situ Treatment. In situ technology types can include biolegical, chemical,
physical, and thermal processes. In situ treatment for soil includes aerobic or anaerobic
biological processes, surfactant soils washing, vapor extraction, chemical’ oxidation, radio-
frequency heating, stabilization/fixation, and in situ vitrification. These treatments attempt to
either destroy, immobilize, physically remove or chemlcal!y alter the contaminant(s) to
minimize harmful 1mpacts to the groundwater or surt_‘a_ce env1ronment ' a

For groundwater, in situ treatment includes aerobic or anaeroblc biological processes,
aeration, heating, and chemical oxidation or reduction. These treatments attempt to destroy,
physically remove, or chemically alter the groundwater to minimize the potential risks to . N
human health and the environment. o . R

7 :.4 IDENTIFICATION AND SCREENING OF REN.IEDIAL TECHNOLOGIES AND

_ PROCESS OPTIONS

In these paragraphs, the universe of potentially applicable technology types and

- process options are identified. The process options are screened with respect to technical

implementability, and the candidate list is reduced to reffect only those options that can be

' lmplemented at the site. Site specific information obtained during the Phase I and II RI’s is

used as a basis for scréening. This information includes contaminant types, concentrations,
and volumes, and site soil and hydrogeological characteristics.

.. Technology types and process options: are- selected within each general response: actxon
to satisfy the remedial action objectives for the site. Approprlate treatment technologies were
identified and screened using the following references: Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA (EPA, 1988), Handbook for ~ = =~
Stabilization/Solidification of Hazardous Waste (_EPA 1986a), Guide to Treatment :
Technologies for Hazardous Wastes at Superfund Sites (EPA, 1989¢c), Handbook on In Sity
Treaiment of Hozardous Waste-Contaminated Soils (EPA, 1990b), Innovative Treatment -, -
Technologies: Overview and Guide to Information Sources (EPA, 1991b), Treatment .

- Technologies Second Edition (GII, 1991) and Water T?eamwnt Principles and Design : . TN

(MM, 1985).
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7.4.1 . Icientlficatmn and Screenmg of Sml Techmologles and Proces's Options

Tbe initial screening of soil technologles and process options is summarized in'table . -

7~ 3. Capping is the only technology type retained for the containment general response : :
‘action. Other containment alternatives are infeasible because of the extent and depth of the )

contamination (specifically at IRL). In situ thermal treatment is also rejected as a
technology type because of the low volatifity of the organic contaminants and the non-
homogenous nature of HRL. A summary of the technology types and process optlons

. rctamed after mltlal screening is provided in table 7-4.

'7'.4_.2_ .Ideﬁtification and Screening of Groundwater Technologies and Process Options "

' Table 7-5 summarizes the groundwater technologies and process options initially
screened. Hydraulic gradient control is the only process option retained for the containment
general response action. All other containment options are not feasible due to the areal - -

- extent and depth of the contaminant plume. In situ chemical treatment is rejected as a

technology type because chemical treatments are not applicable to the contaminants of
concern or their concentrations, or because of the depth of the aquifer. Table 7-6 is a
summary of the groundwater technology types and process options remaining after initial

screening. -

: 7.5 EVALUATION OF RETAINED PROCESS OPTIONS

1In this section, process options that were retained after the initiat screening are
evaluated with respect to effectiveness, implementability, and cost. This evaluation focuses
on the technologies and the general response actions they are intended to satisfy, and not of -
the site as a whole. A greater emphasis is placed on the effectiveness of the process option,
with implementability and cost receiving less consideration. The goal of this step on the
screening process is to select a representative process from each technology type to simplify
the development and evaluation of alternatives to be accomplished in subsequent steps.

‘The effectiveness evaluation considers the following:

4 The ability of the process option to effectively handle the estimated areas or
volumes of contaminated media in meeting the RAQ’s; '

®  The risks to human health and the environment during the construction and
implementation phase; and

® The demonstrated reliability of the process for the contaminants and conditions
of the site:
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. TABLE 7-3 :
INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS i
Page 1 of 6
General . Remedial Process Option Déscription ' Screening Comments
Response Action  Technology Type
No Action None Not Applicable Contaminated soils are left in place with Consideration required by NCP.
no further disturbance of site.
Institutional Access Administrative Regulations would be established to restrict Potentially feasible,
Controls Restrictions Controls the use of land in the area of concern.
Deed Restrictions Change of ownership deeds wonld require Potentially feasible.
limitations on future land uses.
Excavation Existing and future landowners would be Potentially feasible.
" Restrictions restricted in new subsurface construction

or excavation.

Fences . Access to contaminated soil sites would be Potentially feasible,
: restricted by use of fence,

Monitoring Air Monitoring Air sampling stations would be installed to Potentially feasible.
monitor dust-borne contaminated
particulates on a regular basis.

Groundwater Sample and test groundwater on a regular Potentially feasible.
Monitoring basis,
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TABLE 7-3 (Contmued)

INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

Page 2 of 6

General Remedial
Response Action — Technology Type

Process Option

Description

Screening Comments

Containment Capping

Horizontal
Barriers

Vertical Barriers

RCRA Cap

MSWLF Cap

Asbestos Cap

Options Include:
Grout Injection and
Liners

Options Include:
Slurry Walls, Grout
Curtains, and Sheet
Piling

Cap complying to RCRA standards for
closure of landfills.

Cap complying to the Washington
Administrative Code (WAC) for closure of
municipal solid waste landﬁlis (MSWLF)

* in arid regions.

. Cap complying to the code of Federal

regulation for closure of landfills
containing asbestos.

A horizontal barrier is placed below the
contaminated soil to prevent migration of

contaminants to groundwater.

A vertical barrier is placed to prevent

contaminants from migrating,

N

Potentially feasible.

Potentially feasible.

Potentiaily feasible.

L9-T6- T80

Not feasible due to extent and depth of

contamination.

Not feasible due to axtent of
contamination.
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TABLE 7-3 (Continued)

INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

.Page 3of6

General
Response Action

Remedial
Technology Type

Process Option

Description

Screening Comments

Excavation/
Treatment/
Disposal

ST-L

£-L 3[9EL

Excavation Earth-Moving
Equipment

Thermal Rotary Kiln

Treatment Incinerator

Infrared Incinerator

Circulating Fluidized:

Bed Incinerator

Low Temperature
Thermal Deserption

Vitriﬁcatidn

Backhoes, loaders, bulldozers, dump
trucks, etc. used to excavate and move
contaminated soil to treatment area if
required.

Slightly inclined, refractory-lined cylinder

used for the controlled combustxon of
organic waste.

Silicon carbide elements are used to .
generate thermal radiation beyond the red
end of the visible spectrum to combust
organic waste.

Refractory-lined vessel containing a
fluidized bed of inert, granular, sand-like
material at high temperatures is used to
combust organic waste.

Low temperature treatment to remove
volatile and semivolatile organic
compounds from soil.

Contaminated soils are fed into a melter

which destroys organics and melts
inorganic constituents into a glass pool.

Potentially feasible.

Potentially feasible for organics.

Potentially feasible for organics,

~L9-T6-Td/A0d

Potentially feasible for organics.

Not applicable to PCB’s or BEHP.

Potentially feasible.
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TABLE 7-3 (Continued)

INITIAL, SCREENING OF SOIL TECHNOLOCGIES AND PROCESS OPTIONS

Page 4 of 6
General Remedial Process Option Déscription Screening Comments
Response Action  Technology Type
Excavation/ Chemical Dechiorination Soils. mixed with chemical réactant to Potentially feasible for PCB's.
Treatrient/ Treatment destroy . chiorinated compound such as
Disposal (cont.) PCPB’s. '
) Fixation/Stabilization = Excavated soil is mixed with pozzolanic Potentially feasible for inorganics.
material to forni leach-resistant blocks. Effectiveness on organics would
- : ' — require testlng,
Chemical Oxidation Scils treated with ozone or hydrogen Not applicable to non-water-soluble
.~peroxide to oxidize organics. PCB’s and BEHP. Partial degradation
' : ‘ byproducts are toxic.
Physical Solvent Extraction An organic solvent is used to extract Potentially feasible for PCB’s and
Treatment orgatic contaminant from soil. BEHP. -

Supereritical
CO, Extracfion

Soil Washing

Qrganics are extracted from contaminated

soils by mass transfer to supercritical CO,.

Mechariical processes are used to separate
particles that contain coritaminants,

P

Potentially feasible for PCB’s and
BEHP.

Potentially faasible.

L9-T6-"T4H0A
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- TABLE 7-3 (Continued) S '
INTTIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

Pag.e 50f6

General
Response Action

Remedial
Technology Type

Process Option

Description

Screening Comments

Excavation/
Treatment/
Disposal (cont.)

LT-L

In Situ
Treatment

g Jo ¢ =8eq
¢-L S[qeL,

Biological
Treatment

Disposal

Thermat
Treatment

Aerobic
Anaerobic
Onsite

Offsite

Radio Fr_eqilency-
Heating '

In Situ Vitrification

Oxygen-utilizing bacteria destroy
contaminants by oxidation,

Cosubstrate is introduced fo stimulate
anaerobic bacteria to degrade
contaminants.

Treated soils exhibiting no hazardous
characteristics redeposited onsite.

Treated soils meeting RCRA BDAT
criteria deposited in hazardous waste
landfill.

Electrodes are placed in contaminated soils
and radio frequency energy is used to heat
soils and volatilize organics.

Electrodes are placed in contaminated soils
and resistive heating melts soil and forms
stable glass. : :

Tar

Potentially feasible for PCB's and
BEHP.

Potentially feasible for PCB’s and
BEHP.

Potentially feasjble.

L9-T6"TA/AOA

Potentially feasible.

Not feasible due to low volatility of
organic contaminants,

Not feasible for nonhomogenous
landfill soils or shallow contaminated
soils.
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' TABLE 73 (Continued) .
INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

Page 6 of 6
General Remedial Frocess Option Description Screening Comments
Response Action Techriology Type o '
In Situ Chemical Fixation/Stabilization Stabilizing agents are mixed into soils to Potentially feasible.
Treatment Treatment immobilize contaminants.
(cont.}
Surfactant Enhanced Surfactant solution is percolated through Not feasible due to-areal extent of
Soil Washing soil column to.expedite removal of contamination.
- cofitarinants.
Physical Vacuum Extraction Vertical and/or hotizontal vents are used to  Not feasible due to low volatility of
Treatment extract volatile organic contaminants.. PCB’s and BEHP.
Biological Aeérobic Nutrients and scclimated oxygen-utilizing Potentially feasible for PCB’s and
Treatment ‘ bacteria are introduced into soils to BEHP.
stimulate biological degradatior of :
contaminants. '
Anaerobic Cosubstrate and nutrients are introduced to Potentially feasible for PCB’s and

subsurface and anaerobic bacteria are
stimulated to degrade chlorinated organics.

7y
N

BEHP.

=
e

L9-76-Ta/H0a
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TABLE 74
SOIL. PROCESS OPTIONS REMAINING
AFTER INITIAL SCREENING S
Page 1 of 1
" General Response Action Remedial Technology Types Process Options

Excavation/Treatment/Disposal

In Situ Treatment

Thermal Treatment

Chemical Treatmernt

Physical Treatment

Biological Treatment
Disposal

Chemical Treatment

Biological Treatment

7-29

No Action None Not Applicable
Institutional Controls Access Restrictions Administrative Controis
- Deed Restrictions
Excavation Restrictions
Fences
Monitoring Air Monitoring
Groundwater Menitoring
Containment Capping RCRA Cap
: MSWLF Cap
Asbestos Cap
Excavation Earth-Moving Equipment

Rotary Kiln Incinerator

Infrared Incinerator

Circulating Fluid Bed
Incinerator

Vitrification

Dechlorination
Fixation/Stabilization

Solvent Extraction

Supercritical CO, Extraction

Soil Washing

Aerobic
Anaerobic

Onsite
Offsite

Fixation/Stabilization

Aerobic
Anaerobic
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INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
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TABLE 7-5

Pége 1of 10

General
Response Action

Remedial

Technology Type

Process Option

Description

Screening Comments

No Action

Institutional
Controls

None

Alternate Water
Supplies

Point of Entry/
Point of Use:
Treatment

Not Applicable

Municipal Water
Commercially
Supplied

Surface Water

Activated Carbon
Adsorption

Filtration

Ton Exchange

Reverse Osmosis

Contaminated groundwater will be
attenuated naturally by dispersion,
diffusion, and dilution.

Extend existing water supply system to
future users,

Supply commercially bottled water to
fature users.

Use surface water to supply future users.

Adsorb contaminants onto activated carbon
by passing water through carbon column,

Remove suspended solids by straining and
adsorption onto filter media. '

Hazardous anions and/or cations are
removed by passing water through ion
exchange resins.

Water is forced through a'membrane under
high pressure to filter out contaminants.

Consideration required by NCP.

Potentially feasible.

Potentially feasible.

L9-76"Td/A0d

Not feasible because there is currently
a moratorium on new suiface water
withdrawals from the Columbia River.

Potentially feasible only for removal
of TCE.
Not effective for removal of TCE or

nitrates.

Potentially feasible for removal of
nitrates only.

_Péfgnt_iaily feasible.
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TABLE 7-5 (Continued)

IN ITIAL SCREENING OF GROUNDWATER TECHNOLOGIES .AND PROCESS OPTIONS

Page 2 of 10

General Remedial
Response Action Technology Type

Process Option

. Description

Screening Comments

Institutional . Point of Entry/

Controls (cont.) Point of Use
Treatment
(cont.)

Access
Restrictions

Distillation

Ozonation
Ultraviolet Radiation

Electrodialysis

Admirnistrative
Controls

Deed Restrictions

Fences

Miscible liguids are separated.

Ozone used as an oxidant to destroy
contammant

Ultraviolet radiation used to oxidize
contaminant.

Electric energy is used to transfer jons and

anions in water through selective
membranes leaving behind purified water.

Regulations would be established to restrict

the use of groundwater in the area of
concérn. '

Property deeds would include restrictions
on weils,

A fence around the groundwater plume -
would be installed to restriet access,

Not feasible due to low concentration
of TCE,

Potentiaily feasible for TCE only.
Poteniially feasible for TCE only.

Potentially fedsible for nitrates only.
Potentially feasible.

Potentially feasible, -

Not feasible due to extent of
contamination and potential for further
migration.

N
N

£9-76-TAH0Ad
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TABLE 7.5 (Contmued} : o
INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS '

- General
Response Action

Remedial
Technology Type

Process Option

Description

Page 3 of 10

Screening Comments

Institutional
Controls (cont.}

Containment

Monitoring

Capping

Vertical Barriers

Hydraulic
Gradient Barrier

Borizontal
Barriers

Monitoring Wells.

Various Options
Include: Clay and
Soil, Geomembrane,
Asphalt, Conorete,
and Multimedia Caps

Various Options
Include: Grout
Curtains, Sheet
Piling, and Slurry
Walls

Hydraulic Gradient

- Control

Varions Options
Include: Grout
Injection and Liners

- Test groundwater samples on a regular

basis.

Cap over areas of groundwater
contamination to prevent infiltration from
rainwater and further spread of
contaminant plume. Capping options are
only effective in combination with vertical
barriers.

Vertical walls would be constructed around
the contaminant plume to prevent further
migration.

Groundwater flow patterns are altered
through use of extraction and recharge
points to prevent migration of the
contaminant plume.

. A horizontal barrier is placed below the

contaminated plume to préevent downward
migration.

'Potentiany feasible.

Not feasible due to extent of
contaminant plume.

Not feasible due to extent of
contaminant plume.

Not feasible due to extent of
contaminant plume.

Not feasible due to extent of
c(_)ntamination.

L9-26"TA/HOA
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TABLE 75 (Contmued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 4 of 10

General
Response Action

Remedial
Technology Type

Process Option

‘Description

Screening Comments

Containment
(cont.)

Extraction/
Treatment/
Pischarge

_.Surface Controls

Extraction

Grading

Deep Wells

Ejector Wﬁilé

Weill Points

Trench Drains

Tile/Perforated Pipe

Drains

Infiltration Galleries |

Regrade area above contaminated plume to
- provide drainage for runoff and reduce

infiltration of rainwater.

Submersible pump used to pump water
from a deep well.

. -Medium depth wells.-are pumped using a

jet pump

Groups of wells are cm:mected to a

common header pipe or manifold and

pumped by suction lift or vacuum pumps.

Excavated ditch backfilled with coarse
gravel,

Collection trench excavated, tile or
perforated pipe placed, and trench
backfilled with coarse gravel.

Horizontally laid screens connected to a
well to improve extraction capacity,

Not feasible due to extent of
contaminant plume.

