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EXECUTIVE SUMMARY

P S

i.a‘.-. i.

, This report summarizes the unsaturated zone soil cleanup goals for the leaching to groundwater
' . pathway at the Greenwood Chemical Site In Albemarlc County, Virginia. Other exposure pathways
) ’wero not considered in this study. The chem!ca{s of concern included the 12 chemicals described in
' the Record of Decision (ROD) dated _D_eccmberzg 1989 for Operable Unit1, along with sevan
additionai chemicals that were determined to be of concern as a résuit'of this study,  The cieanup
goals reprasent the sstimated maximum soil concentrations that can remain at the site and permit
Safe Drinking Water Act Maximum Contaminant Levels (MCLs) or other health-based standards to be
attained in the groundwater. Bacause of the existing contamination In the saturated zone soils,
groundwater containment will be required for & period of time prior to attainment of the drinking
water standards. Cleanup of the unsaturated zone soils to the estimated concentration lavels
prescribed herein along with groundwater containment for the period indicated wilt result in
attainment of the required standards.

The site was divided into three geographic sections for cleanup goal determination: Area JA, the
Main Source, defined as the area south of the chemical manufacturing buildings and north of '
Lagaon 4; Area 13, Narthern Warehouse Area and areas sampled east of the warehouse; and Area 2,
the Drum Disposal Arta.r waest of Lagoon 4 between the access roadway and the western property
boundary. ‘

The cleanup goals were detcrmmod for each Area using contaminant transport computer models, .
namely the EPA Hydraulic Evaluation of Landfill Performance (HELP) model for percolation of
precipitation to determine the net inflow of moisture to the soils, and the Halliburton NUS one-
dimensional spreadsheet based modet ta determine the resulting groundwater concentrations at the
point of compliance. The point of compliance was determined to be the groundwater directly
beneath the area of contamination. Thus downgradient transport, rmxing, dispersion, and dilution
were not considered :

Soil and groundwater' chemical and characteristic data from the U.S. Army Corps of Engineers Pre-
Design Field Investigation and the REM Hli Remedial Investigation were used as sources of input data
tor the modcltng Prior to modeling each of the 19 chemicals, & screening procedure was used to
remove from further consideration those chemicals that did not pose a significant health concern
using simpler, more conservative transport models (the Su_mmer‘s Model). | This screening procedure
oliminatid a number of chemicais from further cleanup goal consideration.

R . ..
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The results are summarized in Table ES-1. These chemical concentrations are the cleanup goals if the o/
groundwater containment period indicated is provided. Only those chemicals for which soil -
remediation is necessary are included in this table. At the direction of the EPA, the concentration |
given in Table ES-1 is total concentration (Ct), which includes contributions from the chemical sorbed

to the soil particles (C;) and chemical concentration present in the soil pore water (C,). Results of
chemical analysis from various investigations summarized in tables in Section 2, as well as screening

and modeling results shown in table's" in Section3 and in appendices are indicated as sorbed
concentrations (C). .
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_ TABLE ES-1
UNSATURATED ZONE - SOIL CLEANUP GOALS
GREENWOOD CHEMICAL SITE
Soil Total Concentration (Ct) mg/kg (1)‘
Chemical - Area 1A Main Area 18 North Area 2 Drum
Source Area2.5Yr [ Warehouse Area Disposal Area 2 Yr
Containment 0.5 Yr Containment Containment
Acetone 1462.1 . 1041 , NA(3)
Benzene _ 0.225 NAG) _ 0.0224
4-Chloroaniline 565.7 p NAG3) NAG)
Chlorobenzene : 7,708.7 NA(3) : NAB)
Methylene chioride 2,665.1 NAG} >10.83
JToluene 40,917 . NA) >101.4
Chloroform : 0.219 NAG) 0.3262
1,2-Dichloroethane ' .- 0124 NA(3) NA®3)
Tetrachloroethens NA() NAG) . 0.2364
Trichioroethene : NAG) - NA®) 0.0974
Naphthaleneacetic acid(2) - NAG®Y | NAG) 158.6
Tetrahydrofuran 97,269 NA®) o®

1

1} Cleanup goal as total concentration for groundwater containment period indicated. Total
concentration is the sum of the chemical concentration sorbed to the soil particles (C,) as well
as the concentration present in the pore water entrapped in the soil matrix (C,).

@ Total semi-volatile tentatively identified compounds (TICs) used as represantative as
Naphthaleneacetic Acid (NAA). .

(3) NA = No cleanup required for this chemical in this area.

(%) Tetrahydrofuran not presentin unsaturated soils in this area; however, unsaturated or
groundwater concentration requires 0.25 year containment before groundwater attains

- drinking or health-based standards.

+
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2.3.2 REM lll NAA and THF Data

i

The 1989 Record of Decision (ROD) document reported that the concentrations of volatile and
semivolatile Tentatively Identified Compounds (TICs) were sufficiently high enough to warrant
consideration as cleanup goéls. Two compounds were selected as representative of these TICs:
naphthaleneacetic acid (NAA) was selected as representative of the total semivolatile TICs and
tetrahydrofuran (THF) was selected to represent the total volatile TICs. USACE THF data was available
and was used for the THF data. Because the Army Corps of Engineers’ data did not report NAA or
semivolatile TIC data, it was necessary to use the TIC data from the August 1990 Rl Report. This data is
included in Appendix D. The semivolatile TIC data was adjusted to compensate for semivotatile TiCs
found present in background locations by subtracting out the average background semivolatile TIC
data prior to using the data to establish the extent of contamination and the median concentrations.

233 REM Iil Data for Drum Disposal Area

For the Drum Disposal Area (Area 2; see Area descriptions, Section 2.5) insufficient Army Corps data
was available to determine the saturated zone concentrations. It became necessary to use the actual
groundwater concentrations from monitoring wells sampled during the REM IIl Rl in February and
March of 1989 (reported in Rl Report, August 1990). Only the REM INi soils data collected during the
same time frame as the monitoring well data was used to determine the cleanup goals in the
groundwater modeling effort.

2.4 HYDROGEOLOGICAL AND GEOTECHNICAL PARAMETERS

A brief description of the lithologic units is included in the section. Information specific to the data
required to perform the modeling is emphasized.

2.4.1 Geology

A total of three lithologic units were identified and evaluated for the purposes of this report. Those
units are termed as: the unconsolidated layer, the saprolite, and the bedrock. Five geologic cross
sections were developed for the site area and are shown on Drawings 1 and 2 in the back of this
report. A cross section location map is included as Figure 2-1. A discussion of these lithologic units,
from the shallowest to the deepest unit, is included in the following paragraphs.

The unconsolidated layer consists primarily of colluvial deposits comprised of clays, silts, sands, and
gravel with local variations. The |ocal variations exist in areas where the unconsolidated layer has
been reworked and/or replaced by man made fill. The unconsolidated layer extends from the ground

it DR - "®  AROOO32) -
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1.0 INTRODUCTION Red)

In response to a request from Darius Ostrauskas, former EPA Remedial Project Manager for the

 Greenwood Chemical Site in Albemarle County, Virginia, HALLIBURTON NUS has prepared this report

summarizing the results of groundwater modeling performed to determine revised soil cleanup goals
based on attaining Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs), SDWA
Proposed Maximum Contaminant Levels (PMCLs) and/or protective levels based on reference dose
concentrations in the aquifer(s) underlying contaminant source(s) at the site.

1.1 BACKGROUND

A Remedial Design for Operable Unit One (OU-1) is currently being prepared by the U.S. Army éorps
of Engineers (USACE) to address contaminated soils associated with the site. The remedy of concern
was selected in a Record of Decision (ROD) dated December 29, 1989 and include the excavation and
offsite incineration, stabilization and/or disposal of soils ox'ce'cding cleanup levels protective of
human health and the environment. Contaminants of concern in OU-1 soils include arsenic, benzene,
chlorobenzene, cyanide, methylong chloride, semivolatile tentatively identified compounds (TICs),

PCE, TCE and tetrahydrofuran (a volatile TIC). The ROD for OU-1 included soil cleanup levels

protective of potable groundwater. Based on the results of sampling conducted during the RD, as

* waell as new MCLs and PMCLs; it was determined that soil cleanup leve!s protective of groundwater

should be re-evaluated.

" In responsa, additional fate and transport mbddiing has been conducted to develop revised soil

cleanup goals for site-refated contaminants. in addition to soils of concern identified in the ROD for
OU-1, this modeling effort addresses all other'contaminated soils at the site,

wea w0 ARDDO3OYT
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2.0 GROUNDWATER TRANSPORT MODELING INPUTS

fhe mechanism'for exposure in\rolves lncident precipitation and surface water runoff inﬂltrating into
areas contammg chemucals of concern, end the formatuon of leachate containing these chemicals
dsschargmg into the aquifer which may be used as a potable water source by residents downgradlent
of the srte The recently fi nallzed Multlmed model (developed under the auspices of EPA) was initially
expected to be used to deterrnme sonl cleenup levels based on attamment of health-based criteria in
aqurfer(s) underlymg the slte However, EPA determmed thata one-dnmenslonel spreadsheet-based
contaminant flow and- transport mode ’fdeveloped by Halliburton NUS could better simulate
slte-speclflc condltsons The model uttllzed m this case is described in Appendux A. The model analysis
was - conducted by EPA Region il and l-lalhburton NUS for 19 chemicals determmed to be of
toxicologlcal concern o R e T o e j

P A N R L. . Bz Sl e

rhi's'aaeu?neﬁz‘;u'mmarizes the inputs to the model and the resuits of thé rnodeling etfort Many of
the mput parameters are requlred for both the Multlmed and Halhburton NUS models The input

parameters have been separated |nto three areas, mcludlng chemical-specrfic parameters,
hydrogeologlc and geotechmca! parameters,and source parameters . o

W T e s

The chemicals of concern were establlshed followlng a review of the cleanup goals establrshed in the
ROD for OU-l (EPA, December, 1989), and the results of ACE pre-deslgn soil samplmg conducted in

1991. The 1989 ROD established soil cleanup’ goels for 12chermcals. includmg arsenic, ¢yanide, |
" benzene, 4-chloroaniline, chlorobenzene, methylene chlonde, tetrachloroethene (PCE) trichloro-

ethylene (TCE) toluene, naphthaiene, naphthalene acatic acid, and tetrahydrofuran as determined

. by the REM IlI contractor. Based on further review of the ACE data Halllburton NUS recommended
"the addition of ‘seven chemicals. to the list, Including acetone, 1,2-dichloroethane (1,2-DCA),
" di-n-butyiphthalate, bis(z-ethylhexyl)phthalete. 2,4,6-trlchlorophenol, chloroform, and xylenes.

B T AT I UL TE s T SREE PR AN L A

214 Gr r ARA -Bas d riter T
o I . ;. ‘ i | .- 5 BT . - < "~ t "
Celdeele

Table 2-1 identifies groundwater concentrations of site-related contaminants which are protective

for drinking water purposes. _:*rThIs table identifies former criteria (utilized to calculate soil cleanup

levels identified in the ROD) and 'neﬁ‘criteria‘ﬁdeueioped in response to new SDWA MCLs and PMCLs.

———
..____\ '
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LRed] TABLE 2-1
SUMMARY OF GROUNDWATER ARARs OR HEALTH-BASED CRITERIA
GREENWOOD CHEMICAL SITE
_ . Former ARARS/ Criteria New ARARs/Criteria

Chemical - - . (uglL)(“(Z) - (ug’L)(” :
Arsenic 50 (MCL) 50 (MCL)
Cyanide 5.2(wQCy 200 (PMCL)
Acetone - 3,500 (RFD)
Benzene S(MCL) - - s{MCL) .
4-Chloroaniline R T 140 (RFD)
Chlorobenzene 488 (WQQ) - 100 (MCL)
Methylene chloride 10-5 ca. risk 5{MCL)
Tetrachlorcethene 0.8(WQQC) . 5(MCL)
Trichlorcethene S5(MCL) 5(MCL)
Toluene 2,000 (PMCLG) 1,000 (MCL)
Naphthalene- T ' 140 (RFD)
Naphthaleneacetic acid(3)- TT(3) " 305(RFD)(6)
Tetrahydrofuran : T - - 73 (RFD)4) - -
Bis(2-ethylhexyi)phthalate- . - 4 (PMCL)
Chtoroform - - 100 (MCL)
1,2-Dichlorcethane - 5 (MCL)
Di-n-butyl phthalate - 3,500 (RFD)
Xylene - 10,000 (MCL)
2,4,6-Trichlorophenol - 3.2 (105 ca. risk)

() Thesevaluesare consistent with the Record of Decision (ROD) dated Dec 31, 1989
(2)  Basis for guideline in parentheses. S
" MCL - = SDWA Maximum Contaminant Level
- WQC = Water Quality Criteria _
"PMCLG = SDWA Proposed MCLGoat
PMCL = SDWA Proposed MCL. -
RED = Risk Reference Dose
T = Threshold Toxicity

(3} Identified as representative of semi-volatile TICs in Decembaer 31, 1989 ROD.

(3 Per draft document entitled. “Selecting Exposure Routes and Contaminants of
Concern by Risk-Based Screening,” dated March 17, 1992, EPA Region Ill Hazardous
Waste Management Division, Contact: Dr. Roy L. Smith. _

(5} As noted in the ROD, the toxicity of total semivolatife TICs is assumed equivalent to
naphthalene acatic acid (NAA). As a result, health-based criteria for NAA in
groundwataer is also considered to bo tho health-based crltena for total semwolatilc

. TICsin groundwater. :
(6) EPA memorandum from R. Brunker and D. Ostrauskas, February 5,1992.
() These ARARs/criteria used as standards for the groundwatar modeling in this report.
R B ‘
R-49-11-91.12 o 2-2 A R 0 0 0 3 0 b
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-these groundwater criteria.

(R
In addition, certain criteria have been revised to reflect consistency with existing MCLs (i.e., if an MCL
is available, this is identified as the new criteria. The objective of the modeling effort is to predict
estimated contaminant concentrations in soil {i.e., soil cleanup levels) that will facilitate meeting

3
N

22 CHEMICALISPECIFICPARAMETERS |

The folloWlng is a 1t:lescriptlon of the mithods used to develop three tables of chemical-specific

' propertles for the 19 chemlcals for which the soil cleanup goals were derlved Detalls concermng
'speaal calculations and derlvatlons and a llst of sources follow the tables. The parameters were

developed based on the requirements for the Mult:med model however, many of the parameters
were used for the Halllburton NUS model L { ! P :

" e e

i

. Chemlcal-speclf' < parameters a;'e summanzed in Table 2-2 and Include Koc, air duffusuon _

coeffl clent molecular welght l-lenry s Law constant ‘and: vepor pressure constants
, : : .5 ‘l . : . :; o : s P :

. Decay Constants, are surnmanzed ln Table 2-3 and 24, and mclude values cletermzned for
blodegradatlon end hydrolysus rate éonstants, respectwely ' o

] Calculated Va!ues (Table 2 5) unclucles the results of calculatlon of the dlstributron
coefflclent Ko and mass fraction of solute - '

H . . 4
H B 3

2.2.1 'Vlcler aln efflcln

ol o o i T

- - T ' " .‘._3 - 35‘ B * .
For each compound the blodegradatlon rete konstant is used as the blodegradatron coefﬁclent (‘llyr

: - saturated zone).. Blodegradatlon rate constants were derwed uslng equatlons found in

Drag'un, 1988: S g S p P
. S t(112)-0693lk
Ll ke @ 3031 log [al(a-x)l
where: k . rateconstant_g
t - time ’;
t(uz) ' halif-llfe .
T a Inltlal concentratlon
“x = amountdegradedmtlmet
Toaow
. _— '__\‘
R-49-1191-12 . iy G0 . :

AR000305



ORIGINAL

Red)}

{9Y00€ L o
#a9v (740 VA 474! (DOv6 auajeyiyden
o 05 £9260°0
£-399°9 (02)L'8T" £126 0€ LOERD0
. (@ST)8T . ot L9EL0°0 (S)00€ suanjog
0$ 529600
002)6'LS 6 IEL )/ 3 909800
2 [N ol 8€9£0°0 (€191 auayIeoJonPl)
: 0S 182800
Z-355°1 OozivL C£9591 0f - TSBLOO
_ L . ‘ 0l - 896900 {SIVIE _auatpsosoppensy
£-3€0T - D0Z)9E 68 st 1010 (518'8 apuojyd austipan
. : 0s 0£S80°0 . o
€385 Dozt 952t 0f 179400 _ ‘
. ot 69£90°0 (SIOEE BUBZUBOION)
S-3L0°) ©oz)z-35"1 L 74 - - TS AN{IULOIORD- P
_ ‘ 0s LZE01°0 _
£-35°S (17474 TI8L of vE260°0
: ()11 (s)280°0 :
ol 56180°0 (os)EB auazUag
. 0s £2221°0 _
S-IEV'E OoZloLe 20'9S 0t 0£601°0
- woE)LT o 0l . 669600 (a6 auo1eYY
wN wN {a8109Z . - - apureky
WN O uUth 6L - - T
OUlfelll UNE L Wil _
owresune) | - @iusa | wows | oywsav (512) (Bnw) o
meysousy | deasinjog T OIMOW “dwag Jay (1) "Jo0d “p sy S0 :
LIS TVOWIHD GOOMNITNOD
SHILINVEVA DHDIS-TVONIHD
z-zImvl

AR000306

2-4

R-49-11-91-12 -



_ . ) pueliey
‘Guids 18IS ‘31MNSUL YIeasay [0NUOD SeuleN Snoplezel Spetlaley snopiezeH Jo Ansiwal) Jl0S 3yl 886l ..._..._.._..__..as._n 9
-090/98-1/0VS Vd3 "asuodsay [eipaway pue Huabiaw3 JO YO |EnUey UoREN(BA Y)[E3H Nnd punpadng "986l ‘'vdIsN  (s),
*AuediuoD PIOUUIBY PURNSON URA "UOIIPT PUOIAS "S|EXWAYD ae6iQ Uo 218C PIUIUILOIIAL] O HOOGPURH "EE6L Y USINLSIAN )
‘ “epuol "uoley £>0g "UONIPI Y109 $15Ayd pue AnsiuayD 30 O0OGPUEH JY) U1 SSAIIUD (el
$10-18-V/0bY Vdd ‘SIueIN|od Aol d1uebiQ J0) ereq 5533014 3184 dnenby TEEI 1AW 'VdISN - (z)

]

LOO/BB-L/OVS/VA3 ) ‘UOIBUISEAL ‘@5U0dSaY JEIPaLRY JO YD “feNURH awssassy dinsedxg pungsadns "gg6) judy 'vdIsn (v,

— e,

ted

T T uu_vco&,qc__ocoﬁo..o_ﬁﬁvcacEEEuEabu-éSv_»ocoam_..u.sgm.ax&

R = 2 snls9 SYL6l s (EVLIKQIOTOE { - - - IOURHOIONPUL-9'Y'T
05 S6¥00 T
£-3EEY -d) 002)5'9 917904 0f - 265SL0°0 L e :
- ‘ S SRERY || .. Te900 - | wert i
.. 38T . bsYsa | . €8 o Ty sy | 0 wergywdfinguagl
; — | - e usete ) T - :
ravl'e gﬂ@. - 9686 ' .. : I (SR Sf vOPeD0 - .‘..«.. U e [IEE N KNP R .
. R RO TSt Lot TR~ LR L. L R - URAPS0IOIUNG-T’t
| CEE TN D B |
€388 (oSt gEGLL 0¢ . YOPS0'0 T :
_ - ol SYES00 © (avp - WIOJOIORD
. - : | B aeeyd
T L3E 0©0nL-3T 79°06¢€ - - (637 (WayiAna-z)sig
: 19)052)294 ‘ : : 1
fzubat’l (174,311 e (7).74 (86070 {rL'DINDGE TV uesnyospiyenal
¥%-3T1 DsYe-3n0T | 1298l - . (0019-091 PRV dpadesudeyIydeN
u e . o . |
(1ouess wne) (@) @iows) |  o)wdav (s/zun) Gnw) —
- mets,Auan "dea a1njog oW dusorjay 0 13024 Ay et .
. - OMLIDVE
IS TVOWNIHD GOOMNID
SHALINVYEVE DBDILS-IVINGIO
: - TTIWVL
H = S M trn Y S e B S S e w;q....l

R-49-11-9192 -

AR000307

.28

vy
AT

i

)



SEE TEm S IR A N E e oan A G w N D e O e Epr

QRIGINAL
{Red)

)

)

: | _ - ” "Q620-6L-V/0v¥ Vd3 ON
1oday vd3 ‘Il “JOA “SIWeIn|iod K104 6T1 JO 3184 [CIUSWI0IAY] PILIDI-INEM “LL6) "VdISN J0} 18 19 YRWHS ‘M NV W "UeyR|[e)
pUBISINDT ‘SUPSPO MBN "8261 ‘81 -LT JaqonQ ‘wnodwiAs ABojodixo) snenby pig ‘seuateyy pue bunsa)

104 K305 ULILBUWY AR T8 UBAIG ‘8761 "E1 1aq01O parep saded jo Adod vonesiiqndad , ‘21019 U| SIERILBY) JO UONEARUBUCONY

pue ‘Bujuonned 191eM-10ue1>0 ‘vondios-jios ‘AN|Ignios Jarem ussmiag dusuonepy, Butiod | v ) pue 3 '3 ‘ebeuay

