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1.0 INTRODUCTION 

The U.S. Department of Energy (DOE), as a part of its 
efforts to develop technology for deriving petroleum-like pro­
ducts from coal, owns a pilot plant for the solvent refined coal 
(SRC) process. The pilot plant is operated by Pittsburg and 
Midway Coal Mining Company (P&M), which is a subsidiary of Gulf 
Mineral Resources Company (GMRC). The plant is located on Fort 
Lewis Military Reservation, a U.S. Army installation about 12 
miles south of Tacoma, Washington (Figure 1-1). 

On 19 December 1979, a spill of SRC liquid occurred 
during transfer of the liquid from a storage tank to sample 
drums. Approximately 2,300 gallons of fluid flowed into the 
floor of the tank farm and infiltrated into the porous and 
permeable gravels at· the site. Because of concern for the 
possible impact of the SRC fluid on the quality of ground water, 
surface water, and water supply sources at and near the site, 
GMRC commissioned Radian to evaluate the problem and recommend 
specific measures to mitigate any known or anticipated impacts, 

This report presents the results of Radian's investi­
gations. Section 2 contains the recommended Remedial Measures 
Plan, and the remaining sections provide supporting data, inter­
pretations, and conclusions. 

1-l: 
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2.0 RECOMMENDED REMEDIAL MEASURES·PLAN 

When a liquid contaminant is spilled at the land sur­
face and migrates downward to ground water, remedial measures 
may be applied in the vadose zone above the water table and in 

the underlying aquifer. In the vadose zone, the contaminated 
soil may be physically removed for off-site treatment or dis­
posal, or the contaminating fluid may be immobilized in place. 
In the aquifer, the movement of contaminants may be controlled 
by ground-water control measures (passive barriers) , plume 
management measures (pumping or injecting water to control the 
direction of plume migration) , or by in-situ treatment (chemi­
cal immobilization or biological degradation). 

The Remedial Measures Plan presented here consists 
of treatment of the problem both in the vadose zone and in the 
aquifer. Some parts of the plan have been undertaken, and 
other parts remain to be implemented in whole or in part. The 
Remedial Measures Plan consists of the following elements: 

Excavate soil contaminated by the spill. 
Backfill with clean material. South o£ 
tank 010, the depth of soil to be removed 
is 11 feet; north of tank 010, at the ori­
ginal spill site, soil is to be removed to 

a depth of 20 feet. 

Seal the land surface at the spill site, 
al9ng wi~h the whole tank farm floor, 

·to prevent further infiltration of pre­
cipitation. 

2-1 
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Pump Well 20 to control the ground-water 
transport of contaminants away from the 
spill site. 

Install and place in service a new well 500 
feet downgradient of the spill to control. 
such contaminants as may have migrated 
beyond the zone of influence of Well 20. 
This well and well #20 should renain in service 
urn:i 1 such time ~Q (.\iacharge from each drops below 
0.060 mg/1 and remains below that level for 3 
~onths. 

• Relocate one of the surface water sacpling 
points iri Lake Sequalitchew to coincide 
with the most probable exit point of the 
plume. 

• Institute a long-tert!l monitoring program 
consisting of monthly sampling of ~.Jells 
20,· 21, 22, 24, and the ne~ p~p well. 

Details of the Remedial M~a.sures Plan and the baois £or the 
recommendations are contained in Section 13.0. Al$Q contained 
in that ~ection are the expected res.ults of i~plement~ng the 
Plan. 

... 
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3.0 DESCRIPTION OF THE SRC PLANT AND THE SPILL EVENT 

As noted in Section 1.0, the DOE/P&M SRC pilot plant 
is in the northwestern part of the State of Washington. This 
section contains a description of the plant and surrounding 
features and a narration of the events related to the spill 
event. 

The SRC plant is situated south of Lake Sequalitchew 
on the Fort Lewis Military Reservation. The plant is generally 
about 700 feet from the lake shore. Other important nearby 
features are Sullivan Well, Sequalitchew Springs, Hamer Marsh, 
American Lake, and the community of DuPont (Figure 3~1). 

The tank farm where the spill of 19 December 1979 oc~ 
curred is on the west end of the pilot· plant betw~en l:he waste~ 
water treatment plant and the storage. piles for coal and solid 
SRC product. The tank farm is shown in Figure 3~2 with the ap~ 
proximate point of discharge of the spilled SRC fluid and result~ 
ing pond o.f SRC fluid. The spill occurred when a bleeder drain 
valve was inadvertently left open during transfer. operations of 
SRC fluid from a tank to sample drums. Heasurements of the 
level in the. tank from which the fluid was spilled indicated a 
loss of 2, 336 gallons of the·· liquid (Meyer, 1980). The site of 
the spill is a~out 900 feet from the south shore of Lake 
Sequalitchew. 

Because the. tank farm was designed to absorb any spilled 
liquids in orde'r to miniinize fire hazard, the SRC fluid infil~ 
trated into the subsurface almost immediately after the pool 
formed. .Several day$ atter the spill ocourred, plasti~ liner 
material w~s spread over the spill area to reduce infiltration 
oi precipitation. The configuration and emplacement of the liner 

3-1 
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was later substantially improved by elevating the edges and pro­
vidi~g.a drain point at the drain in the tank farm. This im­
proved configuration was. completed after coring operations by 
Radian which occurred during the period 24 March to 9 April 
1980. 

The ~·rast:e~.;ater discharge permit for the SRC plant 
(Permit No. 5092 .issued on 27 October 197S by the Washington 
Department of Ecology, WDOE) has a requirement for a Spill Pre­
vention, Containment, and Countermeasure Plan. The plan requires 
that WDOE be notifiPrl. of any spillo greater than 500 gallons 
(Meyer, 1980). Pursuant to that requirement, P&l.'1 notified WDOE 

~of the spill on 9 January 1980 .. Coordination meetings.have been 
held with ~IDOE personnel on 15 February, 11 March, 24 March, 
11 April, and 11 June. A Notice of Violation (Docket No. DE 
80-207) was issued on 6 March and an Order (same docket number) 
was issued on 23 April. A second order (Docket No. DE 80-324) 
amending the first order was issued on 7 May. P&M has responded 
to the requirements of the Notic~ o.f Violation and the Orders. 
This report and Remedial Measures Plan ·constitute a part of P&'1's 
responses. 

p~~ has maintained an environmental monitoring. pro­
gram for the SRC plant since the plant began operating. This 
program includes provision for. monitoring air quality, surface 
water quality, and vegetation impacts. No requirements existed 
for intensive ground-water quality monitoring prior to the 19 
December spill, although Sullivan Well and Sequalitchew Springs 
have been included in the environmental monitoring prog1;am. 

3-4 
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Prior to Radian's involvement in the events related 
to the SRC spill, the firm of Rittenhouse-Zeman &Associates 
(R-Z) was commissioned to begin investigations of the ground­
water impacts. This firm, which was engaged on 7 January 1980, 
installed the first ten wells at the site. The investigation 
reported here utilizes the wells installed by R-Z and includes 
all results reported by that firm (Bekey and Zeman, 1980; 

\ 

LaVielle and Zeman, 1980). 

3-5 
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4.0 SRC FLUID ANALYSIS 

Samples of SRC-II product fluid, similar to that which 
was spilled, have been analyzed by both Radian and Gulf Science 
and Technology Center at Harmarville, Pennsylvania. The fluid 
analyzed is described as follows: 

Fuel Oil Blend, 2.9:1 Middle Distillate: Heavy Distillate, 
Lot 4/2 - 5/79 from Tank 92011. 

The reports from each laboratory are provided as Appendix I. 
Each laboratory followed an independent method of separation and 
analysis, _but the results obtained are qualitatively compatible. 
\Vhile the· Gulf repo~t is presented in its entirety for reference 
and comparison, the discussion of chemical constituents is based 
upon results of the Radian analysis. 

Approximately 60 percent by weight of the product was 
identified by GC-MS. Table 4-1 shows a comparison of GC-~S 
weight percent data with the weight percent data by simP.le sep­
aration. 

TABLE 4-1. SUMMARY OF SAMPLE RESULTS OF SRC-II FLUID 

% Found After % Found by 
Fraction Typ~ Extraction GC-MS 

. Aromatic and aliphatic 82 52 
compounds 

Phenolic compounds 11 5.4 

Basic compounds 6.9 2.3 

TOTAL 99.9 59.7 

4-1 
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Of these classes of organic compounds, attention has 
been focused on the phenol and phenolic compounds, ~ince they 
are soluble in water and thus mobile in the environment. The 
phenolic (base extractable) compounds comprise 11 percent of the 
fluid that was spilled, for a total rel~ase of approximately 
2100 pounds. 

The basic (acid extractable) compounds are generally 
nitrogenous, such as amines, and are slightly soluble in water. 
Approximately ~350 pounds nf thesQ compoundo were released, 

The calculations of release quantities are based on 
simple separation results. There may have been significant 
neutral carry-over into the base and acid extracts, since only 
a portion of thes~ classes were identified by GC-MS. (The 
balance of each portion is "unidant.ified base or acid extract­
able material.") If release quantities are based on the identi­
fied portion only, the phenolic compounds total 1050 pounds and 
the basic compounds released total 450 pounds. 

The larges_!= portion of the SRC fluid (82 percent) 
consists of aromatic and aliphatic hydrocarbons, which are sub­
stantially insoluble in water. However, these hydrocarbons may 
be present in water at levels of ·a few parts per billion. In 

the case of some toxic or otherwise hazardous materials, avail­
able water quality criteria are also at levels of parts per 
billion. Nearly all of this material, however, \vas deposited 
and remains within the vadose zone beneath the spill site, as 

described below. The regulatory framework ~d health and envi­
ronmental criteria for the SRC fluid constituents are discussed 
in Section ll.O. 

The inorganic chemica~ content of the SRC fluid was not 
determined for this study. However, data are available describing 
the metal content of SRC-II process streams (Shields et al, 1979). 

4-2 
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The elemental content of the fluid that was spilled should be 

s~milar to that shown in Table 4-2. 
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5.0 HYDROGEOLOGIC FRAMEWORK 

The SRC pilot plant is located in the Puget Sound Low­

land, a regional low area between the Cascade Hountains to the 
·~ east and the Olympic ~1ountains to the west. The aquifers in 

this lowland region are primarily in unconsolidated deposits 
left by glacial advances southward down the lowland. 

The major geomorphic unit in the area of the SRC plant 

is the Tacoma Upland, which is bounded by the Puyallup River on 
the north and northeast, by the Ohop River on the southeast, by 
the Nisqually River on the southwest, and by Puget Sound on the 

west (Griffin et al, 1962). This surface is an upland glacial 
drift plain having several typical glacial features, including 
outwash channels, drumlins (hills formed by the movement of 
glacial ice over unconsolidated materials), and kettles (depres­
sions formed by collapse of glacial deposits when underlying 
residual ice blocks melt). Sequalitchew Lake, American Lake, 
Gravelly Lake, and Steilacoom Lake are an arcuate string of 
ground-water lakes formed as kettles over a ridge of ice. All 
surface features and near-surface deposits of' the Tacoma Upland 
were formed during the last glacial advance (Vashon glaciation). 

The subsurface materials at the spill site consist of 
layers of uncon~olidated s~nn and gravel that were deposited 
during various glacial and human-related events. The uppermost 
layer consists of fill material which was transported in from 
nearby gravel pits before plant construction. ·This layer of 
fill material is generally above the water table. The fill 
thickness varies, but is generally less than 20 feet. 

The next two layers. consist of sand and gravel de­
posited when the Vashon glacier retreated. The upper layer 

5-l 
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consists of material transported in by streams flowing from a 
glacial lake that was located in what is now the valley of the 
Puyallup River. This layer, the Steilacoom Gravel, occurred at 
the surface over cost of the SRC plant (Figure 5-l) prior to 
emplacement of the fill material. The lower layer consists of ~ 

material derived from the Vashon glacier as it melted back and 
is referred to as recessional outwash. The recessional outwash 
occurred at the west end of the SRC plant before emplacement of 
the fill. The recessional outwa~h and Steilacoom Gravel together 
comprise the shallowest aquifer at the plant site. No distinc-
tion is made between these two units in this report. The thick-
ness of the combined unit ranges up to 50 feet on the east end 
of the plant. 

Below the Steilacoom Gravel and recessional outwash is 
a layer of till, which consists of mixed clay, silt, sand, and 
gravel. This layer is less porous and permeable than the sand' 
and gravel unit above, and it is therefore considered to be a 
lower confining layer for the upper aquifer. The till has not 
been drilled through at the plant, so its thickness is not known, 
but the thickness' elsewhere ran&es generally from 5 to 30 feet 
(\•7al ters and Kimmel, 19 68) . 