Potentially feasible.

Potentially feasible.

Not faasible due to depth of aquifer.

Not feasible due to depth of aquifer.

Not feasible due to depth of aquifer.

' Not feasible due to depth of aquifer.

19-76-TI/A0A
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TABLE 7-5 (Contmued) '
INITTAL SCREENING OF GROUNDWATER TECHN OLOGIES AND PROCESS OPTIONS

General Remedial Process Option Description | Screening Comments
Response Action Technology Type '
Extraction/ Extraction Sumps Excavated area to collect water at central Not feasible due to depth of aquifer.
Treatment/ (cont.) location,
Discharge (cont.)
Enhanced Extraction Extraction/injection process to increase Potentially feasible.
: flow to extraction well.
Physical Adsorption Organics adsorbed onto the surface of a Potentially feasible for TCE.
Treatment media (activated carbon).
Air Stripping Mass transfer of VOC from liguid to air in Poteﬁtially feasible for TCE.

Steam Stripping

Reverse Osmosis

Ultrafiltration

a packed column by mixing high volumes
of air with water,

Mass transfer of VOC from liquid to steam
in a packed column by mixing high
volumes of steam with water.

Water is forced through a membrane under
high pressure to filter out contaminants.

Liquid is forced through a membrane
_under pressure and large molecular weight

contaminants are filtéred out.

Potentially feasible for TCE.

Potentially feasible.

Not feasible due to low molecular

- weight of TCE and nitrates.

Page 50f10

 [9-76"T4/H0A
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‘TABLE 7-5 (Contmued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 6 of 10
General Remedial Process Option Description Screening Comments
Response Action Technology Type -
Extraction/- Physical Electrodialysis Electric energy is used to transfer ions and Potentlally feasible for the removal of
Treatment/ Treatment : : anions in water through selective nitrates. :
Discharge (cont.) {cont.) membranes, Ieav_ing behind purified water.

Solvent Extraction

Critical Fluid
Extraction

Distillation
Freeze

Crys'talli‘zation

Coagulation/

Flocculation

Dissolved.- Air

. Flotation

Contaminated water is mixed with a

solvent and mass transfer of the
contaminant from the liquid to the solvent

- OCCUrs.

Superecritical gas is used to dissolve
organic wastes and extract them from

‘contaminated water.

Miscible liquids are separated.
Separates contaminated water into separate
phases by freezing,

Suspended solids are aggregated to
facilitate settling.

Air is _forc'ad.'into the contaminated liquid
under pressure and suspended solids are

floated to the water surface.

Not feasible due to low concentration
of TCE,

Not feasible due to low conceniration .

of TCE.

Not feasible due to Jow concentration -
of TCE. :

Not feasible due to low concentration
of TCE.

Not applicable to TCE or nitrates,

Not applicable to dissolved
contaminants.

1976 T/AOA
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- TABLE 7-5 {Contmued)

Page 7 of 10

General
Response Action

Remedial
Technology Type

Process Option

Description

Screening Comments

Extraction/
Treatment/
Discharge (cont.)

Physical

Treatment
(cont.)

Chemical
Treatment

Centrifugation

Evaporation

Chemical Oxidation

Reduction
Hydrolysis
Chemical
Dechloril_lation

Ultraviolet Radiation/
Photolysis

Irradiation

Separation process by which contaminants
are separated from water through rapzd
rotation of the water.

The concentration of solutions of
nonvolatile solutes through heat-induced
vaporization of the water.

An oxidizing agent is mixed into the
contaminated water and the contaminant is
oxidized.

Meital ions are reduced to solid form.

Destruction of organic molecules by
adjusting pH to acidic or basic conditions.

High temperatures and pressures used to
remove chlorine atoms from contaminant,

Contaminants are oxidized using ultraviolet
radiation or sunlight,

Chelmcal reactions are mltlated by
exposing the contammated water to gamma
irradiation. .~ :

Not applicable to the 'separation of -
TCE or nitrates from water,

Not applicable to TCE or nitrates.

Potentially feasible for TCE.

L9-T6"T4/30d

Not applicable for TCE or nitrates.

Not applicable due to low
concentration of TCE.

Not applicable to dliute aqueous waste
streams.

Potentially feasible for TCE,

Potenﬁ_ally feasible.
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TABLE 7-5- (Contmued)

INITIAL SCREENING OF GROUNDWATER TECHNODOGIES AND PROCESS OPTIONS

Page 8 of 10
General Remedial Process Option Déscription Screening Comments
Response Action Technology Type : '
Extraction/ Chenical Neutralization Acidic or basic waters are neutralized by Not applicable to groundwater
Treatment/ Treatment adding acid or base. contaminated with TCE or nitrates.
Discharge (cont.) (cont.)
Precipitation Metals are converted to an msolubie form Not applicable to TCE or nitrate
and .precipitated. removal.
Ton Exchange =Ha?ardous anions and/or cations are . Potentially feasible for:removal of
rethoved by passing water through ion nitrates.
exchange resins,
Biological  Acrobic Bacteria requiﬁng oxygen for metabolism. Potentially feasible.
Treatment oxidize contaminant in groundwater, '
Anaerobic Bacteria which do'not require oxygen for - Potentially feasible.
metabolism oxidize contaminants in
groundwater.
Aerobic/ Anaerobic Oxidation of contaminants using a Potentially feasible.
combination of aerobic and anaerobic :
bacteria.
Sewage Onsite Sewage : Extracted groundwater pumped to an onsite Not feasible because there is.no onsite

.!/-”\ :

i Treatment Plant

Treatment Plant -

sewage treatment plant

O

plant.

N
\_J

L9-76-"R/HA0d
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TABLE 7-5 (Contmued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS . OPTIONS

Page 9 of 10

General Remedial - Process Option " Description Screening Comments
Response Action Technology Type ' '
Extraction/ Sewage Offsite Sewage Extracted groundwater is treated at a Not feasible due to low concentration
Treatment/ Treatment Plant - Treatment Plant "~ of TCE. Diluted wastewater could .

Discharge (cont.)

6€-L

In Situ
Treatment

o1 jo 6 afey
L ) CEN B

(cont.)

Discharge

Physical

Sanitary Sewer

Storm Sewer

Surface Water

Reuse/Recycle

. Recharge

Aeration

Heating

publicly owned sewage treatment plant.

Treated water discharged to sanitary sewer
and conveyed to publicly owned treatment
plant,

Treated water dischdrged to storm sewer,
Treated water discharged to surface watér
(Columbia River).

Treated water rensed or recycled onsite.
Treated water recharged into the ground.
Air is pnmped into the contaminated

aquifer in order to volatilize contaminants.

Contaminants are volatilized through the
addition of heat to the aquifer

potentially upset system.

Not feasible. ‘Diluted wastewater
could potentially upset offsite sewage
treatment system. -

Not feasible because there is no siorm
sewer network in this proximity.

Potentially feasible.

Potentially feasible.

Potentially feasible.
Potentially feasible for TCE.

Potentially feasible for TCE.

L9-T6-TA/H0d
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TABLE 7-5 (Contmued)

IN[TIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

~ Page 10 of 10

General
Response Action

‘Remedial
Technology Type

Process Option:

Description

Screening Commients

In Sita
Treatment

{cont.)

Physical (cont.)

‘Chemical

Biological

' Treatment Trenches

Hydrolysis

Oxidation

Reduction
Neutralization

Aerobic

Anaerobic

_Aerobie/Anaerobic

Trenches are excavated downgradient of
the contamination and backfilled with

activated carbon to adsorb the confaminant.

Destruction of organic molecules by
adjusting pH to acidic or basi¢ conditions.

-Addition of oxidizing chemicals to aquifer
© to-oxidize contaminant.

Addition of chemicals to aquifer to reduce
etal ions to solid form.

An acid or base is‘added to the aquifer to
neutralize the groundwater.

Aerobic bacteria oxidize contaminants.
Anaerobic bacteria oxidize contaminants,

Combination of acrobic/anaerobic bacteria

oxidize contaminants.

s
S

Not feasible due to depth of aquifer.

Not applicablé due to low-
concentration of TCE.

Not applicable due to depth of aquifer’
and inability to adequately mix reagent‘

and groundwater.

Not applicable to TCE o nitrates.

- ‘Not applicable to’ groundwater -

contaminated with TCE or nitrates,
Potentially feasible.

Potentially feasible.

- Potentially feasible.

o

L9-¢6-T4/40d
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TABLE 76 :
GROUNDWATER PROCESS OPTIONS REMAINING
AFTER INITIAL SCREENING e
Page 1 of 2
'G'ene_rall-Résponse Action Remedial Technology Types Process ()pt'ionﬁ
No Action None . Not Applicable
Institutional Controls Alternate Water Supplies Municipal Water Commerciaﬂy o
: ' ' Supplied o
Point of Eniry/Point of Use Activated Carbon Adsorption
Ry Treatment Ton Exchange
o ‘ Reverse Osmosis
o Ozonation ‘
1y Ultraviolet Radiation
. Electrodialysis
' Access Restrictions Administrative Controls
& Deed Restrictions
: Monitoring Monitoring Wells
@ Containment None Remaining After Not Applicable
oy : Screening -
- Extraction/Treatment/ Extraction Deep Wells
. Discharge Ejector Wells
Py Enhanced Extraction
Physical Treatment Adsorption
Air Stripping
Steam Stripping
Reverse Osmosis
Electredialysis
Chemical Treatment Chemical Oxidation
Ultraviolet Radiation/Photolysis
Irradiation
Jon Exchange
Biological Treatment Aerobic
Anaerobic
Aerobic/Anacrobic
/lh\
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TABLE 7-6 (Continued)
GROUNDWATER PROCESS OPTIONS REMAINING
~ AFTER INITIAL ‘SCREENING . _ ] '
: : ~'Page 2 of 2
" General Response Action -Remedial Technology Types Process Options
.E_xtractibﬂ/Trealmcnt/ Discharge : ‘ Surface Water
Discharge (cont.) " Reuse/Recycle
. Recharge
In Situ Treatment Physical Aeration
: Heating
Biological ' Aerobic
. Anaerobic
Aerebic/ Anaerobic
P
—
N

7-42
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The technical feasibility of implémenting the process options was considered at initial
screening. . At this stage, the administrative feasibility of the process options are con31dered
The evalluatlon criteria used includes:
L e  The abi}ity to obtain the necessary permits from the appropriate agenciés_ for-
‘offsite actions; : ' '

. The ability to access and use treatment, storage, and disposal services;

. The avallabllxty of skilled workers and proper equipment to Jmplcment the

technolo;:fy, and

®  The ability to meet ARAR’S.

At this stage cost plays a limited role in screening of process options. Cost analysis
is made on the basis of engineering judgement. Relative capital and operation and

- maintenance (O&M) costs are used in lieu of detailed estimates to compare costs within each

technolOgy'type, and processes are evaluated as to whether costs are high, medium; or low,

Summanes of the evaluations of soil and groundwater process options are provided in

‘tables 7-7 and 7-9. A detailed narrative evaluation of each of the process options is provided -
“in appendix M. The process options remaining after this screening evaluation are presented

in tables 7-8 and 7-10 for soils and groundwater, respectively. For soils, applicability of the
process option to each specific subunit is also noted. The next step is to assemble the '
retained technologies into remedial action alternatives representing a- range of treatment and

contamment combinations. This is presented in section 8.

7-43
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TARLE 7-7 _
SUMMARY EVALUATION OF SOIL PROCESS OPTIONS
' Page 1 of 6
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action Technology Type ' Cost Develop
| Alternatives?
No Action None Not Applicable Health risks for Easily impiemented, but -—- Yes
: industrial land use would  ARAR’s would not be
remain the same. met atid this option may
Contaminants are not be acceptable to-the
persistent and would regulators or public.
remain onsite.
N -
& Institutional Access Administrative Land use can be Existing zoning and land Low capital. Yes
Controls Restrictions Controls controlled in the near- use plans are in place. Low O&M. .
term future (20 years). and currently are being
Risks to public remain implemented.
" the same unless site is
remediated.
Deed New owners could still Not impiementable Low capital. . No
Restrictions be exposed to because Government Low O&M.
contaminated soils if will not dispose of land
they remain in place. which is contaminated.
Excavation Owners could still This restriction would be  Low capital. No
Restrictions excavate in contaminated  difficult to enforce if Low O&M.
soils which remain in. land use changes.
place,
o = : . - _ :
® & Fences Access to contaminated Easily implemented. - Moderate - Yes
-2 sites would be restricted. . capital. ' o
g 4 Contaminated soils Low O&M..
(=31

would remain in place.

L9-T6"TH4/H0A
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TABLE 7-7 (Continued)

SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

.Page 20f6
General Remedial - Process Option Effectiveness Imiplementability Relative Used to
Response Action  Technology Type : Cost Develop
Alternatives?
Monitoring Air Menitoring Valuable to document Easily implemented. Moderate Yes
- conditions and monitor. ' capital. .
reléases. Does not Moderate
reduce risks. O&M.
Groundwater Valuable to document * Easily implemented. High capital. Yes
Monitoring conditions and monitor High O&M.
releases. Does not
reduce risks. '
Containment Capping RCRA Cap Effective barrier to Possible clay. source High capital. No
prevent infiltration and nearby. Easily - Low O&M.
prevent fugitive dust. implemented. :
WAC Cap Effective barrier to Easily implemented., ngh capital. Yes
' prevent infiltration and Low O&M. )
prevent fugitive dust,
Asbestos Cap Does not prevent Easily implemented. Moderate Yes
infiltration. Effective in capital.
prevention of fugitive Low O&M.
dust. - : '
Exqé,vaﬁon/ -Exaavﬁtibn Eafth—Mov_ing _Effectiveness methods _ Easily implémen'ted.. . Moderate Yes
Treatment/ .~ ' _ Equipment for excavation and Operators may require capital.
Disposal =~ ~ hauling of contaminated protective clothing and Moderate -
. - soils. o respirators, O&M.

N

£9-76-14/404
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. TABLE 7-7. (Contmued)

=

50

SUMMARY EVALUATION OF SOIL PROCESS OPTION S

Page 3 of 6
General Remedial Process Option Effectiveness . Implementability Relative Used to
Response Action Technology Type Cost Develop
Alternatives?
Excavation/ Thermal Rotary Kiln Effective in destroying - Onsiteand offsite Moderate Yes
Treatinent/ Treatment Incinerator organic contaminants, technology readily capital.
Disposal (cont.) available. May tequire Moderate
some special material O&M.
handling. Permits will
be required for onsite
processing.
Infrared Effective in destroying Onsite and offsite Moderate No
Incinerator -organic contaminants. technology readily capital.
available. Will require Moderate
special material O&M.
handling. Permits will
be required for onsite
processing.
Circulating Fluid Effective in destroying Onsite and offsite Modezate No
Bed Incinerator organic contaminants. technology readily capital.
available. 'Will require Moderate
special material O&M.
handling. Permits will
be required for onsite
processing.
Vitrification Effective in destroying Technology not reach]y Moderate No .
organic coniaminants. . available. capital. '
o ' ‘Moderate

g

- O&M.

£9-26-"T4/404
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TABLE 7-7 (Continued)

5 1

SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

Page 4 of 6
General Remedial Process Qption Effectiveness Implementability Relative Used to
Response Action Technology Type ' Cost Develop
. Alternatives?
Excavation/ Chemical Dechlorination Effective in Technology available. Moderate - No
Treatment/ Treatment dechlorinating PCB’s, Large quantities capital.
Disposal (cont.) - (>10,000 tons) required  High O&M.
for cost effectiveness. :
Stabilization/ Effectiveness in - Readily implementable Moderate - No
Solidification stabilizing organie soil with a number of capital.
contaminants is not well - stabilizing reagents Moderate -
proven. : . available, Treatability D&M,
- tests reguired.
Physical Solvent - Removal efficiencies for Readily implementable. High capital. No
Treatment Extraction - PCB’s between 84 to 98 Special handling High O&M.
' percent. Not proven for - considerations. Extract -
BEHP but likely to be . must be recycled or
effective. _treated. Requires
muitiple treatment
passes.
Supercritical CQ, Has proven effective in - Full scale technelogy not No costs - Yes
Extraction ‘bench scale studies for yet developed for HTW available.

- removal of organics. -

VORI
A

'r_emediat‘.ion. Extract

‘must be recyeled or .

treated.