"919-SZS ‘dd ‘g "ON ‘1 £ JOA 'SMINAY (EINLD) ,SAS S PUe SHUINIYP0) uoned, ‘|61 Jaquwadag "supild “g pue ‘Ysuer ") v ‘09

T L .. '95§81-0581 "dd "0} "ON ‘09 1OA "IIdM JO feusnor
. ‘stsnreBioonw a6pnis pareandy 01 spunodwo) viDY Pa1ajes jo ipmo), 8961 J8QO0 i ‘ApesD TYdD pue Il "L A "1IRNSIOA

- . " _ . IST-9vT dd 'L "loA "Auend) [eyuswuonaul

JO [RUIMOf "SIUBUNPAS [eIMEN U1 3ZIS 3PN JO UONdUNy e se uondiogienbesed, "8/61 'Umoig 'S “Q Pue "M 'S ‘Jorppiey

, St R - '801-101 "dd *| "ON ‘601 “JOA "DUINS B}

pUE PIOJIOD JO [EWINOT *, § BT 18 SWANSAS INNBM + JOURIIQ PUB JNEM + SI(|D1WY 3piwiosg wniuouwwerapopifinatuug usameq
s31M9joW dneydiny pue SNewosy Jejod J0) SIUBNYJI0) UORRIL JO Uonefpuod, ‘oget Arenuer ‘Aekypedoniey) M v pue -3 Joual)

‘1661 'S 15n6ny ‘ppe dnajesuaietnydeu-| 20} PIOdAY (BASH) NULH LIV SIIVLISANS SNOPILZEL]. “FUDIPIN Jo Aseiqr] [RUONEN -

“NIOA MAN 3 “Aueditio?) YOOg [IH-MeI9W UONIPI UKL "Ansiuay) Jo yooupuey s abue) "cg61 v T ‘ueag
. S|PPON UOISSIW3 SV - (JOSL) sanue4 [esodsig pue ‘abesos uauness) a1sep SNOpIezeH Yd3Isn

b

{sv)
r)
eV
@
y

(o1

)

@
/1)

3TWHL IOV
3175 TYOIWIHD DOOMNIIND
SUILINVHVA IHDIAS-TYIINIHD
| © gTINmEvL

. 'AR000308

2-6

R-49-11-91-12



‘..m_(u

L

[SPrparpyey

s

—

- R-49-11-91.12

e

ORNAL
CiPeg
TABLE 23 "
SATURATED ZONE BIODEGRADAH ON COEFFICIENTS
' GREENWOOD CHEMICAL SITE
.. Chemicai . Data from Literature - Value (1/year)
Arsenic . - N/A - L I
Cyanide calcium cyanide-N/A, barium cyanide- 0
" | N/A, sodium cyanide-N/A, potassium
—— : cyanlde-NlA hydrogen cyamde-NQ,
| . benzonitrile-N/A _ : . :
- | Acetone - 0.016{1/hr). + 20 hrlag, actwated activ. 1156 .
- sludge,(assumed t(112) = 51,25 hr) P
(HSDB) . . , S
100% degrad in 4d +5d Ia.g . anaer.40 . -
anaerobic, (assumedt = 9d) (HSDB)
Benzene t(112) = 110d, sgw, fo(Dragun) - 2.3
t(1/2) = 68d, sgw, fo (Dragun) 3.7
4-Chloroaniline 45% degrad. in 8d, innoculum (HSDB) 28
Chlorobenzene 1(1/2) = 37d, sgw, fo (Dragun) ~ ‘ 6.8
Methylene chioride 100% degrad. in 7 d, scf, sdw {Dragun) . 52 -
Tetrachloroethene t(1/2) = 300 d, sgw, fo {Dragun) 0.84
Trichloroethene t(1/2) = 300 d, sgw, fo (Dragun) 0.84
Toluene t(1/2) = 37d, sgw, fo (Dragun) . 6.8
- 1(1/2) = 39d, sgw, fo (Dragun) 5 6.5
Naphthalene t(1/2) = 1104, sgw, fo (Dragun) 2.3
Naphthaleneacetic acid N/A e 2.3(1)
Tetrahydrofuran N/A S 6.8/6.5(2)
Bis{2-ethylhexyl) phthalate | 0% degrad.in7d, scf, sdw (Dragun) - = } - 0.
Chloroform 49% degrad. in 7 d, aerobic (HSDB} : aer. 36
- §0% degrad in 27wk anaerobucaquifer_ . ~ anaer.0 ,
", | 1.2-Dichloroethane . , .| 23% degrad. in 7 d, scf, sdw(Dragun) 13,8 -
| Di-n-butyt phthaiate 100% degrad. in 7 d, scf, sdw (Dragun) 52
Xylenes - {1(112) = 374, sgw, fo (Dragun) - 68
t(1/2) = 15d, sgw, fo (Dragun) - 169 -
t(1/2) = 114, sgw, fo (Dragun) 23
11/2) = 324, sgw, fo(Dragun) SRS X B
t(1/2) = 37d, sgw, fo (Dragun) - 6.8
. JHW1/2) = 174, sgw, fo(Dragun) . . G 149,
PN - %*—ﬁ___ﬁ
! R I ~
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TABLE 2.3 o/ '
SATURATED ZONE BIODEGRADATION COEFFICIENTS
GREENWOOD CHEMICALSITE . - - I
PAGE TWO
Chemical .. Data from Literature Value (1/year) “
2,4,6-Trichlorophenol 95% degrad. in 3d, aerobic, clay Ioam aer. 360.9
(HSD8) '
28% degrad.in80d, anaerobnc. clay anaer. 1.5 ﬂ
lcam (HSDB) ~ -
Those chemicals with multiple coefficients can be treated in 'tllte following ways: (1) use the most l
conservative (lowest) coefficient, (2) use the least conservative (highest) coefficient, or (3) use the
arithmetic mean of the coefficlents. it is recommended that (3) be used because the coefficients
are not dissimilar. This is not recommened for coeffu:uents for WhICh both anaerobi¢ and aerobic '
coefficients have been denved ‘ 7
Example calculations and derivations are included in'Appendix B. I
Abbreviations: - HSDB = ‘Hazardous Substances Data Bank
-Cale. = calculated
N/A = not applicable. m
NQ = notquantitated
d = days ,
sgw = soil-groundwatar system “
fo = field observation o/
hr = hours
degrad. = degradation ' ‘
scf = static-culture flask blodegradatlon test, original cuiture
sdw = settled domestic wastewater used as microbial mnoculum
wk n  weeks : ‘
activ. = activated l
anaer. = anaerobic
aer = aerobic
Dragun, ..l 1988. The Soil Chermstry of Hazardous Matenals 'Hazardous Materials Control u
Research Instutute, Silver Springs, Maryland :
National Library of Medicine. Hazardous Substances Data Bank (HSDB). Records for calcium u
cyanide, barium cyanide, sodium cyanide, potassium cyanide, hydrogen cyanide, benzonitrile, -
acetone, 4-chloroaniline, tetrahydrofuran, chloroforrn, and 2,4 G-tnchlorophenol ‘August 5, 1991,
Ebasco Services, Inc. for USEPA, August 1989. Final Focused Feasibility Study Report Operable l
Unit 1. Appendix B - Clean Up Goals for Greenwood Chemical Slte
Ebasco Services, Inc. for USEPA, August 1990 Final Remedial Investlgatlon Report Greenwood I
Chemical Site, Albemarle County, Vurglnta ’ 7
' No data available for NAA. Assumed to be equal to value for naphthalene ﬁ
{2) No data available, assumed to be equal to value for totuene. ‘
s "
. S — 4
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. HYDROLYSIS RATE CONSTANTS .
- . GREENWOOD CHEMICAL SITE

ORIG
Feo

R-49-11-91492; =

NS = notsignificant
NR = 'not reported

f ’\

 chemical | Nl Caigf::;df hitr-o il T:::::tcuero
| S ) WM e ©
Arsenic . . NS . ].. NS . NS -
Cyanide R R . -. .
Acetone < NS -} - NS~ NS e -
| Benzene ‘ NS NS NS -
| 4-Chloroaniline NS ) NS NSy .
| chlorobenzene NS .. : NS NS -
| Methylene chioride . NR : 25 -
{ Tetrachloroethene 0 .
| Trichloroethene A DR RN -
‘| Toluene | NS NS NS -
Naphthalene = - - NS} NS L. NS .. . -
- [Naphthaleneacetic acid NS -] - NS : |- Ns - .
‘ Tetrahydrofuran .~ . =~ NS NS bl NS .
Bls(z-ethylhexyl)phtha!ate' 1 aser b ssaa. | L0 30
- {cnloroform L0 . 263 2.19E-5 25
| 1.2-Dichloroethane 0| NR 15885 | .25
- [ pi-o-buty phthalate 694 - |, 6965 0 30
 Xylene' NS o) - NS . NS .
' 246—Tnchlorophenol ANS.T U L NS NS .
* for alkyl halides, pH> 11
Abbreviations .

Mabey, W R., .I H. Smlth R. T Podoll H L. Johnson, T MI" T W Chou,J Gates,l erght

- Partridge, J. Jaber, and D. Vandenberg, 1982."- *Aquatic Fate Process Data for Organic Priority

Pollutants.” Office of Water Regulations and Standards, Washington, D.C. EPA 440/4-81-014,

soolE
,,,,,,

AR0003 |
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TABLE 2-5
DISTRIBUTION COEFFICIENT AND MASS FRACTION OF SOLUTE
" GREENWOOD CHEMICAL SITE
Unsaturated Zone Saturated Zone
Chemical kd |  kd Kd Kd Kd Kd | o
{min) (max) ] (mean) | (min) (max) {mean) (geo. mean)

Arsenic - - 924 - e 924 3.1E-6
Cyanide - - 1,700 - - 1,700 3.1E-7
Acetone 0.00368 § 0.2392 [ 0.04416 [ 0.0046 § 0.04324 | 0.0138 7.4E-6
Benzene 0.0332 2.158 | 0.3984 | 0.0415 | 0.3901 0.1245 | S5.7E-9
4-Chloroaniline - 0.0208 | 1.352 0.2496 ) 0.026 0.2444 } 0.078 1.5E-6
Chlorobenzene 0.132 8.58 - 1.584 0.165 1551 | 0.495 | 9.1E-9
Methylene chloride 0.00352 | 0.2288 § 0.04224 | 0.0044 | 0.04136 § 0.0132 ] S.3E-9
Tetrachloroethene 0.1456 9.464 | 1.7472 | 0.182 1.7108 0.546 2.3€E9
Trichloroethene 0.0504 3.276 | 0.6048 0.063 0.5922 0.189 2.3E9
Toluene 0.12 78 1.44 0.15 1.41 0.45 2.5E-7
Naphthalene(a) 0376 | 24.44 4512 047 | 4418 1.41 3.6E-7
Naphthalene(®} 052 | 236 | 624 0.65 - 6.1 1.95 3.6E7
Naphthalene AA(Q - 0.064 416 | 0.768 008 1 0752 | 0.24 -
Tetrahydrofuran 0.016956 | 1.10214 | '0.2035 | 0.21195 | 0.199233 | 0.06358 } 1.1E-6
DEHP ~ 8E5' | S.2e7 9.6E6 1E6 9.4E6- | 3.0E6 3E.7
Chloroform 0.0176 1.144 | 0.2112 | 0.022 0.2063 0.066 4E-9
1,2-Dichlorcethane - 0.056 0.364 0.0672 0.007 0.0658 0.021 4.6E9
Di-n-butyl phthalate 68 . 4,420 | 816 85 799 - 258 | 3.2&7
Xylene 0.0992 6.448 | 1.1904 | 0.124 ] 1.1656 0.372 1.8E-8
2,4,6-Trichlorophenol 1.208 78.52 | 14.496 1.51 14,194 453 49E.7

{a} Based on Koc = 940.

{b) Based on Koc = 1,300.

(c} Based on Koc = 160.

_ Abbreviations:

Kd

Min

Max
Naphthalene AA

DEHP
Koc¢

R-49-11-91-12

Distribution coefficient

Minimum

Maximum

naphthalene acetic acid (represents total semlvolatlle Tentatively
Identified Compounds, TICs)

bis(2-ethylhexyl)phthalate
~ Organic carbon partition coefficient

2-10
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The rate constants were then adjusted to the units of ( 1/yr) Sample calculatuons and derwatrons of
the half-life are included in Appendix B. : ‘
oy : ‘%@,ns

The sources of the half-lives or times and concentrations were Dragun 1988, and Hazardous

' Substances Data Bank (HSDB), Augusts 1991, Preferentlally, soif-groundwater field observations
" were used. In absence of such data, laboratory systems data were used, with preference given to
'systems usrng groundwater, sorl and natural microbial flora. ' - RN

"Whenx = 160 percent in time t, it was assumed that time was required for al! degradation, and the

number of time perrods of lengthtin a year were used for the rate constant, slnco the equations will

" notaccepta=x= 0.

222 lid and Liquid Phase Dec (v] ients

These will be derived by the code; input required (e.g., hydrolysis constants) are supplied.

223 Calculated Inputs

Mole Fraction of Solute {mol/mol)

' For this input, mass fraction was used instead of mole fraction. This method is believed to result in a
' better estimation than mole fraction because when using mole fraction, a molecular formula for soil

would have to be estimated. Using silicon dioxide (sand, Si0y) would not be appropriate’ based on

-the soil types at this site, with the potential for underestimating mole fraction. The use of mass

fraction (g/g) eliminates the necessity for deriving a molecular formula for the soil.

1
.

" The distribution coefficient, Kp, was calculated from the following: =

,,:.7,1_.,“:,,..‘,.-, [T - . o : . ' . ey

b e YKy e Kee X FOC

where: Koc = organiccarbon partition coefficient
FOC = fractionorganic carbon

* Ko values ware obtained from the literature. In-two cases, Koc was calculated from Kow (see
- Table 2-2 and its support documentation in AppendixB). FOC was determined from TOC (total

organic carbon), which was obtained from Army Corps of Engineers field data. FOC was determined
—

N

RagA112 L :, - i ARGOUs '3 :
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for the saturated and unsaturated zones; the minimum, maximum, geometric means were.

determined (see Appendix C). The Kp values are listed in Table 2-5.

It was intended that Kp values for arsenic would be obtained through mass balance calculations using
the ACE analytical results of constituent and TC leaching procedure samples. Results (see Appendix C)
of calculations of the Kp values for arsenic using the saturated zone soil and leachate data indicated
the geometric mean Kp value was 8,258, while use of the unsaturated zone data resulted in a
geometric mean Kp of 3,242, The arsenic Kp value calculated by Ebasco and reported in the Focused
Feasibility Study report for Operable Unit t using ASTM shake test and constituent analysis results
indicated a value of 924. Because the use of the lower value would be more conservative (i.e., would
result in higher aqueous phase arsenic concentration), the Ebasco value was used. the Kp calculated
by Ebasco for cyanide (1,700) was also used in the modeling effort.

Average soil concentrations in the saturated zone were converted to mass fraction by dividing the soil
concentration {(mg/kg) by 1 x 106. Geometric means from saturated soil analytical results were used as
soil concentrations. The mass fractions are summarized in Table 2-5.

2.24 Modeling Considarations for Chemical Data

Due to uncertainties in the degradation coefficients described in Table 2-3 for modeling purposes, a
factor of safety was used with the data. The degradation half-lives were multiplied by 2 and the
product was used as the decay ccefficient in the model for vaiues derived from soil groundwater
environment. For values derived aerobi¢ environments, such as from wastewater treatment plants, or
laboratory studies, the values were multiplied by 10 and the product used as the decay coefficient.

Generally, the distribution coefficient Kp was calculated by the Halliburton NUS model internally
using the Koc and mean Foc values. The Foc values were calculated using ACE data collected from
onsite soils during the pre-design investigation. Separate geometric means were calculated for the
saturated and unsaturated soil zones. Kp values for arsenic and cyanide were used directly in the
model.

2.3 DATA HANDLING
This section describes the methods used in handling blank contamination and below detectable limit

analytical results in the calculation of statistical values for the analytical results. Table 2-6 summarizes
the results of saturated zone analytical data for soil samples collected by the ACE.

:!-49-11-91-12 '_: o 2-12 AR0003“4
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2.3.1 Army Corps of Eng'ineers Data Handling

® - Raw data obtained'by Halliburt’o'nﬂ NUS‘ on or_before August 27, 1991 were used.

The arrthmetlc mean of dupilcates was used where dupllcate or splnt sampies were

) taken

e

‘ For each stage, blanks were averaged When averaging blanks, the arithrnetnc mean

was used, using: one-half the detection I|m|t for non-detects for chemlcals for which
both positive resuits and non-detects were found.  This average conc_e_n_tratron was
subtracted from every positive sample of the same stage. The result of this subtraction
was then substituted for the positive result. If the result was a negative number, then

* the result was treated as a non-detect As of August 27, 1991, cyanide blanks were not

o provnded for Stages 1 and 2. The Stage 1 BNA blank also applied to Stage 2. Because of

time constramts. blank adjustment of data was applied only to the saturated zone
data. -

= ‘For non-detects, one-half the detectlon ||l1"llt was used. CRDLs were not used because

. - they apply to cLP data. these data were not produced under the CLP. Thns was applied

 the saturated zone data

. to saturated zone data $0 that average chemical concentrations in the saturated zone

could be calculated Because of tlrne constramts. this adjustment was only applied to

{

. e Arsenlc. arsenlc concentratnons Were compared to reported background concentrations.

The source of the background concentratlons was Ebasco Services, Inc. for USEPA,
August 1990. p. 6-6. The maximum of the arsensc background concentration range (<2to
"~ 10.9 mg/kg) was used. Any resuit greater than 10.9 mg/kg was considered to be above
background ‘ ' /

@ Calculations for blanks:

h

.

: ) Stage‘l -
... |Methylene chioride -~ © - ".Jnot positively detected in samples; therefore noeffect
- | Acetone (ppm) - . -+, - _ - - 1(0.02548 + 0.0005 + 0.0005)/3 = 0.00883 ppm
Di-n-butyt phthalate (ppm) . ° 1(0.51)/t = 0.51 ppm
L“_vh‘_—‘__“'——-._
2-17 S
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Stage 2

Methylene chioride

not positively detected in samples; therefore no effect

Acetone (ppm)

(0.0005 + 0.0005 + 0.00655 + 0.01056 + 0.01393 «+
0.0005 + 0.02702 + 0.0005)/8 = 0.0075

Toluene (ppm)

(0.00025 + 0.00025 + 0.00313 + 0.00298 + 0.00463 +
0.00299 + 0.00568 + 0.00025)/8 = 0.0025 ppm

Xylene (ppm)

(0.00025 + 0.00025 + 0.00025 + 0.00025 + 0.00025 +
0.00025 + 0.00235 + 0.00569)/8 = 0.0012

Di-n-butyl phthalate (ppm)

(0.51)1 = 0.51 ppm -

_ _ Stage 3

Methylene chioride (ppm) (0.00184 + 0.0072 + 0.00266 + 0.0005 + 0.00442 +
0.02549 + 0.0075 + 0.0005 + 0.0005 + 0.00499 +
0.00498 + 0.0005 + 0.00935 + 0.01509 + 0.0005 +
0.0005 + 0.0005 + 0.00597 + Q.00386 + 0.00522 +
0.00526 + 0.0438 + 0.00445 + 0.0057 + 0.02164 +
0.00714 + 0.01902 + 0.01516 + 0.00324 + 0.0005 +
0.00372)/31 = 0.0062 ppm

Acetone (ppm) (0.01354 + 0.0091 + 0.02643 + 0.0005 + 0.00372 +
0.03519 + 0.00544 + 0.0005 + 0.00642 + 0.0005 +
0.0005 + 0.0005 + 0.01708 + 0.01258 + 0.0005 +
0.02169 + 0.0005 + 0.00648 + 0.0216 + 0.01347 +
0.0005 + 0.0005 + 000547 + 0.0005 + 0.01067 +
0.00614 + 0.02091 + 0.0005 + 0.0005 + 0.0005 +
0.01277)/31 = 0.0082 ppm _

Toluene {ppm) {0.00025 + 0.00025 + 0.00025 + 0.00025 + 0.00508 +
0.00025 + 0.00025 + 0.00025 + 0.00025 + 0.00025 +
0.00025 + 0.00025 + 0.00025 + 0.00025 + 0.00025 +
0.00106 + 0.00108 + 0.00025 + 0.00025 + 0.00025 +
0.00025 + 0.00025 + 0.00025 + 0.00025 + 0.00025 +
0.00025 + 0.00025 + 0.00025 + 0.00025 + 0.00025 +

0.00025)/31 = (.00046 ppm

Oi-n-butyi phthalate (ppm)

(0.56 + 0.664 + 0.866 + 2.076 + 1.434 + 0.377 + 0.632
+ 0.344 + 0.437 + 0,686 + 0.659 + 2.7 + 0.05 + 0.05 +
0.05 + 0.05 + 0.027 + 0.018 + 0.05 + 0.05 + 0.05 +
0.05)//22 = 0.54 ppm

Bis(2-ethylhexyi)phthalate (0.15 + 0.366 + 0.413 + 0.196 + 0.226 + 0.272 + 0.15 +
{ppm) 0.15 + 0.15 + 0.15 + 18.524 + 0.15 + 0.05 + 0.05 + 0.05
. + 0.05 « 0.05 + 0.191 + 0.05 + 0.05 + 0.05 + 0.05)/22
= 0.979 ppm :
R-49-11-91-12 4 2-18

AR000320

5 - - — - i Juron

——



R

gl

[

'
b Sy

surface to a depth greater than. 15 feet benea_th the main source area of the site and is nonexistent in

' some isolated locations in the western portion of the site. - .