Another aquifer comprising two geologic units -- the 
advance gravel and the Colvos Sand -- underlies the till unit .. 
The advance gravel was depos.ited by glacial meltwaters that 
flowed from the glacier as it was advancing down the Puget Sound 
Lowland. The Colvos Sand has not been confirmed at the SRC plant 
site. Where it occurs, it was apparently deposited by glacial 
streams flowing from some distance to the north. The aquifer 
below the till layer has not been explored or evaluated at the 
SRC plant. If the till is an effective confining layer, as 
seems likely, the plant would have no ~pact on this lower aqui· 
fer. 

5-2 
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Qs: Steilacoom Gravel. Pebble to cobble gravel and boulders. 

Qvr: Recessional outwash. Principally stratified sand and gravel, 
but locally contains silt and clay. 

Qvt: Compact, unstratified clay, sand, and gravel. Locally 
contains cobbles and boulders. 

Qvt and Qvr 

2 

(Source: Walters and Kimmel, 1968. Plate 1) 

Figure 5-l. Geologic Map of the SRC Plant Vicinity. 
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Other strata and associated aquifers occur at greater 
depths. However, these aquifers would not be affected by acti­
vities at the plant and they are not considered further in this 
report. The aquifer of greatest concern for this study is the 
water-table aquifer in the recessional outwash and Steilacoom 
Gravel above the till layer. The remainder of this report will 
focus on this upper aquifer. 

5-4 
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6.0 SUMMARY OF FIELD AND LABORATORY STUDIES 

A comprehensive· laboratory and field program has been 
undertaken to address ·water quality effects o~ the 19 December 
1979 SRC fluid spill. These s~udies include: 

analysis of the SRC fluid spilled (described 
in Section 4.0), 

description of substrate lithology, 

definition of quantitative properties (co­
efficients of transmissivity and storage) 
of the upper aquifer, 

determi~ation of ground-water hydraulic 
gradient and flow velocity, 

ground-water and su~face-water sampling 
~nd analysis, and 

coring and sampling for definition of con­
ta~inated soil to be excavated and removed. 

Host of the field work has been undertaken by P&M, Radian, .and 
a previously engaged soils testing consultant, Rittenhouse­
Zeman Associates. 

A total of 24 wells have been drilled. for this program. 
!he locations of the wells are shown in Figure 6-1, and their 
characteristics are summarized in Table 6-1. The wells are 
functionally grouped and discussed in the following sections . 

• 
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TABLE 6-1. TABULATION OF WELL CHARACTERISTICS 

~ Wellhead Sc:reeDed 
P&M !ladi.&D No. Depch Di.ama~er Elevad.Otl I11~erval 

Coal !io. (obaolete) Fuac:d.oa (feet) (111c:hes) (fee~ above l!SL) (feet) 

1 a1 lla~er Qualley 42.5 2 239.39 32.5-4~.5 

Sampl1118' 
Piez-~er 

~ a2 lla~•r QualitY 42.5 224.52 32.-S-42.5 
Samp 1111g·, 

\ Piezometer 

3 a3 Water Qu&liey 3.5.0 2 226.46 25.o-3s.o 
Samplil1g, 
PieZOIIIII~er 

4 a4 l'luas•d 33.5 2 'J/A2 N/A 

s as !lot Oaed (Above 22.0 2 li/A li/A 
Water Table) 

6 a6 Water QualitY 49.0 2 240.13 39.Q-49.0 
Sampl111g, 
PieZOIIIIIter 

a7 Water Qualley 44 .• 0 2 238.23 34.()-44.0 
Sampl111&, 
Pie-car 

8 a8 Water Qualley 40.0 2 236.05 20.()-40.0 
Sampl111g, / 

Pieaom.cer 

9 a9 Water Qualley 36.0 2 230.97 16.Q-36.0 
Sampl111g, 
Pua.ater 

10 BlO Water Qualley 34.5 2 239.89 14.5•34.5 
SampUq, 
Pie-tar 

u au llatar QualitY 51.0 252 .. 353 4l.o-n.o 
Surpl111g, 
Pin-cer 

1.2 Cl Corebole, Pl11ged 30.5 lilA N/A lilA 

lJ C2 Coreha1e, Pl~&~~ed 34.5 lilA N/4 li/A 

14 C3 Coreba1e, Pl11ged 33.0 N/A N/A N/A 

u ~4 Corebale, PliiU•d 34.5 '!II A '!1/4 N/A 

16 C5 Corebole, Plliged 34.0 N/A N/4 II/A 

17 113 Piee-cer 39.5 2 249.&1 34.5-39 • .; 

18 114 Pie-car 34.5 2 243.95 24.5•34.5 

19 112 u .. -cer 42.0 2 250.39 )7,()-42.:1 

:o Pll p._, Well, .a.o 8 237.62 26,()-41.0 
Plea-car (6 518" to ecr .. D) 

21 815 Wacer Q~&&litY u.o 6 243.67 43.5-45.0 
lliiilflliD&, (4 ~/8" to acneD) 
Piea-cer 

u 116 Water QualiC"J n.s 6 243.43 n.o-38.5 
s..,uq, 14 7/1" ID ecreeD) 
1'1••-c•r 

23 117 Wacer Qllaliey 35.0 6 21o4.10 u.s-u.o 
Sa~~~liDJ, (4 718" :o ecr .. D) 
P:l.e-cer 

24 p._, Well, se.o 12 252.08 u.o-54.0 
P:l.eaa..cer (10 3/8" ~ ecreu) 

•well pl.qaed n 14 lilly 1980 .• 

;li/A • ~c applicable. 

ltelvae:I.OD deer 2 *" J980. P:l.pe t1U Cllt off for 4r:l.lllal Wall 24. 
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6.1 Wells 1 to 10: 

Ten small-di~eter (two-inch) wells were installed by 
Ritt'enhouse-Zeman Associates in early attempts to ascertain if· 
the SRC fluid spill had an adverse impact on grotmd-water 
quality. They were to serve as piezometers and for soil and 
water quality sampling. Well 4 (drilled in the tank farm floor) 
was plugged to prevent accelerated percolation of precipitation, 
and Well 5 was not successful. 

These wells had the advantage that they were quick and 
easy to install (using the hollow-stem auger method) , they were 
inexpensive, and it was possible to collect soil samples during 
well construction. However, it is difficult to obtain fresh 
formation water from them because of low productivity. It is 
not possible in the silty and sandy gravel aquifer to do an 
adequate job of well development, which would increase well 
productivity, in the small-diameter wells. 

These wells were completed by installing two-inch 
diameter galvanized steel casing'in the hollow-stem ~uger after 
the hole had been drilled to tn~Rt depth. Perforations we~~ 

provided by cutting slots in the lower end of the pipe (Bekey 
and Ze~an, 1980; Lavielle and Zeman, 1980). Sampling of the 
wells is accomplishe~ by a portabl~ vacuum pump and flask. 
Permanent sample extraction tubes (3/8-inch diameter stainless 
steel tubing) extend to the bottom of the hole. 

6.2 Well 11 

This well was drilled as a piezometer and interim water 
quality s~ling well at the east end of the plant. The casing, 
a two-inch inside diameter iron pipe with a ten-foot long wire-
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wound screen, was emplaced with a hollow-stem auger. A sketch 
of construction details of Well 11 is shown in Figure 6-2. As 
a means of obtaining appropriate ground-water quality samples, 
Well 11 suffered many of the problems of Wells 1-10. Sampling 

was suspended when Well 24 was completed nearby. 

6.3 Holes 12 to 16 

As a means o~ defining the depth of contamination at 
the spill site, coreholes 12 to 16 were drilled by hollow-stem 
auger to a depth of approximately 30 feet. The corehole loca­
tions are shown in Figure 6-1. Logs of the cores are presented 

in Appendix II. Soil samples recovered with a split spoon 
sampler were analyzed as discussed in Section 13.2. At the end 
of the coring operation, the auger was pulled and the holes 
allowed to collapse. The surface was covered with a temporary 
plastic sheet to prevent infiltration. 

6:4 Wells 17 to 19 

Because of the need for better water level control to 
the east .of spill site, three additional .piezometers were 
installed (tvells 17, 18, and 19). The piezometer installation 
holes were drilled by hollow-stem auger. The holes were logged 
and iampled at 2-1/2 ft. intervals with a split spoon. The 
piezometers are 2 inch i.d. galvanized iron pipe with a 3-foot 
78/1000-inch continuous slot galvanized well point. A continuous 
cement grout was installed from the top of the screen to the 

land surface. The geometry of the installed piezometers is 
shown in Figure 6-3. Logs of the piezometer holes are shown 
in Appendix II. 
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6.5 Well 20 

A I'UIIIp well (Well 20) was installed on 2 April near 
the spill site to enable an aquifer test to be conducted and at 
the same time to provide a second function as an Interim Remedial 
Measure in the event that an excursion of highly contaminated 
water was found. The specifications of the pump well are as 
follows: 

Total depth: 41 feet 
Casias Q~O~Qr (i.d.)t 8 inche~ 
Screen: lS feet of Johnson stainlPss 

6 5/8" i.d. 
Screened interval: (lsd) 26-41 

(elev.) 210-195 
Screen slot: 0.016" 
Major producing zone: one foot bed of medium gravel at 

30-31 feet below land surface. 
Depth to water: 25 feet from land surface 
Elevation of measuring point: 237.62 (L 8 feet above lscl:) 

Well 20 was drilled by air rotary, a high capar.i ty 
method which introduces no contaminants, such as drilling mud, 
into the formation. Materials encountered are brough.t up ~s 

dri"ll cuttings .. W~ll construction consisted of the following 
steps: 

• simultaneously drive surface casing and 
drill with air-rotary method to approximately 
25 feet; 

sicultaneously drive well casin~ and ai•· 
rotary drill to the depth of interest; 

6-8 
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install continuous slot stainless steel 
screen with lead packer; 

pull back well casing to expose screen; 
swedge lead packer; 

pull surface casing out while attempting to 
keep the annulus between casings filled with 
cement slurry; 

develop the well using a horizontal air jet 
and air lift pumping method. 

The well construction procedures produced satisfactory 
results. Some difficulty was encountered with cement slurry loss 
into the sands and gravels. As a result, cementing is probably 
not continuous. However, all wells have sufficient cemented 
intervals to prevent ground-water sample contamination ~aused 
by well construction. 

Well 20 'was completed through the entire length of the 
upper aquifer and thus provides an integrated sample of the water 
in the aquifer. The method of completion included cementing in 
of the upper part of the casing to prevent sample contamination 
as well as the use of well screen and good development procedures. 
These methods ensure that a fresh, representative sample of the 
formation waters is obtained. Samples were collected by submersi­
ble pump. 

6-9. 
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6.6 Wells 21 to 23 

lolells 21 to 23 are a "triad", a set of· three water 
quality monitor wells emplaced at varying depths in the aquifer 

- for defining the vertical variations in ground-water contamina­
tion. Well 23 is completed just below the water table; \-Jell 21, 
at the base of the aquifer; and Well 22, at mid-depth in the 
aquifer. All three wells were drilled by air rotary, using the 
~ame procedure ac for Well 20. They are 6-inch diameter, with 
steel casing and a 20-inch continuous slot stainless, steel screen 
(0.004 iru..:h slot). A ~we-foot section of blank casing is welded 
on the base of the screen to facilitate sampling. Construction 
details of wells 21 to 23 are shown in Figure 6-4. Prilling logs 

are in Appendix II. Samples were collected with a small (1 gpm) 
pump chat was lowered into the hole for sampling. The wells were 
pumped to remove a volume equivalent to four times the volume of 
standing water in the well before samples were collected. 

6.7 Well 24 

tolell 24 wa? installed as a piezometer and wat:~l:" qu,ality 
sampling well to replace Well 11. It is also designed to serve 
as a production well, .providing a cone of depression to prevent 
migration of contaminants from the SRC plant area toward 
Sullivan Well, as discussed in Section 13.0. The specifications 
of Well 24 are as follows: 

Total depth: 59 feet 
Casing diameter (i.d.): 12 inches 
Screen: 10 r~et of JohnSOfi stainless steel 

10 3/8" i.d. \vith 5-foot blank 10-inch casing 
on bottom of screen. 

Screened Interval (lsd): 44-54 
(elev): 207-197 

Screen Slot: 0.020" 
Depth to water: 40 feet frcm land surface 
Elevation of measuring point: 252.08 (1 foot above lsd) 
Drilling ~~thad: Air rotary with foam (a mixture of water 

and Proctor and Gamble, Inc. ORVUS-~ 
synthetic detergent. 
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The drilling log is in Appendix II. Water quality samples are 
collected with the installed submersible pump. 
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7.0 AQUIFER CHARACTERISTICS 

The aquifer characteristics of primary concern for de­
fining the impacts of the SRC fluid spill and for preparing the 

.~ Remedial Measures Plan are the aquifer lithology and the aquifer 
constants (coefficients of transmissivity and storage). As 
noted in Section 5.0, only the upper water-table aquifer is likely 
to have been affected by the. SRC fluid spill. The depth to the 
water table is about 32 feet at the spill site. The depth to 

water varies with elevation elsewhere in the SRC plant. 