19-T6-T4/300
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TARBLE 7 7 (Contmued)

- SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

Page 5 of 6

General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type . Cost Develop
' Alternatives?
Excavation/ Physical Soil Washing Effective in reducing Readily implementable. High capital. No
Treatment/ Treatment contaminated soil Large quantities High O&M.
Disposal (cont.) (cont.) volumes, (> 10,000 tons) required
' for cost effectiveness.
Residual soils require
additional treatment.
Biological Aerobic ‘No field demonstrated Readily implementable. Moderate Yes
Treatment remediation of PCB’s. Would require capital.
Biodegradation of BEHP treatability study. May Moderate
reported but not not be able to achieve O&M,
conclusive. BDAT standards. '
Anaerobic Bench scale studies have Would require High capital. No
demonstrated treatability studies, High O&M.
degradation of PCB’s. Reactors for anaerobic
No field results. conditions would be
required.
Disposal Onsite Disposal Effective for disposal of ~ Readily implementable. =~ Low capital. Yes
treated soils which meet Low O&M.
the BDAT requirements
for land disposal.
Offsite Disposal - Effective for disposal of Readily implementable Moderate - Yes
PCB contaminated soils. with facility in close capital. I
No reduction in toxicity . proximity. No O&M.:

would be achieved.

£9-76~T1/3
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TABLE 7-7 (Contmued)

SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

Page 6 of 6
General _ Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type C ' ' ' Cost Develop
' Alternatives?
In Sita Chemical Stabilization/ Effectiveness in : Readily implementable ~ Moderate No
Treatment Treatment Solidification " stabilizing organic technology. Debris and capital,
' . contaminants in not well concrete at HRL, will Low O&M.
. proven. pose problems.
Biological Aerobic No field demonstrated Readily implementable.  Low capital. Yes
Treatinent remediation on PCB’s. Would require Moderate .
Biodegradation of BEHP treatability studies. May  O&M.
reported but not not be able to achieve
conclusive, BDAT standards.
Anaerobic Bench scale studies have Maintenance of Moderate No
demonstrated anaerobic conditions in capital.
degradation of PCB's, - field would be difficult. Moderate
No field resuits. O&M.

/”\
N

®

£9-T6-T4/300
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TABLE 7-8
SOIL PROCESS OPTIONS REMAINING

AFTER EVALUATION OF PROCESS OPTIONS

General Response Action

Remedial Technology Types

Page 1-of 1~

Process Options

No Action

Institutional Controls

Containmert

Excavation/T teatment/Disposal

In Situ Treatment

None

Access Restrictions
.Monitoring
Capping

Excavation

Thermal Treatment

Chemical Treatment

Physical Treatment

Biological Treatment

" Disposal

Chemical Treatment

Biological Treatment

7-51

Not Applicable

Administrative Controls
Fences

Air Monitoring

" Groundwater Monitoring

WAC Cap
Asbestos Cap

. Earth-Moving Equipment '

Rotary Kiln Incinerator

None Remaining

Supercritical CO, Extraction

Aerobic -

. Onsite

Offsite
None Remaining -

Aerobic
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units. May be an
inconvenience to users.
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TABLE 79 :
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS
' Page 1 of 7.
Genersl Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type . o ' Cost Develop
' Alternatives?
No Action None Not Applicable There is no cnrrent risk Easily implemented. -— Yes
to human health because This glternative may not
domestic water is be acceptable to
supplied through the city - . regulators or the public.
of Richland’s
distribution network.
The quality of the
groundwater is niot
improved.
Institutional Alternate Water Municipal Water Health risks to receptors The city of Richland Low capital. Yes
Controls Supplies are eliminated because- currently supplies Low O&M.
: all‘industrial and .domestic and industrial
domestic users are users downgradient of
supplied through the the plume. - Distribution
inunicipality, network already in
‘ place.
Commercially ‘Health risks are Easily implementsble. Low capital. " No
Supplied eliminated because May be an Low O&M.
domestic users drink inconvenience to users. :
bottled water. :
Point of Entry/ Various (ses Effective in treating Easily implemented. Moderate . Neo
. - PointofUse Table 7-5) .water at the poifit of use ~ Would require ' capital.
. Treatment maintenance of traatment  High O&M,

£9-26-T4/300



€L

L Jo 7 38eg

6-L 291

T
o

28 205 :¢

e
Gl

DOE/RL-92-67

TABLE 7-9 (Continued) :
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 2 of 7

aguifers with high
hydraulic conductivities.

o

General Remedial Process Option " Effectiveness Implementability Relative . Used to
Response Action Technology Type : B ‘Cost Develop
Alternatives?
Institutional Access Administrative Effective in restricting Easily implemented. Low capital, Yes
Controls (cont.) Restrictions Controls. future well drilling. No-  Both DOE and Ecology Low O&M. -
reduction in contaminant  can restrict well drilling.
concentrations.
. Deed Effective in preventing Difficult to implement if Low capital, No
‘Restrictions future well drilling. No land comes under Low O&M.
reduction in'contaminant  private ownership. '
concentrations,
Monitoring Monitoring Effective:in identifying Easily implemented. High capital. Yes
Wells the extent, spread, and High O&M.
concentration of the
contaminant plume. No
reduction in contaminant
concentrations.
Containment None Remaining Not Applicable . - -— -
After Initial . '
- Screening
" Extraction/ Extraction Deep Wells Effective in pumping -Easily implemented. High capital. Yes
- Treatment/ large volumes of High O&M.
Discharge - groundwater from ' '

£9-76-"T/40d
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TABLE 7-9 (Contmued)
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 3 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action Technology Type : : ' Cost Develop
Alternatives?
Extraction/ Extraction -Ejector Wells - Effective for intermittent  Easily implemented. High capital. ‘No
Treatment/ {cont.) ' pumping of aquifers ' . High O&M.
Discharge (cont.) “with low hydraulic
condactivities.
‘Enhanced Effective in flushing Easily implemented. High capital. No .
Extraction contaminants at a known  Injected water must meet  High O&M.
- 'source area. ' " ARAR.’ :
- Physical Adsorption Effective in removing Equipment available High capital. No~
* Treatment " organic confaminants from miuftiple vendors. High O&M.
from groundwater to Large flow systems
below MCL’s. ~ require special
' contaitment vessels,
Air Stripping Effective in removing Equipment available ‘Moderate Yes
. organic contaminants from multiple veridors. capital,
from groundwater to TCE emissions may be.a  Moderate
below MCL's. concern. O&M.
Steam Stripping Effective in removing Equipment available. High capital. No
' ‘ : . organic confarninants - Requires- large anergy Moderate '
. that are not readily input. O&M.

strippable in normal air
stripping processes,

N

£9-Z6_F[H-/HOC[
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 TABLE 7-9 (Continued)

128920558

. SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 4 of 7

General Remedial Process Option Effectiveness ‘Implementability Relative Used to
Response Action  Technology Type ' a Cost . Develop
: Alternatives?
Extraction/ Physical Reverse Osmosis Not effective in Equipment readily High capital, Yes
Treatment/ Treatment removing TCE. available. Moust treat or High O&M.
Discharge (cont.)  (cont.) Effective in reducmg dispose of brine,
nitrate concentrations to
below MCL’s.
Electrodialysis Not effective for Equipment readily High capital, No
removal of TCE. available, High O&M.
Removal efficiencies for
nitrates are less than
50%.
Chemical Chemical Effective in oxidizing Equipment readily High capital. Yes
Treatment Oxidation - organic contaminants to available. High O&M.
terminal end products
usually CO; and H,0.
Ultraviolet Effective when used in Equipment readily Moderate Yes
Radiation/ conjunction.with available. Influent water  capital.
Photolysis chemical oxidation to must have low tarbidity. High O&M.
destroy organic
contaminants.
Irradiation Not effective by itself in Requires long reactio Moderate No
treating organic times. - : : capital.
contaminanis. ' :

High 0&M.

19-26-T4,/400
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' : TABLE 79 (Contmued) '
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS.

Page Sof 7
General Remedial Process Option Effectiveness : Tmplementability Relative Used to
Response Action  Technology Type : o R ‘ Cost Develop
: Alternatives?
Extraction/ Cheimical Ion Exchange Effective for treatinent Equipment readily High capitaf, "No
Treatment/ Treatment " of nitrates to below - availdble. Regenerant High O&M.
Discharge (cont.)  (cont.y : MCL's. Not effective requires treatment and
' in treating TCE. - disposal.
Biological Aerobié Studies have shown that Easily implemented. High capital. No
Treatmeént - TCE and nitrates can be - Wonld require the High O&M.
treated effectively. ~ introduction of organic
- iriducers {o stinnlate
i ' proeess which tay not
: C be aceeptable to
regulators
Anaerobis Effective in reducing Easily 1mpleme11ted "High capital. No
TCE coneentrations. . . Intermediate byproducts High O&M.
: (vinyl chloride) have
greater fisk to humans.
Organic itiducers are
reguiired to stimillate
progess.
Discharge - - . Surface Water Effective for discharge - Basily. implereritad. High capital. No
. . C Low O&M.

of treated groundwater, Would require NPDES

: : perinit.. -Pipeline would
travérse two major
arterials:

£9-26=T4/30a



LGL

~ LJo geSeg
6-L SI9EL

) 3

| 2 8 j 20

DOE/RL-92-67

TABLE 7-9 (Continued)

::; f; .g_ :

SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Pagé' 6 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action Technology Type : Cost Develop
Alternatives?
Extraction/ Discharge (cont.}  Reuse/Recycle Effective for supplying Easily implemented, No  Moderate No
Treatment/ ‘ treated water to end end users exist. capital.
Discharge (cont.) users. Moderate
O&M.
" Recharge - Effective for discharge Easily implemented. Moderate Yes
of treated groundwater. Must meet groundwater capital.
treatment standards, Moderate
' O&M.
In Situ Physical Aeration Effective in volatilizing Difficult to implement High capital. No
Treatment Treatment organics to the gas for large contaminant High O&M.
' phase. Contaminant is plumes. '
not destroyed but
transferred to separate ~
phase for treatment.
Heating Effective in volatilizing Difficult to implement High capital. No
organics which are not for large contaminant

easily volatilized by the
injection of air. Does
not destroy, but
transfers. contaminants to
separate phase for

. trcatmer‘_lt.

plumes. Requires
significant energy input.

High O&M.

£9-26-Td/30a
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TABLE 7-9 (Continued)

| SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 7 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action Technology Type L ' s Cost Develop
: ' AMHernatives?
In Situ Biological Aerobic Studies have shown that Would require High capital. No
Treatment Treatment TCE and“nitrates can be supplements of oxygen, High O&M.
(cont.). treated effectively. nutrients, and organic '
stimulant. Difficualt to
treat large plumes.
3 Anaerabic Effective in reducing - Would require High capital.. No
o0 TCE concentrations. supplements of nutrients High O&M.. -
and organic stimulant,
Difficult to treat large
plumes.
g.
[
Iy
o

"

TN
—
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TABLE 7-10
GROUNDWATER PROCESS OPTIONS REMAINING
AFTER EVALUATION OF PROCESS OPTIONS ‘
Page 1 of 1

7-59

General Response Action Remedial Technology Types . Process Options -
No: Action None Not App]jcable
Institﬁt’idnal Controls- Alternate Water Supplies - Municipal Water
Point of Entry/Point of Use None
o Treatment
%@ : Access Restrictions Admiinistrative Controls
1% Monitoring Monitoring Weils
Ly Confainment None Reinaining After Not Applicable
. SR Screening
i : ' _
N Extraction/Treatment/ Extraction Deep Wells
L Discharge
Physical Treatment Alr Stripping
el
Chemical Treatment Chemical Oxidation ‘
- Ultraviolet Radjation/Photolysis
. Ion Exchange :
&
— Biological Treatment None
Discharge Recharge
In Situ Treatment Physical None
Biological None
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8.0  DEVELOPMENT AND SCREENING OF ALTERNATIVES

/8.1 INTRODUCTION

In this section, the retained process options are assembled into remedial action

alternatives that offer varied degrees of treatment for the contaminated media at the s1te

The ‘assembled alternatives are then evaluated and screened. The remaining aitemauves are "

: analyzedl in detail in section 9.0.

8.2  PROCESS OVERVIEW

| Alternatives are initially developed to meet a set of remedial action objectives for
each medium of interest. The goal of this process is to assemble a wide range of response
actions that achieve different degrees of cleanup, treat different volumes of the contaminated

media, and achieve the cleanup in different timeframes. These alternatives should include -
appropriate containment and treatment options.

At this point in the process, alternatives are defined in sufficient detail to aflow for

the 'differ'enti_ation of each with respect to effectiveness, implementability, and cost. Also,

volumes of media to be treated are well defined. The following information will be
developed, as appropriate, for the various technology processes used in an alternative:

. Size and configuration of onsite extraction and treatment systems;
- o Timeframe in which treaxmént, containment, or removal goals can be
achieved;
| L] E Rates or ﬂ(;ws of treatment;
®  Spatial requirements for constructing treatment or containment technologies or

for staging construction materials or excavated soil or waste;
° Distances for disposal technologies; and
. Required permits for actions and imposed limitations.

The assembled alternatives are next screened using three broad criteria: effectiveness, |
implementability, and cost. These criteria are defined as follows (EPA, 1988):

° Effectiveness Evaluation--Each alternative is evaluated as to its
- effectiveness in providing protection and the reductions in '
toxicity, mobility, or volume that it will achieve. Both long-
and short-term components of effectiveness should be evaluated;
long-term referring to the period after the remedial action is
complete, and short-ferm referring to the construction and

8-1
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implementation period. Reduction of toxicity; mobility, or

volume refers to changes in one or more characteristics of the : N
- hazardous substances or contaminated media by the use of : R

treatment that decreases the inherent threats or risks assocxated ' '

with the hazardous material.

L Implementability Evalvation—-Implementability, as a measure of
both the technical and administrative feasibility of constructing,
operating, and maintaining a remedial action alternative, is used
during this screening to evaluate the process options with respect
to the conditions at the 1100-EM-1- Operable subunits. -
Technical feasibility refers to the ability to construct, reliably
operate, and meet fechnology-specific regulations for process
options until a remedial action is complete. Administrative
feasibility refers to the ability to obtain:approvals from the
appropriate entities, the availability of treatment, storage, or
disposal services and capacity, and the tequirements for, and
availability of, specific equlpment and techmcal speetahsts

L Cost Evaluation--Both capital and. operanen and maintenance
(O&M) costs are considered. This evaluation will include those
-O&M costs that will be incurred as long as necessary, even after
the initial remedial action is complete. Potential future
remediation costs are considered to the extent that they can be
defined. Present worth analysis should be used during this
screening to evaluafe expenditures: that occur over different time
periods. In this way, costs for different actions are compared
on the basis. of a single figure for each: alternative.

L)

Appendix P contains detailed cost estimates for the initial capital construction costs of
each of the alternatives. Capital costs presented. in the following paragraphs. are taken: from
these estimates.  Life-cycle O&ME costs are estimated based on utility usage and historical.
costs supplled by various equipment vendors These costs are reflected by a present worth

cost usmg a annual discount rate of 8.5, percent used, over the lifetime of the alternative. '

8.3 SOIL REMEDIAL ACTION ALTERNATIVES

Soil remedial action altemetwes are assembled from the various process options té |
present a range of treatment alternatives. These are represented by alternatives S-0: thmugh

$-5D in table 8-1. Alternatives with the same first two. descriptors are similat except that the
-amount of material to be treated or the containment method are changed. Common

components of each alternative are first deseribed-and evaluated, then: the features' whlch
make each alternative umque, are described and, evaluated against the screening cntena

8-2
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TABLE 8.1 - SOIL REMEDIAL ACTION ALTERNATIVES

PROCESS OPTION

E s{s (s |s|s |5 |s § sl s s 5|8 s S'-S-.__S.—' s 1§ ] s
. IC|{ID|28 2B |2c |2D|3A |3 |3c|3pfaa]l 4| ac|dD| 5| 54 | 58| sc

=
—
k-
—_
o]

No Action

Institutional Controls

Bioremediation of BEHP

On Site Incineration /Disposal

® Al Sites ' : ® ®

® UN-1100-6 and Y ®
Ephemeral Pool

Off 8ite Incineration /Disposal

® Al Sites ® [ ]

£-8

® UN-1100-6 and : ' ° Y
Ephemeral Pool i

L9-Z6-TH/HCA

® UN-1100-6 _ ' e e | e]| e

Off Site Disposal

¢ HRL and ® K ] - : ' ® | @
Ephemeral Pool : . .

® Ephemeral Pool o o | ‘ ' : _ | ® °

Supercritical CO, Extraction

® All Sites : i R 1 . ® .

© UN-1100-6 and _ . . | _ . ) - o
Ephemeral Pool . . .

Containment at HRL

® WAC Cap R e |e el e e | e . ole| | fele

_© Asbestos Cap | |slej [ jeje _ el eojeol | Jele

I jo | o5eq
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8.3.1 Common Components. ' o
Common components of each of the alternatives are discussed in the following p—
paragraphs.