The saprolite consists generally of a silty clay that is'the by-product of in-situ chemical weathering of

- 'the bedrock. The surface of the saprolite can be found at the ground surface in the western portion
- of the site, where fill is non-existent, to depths greater than 15 feet beneath the ground surface in

the north central portion of the site. The saprolite has an overall thickness of greater than 70 feet in
the northern portion of the site and thins generally to the south. in isolated southern and western

© ¢ areas of the site, the saprolite ‘is nonéxisfent and the bedrock comes in direct contact with the
-~ unconsolidated layer. A gradational contact exists between the saprolite and the underlying
. bedrock. - " RN '

The bedrock consists of a gneiss of the Pedlar formation. Moderate to high degrees of fracturing
exist within the upper portion of the bedrock. The depth to the bedrock surface is higl-_\ly variable
ranging from less than 10 feet beneath the grotmd surface in the western portion of the site, to a

‘depth of greater than 100 feet in the northern portion of the site. L S

7 At the re‘qucst' of the EPA, the unconsolidated layer was further subdivided into individual subunits

" for two areas at the site; the drum disposal area and the main source area. The purposé of the

* - subdivision was to develop more specific input parameters for.the modeling activity. “The subunits .
“ identified a_rd fill, reworked unconsolidated material, and the undisturbed unconsolidated material.

The identification of these subunits within a vertical and horizontal profile is highly interpretative
due to the limited amount of data that exists within these areas in addition to the relatively similar

" visual appearance that exists between each subunit. . A d_iscussion of the characteristics of each
.- subunit beneath the two areas is included in the following paragraphs. .. - :

" The fill beneath the main source area consists primarily of a silty sand with some clay and é trace of
~ "gravel and construction debris.” The fill is nonexistent in sporadic locations and is more infrequent in
" the northern portion of the main storage area than in the southern portion. The fill extends from the

ground surface to an average depth of 1 foot beneath the ground surface.

" Reworked unconsolidated material underlies the fill beneath the main storage area and consists of

disturbed unconsolidated material mixed with a trace of root material and conﬁmdion debris. The
average thickness of the reworked unconsolidated material is 5 feet. . .

—
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The undisturbed unconsolidated -material beneath the main source area underlies the reworked
unconsolidated material and consists of a heterogeneous mixture of silty clay with some gravel and
some sand. The average thickness of this unitis 7 feet.

Only fill comprises the unconsolidated layer beneath the drum disposal area. The fiil consists of asilty
clay with variable amounts of gravel and a trace of root material and construction debris. The fill
extends from the ground surface to an average depth of 7 feet beneath the ground surface.

For the purposes of providing detailed input parameters for the modeling effort at the drum disposal
area and the main source area, values of porosity, moisture content, percent cornpqsition of
materials, Unified Soil Classification System (USCS) designation, and thicknesses were calculated.
These values were calculated for the identified units within the unconsolidated layer as weli as for the
saprolite layer. The results of the calculations are included on Table 2.7 and the calculations are
shown in Appendix E. |

2.42  Hydrogeology

Groundwater exists within the unconsolidated layer, the saprolite and the bedrock. The depth to
groundwater varies from less than 5 feet to more than 25 feet below the ground surface. According
to the Remedial Investigation (Ri) Report, groundwater within these units is hydraulically connected
and acts as a single, unconfined to semi-confined aquifer system. The groundwater flow system is
reported in the Rl report to flow in a south east direction.

As a requirement for the modeling effort, the thickness of the unsaturated zone was determined.
This determination was made by developing a potentiometric surface contour map using the
maximum elevation observed at any one time for a specific well over a period from May 14, 1987 to
October 10, 1989 (see Drawing3). The maximum glevation of the potentiometric surface was
subtracted from the topographic surface elevation to determine the overall average thickness of the
unsaturated zone. The potentiometric surface data used was obtained from Table 3-4 of the Rl
report. '

Hydrauli¢ conductivity values were also used as model input data. The data was taken from Table 3-1
of the Rl report and is presented here as Table 2-8. Average hydraulic conductivity values were
calculated for the unconsolidated layer and saprolite and used in the model.

o/

"’/

o/
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TABLE 2-8
HYDRAULIC CONDUCTIVITY SUMMARY
GREENWOQOD CHEMICAL SITE
Monitoring Well Unit Hydfauiﬁgz:g;lctivity

MW-1 . 08 4.1x 104

Mw-2$ 0B - 48x%104

MW-2D (o] ] ~ - 26x104
MW-2D** 08 - 7.6%X10-5

Mw-3 o8 S t4x104

Mw-4 OB 7.6x10-5

MW-5 OB o 7.6x10-5

MW-7S os 9.4x 105

MW-7D (o] , 85x105

MWwW-10 el © 3.8x105
MW-10D OB 1.9x105

MW-11 : o8 43x103

MW-12$ ROCK . 2.6x10-3
MwW-145 ' ROCK . 4,1x104
MW-14D ROCK 9.3x 105
MW-165 ROCK 3.7x103
MW-16D ROCK : 43x104
MW-175 08 - 43x106
MW-19* OB/ROCK 1.9x 105
MW-205** : o8 " 3.8x105

Average Qverburden 4.08x10-4 -

R-49-11-91-12

o8 Overburden Well (includes both unconsolidated material and the
saprolite).

ROCK Bedrock Wall.

Mm Data from Table 3-1 in “Final Remedial Investigation Report,”
Greenwood Chemical Site, August 1990. Ebasco Services, Inc.

* Well is screened just below or across the weathered bedrock and
overburden contact,
bk Pumping test.

Note: All resuits are based on rising head or falling head tests unless
otherwise noted. _

2.26 AR000327



summanzedm Table2-9. h

e S

243  Modeling Considerations aa iy | W”

An infiltration rate was determmed uslng a water budget and infiltration rate program, the Hydraulic
Evaluation of Landfill Performance (HELP) Model. The specific soils mforrnatlon required to run the

+ HELP model included thickness, poroslty, morsture content, sonl classuflcatron. and composltlon The
~ values used for these parameters inthe HELP model are summanzed in Table 2- ’

_ Meteorological data required for the caléulation were obtained frorn Table 3-8 of the RI report.
Calculations and the results of the 'HELP, model ‘run are included in ‘AppendixF. The resultrng
- infiltration rates used i in the Halllburton NUS modelmg were 0 973 feet per year (Maln Source Area)
“and 0.903 feet per year (Drum Storage Area) '

The potentiometric surfa_ce 'map' '(D'ra'Wing""Sf‘:iin the back of this report) was used to discern which
samples were collected from'the“sa'turatedﬁz'one"and which were coliected from the unsaturated

zone. Sample locations and the correspondmg depth to maxlmum water table elevatlon are

J The' average 'overburden'hydraullc conduictivity val ue :\Kr'a"s“deterrhined to be 4 x 104 cm/sec. This value
was used in Halliburton NUS model to calculate groundwater flow velocity in the aquifer.

H

25 jAaE'Al. axTENT or comAMlNAnpN'mo eépeasENTAnVE CONCENTRATIONS

T I A L

L‘ P

; The last mformatlon developed’ for the’ rnodel rnput was ‘the ereal extent of contamination and the

representatwe concentration. ‘The analytlcal soil data from the USACE pre-deslgn field mvestugatron' '
- was used for this purpose to generate mean values for each chemica! et ‘each sampling’ site. REM N
‘(RIReport, Ebasco Services, Inc., August 7990) sorl analysl results were used as’ requlred to
jsupplement the mapping procedure whére’ msuff‘cient USACE data was ava:lable (in the Drum
. Disposal Area and total semlvolatlles as representatwe of naphthalene acetic acud) Separate mean
-value sets were generated for the saturated and unsaturated scil zones. In the Drum Drsposal Area,
\groundwater analysis results from samples collected at the monitoring wells MWOo1 and MW04
Lduring the REM lll RI were used to calculate the saturated zone soul concentratnons because soil
‘samples were not Collected’ from the saturated zone.” The’ groundwater concentratlons were
. 'multipliecl by the dlstﬂbutlon coeff’clent {Kp, see Table2-5) to generate the saturated zone soti'
_concentrations used in the modellng effort.” The mean values determmed for the saturated and
‘unsaturated soil zones are summanzed in Tables 210 and 2-11, respectuvely The mean values were
plotted on sample locatlon maps, and the median concentratlon was determined after exammmg the
"lsoconcentration contours for each chemrcal in each zone. These maps ‘are included in Volume Il of

e-49-11l91l12 : - ” B 227 o | nROﬂOfQB
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TABLE 2-9
MAXIMUM GROUNDWATER TABLE ELEVATIONS FOR ARMY CORPS SAMPLING LOCATIONS
GREENWOOD CHEMICAL SITE
Maximum
Sample Groundwater SurfaFe E‘Icvation DTS
Identification Surface Elevation Difference
Elevation
L101 902 925.6A - 23.6 25*
L102 902 9254 A 23.4 3o*
L103 905 - 926.2A 21.2 5
L2019 903 921.2A 18.2 NS
L202 898 920.2A 22.2 20
L203 898 920.2A 22.2 25
L204 899 9203 A 213 10
SAO1 912 943.8A 31.8 10
SAQ2 915 945.3 A 30.3 NS
L30t 893 909.5 16.5 5
L302 893 905 12 15*
L303 892 - 907 15 5
L305 898 918 20 5
poot 904 . 924 20 10
DDO2 901 918 17 30*
DD03 886 911 25 5
DDO4 884 907 23 20
DDOS 887 903 16 5
BNO1 91 938 27 3s*
BNO2 9201 927 26 25*
BNO3 912 942 30 35*
BNO4 910 940.1 A 30.1 35
BNOS - 912 - 940 28 NS
BNO6 913 942 29 15
BNO7 910 935 25 15
BNOS 913 942 29 40*
L105 906 930 24 2
L106 906 929 23 2
L107 900 920 20 . 0.5
R-49-11-91-12 2-28 A R 0 0 g 3 2 9
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TABLE2-9 A doa .
MAXIMUM GROUNDWATER TABLE ELEVATIONS FOR ARMY CORPS SAMPLING I.OCATIONS
GREENWOOQD CHEMICAL SITE .
PAGE TWO .
‘ Maximum . N R _ ,
. Sa_rnpiq - Grpundwater..:l ~ " Surface . -;-E‘Ievation .- oTS -
ldentification - | . Surface . -|.: Elevation - |- Difference. §- - "
| Elevation S e
L108 A4 901 o 920 19 2
L109 LS 898 -y o 920 R ¥ 1
L306 . q. 899 o 918 19 cio 08
1307, : 898 0 97 B 19 SRV - T
L308: © 898 - . 917 19 IR AN S
L309 ' 897 : 914 ; 17 2
L310 896 914 , 18 .1 0.8
L311. : 896 : B 913 . 17 v 0.8
L312 894 : 912 o 18 2
L313 - 894 - §1.. - o911t 17 2
L314. : 892 909 17 S
~ BNE6 . 902 927 .25 o3
. BNE? | 8§ 920 o 28 3
" BNESB ! I 890 915 N B 25 N 3 .
© -A401. 918 947 29 L 130
. A402. : 818 i B 947 - 129 17
A403 \ 919 & 947 i 28 010
A404 ' 915 R 946 R § T M [
Ads | 910 ] ea7 ). 37 10
Ad06 918 945 27 5
A407 924 .95t - .o ] 2
BNE1 907 9327 -y 287 )13
STO1 . 931 .} .. 957 L. 28 .. ). 25
§TO02 933 1958 - 25 1
$T03 : 932 957 25 1
NED1 : 941 962 '3 1
NED2 936 958 : 22 1
NED3 - . 935 955 20 1
’ SN
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TABLE 2-9
MAXIMUM GROUNDWATER TABLE ELEVATIONS FOR ARMY CORPS SAMPLING LOCATIONS
GREENWOOD CHEMICAL SITE

PAGE THREE
Maximum
Sample Groundwater Surfa'ce' Elevation OTS
Identification Surface Elevation - Difference
Elevation
BNE2 906 932.7 26.7 10
BNE3 205 932.7 27.7 10
BNE4 906 932.7 : 26.7 10
BNES 904 932.7 28.7 10
DHA1 913 943 30 .35
DHA2 912 : 942 30 40
DHA3 912 941 29 35*
DHA4 908 935 ' 27 3o
At 907 929 2 s
A209 208 937 29 10
A208 215 943 28 10
A20t ' 917 942 25 10
A202 914 942 28 15
NWO01 942.3 972 29.7 35*
SA03 9214 945 31 3s*
A204 922 949 27 35*
A205 919 947 28 15
A601 908 938 . 30 28
L31s 892 904 12 2

A Surface elevation at sample location from Table A1 in “60% Design Analysis,
Greenwood Chemicals,” USACE, May 1991.

DTS Depth to deepest sample collected.

* Indicates at least one sample collected from saturated zone.

NS  Not sampled during USACE predesign sampling programs,
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this report. The maximum soil concentration encountered at any sample depth for each chemical in
each zone was also determined for use in the modeling screening procedure described in Section 3.0.
These maximum soil concentrations observed are included in Table 2-12.

The areal extent of contamination was also determined from the isoconcentration plots. The zero
contour was plotted at the outsi‘do edge of the concentration contour, beyond the location of
positive detection of the chemicals. The width (in the direction perpendicular to groundwéter flow)
and length (in the direction parallel to groundwater flow) were determined from the maps using the
zero contour as the outer boundary of the contamination. These length and width dimensions were
then used as inputs to the model.

Based on the mapping exercise, up to three distinct zones of contamination were identified for each
chemical, including:

® Area 1A, Main Source Area, which includes the areas south of the chemical manufacturing
buildings and north of Lagoon 4; '

. Area 1B, Northern Warehouse Area, which includes samples collected at the Northern
Warehouse and the area east of the warehouse ("NW* and "NE" series samples). This area
was separated from the Main Source Area determination because of the horizontai
distance of separation and the lack of analysis results in the area between Area 1A and 1B.
In many cases, only one data point was available for mapping in this area, so that this
source area was not analyzed for all chemicals where the results indicated no positive
detections. '

®  Area2, Drum Disposal Area, the area west of Lagbon# between the access road and the
western property bc_:oundary, where drum removal actions occurred previously.

The areal extent of contamination and the median soil concentrations for each area are summarized
in Table 2-13 (Saturated Zone Soils) and 2-14 (Unsaturated Zone Soils).

R-49-119112 2-34
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« TABLE 2-12
-+ . MAXIMUM SOIL CONCENTRATIONS (mg/kg)
ENCOUNTERED IN REM Ill Rt OR ACE PRE-DESIGN SAMPLING
i ‘GREENWOOD CHEMICAL SITE .
o ‘ a Area1Aa . . ArealB Ar§a2' .
Chemical _ — _

: Unsaturated Saturated |Unsaturated Saturated fUnsaturated| Saturated
Arsenic 24700 | 135 { 334 16.2 701 - 26
Cyanide 1,000.0 . 1.68 128 9.2 80.3(1) - | 20.4(2)
Acetone ..201.3 748 | 17,03 1.4 .} 739102 28
Benzene Q.16 0.13 ND ND 2300 | 0.020)
4-Chloroaniline 6.31 0.18 ND ND 0.23 . ND
Chlorobenzene EAY S _0.48 ND ND 0191 I ND
Methylene Chlorude 0597, )| ND | ND ND .305.5( | 0.013@
PCE ) - 2014 ND ND ND 0.149 ND
TCE 0.0235 ND ND ND 3201 0.019(2
Toluene - 1258 20.6 ND ND 264.25 10.35(1
Naphthalene e 757.2 .} 1056 --| -556.9 ND - 32.18 0.12
Naphthaleneacetic . | 470" |'* D "ND nD | 37som | 2.6a@
Tetrahydrafuran 9.0 1.76 ND ND 'ND | 0.053@
Bis(2-ethylhexyl) N " - b
phthalate 104.4_. §.41 ND 176 204 ; 0.61
Chloroform 0.04% 0.063 ND 'ND - -} - 1600 0.038(2)
1,2-DCA {- 0.0513 - 094 .1  ND ND - 0.026(1) ND
Di-n-butyl phthalate - 9.418 . 1.29 1.484 ND 1.74 1.23
Xylene 3402 | 396 ND ND | 6428 | o0.027
246—Trichlorophenol ] 0468 | . ND ND ND ND ND

R-69-11-9112 © -

Maxlmum ] Hughest concentratlon oncountered at any sample locatxon and depth
() REM |lI Rl Report Data

(2) Determmed from groundwater conccntratlons reported in REM III RI Report
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TABLE 2-13
AVERAGE SATURATED ZONE SOIL CONTAMINATION
GREENWOOD CHEMICAL SITE
Diinénsions. Median
Chemical Area Feet Soil Concentration
WxlL (mg/kg)
Toluene 1A 200 x 230 1.0
2 100 x 100 0.86(1
4-Chloroaniline 1A 50x 50 0.t
2 | 0x0 341
Tetrahydrofuran 1A 45x 240 0.5
2 50 x5S 0.028(1)
Chloraform 1A 95x 70 0.02
2 O0x0 0.016¢1
Xylenes 1A 100x 140 0.2
2 45x45 0.01
Benzene 1A 200x 95 0.02
2 0x0 0.016(1
Chlorobenizene 1A 190x 170 0.05
2 - 0x0 0.024(1)
Trichloroethene (TCE) 2 0x0 0.007(1)
Methylene Chioride 2 0x0 0.004(1) .
Tetrachlorcethene (PCE} 2 0x0 0.002(1)
Naphthaleneacetic acid 2 0x0 0.73(1
(NAA)
Di-n-butyl phthalate- 1A 305x410 0.1
: 2 90 x 100 6,750(1)
Naphthalene 1A 285x 140 0.1
2 65x80 0.064(1)
Bis(2-ethylhexyl)phthalate 1A 300x420 0.3
1B 95x 100 0.5
2 55x 60 0.3
Arsenic 1A 270 x 480 5.0
18 100x 120 6.0
2 80x95 4.07(1
Cyanide - 1A 200x 90 0.3
18 60x70 2.0
2 0x0 5.1
2-36 AROCO337
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TABLE 2-13
AVERAGE SATURATED ZONE SOIL CONTAMINATION
GREENWOOD CHEMICAL SITE -
PAGE TWO
S ‘ . . Dimensions, Medianf
Chemical . Area ! Feet Sail Concentration
' - ] Wxt . mgke’
1,2-DCA 1A S0x S0 0.2
' AB 0x0. . ND
! .2 0x0 "ND -
TAcetone AR o
1B - S0x 50 0.3
2 0x0 0. 013(1)

(1) Median saturatad’_ 'sdi‘l, cén&entra{ion calculated by multiptying the’ mean
groundwater concentration {(data from MWO01 and MW04 found in the 1990 Ri
Report) by the dlstribution cOefﬁciont. Kd Other data from USACE Pre-bes:gn

' Sampling Work.

RASA191A2 T

237

" AR0D0338



QRIGINAL

{Rad)
TABLE 2-14
AVERAGE UNSATURATED ZONE SOIL CONTAMINATION
GREENWOOD CHEMICAL SITE
Dimensions, Median
Chemical Areal3) Feet Soil Concentration
' WxL {mg/kg)
PCE 1A 90 x 280 0.1
201) 76 x 160 1.5
1,2-DCA 1A 165x 25 0.002
: 201 <10x <10 0.004
TCE 1A 45x 45 0.002
201 65x 65 3
Arsenic 1A 460 x 430 15
1B 245x 145 2
. 20y 150x 270 3
Di-n-butyi phthalate 1A 410x420 1
18 70x70 0.3
261 80x 160 0.58
Bis(2-ethylhexyl)phthalate 1A 370x 420 2
18 ox0 ND
2(1) 140 x 220 0.3
Cyanide 1A 380x320 8
18 220x 60 0.2
2(1) 140 x 250 0.2
Acetone 1A 325x 310 5
18 50x 50 2
2(1) 160 x 260 2
Xylenes 1A 140 x 220 0.2
18 0x0 ND
2(1) 75x135 0.3
Naphthalene 1A 290x 190 5
18 90x 80 10
240 110x 260 5
Toluene 1A 270x 185 0.5
1B 0x0 ND
201 170x 260 100
Benzene 1A 40x 150 0.005
18 0x0 ND
29 90 x 235 0.95
Methylene Chloride 200 75x 135 1

R-49-11-91-12 2-38 A R 0 0 0 3 3 9
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TABLE 2-14
AVERAGE UNSATU RATED ZONE SOIL CONTAMINATION
GREENWOOD CHEMICAL SITE
PAGE TWO
. , Median
Chemical Areal3) Dimws)l(olr'ts, Ft Soil Concentration
: (mg/kg)
4-Chloroaniline 1A 60 x 260 0.1
' 60 x 180 0.1
18 0x0 ND
_ 2(h 85x 160 2
Chiorobenzene 1A 130 x 200 0.01
1B 0x0 ND
201 75x80 25
Naphthaleneacetic Acid 1A(4) 325x 325 500(2)
: 188 110x 85 2002
20 130 x 250 100(2)
Tetrahydrofuran 1A 120x 230 0,05
_ 18 0x0 NO
2 0x0 ND
Chloroform 1A, 40x 40 0.003
18 0x0 ND
201 75x 80 1.5

(1) Median Soil Concentration and Dimensions of Drum Disposal Area estimated from
Ebasco Services data (Rl Report August, 1990), other data from Army Corps of

. Engineers.