7.1 Aquifer Lithology 

As noted in Section 5.0, the upper water-table aquifer 
at the spill site consists of gravel, sand, silt, and clay de-· 
posited by meltwater streams. The till below the aquifer con­
sists of similar materials (but with a higher proportion of the 
finer grained fraction) that were dep?sited directly by glacial 
ice. 

Textural (grain-size) analyses have been conducted on 

samples collected for the current program and on samples col­
lected for foundation studies that were made before the SRC 
pilot plant was built (Druebert and Bestwick, 1972). A map 
~howing the locatjnns of two boreholes and a test pit from which 
samples were collected.near the spill site is·shown in Figure 

· 7-1. Because of the small diameter of the split-spoon sampler 
used to collect samples from boreholes, a representative sample 
is difficult to obtain from .coarse-grained soils at the site. 
Textural analyses of samples from the test pit are more reliable 
than analyses of samples from the boreholes. 

Grade II).aps for the SRC plant indicate that about 10 
to ·12 feet of sand and gravel fill was emplaced in the vicinity 

7-1 
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of the spill site. Below the fill is a thin soil zone and about 
20 feet of unsaturated sand and gravel above the water table. 
The total depth to water is about 32 feet. 

Cor.ehole 4 by R-Z was drilled to 33. 5 feet. Two sam­
ples were collected, one at 19.5 to 21.0 feet and one at 29.5 
to 31.0 feet, and subjected to grain size analysis. These sam­
ples are from below the fill and above the water table. The 
grain size distribution curves for these samples are shown in 
Figure 7-2. The ,median grain size (Dso) of the upper sample is 
about six mm (fine gravel), and the Dso of the lower sample is 
about· 2. 1 mm (coarse sand) . Both samples are poorly sorted. 
The upper sample has a uniformity coefficient (D 6~D1o) of about 
12.5 and the lower sample has a uniformity coefficient of about 
16. 

. Test pit 9 (TP-9) was dug and sampled for foundatio·n 
investigations prior to fill emplacement, so sampling depths are 
depths below the base of the fill. A sample was collected at a 
depth of about four feet below the fill (about 15 feet below 

present grade). The sample is described as follows: 

Brownish· gray, silty, gravelly, poorly graded SAND. 
Maximum size 1-1/2 inches, about 11 percent sub­
rounded gravel, 68 percent subrounded sand and 21 
percent non-plastic silt. Moist. 

The grain-size distribution curve is shown in Figure 7-3. The 
median grain size of the sacple is about 0.26 mm (fine sand). 

Corehole P2, which was also drilled prior to fill 
emplacement, was drilled to a depth of about 53 feet below 
present grade.. Textural descriptions for the saturated zone 
part of this corehole offer insight into the lithology of the 
water-table aquif~r (Figure 7-4). The aquifer to a depth of 
about 42 feet below present grade consists of medium to coarse 
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10-

20-

30-
v 
• Water 

Table 

.a­
Bntpf 
Aquifer 
(Approx) 

SO• 

eo-

I s1 

I s2 
I s3 · 
: S4 

I ss 

I S& 

I s1 
I sa 

I se 

I s1o 

I 511 

I s12 

I S13 

.- I s1• 

VISUAL. CLASSIFICATION \ 
\: 
1: 
1 
1 
'I 

\ 

B•ownloh t••Y, slightly silly, I''"''Y, line to modlum SAJ lmolol) 

NO RECOVERY I 
Brownish ;ra.y, silty. ~ravelly. fine to coarse SAND cmoistl \ 

NO RECOVERY 

Brownlah grey, sllty,grevelly, fine to coerse SAND(molst) I 
Brownlah grey, slightly silty, fine to coarae sandy GRAVEL ("tl 

Same 11 S-6 e:.cept malat \ 
Ten brawn, allghtly allty. medium to coarae sandy GRAVEL (wetl 
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(Sourae: Druebert and ltttwln.1172) 

Figure 7-4. Lithologic Log of Corehole P-2. 
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sandy gravel. Below that level, the lithology consists primarily 
of clay and silt with occasional gravel layers. The 42-foot 
depth is interpreted to be the contact between the outwash and 
tne till, and is thus the base of the upper aquifer. 

ln summary, the subsurface at the spill site consists 
of about 11 feet of sand and gravel fill material underlain 
by interbedded sand and gravel layers. The water table occurs 
in the sand and gravel layers at a depth of about 32 feet. The 
base of the aquifer is a clay and silt layer which begins at a 
depth of 42 feet and extends to at least 63 feet below the tank 
farm floor. Logs of wells and coreholes emplaced by Radian 
(Appendix II) confirm these findings. 

7.2 Aquifer Constants 

Aquifer constants for the upper aquifer were determined 
at two locations by recording time and drawdown d·ata during 
constant-discharge pumping tests. Well discharges were measured 
using 55-gallon drums. Depths to water were measured using 
electric water-level t·apes. Electric· submersible pumps were used 
for all tests. 

Initial plans for the aquifer test included complete 
evaluation of the possibility_ of utilizing. Sullivan Well in o.r­
der to avoid having to drill a pump well and associated piezo­
meters. The analysis of Sullivan Well showed that it is a man­
made alteration of a previously existing spring. The installa­
tion was deemed unsuitable for pump testing to determine the 
aquifer characteristics in the vicinity of the spill site, and 
:he option of utilizing Sullivan Well was discarded. 
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I 

Pump Test Near Spill Site 
I 
I 
i 

A pump well (Well 20) was installed near the spill 
~ite to enable an aquifer test to be conducted. The specifica­

jtions of the pump well were presented in Section 6.5. Well 20 
' was constructed near (14.0 feet) existing Well 1 so that Well 1 

could be used as an observation well. Well 20 was developed 
for about one hour with compressed air, and about 40 gpm (gallons 
per minute) were eventually produced during development. The 
Wrtter level in observation Well l d,ropped abi)Ut: t:WO inches 
during development:. 

A pump which would produce 60 gpm was installed in 
Well 20, and an aquifer test was conducted on 16 April. Well 20 
was pumped for 220 minutes (3.67 hours) at 60 gpm. Significant 
rainfall did not occur during the test. Drawdowns were 0.61 feet 
for Well 20 and 0.28 for observation Well 1. Water level recovery 
data were then taken in Well 1. After 17 minutes, recovery was 
0.44 feet. Figure 7-5 shows time-drawdoWn data plotted for obser­
vation ~\ell 1. These data were analyzed using type curves for 
aquifers with delayed yield from storage (Lohman, 1972, p. 36). 

Calculated values for transmissivity and storage co­
efficient are 65,480 gallons per day/foo't (gpd/ft) and 0.17, 

·respectively. For an aquifer thickness of 15 feet, a perme­
abiiity value of about 4,365 gpd/ft 2 is indicated. 

On 17 April a second pump test using Wells 20 and 1 
was started with the intention of continuing the second test 
for several days. l-lell 20 was pumped at 60 gpm. After about 
24 hours, a rainfall event began which eventually produced sev­
eral inches of rain. Water levels in both wells eventually rose 
above pre-pumping levels. Time-drawdown data for this pumping 
test were found to be unin'terpretable. 
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On 1 May a larger pump was installed in Well 20. A. 

long-duration pump test was conducted using Wells 1 and 20 on 
3 Y~y thrcugh 7 May. Well 20 was pumped at 120 gpm (maximum 
production with this pump) for about 74 hours. Rainfall during 
the pump test w~s.O.Ol inches, as reported by the P&H labora- • 
tory. After 4 ,·440 minutes, drawdowns. were 1. 08 feet for the 
observation well and 1.96 feet for the pumping well. Water 
level recove~y data were ceasured in observation Well 1 for 
about 26 hours. After 1,535 min~tes, recovery was· 0.99 feet. 

Ap'pendix III shows r'aw data obtained dur:!..ng this pw:p test. 

Time-drawdown and tice-recovery data for observation 
tolell 1 are plotte~ on Figures 7-6 and 7-7. These data were 
~alyzed 'using type curves for aquifers with delayed yield from 
storage (Lohman, 19-72, p. 36). Calculated values for transmis­
sivity, storage coefficient, and perm~ability (assume 15-foot 
aquifer thickness) are: 

Transmissivity Storage Permeability 
~fiJ2d/ft) Coefficient (f!il:~d/ft 22 

Pumping Data 68,755 0.03 4,584 

Recovery Data ·68,755 0.04 4,584 

The calculated storage coefficients are very low; .03 
(pumping) and .04 (recovery). The actual storage coefficient is 
probably about 0.17, as indicated in the 220-minute pumping test 
on 16 April. The very low storage coefficients calculated from 
t~e 3 May through 7 May test data are probably indicative of 
"intermediate" pump test times, when grom1d-water level declines 
are primarily controlled by flows which have ·significant non­
radial components. 
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7.2.2 Pump Test at East End of SRC Plant 

An additional pumping well, Well 24, was constructed 
on 2 May through 8 May. This well is located east of the plant, 

"t· near Well 11 ( 13. 3 feet): Well 11 was used as an observation 
well. Well 24 was developed using a bailer and produced an un­
expectedly small discharge. Using the large pump from Well 20, 
the well was quickly pumped dry on 9 May, and the discharge was 
throttled back to 6. 7 gpm. After about 72 hours the discharge 
was 6.7 gpm and the pump was shut off. Recovering water levels 
were measured in Well 24 for 20 hours; total recovery was 2.49 
feet. Observation Well 11 recovery data showed 1.14 foot of re­
covery. On 13 May, after a 4-hour pumping and recovery prelimi­
nary test, Well 24 was restarted at 20 gpm. Drawdown data for 
Well 24 and Well·ll were recorded for about 24 hours. Discharge 
dropped to about 14 gpm during the last 17 hours of the test. 
Total drawdown was seven feet for Well 24 and 2. 55 feet for 1-lell 
11. No significant rainfall occurred during these tests. 

Recovery data from 12-13 May (after 72 hours of pump­
ing at 6.7 gpm) were analyzed. Pumping well (Well 24) recovery 
data were analyzed using. type curves for aquifer with delayed 
yield from storage (Lohman, 1972, p. 36), and observation well 
(Well 11) data were analyzed using the standard Theis type­
curve method, 

Calculated values for transmissivity are 450 gpd/ft 
for the pumping well data and 4,131 gpd/ft for the observation 
well data. Using specific capacity data, transmissivity esti­
mates of 2,300 and 2,900 gpd/ft were calculated. Actual trans­
missivity for the water-table aquifer at this location is estj­
mated to be 3,000 to 4,000 gpd/ft. For an aquifer thickness 
of 14 feet, the corresponding range for permeability is 214 to 
285 gpd/ft 2 • These smaller aquifer constants reflect the higher 
proportion of silt and clay observed in samples from Well 24. 
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·a .. 0 GROUND-WATER FLOW 

Data are available for defining ground-water flow in 

the Fort Lewis region and in the immediate vicinity of the SRC 
~ plant. 

8.1 Regional Flow Pattern 

On the Tacoma Upland, ground-water recharge occurs by 
direc·t infiltration of the surface and by flow losses from 
streams. The highly porous and permeable Steilacoom gravel 
which covers much of the upland is amenable to high rates of 
recharge. The annual average precipitation in the area is about 
38 inches, of which 21 inches (55 percent) infiltrates as ground­
water recharge (Griffin, et al., 1962). 

From the upland area, ground water flows generally 
northwestward toward Puget Sound (Figure 8-1). Most of the 
ground-water discharge occurs by springflow along Puget Sound; 
a total of eight springs are present along the Sound north and 
west of the plant site (Walters and Kimmel, 1968, Plate 2). 
Ground-water discharge to the surface also occurs at springs in 
the upland (such as Sequalitchew Springs) and in submarine springs 
in Puget Sound. 

As noted, Sequalitchew Lake, American Lake, Gravelly 
Lake, and Steilacoom Lake are ground-water lakes whose surfaces 
are generally at the same elevation as the water table at their 
respective locations. Thus, the lakes are an integral part of 
the ground-water flow system; they receive ground-water flow 
from the upgradient (east and south) sides, and they discharge 
to ground water on the downgradient (west and north) sides. 
Most of the lakes also have surface stream outlets. 
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8.2 Hydrology of Sequalitchew Springs and Sullivan Well 

American Lake is apparently discharging both by con­
tribution to ground water on the west side of the lake and by 
subsurface outflow at the southern end which emerges as spring­
flow at Sequalitchew Lake. American Lake does not have a sur­
face stream outlet. The flow of Sequalitchew Springs at the 
east end of Sequalitchew Lake is thus derived from American 
Lake (Griffin, et al., 1962), and the flow at Sullivan l..Jell 
(which was a spring before being altered for water supply 
purposes) also is apparently derived from underflow from American 
Lake. The inferred flow paths for ground-water flow from Ameri­
can Lake to Sequalitchew Lake are shown in Figure 8-2. The 
elevation of American Lake is about 23 feet higher than that 
of Sequalitchew Lake; it is apparent that this hydraulic head 
is the driving force that causes the flow from American Lake to 
Sequalitchew Lake. 