8.3.1.1 Institutional Controls Institutional controls will consist of maintaining the current
industrial land use, and restricting access and continuing groundwater monitoring
hydraulically downgradient of sites on which contaminants remain in place. These conttol’s
are both technically and administratively implementable. The cost of these controls will vary
according to the cleanup level achieved and will be evaluated with respect to each alternative.
For purposes of alternative comparison, it is assumed that the no action alternative will
require continued monitoring of all presently momtored wells over the next 30 years. Using
historical costs of $52,150 per monitoring round, this has a hfe—cycle present worth of
$561,435. For all other alternatives, removal or treatment options are assumed to obiain
cleanup levels that facilitate clean closure, therefore, wells specifically instalied to monitor
releases from these remediated sites would no longer require sampling and the only
monitOring requirements will be for the HRL. * Pro-rated costs for this reduced monitoring
effort is.$40,500 per annual sampling event This has a life-cycle present worth of $436 015
over 30 years.

- 8.3.1.2 Removal of PCB’s at HRL. Ten of the twelity -one proposed alternatives incllide

the removal of PCB’s contaminated soils at the identified "het spot” at HRL. As

documented in. section 7.0, a number of process options exist that will efficiently destroy the

PCB’s in the soil to below required cleanup levels. However, while implementable - - T
technology exists, the risks associated with the remediation of this site may be substantial due L
to the presence of both PCB’s and friable asbestos. Add:txonally, because the landfill is not ' :

fully characterized and its past use was. uncontrolled, there is a possibility of encountering

additional contaminants and being exposed to-their associated risks during remediation . to

~ the MTCA cleanup goal of 17 mg/kg reduces incremental cancer risk associated with this site

from 5E-5 to 2E-5. The primary exposure pathways are through dermal contact and _

ingestion. . Exposure can be significantly reduced through the use of institutional contrels that
restrict access to the site, or through containment measures. These actions are considered in
other alternative scenarios and are not-uncommon when considering the closure of landfills.

~ Costs associated with the cleanup of the estimated 460 m* (600 yd’) of contaminated -
soil at HRL either, by onsite or offsite incineration, or through disposal in a TSCA. facility

- are $1,355,930, $2,699,620 and $562,460, respectlvely Although these costs are not
prohibitive, removal and treatment of these soils is not considered further. Other actions, as

mentioned above, are deemed more practicable in meetmg site remedial action objectives. .

- Therefore, alternatives S-1A, $-1C, S-2A,; S-2C, S 3A; $-3C, S-4A, $-4C, S-5A and S«SC '

are. dropped from further con51derat10n

8.3.1.3 Containment at the HRL‘ Of the remaining’ 11-alternatives,. 16 include some sort

~of capping option at HRL. The first is a cap option designed in accordance with WAC 17}.

304 for the closure of municipal and solid waste landfills (MSWLF cap) in arid regions. .
N
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The second. optxon is a cap designed for l:he closure of inactive asbestos disposal sites. under
40 CFR 61, Each is described and evaluated below.

8.3, 1 3 1 Descrzgtlon of the MSWLF Cag——The MSWLF cap consists of a minimum of '
15 cm (6 in) of topsoil over.a 50-mil polyvinyl chloride (PVC) geomembrane. The cap 1;;

~ placed over the 10.1 hectare (25 acre) area, which is estimated to be the extent of the

actively_ used fandfill. The cap is designed to have a minimum 2-percent positive drainage
slope to facilitate surface runoff. Because of the width of the landfill, intermediate draulage

_swales will be used to intercept this runoff. At these swales, 10-cm (4-in) diameter _
~ perforated pipe is used for surface drainage collection and the intercepted runoff is carried

past the e (tent of the cap into a drain field where it is allowed to percolate through the
vadose zone

. "The construction of the cap will-require approxunately 86,500 m’ (113,000 yd®) of
random fill material to be used in preparing an adequately sloped subgrade. Of this, special

construction practices will be used in placing the first 15 cm (6 in) of material to prevent the__' o

exposure of remedial workers to fugitive dust which. may contain asbestos. A 15 ¢cm (6 in) -
geomembrane bedding layer consisting of 2.54 cm (1 in) minus material will be placed on
top of the random fill. Next, 87,900 m? (105,000 yd®) of geomembrane wilk be placed and
covered with 15 cm (6 in) of topsoil. The capped area will be reseeded to establish a
vegetative cover and 1.83 km: (6000 ft) of perimeter fence will be constructed to restrict
access to the site. Appropriate warning signs will be posted to inform the public that the
area is a past landfill site that contains asbestos material. It is assumed that all earthwork
materials can be obtained from offsite sources within a 16-km (10-mi) radius of HRL.

8.3.1.3.2 Bvaluation of the MSWLF Cap--The MSWLEF cap is effective in preventing
surface water intrusion into the landfill area which may contain a number of unknown
contaminants, and in preventing the migration of fugitive dust. Fencing around the landfill
area restricts access and limits the potential of exposure to receptors. Contaminant volume
and toxicity are not reduced under this option; mobility of contaminated fugitive dust is
eliminated and the low potential for contaminant migration from the vadose zone to the
groundwater is reduced further. It should be noted that this action goes substantially beyond
the RAO’s for HRL that are to prevent the ingestion of and dermal contact with PCB’s _
contaminated soils, and to prevent the migration of fugitive dust containing asbestos. . Short-
term risks associated with the construction of the cap are minimal and the long-term risks are
substantially reduced. The long-term effectiveness of the cap is dependent on the chemical
and weather resistant properties of the geomembrane and will need to be periodically
evaluated,” The impact to the environment is minimal as potential animal habitat is disturbed
during construction but is enhanced by the placement of topsoﬂ and a vegetatlve cover dt the
completlon of cap placement

This option is conmde‘red easily implementable. Construction of the cap involves
common methods used in industry. Earth materials are readily available near the site. There
are a multitude of suppliers of geomembranes and numerous contractors who are qualified in
the special methods required for their installation. Occupational Safety and Health
Administration (OSHA) guidelines will have to be followed to protect workers from asbestos

. hazards uniil the initial cover layer is placed over the site.

&5
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The estimated initial capital cost for this option is $5,208,420. O&M costs would
involve periodic walkovers and visual evaluation of the cap system during its life, fence
maintenance, and the maintenance of the surface drainage system. ~These costs are asstimed
to be negligible when considered over the lifetime of the cap. Additional annual costs would
result from groundwater monitoring as descnbed in paragraph 8.3.1.1.

8.3.1.3. 3 ‘Description of the Ashestos Cap--The asbestos cap will be constructed by placmg
37,100 m® (48,500 yd®) of clean random fill material over the 10.1 hectare (25 acre) site
which is estimated to be the area act:lvely used as the landfill. Placement of the first 15 cm
(6 in) 1ayer of this material will require the use of special construction practices to limit the
exposure of remedial workers to fugitive dust. The random fill material will be placed
uniformly over the site following existing contours; no effort will be made to direct surface
runoff off of the cap area. A 15 cm (6 in) topsoil layer will then be placed and seeded to
dryland grasses. Access to the landfill area will be restricted by constructing 1.83 km -

(6,000 ft) of perimeter fence. Appropriate warning signs will be placed to notify the publlc _

that the area was used as a landfill and that it. contams asbestos

8.3. 1 .3.4 Bvaluation of the Asbesgos Cap——PIacement of the cap w1ll meet the RAO of

preventing the migration of fugitive dust from the landfill. Construction of a perimeter fence _'

Testricts site access and, therefore, the potentlal exposure to receptors is reduced.

- Contaminant volume and toxicity remains unchanged.  Site risks are reduced because thereis -

a significant reduction in the mobility of the asbestos. Because PCB’s sorbed to soils have
limited mobility within the vadose zone, a permeable cap system does not increase site risks.

" Because special construction practices are empioyed dunng initial placement of the fill, short-
. term risks to remedial workers are minimal, :

Placement of the cap will involve standard earthwork practices and materials that are

readlly available within a 16-km (10-mi) radius of the site. OSHA standards will have to be

followed until the initial cover Iayer is placed over the site to protect onsite workers from '
asbestos hazards. This option is considered to be easdy lmpiementable

. An initial oonstructlon capltal cost of $2, 016 730 is estimated for this optlon O&M-

- costs specific to the cap would include periodic- walkovers and evaluation of the cap, _and

fence maintenance. These costs are assumed to be negligible over the life of the cap.

- Yearly groundwater sampling and analysis would be required because contammants wouid be

left in place. These costs are prov1ded in paragraph 8.3.1.1 above.

8.3, 1 4 0ffsnte Dlsposal of Ephemeral Pool PCB’s. Four of the remaining options

consider excavating the PCB’s contaminated soil at the. Ephemeral Pool and disposing of -

: ‘them in the Toxic Substance Control Act (TSCA) permitted facility run by Chemical Wastc

Management Incorporated in Arlington, Oregon, approximately 145 km. (90 mi) away. -

' 'Under this option, approximately 250 m* (340 yd®) of contaminated soil will be removed and
-.dlsposed Front end loaders used for excavation and hauling will be operated by Department
of Transpertation (DOT) approved hazardous waste haulers. The contaminated material will

be hauled in bulk in approximately 28-ton truckioads. - Removal of material will be.in phases

*with confirmatory testing conducted between each phase. The RAO for this site is to remove

all material to below the MTCA cleanup level of 1 mgfkg and to background levels if'
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practicable. If this RAO is not-achieved; or- xf any PCR’s remain onsite (< 1 mg/kg) after .
the removal of 250 m® of material, institutional controls will be implemented (access
restrictions and annual downgradient groundwater sampling). I cleanup to background

levels is-achieved, the site will be closed without restrictions. At the completion of the . -

' removal action the site will be regraded and covered with 15 cm (6 in) of clean random ﬁ!l' -

matenal

- This option reduces the moblhty of PCB contaminated material at the site through
removal actions; the volume and toxicity are not reduced. Placement in a permitted offsxte
facility ensures that controls are in place to prevent releases to the environment. The
remedial action is easily implemented as it requires basic earth moving equipment, DOT .
licensed haulers, and offsite landfill capacity, all of which are readily available. The short-
term risks to remedial workers is minimal as precautions will be taken to preclude worker -
exposure to-contaminated material. ¥ any PCB’s remain onsite, access restrictions Wﬂl "
prevent Iong-tcrm exposure to onsite workers thus reducing risks.

| .T-he costs for this op_txon arc based on the assumptlon that the site will be remediated
to background levels by removing a maximum of 250 m® of material. The estimated initial

capital cost of this action is $438,980. There would be no O&M costs associated w1th clean |

closure

8.3.2. Alternative S-0 (No Action)

8.3.2.1 Description of Alternative. This alternative is required by the NCP to establish a
baseline condition to which other alternatives can be compared. Under this alternative, no
action would be taken to remediate any of the contaminated soil sites. The current
monitoring program would be revised to require annual sampling only over the néxt _

30 years.. During this peried, if sample analysis indicates that conditions at the site are
deteriorating, the program would be reevaluated. If at the end of 30 years, conditions at the
snte are unchanged or are improved, the momtormg program would be dzscontmued '

8.3.2.2. Evaluatmn of Alternative. This altemauve does not reduce the toxicity, mobility,
or volume of the contaminated media. If the current land use patterns of the site remain the
same, the maximum incremental cancer risk of 5E-5 and hazard index of 0.3 for an onsite
worker, as determined in appendix L based on the 95-percent UCL, would still exist. These
levels are within the acceptable range set forth in the NCP. As stated in appendix M, there
are no risks to ecological receptors from the contaminants present that are distinguishable
from. the baseline conditions. :

. There are no technical requirements for the implementation of this alternative.
Administratively, there may be some opposition to leaving contaminants in place by
regulatory agencies and the public. The costs of this alternative would be those associated
with continued site-wide monitoring as identified in paragraph 8.3.1.1.
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8.3.3 Alternative S-1B and S-1D -

8.3.3.1 Description of Alternatives. These alternatives consider the use of bioremediation
for the BEHP contaminated soil at the UN-1100-6, reimoval and offsite disposal of the PCB’s
contammated soil at the Ephemeral Pool, and elther an asbestos cap (S-1A) ora MSWLE
cap (S-1D) at HRL. Bioremediation will be through the method of landfarming. A diked
treatment area approximately 30.5 m by 36.6 m (100 ft by 120 ft} will be constructed omsite
and lined with an Jmperwous geomembrane. The contaminated soil, estimated tobe a
maximum of 340 m® (440 yd®), will be excavated and placed into the treatment area. A
sprinkler system will deliver a mixture of water, nutrients, and microorganisms, spec1ﬁcally
cultured for their ability to degrade BEHP, to the soils approximately twice a week. The
soils will be tilled after each application of this mixture to provide additional mixing and
aeration.  Excess water is collected and recycled. A bioreactor i is required onsite to culture
the microorganisms. It is assumed that bioremediation will be conducted for 36 weeks a year
with a suspension of operations during the colder winter months, which inhibit bacterial ~
g'rowth and respiration.. The entire remediation process is aSsumed to take 2 years, however,
this is a crude estimate and the actual time will be better estimated after- treatability testing.
After remediation, the soils will be placed back at the UN-1100-6 site and the area will be
regraded and covered with 15 cm (6 in) of topsoil assuming that it meets the Land Disposal

‘Restriction (LDR) Best Demonstrated Available Technology (BDAT) requirement of no more

than 28 mg/kg of BEHP. If this requirement is not met a land disposal treatablhty variance -
will be petitioned for:

8.3.3.2 Effectiven&ss of Alternatives. The effectiveness of bioremediation on BEHP soils N
is not well documented. At one site, BEHP in soils was reduced from 700 mg/kg to a few N
parts per million (WST, 1992). However, even with a treatment efficiency of 99 percent, '

- for soils with a 95-percent UCL of 18,000 mg/kg, this treatment would not reduce o
-contaminant levels to below the MTCA cleanup goal of 71 mg/kg. Treatability studies will -

better define the actual treatment levels that may be achieved. Therefore, it is difficult to
predict the levels to which toxicity will be reduced. Unless the soils are remediated to
background levels, which is unlikely, there will be no' reduction in volume or mobility.

Landfarming is an easily implemented treatment method. Initial construction of the
facility is simple. O&M is somewhat difficult due to the sensitivity of the bacterial colonies,

‘however, this is overcome by initial operator trammg The facility w111 have to meet RCRA
guldelmes for land treatment units. : :

o The initial capital cost for each alternative, including offs-ite disposal of the Ephemér;il

'Pool PCB’s soil and capping of HRL is $3,397,020 for alterative S-1B and $6,558,640 for
. alternative S-1D. These costs include the anticipated 2 year O&M costs of the landfarmmg

operation. The life cycle present worth costs of annual monitoring were identified in’ .

: paragraph 8.3.1.1.

N
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8.3.4 Alternatives S-2B and S-2D

8. 3.4 1 Descr:ptlon of Alternative. These alternatives use onsite incineration and disposal-
for the destruction of PCB’s and BEHP at the Ephemeral Pool and the UN-1100-6 subumts

respectlve]ly Alternative S-2B uses a cap designed for asbestos containment Wh]le o
altematlve S-2D uses a MSWLF cap at the HRL.

Onsne incineration will be accomplished by using a small mobile incinerator- capable

of processmg approximately 4.5 metric tons (5-tons) of contaminated soil per day. Between o

the two operable subunits there is approximately 1,100 metric tons (1,210 tons) of

‘contaminated soils to be processed. Rotary kiln teclmology is used to process materials as

big as 5 cm (2 in) in diameter. Electricity will be used to power the combustion source.
Combustion off gases will be treated to meet air quality standards for emissions through use

of a secondary combustion chamber and wet scrubbers. Ashes will be quenched with water.
- and the quench water will be recirculated. After incineration, the ash will be placed back at
the operable subunit and the area will be regraded and covered with 15 cm (6 in) of topsoil.

Maltenals will be excavated using standard equipment for earthwork. Confirmatory

‘testmg will be conducted to ensure that all contaminated soils above cleanup levels are -

removed. A 30.5-m (100-ft) graded square pad is required to house the incinerator. - The
pad will be located in an area that is central to both operable subunits. Precautions shall be
taken to ensure that material is not spilled when transporting it from the site to the
incinerator. :

8.3.4.2 Evaluation of Alternatives. Incineration has been proven to be effective with
- 99.9999 percent destruction efficiencies for PCB’s and BEHP. This option will reduce -~

contaminant levels to below the MTCA requirements of 1 mg/kg for PCB’s and 71 mg/kg
for BEHP. Additionaily, the LDR BDAT of 28 mg/kg for BEHP can be met. This method
will significantly reduce the toxicity of the soils. The volume of soils will be slightly -

- reduced, while the mobility of the contaminants that remain after incineration will stay the

same. Soils redeposited after processing are likely to have some residual contaminants,
however, these will be mlmrnal and should not prohibit the delisting of the sites.