) Assumed to be the sum of semwolatsle TICs.

(3) Definitions:

Area 1A = Main Source Area; Area 18 Northern Warehousa Area

Area 2 = Drum Disposal Area

(4 REM Il Ri Report semivolatile TICs used to determine contaminant distribution.
Areal distribution adjusted by subtracting average background concentration
(25 mg/kg) from each data point

ND = Not Detected

R-49-11-91-12
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3.0 GROUNDWATER MODELING

After determlnatnon of the mputs required for .modeling, a screening procedure was used to

~ minimize the computer runs necessary Thls screenmg procedure included the use of the theoretical

distribution of a chemical between the soll and aqueous phases, using the distribution coefficient Kp
to determine the theoretlcal maximum concentration that may be observed, as well as the Summer’s
leaching model as a conservative estnmate of the c!eanup goats for companson with the maximum.
groundwater concentratsons that may occur L '

31  SCREENING PROCEDURE

The screening procedure used for the cleanup goals determination is shown schematically in
Figure 3-1. The procedure includes the steps described in the following sectior:s._
The screening procedure is separated into the procedure used for the Source (1A) and the Northern
Warehouse (1B) Areas, and that used for- the Drum Disposal Area (2). The first two steps of both
sections are designed to evaluate the satureted zone soil concentratlons, ‘while the remamlng steps
are designed to evalyate the unsaturated zone soul concentratlons

3.1 rce and Northern Warehouse 2 as

| | , !
The screening procedure used for these areas eon_sist_s of the following steps:

e
« . r

1. The first step in this procedure af,,sl'r’;toj?celculate the maximum theoretical groundwater
~ concentration as a result of the 'setureted zoneé soil contamination. These maximum
groundwater concentratrons were determmed by dividing the maxlmum saturated zone soil
“¢concentration by thed |stnbut|on coeff‘ cient. The resultl ng values were compared to the water
criteria (SDWA MCLs or toxicity based velues) if the resulting equeous concentration was less
than the criteria, no further analysis of the saturated zone soils was required, because no )
exceedance would occur even at the maximum satureted soil concentratson The resuits of this
calculation are summarized in Table 3-1, whlch includes the maximum soil concentrations
observed in each area, and the result of the companson between the theoretical maximum
aqueous chemlcal concentratlon end the water critena A yes" in the last two columns of the
table indrcate that further eveluation of the saturated zone soil contamination is necessary

——

Tee—

Ragatgtaz i T ~ ‘AROOO342



ORIGINAL

(Red)
FIGURE 34
SCHEMATIC OF CLEANUP
GOALS SCREENING PROCESS
GREENWOOD CHEMICAL itk
YES
nNO
_ Y
DETERMINE PRELIMINARY
DETERMINGE SATURATED ZONS
CONTAMINANT 1 CLEANUP GOAL
;ﬂﬂ (SUMMER’S MODEL)
DETERMINE PRELIMINARY
UNSATURATED ZONE CLEANUP
GOAL (SUMMER'S MODEL)
DETERMING
CONTAMINANT PLUME .
MEDIAN CONC.
et
=
DETERMING CLEANLP GOAL
USING HALLIBURTOMN NUS sToP .
- MODE, - '
R-49-11-9012. . - 32
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TABLE3-1
_ COMPARISON OF WATER CRITERIA WITH MAXIMUM THEORETICAL
GROUNDWATER CONCENTRATIONS FOR SATURATED ZONE SQILS
' - GREENWOOD CHEMICAL SITE
_ Maximum Saturated * | Maximum Groundwater
BRSBTS - Soil {mg/kg) Concentration Exceeds
_ - Koc - | Water FOC = 0.0015 Criteria
Chemical ~ Criteria e
' (or Ko) (ugll) - T 1 .
| Area " Area Area Area
1A 8 1A 18
. |Arsenic 924 50 13.500 | 16.200 NO - NO
| Cyanide - 1,700 200 1.680 9.200 NO NO
Acetone . .92 { 13500 | 74800 1.400 YES YES
. | Benzene - .83 L ... 85 1 .0130 .- ND | YES NO
- .} 4-Chloroaniline - .. 52, .1 140 -}... -0.180 ..ND |. YES NO
Chlorobenzene - 330 100 . 0.480. ND-- YES NO
I Methyfene chloride - 8.8 - ND- | "ND-:|" -NO . NO
| Tetrachloroethene 364 5 | -ND-- No | NO NO
Trichloroathene 126 5 ND ND "NO . NO
) Toluene 300 - 1,000 20.600 ND . YES NO
| Naphthalene 940 140 | 10.560 ND YES NO
| Naphthaleneacetic _ . 160 ... 305 - ND - ND. 'NO NO
acid ' ' ' o '
“[Tetrahydrofuran 4239) 73 7.760 ND YES | NO
. { Bis (2-ethylhexyl) - . 2l o aan !l 1
| phthalate” -~ - 2¢9 . |- :_4 . 8410 1 - 1,760 § . NO . NO
Chloroform - 4 100 0.063 ND YES NO
1,2-Dichloroethane - 14 .5 0.940 ND YES NO
Di-n-butyl phthalate ~ | 170,000 3,500 2.290 ND "~ NO NO
Xylene . 248 10,000 . 3.960 ND . YES NO
2,4,6-Trichlorophenol 3,020 - 3.2 ND ND NO NO
- Groundwatertonc # Soil chc IKo B T
© >ND .... :-Nondetect . : ey
" NIC NoCnteriaAva:labIe ; -
"ArealA  MainSource Area - _
 Area 18 - Northern Warehouse Area-. : -
—
g ﬁ-4'l9-1.‘ll-91-‘1‘2‘ Lor 3-3
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2

The second step consists of calculating saturated soil cleanup goals using the Summer's Model,
which is a conservative method to estimate groundwater concentrations from soil
contamination. - ‘Summer’ s Model cleanup goals for the saturated zone soil are equal to the
water criteria multipie by Kp for each chemical, respectlvely Table 3-2 illustrates the maximum
saturated zane soil concentrations and the resuits of the Summer's Method cieanup goals. No
goals are calculated for areas where no detections of a particular chemical are observed.

Chemicais whose maxlrnurn theoretlcal concentratsons were observed not to exceed the water
Criteria in Table 3-1 were not evaluated in Table 3-2,

The third step in this procedure is to calculate the maximum theoretical leachate concentration
that could result from the unsaturated zone soil contammation Similar to Stepl these
maximum leachate concentrations were determined by dimding the maximum unsaturated
zone soil concentration by the. distnbution coefficient. The resulting values were compared to
the water criteria (SDWA MCLs or ‘toxicity based values). ' The results of this calculataon are
summarized in Table 3—3 whlch includes the maxlmum unsaturated soil concentrations
observed in each area, and the result of the companson between the theoretical maximum
aqueous chemlcal concentration and the water criteria. A “yes“ in the last two columns of the

table indicate that further evaluation of the unsaturated zone soil contamination is necessary

for the chemical.

The fourth step consists of calculating_unsaturated zor'ie Summer's Model soil cleanup goals

and comparing these goals with the maximum unsaturated zone soil concentrations for each
area of contamination. . Table 3-4 illustrates the maximum unsaturated zone sorl concentra~
tions and the results of the Summer s Model cleanup goals. No goals are calculated for areas
where no detections of a partlcular chemical are observed.- Chemicals whose maximum
theoretical concentrations were observed not to exceed the water criteria in Table 3-3 were
not evaluated in Table 3-4. ' o

Table 3-5 is a re_production_of Table 3-4 with the three chemicals'(cvanide. chloroform, and
2,4,6-trichlorophenol)-_oi;nitted. because the ma‘ximum_' soil concentrations are less than the

. Summer's Model soil cleanup goals.

R-09-11-91-12 L 34 - AROO 03“5

Step6 is a comparison of the Summer’s Model cleanup goals, for both zones developed

previously, with the median soil concentratlons determmed from the isoconcentration contour
mapping for both zones at the two areas. This companson is |Ilustrated in Table3-6. The last
two columns of the table indicate with a “yes" instances where the- median saturated or
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.. COMPARISON OF SUMMER'S MODEL CLEANUP GOAL WITH
MAXIMUM SATURATED ZONE SOIL CONCENTRATION

- - ' GREENWOOD CHEMICAL SITE

o Maximum Saturated Saturated Zone cfeaﬁup
Sy : i Soil (mgkg) Goal (mgrkg) :
N Koe: | Water | .-+ FOC = 0,0015 | Based on Summer's Model
Chemical : Criteria § .- - . -
- S ek | gy T a
o R - Area Area Area Area
: i 1A 18 . 1A 1BJ
- | Acetone 9.2 3,500 74800 | 1.400 0.048 0.048
~IBenzene - 83 s |. o013 | ~D 0.001 N/A
4-Chioroaniline 52. '} 140 | 0180 | NO 0.011 NA
.| chiorobenzene 330 100 | 0.480 ND | 0.050 . N/A
Toluene ~ 300 - 1,000 |- 20.600 ND : 0.450 “N/A
: | Naphthaiene 940 149 10560 | . ND 0.197 |. N/A
. [ Tetrahydrofuran 4239 73 7.76 ND | 00046 | WA
) chloroform a4 100 0.063 ND . | .0.007 | .NA
1,2-Dichloroethane 14 5 0940 | ND 0000 | . N/A
[ xylene 248 f 10000 | 3960 J] ND | 3720 N/A
“ND ‘an'detelct.' o .
N/A ;. NotApplicable ! :
~Area 1A ,.,Maiﬁ Source Area S ‘i
- Area 1B - “Northern Warehouse Area .
> |
R4g-119192 1 e .35 ’
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- TABLE 3-3
' COMPARISON OF WATER CRITERIA WITH MAXIMUM THEORETICAL
GROUNDWATER CONCENTRATION FOR UNSATURATED ZONE SOILS
GREENWOOD CHEMICAL SITE
Maximum Unsaturated | Maximum Leachate
' Soil (mgrkg) Concentration
Koe Water FOC = 0.0045 Exceeds Criteria
Chemical Criteria -
orkal 1 tugry
- Area Area Area Area
1A 18 1A 18
Arsenic 924 - 50 2,470.000 33.400 YES " NO
Cyanide 1,700 - 200 1,000.000 12.800 YES NO
Acetone 9.2 -3,500 201,300 17.030 YES YES
Benzene 83 : 5 0.160 "ND " YES NO
4-Chloroaniline s2 | 140 6310 [© ND YES 'NO
Chlorabenzene - 330 100 5120 ND YES NO
Methylene chloride 88 5 0.597 ND YES '{ NO
Tetrachloroethene 364 5 20.140 ND YES: NO
Trichloroethene 126 - 8 0.024 ND YES 'NO
Toluene © 300 1,000 125.800 _ - ND YES NO -
Naphthalene - 940 140 757.200 | 556.900 YES YES
:;g’“"a'“‘“““‘ 160 305 17.000 ND YES NO
Tetrahydrofuran 42.39 73 9.000 - ND - YES " NO
Bis(2-ethylhexyl) :
‘phthatate 2e9 4 104.400 ND NO NO
Chloroform 44 100 0.041 ND YES - NO
1,2-Dichloroethane 14 5 0.051 ND’ YES NO
Di-n-butyl phthalate 170,000 3,500 9.418 " 1484 NO NOQ
Xylene 248 10,000 34.020 . ND YES NO
2,4,6-Trichlorophenol 3,020 3.2 0.468 ND YES NO
Leach Conc. = Soil Conc./Kp
ND Nendetect
N/C No Criteria Available
Area 1A Main Source Area
Area 1B Northern Warehouse Area
R-49-11-94-12
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.. COMPARISON OF SUMMER'S MODEL CLEANUP GOAL WITH
MAXIMUM UNSATURATED ZONE SOIL CONCENTRATION

. GREENWOOD CHEMICAL SITE
| Maximum Unsaturated Unsaturated Zone
A EE i Soil (mg/kg) _ Cleanup Goal (mg/kg)
S e _ Koc Water |+ £0c=0.0045  |Based on Summer's Model
Chemical ( Criteria - P : S :
Lomenes orKp) | Y. . -
(ug/L) S N
o Area Area - Area Area
| . 1A 18 1A 1B
" Tarsenic: 924 | ...50. 42470000 { 33400 | 136.137 | -NA
I cyanide’ 1,700 - } - 200 { 3,000000 | 12800 | 1332811 | . NA
Acetone - 9.2 . 3,500 : 201.300 17.030 0,582 | 2853
Benzene 83 -5 .1 0,160 - ND - 0.014. - N/A
4-Chloroaniline . ‘52 | 140 |, 6310 ND o150 |  waA
Chlorcbenzene 330 100 5.120 - ND 0.842 < NIA
Methylene chioride 88 § ¥ 0597 ND . 0.004 N/A
I Tetrachloroethene 364 - 5 | . 20140 ND 0.036 | NA
| rrichioroethene. 126 - 5.]. 002 ND 0.056 |  NA'
Toluene ~300 . ¢ 1,000 | - 125.800 ND 8.169 | .  NA
Naphthalene - . 940 - 140 - 757.200 | 556.900 . -3.505 7.509
Naphthaieneacetic 160 305 |- 17 ‘1 ND 022 1 . NA
acid .o N - e R
| Tetrahydrofuran 4239 % :.-73 ;-9 . ND : 0014 .} . NA
|cnioroform 4a. § 100 } ¢ -0.041 ND 0482 |- NA
1,2-Dichloroethane 14 s | oost ND 0012 1 NA
Xylene 248 10,000 34.020 ND : 758.550 4 N/A
2,4,6-Trichlorophenol § 3,020 - 3.2 0.468 ND . 0.856 N/A
" ND . Nondetect
“NA  'NotApplicable
Area 1A Main Source Area -
Area 1B Northern Warehouse Area
CR49-119112 37
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TABLE 3-5

SUMMARY OF CHEMICALS IN THE UNSATURATED ZONE THAT
MAY EXCEED SUMMER'S MODEL CLEANUP GOALS

~*  GREENWOOD CHEMICAL SITE
Maximum Unsaturated Unsaturated Zone
¥ Soil (mg/kg) Cleanup Goal (mg/kq)
Koc | Water FOC = 0.0045. Based on Summer's Model
Chemical Criteria -
+ (or Kp)
, (ng/L)
S ‘ Area Area Area Area
1A 18 1A 1B
Arsenic ‘924 50 2,470.000 33.400 136.137 N/A
Acetone - 9.2 3500 |  201.300 17.030 0.582 2.853
Benzene a3 5 0.160 ND 0.014 N/A
4-Chloroaniline 52 140 6.310 § NO 0.150 N/A
Chlorobenzene 330 100 5.120 ND 0.842 "~ N/A
Methylene chloride | 338 5 0.597 ND 0.004 N/A
Tetrachloroethene 364 5 20.140 | ND 0.036 N/A
Trichloroethene 126 5 0.024 ND - 0.056 N/A.
Toluene 300 1,000 | - 125.800 ND 8.169- N/A
Naphthalens = 940 140 - 757.200 | 556.900 3.505 - 7.509
Naphthaleneacetic 160 308 17 ND 0.22 - NIA
acid B ‘ '
Tetrahydrofuran 4239 73 9 ND 0.014 N/A
1,2-Dichloroethane 14 5 0051 | ND 0.012 N/A
Xylene 248 10,000 34.020 ND 58.560 N/A
ND  Nondetect - |
N/A  NotApplicable B
ArealA  MainSource Area
Area 1B Northern Warehouse Area
R-49-11-91-12 3-8 : A R 0 0 0 3 '4 9 '
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3.1.2

ORIGINAL
(R4)

unsaturated soil concentration is greater than the conservative Summer's Model cieanup goals.
A "no" in these columns indicates that remediation is not necessary.

Step 7 is the final phase of the screening procedure. The median unsaturated and saturated
soil concentration of each chemical is used in the Halliburton NUS Model; and the need for
remediation in a particular contaminated area of the site for a particular chemical is indicated

by a yes in the last t\a_ro co_lumns of Table 3-7. n;.' "yes" indicates that the modeled maximum

groundwater concentrations exceed the water criteria for the particular chemical. At this
point, a set of cleanup goals calculated using the Halliburton NUS Model will be determined.

Drum Disposal Ares

The Drum Disposal Area screemnq was performed in the same manner as descrlbed in Sectlon 3.1.1,
with the exception that actual groundwater data was used in Step 1 This data was used because of

the lack of saturated zone soil analytical data available in this area. The groundwater data used was

from

REM Ill sampling of monitaring wells MWO! and MWO4 during May of 1988 and

February of 1989, as reported in the August 1990 Ri Report (see Table 3-8). -

Analogous to Table 3-1 in Section 3.1 ' Table 3-9 presents the companson of the maximum
groundwater concentrations to the water criteria (MCLs or toxrclty based values). A “yes” in
the last column of Table3-9 indicates that further evaluation of the saturated zone
contamination is_necessary. '

In Table3-10, the results of the saturated zone soil cleanup goals calculated using the
Summer’s Model are presented. Chemicais whose maxrmum groundweter concentrations were

observed not to exceed the water criteria in Table 3-9 were not evaluated in Tabte 3-10.

The maximum theoretical Ieachate concentrations that couldresult from unsaturated zone soil

contamination are calculated and summarized in Table 3-11 These . calculated leachate

concentrations are compared with the water criteria. If the ca!culated leachate concentration
is greater than the water cntena. a YESisinthe last column of Table 3-11.

Table 3-12 summenzes the results of the unsaturated zone soll cleanup goals calculated using
the Summers Model Only those chemucals for whlch the calculated leachate concentration
exceeded the water cnterla in Table 3-11 areincluded in Table 3-12..

R-49-11-91-12 , 3'19 ARO 0 035 |
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. CHEMICALS REQUIRING REMEDIATIQN BASED ON HALLIBURTON NUS
: ‘ MODEL RUN USING $OIL CONCENTRATIONS

© GREENWOOD CHEMICAL SITE.
; fE M;duzn S?:‘: gltl):;c)entratlon CI eanup Action
- ;hemica] Co il v Area 1A ; Area 18 ,
J m— Area Area
_ Unsaturated Satxjratjet Unsa'turgteq Saturated }' 1A | 1B
Tarsenic. .~ ...+ | 15000 -} {:5.000 ~2.000 | 6000 |} NO NO
Cyanide - ' 8000 ;| i 0:300 0.200 2.000 NO NO
Acetone i 5.000 | ;10.000 2000 : |, 0.300 - YES YES
Benzene ' : | ' 0.005 i 0020 ND - || ND YES NO
4-Chloroaniline . 0100} 0100 ;| : ND ] ND | ves NO
| Chiorobenzene 0010 |:o0s0 | < ND; ND YES NO
' Methylenechloride | @ 0300, if: ,ND (]  ND : ND . | YES NO
| Tetrachloroethene . 0100 :J: !ND: ], .ND | * ND -NO- | NO -
N, Trichloroethene S00t0 ‘}i. ND ]| wD _ND - {:no | NO
Toluene | 05000 | 1000-.]  ND .} " ND ves |. no
| Naphthalenc "5.000 | 0.100 ;) 10000 | . ND NO NO
Tetrahydrofyranﬂ'% 0050 : f; psoo; ]l ND: | - ND Yes | w~o
o | chioroform 0.003:1 |' 10.020 : {ND; “ND YES NO
. 1,2-Dichloroethane - - 0.002- 0200 |- ND° .ND | YES NO
| Di-n-butyl phthalate - 1.000 | | 0.100 0300 | nNO NO NO
| Xytene - > o0200; 1 020 | ; ND: | ND | NO NO
"] 2/4,6-Trichiorophenol | ©* 0090 ¢ | _{.ND: : ND: ND NO NO
o N g Nondetect 1 . 1 f S
. NIC ;NQCnteriaAvallable AR R s
7 Area 'IA "Main $ource Area ; . | . 2Ey
e, Aea .18. 'NorthernWarehouseAroa |

T
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S kv i
A 7 .TABLE3.9 W
- * COMPARISON OF WATER CRITERIA WITH MAXIMUM'
- MEASURED GROUNDWATER CONCENTRATIONS -
- - GREENWOOD CHEMICAL SITE
: - ; : Maximum
o ot Maximum Measured1) Groundwater
Chemical ) -“\Na_ti;;rlljejn_a - Groundwater - Concentration
; _ , : i (ug/l) Exceeds Water
....... e : Criteria
.: Arsenic 50 . ¢ 4.400 NO
Cyanide 200 12.000 NO -
~ {Acetone ‘ 0 3,500 . -2.2e3 NO & .. -
Benzene h 5. . - 230.000 - YES .-
4-Chloroaniline - < oo 1400 13.000 . INO .
Chlorobenzene . - - B [+ . 97.000 NO
3 Methylene chloride . 5 1,000.000 YES .