8.3 Local Hydraulic Gradient and Ground-Hater Flmv 

Using piezometers installed by R-Z and Radian, depth­
to-water measurements were oade on all available wells on six 
different days: 18 March, 19 March, 27 ~~rch, 6 April, 14 April, 
an.d 1 May. Depths to water from established reference points 
were measured using electric water level tapes. All measure­
ments were accomplished within 3 to 8 hours. 'Hell pumpage and 
sampling activities were suspended three days before most measure­
ment days, including 14 April and 1 May. Using surveyed eleva­
tions for the established reference points on each well, maps 
of the elevation of the water surface were prepared. Table 8-1 
presents water level elevation data. Figures 8-3 and 8-4 present 
plan views of water level elevation data on 14 April and 1 May 
with elevation contours. added. Horizontal control was achieved 
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TABLE 8-1. WATER LEVEL ELEVATION DATA 

FROM PIEZ0!'1ETER vlELLS 

Well No. 18 March 1 19 March 27 March 6 April 

1 213.47 212.43 212.30 212.39 

2 208.91 212.29 2.12.63 212.77 

3 212.04 U2.01 211.94 21L88 

4 NAz NA NA NA 

5 NA NA NA NA 

6 210.77 212.42 213.34 213.19 

7 212.02 212.16 212.25 212.31 

8 212.48 212.27 212.44 212.47 

9 213.09 212.93 212.98 212.97 

10 212.01 212.04 211.78 211.77 

11 NE3 NE NE 211.52 

12 NA NA NA NA 

13 NA NA NA NA 

14 NA NA NA NA 

15 NA NA NA NA 

16 NA NA NA NA 

17 NE NE NE NE 

18 NE NE NE NE 

19 m:. NE NE NE 

20 NE NE NE NE 

21 NE ~~ NE NE 

~2 NE NE NE ~ 

23 m: NE m m:: 

1Wells had not equilibrated by sample cessation. 
2 ~A-water level not available. 
1NE-well did not exist. 
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by plotting well locations on available plot plans; surveying 
for horizontal control was not necessary. 

t-later level elevations were also measured· at other 
significant hydrologic points around the plant. Elevations 
(feet above MSL) on 1 May ·were: 

Sequalitchew Springs - lake: 211.36 

RAmer Marsh - effluent pool: 225.08 

SullivaR Well - 1allery 
under buildins: 211;52 

Sequalitchew Spring~ - pool: 211.47 (pumps running) 

The elevation drop of the water table along a flow 
line passing through the spill site from the highest contour to 
the lowest contour is about 1.2 feet. The hydraulic gradient 
along the same line was about 12.3 ft/mile (2.33 x 10-3 ft/ft) 
on 14 April and about 9.9 ft/mile (1.88 x 10-3 ft/ft) on 1 ~~y. 

The local hydraulic gradient on the west end of the 
SRC plant conforms to the regional pattern; a northward flow 
toward Sequalitchew Lake is clearly indicated on the basis of 
excellent control (14 water level data·points). From the spill 
site, contaninants contained in ground water would be e~ected 
to migrate in a direction slightly west of due north, toward 
tvell 20. 

On 1 May, the elevation of Sequalitchew Lake was 
2ll.36, which is about 0.6 feet below the elevation of ground 
water in the closest well to the lake (Well 10 at 211.97). The 
elevation of the pond in Hamer Marsh (225.08) indicates chat 
the marsh is not an integral part of the ground-water flow 
system, but that a vadose zone of about 10 feet separates the 
marsh from the water table. 
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Well 11, which is near the east end of the SRC plant, 

has a lower water table elevation ·(211.96 on 1 May) than.the 
wells around the spill site. The elevation in Well 11 is only 
about, 0.44 feet above the elevation in Sullivan Well. Thus, 
there appears to be a ground-water divide at some point within . . . 
the SRC pl~nt between ~Jell 11 and Wells 17 and 18 .. At present, 
there are insufficient water level data available to characterize 
ground-water flow patterns .throughout the SRC plant. 

8.4 Local Ground-Water. Velocity 

The ground-water velocity (V) at the spill site may 
be estimated using the data developed in preceding sections. 
The formation permeability (K) is estimated to ·be 4600 gpd/ft2 

(615 ft/da); the hydraulic gradient (I) across the site is 
2 x 10-3 ; and the porosity (0) of the most permeable zones in 
the aquifer is assessed to be 0.·4. The fluid velocity is found. 
by the following eq~ation: 

-3 
V ~ KI = 615 x 2 X 10 = J ft/da 

0 o. 4 

Any soluble components of the SRC product fluid which have be- .. 
come entrained in the ground-water will move at nearly the ground­
water flow rate. 
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9. 0 WATER SUPPLY SOURCES IN THE FT. LEWIS REGION 

Most of the water supply sources in the Ft. Lewis re­
gion are derived directly or indirectly from ground water. Sev­
eral water wells have been drilled in the area around the SRC 
pilot plant. Ground water is used as a public water supply at 
the town of Dupont, and Ft. Lewis depends on ground water to fill 
most of its water needs. The SRC plant uses water purchased from 
Ft. Lewis. A map showing the locations of water wells and springs 
in the vicinity of the SRC pilot plant is shown in Figure 9-1, 
and the well characteristics are summarized in Table 9-1. ~ost 

of the wells in the area are drilled into deeper aquifers than 
the shallow water-table aquifer. 
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10.0 BACKGROUND WATER QUALITY 

Data are available for regional ground-water quality 
and for surface-water quality in the immediate vicinity of the 

~· SRC plant. Prior to the 19 December spill, the only ground-
water quality data collected were from Sullivan Well and Sequalit­
chew Springs. 

10.1 Regional Ground-Water Quality 

The ground water quality in the Tacoma upland is gen­
erally very good; most waters have a total dissolved solids con­
tent of less than 100 mg/t. Table 10-1 shows representative 
ground-water analyses. Although the depths of the wells from 
which the samples were collected are highly variable (2 are very 
shallow, 3 are 200-250 feet, and 2 are 1000 feet or more), the 
chemical characteristics of the waters are remarkably uniform. 
For example, the TDS range is only 71 to 113 mg/1. 

10.2 Local Ground-Water Quality 

Background water quality data for the vicinity of the 
SRC plant have been collected during the environmental monitoring 
program that is being conducted by Alsid, Snowden, & Associates. 
Thes~ data, which arc for Sequalitchew Springs and Sullivan Well, 
are shown for 1979 in Table 10-2. The similarity of the water 
quality characteristics shown in this table indicate that the 
water may have a common source, most likely (as noted) American 
Lake. The quality of water in both of these sources is very good. 
Water quality variation does not appear to be seasonally related. 

10.-1 
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TABLE lQ-1. REPRESENTATIVE GROUND WATER QUALITY ANALYSES 1 

i 

Ft. l..ewis Ft. !..ewis Ft. l..ewis S•t;uA11tchew Sul!ivan Ft. t.ewis Ft. Lewis 
·.;ell ~ ~e!! . :Jel! j S;:r.!.~gs ~el! '.o;el: 5 ·..;ell " 
!~/ 2-l:!Ql !?1:-l'iBl !9/:-19:1 B/2-19Qls 19/2-30!12 :;/2-Jl.!l l?.':-~ .. H2 

Date Coll. !C>-lC>-55 9-13-54 lC>-26-59 9-13-60 10-26-59 l:)-26-59 1-:2-53 

Analyst cs 2 cs cs cs cs cs GS 

'e:p c•r> 53 53 52 54 54 54 53 

S!.licou 26 32 31 ll 15 !.2 22 

AlumiDWII 

Iro!! (T)30.43 (':')8.1 0.4~ O.UJ 0.08 (6l5.Z 0.01\ 

e .. l~;.LWII ll :2 1:1 ll l~ 6 17 

~a&uesiWD 4.7 6.3 5.7 4.0 ~.2 3.0 8.:. 

Soc!iWD 5.5 4.9 5.4 5.7 5.8 4.4 5.9 

PotaSSiWII 1.7 2.3 :.7 0.9 L.3 ~.4 !.5 

!lic:arbonatc 67 64 -~ '• 57 59 42 96 

Carbouate 0 0 0 0 I) g 0 

Sulfate 3.5 13 3.3 6.4 ll 3.3 6.0 

Chloride 2.8 2.8 2.8 3.0 3.5 2.0 3.8 

:luoride O.l 0.1 0 0.2 0.0 o.o 

~i:rate 0.7 0.2 0.1 0.7 2.5 0.2 l.2 

P!"lospt\atoll 

ns 89 105 9i 7l 86 84 . 113 

Harc!ness "47 56 54 44 52 28 77 

Sl'. Cond. !20 137 !Jl 1.1 'J 1JI, 00 !.73 

pH• 7.3 7.2 7.1. 6.7 6.8 7.8 7.2 

C.:~ lor! 15 5 0 s 20 0 

:c.,n:o~ntrat:!.ons in :~g/ L, on lc~ss ot!lervise notes. 

•cs • ~:lltolld St&toiiS Ceologica! Survey. 

lt .. t.):a.l ir.:~n. 

·s,an.Ja:-.l ;on He. 
:?: CoJ uni:s. 

il!}~::.e: :Jal cers ud Killliel, !968. 
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TABLE IU-2. 

l'.•r;unt·t•·r 

!:ulirurms (no. l"'r IOfl ml) 

!: ... -.·1 rIc· f"uncltu t ,r;IU"I! ( pu:llns/t·m) 
(d l~"l:) 

0 Te•l al llh:•:"l Vo·el "Sui leis (mr,/t, 
I ,,, .. , iv•••l frou1 :·r•·•·lft,. 

W ''"•111luc· I ·•lh't~) 

"" 
Sui ra1e· (en1:/t) 

l'loo•:.pha I" ( ffil',/ r) 

N II i a I c ( mt:f t) 

l'lwnnl (mr./t) 

~-· 

1q79 WATER QUAl.lTY DATA FOR SEQUALITCHEW SPRINGS AND SULLIVAN WF.LI. 

Sullivan \Jed! 

11 I 3 n 14 13 10.~ 12 13. 

7.~ 7.2 8.~ 6.lc 6.7 7.9 8.~ 6.6 

~8 ~6 6~ 66 

N S.4 0 1.0 2.1 N 6 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

127 1(18 116 113 119 121 128 1H 

117.'~5 70.2 75.4 73.4~ 77.15 78.65 83.2 117.75 

,., .() (,,3 6.~ 6.~ 6.7 6.0 6.~ 6.6 

9.) 8.4 5.7 8.S 8.4 9.~ 9.3 8.~ 

.07 .Of) .03 .01 .04 .07 .07 .04 

.12 .10 . 21 -~2 .lc5 .13 .14 . 3 

.:3 <3 5 ~ ~ <3 <3 ~ 

16 

6.6 

30.7 

0 

0 

122 

79.3 

6.~ 

.01 

.3 

~ 

13 

6.8 

25.2 

0 

0 

98 

63.7 

6.6 

6.~ 

·.04 

.3 

5 

li 
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10.3 Surface-Water Quality 

As part of an ongoing environmental monitoring program 
at the SRC plant, surface-water quality is monitored at a number 
of locations. The m~jor surface-water sampling points are shown 
in Figure 10-1. The annual average concentrations for several 
important parameters are shown in Table 10-3 for the years 1973, 
1976, 1977, and 1978. Table 10-4 shows th~ results for samples 
taken in 1979. The quality of water from Sequalitchew Lake is 
generally better than the quality of Hamer Marsh Pond water, as would 
be expected when comparing a ground-water lake to a marsh. Al­
though the dissolved solids content of the lake is higher than 
in the marsh, the marsh water is inferior in quality with re-
spect to dissolved oxygen, chemical oxygen demand, coliforms, 
color, and phosphate. 