' Mobile incinerator technoﬁogy is readily available making these a]ternatives easy to
implement technically. Administratively, acquiring the approvals to operate the incinerator
may be difficult due to public opposition. A test burn may be required to ensure that air
emissions criteria are met and to evaluate the ash characteristics.

_S_peciﬁc évalilation of the éapping options are as described above. Costs for these
alternatives including the O&M costs for the incinerator and the capping costs for HRL, are

* estimated to be $4,982,050 and $8,173,670 for alternatives S-2B and S-2D respectively.

There would be no costs associated with O&M after incineration is complete.
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8.3.5 Alternatives S-3B and S-3D

contaminants in subunit soils is chosen as the remedial action. Approximately 1,100 metric
tons (1,210 tons) of contaminated soils from the UN-1100-6 and Ephemeral Poo] subumts
will be excavated and shipped to an offsite incinerator. DOT licensed hazardous waste -
haulers will carry the contaminated soils in bulk truck loads of 18.2 metric tons (20 tons) to
the Chemical Waste Management Incorporated RCRA licensed facility in Port Arthur, Texas,
approximately 2,100 km (1,300 mi) away. Afier incineration, the ash is disposed of in-this
facility’s ash dlsposal landfill. Post action sampling and analyses of remaining subunit soils
is required to confirm the level of cleanup. ' These alternatives also require either an asbestos
cap (alternative S-3B) or a MSWLF cap (alternative S-3D) as the containment option at

8.3.5.2 Evaluatlon of Alternatives. The capping component of these altematlves were
described previously. The efficiency of this option is the same as that achieved for onsite
incineration. In addition to reducing toxicity, this option reduces contaminant mobﬂrty
because soils are removed from the site, treated, and placed in a controlled landfill. The
volume of material i is only slightly reduced in the 1nemeratron process

There is both adequate incineration and transportatlon capacnty to easily 1mplement
this alternative. Also, the public is less hkely to oppose treatmg and disposing of the sorls
offsite in an already permitted facility. _ '

The estimated cost of alternative S-3B including the asbestos cap for HRL is . | . S
$5,110,040. A cost of $8,301,730, which includes the MSWLF cap at HRL, is estimated '
for alternative S-3D. Life-cycle present worth and annual monitoring costs were ldentlﬁed in

- paragraph 8.3.1.1. There would be no O&M costs associated with these alternatives. .

8.3.6 Alternatives S-4B and S-4D

- 8.3.6.1 Description of Alternatives. Treatment for the UN-1100-6 and Ephemer’al Pool "

soils are accomplished through the use of supercritical CO, extraction under these

alternatives. Again, alternative S-4B includes the asbestos cap at the HRL, and aItei'oative S-.
~ 4D includes the MSWLF cap, both of which have been previously described. This treatment

technology has been retained to this point because it is innovative in nature and bench scale
studies have shown promising results. Although this application is commonly used v
commercially for the decaffeination of coffee, equipment has not yet been developed for the
decontamination of soil. The process is described in detail in appendix N. Conceptual]y, :
contaminated soils would be fed into a reactor in which it would be subjected to a constant .

flow of supercritical CO, for a certain period of time determined through treal:ablllty testmg
‘ _The treated soil would have the majority of contaminants removed and. could possibly be
- redeposited at the sites. The extract would be brought back to ambient pressure and ,
- temperature and the CO, would return to its gaseous state. The remaining liquid would be _
-~ free product of either PCB’s or BEHP that could e1ther be recycled or detoxified through ' ~
- some other treatment process. _ | o W
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8.3.6.2" Evaluation of Alternatives. Benchscale studies recently performed (WHC, 1992)
on contaminated soils from both the UN-1100-6 site and the HRL site have shown 97-percent .
and 99-percent removal efficiencies through this process for BEHP and PCB’s, respectively.
Improved efficiencies may be possible by altering the temperature or pressure used in the
process. Further bench scale studies will concentrate on these parameters to determine the
most optimal extractlon conditions. -

Because this technology is only emerging, there is no equipment available to
1mplement this treatment method. Additionally, because of the small volume of material at

~the 1100-EM-1 Qperable Unit site, developing the technology for use at only this site would "

not be cost effective. For these reasons, use of this technology at this time is not feasible
and these alternatives are dropped from future consideration. However, there may be other.
potential sites at Hanford where this technology would be applicable and that would make = -
development of a treatment process- economically viable. This process option should be
reconsidered if its development progresses significantly within the near future.

8.3.7 Alternatives S-5B and S-5D

8.3.7.1 Description of Alternatives. These alternatives treat 619 m tons'(682 tons) of
contaminated UN-1100-6 soils using offsite incineration, dispose of 250 m® (340 yd®) of

- Ephemeral. Pool soils in an offsite landfill, and use the asbestos cap (alteman ve $-5B) or the -

MSWLF cap (alternative S-5D) at HRL.

8.3.7.2 Evaluation of Alternatives. As previously discussed, offsite incineration for the
treatment of BEHP soils will be effective in reducing contaminant toxicity and mobility.
Disposal of PCB contaminated soils in a TSCA landfill does not reduce volume or toxicity,
however, mobility is controlled through containment measures instituted by the facility.
These options reduce long-term exposure to onsite workers by removing contaminated
materials. As indicated, these options are all easily implementable. The estimated initial
capital cost of alternative S-5B is $4,472,510. Alternative S-5D is estimated to have an
initial capital cost of $7,664,200. There are no O&M costs associated with this alternative.
The yearly groundwater sampling and analysis cost and the life-cycle present worth cost,
assuming clean closure of the UN-1100-6 and Ephemeral Pool sites, would be as described in
paragraph 8.3.1.1 for the 30-year period.

8.3.8 Summary of Remedial Alternative Costs

A summary of the retained remedial action alternative costs is provided in table 8.3.
The detailed evaluation of these alternatives will be performed in section 9.0.
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TABLE 8.2. SOIL REMEDIAL ALTERNATIVE COSTS

Alternati»;e

S0

S-1B

S-1D

S2B

S-2D

'S3B

S-3D

S-5B -

S-5D

Capital
Cost

'$0

$3,397,020

$6,558,640

$4,982,050

$8,173,670

$5,110,040

$8,301,_730-

$4,472,510

$7,664,200

Annual
Monitoring
Cost

'$52,150

$40,500

$40,500

$40,500

$40,500

$40,500

$40,500

$40,500

$40,500

Lifecycle
Present
Worth of
Costs’

$561,434

$436,015

| $436,015

$436,015 .

$436,015

$436,015 -

© -$436,015

- $436,015 -

~$436,015 |

Total
Present
Worth
Costs

$561,434

$3,833,035

$6,994,655

$5,418,065

$8,609,685

$5,546,055

. $8,737,745

- $4,908,525

$8,100,215

1 30 year life.
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8.4 GROUNDWATER REMEDIAL ACTION ALTERNATIVES

The remaining groundwater process options are assembled to present a range of
treatment alternatives. These are represented by alternatives GW-0 through GW-4B in table
8-3: -Alternatives with the same first three descriptions are similar except that the treatment
method for TCE differs. Common features of alternatives are first described and evaluvated. - -
Fmally, complete alternatives are described and evalvated against the screening criteria.

8.4.1.‘ Common Components,

- The components that are common to a number of alternatives are described in the

following paragraphs.

8.4.1.1 Institutional Controls. Institutional controls will consist of maintaining the emstmg
land use, preventing the drilling of consumptive wells, and supplying future users through
Richland’s existing municipal distribution system. These controls are both technically and-
administratively implementable. The costs of these controls are minimal. Additionally,
yearly groundwater sampling and analysis will be required until such time as contaminant
levels equal background. For this evaluation, groundwater monitoring is assumed to be
continued for 30 years for each alternative. The annual cost of sampling and analysis
associated with the monitoring of HRL plume is $40,500, which corresponds to a life-cycle
present worth of $436,015. It should be noted that these are the same monitoring wells used
for the evaluation of releases from the contaminated soit sites. Therefore, to preclude
accounting for these costs twice, they have not been considered as part of the groundwater
aItematlve costs as they have already been considered in the soil alternatlves

8.4.1.2 Extraction-Infiltration Scenario 1. Under this scenario groundwater is pumped at
a rate of 0.38 m*/min (100 gpm) through one extraction well. The extracted water is treated
and then is distributed (o an infiltration system consisting of 61 m (200 ft) of 31-cm-(12-in)
diameter perforated pipe from which the treated water is recharged into the ground. The
extraction well-is approximately 18.3 m (60 ft) deep. The bottom 6.1 m (20 ft) will be
screened. . A 5-horsepower(hp)-pump is used to push the water through 92 m (300 ft) of 8-
cm-(3-in) diameter pipe to the head of the treatment train. After treatment, the water is
pumped from a sump to the recharge system using a 1/2 hp pump. A general location of

‘the well and recharge trench is shown in figure 6-33.

It is estimated that the plume can be remediated to below MCL by the year 2012
under this pumping scenario. Capital costs are associated with the well, pumping, and piping
networks. O&M costs are required mainly for power and occasional pump servicing. These
costs are included in the evaluations to follow.

8.4.1.3 Extraction-Infiltration Scenario 2. Three wells each being pumped at a rate of
0.38 m*/min (100 gpm) each, for a combined total of 1.14 m*/min (300 gpm), are the basis
of this extraction scheme. Each well is 18.3 m (60 ft} deep and is screened over the bottom
6.1 m (201t). The water is pumped by 5 hp pumps through 8 to 10 cm (3 to 4 in) diameter
transmission line to the head of the treatment train. A total of 495 m (1,625 ft) of pipeline is
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required. After treatment, the effluent is collected in a sump and a 3 hp pump is used to.
discharge the effluent to a 183-m (600-ft) long infiltration trench containing 31-cm- (12-in) |
diameter perforated pipe. The approximate locations of the wells and the recharge trench for
thls scheme are shown in figure 6-33.

E .Umder this scen_arlo, the contaminated plume is estimated to be remediated to below =
MCL’s by the year 2008. Capital costs are based on the installation of new wells and the -
transmission piping system. O&M costs reflect the cost of annual monitoring and occas1onal
pump maintenance. Evaluations that follow include these costs.

8.4.1. 4 Extraction-Infiltration Scenario 3. This scenario represents the most aggressive
pumpmg scenario considered. Ten wells, each extracting at a rate of 0.38 m*/min

(100 gpm),_for a total of 3.7 m*/min (1,000 gpm), are installed.. Each well is equipped
with a 7.5 hp pump. The water is conveyed through a 8 to 20 cm (3 to 8 in) diameter

“transmission line to the head of the treatment train. Approximately 725 meters (2,375 ft) of

transmission pipeline is required. After treatment, the effluent is collected in a sump and
then pumped using a 20 hp pump to the infiltration system. The infiltration system copsists

of 610 m (2,000 ft) of 31-cm- (12-in)-diameter perforated pipe in a trench that is 305 m long
E by 6 I m wide (1,000 ft by 20 ft). .

' Remediation of the contaminant plume to below MCL’s is estimated to be complete
by the year 2004 using this scenario. As in the other extraction-infiltration scenarios, initial
capital costs are associated with well installation, pumps, and the transmission piping, while
O&M costs are associated with yearly monitoring and the occasional maintenance of the

- pumps. Again, these costs are included in the evaluations that follow.

8.4.1.5 _Addi_tiona!_ Monitoring Wells. In all alternatives (except GW-0, the no-action
alternative), six additional wells will be installed in order that the contaminant plume can be -
more effectively monitored. Three wells will be installed just west of and parallel to

George Washington Way. Three other wells will be installed at locations to be determined
downgradient of HRL. The depth of these wells will be approximately 18.3 m (60 ft).

Wells shall be cased using 10.2 cm- (4 in-) diameter stainless steel. The bottom 6.1 m (20
ft) of. the well shall be screened with a 10-slot stainless steel well screen. The initial capital’
costs of the additional wells is $343,405. Annual sampling and analyses costs for these
additional wells is $24,300. Life-cycle present worth costs will vary accordmg to the
estimated life of the project.

8.4.2 Alternative GW-0.

8.4.2.1 Description of Alternative. This is the "no action” alternative required by the NCP
for the purpose of establishing a baseline remediation scenario to which all other alternatives -
can be compared. Under this alternative, no active measures would be undertaken to
remediate the TCE and nitrates in the groundwater. A Iong-term monitoring program would
be implemented to characterize the migration of contaminants over time. Existing
administrative controls would remain in place.
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8.4.2.2 Evaluation of Alternative. It is estimated that the groundwater contaminants in the

plume will be naturally attenuated to below MCL’s by the year 2017 and that no - _ g/\ \
contaminants above MCL’s will cross the George Washington Way diagonal (section 6.0). R
Because there are no downgradient users, the risks to humans during this remediation

timeframe would be minimal. This option does not reduce contaminant volume or mobility.

Toxicity is reduced through dispersion and dilution. Technically, this alternative is easily

implemented. Administratively, there may be some concern with leaving contaminants in.

place. The costs associated with this alternative are those required for yearly groundwater

monitoring. There are no costs associated with this alternative.

8.4.3 Alternative GW-1

8.4.3.1 Description of Alternative, This alternative is similar to Alternative GW-0 in that
no active remedial action is taken initially. Instead, points of compliance are established
along a line just west and parallel to George Washington Way. The three new monitoring
wells installed along this line will provide informatiort on contaminant migration. Detection
of contaminants at levels above MCL’s, at these wells would tngger a remedial design and
action. :

'8 4.3.2 Evaluation of Alternative. Under the most conservative groundwater modelling
scenario, contaminants at levels above MCL’s do not migrate past George Washington Way

point of compliance within the DOE site boundary; provides some insurance if the actual
conditions differ from those modelled. If contaminants above MCL’s are detected at these

O

no dction scenario, there are no risks to human health during the anticipated remediation
timeframe because there are no downgradlent groundwater users. This alternative is easy to.
implement techmca]ly and, administratively, may be better accepted because. institutional
controls would be in place to trigger an active remediation should conditions warrant. The
costs of this alternative include the construction of six additional monitoring wells, and the

‘yearly sampling and analysis required for monitoring. The initial capital cost and the present
~worth life-cycle costs of this aiternative is $605,515. This assumes that no remedlal act:on

will be necessary in the future based on modelmg restlts. -

" 8.4.4 Alternatives GW-3A Through GW-5B

- 8.4.4.1 Description of Alternatives. These alternatives treat various flow rates of 'ekti‘acte:::(i'_
-groundwater using two separate treatment trains. Altematives GW-3A, GW-4A, and GW-5A

treat 0.38, 1.14 and 3.79 m*/min (100, 300, and 1,000 gpm) fiows, respectlvely, using air- -

- stripping for treatment of TCE and reverse osmosis for the treatment of nitrates.

Alternatives GW-3B, GW-4B, and GW-5B use anultraviolet (UV)/oxidation system.to treat

' TCE and reverse osmosis for the treatment of nitrates ‘at these same respeetlve ﬂows

filters will remove sediments from the groundwater.  ‘This will prevent fouling of the air:
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stripping media and of the osmotic membrane.  Filters or a combmatlon of filters are

available to meet the proposed design flows (Collagen, 1992). Filters have been sized for

flow rates of 0.28 m*/min-m? (7 gpm/ftz) Sedimentation ponds will be constructed onsite to.- |

facilitate settling of sediments from backwash water. Overflow from settling ponds will be

dlscharged to a drain field.

8. 4 4 1.2 Air Strippers—Air strippers are commonly used for the removal of TCE from .

' groundwater. As described in appendix N, stripping makes use of TCE’s favorable Henry’ s |

Law Constant. Air is passed countercurrent to water flow and the volatile organic :
contaminant is transferred from the liquid phase to the gas phase. Air stripping units for the - N
various flow rates will have the following design parameters (Hydro Group, 1992) Stnppers' :

are used in Alternatives GW-3A, GW-4A, and GW- 5A

; Patra_meter 0.38 m3/m1n 1.14 m*/min 3.79 m*/min |
Height 76BmEsfy  7.63m @5 ) - 7.63 m (25 ft)
 Diameter . 0.61m o) 1.22m (4 fc) 2Bm IR
| PaLc].cingH'e_ight - 45Tm 5% 457m (5 4.57Tm (15 1)
Blower Size | 1 hp 3hp 10 hp

- All units will be constructed of structural aluminum and shall be free standing.