. |Tetrachloroethene - 5 8.000 | . YES .
Trichloroethene 5 98,000 O YES
N~ Rotuene . 1,000} . .5,100.000 LYES
; Naphthalene 140 70000 . NO
: Naphthaleneacetic acid 305 - - 11,000.000 .- YES .

g Tetrahydrofuran 73 " .830.000 . YES -
g Bis(2-ethylhexyl)phthalate 4 6.000 YES
i Chloroform 100 570.000 YES
: | 1,2-Dichloroethane 5 ND NO
J Di-n-butyl phthalate 3,500 ND NO

Xylene 10,000 N/A~ N/A
7 2,4,6-Trichiorophenot 3.2 N/A N/A

. Ebasco Data for Area 2 (Drum Disposal Area) '
! 'ND  Nondetect -
! NA Not Analyzed

N/A  NotApplicable
si\‘/
B v _—h_;&\
| CTRasmstaz 33 AR00035h 3
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TABLE 3-10

COMPARISON OF PRELIMINARY SOIL CLEAN UP GOAL WITH MAXIMUM
CALCULATED SATURATED ZONE SOIL CONCENTRATION

GREENWOOD CHEMICAL SITE
Maximurr; Saturated Saturated Zone
' Zone Concentrations(!)
| desrup el
Chemical Koc Criteria Equilibri
(ug/l) Measured Calculated quilion '""‘3
, ] Groundwater Soilf2) Partitioning(3)
. (mg/L) (mg/kg) (mgrkg)
Benzene 83 5 0.230 0.029 0.0006
Methylene chloride - 8.8 5 1.000 0.013 0.0001
Tetrachloroethene 364 . 5 0.008 0.004 0.0027
Trichioroethene 126 5 0.098 0.019 0.0009
Toluene 300 - 1,000 5.100 2.295 0.4500
Naphthaleneacetic acid 160 - 305 11.000 2,640 0.1680
Tetrahydrofuran 42.39 73 0.830 0.053 - 0.0046
Bis(2-ethylhexyl) ' :
phthalate - 209 _ 4 0.006. 18,000.000.. 12.000.0090
Chloroform BT 100 0.570 0.038 0.0066
(1) Ebasco Data for Area 2 (Drum Disposal Area)
(2} Soil Conc. = Groundwataer Conc. *Kp
(3} Cleanup Goal = Water Criteria * Ky
Saturated Zone FOC = 0.0015
RAI19112 314 AROO0355
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COMPARISON OF WATER CRITERIA WITH MAXIMUM CALCULATED LEACHATE
. CONCENTRA'NON FOR UNSATURATED ZONE

GREENWOOD CHEMICAL SITE
y S Maximum Unsaturated N
: - F = | zoneConcentration(® Maximum
S o Koc -} V\{atqr .. - -Leachate_
~Chemical (or KD) _{.‘.ﬂterua g o ) Concentration
(ug/t) | Measured | Calculated | gyceeds Water
: - j Soil Leachate(2) Criteria
a (mgkg) | (mgi) -
: Arsenic 924 50 - 29.000 10.031 NO
{cyanide 1,700 -] . 200 80.300 | :0.047 NO
Acetone 9.2 )5 3,500 19.000 | 458.937 " YES .
"{Benzene -’ 83 S 230.000 | 615.797 - “YES ¢
‘1 4-Chioroaniline - 52 140 - 32.300 138.034 “YES
~ [chiorobenzene 330 ] 100 16.000 -{ = 10.774 YES
" [Methylene chloride 88 . 5 305.500 | 7.714.646 YES .
[ retrachioroethene 364 5 15.000 | 9.158 YES
~ frrichioroethene L 126 - g 32000 | 56437 | .- YES
[rotuene 300, | 1000 | 600000 | 4444448 | - ves.
Naphthalene 940 . .F ... 140 755.000 -178.487 YES -
| Naphthaleneaceticacid® | ...160. 305 | 3,780.000 { 5,250.000 . YES
| Tetrahydrofuran . . .-4239)-- 73 .1 .ND |}~ ND... NO
Bis(2-ethylhexyl)phthalate 2e9 a4 | 417000 | 1.89e-6 - NO
Chioroform , TN T . 16,000 | 80.808 _ YES:
1,2-Dichloroethane 14 5 0.026 0413 YES
Di-n-butyl phthalate 170,000 3,500 1.800 0.002 NO
Xylene 248 | 10,000 4.700 4.211 NO
2,4,6-Trichlorophenol 13,020 3.2 NA NA N/A

(' Ebasco Data for Area 2 (Drum Disposal Aroa)
@  LeachConc. = Soil Conc./Xp
(3)  Assumed to be the Sum of sgmlvolatilc TICs Unsaturated Zone FOC = 0.0045

ND Nondetect
NA  Not Analyzed
N/A - Not Applicable

CURA9-119147
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TABLE 3-12

COMPARISON OF SUMMER'S MODEL CLEANUP GOAL WITH-
MAXIMUM UNSATURATED ZONE SOIL CONCENTRATION

GREENWOOD CHEMICALSITE
Maximum Unsaturated | ynsaturated ,
_ Zone Concentration(”} | zone Cleanup Maximum
Koc. Water B . Goal Based on Soil Conc. -
Chemical (or Kp) Criteria | . Summer's Exceeds
o (1-19"-) Measqred Calculated r C|eanup
_ ~ Soail: Leachate(2) Model Goal
(mg/kg) (mg/L) (mg/kg)

Acetone 9.2 3,500 19.000 § - 458.937 0.734 YES
Benzene 83 | 5 230.000 |  615.797 0.010 _ YES
4-Chloroaniline 52 140 32.300 138.034 0.249 YES
| Chiorobenzene 330 .} 100 16.000 10.774 2.110 - YES
Methylene chioride 8.8 5 305.500 | 7,714.646 0.002 . YES
Tetrachlorocethene- 364 5 15.000 9.158 0.062 - YES
Trichloroethene 126 . 5 32.000 56.437 0.049 YES
Toluene 300 1,000 | 6,000.00 4,444 444 6.338. YES
Naphthalene 940 - 140 755.000 § 178.487 3.000 YES
a”;gg‘,""'"“‘?"‘ 160 | 305 | 3.780.000 | 5.250.000 2.635 YES
Chloroform - 44 - 100 16.000 80.308 | 0.281 YES
1,2-Dichlorcethane t4 | 5 - 0.026 0.413 0.034 "NO

n - Ebasco Data for Area 2 (Drum Dusposal Area)
@ - LeachCor:-. = Soil Conc./Kp -

ND Nondetect

R-49-11-91-12
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(3 Assumed to be the Sum of Semwolétllo TICs Unsaturated Zone FOC = 0.0045
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5. Table 3-13 is a comparison of the calculated Summer’s Model cleanup goals with the median
soil concentrations determined from the isoconcen'tration contour maps. A YES in the last
column indicates that ‘the median soil concentrations wull fexceed the Summers Model soil

cleanup goals '

6. Table 3-14 summarizes the resuits of enalysls usmg the median sonl concentratrons in the
' Halliburton NUS Model The predicted maximum groundwater concentratnon is compared
wnth the water critena If & YES is present in the Iast column, remediation of soil containing this

chemucal i$ requlred

313 Screenin rocedure Summary © .

i v
! '

The screening procedure was used to reduce the number of chemicais whuch require modeling. Based

on the screening, arsenic, cyanlde, naphthalene, bus(z-ethylhexyl)phthalate. and xylene were
removed from further conslderation, as the concentratlons of these chemlcals found in soils at the site -
would not warrant remedial action to protect groundwater via the Ieachlng to groundwater
pathway. Safe Drlnklng Water Act MCLs m groundwater would not be exceeded for these chemicals
via this exposure route i _; o R ' :

32 aALueuaroit'N'u:s Mooeuuo

A R I
3

For the chemlcals passing the screenmg procedure, the computer modellng procedure was conducted
using the medran soil concentratlons, the ereal extent of contamlnatnon, and the site and chemical
data descrlbed in the earller sections of this report Fora gwen groundwater contalnment period, the
cleanup goals for the unseturated soil zone were determined usl ng an |terat|ve process whereby asoil
cieanup goal is selected the rnodei run, end the resultnng maximum groundwater concentratlon at
the end- of the groundwater contamment period compared with the water criteria.  If the
groundwater concentratuon at the end of the conta:nment period Is greater than the cntena, the
cleanup goal is decreased end the model run is repeated Thls procedure is repeated until the

o groundwater concentration at the end of the containment period is less than the criteria and the
- dlfference between the groundwater concentration end the crlterua is less than 2.5 percent of the

'criterla i was determlned that only the unsaturated ione contammants could be affected by a
. -remedlation actlon The saturated izone contaminants were essurned to be changed only via
. contamlnant washout. The output of the modeling are mcluded in Appendlx G (Volume ).

.>.‘-‘~-g ST Y T
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COMPARISON OF WATER CRITERIA WITH MODELED
MAXIMUM SATURATED ZONE CONCENTRATION
FOR CHEMICALS WHICH EXCEED THE PRELIMINARY CLEANUP GOALS

R-49-11-9112 - -
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GREENWOOD CHEMICAL SITE
Median Soil Concentra_tiOnﬂ)' . HallibUrtGh NUS
G - Water ‘Moc“;eal;li':ggted | Cleanup
Chemical o Calculated Criteria .| - undwater [ Action
R Unsaturated | Saturated | (.o Grouncwater | o uired
(mg/kg) CLSoi@ ) . Concentration | T
S (mexgy gy |
- JAcetone .. .. - 2000 }.-:0.013 -] -°3500 - ©1 94203 - ~"NO
Benzene - 0950 i 0016 <} ‘5 125.30 | - YES
4-Chloroaniline 2000 |77 "3e4 ¢ 140 ~105.59 NO
Chicrobenzene 2500 “0.029 100 "49.01 . | 'NO
Methylene chloride '1.000 ] - 0.004 5 263.64 YES
- | Tetrachloroethene - 1.500 0.002 . 5 - 28.14 . YES'
Trichloroethene: 3.000 . 0.007 s . 17096 . YES -
Toluene 7 100.000 0.859 1,000 1,908.00 YES
Naphthalene - 5.000 . | . 0,064 - 140 - 45.50 NO
{ Naphthaleneacetic  § - an b iwaast o aae g PR B
acid® 100.000 .0.733 i 30.5” 23-,161__.1’7= . YES _
Tetrahydrofuran ND 0.028 73 434,06 ~ YES
Chioraform - 1.500 0016 .1 100 - .-520,54 . - YES
{) * Ebasco Data for Area 2 (Drum Dlsposal Area) a o
. @ . Soil Conc. = GroundwaterCon¢.*Kp "~ " & o 2
- (3 . Assumed to be the Sum ofSemonatlleTICs(OnnyorUnsaturated Zone)
~ ND Nondetect . .




ORIGINAL
(Red)

3.3 DISCUSSION OF RESULTS

Based on concentrations of some contaminants in the saturated zone (e.g., acetone and toluene), it
was determined that the groundwater' concentrations are in excess of the water criteria, as
determined by the distribution coefficient. Therefore, groundwater containment and treatment is
required. Using this assumption, the modeling was used to determine the unsaturated zone soil |
cleanup goal for a corresponding remediation time period, during which continued groundwater
containment and treatment would be réqdifed' after the initial unsaturated zone soil remediation
was completed. Where soil remediation is required, the oﬁtput from the model runs (See
Appendlx G, Volume II) |Ilustrate the groundwater concentrations versus time for various cleanup
time frames. Table3-7 indicated that soil remedlation is requnred asa result of contaminant leaching
to groundwater from the unsaturated zone in excess of the water criteria for acetone, benzene,
4.chloroaniline, chlor'obenz'ene; rﬁethyle'_ne chioride, toluene,'chlofoform, and 1,2-dic':h|ofoethanc in
Area 1A (Main Source Area) and for acetone in Area't B (Northern Warehouse Area). The results of
the Drum Disposal Area (Area 2) screening procedure summarized in Table 3-14 indicate remediation
is required for benzene, methylene chloride, tetrachloroethene, trichloroethene, tdluene,_
. naphthaleneacetic acid, tetrahﬁdrofuran. and chloroform.. No action is required for other chemicals
of concern, based on 50il concentrations measured during the pre-design sampling.

The soil cleanup goals for the unsaturated zone soils are'_sum.m.ari:ed in Table3-15. The table
indicates that the value of the soil cleanup goals is dependent upon the period of groundwater
containment after the cleanup goal is attained. '

The values presented in Table 3-15 are given as total concentration (Ct). The modeiing and screening
éfforts werer completed usihg concentrétions reported by the {aboratory as sbrbed concentrations
(C)), as described in the USACE Pre-Design and REM 1li Rl Reports. The soil cleanup goals in Table 3-15
include contributions from solid (C,) and fiquid phases (chemical concentration in the pore water, C,,)
of the individual soil san;ple. Chemical concentration preseni in the air space of the soil voids is
assumed to be negligible. The equation and terms defining the method of conversion are described
in the Table3-15 footnotes. Based on the equation, for a gwen soil concentration, the total
concentration will be a slightly larger value.

Table 3-15 indicates the residual unsaturated zone soil concentrations that must be attained via
remediation to attain MCLs or protective levels for a particular groundwater containment period.
Longer containment periods allow higher concentrations of chemicals to be left in the soil. The
reduction of the chemical concentration in the soil will occur in any event via leaching to infiltrating
precipitation which will percolate into the saturated soil zone, washing out of chemicals from the

R-49-11-91-12 _ 3-20 A R U 0 U 3 6 !
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saturated zone soils into the groundwater, and downgradient transport. Remedial action allows
groundwater standards to be attained in a shorter time period. The volume of soil to be remediated

" varies depending on the containment period selected. - To provide for compliance with the

groundwater standards in the containment time period indicated, soils with concentrations greater
than those shown on the table must be removed or otherwise treated to the concentration leve!
displayed. An “NA" entry for a particular chemical in the Table indicates that the groundwater
standard cannot be attained due to existing concentrations of the chemical present in either the

saturated soil or the groundwater.

3.31 Main Source and North Warehouse Areas

The Main Source Area and the North Warehouse Area are referenced as areas 1A and 1B, respectively
in Table 3-15. Cleanup for 9 chemicals is required in the Main Source Area, including acetone,
benzene, 4-chloroaniline, - chlorobenzene_, _in‘ethylene chloride, toluene, ;hlqroform,
1,2-dichloroethane and tetrahydrofuran. A minimum of two and a "half, years of groundwater
containment is required because the gfoundwétcr standards cannot be met for 1,2-dichloroethane '
(DCA) in a shorter time period. Thus, if it is desirable to attain groundwater standards in 2.5 years, the
resuiting DCA concentration must be reduc_éd to 0.124 mg/kg (total gonéentration), acetone must be
reduced to 1,462 mg/kg, benzene reduced to 0.225 mg/kg, and so on.

In the North Warehouse Area, remediation is required for only acetone. A minimum groundwater
containment period of 0.5 years must be pf‘ovided before the groundwater standards are met if the
soil concentrations are reduced to 10.1 mg/kg acetone. Table ES-1 summarizes the soil cleanup goals
for the Main Source and North Warehouse Areas.

3.3.1 Drum Disposal Area

The Drum Disposal Area is denoted as Area2 in Table3-15. For the 11 chemicals modeled, only 7
require unsaturated zone remediation, includin§ benzene, methylene chioride, toluene, chloroform,
tetrachloroethene (Pcé), trichloroethene (TCE), and naphthaleneacetic acid (NAA). No cleanup of
tetrahydrofuran in the unsaturated zone soils is necéssary_because it was undetected in the s‘ample;

- collected during investigations. However, existing concentrations in the saturated zone require an

0.25 year period of containment before groundwater standards are met. The mihimum groundwater
containment period for the Drum Disposal Area is 2years. For this time frame, benzene
concentrations in soil must be reduced to 0.6224'mglkg, methylene chloride reduced to 1.42 mg/kg
(1.5 year containment period), and so on. The c_ioanup goals for some chemicals may be greater than
the actual concentrations found in the field, so that no soil cleanup may need be performed for a

. —__ﬁ____-__—_ﬁ—-.

‘_;___\‘
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2year groundwater containment period. Comparison of the actual unsaturated zone soil
concentrations is required for each chemical prior to determining the need for cleanup for the
containment period selected. Table ES-1 summarizes the soil cleanup goals for the Drum Disposal

Area.
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DEVELOPMENT AND APPLICATION OF A SPREADSHEET-BASED
MULTIMEDIA CONTAMINAN‘I‘ FATE AND TRANSPORT MODEL .

| Jyh Dong Chlou and Robert Hubbard
HALLIBURTON NUS Environmental Corporation
* Pittsburgh, Pennsylvania -

| mraooqcnou

LA spreadsheet-based mu!tlmedua contammant fate and transport model was developed to support

screenmg-level risk assessment, remednatton goal and simple remedial alternative selection for

hazardous waste treatment storaga. and drsposat facilities. This paper provides a dlscuss:on of thus
- model system consnstmg of analytical modals used to surnu!ato contaminant washout from the source '
 area, a modef used to slmulate downgradwnt soluto transport, and the modcls used to estimate
‘Vw'receptor concontrattons under varnous typos of exposure scenarios. "A PC sproadsheet was used to

wnplcment and link the various snmuiatlon modules and to sumphfy the model input, mteractwe

execution, and output presentatlon processes Tho mode! also gmdes the user regardmg the
influence of various processes on the contammant concentratlon at the point of comphance and,
thercforc, whtch vanables shoutd bc focused on to improve the remediation of data collection
efforts. o

- MODEL DEVELOPMENT'

Contaminant Source Module

A system of analytical madels which describes various aspects of source loading and contaminant

washout from both the unsaturated and saturated zones was configured via straightforward mass

balances. Aithough several simplifyihg_’assumptlons were made, the moda! can simulate very complex

sourcc-loadi‘n'g scenarios. : For exammiple, any combinations of the following aspects of source loading
and contaminant washout can be simulated: = - = - - :

Surface infiltration and percolation” -
Contaminant loading via inf!ltrat'ion‘— R
Sorotion in the unsaturatod_zone: e
Upgradient groundwater flow -
Contaminant loading via upgra‘dio‘ht flow . -
Sorption in the saturated zone * -

el

—_——
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® Zone-specific contaminant decay rates - .
o Zone-specificinitial contaminant concentrations

e Constant or time varying concentration in the unsaturated 2one

In the model, variables u§ed to describe/quantify these proce‘sses.'aro‘ shown in Figure 1 and defined ag

follows: ,
FIGURE 1: CONCEPTUAL MODEL OF THE SOURCE AREA
Source/Contaminated Area & Q..C B _
) Ground Surface Well
o S T LSS
:Cw a f l. u. + ' ¢ e . A ' o '
w .. 1(tQ 1MCW’ sz Kds A1, Cwo) Unsaturated
: o Zone
Groundwater Surface
e : . e : s o
Upg;lﬁent ;wa = f,(t.g. Q. Cyr Waae Vwm’Kdv lzlg-'oi '] Downgradient Flow Saturated B
/ / // // // // ' ‘ Zone o
‘___'" M, = Cua (Vwa + Kys Wsa_)_ > S
WS VL LLLLL U=+

Cis the contaminant concentration in infiltrating precipitation (mg/L)
Qi is the infiltration rate (L/day) ‘
Cw is the aqueous concentration in the unsaturated zone (mg/l)
Cwo is the initial valye of Cw (mg/L)
S is the saturation fraction (dimensionless)
M is the total mass of contaminantin the unsaturated zone (mg).
. W, is the weight of soil in the unsaturated zone (kg)
Vy is the void volume in the unsaturated zone (L) L
Cyuisthe contaminant concentration in upgradiant groundwater (mgIL)
Q; isthe Upgradient grouﬁdwater flow rate (L/day)
Cwa is the aqueous concentration in the saturated zone (mg/L)
Cwao is theinitial value of Cpq (Mg/L)
M, is the total mass of contaminant in the saturated zone below the source (mg)

e . e . s

Vwa i$ the void volume in the saturated zone (L) -

Wy, is the weight of soil in the saturated zone (kg)

Q; is the combined downgradient flow (Qy + Q3) (L/day)

Ay, Az are the first-order deciy rates in the unsaturated and saturated zone (day-1)

p.;;§-1o-91-1 " T B A2 ﬂ R 0 0 0 3 7 5
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] Kd, Kgs are the aque0us/sohd phase gdistribution coefftcrents in the unsaturated and

 saturated zone, respectively (L/kg)
& tisthetime{day)

1. Unsaturated Zone

A mass balance for the wash out of contaminants from an unsaturated source area, assuming that the
mfultratmg precipitation contains background contamination and that dispersion in the unsaturated
zone is negligible, yields the followlng exprussron for the t:me-dependent concentration in the

unsaturated zone:

[sv +le [C C]-""C I

" For an Imtla{ condttuon of CW = Cyo, thls equatlon may be solved via dlrect mtegrat:on to yield the
following solution: Soor ‘

o foefefov, - wm)oga) e Jo - ““‘S":"S i)

| {1‘+(SVW+K4“'.)(51’QI) ]

2. SaturstedZone

Using a similar approach a general case for the saturated zone which includes a time-dependent

source 1oad|ng term (Cw as abovo) and an upgradlent contnbutron as a result of background
contammatzon may be written in the followmg form:

rx‘

dC__ K K, K :
wa 2 3 4 '
i t"Ki-q‘“g»K + K, °"P[“§5'=_].A S | @3)