10-4 
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FIGURE 10-1. Surface Water Sampling Points in the SRC Plant Vicinity. 
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TABLE 10-3. SURF ACE ~-lATER QUALITY IN THE SRC PLANT VICINITY: 
AVERAGE AJ.'OOJAL VALUES FOR 1973 J 1976, 1977 & 1978 

l : 
Sequ&U~cil.., 5equa4!.~cll- Sequa11~cllev a-r :1.-r 

I.&ila I.&ila :..u ~SO ~rata .• f. 
01&~1·~ c-&1 i!'ou 

':-.»aracvre ("C) 
l973 1l lJ.: ll 10.3 ll.:l 
4976 l9 :o :o 13 ·~ l977 !6 :l,.l 16.7 l.J. ~ l6 
~978 u.~ l3.8 13.% !.;t.O ll :~-

:l1aao1wti Oz?au <1111 ll 
1973 U.7 u.7 u.3 7.0 6./o 
1976 10.8 u 10 ' 3.9 
!977 U.l u.6 7.3 l.~ s.: 
1978 9.3 9.3 9.% .6.6 6.1 

:11aao1vati 01171c c: Sa~.> 
1973 91 90 91 ~· 51 
1976 Ill 113 80 ~(I l1 
1977 88 90 57 %7 :.o 
!.978 72 72 71 51 1.7 

cu.!e&1 Ozfl~ ~ <•ll.l 
1973 3.1 3.1 !..3 :.6 s.8 
1976 ' 1: l% 100 2.4 
1~77 4.5 6.0 JD.Io 5 ·" 17.9 
19711 17 u.z $.8 1..5.3 >27.8 

CoWon. (aa. pu lOO tal) . 1973 2 l. cZ ' I 

1976 10 7 9 .06 54 
1977 1 0 0 6 u 
1911 •1 c1 <2 1 19 

Color (color ..Uca) 
1973 4 5 6 3.0 56 
U76 7 7 9 /oO /oO 
1977 II 18 •SZ •74 6S 
U78 %6 10 u %8 •56 

SpeCS.lic Coallucw:ace (uiiiiOa/ c:a 
tuo•c> 

:•17, ~0~ 103 106 w 74.1 
1976 132 12J 1:3 166 lU 
1977 1117 205 u: lJl lOll 
19711 145 lJl 147 us 103 

!ow 01aaolw~ SoUu ( .. /&, 
tianvec fra. apeeus.c 
coUw:c.uca) 

1973 67.6 66.95 611.9 ~5 41.6 
1916 es.e Sl.U u . .u lOll 92 
1!:177 1.2.1.ll J.jj • .:J llo4.l 99 ~~~ 
1978 94.U 99.45 95.55 !.07 67 

pi 
!973 6.9 6.11 6.9 6.S 6.9 
l9~6 7.6 8.1 8.3 6.6 6.: 
1977 6.8 7.5 6,.0 6.9 6.: 
1978 6.7 6.8 6.9 6.3 5.9 

S~fa~a (111/ & ) 
U73 u 10 11 u 2 
!.976 ~g!!~ 10.~ u l3 10 
~9·77 26., 38 41 l3 :o 
!.978 ~p, ;u. ~9.11 a :.l 

l'lloapaaca (q/ L > 
!.973 0.07 ll ' 0.06 0.01 
1976 o.oo 0.01 ~.:11 ,.~2 0.07 
1977 0.06 0.04 o.u o.u O.H 
ure 0.18 o.os o.u 0.~9 0.10 

ll~~u· <etlll 
un o.:.l ll ll 0.10 o.oa 
U16 o.u o.~ o.u 'l,U o.~ 
U77 o.u 0.06 o.n 0.;,9 a.u 
U711 o.:.o o.u 0.09 o.;7 o.oe 

PbAol ..... "' 
1973 .,0 .,0 . •SO .,0 lf 
l.976 cSO c50 .,0 .,0 .,0 
U77 "' c6 ., •7 II 
U111 ., ., "' 

., •7 -10-6 
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·,. 

:i• 

SURFACE WATER QUALITY 
RESULTS OF ANALYSES OF 

IN THE SRC PLANT VICINITY: 
1979'SAMPLES 

lequ&l.Uct.w Seqt.~&l!tcl\ev :;,. -· .: !t. ;,,.,.~ran 

t.au L&U 

t._.racun c'c> 
!6 febn&1"7 

9 ... ~ 
:9 ~, 
u ........ ,_, 

~l.uo1ftd ~- <•Ill 
:6 fob...U, 

9 AprU 
29 !lor 
2l..._c ,.,....1', 

Dl.lloo1-~ <: S.c.) 
16 ,..,.....,. 

9 Aprtl 
Z9 !lor u..._. 
,~.1' 

a.o.oe&1 ~·-- (q/l) 
16 feDn&1'7 
9 .... u 

19 !lor ,, ........ ,_ .. 
COWora (DO. per 100 al) 

19 febN&rY 
9 AprU 

29 ~y 
2l..._c 
)-r 

Color Ccol.or \&iu) 
Z9 , ... .....,. 
9AprU 

19 llllf 
u ........ ,_, 

SpecU1c -- (-/ .. • , u 'c) 

8.l 
u 
16 
18 
u 

9.4 
1.8 
8.3 
6.l 
6.6 

;] 

16 

a 
8.1 
!.3 
1~4 
2.0 

0 
~ 

Ill 
l 

20 
10 
)() 
)() 

10 

:6 feb...U, 176 
9 "Prtl U4 

29 !lor uo 
u..._. uo 
l-r Ul 

!oUl :tUaolYeG loUd• ~~~~~ & 
:iuivec tro. ipeca.hc 
~IICUDCe) 

26 febNU"l' 
9 AprU 

pB 

:9 !lor ., ........ ,_, 
:6 run..., 

9 Api'J.l 

;g ~' 
!J ....... Ill ,_ .. 

Sl&llaco (q/1) 
:6 fob...u, 

9 Apr11 
29 !tar 
!J AU.pat 

5 *'"-•r 

-., .... <•Ill :6 ,.~.,..., 

I MrU 
21 !lor 
;~ !WI\IIt ,_, 

ucrau <•Ill 
:6 , ....... ,.,. 

0 MIU 
;9 :...• 
!) ..... I _,_, 
-~ · ..... 1) 

nro. .... ,.,. 
I Mn1 :9 ,.,. :,._. ,_, 

U4.4 
87.1 
84.l 

104 • 
94.Zl 

6.4 
7.0 
8.4 
7.: 
6.9 

20.l 
1l 
u 
ll.l 
19.8 

o.oe 
0.06 
0.19 
~.01 
o.01 

o.:e 
~.16 
o.~: 
l.:o 
l.:1 

,, 
•I 

l 

' l 

9 
l.l 
17 
u 
11 

1.0 
9.; 
7.6 
6. 7 
6.8 

70 
75 

' 8.1 
],1 .. : 
3.4 

0 
1 
8 
l 

tE 

10 
20 
10 
10 
10 

148 
U4 
U6 
Ill 
lU 

16.2 
80.6 
11.1 

1Cl.Ol 
10l.9l 

6.8 
•. a 
8.1 
7.4 
7.0 

19 
!4 
10.; 
24.1 
24.6 

0.0] 
0.02 
0.01 
o.o5 
o.u 

0.1 
O.l 

. l.~6 
0.19 
o.:1 

,, 
•I 

' l I 

1(} ... 7 

, H•' .=..a.al 

.. 
16 
18 
11 

s.u 
a.• 
6.9 
8.4 
6.7 

48 
6J 

' 10 
:.8 
l.1 
:.2 

0 
% 
:.. 

10 
1 

10 
zo 
10 
:o 
10 

UT 
U4 
t.20 
1l5 
U4 

89.05 
80.6 
78 

100.75 
100.1 

7.1 ... 
l,l 
9.1 
6.9 

u 
u.l 
10 ,,, 
16.; 

O.Ol 
o.oz 
),08 
),Qo 
?.~) 

~.u 
l.~: 
).~: 

c.•~ 
0.19 

•I 
•I 

' ' . 

l,l 
10 
1J 
14.8 
u 

6.9 
7.9 

'·' 6.0 
6.: 

ll 
61 

u.:. 
l.6 
3.1 
3.6 

6 
8 
6 

mt 
l 

zo 
lO 
lO 
80 
10 

uo 
~:3 
144 
167 
170 

71.l 
;9,91 
1].6 

108.ll 
UO.l 

6.l 6., 
6.6 ... 
7.1 

ll.9 
It 
U.l 
40 
31.9. 

~-01 
~.~z 
,,:1 
·1,03 
1.:o 

J.o8 
,.~ 

).: .. 
~.JO 
,,:: 

., 
'I 

' l 
l 

~· ~.&ran ,. .. 
ll 
ll 
u 

7.1 .. , 
3.6 
l.5 
1.1 

ll 
3l 

' :6 
::.6 
Zl 
%1.: 

0 
u 
lO 
~ 
u 

10 
80 

100 
']0 

lO 

w 
114 
l·U 
167 
·u9 

74. 7l 
a.~ 
91.15 

108.lS 
17.ll 

6.0. 
6.1 
6.l 
~.: 
6.; 

u.8 
),t 
9.6 

19., 
36.; 

0.06 ,,,, 
0 •• 
J.oz 
0.0' 

• ., 
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11.0 WATER QUALITY IMPACTS OF THE SRC SPILL 

Because of concerns about the potential impact of the 

SRC fluid spill on the ground-wate! and surface-water resources 

in the area and possible ensuing human health or environmental 

effects, an intensive water quality monitoring program has been 

initiated. This section presents the results of this monitoring 
effort. The threshold values of the significant water quality 
parameters are first discussed, and the monitoring results are 

then presented and interpreted. Water quality monitoring results 
are reported for four general locations: 

vicinity of the spill site, 

east end of the SRC plant, 

Sullivan Well and Sequalitchew Springs, 

and 

surface-water bodies around the plant. 

For each of these four locations, the ffiOSt intensive 

mon~toring has been for phenul, which is the most soluble com­
ponent of the SRC fluid and is thus a good indicator for ground­
water contamination. A bi-weekly sampling program for several 
polynuclear aromattc hydrocarbon tompounds was ·also established 
for several sample points in and around the SRC plant. Inorganic 

analyses have been performed on samples from two points, \.Jell 

20 and Well 24, at the plant. 

Laboratories of various organizations have conducted 

analyses of >-later samples as shown on Table 11-1. The analytical 
results of each laboratory are distinguished in the following 

discussion of the monitoring program. 
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TABLE 11-1. LABORATORIES PROVIDING ANALYTICAL 

SERVICES RELATED TO SRC FLUID SPILL 

!he P1t:s"-'.Jr& ;"'~ ~!~·.:av 
Coal !'Hn!n& Co:>pany . 