8.4.4.1.3 UV/Oxidation Units--The UV/oxidation process is described in appendix N and
apptlies to the treatment of TCE (alternatives GW-3B, GW-4B, and GW-5B). Typical
processes mix the contaminated water with ozone and hydrogen peroxide in a reaction .
chamber. This mixture is then irradiated with UV light. Off gases are treated in a catalytic
ozone decomposer and then released to the air. Units, or a combination of units, are '
available to treat the range of design flows (ALTROSE, 1992). System components consist -
of an oxidation reactor, ozone generator, compressor, air dryer, air filter, hydrogen peroxide -
feed system, a'vapor treatment unit, and associated programmable logic controls. For the
respective flow rates, 12.7, 45.4, and 136.2 kliograms (kg) [28, 100, and 300 pounds (Ibs)]
of ozone- must be generated per day

8.4.4.1 .4_- .Reverse OSmosw-—Reverse osmosis is chosen as the process option to remove
nitrates to below MCL’s. As described in appendix N, hydrostatic pressure is used to drive
feedwater through a semipermeable membrane while a major portion of the contaminant
content remains behind and is discharged as waste. This waste discharge is then flash
evaporated, leaving behind residue, which can easily be disposed. Units, or a combination

~ of units, are available to treat the range of flows proposed (Culligan, 1992). Standard

system features are a thin-film composite spiral-wound-reverse osmosis membrane, fiberglass
membrane housings, panel mounted and in-line instruments for monitoring of system
performance, and a water quality monifor. These systems arc assumed to operate with a
75-percent recovery rate.
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8.4.4.2 Evalnation of Alternatives. Each of these alternatives is effectxve in reducing the
contaminant levels in the groundwater to below MCL’s Air stripping transfers the -
contaminant to the gas phase and does not reduce the. overall volume or toxicity of the
contaminant. Mobility is transferred from the liquid phase to the gas phase.. Emissions of
TCE to the atmosphere are not considered to be a substantial health risk at this mdusmal
site. TCE emissions for the proposed treatment rates are estimated to be 52.6, 157.7, and

526.6 grams/day (0.12, 0.35, and 1,16 lbs/day) based on the average TCE concentrations

from eight rounds of sampling. Because TCE concentrations have been falling with each
successive sampling round, this estimate is conservative. TCE will also degrade in the -
atmosphere after several days. The process is easily implemented with a number of vendors
available who can supply units. Administratively, obtaining approval for direct release of
emissions to the atmosphere should not be difficult due to the low inherent risks.

Alternatives employing extraction-infiltration scenario 3 (GW-4A and GW-4B) are
predicted to remediate the aquifer in the least amount of time (9 years). However, as stated
in section 6.0, 100 percent additional water outside the 5 ppb TCE plume will be captured
and treated. Treatment of this clean water more than: doubles the costs of alternatives
utilizing extraction-infiltration scenario 2 (GW-3A and GW-3B) and only reduces the
remediation timeframe by 4 years.. The capture zone analysis performed in section 6.0
indicates that the optimum pump and treat scenario would include wells extracting between
0.38 and 1.14 m*min (100 and 300 gpm). For these reasons, altematlves GW-4A and GW-

4B are dropped from further consideration.

The UV/oxidation system destroys the TCE and converts it to CO, and water!_.' The

 system can effectively reduce TCE concentrations to below MCL’s. Volume, mobility, and

toxicity of the contaminant are all reduced. There is only one known vendor of this system,
however, obtaining equipment should not pose a problem Administratively, obtammg
approval for the use of this system is not a concern.

Reverse osmosis has proven effectlve in removmg nitrates to below MCL’s.
Residuals from this process are easily dlsposed - Volume . is not reduced, but toxicity and
mobility are reduced as nitrate will remain as a constituent of a solid residue. This
technology is readily available and is easily implemented with a number of available

‘equipment suppliers, There should be no administrative obstacle in using this technology

Initial capital costs have been estimated and are summarized in table 8.4. Vendors -

“quotes for all equipment were obtained. O&M costs are based on pumping, chemical, and
-énergy requirements. Where possible, these were obl:amed from the vendor, othermse these

are apprommate values.

Costs of all other retained altematlves are also summarized in table 8.4. Detalled

"evaluatlon of these alternatives will be conducted in sectlon 9 0.
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TABLE 8.4. GROUNDWATER REMEDIAL ALTERNATIVE COSTS!

61-8

130 1 98sg

-8 9lqeL

Alternative

GW-0?

GW-12

GW-24?

GW-2B?

GW-3A1

GW-3B*

GW-4A’

GW-4B*

Capital Cost

$343,405

$343,405

$859,745

$1,182,885

$1,648,755

$2,104,385

$4,086,385

4,528,895

Annual O&M
Cost

$o

$0

$16,164

$26,676

$52,142

$83,678

$208,225

$313,345

Annual
Monitoring
for
Additional
Wells

$24,300

$24,300

$24,300

$24,300

$24,300

$24,300

$24,300

$24,300

Lifecycle
Present
Worth Cost
of Annual
Costs

$261,610

$261,610

$357,402

$450,026

$588,252

$830,934

$1,190,458

$1,728,641

Total Present
Worth Costs

$605,015

- $605,015

$1,217,147

$1,633,136

$2,237,007

$2,935,319

$5,276,843

$6,257,536

! Annual sampling and analysis cost of $40,500 for existing wells are not included in these costs; they were previously

considered for soil alternatives.

? 30 year life.
3 17 year life.
* 14 year life.
5 9 year life.
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9.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

9.1~ INTRODUCTION

The candidate remedial alternatives are evaluated ir: detail in this section. The

evaluation criteria used in this analysis are discussed in paragraph 9.2. Detaiied descnptidns-f

of the alternatives were provided in section 8.0. After each alternative is individually
assessed against these criteria, a comparative analysis is made to evalvate the relative-
performance of each alternative in relation to the specific evaluation criteria.

92 E‘VALUATI_ON .CRITERIA

~ ‘Each aiternative is evaluated against nine criteria. They are: the overall protection of
human health and the environment; compliance with ARAR’s; long-term effectiveness and
permanence; reduction of toxicity, mobility, or volume through treatment; short-term
effectiveness; implementability; cost; state acceptance; and community acceptance. Five of
the criteria consider a number of subcriteria to allow a more thorough analysis and
evalvation. State and community acceptance are appropriately reviewed during the
development of the proposed plan. Evaluation of these two criteria are beyond the scope of

this report. The criteria and subcriteria are those described in FS gmdance (EPA, 1989) and

are bneﬂy summarized below.

' 9.2.1 Criterion 1--Overall Protection of Human Health and the Environment

This evaluation criterion provides a final check to assess whether each alternative
meets the requirements that it is protective of human health and the environment. The
overall assessment of protection draws on the assessments conducted under other evaluation

criteria, especially long-term effectiveness and permanence, short-term effectiveness, and
comphance with ARAR’s.

This evaluation will focus on how an alternative achieves protection over time and

how site risks are reduced. The analysis considers how each source of contamination is to be

eliminated, reduced, or controlled for each aliernative.

9.2.2 Criterion 2-—Compiiance with ARAR’s

This evaluation criterion is used to determine whether each alternative will meet the
Federal and state ARAR’s that have been identified. The analysis will summarize the
requirements that are applicable or relevant and appropriate to the alternative and will
describe how each is met. The following is addressed for the detailed analysis of ARAR’s:

[
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e Compliance with chernical specific ARAR’s;
L Compliance with action-specific ARAR’s; and

° Compliance with location-specific ARAR’s.

9.2.3 Criterion 3--Long-Term Effectiveness and Permanence

The evaluation of alternatives under this criterion addresses the results of a reméd'ial__ :

action in terms of the risks remaining at the site after response objectives have been met.

The primary focus of this evaluation is the extent and effectiveness of the controls that may

be required to manage the risk posed by treatment residuals and/or untreated wastes. The
following sub-criteria are addressed: : : L

° Magnitude of residual risk;
® Adequacy of controls; and

e Re]jabiljty of controls.

92,4 Criterion 4--Reduction of Toxicity, Mobility, or Volume Through Treatment

This evaluation criterion addresses both the Federal and state statutory preference for

selecting remedial actions that employ treatment technologies that permanently and

significantly reduce toxicity, mobility, or volume of the hazardous substance as their

principal element. This preference is satisfied when treatment is used to reduce the principal -

threats at a site through the destruction of toxic contaminants, reduction of the total mass of
toxic contaminants, irreversible reduction in contaminant mob:hty, or reduction in total .

. volume of contaminated media.

The evaluation focuses on the followmg specific factofs for a particular remedial

" dlternative:

° The treatment processes the remedy will employ, and the
~ materials they will treat;

J The amount of hazardous materials that will be destroyed or
' treated, including how the principal threat(s) will be addressed;

@ . The degree to which the treatment w-il] be irreversible;

e The type and quantlty of treatment resxduals that will remain;
and

9-2
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. Whether the alternative would satisfy the statutory preference
for treatment as a principal element.

9.2.5 Cl?i'terion 5--Short-Term Effectiveness

ThlS evaluatlon criterion addresses the effects of the alternative during the
constructxon and implementation phase until remedial response objectives are met (e.g., a
c_:leanup target has been met). Alternatives are evaluated with respect to their effects on
human health and the environment during implementation of the remedial action. The

following factors wil be addressed:

~®  Protection of the community during remedial actions;
' | Protection of workers during remedial actions;

. ® Eﬁvironménial impads; and
¢  Time until remedial action objectives are met.

9-.2:._6 Clr'iterion--G—Bnplementability

The implementability criterion addresses the technical and administrative feasibility of

- implementing an alternative and the availability of various services and materials requlred

during its implementation. The following factors are analyzed

®  Technical feasibility including construction and operation,
- reliability of technology, and the ease of undertakmg additional
remedial action;

®  Administrative feasibility; and

o Availability of services and materials including offsite storage
and treatment capacity, and the availability of equipment,
services, and personnel.

9,2.7 Criterion 7--Cast

The cost of each alternative is presented including estimated capital, annual costs, and -
present. worth costs. The accuracy of all costs are within the plus 50-percent to minus 30-
percent range specified in the guidance. Capital costs include the direct costs of equipment,
labor, and materials necessary to install remedial alternatives. Annual costs are post-
construction costs necessary to ensure effectiveness of the remedial action. Present worth
costs are calculated to evaluate expenditures that occur over different time periods by
discounting all future costs and annual cosis to a common base year. For this report a
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discount rate of 8.5 percent was u_sed"to'detenhine p-‘r‘esent.rworth costs. Detailed costs are o
presented in section 8.0 with backup provided in appendix P. !

9.2.8 Criterion 8--State Acceptance

State acceptance is assessed based on the evaluation of the technical and
administrative issues and concerns that state regulatory agencies have regarding each of the
alternatives. This criterion will be addressed in the Record of Decision {ROD) once '
comments on the RI/FS report and the pmposed plan are received.

9.2.9 Criterion 9--Community Acceptance

This assessment evaluates the issues and eoncems the public may have regar-dihg each-
of the alternatives. As with state acceptance, this criterion will be addressed in the Record
of Decision once comments on the RI/FS report and proposed plan are received.

9.3  EVALUATION OF SOIL REMEDIAL ALTERNATIVES = -

The remaining soil remedial alternatives are evaluated against the seven criteria that -
are possible to address at this time in the following paragraphs. At the conclusion of these L
individual evaluations a comparative analysis is made. ‘ S LT

9.3.1 Alternative S-0 (No Action)

Under this alternative, no action is taken to remediate the site actively and annual

momtormg of existing downgrad1ent wells will be implemented.

9.3.1.1 Criterion 1. The remedial action objectives for all the sites would not be safisfied.
Continued exposure to contaminated soil by industrial onsite workers would be possible.”
MTCA cleanup levels would not be achieved, however, the residual maximum site
incremental cancer risks from the no action alternative-of SE-5 and the maximum hazard

- index of 0.3 are both within the acceptable range set forth in the NCP,

_ '9 3.1.2 Criterion 2. MTCA cleanup levels would not be achieved by this altern‘ative

9.3.1 3 Criterion 3. Res1dual risks would be as stated above. Groundwater momtormg

would be a reliable and adequate control to determine if contaminants are migrating offsite.
- - Continued industrial land use would ensure that potentlal exposure would be llmlted to ons.1te

workers

9. 3 1. 4 Crlterlon 4. There would be no reductlon in the tox1c1ty, mobility, or volume of

S
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9.3.1.5 Criterion 5. Because no remedial actions are involved there afe no short-term risks

to remedlal workers or the public. There will be no impacts to the env1ronrnent due to -
construcnon (OT operation. :

9. 3 1 6 Criterion 6. This alternative would be easily implemented. Momtormg would be

conducted using establlshed procedures. No permits, special equipment, or specialists would |
be: requrred :

' 9.3.1.’)r Crii:_erion 7. The present.worth. cost of this alternative is $561,434,

9.3.2 -Altgrnative S-1B

Under this alternative soils at the UN-1100-6 are bioremediated, PCB contaminated - -
soil from the Ephemeral Pool is removed and disposed of offsite, and HRL is capped for the.
containment of asbestos. Additionally, annual groundwater monitoring is conducted, access
is r-es'tricted to sites on which contaminants remain, and the current land-use is continued.

9.3.2. 1 Criterion 1. All of the remedial action objectives would be satisfied by tlus
alternative. Potential receptor exposure to contaminated materials would be significantly
reduced by either reducing the toxicity of the contaminants through bioremediation, removal
of the contaminants offsite, or through the combined effects of contamment and-access '

restnct:ons

9.3.2.2 Criterion 2. Achievement of MTCA cleanup levels may not be possible for the
bioremediation of BEHP at the UN-1100-6 subunit. Also, the operation of this facility would
need to comply with RCRA requirements. A land disposal variance would have to be
petitioned for if these soils did not meet RCRA Land Disposal Restriction Best Demonstrated
Achlevabie Technology requlrements prior to land dllsposal

Achievement of MTCA cleanup levels would be attained at the Ephemeral Pool. -
Materials would be disposed of in a TSCA approved facility and tmnsported accordmg to

' DOT regu]ations

MTCA cleanup levels for PCB’s would not be achieved at HRL, however, exposure
to the contaminant is significantly reduced. Attainment of MTCA cleanup standards at HRL
would result in greater risk to human health than this containment option. This risk is due to
the known presence of asbestos and the potential for exposure to unknown contaminants that’

‘may be present but have not been identified. The asbestos cap would comply with the

requirement for capping inactive landfills containing asbestos. Warning signs will-alert the
public to the potential hazards of the landfill as required.

9.3.2.3 Criterion 3. Cleanup to the MTCA levels at the UN-1100-6 and Ephemeral Pool
subunits would reduce residual risks at those sites to the E-6 range and below. Because the
PCB’s at HRL are not removed or treated, the baseline risks associated with the ingestion -
and dermal contact with the soil would remain the same. However, capping and restricting
access at this site are adequate and reliable controls will significantly reduce the potential for
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exposure Contmued yearly downgradient monitoring will determme if com;ammants are
mlgratmg offsite and if additional remedial measures are necessary.

9.3.2.4 Criterion 4. The toxicity of the bieremediated UN-1100-6 subunit soil is reduced
under this alternative. Because residuals of the contammant would still exist, volume and
mobility would remain the same.

Offsite disposal of the PCB-contaminated soil at the Ephemerat Pool would reduce the
mobility of the contaminant onsite. Disposal in a controlled TSCA facility would limit the

mobility of the contaminant offsite. The volume: and toxicity of the contaminated sml would
be unchanged.

The asbestos cap will not reduce either the toxicity, mobility, or voluime of PCB-
contaminated soil-at HRL. The mobility of fugltlve dust containing asbestos would be-
reduced.

9.3.2.5 Criterion 5. There would not be any short-term risks to thel-cOmmun'ity‘ during the

~ implementation phase of this alternative. Control measures would be taken to control

fugitive dust as part of any remedial action. Remedial workers will be required to wear
protective coveralls to protect against dermal exposure. At HRL, special construction
practices will be utilized to preyent' worker exposure to asbesto‘s '

Dunng remediation; there will be some disruption of the environment due to

earthmovmg activities. However, after the sites are temediated, the areas will be rcgmded to

testore the land to near original conditions. At HRL, topsoil will be provided and the area

‘will be seeded to dryland grass to provide future 'habitat for birds and small mammais '

Bloremedlatmn of the UN-1100-6 subunit is estimated to require about 2 years from

. the start of onsite activities, This remediation timeframe is not well constructed and can be

better established after treatablhty studies are conducted. The removal action at the ‘
Ephemeral Pool can be completed within 3 months of beginning site work. Six months will
be required to complete the capping and installation of the fence at HRL.