Where: K4

Vwa + dewsa .
Q3+ (Vwa dsWu) x,” o ”
QICIT + (s\rw + KaW,)(A/Qy)] + ch., |
Ko = Q1Cho-Q 1CI[1 + (SVyy + KgqW{21/Q)]

Ks = [Q1 + (SVy + KqWA 1 J{SVyy + KqWy)

N XK
w o~
I H

TTTTee—
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This equation is of the general form:

Cwa + P(t)ICwa = rft)
and has a general solution as follows:

Cwa = exp{-h] * [fexp(h)r(t) dt + K]

Where: h = [p(t)dt and K is a constant of integration
This equation may be solved for the initial condition of Cu, 3 Cuqg Using the preceding integrating
factor approach or the method of undetermined coefficients to yield the following:

K K K K K.t
. ke 4 . , 3 . 2
C_=—+ ———exp(-!{st)-+. [C - - exp(— -—-) 4
K, Kz ~ KKy " K, K~KK, K;

3. Special Case
In addition to this standard form of the solution, the following two special cases were also
considered: '

® Fo; a constant-concentration unsaturated zone (i.e., C, = C), the saturated zone equation

becomes:
QC+QL, - {Qxc +QC, - _chw.a} exp (‘ El')
C,,= — K ' (5)
® In the case of K; = KyKs, the solution of Eq. (3) and thus the saturated zone equation ¢
becomaes: ~
K Ks K ' ‘ '
3 - o
C ==+ Cwao——+—t]exp(—Kt) (6)
UK LT TR TR LA
o/
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\_’ Downaradient Solute Transport Module "= -~ " -

A simplified version of a géneral solution to & three-dimensional advectionldispersion/sorptionldecay

. equation was used to simulate solute transport. it provides an estimate of the contaminant
concentration at a receptor Iocat:on or dlscharge area downgraduent of the source area under

- different sourco-loadmg conditions. As 8 result of the complex:ty of th:s model, 2 separate
executable file was required to perform the calculatuons The linkage between the main spreadsheet
and this executable file was accomplished by usmg macro commands in the spreadsheet

The basic¢ equatlon. a modified version of a general Constant-source cquatnon developed by
Domenico (1987), for the plume centerline is as follows )

: - Co
;aD. . . |
;-‘x-Vt(1+ 2 ’)1"’ ; o | ‘
_ N v Y : N
N\ .“f"[l \in e o ] :
, Z(D‘t) _ 4( _‘_rz"',")m :

Where: C = the downgradnent concentration along the plurne conterlme (mgIL)
o co = the constant groundwater concentration at.-'below the source (mg/L} .
% = the distance downgradnent ofthesource(fty - -~ - . . =
V = the contaminant veiocity (fryear)
t = elapsed tlme since the begannmg of the sourct Ioadmg (years)
Dy= the pnnctpio valuo ofthe Dlspersnon tensor in the X (longltudlnal) direction (ftzlyear)
Y = source dimensioninthey (1ateral) direction (ft)
Dys= the pnnclplo vaiue of tho Dlspemon tensor in tha y (lateral) direction (ft2/year)
A3 = decay rate (vaars-l)

3

In the preceding expression, erf and erfc orie iné‘ir?ol function and the complimentary error function,
respectively. The vemcal dispersion was not consudercd in equation(7) in order to provide a
conservative estimate of the exposure péint :oncentratton The contaminant velocity is deterrmned :
as the groondwator interstitial pore velocity divided by the retardation factor. This retardation factor
can be cstirnated by using distribution coefficicnt. bulk density, and porosity of the soil. Equatlon(‘l)
§ _v_va‘s applied Nl:s'lng superposition to simulate the time-dependent source loading. For this time-

9.49-10..91-1 | | i ”A-S . ‘ AR000378
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dependent source, the concentration at a downgradient location at a given time T can l?q estimated Y,
by the following procedure. First the continuous function of the time-dependent source
concentration [Eq. (4), (5), or(6)} is approximated by a series of step impulses which simplifies the

" solution and is also more conservative than the original function as shown in Figure 2.

FIGURE 2: CONCEPTUAL MODEL OF THE SOURCE CONCENTRATION

source
concentration

S4

&4t T—‘“‘ e 812 yle- 413 B
‘ - ' 3= t
ty . t, 1, t3 T

Time

 Eq.(4), (5), or (6)

The concentration at x feet downgradient of the source at time T can therefors be estimated by
superposition of constant source solutions [Eq. (7)) for all impulses prior to time T as follows:

Cx,T= > [c(x.'r-'ui,s[)-c(x.'r-ti--m[,si)],
im0 * B .

' =C(x,T-to,S°)'—C(x,T'—to - 'Ato, So) +
C(x.T—-tl, Sl) --‘C(x.'l‘-t‘ - Aat,, Sl) +...+

C(x,T-tn,Sn) - C(x,T-tn - Atn, Sn)

(8

P-49.10-9%1  * Bl S A
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Where: S, is the sOurce ‘concentration of the'ith impulse; t; is the starting time of the ith impulse; Y, is
the tame mtervai for the ith |mpulse, T-tn-ﬂtnao and C {x, 7). is the combined effects of n + 1
lmpu]ses in the precedmg quatlon. € {x, 1, 9) li.e., Eq.(7)] is the concentration at x caused by a
constant source with concentration S for a duration oft. Therefore, C(x,t,s) needs to be applied twice )
to determine each single impulse’s net lasting effect at time T. This approach is similar to the

procedure used in the Expert ROKEY Computer System (McClymont and Schivarte, 1987). The Expert -
ROKEY cgmputer System is a saturated-zone contaminant fate and transport mode! with an expert

systern that asslsts the user to estimate necessary hydroqeolog:cal and chemical parameters for the

© madel. The source loading from the unsaturattd zone needs to be specified by the user, which is
iCOﬂSIdQI‘Qd a weak pomt of the model.

' 'i char e! X osdreModule SRR - e S

| Analytucal mode!s for estimating ¢ontaminant concentrations at four different. types of exposure

points were developed and ‘incorporated into the spreadsheet 'They include direct use of -

‘groundwater, as well as groundwater: discharge into a flowing stream, a closed lake/pond, or an

estuary. As shown in Figure 3, the discharge/exposure module of the model estimates the dilution
caused by mixing contaminated groundwater with background surface water -and, thus, the
contaminant concentration at the complian,cQonposu re paint. ‘

. |‘.' .

| FIGURE 3: TYPES OF EXPOSURE POINT AND ASSOCIATED ATTENUATION IMPLEMENTED -

No Further Dilution
_-_’ " Ay + > Compliéncef
g::::,ﬁ:gag; \_Iolymetri; Dilution - | - | Exposure Point
at Groundwater Concet‘trat'o“
Discharge Point
’ Tidal Dispersion/Dilution -
'Attbn{ﬁl'atiQnNglatiIizétioﬁ
—
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Although the basic equations for estimating dilution factors (Thomann and Mueller, 1987) are simple,
it is usually necessary to modify or combine several equations, based on the site-specific situatidn, to.
obtain the final results. Therefore, the details of development of the ditution factor used in this
module for the exposure scenarios included in Figure 3 will not be described in t_his paper.

MODEL PARAMETER ESTIMATION

Tabie 1 is an example of the modeling result using the developed model under direct use of :he
groundwater scenario. Values of input parametars that must be detarmined by'the user (or other
modeling tools) externally are circled. These parameters can be estimated based on site_-specific
conditions such as the extent of source contamination (i.e., LENGTH and WIDTH); soil characteristics
(i.e., POROSITY, DENSITY, and FOC); hydrogeclogical information. (l e, GW VEL., DISTANCE,
DISPERSIVITY, and THICKNESS); water budget simulation using HELP (Hydrologlc Evaluatuon of
Landfill Performance) Model (i.e., INFILT. and SATURATION); contaminant concentration (i.e.,
CWAO); and background contamination (i.e., C and CU). As one of the user-specified input values,
the upgradient groundwater ficw velocity (GW VEL.) can be estimated by the following equation:

GW VEL. = average GW gradient x average hydraulic conductivity/POROSITY )

The longitudinal dispersivity (Ax) is usually taken as 1/10 of the DISTANCE, where the transverse
dispersivity (Ay) is eq‘ulal,t'o 173 qfrtho Iohgit_udi_nqt value. The rest of the parametersin Table 1, as well
as some parameters used in Figure 1 and Equations (4)'antl n but not shown in the table, are
calculated automatically by the model using the followmg equattons and the user-specified
parameters with proper conversnons of umts _

Contaminant source model parameters shown in Figure 1:

Q)" = INFILT. xLENGTHXWIDTH

Vo - Ponosmr x LENGTH x WiDTH x THICKNESS (unsaturated zone)
Ky = KOCx FOC (unsaturated zone)

W; = DENSITY x LENGTH x WIDTH x THICKNESS (unsaturated zone)
Cw X (SATURATION XV + Kg xW,)

Cuo = CLEAN-UPGOAL/Ky =~

Q; = GWVEL xWIDTHx THICKNESS (saturated zone) x POROSITY
Via = POROSITY X LENGTH X WIDTH X THICKNESS (saturated zone)
Kigs = KOCxFOC (saturated zone)

oo.ooo.-oo‘
=
M
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) TABLE 1: EXAMPLE OF MODEL OUTPUT
Copyrigne 1991 . WALLIBURTON NUS ENVIRONMENTAL CORPORATION
SCREENING-LEVEL MULTIMEDIA CONTAMINANT FATE AND TRANSPORT MCOEL
£XPOSURE SCENARIO W11 T[ME VARYING SCURCE ANO DIRECT USE CF GACUNOWATER
SITE: - X CHEMICAL CONTAMINANT SEMZENE
SUPERSUND SITE X0C (L/%0):  <ES.I> | ALLOVABLE EXPOSURE CONG. {(UG/L):
) Co NALR LIPE (YRS):

: et " UNSATURATED: - UNSATURATED ZONE $OIL . - . y
THVESTGATOR Jd. B, CHIOU SATURATED: CLEAN UP GOAL (MG/KG): e m:rie
GATE: 10-21-91 . : D.G. PLUME: :

SOURCE AREA: UNSATURATED ZONE _ SATURATED ZONE | OOWN GRADLENT AREA / EXPOSURE POINT
LENGTH (P13 FOC (KG/KG)t FOC (KQ/KG} T a3 (L/DAT): 1662.40  #0C (KG/KGY: U
WIDTH ¢(FT)2 KD (L/KG): L0565 | M0 (L/Xan 2068 | oW V.(PT/TR): & KD (L/%Q): 065

SATURATION 2 SATURAT [ON2 1,00 | pisTANCE (T4 RETARDATION: 1.314
POROBITYT © 8 THICKNESS (FT):. . THICKNESS (FT): < LID| PomosITY; .
DENSITY (G/CN3): DECAY (1/0AY):  3.8e-k } DECAY (1/DAY}s 3.7%8e-k | DECAY (17YR): 1.386¢-1 AccEPt
CHO (PPB): 4 CuAD (PPEY: OISPERSIVITY: THE GOAL!
INFILT. (FT/TRYS C (Proy: . [~TIY M AR (PTH .. 112,00
W VEL. (FT/YR): Q1 (L/DATY: 218, a2 (/DAL 1218.40 Ay (FT): 37,30
: UNSATURATED ZOKE CONE, - SATURATED ZONE CONG. SXPOSURE POINT CORC. . . . 70-TEAR AVERAGE
ELAPSED TIME - YAS  DAYS (ua/L) Ly : e/ ; LuB/L)
0 0 46523.08 _ 100.00 .0000 i
2 e 34148.82 631,62 0000 i
& 1480 .2509%.28 846.07 ~ " ,0000 :
& 2190 181147 . ; 883.06 .0003 ’
& 29 13536.79 - . SO 77 SEUY 0089 -
19 3450 994205 730.5¢ 0600 :
12 4380 7301.93 S 62057 .26
TS 117 382,89 S 1) - S
16 sM0 9%.77 - , 416,36 1.4400
18 4570 WA Y LTS T IR 5.1 '%. I
20 7300 . 212663 " 262,88 _ 3.2480
2 8030 1560.43 . 205.69 £.0400
2% aTse 1144.06 139,72 &.8140
% %% M. 1238 4,930
8 10220 T 818,30 g . 4.9990
30 10930 434,04 no $.8540
32 11480 ‘ i 533,47 Coe o84, 6.5540
312410 26691 41,88 6. 3490
-36 13140 17988 .49 3.6870
38 13870 132,11 i 3 ) 3.2090
40 14400 $7.03 17.85 2.7430
42 1933 7.2 ¢ 13,40 2.309 ..
18080 2.3 10,04 1.9180
ok 16790 3.6 7.50 1,9740
&8 " 17520 20.28 ! © 8.80 1.27%0 . .
.50 18250 20.7¢ 618 1.0200
52 18980 15,23 7o B 4213 .
5 19710 "n.u 2.32 6509
86 20640 .. — e AT 5128
8 21170 © 8.8 1.2 6011 .
60 21900 443 . 1}
42 22630 3.8 .10 L2621
& 23360 2.3 K ] 1848
& 24090 1.76 .39 . 1636
68 2820 1.3 29 R :
70 259% N w1 L0838 1.7062
- T 26280 TJ0 w18, L 0839 . 1.7080
76 010 kil a2 L0485 1.7093
7% AN <38 . .08 0367 1.7103
% M7 28 04 0277 1711
8 29200 .20 0% 0209 1.7118
82 29930 .18 03 L0187 1.7103
8% el .03 018 1,7083
% 313%0 .08 |, .02 0089 1.6834
88 310 i 08 -0t ! 0088 1.6638
90 32850 N 0t ! .0050 1.4
9% 33580 .03 0 .0037 1.4890
9% 34310 02 .0t ,0028 1.3769
2 ;;% gi ‘ " _,0021 1.2487
B S 00 .001S 1.1118
100 3500 | . . . .00 - .00 - 00N ’ 5730
HAXIMM: ¢8928.08 .- 883,08 ‘ 4,999 ' R KL
1 ¢
P p . . . . . “ﬂ-\\
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Wea DENSITY x LENGTH x WIDTH x THICKNESS (saturated zone)
M, Cwa X (Vwa + de X Wia)

Q = Qi+ Q: _
DECAY RATE = -ln(o 5) f HALF LIFE (zone specaffc)

Downgradient solute transport m’oduig parameters used in Equation (7):

RETARDATION = 1 + DENSITY x Kds / POROSITY
Co =505, Sz, orS; as shown in Figure 2.

X = DISTANCE (distance from the downgradnnt edgc of the source area to the
exposure point)

GWV. = Qaf (POROSITY x WIDTH x THICKNESS)

v = GW V./RETARDATION

Y = WIDTH

Dx = V x DISPERSIVITY (Ax) = V x 0.1 x DISTANCE
Dy = V x DISPERSIVITY (Ay) = Dx/3
DECAY RATE = -In(0.5) / HALF LIFE (zone specific)

Although the contamiﬁant source module assumes a homogeneaous unsaturated zone, the use of the et

HELP Model to determine the infiitration rate and the degree of saturation externally can allow the '
layered structure of the unsaturated zone to be considered, if necessary. The percolation from the
bottom {ayer and the weighted average of saturations in each fayer estimated by the HELP Model can
be used as the infiltration rate and the unsaturated zone saturation rate in this model. The thickness
of the saturated zone, which represents the vertical extent of contamination in the model, is usually

derived from the minimum of the followirig three possible values:

® Thethickness of the entire saturated zone.
® Thelowest positionof detected contaminants of concern,
® The mixing zone depth calculated by the following‘ equation (Salhotra et al., 1990):

ﬁ = B[l --.‘exp (—V“Ll (BV!))] + (2 GVL)M - (10)

where: H is the mixing zone depth (ft); 8 is the total saturated zone thicknéss (ft); Viq is the vertical
seepage velocity (fuyr); L is the length of the source area (ft); 'v,, is the horizontal seepage velocity
(ftiyr); and a, is the vertical dispersivity (ft).

P-49-10-91'-1.‘: S A-1Q0 AR000383 '
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With all the parameters determined (either direct inputs or calculated internally by the rno'dei)
Eqs (2), (4) [or (5) and {6}], and (8) are then used in the modet to calculate C,, Cw., and.C, respectwely

T e

APPLICATION

ﬁollowing are three case studies describing instances in whicn the developed mode! has been utilized
to select cleanup goals. ' '

leanup Goat :ef ction - EPA Sy erfund te

| 'The model is bemg used to determme so-l claam.hp goals at an EPA Superfund site in Vargmna At the

site, soil media in {ocallzad areas |s contamlnated within the saturated and unsaturated zones. The

.model is being run undar an interactive approach to determine the maximum unsaturated zone ‘soil
.'concentratlons that will allow the Safe Drrnking Watar Act (SDWA) Maximum Contarnrnant Lavels

(MCLs) te be atta:ned at the downgradlant edge of the saturated zone beneath the site.

For this partlcular apphcatron. axistlng contammataon us bamg mput frorn actual chemical analysrs

" data from the saturated zone only. lnfiltratlon rate (Q4} is astlmated uslng the HELP Model, based on
: local meteorological conditions. $oil machanrcal and hydrauhc properties, Wthh were detarmlned
‘ from sampies collected from the site, are used as model inputs to slmulatc contammant washdut from
the unsaturated zone and contarmnant transport ln the saturated zone. The model will be run for
. 19 differant compounds and for varying contammant concantratlon levels. From the results of the
modeling efforts, a variety of potentral claanup conditions will ba astablrshed and ramadral
alternatives for aach condltlon will be davaloped for EPA ravrlw '

Cleanup Goal Sel'e.ctign -DOD Fgcilig

Thrs model was used to develer remedia! goals for contamlnatad arcas ina DOD facrlrty in Taxas
accordrng to specific remediation objectives. Frgura 4 shows the contammated zone in tha facrhty
and contarnlnants of concern. The overall remediation objective used to establish the remedlatlon
goals was to protect human health and the environment and achieve Applicable, or Relevant and
APPl’OPﬂﬂtG Raqurrsmants (ARARs). The goals were established based on EPA and TWC (Texas Water .

| Committee) “acceptable” risk levels and. assurnptnons regarding ultimate land uses and contammant '
* exposure pathways, based on axlstmg site mformatlon. EPA guldance. regulatory raqulremants, and

professiona! judgment.

P o —
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Leachate generation, drlutlon in the aqurfar beneath the slies. and downgradient transport,

' includlng hydrodynamic dispersion and sorptlon were consrdered to determune sorl concentratlons
* that correspond to the groundwater remed:at:on goals at the point of exposure (i.e., the base

boundary or a stream flawing through the faf-l'ltv as aPP"Oprlate) Although many of the soui
contaminants at the various sites are subject to envnronmental degradatron via hydrolysis or mrcrobral

. "degradatnon, these decay mechanisms were not consndered Model rnput parameters were
-~ determined based on available site mforrnatlon and on professuonal ludgment rf srte-specufrc values

L

. Two other models were also used to determune certaln mput parameters for thrs model The
‘groundwater veloclty for each site was determined from a calibrated, partlcle-trackmg, groundwater

mode! completed in support of a remedial investigation study at the facility. This model was used to

~delineate flow paths and to predict the travel trme ofa partrcle from the varlous sources to the stream

. ar other. exposure points. . The lengths. of the flow paths frorn each slte (or drscrete snte-specrflc

- sources) were divided by the slmuiated travel times to determme an mterstltral pore veloclty The

© . annual racharge (Qy) for each site was deterrnrned uslng the HELP Model

“

A P T Da :p‘ - D

- Soil remediation goals were determnned based on the assumptlon that the groundwater was erther

uncontaminated or that it would be restored to acceptable concentratlons. Therefore. for model
execution, C (the concentration in lnf'ltratmg precrpltatlon), (:u (the concentratlon |n upgradlent
groundwater, and Cy, (the concentration in groundwater heneath the srta) were all set equa! to zero
at time t = 0. Furthermore, the concentration in infi Itratmg precipltation and the upgradlent
concentration remain at zero throughout the model execution The saturated zone groundwater

. concentration is contmgent upon foading from the source and ﬂuctuates asa function of trme

g

Once the mput parameters had been estabhshed for each slte and contamlnant an mteractrve.'
. trral-and-error approach was used to determrne acceptable source ¢ oncentratrons ,A soil

concentration was entered and ad;ustad untrl the maximum downgradrent concentratlon at the
point of exposure did not axceed the groundwater remedlatlon goal The model suggests anew goal
whenever the criteria is exceeded or whena hrgher goal may he acceptable.

nstration - Major Ch iafﬁlanuf urer

[ - s ) .
T . SIS eEogeelE s

, In an ACL (Altarnate Concantratlon I.irnlt) demonstratlon study. exposure to groundwater

contamlnants that have dlscharged to surface waters in the vicinity of a major chemlcal.