. ";u!! Sci•~.-u~e Md ~c.:~:to­
losy : ... -:: ~r 

...-.s~.~ng~en ::>epan:~ent of 
tcolo&Y 

Ala1c1, Sno·.:diCII 1111d 
l<ssociatea 

!la_dian ·corporation 

~~~~o! !.n 
"'a~er 

?!":enol in 
soils 

.:.r.a~;·sis o! 
~RC !luid 

~c:.!'\oCs 

~ac~~ ~!~. ~r!or to~:~~ 30 
Stca.nCat>ci ~.c:h~C:s* :~.c:-ea! ter 
"E.c~ ract ~c:: ~y ::?A P~icrity 
?~l!~ta~: ?:cc~~~res•*, ~~~:ysis 
~y S:4n~ard ~~:~ods • 

Cas c~r~:at~~r~;~~--~ss s~ec­
t:"c:-~et ry (CC-~:S) 

~i;h Per!or:a~ce !..!~u~~ r::~.r~~· 
::;np!":y (;;?LC) 

'r':in La;·er '=~rc:oatos:oaplly 

. l'ol;.·:~ud,ur HPLC 
.;r.,=at 1e 
?!:;drocar!:>ons 

in ::ater 

!'~e::ol in 
>'ater 

?!".e:'lol· 1.n 
water 

A..-:alysis of 
SRC fluid 

GC·l'.S 

l'!:e.."lOl 1.n Sa:u~ard ~eti":.oc!s, l and :~ C11 

::ater cells 

!'~e."lol iD !x::-action lly t?A ?:-iority 
•~ill· FDllu,anl ?r~ccd~rea, ~~&!rata 

!.:.!~~ 

:o:al ~etals Induc:!vel, C:~p1e~ Ar~cn ?:~~:a 
1!: ·.:a~er --~isg.!:;,r: ~;>t-c:::::.•:.er 

•standard ~tethods for the Examination of Water and Waste­
waeer, Four~een~h Edi~ion, American Public Heal~h Asso­
c£a~ion, Wa~er Pollu~ion Control Federation, 1975. 

The analyses for phenol were performed using s~andard 
methods 5l0A and SlOB, ~volvina a colorimetri~ deter~ 
mination using 4-aminoantipyrine (4-AAP) . after ext.rac­
tion into chloroform, 

.**Interim ~ethods for the Sampling and Ana!ys1s of Priority 
Pollutants in Sed~ents and Fish Tissue, u.s. Environ­
mental Prote~t1on Agen~y, Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio. 
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11.1 Regulatory and Water Quality Criteria 

Background· 

As noted in Section 4.0 and Appendix I, the SRC fluid 
that was spilled on 19 December 1979 is a complex mixture of 
hydrocarbon compounds. A relatively small portion of the fluid, 
however, consists of hydrocarbons that contain elements other 
than hydrogen and carbon. 

For purposes of estimating the relative degree of en­
vironmental hazard potentially po~ed by the SRC fluid, compari­
sons can be drawn with standards, criteria, and regulations 
that have been set forth by EPA pursuant to the .Safe Drinking 
Water Act of 1974 (SDWA), the Resource Conservation and Recovery 
Act of 1976 (RCRA), and the Clean Water Act of 1977 (CWA). Com­
parisons can also be made with the EPA Multimedia Environmental 
Goals. 

11.1.1 Safe Drinking Water Act Regulations 

For the SDWA, EPA has established the National Interim 
Primary Drinking Water Regulations_.and the National Secondary 
Drinking Water ·Regulations. These regulations apply to the 
quality of water at the tap for pUblic wat_er supply. systems. 
Maximum c~ntaminant levels ar~ set forth f9r .·17 parameters for 
the NIPD\-lR and for 12 parameters for the NSD\.ffi.. The SRC fluid 
does not appear to contain any of the organic species regulated. 
The inorganic species _addressed py these two regulations are 
shown in Table 11-2. 
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TABLE 11-2. PRIMARY AND SECONDARY DRINKING 
t1ATER REGULATION HAXI~ 
CONTAMINANT LEVELS 

Haximum 
Parameter Contaminant Level 

Arsenic 0.05 (P) 

Barium 1.0 (P)· 

Cadmium 0.01 (P) 

Chloride 250 (S) 

Chrnl!lium 0.05 (P) 

Copper 1 (S) 

Fluoride 2.0 @ 60"F (P) 

Iron 0.3 (S) 

Lead 0.05 (P) 

}!anganese 0.05 (S) 

Mercury 0.002 (P) 

Selenium 0.01 (P) 

Silver o.os (P) 

Sulfate 250 (S) 

Zinc 5 (S) 

pH (pH units) 6.5-8.5 (S) 

TDS 500 (S) 

Values in body of table are in mg/l, except as noted. 

P .. Priiilary 
S • Secondary 
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11.1. 2 Clean Water Act Regulations 

The CWA contains a list of 65 toxic pollutants that 
was finalized by EPA into 129 Priority Pollutants by distinguish­
ing specific organic compound.s in some of the classes of com­
pounds included in the toxic pollutant list. For the 65 toxic 
pollutants, EPA has proposed water quality criteria that should 
not be exceeded to protect human health and the environment. 
The Priority Pollutant compounds that were found in the SRC 
fluid by GC-MS analysis are as follows: naphthalene, acenaph­
thene, fluorene, fluoranthene, phenanthrene/ anthracene, ·pyrene, 
chrysene/benzo(a)anthracene, benzo(b+k)fluoranthene, benzo(a+e)­
pyrene, and phenol (see Appendix I). The mobility of these 
compounds in the environment depends upon several factors, such 
as solubility and affinity for soil particles. Criteria have 
been proposed for naphthalene, fluoranthene, acenaphthene, and 
phenol but not for the other compounds. The criteria for these 
four compounds are shown in Table 11-3. 

Although chlorinated phenols apparently do not occur 
ip the SRC fluid or in the ground water, the presence of phenol 
in both has caused concer·n about the water quality impact of 
chlorinating the water prior to public consumption. Chlorina­
tion of water containing phenolic compounds can result in the 
formation of chlorinated phenols. Table 11-4 shows the water 
quality criteria for the chlorinated phenol compounds. 

11.1. 3 Resource Conservation and Recovery Act Regulations 

The RCRA defines solid waste very broadly and distin­
guishes two classes of waste -- hazardous and nonhazardous waste. 
Under RCRA regulations, hazardous waste is identified by exami­
nation of its characteristics and by listing sources of wastes 
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TABLE ll- 3. ~-lATER QUALITY CRITERIA FOR 
PRIORITY POLLL~ANTS I~ THE 
SRC FLUID 

Freshwater Aguacic Life 
Const1tuent 1 24-Hour Average Not to Exceed Human Health 

Naphthalene 

Fluoranthene 

Acenaphthene 

Phenol 

1Concentrations are in ~/1. 

ND2 

250 

110 

600 

2ND • Not derived because of insufficient data. 

11-6 
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240 

3400 

143 

200 

20 

3400 

'" 



RADIAN 
: ·-

TABLE 11-4. WATER QUALITY CRITERIA FOR 
CHLORINATED PHENOL COHPOUNDS 

1> 

Freshwater Aguatic Life 
Constituent 1 24-Hour Average Not to Exceed Human Health 

2-Chlorophenol 60 180 0.3 

3-Chlorophenol ND2 t-ID 50 

4-Chloropheno1 45 . 180 30 

2,4-Dich1oropheno1 0.4 110 0.5 

2,5-Dich1oropheno1 ND ND 3 

2,6-Dich1oropheno1 Nl> ND 3 

2,4,5-Trich1oropheno1 ND ND 10 

2,4,6-Trichloropheno1 52 150 100 

2,3,4,6-Tetrach1orophenol ND ND 263 

Pentachlorophenol 6.2 14 140 

1Concentrations are in ~g/t. 
2 ~D = Not derived because of insufficient data. 
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that are hazardous. Listing of hazardous wastes is also 
accomplished by listing specific compounds which render a waste 
hazardous if the waste contains the compounds. The SRC fluid 
contains compounds that are listed as hazardous under RCRA 
regulations. However, the fluid would not be considered 
hazardous by listing because it does not consist solely of any 
of the compounds listed in the regulations. Only if the fluid 
were to be tested according to criteria specified for toxicity, 
ignitability, corrosivity, and reactivity, and if it were to 
fail one of the tests, would it be const~ered hazardous. In 
any case, RCRA regulations do not become effective until 19 
t~ovember lqRn. 

11.1. 4 Multimedia Environmental Goal System 

Another basis for comparison for the water quality 
effects of the SRC fluid is the Hultimedia Environmental Goal 
(UEG) system developed for EPA. The MEG concentrations "are 
conservative emission goals which were developed using simpli­
fied models and available health/ecological effects data. . .. 
These _goal concentrations are a useful research and development 
tool, indicating which potential pollutants and P.mi~sion stream& 
warrant further analytical effort, further health/ecological 
evaluation or control technology evaluation. For these R&D pur­
poses, the MEG's are deliberately conservative. EPA is not cur­
rently considering the use of NEG's for regulatory purposes" 
(Henschel, 1980). 

Multimedi~ Environmental .Coalo have been estaLli~hed 
for several of the polynuclear aromatic hydrocarbons (PNA's) in 
the SRC fluid as show-n in Table 11-5. These compounds were 
chosen by the Gulf Science and Technology Center because they 
are the PNA's that ar~ listed as priority pollutants. 
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TABLE 11-5. AHBIENT MULTIMEDIA ENVIRONMENTAL 
GOAL VALUES FOR POLYNUCLEAR ARO't-IATIC 
HYDROCARBON Cm·1POUNDS IN THE SRC FLUID 

Constituent Criterion (mg/R.) 

Acenaphthene None 

Fluorene None 

Phenanthrene 280 

Anthracene 1995 

Fluoranthene 800 

Pyrene 8333 

Benz(a)anthracene 4 

Chrysene 79.4 

3,4 Benzofluoranthene* 31.5 

Benzo(k)fluoranthene 58 

Benz(a)pyrene 20 

DiBenz(a,h)anthracene 4 

Benzo(ghi)perylene None 

Indeno(l,2,3-cd)pyrene 58.5 

*Synonym for benzo(b)fluoranthene 

Note 1. Toxicity Based Estimated Permissible Concentration 
(Based on Health Effects) 

\ 

Source 

Note 1 

Note 2 

Note 1 

Note 2 

Note 1 

Note 2 

Note 2 

Note 2 

Note 1 

Note 1 

Note 2 

Note 2. Estimated Permissible Concentration for Zero Threshold Pollu­
taJ.ltS (Ba&ed on Uealth Effects) 
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11.2 Water Quality Monitoring Results in the Vicinity of 
the Spill 

Monitoring for the impacts of the SRC fluid on ground-
water quality in the vicinity of the spill site has been conducted ·f 

using the smaller diameter (two-inch) wells, the pump well (Well 
20), and the cluster of three wells for sampling three different 
depths in the aquifer (Wells 17, 18, and 19). Samples from the 
wells have been analyzed fo~ phenols, polynuclear aromatic hydro­
carbon compounds, and inorgani~ species. 

11.2. 1 Phenol ?1onitorins Re!iults 

Phenol monitoring has been done for all wells in the 

vicinity of the spill site. 

11.2 .1. l Small Diameter Wells 

Eight small-diameter (two-inch) wells were installed 
in early attempts to ascertain if the SRC fluid spill had an 
adverse impact on ground-water quality. Perfor~tions were pro­
vided by cutting slots in the lower end of the two-inch galvanized 
iron pipe which serves as a well casing. Wells 1, 2, 3, 6, and 7 
were slotted in the lower 10 feet, and Wells 8, 9, and 10 were 
slotted in. the lower 20 feet. Figure 11-1 shows the ~one nf pe~­
foration relative to ~he u~per aquifer. Most of the wells are 
perforated in all or part of the aquifer. Well 10 apparently 
taps only the upper part of the aquife1;, and Well 2 is apparently 
perforated somewhat below the ba$e of the aquif~r. Water samples 
have been collected routinely on a daily or three-times-a-week 
schedule since about 26 January 1980. Most analyses were performed 
by P & M laboratories with spot checks by Alsid, Snowden and Asso­
ciates and by 'IDOE. 
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As noted in Table 11-1, P & M initiated phenol analyses 

with a Hach® kit, but later changed to standard methods. A series 
of six daily samples (1 through 6 February) were analyzed by both 
methods. The results of duplicate analyses agree remarkably well. 
Therefore, changing analytical methods should have no effect on 
the observations and conclusions drawn in the following sections. 

The water quality monitoring results for the smaller 
diameter welts are discussed below in three categories--upgradient 
wells, near downgradient wells, and far downgradient wells. The 
upgradient Mells should show minimal influence from the spill, 
whereas the near downgradient wells shnnld reflect the greatest 
impact. The tar downgradient wells should represent the quality 
of water after considerable dispersion of the contamination. 

Upgradient ~.Jells 

The results of monitoring of the upgradient wells 
(\.Jells 2, 9, .and 6) are shown in Figure 11-2. As shown in 
Figure 11-1, ~-Jell 2 may be completed somewhat below the base of 
the aquifer. Well 9 samples the entire depth of the aquifer, 
and Well 6 samples from the lower portion of the aquifer. 