932, 6 Implementability. Bioremediation is a commonly used technology that requlres no
special equipment. Initial operator training will be required to establish procedures for

culturing the microorganisms and for supplementing and aerating the soil. Conﬁnnatow
testing will be required to determine when cleanup levels are achieved. If this treatment

- cannot achieve cleanup objectives, other methods- descrlbed in this report ‘can be eas:ly
‘instituted.

Removal of PCB’s to an offsite facility is also eas;ly implemented. Excavation of

material will be by using conventional earthmoving equipment. - Confirmatory testing will be .

conducted to ensure that all material above the cleanup level is removed. An approved
TSCA facility with more than sufficient capamty is located at Arlington, Oregon,
apprommately 145 km (90 miles) away. A number of licensed DOT hazardous wastc haulers

are avajlable who could transpoﬂ this material.
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Construction of a cap to-contain asbestos requires only conventional earthwork

_ practices. Barth materials for fill are available within a 16.1-km (IO-mlle) radius of the. site.

No speclal permits are required.

o 9.3.2.7 Cost.. The total present worth cost of this alternative is $3,833,035.

933 Alternative S-1D

- This alternative is similar to alternative S-1B except that a cap designed in accordance
with WAC 173- 304 is used instead of the asbestos cap. Consequently, the evaluauon that
follows only considers this difference. :

9.3.3.1 Criterion 1. The usé of 2 WAC cap in this alternative would satisfy the remedial :
action objectives. Potential receptor exposure to contaminants is significantly reduced '
through the capping of the site and the imposition of access restrictions:

9. 3 3.2 Criterion 2. Agam MTCA cleanup levels for PCB’s would not be achleved at’
HRL, however, exposure to the contaminant is significantly reduced. Attainment of MTCA
cleanup standards at HRL would result in greater risk to human health than this containment
option. This risk is due to the known presence of asbestos and the potential for exposure to

-unknown contaminants that may be present but have not been identified. The WAC cap

conforms to state requirements for capping of fandfills in arid climates. Warning signs will
alert the public to the potential hazards of the landfill as required.

9.3.3.3 Criterion 3. Because the PCB’s are not removed or treated, the long-term risks
associated with the site remain. However, capping and access restrictions significantly
reduce the likelihood of exposure and are adequate and reliable controls. Continued anaual
monitoring of downgradient wells will be used to evaluate the cap and to determine if
additional measures are necessary.

9.33.4 Criterion 4. The cap will not redlice the volume or tbxicity of the PCB’s. The cap
is impermeable thus infiltration is reduced. This should further reduce the already limited
mobility of the PCB’s. The mobility of fugitive dust containing asbestos would be reduced.

9.3.3.5 Criterion 5. Construction of the cap will not pose a risk to the community.
Special precautions will be taken to control fugitive dust that may contain asbestos to protect
remedial workers. Construction will disturb 10.1 hectares (25 acres), that may currently be
inhabited by wildlife. A topsoil cover seeded to dryland grass will be provided to provide
habitat after construction is complete. Construction of the WAC cap will be completed
within 6 months of starting work at the site.

9.3.3.6 Criterion 6. The cap is constructed using conventional practices and should be
easily implemented. Geomembranes are available from multiple vendors and there are a
number of contractors that are qualified in their installation. Earth fill materials are readily
available within a 16.1-km (10-mile} radius. No special permits are required for
construction.



" 9.3.3.7 Criterion 7. The total present worth cost of this alternative is $6,994,655.

DOE/RL-92-67

.
9.3.4 Alternative S-2B

This alternative considers the use of onsite incineration for the destruction of
contaminants at the UN-1100-6 and Ephemeral Pool subunits. Remedial action at HRL
consists of capping for the containment of asbestos and the use of access restrictions. The
capping option was evaluated as part of a previous alternative and is not reviewed here. =
Annual downgradlent groundwater momtormg is employed to evaluate remedlal actlons

9.3.4.1 Cntermn 1. Remedlal action objectlves are met through this. alternative. Remdual
risks are reduced to less than E-6 if cleanup levels are obtained; no residual risks from these
contammants would remain if clean closure is obtamed

9.3.4. 2 Criterion 2. The ARAR for MTCA cleanup levels would be met under thlS
alternative. The onsite incineration facility would meet RCRA standards for incineration
facilities and also meet regional air quality standards. Ash from the process would have little
residual contaminant and should meet requirements to allow replacement at the subunits.

9.3.4.3 Criterion 3. There should be little or no residual risks assoc:ated with remedlatmn
of this site as indicated above. If contaminants above background remain, annual momtormg
should provide reliable controls to establish if subsequent releases occur.

_9.3.4.4 Criteridn 4. Toxicity of the contaminants would be Signiﬁcantly reduced as these = _ N4
processes typically have 99.9999 percent destruction removal efficiencies. Incineration of - '
soils will not reduce volume substantially. Mobﬂ,lty of the remalmng residuals w1ll remam

~ the same.

_ 9._3‘.4.-5' Criterion 5. There should be no risk to the community during remediation if the

incinerator is operating properly. Air quality will be monitored and the operation will not.
proceed if emissions do not meet standards. Remedial workers will require protective =

- clothing to prevent dermal contact. Impacts to the environment will consist of the excavation

of contaminated materials and the construction of a pad to house incineration facilities. ~After
remediation these areas will be regraded to return the site to near original conditions.

9.3. 4 6 ‘Criterion 6. Vendors are available to supply onsite incineration facilities that have |

- proven effectlveness in remediating soils with similar contaminants. Operation of the -
incinerator is typically done by vendor supplied operators. Ashes can be fested to determine

if cleanup goals are bemg met. The incinerator must meet the requirements of RCRA and be
approved by state agencies in accordance with the TPA. -

o '9.3.4.-’7 '.Crlterum 7. The present worth total cost of tl‘llS alternative is $5,418,065. -
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9.3.5 Alternatlve S-2D

_ ThlS altematwe is mmﬂar to alternative S-2B except that a WAC cap is employed for .
the ‘containment at HRL. Evaluation of the first six criteria has previously been presented in
the above discussions. The only criterion that differs is the present worth total cost wlnch is,

~ $8,609,685.

936 Alternative S-3B

This remechal alternative utilizes incineration at an offsite facility for the remechatlon :
of the UN-1 100-6 and Ephemeral Pool contaminated soils in conjunction with a cap for '
asbestos ‘conitainment and access restrictions at HRL. Actions at HRL were previously o
considered and -are not evaluated further here. Groundwater sampling is conducted annually
to monitor the effectiveness of the remedial actions.

9.3.6.1 Criterion 1. This altematlve will meet the site-wide remedial action objectives.

~ Risks to human health from these specific contaminants are reduced to below E-6 if MTCA

cleanup levels are obtained and eliminated if the site attains clean closure.

9.3. 6 2 Criterion 2. All ARAR’s will be met. The contammated material will be hauled
bya hcensed DOT hazardous waste hauler. The receiving facility will have a permit to
operate a RCRA facility. Ash disposal will be in an RCRA—approved facility.”

- 9.3.6.3_ Criterion 3. Long-term risks, as indicated above, are significantly reduced through

this action. * If contaminant residuals do remain, monitoring of groundwater will provide -
adequate controls to measure the effectiveness of the action.

9.3.6.4 Criterion 4. Contaminant toxicity is reduced due to the high destruction removal
efficiencies associated with this process option. If residuals remain, their mobility is
unaffected. Volume is only siightly reduced through the incineration of soils.

9.3.6.5 Criterion 5. There are no risks to the community from the offsite incineration
alternative. Risks to remedial workers are minimized by requiring the use of protective
clothing to prevent dermal exposure. Excavation of the contaminated material will disturb
the relamely small sites. Post remediation activities will include regrading to return the area
to near cmgmal conditions. The two subunits can be remediated within 3 months of”
commencmg site activities. '

9.3.6.6 Criterion 6. This alternative is easily implemented. A commercial incinerator is
available in Port Arthur, Texas, approximately 2,100 km (1,300 miles) away. This _
incinerator accepts contaminated soils and has adequate capacity. Excavation of material i is
by conventional equipment and transportation is readily available through a number of
licensed haulers. * There would be no administrative requirements for onsite activities.
Confirmatory testing will be used to determine when cleanup levels are achieved.

9.3.6.7 Criterion 7. The total present worth cost of this alternative is $5 ,5_46,055.
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- worth total costs of this alternative is $8,100,215.

- The efficmncy of cleanup will need to be determined in order to evaluate if MTCA cleanup
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9.3.7 Alternative S-3D o : ~
This alternative uses a WAC cap as the containment option at the HRL in lieu of the ~

cap for asbestos containment thus distinguishing it from alternative S-3B. ‘Evaluations of all

the components that comprise this option have been discussed in previous sections. Cost is

the only criterion that differs and the total present worth costs of this alternative is

$8,737,745. '

9.3.8 Alternative S-5B

 This alternative is a hybrid alternative that utilizes offsite iicineration for the UN-
1100-6 soils contaminated with BEHP and, offsite disposal for the PCB’s contaminated soils
of the Ephemeral Pool. A cap for asbestos containment is used at the HRL along with
access restrictions and continued annual groundwater monitoring. Each of these components

were prev10us1y discussed and are not evaluated further. The present worth total cost of this
alternative is $4,908,525.

9.3.9 Alternative S-5D

Like Altematlve S-5B, offsite incineration for UN-1100-6 soils and offsite dlsposal
for Ephemeral Pool soils is utilized. This option, however, employs a WAC cap at HRL, Lo
along with access restrictions and continued annual groundwater momtonng The present - N

| 9.3.10 Comparative Analysie

In the following analysis, the alternatives are eévaluated in relation to one another for
each of the evaluation criteria. The purpose of this analysis is to identify the relative :

~advantages and disadvantages of each alternative.

9. 3 10. 1 Crltenon 1. Al the alternatives will meet the remedial aCth[l Ob_]e(:tlves '

established at the site with the exception of altemative S-0. Protection of human health is
prov1ded by reducing the risks associated with the dermal contact and ingestion pathways
Alternatives S-1B, S-1D, S-5B, and S-5D achieve protectlon by a combination of treatment,

“removal, and dlsposal and containment options. Alternatives S-2B, S-2D, S-3B, and. S- iD

achieve protection by the same technology, incineration, except that the method (onsite or

offsite) differs. Contamment at HRL is through one of two capping options.

| 9, 3. 10.2 Criterion 2. All actions except alternative S 0 have the potential of meetmg e
' ARAR’s. For alternative $-0, MTCA cleanup levels are not attained, however, the risks. -

associated with the site are within the acceptable range established by the NCP.
Bioremediation may be less effective in reducing BEHP levels in alternatives S-1B and S- ID

levels can be met. . L)
R
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9.3.10.3 Criterion 3. Alternatives S-2B, S-2D, S-3B, and $-3D offer the highest degrees -
of long-term permanence because these alternatives use treatment methods that permanently
reduce toxicity at the UN-1100-6 and Ephemeral Pool subunits. For Alternatives S-3B and.
$-3D, soils containing residuals will be disposed of onsite. Alternatives S-5B and S-5D also

~have high degrees of long-term permanence because contaminants are either destroyed or
removed offsite to a controlled facility. Alternatives S-1B and S-1D have the potential for
. long-term permanénce if contaminants are degraded to below cleanup levels, No long “term-

mamtenance will be requlred at these subunits.

k Tlhe_ cappmg optlons would require periodic evaluation and maintenance to pre_sewe' _ '-
their integrity. The asbestos cap would maintain its functionality provided that the asbestos B

material remains covered. Functionality of the WAC cap is maintained as long as the

geomembrane remains covered and is not ruptured. This cap option has the added benefit of

reducing infiltration into the landfill area. Long-term monitoring will ensure that releases
from HRL are not occurring and is critical for evaluating effectiveness. The reduction in -
exposure to receptors relies on maintaining access restrictions and current land uses.

| Alternative S-0 would not reduce any residual site risks.
9.3.10.4 Criterion 4. .Tox1(:lty is reduced through alternatives S 2B, S- 2D, $-3B, and
S-3D. Alternatives $-1B, $-1D, S-5B, and S-5D reduce toxicity for BEHP contaminated
soils at the UN 1100 6 subumt only.

Onsite moblhty is reduced through a]ternatlves S- lB S-1D, S-3B, S- 3D S-5B, and
S-5D by zemov1ng materials offsite. However, mobilities of the contaminants at offsrte

-facﬂltles remam the same even though they may be controlled.

Altematwes utilizing incineration reduce soil volumes very httle Al other
a]tematwes do not reduce volume.

Capping options reduce the mobility of fugitive dust that may contain contaminants.
Mobility of contaminants in the vadose zone remain the same (practically immobile)
although, the. WAC cap reduces infiltration that potentially could further reduce mobility.

'Aiternatlve S-0 w:ll not reduce the toxicity, mobility, or volume of contamipated

soils.

9.3.10.5 Criterion 5. All alternatives present relatively low risks to the community during
implementation. Some fugitive dust emissions from cap construction activities are anticipated

although precautions will be taken to reduce these to protect both remedial workers and the

community. Risks to remedial workers for all other alternatives will be reduced by usmg
protective clothing. -

The onsite biological treatment option for alternatives S-1B and S-1D is estimated to

require approximately 2 years to complete. The onsite incineration option of alternatives
S-2B and S-2D is estimated to take less than 1 year to complete. All offsite treatment
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options should be accomplished within 3 months The cappmg optlons in each of the
alternatives would be constructed within 6 months;” :

9.3.10.6 Criterion 6, All alternatives are technically easy to implement. Alternatives S-1B
and S-1D require some operator training and knowledge of the process. -Alternatives S-2B
and S-2D require the mobilization, set up, and trial testing of the incinerator fo ensure that
apphcable standards are met. Operating personnel would be supplied by the vendor. The
capping options would only require typical construction practices using readily avallable
materials. Offsite disposal or treatment facilities' considered in alternatives S-1B, $-1D,  §-
3B, $-3D, S§-5B, and $-5D all have adequate capacity to receive these materials. Also, there
ai'e numerous licensed haulers who are able to transport these materials. g

9.3.10.7 Criterion 7. The no action alternative has the least total present worth costs.
These costs are associated with annual groundwater monitoring for the next 30 years. O&M
costs for all remaining alternatives are the same because total cleanup of the UN-1100-6 and
Ephemeral Pool subunits is assumed and the only costs are associated with the yearly
monitoring of wells downgradient of HRL. Options. that nse the: asbestos cap at HRL are
less costly than those that use the WAC cap. Alternatives that use a combination of
treatment for soils at the UN-1100-6 subunit and offsite disposal of the soils from the
Ephemeral Pool subunit are less costly than alternatives that utilize either onsite or off51te
incineration. A summary of costs is presented in table 8-2.

9.4 EVALUATION OF GROUNDWATER REMEDIAL ALTERNATIVES

. The remaining gi'oundwater remedial alternatives are evaluated against the seven "

~ criteria that are possible to address at this time in the following sectlons A comparatwe
analyms is made at the conclusion of these individual evaluatlons

9.4.1 Alternative GW-0

No active remedial measures are undertaken under this alternative. -Annual -

~ groundwater monitoring will be implemented to evaluate the migration of contaminants over

time, Exiting administrative controls that specify land use and restrict well drilling for

_consumptive purposes would remain in place. New facilities would receive water supphed
f_through the City of Richland’s distribution network. -

_.9.4.1.1- Criterion 1. This alternative will meet the remedial action objectives of the site.

Overall risks to humans are minimal because there are o current receptors. Continued use.

- of the institutional controls will prevent future exposure. This alternative leaves

contamination in place, that allows for further migration of the plume. However,

‘ groundwater modeling resuits have estimated that at no point in time will contaminants above
g MCL’s the George Washmgton Way diagonal. :
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9.4.1.2 Criterion 2. This alternative will attain SDWA MCL’s by the year 2017 through
natural attenuation as estimated by groundwater modeling. No other ARAR s apply to this .
altematzve

- 9.4_.1.3 _Criter.ion 3. After natural attenuation to below MCL’s is complete, the long terr_n -

residual incremental cancer risk is reduced to 1E-6 and the hazard quotient is 0.17.
Gmundwater monitoring would be a reliable control to determine the rate and concentratmn
of piume mlgratlon _

94, 1 4 Criterion 4. The toxicity of contaminants is reduced through the effects of
g dlffusmn dlsperswn and dilution. Moblllty and volume remain the same.

9.4.1.5 Cnterlon 5. There are no risks to the community during remediation because there
are no users of this groundwater. Assuming a common start date for all alternatives in the
year 1995, the most conservative modeling estimate is that natural attenuation to below
MCL’s will be complete in 22 years.

9.4.1.6 Criterion 6. This alternative is easily implemented. The annual groundwater
monitoring would be conducted under procedures already established for this site.