. m‘““fa““"” f“"'tv is consrdered the only. realistic potentnal route of contarnmant exposure
lnczdental mgestlon of surface water and ingestlon of aquatsc organisms that have accumulated

s T ARO0D38S
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discharged grOundwéter contaminants are considered the exposure routes of concern for human \_J

receptors. These pomts of exposure and exposure routes are considered to develop Maximum
Atlowable Exposure Concentratlons (MAECs). ACLs are then determined via contaminant fate and
transport analysis 5o thatthe MAECs are not exceeded. '

Several unsuccessful attempts to develop a complex, numerical, groundwater flow and transport
simulation of the facility have been compieted to date by two other consultant firms. In view of the
complexity of the site hydrologic conditions, HALLIBURTON NUS deemed it more appropriate to
employ simplified analytical solutions to simulate contaminant migration. Nevertheiass, these
previous stud:es provuded values for most of the required parameters in this more efficient modeling
approach. ' ' '

Figure 5 depicts tho_'conceptualiud cross section of the study site. Two of the three surface water
bodies in the vicinitf of the site were treated as quiescdri“t bodies with virtually no dilution potential.
An accumulation/volatilization model was developed and incorporated into the spreadsheet to
simulate the exposure point concentrations in these two surface water bodies. A tidal dilution model
was devetoped for the third surface water boady to estimate chemical concentration distribution in
the tidal lake. Based on groundwater dischhégi rate, chemical concentrations in the groundwater,
and a tidal ampiltudo, the model can be used 10 estimate the steady-statc daily maximum or average
chemical concentrations in the lake. Thereforo, the dilution factor betweon groundwater and each
model segment resultmg from mlxmg and tidal movement was determined. - ‘

ACLs were eventually develpped for each of the chemicals of concern using the developed model.
The observed conc’ahtratidns of some chemicals exceed the ACLs derived based on the exposure
pathways of concern, The fact that some of the protective ACLs have been exceeded indicates that
containment efforts (interceptor trenches) are riecessary and were implemented in a timely manner.
Continued interception of groundwater plumo is planned until acceptablo concentrations (ACLs) are
attained attht unit boundaly

SUMMARY

Several advantages of a spreadsheet-based model over a'traditionhl "pre!post-procesidr and main
program approach“ are apparent. Because the simulation is mplemented by a spreadsheet, the
model mput and output data are contained in the same file. it is extremely easy for the user to
‘chango values of any spec:f' c input parameters. and the effects of various mput values can be seen on
'. the computer screan. The graphical and statistical capability prov-ded by the spreadsheot makes
presantat:on ofthomodel rosultsvcryefficlentand flexible. = T

AR000387
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—— ALCULATION
NUS CORPORA TION AND SUBSIDIARIES - S m’VDARDC_ ey

Sample - blOdtsmd COP"?'P s*/a“l/‘il

cal m-‘lah‘ms and’ a:r (vabams- ‘rable I-2e
Qb.\:‘c_b.:& CaAa_uawe a by 0df.5-rz¢d.whm Ce-??ﬂucy\?“

.A.pgzaza.m l)se Wa)f -tife wlmdfns avcuu lakle v N
- Wteahere

Ry ya = o,(‘,qa/ K ('Drzlﬁ‘um7 Iq 33)
where 4, mm-nre %r bwdchbn
'm C»tﬁlu&'\ﬂ'(fafe

»

. | | Oh!orz) benza. y: Ty = 37 deys ( Dragqun \788)
»_wwd£ 43ju¢.;b4

k:. 0_(2_1_ — ,o‘%jda-“’l, ey l-; Lo oo - ®

cc = q o

see Da{ym 1438, Reﬁ Car hdole&A
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SUBJECT: - . . CHECKED BY: DATE: ’
Mmpre- 'ad€acad | oty | 2/7/91

( Greenipepd ) From care-Bre info.

———

Calcudahens andl Decy vaRens - Talb)flﬂé’

LhjeeN vE. Carlculare a bodegradah on cgoe Phicient
L UUse Lnfer mayen Bom hicahure (| er-
Centk degradahan and Pme)

K= Q.i-o'a log(&) | C_'Dra;sm) )‘1?8)

where k= piodegradap on c»% red ent=( rate
Lonsant)
TV e |
A = (nihal carcentanrm
X= amountd-cdraded in mimet

Assumenons: IF degradanon s 1007, Asswme
How & was requiced £ all degra-
danon , and The” pun ber of N pe-
TVods 85 leagYh t per gtar il ke
The canstant, Since The ejuasn

wiil Ny accepr aXO
Let + 1nude any lag hime e~
abuircnl P the redehon 10 stast

Samole. Calciabms:

0) 'Q,U;b“fﬁdf\’orwwe"a;mmb)'c
o= | .

X=.2Y R 1991 4
£=30days (BRSZAHse) ~

AR000393

C

ORI . S R SRR . S SS..

NUS 1854 REVISED 0285



SR T

PENFUEI

ORIGINAL
(Red}

" I NUS CORPORATION AND SUBSIDIARIES -+ . (v: STANDARD CALCULATION
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mi-e:mmcmﬁ: | | o

'zod 5 I-.a8

K= oaqu

004 X ’Jp";da—us =}, 5‘5.;—
days -1

() Aatehme ."ana.c’,ﬂbxc

Y00 ,Mrad.ahm in ‘{ dayys +':>aﬂﬁu.4 \d.a_
= q a.a.qs

Ty 3__‘4_‘“:15 qo(d,- -
‘id.a,gs

sec Drz%vmv"lﬁ anst HS DR, 49, Ref. foe
| Teote SR

e AR00O3IL
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cgega ARCS B FILE No.:a 153 BY:J' Hu bloa d PAGE / oF hJ )
: : DATE:
Mreenwood /Cale. of Ko M v/an/q I

CaleUlations and Denmhms— Table V=i

@) -
Ohitchvd i Calculate Koe For et cah et rbfura_m (THE)
Appvah' Base Yye on Iahs Kgew ;ithich fs avarluhte Ror

THE . |
Relevant Equations: S ;

atarto B L ae w

\Og Koc_'— 0. S4Y ,06 Kaw - 3777

whe. ré. ch-= Orﬁa,nrc tar b aatsorph'm

L. aah s e as o

ceoefF verent
Kow= OCtana\- water parhen i
Coefficierct ol
i
( Renaqa and Goring, 1978) ;
Assumprions: N/A |
Semple Calculahon

104 Uouw™ 0.4} (Treiner and
Cladtgpadyay, ]43&)

log Ky =(@.5499) (0.46) + 1.377
104 koe = 1.0 272Y
Kot < inV (og 1.a7a4 = 429.39

Reterences ! ' |
sce Ref. lis+ follwing, ARek. 10 aund (4 P&er)o\e\‘J

il 1 madin .t Nl oL e i i e siomoilid.
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R SUBJECT ‘ CHECKED BY ‘ DATE: ;
L ére.mwood/calc 05 Koc., o N ALY

Carcidabons aind Derivanon 3= Tasle) ()

O | o -
Obiec hve Calcu\cue Koc.-For a,'-h(o +mchlomphenal (TCP)

-----

106\406-"100 Iogkaw O&l _

Cwhere K= Of‘ga,,mc. wbm a_d,SoYpHdﬂ
- welfoet
Aa,.) psoiandi- water pafhhm co-
i e‘FFIQW : :
(KaruoKAO'ﬁca/\d Brzw\n )"l"l?)

_ﬁssumphms ‘This cgua,hmls apoUcLLLq uﬁ?ﬂpnwfe
for aromaes ,pass:bu,, chlocinated |

. f
L)
-

| 105 K.w 3.4:‘3 (Le.a et.ad. ,14'7:)

-:;;I'-lagwc. (e o) (3. 6a) -0 1 -
)06 Koc 3 *-I‘Z' e
. Kocg_':' mv 105 3"1‘3 3030

S see R?F.“’!'S'f_l&j}mf%',A,RCz:P-.l_ly\am.d____la’ Por Tamre |

A B o -
L on e e

AR00D0396

NUS 158A REVISED 0285



W | |

NUS CORPORATION AND SUBSIDIARIES ~ ~ STANDARDCALCULATION|
T T e T T

“fon ARCS 3 a5 ™S lhubband |raee ) oY

SusEST: N ; ' CHECKED BY: DATE:
Geeenweod /Cale. of Rienny %1 fa)

Cadcdanans and Decivanons- Table -

(c) | B

- Obebve: Cculare the Henng's law Constant ( Kienm) |
Frr  naphrhaleneaeenc acid (NARD. .

Appp ach'’ Use vapa pyesuse qna spiioy iily y Lehich 3
are avad \abore For NAAR.

+= Ve /ol (Lyman et.alyiad6) |

M\ﬁre' H= K“e-nn—_‘ Catm }mol/mi)
- NP = vapoer presswre (amry)
ml = w\u'bil{ﬂj%,fn. woker Cma|/m3) 9 .

Pesvmomms’ Use daia for A- NAA
wmple Cakculanan' ' | |

ve= A0 X107 PAs C (dSDR, 2ls/N) ]

PRI

2

W)= 0,043 4 /100g water @ 20 ¢ (HIDR, 2/19/3) -

[
Ly

Somd
sl 0.04a o Nﬂﬂ‘x wmpol N’qﬂ'_f X 10 E"‘LO ;;,..\_Q-':f-‘-‘& —‘ﬂ"&i *

100 g Hy0 \9b. alg VAR [ mPuo  lemiy, ML 3
= &.a5 mol /ma’ l
) | B =
NP 201X10 8 e MM, - 9 ,x106Tabm
760 teve
H':l VP/&\:'. Q'GX’O-"GJXY'\___ = | Qilo—qgﬂ_ 4
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-ﬁ."f)
Freerwzoniremow Stadminy Summey
FTIT Ao Jaed ~ wriswraed 2ons Samcies
IAMPLY SAMPLE TIE, NI
NUMBER SEPTH.R g ircaman ' Fou
1o o €370 224937 JmEairatea pl et =¥
3183 3 26,000 -2 18585 et aTed S0
101 0 B0 £233318 pre L 1T AT 00078
5131 e 427 £.0S8784 aeanurated 2000427
Al 20 1,380 T2370%8 nsaturated Lo01E3
A209 ¥ *3.000 9.733127 unsaurated o018
5209 14 12,800 5258603 unEaturated 20108
A209 3 7.860 3.543787 .. Jneaturated 000788
AZ03 16 3280 2283833 | unearsted 0.co2g8
3MNE2 i ‘32Cc .T.ias5387 0 e aturated 00132
BNE2 g T.210  7.583378 urssarated 5.00121
3NE2 10 1800 TATM2 unanturated 2.0013%
oNE2 104 180 TO0EMT7S e anrated - D.00112
SHA1 1 25108  16.13082 ‘ urestirated. 0.0281
OHMAL - td: . 'TR00 9740988 = uws'a!uféiogl ‘ C 007
THA1 g 4330 2503084 ‘ <reaturated | 000493
THAY - dLe0 I Np2EIT wmsanrared - belhatints
JHAY 13 d13 £.318738 L ar ated 0.000913
A1 13d 1080 5993933 unsagirates 4.00108
2CDOHAT1 20 1,130 7029872 wnsanrated 500113
e CHAL 20d 1040 £.348975 uresstraed 2.60104
DHA{ 25 1,450 7.27331% nesanirated G.00145
DHA2 1 3010 5353448 unsanirates €.0n0a01
DHA2 L) 2280 7.780417 wnearated 0.00228
DiHA2 16 3,390 ©5.1238588 wnsatsrated 0.00339
OHA2 15 2490 T.320038 urasatsratead 3.00243
UHAZ2 20 3340 2.113726 uneaturatea 5.00334
DHA2 25 1,300 7.17012 uneaturated ¢.0013
DHAS 8 7.890 5935948 : unaatirated 0007599
DHA3 - 3310 3271233 weatirated 0.00391
OHA3 10 3,830 5.2835% unsaturated 0.00388
OHAZ 15 T 1470 7.293013 ursatirsted 0.00147
DkAS 29 1480 T.I08E3 Lrzanrated 200148
CHA3Z pes-1 1,230 T.38513 WIEANICATea £.0a1s5s
DHAL 1 3870 32811 eI sted £.0paar
OHAL g 2800 7.372488 unestirated £.0029
DHA4 10 1,110 7.012115 ursatirated g.0011
DHA4 104 1,240 T7.122887 wneatiratea 0.00124
DHA4 18 204 B.EBSE3I Lreatirated 3.000804
DHAS 20 1,180 7.088175 uneaturated 060118
@CDH4 20 . Te®  §.58788 T unsaturated 0.00072¢
Nwot i 11800 5.35378 nsaturated oo118
NWGt 5 15,800 3.655028 anzaturated 2.0158
NWGt 5d 15,800 3835028 ASarAted 0.0188
SWOt "0 3,720 3221479 uresanrated 000372
NV 18 2E3 274878 Lnsaturated AQ0Cssa
QCNWO1 i} 1.730 7.488877 unsaturated 0.00173
QTHNWOL 15d 1880 7.414573 Linsatrated 000188
NWO1 peis 1870 7.258831 rireatarated 0.00187
NWO1 2 g0 E£.330123 wnsanicated 2.00053
=2 =f data poirs -t} o) ‘ 18]
maximum value 28.000 0.028
avernge 4848 737289 : 3.0048
minimum value 427 2.0004
mandard deviation 5183.583 1.C58349 0.008162568
Jeometic menn 4.580.35%" 0.00453
Feometric std RS72.29 —mAnLss

rom
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Greenwood Chemical Statistical Summary
of TOC and Foc Values - Satrated Zone Samples
. SAMPLE SAMPLE TOC. ' _ A .
NUMBER DEPTH, ft ugg LNTOC location FoctNFoz
Al 25 = 1480 @ 7.2793 satwrated 0.00145 -653618
AtQ1 30 630 8.4457 saturated 0.00063 -7.36979
A10t 35 2290 7.7363 saturated 0.00228¢ -8.0792
DHAL CONE 939 6.8448 saturated -0.000930 -6.9707
DHAT 35 544 = 6.2980 saturated 0.000544 -7.51666
DHA2 30 1,660 7.4146 satrated 0.00166 -6.40094
DHA2 35 4,680 8.4511 saturated 0.00468 -5.36446
DHAZ: 40 . 2360 @ 7.7664 satwrated 0.00236 -6.04909
DHA3 - 30 1,480 7.2096 saturated ~ 0.00148 -6.51571
DHAZ 36 2.280 7.7187 saturated - 0.00225 -6.09633 .
DHA4 25 7 6.8211 saturated . Q000217 -8e944
DHA4 30 1.130 7.0300 saturated - 000113 -6.78564
NWO1 30 668  6.5043 saturated  0.000668 ~7.31122
NWO1 - 35 - 467  6.1463 saturated 0.000467 -7.66918
NWO1 38d - 680 6.3630 saturated - 0.00068 -7.45248
no of data points 16 o 16
maximum vaiue 4,680 8.4511 | 00047 -53645
average - 1,470 7.0747 _ 0.0015  -6.7408
minimum value 467 61463 00006 -7.6692
standard deviation 1068.374 0.6452 0.001068 0.6452
geometric mean - ‘ 1485.07 0.00146
geometric std dev _ 104548 _ 0.00105
r“_‘_i—_(—_‘__‘_______———*—\
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2 13-Nov-91

Greenwoed Chemical Site . Arsen1: kd :alculatxans (Army Corpi data) .
Unsaturated Zone Kd =8,238 (geo mean) o ..

final . S : "/
Sample initial TCLP soil _ log Kd
Location TCLP (mg/1) sQil (mg/kg) cone. (mg/kg) Kd, L/Kg . ~ L/Kg
ENO1 0.1432 205 202.134 1,412 - 34150
0.,0811 119 118.778 10,701 4,029
0.0011 & 50.9 50.478 45,889 4,462
0.0011 & 1.5 1.478 1,344 3.128
0.0011 & 1.6 1.578 1,435 3.157
D 0.0011 & 1.5 1.478 . 1,344 3.128
L302 0.0011 # 12.3 12.278 - 11,162 4,048
0.0011 & 8.3 8.278 7,525 3.877
0.0011 & 4.2 4,178 . 3,798 3.580
L301 0.0011 # 88.2 88,178 80,162 4,904
0.0011 & 3.7 3.678 Iy344 3.524
L102 0.0011 & &7.1 67.078 40,980 4,785
S 0.0011 ¥ 63 62.978 57,253 4,758
0.0011 # 19.6 19.578 17,798 4,250
0.0011 # 2.4 9.378 8,525 2.931
0.001% & 4.4 6.378 3,798 3.7463
BNO& 0.0011 # 0.27 0,248 225 2,383
0.0011 % .58 0.528 480 2.681
0.0011 4 1.4 1.378 1,253 3.098
BNO3 0.0011 # 3.7 3.4678 3,344 3.524
D 0.0011 # 4,1 4,078 3,707 3.569
BNO3 0.0011 & 196 195.978 178,162 5.251
0.0011 # 7.6 7.578 . h,889 3.838
0.0011 # 98.6 95.578 B4, B89 4.939
0.,0011 # A 6.978 © by 344 5.802
BNOS 0.0011 # 6.2 6.178 9,616 3.749
0.0044 149 148.912 33,844 4,529
0.0011 #- 43.3 43,278 - 39,344 4,595
D 0.0011 # 12.2 12,178 11,071 - 4,044
b 0.0011 # 5.53 6.928 5,93% 3.773
. 0.0011 # 5.3 S5.278 4,798 2.681
L30S 0.003 2.8 2.74 913 2,961
D 0.00605 . 16.45 16.529 2,732 3.436
SA0L 0.0011' ¥ - 3.4 3.378 3,071 3.487
: 0.0011 # 2.1 2.078 1,889 - 3.276
- 0.429 701 692,42 1,614 3.208
Li101. 0.0011 #- 5.3 5.278 4,798 3.481
0.003 3.6 31.54 10,513 4,022
- 0,0011 ¥ . 1.5 1.478 - 1,344 3.128
D - 0,0011 # 1.265 1.243 1,130 3,053
0.0423 0.82 -0.026 -0.5615 0.000
A401-D 0.0045 12,2 12,108 2,632 3.420
. 0.0011 ¥ 1.5 1.478 1,344 3.128
. A402-D 0.4085 8.9 30.73 75 1.876
BNEL 0,134 110 167.28 789 2.897
0.456 74.5 61,38 94 1.971
D 0.04075 ° B3.75 - B2.935 2,035 3.309
BNE4 . 0.0087 13 12.846 1,920 3.283
SA03 ~ 0.0391 99.9 99.118 2,335 3.404
T 1.14 1000 977.2 857 2.933
- 0,738 538 '523.28 - 714 2.855
A208-D 0.0011 # 6.6 6.578 ... %N.980 3.777

“AROOOLOL.




3-Nov-91
! Vot 3 0 6.5
_ E . _
Greenwood Chemical Eite ) ‘Arsenic Kd calculations (Army Corps data) - MRIGIMaL
Unsaturated Zone kd =8,258 (geo mean) (Rad)
final _ v
Sample ... . dnitial . TELP soil -. : . -log Kd
Location TCLP (mg/1) s0il (mg/kg) - conc, (mg/kg) Kd. L/Kg - L/Kg
. A209 0.0011 # 41.7 41,478 37,889 . .4.579
ZETSS==R BESSSEES EEEESTIR FxExT=== 13+ ] EESXIERSS =_=====8=
. average 14,929 - -3.543 = 3,493
L maximum 178,162 5.251 = 178,162
-~ minimum ~0.615 ‘ 0= 1
. standard dev. S 30,231 0.8445 7.320%
~arithmetic logorithmic antilog ¢
. values values - leg valus
. L mmmmsmsmm
average = .8,258
.. maximum = L
Cominimum = L
" gtandard dev. '’ 17,692
' geometric
. mean
# = Analysxs rasult was nat detected; value indicated is

;L1/2 of the detection limit.