The phenol concentrations in all upgradient wells have 
been less than 1 mg/Z since monitoring began, so the proposerl 
human health cr-iterion for phenol of 3. 4 mg/ l has not been ex­
ceeded. The 24-hour average value for freshwater aquatic life 
(0.6 mg/Z) was exceeded on two occasions in Well 2, but otherwise 
all analyses have been below the crit~rion. TI1e conc~ncration 
trends L1ave been generally downward; concentrations began in the 
0.01 to 0.1 mg/~ range with occasional excursions into the 0.1 
to 1.0 mg/t range. Xost recently, the concentratinns have beeu 
generally le~s the:m 0. 01 mg/ l ir. ~-lells 2 and 9. In general, con-
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centrations of 0.005 are at or below the detection limit for 
the method used. The depth of completion of the wells in the 
aquifer does not appear to have an influence on the phenol con­
centrations. 

Near Downgradient Wells 

The near downgradient wells (Wells 8, 1, and 7) are 
the closest to the spill site and would be expec~ed to exhibit 
the greatest water quality impacts (Figure 11-3). All three 
wells have h~d phenol levels in ~xcess of the 3.4 mg/i level 
established as the human health and the not-to-exceed freshwater 
aquatic values in the proposed water quality criteria for phenols. 

Well 1 had the highest phenol concentrations (almost 
500 mg/i) as well as the highest range (generally 10 to 100 mg/i). 
However, the method of completion in combination with the loca­
tion of the well.has made these analytical results less than 
totally reliable. The well was not pt"operly s~aled with cement 
during completion and the casing used was PVC instead of steel. 
The well was sealed and destroyed in early May· 1980. Wells 8 
anQ i also show eleva~ed phenol concentrations of 1 to 10 mg/1. 
In the latter part of the record, these concentrations are 
reduced to the 0.1 to 1.0 mg/i range in Well 8 and to the 0.01 
to 0 .l tcg/ 1 range in Well 7. For all thr·ee w.ells, depth does 
not appear to be a ·factor influencing the phenol concentrations. 

Far Downsradient Wells 

The far downgradient wells (Wells 3 and 10) appear to 
represent an intermediate case between the upgradient and the 
near dowgradient wells, as would be expected (Figure ll-4). 
Both wells have exceeded the 0.6 mg/t phenol concentration that 
is pr9posed as the 24-hour average for freshwater aquatic life.-

11-14 
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Well 10 has also exceeded the 3.4 mg/i value proposed as the 
~ human health criterion. 

The phenol concentrations in Well 3 are initially in 
the 0.1 to 1.0 mg/i concentration range and trend downward to the 
0.01 to 0.1 mg/i concentration range. In Well 10, the concentra­
tions were initially higher (1.0 to 10 mg/i concentration range), 
and then trended downward to a 0.1 to 1.0 mg/i range. Thus 
Well 10, which is further removed from the expec·ted migration 
path of the spilled SRC fluid than Well 3, has a higher concen­
tration of phenols. This unexpected difference may be due to 
the fact that Well 10 taps only the upper part of the aquifer 
(Figure 11-1) , where any ground-water contamination that occurred 
would be expected to occur. Well 3, on the other hand, taps only 
the lower, less contaminated part of the aquifer. 

11.2.1.2 Pump Well (Well 20) 

An intensive sampling and analysis program was con­
ducted for Well 20 during a pump test. Twenty-one samples were 
collected during a five-day period in early May. The analytical 

results are shown in Table 11-6. 
were in the 0.25 mg/i range, but 
1.0 mg/2 and then stabilized. 

Initial phenol concentrations 
they increased rapidly to about 

In addition to the intensive water quality studies 
during pump testing of Well 20, a long-term monitoring program 

was instituted. The analytical results of this program are 
shown in Figure 11-5. Phenol concentrations, which were initially 
in the 0.5 to 1.0 mg/2 range, have reduced recently to the 0.01 
to 0. 05 mg/ i range. The phenol levels thus exceeded the 0. 6 mg/.t. 
24-hour average value for freshwater aquatic life, but were 
within the 3.4 mg/2 value for human health. 
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11.2.1.3 Depth Control Welt Cluster 

Wells 21, 22, and 23 (the "triad") were completed at 
three different depths at the same location to investigate the 

+ stratification of ground-water contamination in the aquifer. 
The completion depths of the wells are as.follows: 

Well 21: 43.5 to 45.0 ft. 
Well 22: 37.0 to 38.5 ft. 
Well 23: 31.5 to 33.0 ft. 

TABLE 11-6. PHENOL CONCENTRATIONS DURING 
PUMP TEST OF WELL 20 

Date Time Phenol (mg/R.) 

May2 

Z.fay 3 

May4 

MayS 

May6 

2350 

14iO 
1440 
2000 

0800 
1200 
1600 
2000 

. 2200 
2400 

0800 
1200 
.1600 
1900 
2000 
2200 
2400 
0400 

0800 
1200 
1600 

Note: All analyses by P&N Coal, excep; as noted. 

ll-19 

• 25 

.29 
• 25 
• 78 

.89 

.89 

.91 
1.01 

• 88 
.94 

.96 
LOS 
1.05 
1.25 
1.23 
1.13 

.96 

.99 

1.0 
1.0 
0.98 Alsid 

Snowden 
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The available water level data at the time these wells were 
installed indicated that the location chosen was immediately ,. 
downgradient of the spill. However, additional piezometers 
installed in the same eime frame provided ~ater level data that 
showed ground-water flow at about 40 to 50 degrees from the line .. ~ 
extending from the spill site to the triad. Nevertheless, use-
ful water quality data were obtained from the wells. 

The analytical results from the triad are shown in 
Figure 11-6. The initial phenol concentrations in all three 
wells were in thP 1.0 to 10.0 mg/1 concentration range. Overall, 
the concentrations decreased to the 0. 5 t:tl 5. 0 mg/ t range i.u che 
latter part of the record. Both the 0.6 mg/i and 3.4 mg/l water 
quality criteria for phenol are exceeded in all three wells. 

With respect to depth variation, the phenol concentra­
tions initially showed expected trends. The deepe.st well (t-lell 21) 
had the lowest phenol concentrations, and the shallowest well 
(Hell 23) had the highest concentration. The intermediate well 
showed intermediate phenol concentrations. This trend continued 
for the first· 10 sampling events by different laboratories. 
Deparcures from this well-established trend in the latter part 
of the record by tvells 21 and 23 may reflect problems with &ample 
prcservat.i.un. 

11.2.1.4 Summary of Phenol Apalytical Results for the 
Spill Site Vicinity 

The elevated concentratiQns of ph~nols in the vicini~y 
of the spill site indicate that ground-water contamination has 
occurred in the area and that remedial measures are warranted. 
As noted, the phenol concentrations in the upgradient wells are 
all less than 1:0 mg/1, but are generally greater than 1.0 mg/i 
in the near downgradient wells. Concentrations fall below 
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1. 0 mg/ Z ·in the far downgradient vlells. ~;ell 20, which yields· 
the best samples and is located directly downgradient from the -~ 

spill site, had phenol concentrations of about 1.0 mg/~ at the 
time of the puop test. The elevated concentrations at the triad 
(1 to 10 mg/ ~ initially), which is not located directly down- -~ 

gradi.ent from the spill, indicates that other sources may be 
contributing contaminants to the shailow aquifer. Both the 
fresh water aquatic life criteria (0.6 mg/~) and the human health 
criterion (3.4 mg/~) are exceeded in wells down~radient from the 
spiil site. 

Almost all. wells have showed a decrea~ing trend in 
phenol concentrations since sampling began. This may reflect 
the oucward migration of the contamination plume from the vicin­
ity of the spill site toward Sequalitchew Lake. Well 10, one 
of the far downgradient wells, has maintained a relatively con­
stant phenol concentration in the last ewe-thirds of the moni­
toring period. Thus, a remedial measures pump well between the 
pump well near the spill site (v1ell 20) and the lake appears to 
be called for to intercept any contaminated water that may be 
nearing the lake. 

11.2.2 P9lynuclear Aromatic Hydrocarbon Monitoring Results 

The results of PNA monitoring in wells in the vicinity 
of the spill are shown in Table ll-7. Wells 7, 8, 10 and 20 
have ~een sampled for PNA content. For. each observation, au 
ambient severity (AS) was calculated. The AS is the ratio of 
the observed concentration to the Multimedia Environmental Goal 
or the proposed water quality cricerion for chat constitutent. 
The AS provides a rapid ~eans of conparing the observed 
(arnbient) levels 'tvith the c:-iteria. An AS less than 1 i!:l'O"!.ies 

chac the \vater poses no health or environmencal t:h=eat, based 

on the given parameters. 
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'Well 7 

CtJn•···nt 1fi1l I on A11h I t!llt 
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R••n;:n (a) pyr .. ·•~t• (?U l•r,/ f.) 6 

POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS IN VICINITY OF 
THE SPILL 
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TABLE 11-7. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS IN VE~INITY OF 
THE SPILL (Continued) 
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TABLE 11-7 POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS IN VICINITY OF 
THE SPILL (Continued) 

Well 7 Wd I 8 Wet'1 10 

Pyr~nr (~111 ~g/ll* 
:11 ~ ... 110 
:1 I Arr RO 
17 Apr 811 
12 .Ha~ 80 
-:!? ~!.•~ RO 

C:nnc .. nt rat I on 

()It;/ t) 

0.17 

Rcnz (a) nn t h r 3t",,•n·C ('4 ~g/t}• 
27 Feh Ro•• 
11 l'1.1r 811 
1l Arr :!f) 

17 Apr RO 
I 2 !1.,, 80 
2') Hay RO 

Chry!l<'lh' (7'l.!o )1:1,/0• 
27 y, ... sou 
11 ~'·" 80 
11 Arr 80 
17 Arr 80 
12 l'1.1y 80 
29 ~~'Y 80 

·~ t 4 fi'-'IIZttf J1111f llll lt,•l)o~ 

21 F•·h sn•• 
11 H .. r ~fl 

11 A?r ~() 

l7 "'" 811 12 t-1.1:/ ~() 

2? :-l.•y Rfl 

0.007 
0.01 

0.18 

(11. 5 pt:f .,. 
O.Ofl71t 
O.C·I 

K"""" (k) rtunr.mtlu•ne (5~ IIR/0* 
21 Fcio >Ill.. 0.0056 
1 I Xar RO O.•)J 
11 A)•r 80 
'17 "•·· P.f) 
I! '1.oy .~II 

29 !1.1y llO 

,A,;nl•l ··nt 
s ... v .. l'ily 

2.0 (-5)**" 

1.8 (-l) 
2.S ·(-3) 

2.) (-3) 

2.4 (-4) 
3.2 (-'•) 

?.7 (-S) 
5.2 (-4) 

•H.ll•'" f!11:ol!t• rr1to•rL1 ·'rnm T'ohl•": 11-3 anti 11-5 
a ' \:' I ~ ' : ! : ~ I~ •' 

•' .1 ( ;,) • .l :t 111 -n 

Cot~•:;:nt tat (un 
(!lg.' C) 

0.11. 

0.01 

o. 51 
0.02 

0.0015 
0.03 

A~n·1·l(•e•t 
5•~Vl!r i ly 

1.31. (-5) 

2.5 (:-3) 

6.4 (-3) 
2.5 (-4) 

4.76 (-5) 
9.5 (-4) 

C~nt·•·n [ r;tt f on An1h lt.~n t 

(JI~;/ t) ~~verity 

0.05 6.0 (-6) 

0.42 5.0 (- 5) 
<~•.01 <1.2 (-6) 
<0.01 <1.2 (-6) 

<0.01 <2. 5 (-3) 
0.02 5.0 (-3) 

<0.01 <2 .5 (-3) 

0.20 2.5 (-3) 

<0.01 <1.3 (..:4) 
<0.01. <1.3 (-4) 
<0.01 d.) ( -'·) 

0.02 6.3 (-4) 

0.42 1.3 (-2) 
0.03 9.5 (-4) 
0.011 2.5 (-3) 

0.03 5.2 (-4) 

<0.01 ~1.7 ( -'·) 
0.0! 3.4 (-!·) 

<0.01 <1.7 (-4) 

Welt 20 
"Pro•Juct hut 

ClJru·t:ntr~•t lnn 
( ~g/ t) 

0.34 
0.47 

0.01 

O.Ol 
'<0.01 

or 
Wt.,.1.1" 

Am.h ,,,.;l 
Scvo:"l ity 

4.1 (-5) 
5.6 (-5) 

1.2 (-6) 

2.5 (-3) 
<2.5 (-3) 

<O.Ol <2.5 (-3) 

O.LJ 
0.38 

<0.01 

O.Ol 
<O.Ol 

<O.I)l 

0.01 
<O.Ol 

<O.Ol 

1.6 (-3) 
4.8 (-3) 

<1.3 (-4) 

3.2 (-4) 
<3.2 (-4) 

<3.2 (-4) 

1. 7 (-4) . 

< t. 7 ( -'•) 

< 1. 7 ( -4) 
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Table 11-7 shows that detectable quantities oi each 
PNA were found from time to time. However, with the exception 
of acenaphthene, the AS is everywhere less than 0.1, implying 
no human health hazard exists from these PNA at the observed 
levels. 

Acenaphthene has been·observed at levels above the 
proposed water qualtiy criterion of 20 ~g/~ in Wells 7 and 10. 
The elevated observation in Well 7 coincides with the peak 
phenol concentration observed in that well. The occurrence of 
acenaphthene may thus be ascribable to the spill event, although 
other factors (such as reproducibility of the analytical pro­