9.4.1.7 Criterion 7. There are no costs associated with this alternative.

9.4.2 Alternative GW-1

This alternative is similar to the no action alternative except that points of compliance.
are established on a line just west and parallel to George Washington Way. Three
monitoring wells will be installed along this line to monitor the plume migration, If
contaminants above MCL’s are detected at any of these wells, a2 remedial design and action
would be triggered.

9.4.2.1 Criterion 1. Site remedial action objectives will be accomplished under this
alternative. Maintenance of institutional controls will ensure that there are no receptors of
the groundwater, thus making the risks to human health minimal.. Again, contamination is
left in place and are allowed to migrate. However, natural attenuatmn of the entire plume to
below MCL’s is expected by the year 2017.

9.4.2.2 Criterion 2. This alternative will comply with SDWA MCL’s when attenuation is
complete.

9.4.2.3 Crit_eridn 3. The residual incremental cancer risk associated with attenuation to~
MCL’s is 1E-6 and the hazard quotient is 0.17. Groundwater monitoring is a reliable control
to determine if attenuation is complete.

' 9.4.2.4 Criterion 4. There is no reduction in contaminant volume or mobility under this

alternative. Contaminant toxicity is reduced through dispersion, diffusion, and dilution.
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9.4.2.5 Criterion 5. Because there are no. downgradlent users. of this aquifer, the risks to
the community during remediation: are minimal.* Risks associated with monijtoring well
installation are also low. Natural attenuation to MCL’s is expected to-be complete in

22 years under the most conservative modeling estimate.

9.4.2.6 Criterion 6. This alternative is technically éasily implemented with the only new
construction consisting of well development. Obtaining regulatory approval for seiting the
points of compliance and leaving contaminants in place is required.  Annual groundwater
monitoring will reliably evaluate the effects of natural attenuation throughout the remediation
timeframe. If contaminants above MCL’s are detected at the points of comphance add:tu:mal
remedial action could easily be initiated in a relatively short timeframe.

9.4.2.7 Criterion 7, The total present worth costs of this alternative is $605,015, which
assumes that natural attenuation will occur as modelléd and that no additional remedial action
is necessary. These costs include the capital costs of well construction and annual
monitoring over a 30—year perlod

- 9.4.3 Alternative GW-2A

Groundwater is acuvely remed1ated under this scenario. An extraction rate of
0.38 m*/min (100 gpm) is used. Groundwater is treated by air stripping (to remove TCE)
and by reverse osmosis (to remove nitrates) to reduce contaminant levels to below MCL’s.
Effluent from the treatment train is recharged through an infiltration trench. Current
mst1tut10nal controls remain in place and six additional monitoring wells are mstalled

'9.4.3.1 Criterion 1. This alternative meets the remedial action objectives for the site,
Risks to human health are minimal because there are no current or potential consumptl've '
users of the groundwater. Remediation to below MCL’ is expected by the year 2012.~

9, 4 3.2 _Criterion 2. The groundwater will be remediated to SDWA MCL’s. TCE -
em1ssmns from the air stripper are not expected to be above levels that requ;re treatment.

- 9.4.3. 3 Criterion 3. Remediation to MCL’s reduces the site incremental cancer risk to .
below 1E-6 and the hazard quotient to 0.17. Groundwater monitoring will provide reliable
controls to assess the effectiveness of the remedial action. Maintenance would be requlred

“for purnps and treatment units to ensure their proper operanon ' ‘

9.4.3.4 Crxtermn 4. This extraction scenario -only captures I:he portion of the TCE _
contaminant plume above 35 ppb. The rest of the plume would be allowed to migrate and

natorally attenuate. Upon transfer of the TCE to the gas phase by stripping, its mobility wﬂl _:-

be increased. However TCE will degrade- naturally in the atmosphere after a number of -
“days. - |

Likewise, only a portion of the nitrate plume is captured and the remamder is allowed
to attenuate naturally There is no reduction of nitrate volume. However toxicity and =~
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mobxhty are reduced because nitrate is contained in the solid residue remaining after
treatment

9.4.‘3.5 Crlterion 5. There are no downgradient users of the aquifer so the risks to the -
community from ingestion are minimal. The risks associated with TCE emissions are also
minimal because of the low emission rate and the fact that there are no residential areas in
close proximity. Risks to workers installing wells and the extraction system will be low.

' Remediation under this scenario is expected to take 17 years. The environment will -

be minimally impacted by construction activities.

9.4.3.6 Crltermn 6. This alternative can be implemented easily. The required equipment,
matenals, and construction techniques are common to mdustry The treatment units should
rehably meet remediation goals.

9.4.3.7 Criterion 7. The total present worth costs for this alternatlve mcludmg addrtlonal
monitoring wells and yearly sampling, is $1, 217,147.

9.4.4 Alternative GW-2B

This altematwe is similar to altematxve GW-2A except that a UV/0x1dat10n treatment
unit is used in lieu of an air sl:npper for TCE treatment.

9.4.4.1 Criterion 1. This altematlve meets the remedial actior objectives for the site.
Risks to human health are minimal because there are no current or potential consumptive
users of the groundwater. Remediation to below MCL’s is expected by the year 2012.

9.4.4.2 Criterion 2. SDWA MCL’s are met under this alternative. No other ARAR’s are
identified. :

9.4.4.3 Criterfon 3. Remediation to MCL’s reduces the site incremental cancer risk to
below 1E-6 and the hazard quotient to 0.17. Groundwater monitoring will provide reliable
controls to assess the effectiveness of the remedial action. Maintenance would be required
for pumps and treatment units to ensure their proper operation.

9.4.4.4 Criterion 4. This treatment scheme destroys TCE and thus reduces its volume.
Again, only the portion of the plume above 35 ppb is captured using this extractlon scenario.
The remainder of the plume is allowed to naturally attenuate.

There is ne reduction in nitrate volume; toxicity and mobility are reduced because
nitrate exists in a solid state after treatment. Like TCE, only a pomon of the nitrate plume
is captured and the remainder is left to- naturally attenuate.

9.4.4.5 Criterion 5. There are minimal risks to the community and remedial workers
during the implementation of this alternative. The environment will be slightly impacted by
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construction activities. It is est1mated that the plume will be: remed1ated to below MCL’s in —
17 years. : . - &

9.4.4.6 Criterion 6. The treatment units required for this alternative are available from
vendors, and construction of the facilities requires only common practices. The treatment
process will require review from the regulators and no difficulties are anticipated.
Therefore, this alternative should be easily implemented.

9.4.4.7 Criterion 7. The total present worth cost of this alternative is $1,633,136. The
costs of institutional controls are included in these.

9.4.5 Alternative GW-3A

 Under this alternative, groundwater is extracted at a rate of 1.14 m’/min (300 gpm)
through three extraction wells. The water is treated through a treatment train similar to that
of alternative GW-2A,. except that it is sized for the larger flow. Six additional momtormg '
welis are installed and existing institutional controls remain in place.

9.4.5.1 Criterion 1. This alternative meets the remedial action objectives for the s.it_e.
Risks t0 human health are minimal because there are no current or potential consumptive
users of the groundwater. Remediation to below MCL’s is expected by the year 2008.

9.4.5.2 Criterion 2. The grourldwater will be remediated to SDWA MCL’s. TCE - TN

emissions from the air stripper are not expected to be above levels that require treatment. _ L ¥

"9 4.5.3 Criterion 3. Remed1at10n to MCL’s reduces the site mcremental cancer risk to

below 1E-6 and the hazard quotient to 0.17. Groundwater monitoring will provide reliable
controls to assess the effectiveness of the remedial action. Maintenance would be. reqmred
for pumps and treatment units to ensure their proper operation.

°9.4.5.4 Criterion 4. This extraction scheme captures the portion of the TCE plume that s
- above the 5 ppb MCL. The remaining contaminants are allowed to migrate and attenuate
mnaturally. TCE mobility is increased when it is stripped and transferred to the gas phase.
However, TCE degrades in the atmosphere after only a few days. '

This alternative also captures a la.rger portion of the nitrate plume That portion that

" is not captured is allowed to migraté and naturally atienuate. There is no reduction of nitrate
- .volume. However, toxicity and mobility are reduced because nitrate is contained in the SOlld
' re51due remauung after treatment.

9 4. 5 5 Criterion 5. There are no downgradient users of the aquifer so the risks to the.
commumty from ingestion are minimal. The risks associated with TCE emissions are also
minimal because of the low emission rate and the fact that there are no residential areas in.
close proxnmty Risks to workers msta]llng wells and the extraction system will be low. .

s
L
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Remediation under this scenario is expected to take 13 years. The envuonment will
be mm[ma]ly impacted by constructlon activities.

9.4-.5_.6 Criterion 6. This alternative is easily implemented. The treatment system will
attain the MCL goals. Equipment, material, and skilled labor are all readily available. .
Review- of the treatment process will be done by the regulators and approval should not be
dlfﬁcuit

- 9 4. 5 7 Criterion 7. The total present worth costs of this altematwe is $2 237 007. These _

costs mclude the costs of institutional controls.

9_.4.6 Altematife GW-3B

' Use of a UV/Oxidation treatment unit for TCE replaces the air stripping umt in

: altematlve GW-3A to dlstmngh this alternative.

9.4.6.1 Criterion 1. Risks to human health are minimal because there are no current or

potential consumptive users of the groundwater. - Remediation to below MCL’s is expected -

by the year.2008. Therefore, this alternative meets site remedial action objectives.

9.4.6.2 Criterion 2. SDWA MCL’s will be met under this treatment alternative. No other

_ ARAR’s are identified.

9.4.6.3 Criterion 3. Site incremental cancer risks will be reduced to 1E-6 and the hazard
quotient will be reduced to 0.17 when MCL’s are attained. - Maintenance would be required
for pumps and treatment units to ensure their proper operation. Groundwater monitoring will
provide reliable controls to assess the effectiveness of the remedial action.

9.4.6.4 Criterion 4. This treatment scheme destroys TCE and thus reduces its volume.
Again, only the portion of the plume above 5 ppb is captured using this extraction scenario.
The remainder of the plume is allowed to attenuate naturally.

* There is no reduction in nitrate. volume; toxicity and mobility are reduced because
nitrate exists:in-a solid state after treatment. Like TCE, only a portion of the nitrate plume
is captured and the remainder is left to attenuate naturally.

9.4.6.5 Criterion 5. There are minimal risk to the community and remedial workers during

the implementation of this alternative. The environment will be slightly impacted by
construction activities. It is estimated that the plume will be remediated to below MCL’s in
13 years.

9.4.6;6 ‘Criterion 6. This alternative is easily implemented. The treatment system will
attain the MCL goais. Equipment, material, and skilled labor are all readily available.

9.4.6.7 Criterion 7. The total present worth cost of this alternative, including institutional
controls, is $2,935,319.
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9.4.7 Comparative Analysis

)

The purpose of this anaIySis is to identify the relative advantages and disadvantages of
each alternative. The alternatives are evaluated in relation to one another for each of the
evaluation criteria in the paragraphs that follow. ‘

9.4.7.1 Criterion 1. A]l altematlves protect human health and the environment by attaining
the site RAQ’s for groundwater. There are no current users of the groundwater and the
continued use of institutional controls will ensure that consumptive use of the aquifer will not
occur until remediation to below MCL’s is complete.

9.4.7.2 Criterion 2. All alternatives attain the SDWA MCL’s of 5 ug/L for TCE and

10 mg/L for nitrate as nitrogen although the time required to reach these goals differs
slightly. Alternatives GW-2A and GW-3A will produce TCE air emissions, however, these
quantities of TCE released are small and do not require regulation.

9.4.7.3 Criterion 3. Alternatives GW-2B-and GW-3B physically destroy a.portion of the
TCE and use natutal attenuation to remediate the rest of the piume thus achieving the highest
degree of permanence. All alternatives reduce the site incremental cancer risks to below
1E-6 and the hazard quotient to 0.17. Alternatives GW-0 and GW-1 use natural attenuation
to meet the MCL’s. Alternatives GW-2A and GW-2B transfer a portion of the TCE to the
gas phase and use natural aftenuation to remediate the rest of the plume 'I‘CE is naturaily
degraded in the atmosphere under these alternatives. : o
S
Altemattves GW-2A, GW- 2B, GA-3A, and GW-3B require maintenance of the pumps N

" ‘and treatment trains throughout the remediation timeframe. All alternatives rely on annual
groundwater monitoring to evaluate their effectiveness. Continued land use restrictions

ensure that there will be no users of the groundwater.

9.4.7.4 Criterion 4. Alternatives GW-0 and GW-1 reduce toxicity through natural
attenuation. Alternatives GW-2A, GW-2B, GW-3A, and GW-3B reduce toxicity thmugh

i treatment and natural attenuation.

Alternatives GW-2B and GW-3B are the only alternatives that actively de_st'ro'y TCE :
and reduce contaminant volumes. Alternatives GW-2A and GW-3A additionally rely on the

.natural degradation of TCE in the atmosphere to reduce volume of the contaminant.

- TCE mobility is not reduced under any alternative. In fact, TCE mobtlity is
mcreased by transfer to the gas phase under alternatives GW-2A and GW-3A. Nitrate .

" ‘mobility is reduced under all options that utilize treatment trains because it is mcorporated in’
a solid residue after treatment. ‘ ;

. _9.4.7.5 Criterion 5. All alternatives present low remedial risks to the community and o
. onsite remedial workers. Emissions from the air strippers of alternatives GW-2A and GW— :

3A are relattvely low. The site is distant from the commumty, therefore posing mlmmal
rlsk of exposure to emissions. ‘ _ o —~
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Alternatives GW-0 and GW-1 will remediate the site in 22 years. Alternatives GW-

C2A and ‘GW-2B remediate the site in 17 years. It is estimated that 13 years will be required

to remedlate the site under aiternatives GW-3A and GW-3B.

94. 7 6 Criterion 6. All alternatives are easy to implement technically. Alternatives GW-.
2A, GW- 2B, GW-3A, and GW-3B reqmre treatment units that are available from multiple -

- vendors.” These alternatives also require that the processes be reviewed and approved by

regulators. All alternatives employ, standard construction practices.

04, 7' 7 Criterion 7. Altcmati\?es GW-0 and GW-1 share the same cost and are the least -

costly of all alternatives. It is assumed that alternative GW-1 will not require additional
remedial action in the future. Alternatives that treat 0.38 m*/min (100 gpm) are less costly
than those that treat 1.14 m*/min (300 gpm). For alternatives treating the same flows, those
that use air stripping for TCE removal are less costly than those utilizing UV/Oxidation for
the destruction of TCE. A summary of these costs is presented in table 8-4.

9.5  SUMMARY

- This section is provided to present a few alternate remedial action plans that address

~ the contaminants at the 1100-EM-1 Operable Unit. The plans presented here do not

comprise the entire universe of possibilities available but, rather, were assembled to offer a
range of options that leave in place, contain, or treat the different contaminated media, and
the range of costs for these options. Table 9-1 evaluates each plan against the criteria
described earier in this chapter. The plans considered are:
PLAN 1--Alternatives S-0 and GW-0.
.PLAN 2--Alternatives S-1B and GW-1.
~PLAN 3--Alternatives S-5B and GW-1.

PLAN 4--Alternatives $-5D and GW-1.

PLAN 5—Alternatives S$-3D and GW-1.

PLAN 6--Alternatives $-3D and GW-2A.

PLAN 7——Altematives S—3D and GW-3B.

As noted earlier, state and community acceptance are reserved for evaluation in the
development of the proposed plan. The proposed plan provides a specific recommended
alternative or approach to address the contaminants and associated risks at the site. One of
the above plans may be proposed by the site risk managers for the remediation of the site.

However, it should be noted that the exclusion of a specific plan in table 9-1 does not
preclude its consideration by site risk managers or the public.
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. TABLE9-I. 'EVALUATION OF ALTERNATE REMEDIAL ACTION PLANS (PLAN)
R | PLAN |
CRITERION 1 2 3 4 5 6 7
Overall -
Protection of
Human Health v v v v v v v
and the N
Environment _ - _
Compliance with - v v v + -+ +
ARAR’s
Long-Term
-Effectiveness and v + + + + + +
Permanence
Reduction of | - |
Toxicity, _ - v v v + + +
Mobility, and
‘Volume ' _ _
Short-Term + v v R4 v v v
Effectiveness : B .
Implementability +- + .+ : + L+ + +
Cost $561,434 | $4,438,050 | $5,513,540 | $8,705,230 | $9,342,760 | $9,954,892 $11,673,064 f
Ratings: ' : |
- - = Low--does not meet all-elements of criterion.
= Medium--meets all elements of criterion adequately.
 +. = High--meets all elements of criterion to the highest degree.
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