027¢

‘:- . .l“\,i. - qs - B
| GeormeTic Menwn _u»: e‘_‘_._., N + —72-)

wheed Y and 6"5 o..r*c. rhe o rinsedic wmean
axd vaﬂonu 04— ﬁ‘\\q, Ny \-vang(-c(Meé_ Va\&s

i =2 X

'x:cﬂl

Bovitton mewTAL Yo “U"\Qf\ HOv\H-or-wa
v&n Nowm.wb Revwwmeld Co. I“"'l nyY lq@-—-l)

(re.é. A t‘:-\bea_r ‘Samtisticac He’c’ko&s

—
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13-Nov-%1

Greenwood Chemical Site
Saturated Zone Kd = 3,242 (geo mean)

ORIGINAL
(Red)

Pauz # 08 5

"Arsenic Kd calculations (Army Corps’ data)

Sample initial TCLP soil log Kd
Locaticen TCLP (mg/1) s0il {mg/kg) conc. {(mg/kg) Kd, L/Kg L/kg
BNO1 0.0011 # 1.7 1.678 1,925 3.183
D 0.0011 # 2,06 2.038 1,853 3.2468
L302 0.0011 # b.2 5.178 95,616 3.749
L102-D 0.0011 # 4,569 4,428 4,207 3.4624
D 0.0011 # &.84 £.818 6,198 3.792
ENOB-D 0.0011 # Z2.31 2.288 2,080 3.318
0.,0011 # 1.6 1.578 1,435 3.157
BENC3 0.0011 # 2.8 2.778 2,925 3.402
0.0011 # 2.6 2.578 2,344 3.370
BNOB 0.0011 # "13.5 13.478 12,253 4.088
L10t Q.0011 # 1.8 1.778 1,616 3.209
—_——=m=Ixemn 1 4 _==Ramm
averaga 3,787 3.449
maximum 12,253 4,088
‘minimum 1,433 0

standard dev 3,114

' arithmatic logorithmic

values values
average 2,945 3,242

maximum 12,252

minimum 1
standard dav 1,489
antilog of geometric

log values mean

detection limit,

'# = Apalysis result was not detectedy value indicated is 1/2 of the
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Pace £E .5

un!‘ . .;- ; Oﬁ:lGiNﬁt
: {Rad}

SUMMARY OF PHYSICO-CHEMICAL DATA
CHEMICAL ke o
Argente - HA T
Senzene ‘B 83
Chlorcbenzene 330 (b 3
Cyanide Mo 1,700 *
Methylene chioride ‘ 8.8 (b 1(n
Naphthalene scetic scid 940 te) ' %
Naphthylacetonitrile 94D (e) 9%
PAR (Naphthatene) _ %o b) %
Tetrachlorcethene | ' 354 (b) 36,4
Tetrahydrofursn : 1.78 (&) 1 (o)
Trichtorosthene 126 () = 12,6
(a) Lyman et al. (1982}
(b) Mabey et al. (1932}
(e) :l;v;ig;hch'mll properties are assumed to be silfi lar
() Value from MEDCHEM database sz fmpiemented in AUTocuEn
(e) D equivalent to uater.
* = $ite-apecific value based on ASTH shake test data.
NA = Not available |
KD ® Koc x foc, where foc = 10X (EBASCO 1989)

APPENDIX B

CLEAN-UP GOALS FOR
¢ GREENWOOD CHEMICAL SITE
" FINAL FOCUSED FEASIBILITY
§TUDY REPORT - OPERABLE UNIT 1
. GREENWOOD CHEMICAL SITE
ALBEMARLE COUNTY, VIRGINIA

AUGUST 1989
28
e ———
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 APPENDIX D

TOTAL SEMIVOLATILE
TENTATIVELY IDENTIFIED COMPOUND (T IC)
ANALYTICAL DATA
(from REM Ill RI Report)
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ADTOSTHEOOT FOR. BALKLGTOV T
S BEMI-VOLANLE TiC CLoncenTrATIONS

. ; P:n‘
27-dan-92 ‘Paﬂe lef 2 N | Ofaui;;ﬁl.

Greenwood Chemical Site
Semi-volatile TIC Data from Ebasco REM IIX Invest:gatzon _

_Adjustment to account for’ background concentrations tound in. Uest Strean Uparadiea®
Average backaround semi’ volatile TICs = (43.3 + 6.9) 235.1. :

Boring Average Average JAveraae o
Conc.  Back. Conc. Site Cunc.
na/kg @g/kg " mg/ke-
A-3 927 2%.1. 901;9
A~11 1472 © 284 1,445.?-1
B-11 270 25.1 244,9
A-5 876 . 25,1, '830,9
B-8 443 2%.1.. . 437.9
A-4 41.4 284, ; 16.3
A-1 18.7 23.1 .. (6.4)
A-8 46.1. 25.17;. 21,0
B-10 . 139 2%.1.. 109.9.
B-12 356.8 C 2%, 1t.7
A=7 1467 23,1 141,9
B-9 10.2 2%.1 . (14,9
A-9 1.7 2:.1:; (23.9) -
- A~10 190 2%.1.  144,9
DH1-50-01 7322 2%.1 7 294.9,
DH1-80-02 9480 25,1 .9, 634.9
8801 2%.4 o 2%.1 0.3
ED-50-01 160,7 25;1_: 135.46
TP-10 28960 - 28,1 28,934.9 :
SBO1-01 64.8 S2%.00. 0 3907 \
TP-3 - 328 28,1 0 302.9 :
SE~03 3845 25.1 3. B19.9 :
Wpg01 & 02 744 25,1 | 918.9
WD501-55 83.3 2%.4 . s8.2
BNEL 4321 - 29.1..4.299.9
B-4 0.1933 25.1. (24.9)
FB~01 1%¢ 23‘1"' 128.9 . =
FE-04 26.12 2%.1;, 1.0 . .
FB-0% $.36 - . 28,4 t19.?)1 '
FB-06 ‘ 159 23, 1N 133.9
FB-07 632  2%5.1° 606.9
FB-02 83 2%.1 27.9
FB-08 412.8 25.1 387.7
FE-09 4.1 23.1 (21.0)
FB-10 197 2%.1 171.9
FB-11 _ 493.7 23.1 448.6
551101 12780 29.1 12,73%4.9%
‘FB-03  348.47 25.1 323.4
FB-12 1087.6 - 2%.1 1.082.%
FB-13 - 30.8 25.1 5.7
Fp-14 124.% S 2% 99.4
FE-1% - 146%.1 - 2%.1 1 140.0
PSO1 25.1 (16.0)

9.1 .
PS02 8.2 254 (13.9) - .

PS03 . 13.8 2%.1  {11.3) ST
PS04 ©30.9 23.1 3.8 o
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Greenwood Chemical Site

Semi-volatile TIC Data from Ebasco REN 1II Investigation

2 o+ 2

o/

Adtustment to account for backaround concentrations found in West Stream Uparadiewt

Averaage background semi volatile TICs = (43.3 + 4.9)

Boring Averace Average Average
Conc. Back. Conc. Site Conc.
mg/kg mq/ka ma/ko

PSOY 12.1 23.1 (13.9)

£S046 25.1 235.1 0.0

SB3001 10700 25.1 10,674.9

$507 208 25.1  1B2.9

5506 219.7 23.1 194.46

5503 0.49 25.1 (24.6)

85049 2.9 2%.1 (22.2)

5S0% 0.22 2%.1° (2.9

UPGX0 70.3 23%.1 45.2

CLNSO 4 2%.1° (21.1)

sp07-01 67.99 23%.1 42.8

LGSDbO1 12.4 23.1 (12.7}

LGSDO2 11.1 25.1 (14.0)

LGSBO3 298 23.1 272.9

LGSDO4 ‘21.2 23.1 (3.9

LGSDOS 31.2 2%.1 5.1

sho1 14%.2 235.1 120.1

SDO3 44,15 25.1 19.1

SDO7 211 2%.1 18%.9

5008-01 13.3 23.1 (11.80

sDo2 2.2 23.1 {(22.9)

SD04 2.8 2%.1 (22.3)

SDO& 2700 25.1 2.474.9

SDOS 5.5 29.1 (19.8)

5PS1 1.2 2%.1 (23.9)

SP32 q 23.1 {21.1)

SPS3 3.7 23.1 {(19.4)

EFS1 6.1 2%.1 (12.00

EPS2Z 61.8 2%,1 36.7

EPS3 23.8 23.1 0.7
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UNCONSOLIDATED MATERIAL MODEL DATA CALCULATIONS
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l TABLE 3-8
WEATHER DATA FOR THE PERIOD 1941-1979
CHARLOTTESVILLE, VA .
‘ L GREENWOOD CHEMICAL SITE
REMEDIAL INVESTIGATION

MONTE . AVERAGE TOTAL
- TEMPERATURE: (°r) | PRECIPITATION ' (IN).
January 36.1 3.21 ‘
: Igbrn#rg_ 37.8 2.94
March- teni 46,8 3.97 ...
April « 57.7 3.19
" May §6.3 4.39
- June 73.8 . 3.69
July 11,3 4.78
Augusﬁ -~~?6\.-2' = 4.73
September : . 69.9 4.43 _
October 59,5 4.02 -~
A Nove@be; ‘{749.1 | TQ;IZIj”LA.t
-/ December 38.4 Y SR
' Annual* 57.1 43.74
co———

Source: Commonwealth of Virginia, State Water Control Board,
; 1980, p 6
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. EXCELLENT GRASS

VERTICAL PERCOLATION LAYER
12,00 INCHES

0.4370 VOL/VOL.
0.1053 VOL/VOL
0.0466 VOL/VOL
0.3000 VOL/VOL
0.008500000462 CM/SEC

THICKNESS.
POROSITY o
FIELD CAPACITY . . ..

WILTING POINT

INITIAL SOIL.WATER CONTENT o
SATURATED HYDRAULIC CONDUCTIVITY -

LAYER ‘2

' VERTICAL PERCOLATION LAYER
THICKNESS

= 60.00 INCHES
POROSITY = 0.4200 VOL/VOL
FIELD CAPACITY = 0.3104 VOL/VOL
WILTING POINT - 0.1875 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3050 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000064000000 CM/SEC
LAYER 23

VERTICAL PERCOLATION LAYER
84.00 INCHES

0.3500 VOL/VOL

0.3104 VOL/VOL

0.1875 VOL/VOL
0.2620 VOL/VOL
0.000064000000 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

LAYER 4

v | © ARO00L23D
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JRIGINAL
'\E)\;’“jj
- VERTICAL PERCOLATION LAYER -
- THICKNESS JEE '

"= 156,00 INCHES

‘ POROSITY = 0.4200 VOL/VOL

\~/  FIELD CAPACITY - 0.3418 VOL/VOL
WILTING POINT = 0.2099 VOL/VOL . ..
INITIAL SOIL WATER CONTENT . =  0.3380 VOL/VOL - ..
SATURATED HYDRAULIC CONDUCTIVITY . = . 0.000042000000 CM/SEC

GENERAL SIMULATION DATA ~ . = .~

SCS RUNOFF CURVE NUMBER = 40.48
TOTAL AREA OF(COVER . - . - - .- .=-102000. SQ FT . -
EVAPORATIVE ZONE DEPTH = . ¢ - 30.00 INCHES
POTENTIAL RUNOFF FRACTION = 0.900000
"UPPER LIMIT VEG. STORAGE = .. 12.8040 INCHES ..
INITIAL VEG. STORAGE - 9.0900 INCHES
INITIAL SNOW WATER CONTENT - 0.0000 INCHES

INITIAL TOTAL WATER STORAGE IN
SOIL, AND WASTE LAYERS. . ........ = .  96.6360 INCHES

.-+ SOIL WATER CONTENT INITIALIZED BY USER..

I cewe o . L I CE s W

.. CLIMATOLOGICAL DATA

'SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND e
SOLAR RADIATION FOR RICHMOND - .. VIRGINIA - .
MAXIMUM LEAF AREA INDEX =~ .~ 'm 4,50

START OF GROWING SEASON (JULIAN DATE) = 103 :
END oF GROWING SEASON (JULIAN DATE) = 303

T A

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL " FEB/AUG HAR/SEP‘ APR/OCT MAY/NOV . JUN/DEC
36.10 -37.80 - . 46.50 - - :57.70 . 66.30 - 73.50

77.30 msO76.2OJﬁ‘“; 69 90 f .59.50. .. < 49.10 v 38.40

**********t***i**********************************************‘**********

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS ‘1 THROUGH 'ZO

—-—-----—u--—-—— L LY T ¥ T T 3
. ‘ i

JANIJUL FEB/AUG MARISEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION - - T
TOTALS © 8,37 30100 '3J82 0 2,90 4.18  3.76
| . 492 T 446 4,01 4,79 3.37. 3M
.. STD. DEVIATIONS  1.57  1.60. 2.02 - .1.48 - 2.20 . 1.82.
o 2.51 2009 184 3ls2  1.58  2.21
RUNOFF
TOTALS . 0,000 0.000 0.00¢ =—9.000

/04000 " 0.000  0.00¢ AROUUHZSE ¢.000



‘SN ¥
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STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0,000 0.000 0.000  0.000

EVAPOTRANSPIRATION

1.450 1.764 2.717 .665 5.196  4.000
4.490 4.195 3.082  2.273 1.678 1.370
0

2
2
.212 .319 0.640 8.807 0.979 1.573

' STD. DEVIATIONS
‘ .618 0.388 0.209

1.455 1.826 1.195
PERCOLATION FROM LAYER 4

TOTALS 0.9112 1.0217 1.2800 1.3038 1.2824 1.0895
0 9656 0.8335 0.7113 0.6654 0.7715 0.8409
0

STD. DEVIATIONS; - Q. 6457 0.7652 0.8949 .6835‘.0.5848' 0.416%
0. 3003 .2129 0.1527 0.1455 0.8568 0. 8868

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

*******************i*****************i*********************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

T (INCHES) _ (CU. FT.)  PERCENT h
PRECIPITATION  46.37  ( 8.031)  394111.  100.00 |
RUNOFF . .. 0.000 ( 0.000) o, 0.00 k
EVAPOTRANSPIRATION 34.859 ( 3.586)  296305. 75.18
PERCOLATION FROM LAYER 4 11.6767 ( 4.8282) 99252. 25.18 |
CHANGE IN WATER STORAGE  -0.170 ( 4.383)  -1446. -0.37

dhhhkhhkR bbb hd bbb A Rtb b bhdhdbh bR thhhdhbhihhii q

ARRRRRRRRARRRRRRRRREERRRRRRRRARRAARRARAARAARR AR AR AR ARk b hhs

PEAK 'DAILY VALUES FOR YEARS = 1 THROUGH 20

(INCHES) (CU. FT.)
PRECIPITATION o T4.48 "38080.0
RUNOFF - | 0.000 0.0
PERCOLATION FROM LAYER 4 0.177% 1508.5
SNOW WATER | 1.65 14025.0
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3841
quxuumfvﬁc. SOIL WATER (VOL/VOL) ~0.1311
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******************************************************************ﬁﬁfd‘_ﬂﬁ_

FINAL WATER STORAGE AT END OF YEAR 20 Rt

u — — o o o {7 o - T T A S S 0 S5 S S 5 ” fﬁf———— - —
LAYER - (INCHES) | {(VOL/VOL)

I S o o.84 70,0702
18.18 0.3030
22063 0 0.2694
|  51.59  0.3307

- SNOW WATER _  ©0.00 N
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cremwoop cnmvrear  AOCA 9 ~ Daum Disvesac Apey

9/3/91

******************}l*************i**********'**************************i* _
******************i**************************************.****'**********_

GOOD GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
84.00 INCHES

0.3800 VOL/VOL

0.3104 VOL/VOL

0.1875 VOL/VOL

0.2590 VOL/VOL
0.000268799980 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

LAYER 2

VERTICAL PERCOLATION LAYER
120.00 INCHES
0.4300 VOL/VOL
0.3418 VOL/VOL
0.2099 VOL/VOL
0.3310 VOL/VOL
0. 000042000000 CM/SEC

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTERT
SATURATED HYDRAULIC CONDUCTIVITY

paEannae

'GENERAL SIMULATION DATA

81.59

32000. SQ FT
30.00 INCHES
0.900000
11.4000 INCHES
7.7700 INCHES
0.0000 INCHES

| 61.4760 INCHES
SOIL WATER CONTENT INITIALIZED BY USER.

S AR000423f

SCS RUNOFF CURVE NUMBER

TOTAL AREA OF COVER

EVAPORATIVE ZONE DEPTH

POTENTIAL RUNOFF FRACTION

UPPER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNOW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS
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o, CLIMATOLOGICAL DATA . Ll
SYNTHETIC RAINFALL WITH'SYNTHETIC DAILY TEMPERATURES AND
a SOLAR RADIATION FOR -RICHMOND .. VIRGINIA -.

T'“

" MAXIMUM LEAF AREA INDEX . - mog.s00 0 T
START OF GROWING SEASON (JULIAN DATE) = 103 S
END OF GROWING SEASON (JULIAN DATE) ~* = 303

ST S

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

. JAN/JUL FEB/AUG - MAR/SEP  APR/OCT HAY/NOV  JUN/DEC
36.10  37.80 . . 46.50. . .57.70 . .. . 66.30 . 73.50

77.30 ...76.20. . 69,90 _ . '59.50 . 49,10 . 38,40

**********i*%iﬁ*****t***3#ii************************i*iii**i*;*ii******

AVERAGE MONTHLY VALUES "IN INCHES FOR YEARS 1 THROUGﬁ- 20

---ﬂﬁﬂ‘-ﬂ*-------ﬂ
1 -

JANIJUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

- PRECIPITATION o
. TOTALS ‘5,37  3f10 3.82 ° 2.90 4.18°  3.76
N\ .. 4,92 4,46 . . 4,01 4.79. . 3.37 . .3.71
.. STD. DEVIATIONS  1.57. .1.60 . .2.02 .. .1.48_ 2.20... 1.82
. | 2.51 2.09 1.84  3.82 1.58 2.21
RUNOFF
TOTALS 0.043 0.024 0.057 0.023 . 0.058 0.107
B . ...0.179. 0,117 0.184 0.296 . 0.045. 0,089
STD. DEVIATIONS ,o.os4q -0.052 . 0.186 . 0.062. 0.156 0.192
. » 9321 "0, 321 0,283 :0,787_..0.075. . 0,130
zvapofrmsp:mnou L
s TOTALS - '-*31"474" 1.859 ' °2.883 2.889 4.544  3.659
- . .4.423  4.026, 2.982 2.399 1.712 ' 1.400
"~ 8TD. ozv:aTIoﬁs 0. 213' 0.323 . 0.784 0.916 1.250 1.458
1.414 1.681" 1,171 0.688 ~ 0.444 0.232
PERCOLATION‘FROM LAYER . g ' f D SR
| TOTALS 1 0862 1.2687 1.4448 1.3259 1.0866 0.8193
| ; - 0.6801. 0.5782 0.4901 0.4803 0.7001 0.8807 -
STD. DEVIATIONS "‘047035 o 8950 0.8844 0.7415 0.5023 0.2912
! ' 11953 0.1440 0.1172 0.1532 0.8935 0.8188

****************t*****************t**********t***i*********************

= *t****************************************i*******************ii*******

' AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR

_----*anooouaar




RN (INCHES) (CU. FT.) PERCENT

,|'.¢=‘ ----------

PRECIPITATION 46.37 ( 8.031)
RUNOFF L 1.220 ( 1.101)
EVAPOTRANSPIRATION 34.251 ( 3.457)
PERCOLATION FROM LAYER 2  10.8411 ( 4.5531).
CHANGE IN WATER STORAGE 0.054 . ( 3.475)

123643, 100.
3254, 2.
91337. - 73.
28910. 23.

143. 0.

dkkhhhhhhkhhhhrhhhhhdhhhhhhhhhhhhhhthhihhhhhhhhhhhhhdhehrhrhddhhhbbbhdris
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PEAK DAILY VALUES FOR YEARS 1 THROUGH -20

(INCHES) (CU. FT.)
PRECIPITATION . Ta.as "11946.7
RUNOFF | | 2.197 5857.8
PERCOLATION FROM LAYER 2 0.1737 - 463.3
SNOW WATER | | 1.65 4400.0
MAXIMUM VEG. SOIL WATER.(VOL/VOL) 0.3641
MINIMUM VEG. SOIL WATER (VOL/VOL)  0.1872

hhhhhhhhRhhbhdhhhhhbhdbRAReRbRRRERARAARRRAR AR AR RN hhhdhdhid

TRt de stk oAt ATtk kv oot ot e et e ok o o ok o oo o o o o o e o o o

FINAL WATER STORAGE AT END OF YEAR 20
T "LAYER (INCHES) (VOL/VoL)
1 “T22.00 T 0.2619
-2 . 40.55 ©0.3379
 SNOW WATER . 0.00

************************************i*****************************ii***
hhhhdhhhhbhdhdhhddddbdhrdhhhhhdrdhbhhRtddrddhbhhtbAldrbhdibRdnabdhdhhih
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Do Not Cite Withoutl Permission

the program responds vith

- THERE ARE NO DEFAULT VALUES FOR

and asks questlon 3. 4. 1In most cases, only the first four letlers of the
city are needed; hovever, for San Diego and San Francisco, the entire city
name is needed, If the entire city name is needed but not supplied. the
program responds

PLEASE TYPE ENTIRE NAME OF CIIY.'
and returns to question 3.6.

Once the city name has been entered correctly, control passés to
subroutine 7. TRRCF (question 7.1), vhere temperature, radlatinn and
rainfall coefficients are read from a data file.

After reading.the ccefficients, the program computes dally temperatures
and solar radlation values and stores them on a data file. 1If the location
vas not changed (a NO response to questlon 3.3), the program prints, for ;
example,

3.7 CURRENT MAXIMUM LEAF AREA INDEX IS 4.20.
DO YOU WANT TO SELECT A NEW mxmm LEAF AREA INDEX?
ENTER YES OR NO.

The program skips this question'lf a nev lpcation has been chosen. The user
ansvers YES 1o question 3.7 if it is desired to change the vegetatlve cover,
and the program responds

3.8 ENTER THE MAXIMUM LEAF AREA INDEX.

TYPICAL VALUES ARE:
" 0 FOR BARE GROUND,
1.0 FOR POOR GRASS,
2.0 FOR FAIR GRASS,
/3.3 FOR GOOD GRASS, AND
"' 5.0 FOR EXCELLENT GRASS.

The value entered in question 3. Brts used In computing the daily leaf area
indices., If the user enters a value greater than the maximum LAl value
stored on the default data base. the program responds

* LOCATION CANNOT SUPPORT THIS LEAF AREA INDEX UNLESS IRRIGATED
DUE TO LOW RAINFALL AND SHORT GROWING SEASON.

TYPICAL MAXINUK FOR TULSA - - OKLAHOMA © 1§ 2.50.

3.9 DO YOU WANT TO SELECT A DIFFERENT LEAF AREA INDEX’
ENTER YES OR ND
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