cedure at these low concentrations and possible sample contami­
nation) could explain the elevated concentration. The observed 
levels in Well 10, on the o·ther hand, are probably not due to 
the spill. Well lO is not along the most probable vector of 
contaminant movement, and elevated concentrations occur before 
contaminants from the spill could have arrived in the vicinity. 
Here again; instrument error or sample contamination may be 
responsible for the observed levels. 

Results of Metals Analyses 

'i-Iell 20 was sampled for metals. on 5 June 1980. Results 
are shown on Table 11-8. These analyses were performed on 
Radian's Inductively-Coupled Argon Plasma Emission Spectroceter 
(ICAPES), a multi-channel anal)rt:iGal instrum~ut capable of pro­
viding simultaneous analyses for up to 40 metals. At the time 
thil:) sample was processed, the instrument was programmed for the 
elements shown, and all data obtained are presented. Hbwever, 
for purposes of this study, attention is focused on the metals 
regulated under the National Interim Primary and Second~ry 
Drinking Water Regulations, which were shown on Table 11-2. 
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Element 

Sb 
Cr 
Ag 
K 
Fe 
Ti/ 
Sr 
Bi :y" 
Me 
As 

Se ¥"/ 
Zn 
Mo 
Ca 
Pb 
Cd 
Co 
Sn 
In 
u 
y 
Ba 
Cu 
Ni 
Si 
Na 
Pt 
H 
Il 
v 
Au 
Te 
Li 
Al 
p 

TABLE ll-8 . CONCENTRATION OF SELECTED !1ETALS 
IN lolELL 20 

Concentration1 

.038* 
<.001 
<.002 
1. 98 

.038* 
<.005 

.128 
<.050 
<.001 

.1.11 
7.26 
<.060 
<.080 

.133 

.007* 
21.0 

< .08 . 
<.008 
<.006 
<.120 
<.055 
<.06 
<.002 

.052 
<.001 

' .017 
11.6 

9.2 
<.025 
<.009 

·. .12* 
.011* 

<.040' 
<.10 
<.001 
<.05 
<.lS 

Detection Limit 

.030 

.001 

.002 

.040 

.008 

.005 

.001 

.050 

.Q01 

.001 

.008 

.060 

.080 

.003 

.003 

.045 

.080 

.008 

.006 

.120 

.055 

.060 
•002 
.001 
.001 
.002 
.030 
.010 
.025 
.009 
.090 
.003 
.040 
.100 
.001 
.050 
.180 

1All concentrations as mg/t. 
*Indicates that element is .present at concentration near its Detection Limit. 
Results should be interpreted accordingly. 
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Comparison of Table 11-8 with Table 11-2 shows that only manga-
nese, Hri., exists at concentrations above the maximum contaminant • 
level (mel) specified. The ICAPES analytical detection limits 
for arsenic (As) , lead (Pb) , and selenium (Se) are all above 
their respective mel, so no conclusions can be drawn. No analy­
sis was performed for mercury, another primary drinking water 
metal, because of an inadequate ICAPES detection limit. 

11.3 w•ter Quality Monitoring Results for the East 
End of the SRC Plant 

Because of concern for the possible impact of the 
19 December spill on the quality and usability of Sullivan Well, 
a major source of water supply for Ft. Lewis during the summer 
months, two wells (Hells 11 and 24) were emplaced at the east 
end of the SRC plant. Well 11 is a small-diameter (2") well 
installed by the hollow-stem auger method. The water level was 
found to be too deep for sampling by the vacuum method used at 
Wells 1 to 10. Sampling by airlift methods also proved unsuc­
cessful, so a small bailer had to be used to obtain water samples. 
The analytical results from this well r~flectad tha inade4uacy of 
the sampling t~~hnique, oo \Jell 11 was replaced by Well 24 as a 
sampling well. In anticipation of the need for a pump well that 
would provide an added remedial measure for protecting Sullivan 
Well from the effects of the 19 December spill, Well 24 was com­
pleted with a wP-11 ~creen and a sufficiently large diameter for 
a submersible pump. 

11.3. 1 Phenol Monitoring Results 

The phenol analysis results for Wells 11 and 24 are 
• 

shown in Figure 11-7. All phenol levels are below the 0.6 mg/~ 
criterion level for freshwater aquatic life. The p~enol content 
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.1 ~----------------------------------------------------------~ Well 111 

• ;)\M 
~ ."VAS,.rNG~:;N ::::E~&G'TYE!'-1'"' :e ;:::L.:Ci·r 
&PAC::IA:or. 
"' ""..5:0 SNOWDEN 4 ""SSCC:.l ~ES 

.001~------~------~------------~------~--------------~----~ 

.1 ~--------------------------------------------------------~ Wellt24 

• 
~ .01 ~----------------------------------------------------------------~ 
3 • 

. 001 ~------------------------~------~------~~------~----~------~ 
l/20 3/30 4110 

Figur.e 11-7. 

4120 4130 5/10 5120 5130 615 

Date 

Phenol Concentrations in Uell 11 
and t-1ell 24. 
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of water i'rom Well 11 is in the 0. 005 to 0. 05 mg/ .~ range, whereas 
the concentration in Well 24 is in the 0.001 to 0.01 mg/t range. 
The concentration in Well 24, which is properly constructed and 
reliably sampled, is considerably lower than in the more ques­
tionable t.Jell 11. t-1ost of the phenol concentrations in samples 
from Well 24 are near ar at the detection limit for the analyti­
cal method used. 

1LJ.2 Polynuclear Aromatic Hydrocarbon Monitoring 
Results 

Wells 11 and 24 at the east end of the plant were 
sampled and analyzed for PNA content. The results of analyses 
are shown in Table 11-9. Ambient severities are all less than 
0.1, indicating no hazard. 

11.3.3 Results of Metals Analysis 

Well 24 was sampled for metals on 5 June 1980. Results 
of analyses are shown in Table 11-10. Analyses were performed 
by !CAPES (see Section '11.2.3); All available determinations 
are below the mel· specified by the National Interim Primary and 
Secondary Drinking Water Regulations. 

11.4 Water Quality Monitoring Results at Sullivan 
Well and Segualitchew Springs 

As noted in Section 10.0, Sullivan tvell and Sequal­
it:-chew Springs have been routinely monitored during the course 
of the environmental monitoring program at the SRC plant. The 
sampling results for 1979 are presented in Table 10-2. These 
monitoring efforts were stepped up after the 19 December spill 
event because of concern for these ewo essential water supply 
sources for Ft. Lewis. 
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TABLE 11-9. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS AT EAST END OF THE 
SRC PLANT 

Well 11 Well 24 

Concentration Ambient Concentration lunbient 
Sample Date (~g/ R.) Severity (~g/R.) Severity 

Acenaphthene (20 ~g/R.)* 
21 Mar 80 0.32 1.6 (-2)** 

2 Apr 80 <0.01 <5.0 (-4) 
17 Apr 80 0.75 3.8 (-2) 
12 May 80 2.0 0.1 
28 !-lay 80 1.8 9.0 (-2) 

·Fluorene (none)* 
21 Mar 80 <0.01 none 

2 Apr 80 <0.01 none 
17 Apr 80 54.09 none 
12 May so 6.0 none 
29 May 80 4.3 none 

Phenanthrene (280 ~g/R.)* 
21 Mar 80 .<0.01 <3.6 (-5) 

2 Apr 80 <0.01 <3.6 (-5) 
17 Apr 80 2.53 9.0 (-3) 
12 May 80 <0.01 <3.6 (-5) 
29 May 80 <0.01 <3.6 (-5) 

• 
Anthracene (1995 ~g/R.)* 

21 Mar 80 <0.01 <5. 0 (-6) 
2 Apr 80 <0.01 <5.0 (-6) 

17 Apr 80 <0.01 <5.0 (-6) 
12 May 80 <0.01 <5.0 (-6) 
29 May 80. 0 .• 04 2.0 (-5) 

Fluoranthene (200 ~g/R.)* 
21 Har SO <0.01 <5.0 ( ... 5) 

2 Apr 80 <0.01 <5.0 (-5) 
17 Apr 80 <0.01 <5.0 (-5) 
12 May ~0 <0.01 <5.0 (-5) 
29 May 80 <0.01 <5.0 (-5) 

*Water Quality Criteria from Tables 11-3 and 11-5 -n **a (-n) • a x 10 
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TABLE 11-9. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS AT EAST END OF THE 
SRC PLANT (Continued) 

, lvell 11 

Concentration Ambient 
Sa.."11p1e Date (~g/ t) Severity 

Pyrene (8333 ~g/1)* 
21 Mar 80 <0.01 <1.2 

2 Apr 80 <0.01 <1.2 
17 Apr 80 <0.01 <1.2 
12 ~.ay 80 
29 May 80 0.01 ],,2 

Benz (a) anthracene (4 lJg/1)* 
21 May 80 <0.01 <2.5 

2 Apr 80 0.02 5.0 
17 Apr 80 0.07 1.8 
l2 May 80 
29 May 80 <0.01 <2.5 

Chrysene (79.4 lJS/1)* 
21 Mar 80 <0.01 <1.3 

2 Apr 80 <0.01 <1.3 
17 Apr 80 <0.01 <1.3 
12 May RO 
29 May 80 <0.01 <l.3 

3, 4 Benzof1uoranthene (31. 5 lJg/ 1) * 
21 Mar 80 <0.01 <? .2 
2 Apr 80 n,u 3.5 

11 Apr 80 0.61 1.9 
l2 May 80 
29 May 80 <0.01 <3.2 

Benzo (k) f1uoranthene (58 ug/ 1) * 
21 Mar 80 <0.01 <l. 7 

2 Apr 80 0.03 5.2 
17 Apr 80 0.16 2.8 
l2 May 80 
29 May 80 0.01 1.7 

*Water Quality Criteria from Tab1·es 11-3 and 11-5 
**a (-n) • a x 10-n 

11·32 

(-6)** 
(-6) 
(-6) 

(-6) 

(-3) 
(-3) 
(-2) 

(-3) 

(-4) 
(-4) 
(-4) 

(-4) 

I' 

(-4) 
(-J) 
(-2) 

(-4) 

(-4) 
(-4) 
(-3) 

(-4) 

Well 24 

Concentration 
(~g/ 2.) 

0.16 

<0.01 

0.02 

0.01 

<0.01 

4. 

Ambient 
Severity 

l. 9 (-5) 

<2.5 (-3) 

2.5 (-4) 

3.2 (-4) 

<l. 7 (-4) 
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TABLE 11-9. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS AT EAST END OF THE 
SRC PLANT (Continued) 

Well 11 

Concentration Ambient 
Sample Date <lig/.t) Severity 

Benzo (a) pyrene (20 \Jg/.t)* 
21 Mar 80 <o.o1 <5.0 (-4)** 

2 Apr 80 <o.ol <5.0 (-4) 
17 Apr 80 0.07 3.5 (-3) 
'12 May 80 
29 May 80 <0.01 <5.0 (-4) 

Dibenz (a. h) anthracene (4 }Jg/.t)* 
21 Mar 80 0.03 7.5 (-3) 

2 Apr 80 0.02 5.0 (-3) 
17 Apr 80 <o.ol <2.5 (-3) 
12 May 80 
29 ~y 80 <0.01 <2.5 (-3) 

Benzo (g, h, i)perylene (none)* 
21 Mar 80 0.01 none 

2 Apr 80 0.06 none 
17 Apr 80 0.04 none 
12 May 80 
29 May 80 <0.01 none 

Indeno (1, 2, 3 - cd) pyrene (58.5 fjg/R.)* 
21 Mar 80 · <0.01 <1. 7 (-4) 

2 Apr 80 0.02 3.4 (-4) 
17 Apr 80 0.03 5.1 (-4) 
12 May 80 
29 May 80 <0.01 <1. 7 (-4) 

*Wa,ter Quality C!-5teria from Tables 11-3 and 11-5 
**a (-n) e a x 10 

11-33 

Well 24 

Concentration 
(lJg/ .t) 

<0.01 

<0.01 

<0.01 

<0.01 

knbient 
Severity 

<5;0 (-4) 

<2.5 (-3) 

none 

<1. 7 (-4) 
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TABLE 11-10. CONCENTRATION OF SELECTED METALS 

IN \-JELL 24 ' 

Element Well 24 1 Detection Limit 

• 
Sb . 055* .030 
Cr <.001 .001 
Ag <.002 .002 
K 1.61 .040 
Fe .066 .008 
Ti <.005 .005 
Sr .069 .001 
Bi <.050 .050 
Be <.001 .001 
Mn .017 .001 
Hs S.03 .008 
As <.06 .060 
.Se <.08 .080 

.. Zn .635 .003 

. MD .005* .003 . , 
Ca 14.2 .045 ... Pb <.08 .080 
Cd <.008 .008 
Co <.006 .006 
Sn <.120 .120 
In <.055 .ass 
t1 .12* .060 
y <.002 .002 
Ba .047 .001 
Cu <.001 .001 
Ni .017 .002 
Si 14.9 .030 
Na 7.8 .010 
Pt <.025 .02S 
B <.009 .009 
Cl . < .090 .090 
v .OQ8'1'f .cos 
Au <.040 ,040 
Te ,12ili .100 
Li <,001 .001 
Al <.OS .oso 
p <.18 .180 

1All concentrations are mg/1. 
*Indicates .that element is present at concentrations near its ciet:ection 
limit. Results. should be interpreted accordingly. 
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11.4. 1 Phenol Monitoring Results 

Because of the concern for Sullivan i·1ell water q~a~ity, 
an intensive water sampling and analysis program was undertaken 
in May 1980. The results of this intense program are shown in . . 

Table 11-11. All analyses show that phenol concentrations are 
at or below the detection limit, which indicates that Sullivan 
Well has not been affected by the 19 December spill~ 

In addition to the intensive sampling program described 
above, monitoring for phenol levels in Sullivan Well has been 
ongoing at an increased pace during the entire period since the 
19 December spill. The resul~s of this monitoring program are 
shown in Table 11'-12. These data all show concentrations at or 
near the analytical detection limit, revealing no phenol con­
tamination. The variations observed may all be ascribed to 
analytical noise. All observations are below the O·. 6 mg/ R. 

criterion proposed for freshwater aquatic life. 

11.4.2 Polynuclear Aromatic Hydrocarbon 
Monitoring Results 

Both Sullivan Well and Sequalitchew Sp·rings have beert 
routinely..,·sampled for PNA. Results of analyses are shown on 
Table 11-13, together With the AS for each observation. While 
detectable quantities of each PNA were found, the AS is, with 
the exception of acenaphthene,. small everywhere .. The largest 
AS calculated is 0.032 for benz(a)anthracene in Sequalitchew 
Springs on 1_7 April 1980. The AS for acenaphthene is less than 
1.0. (non-hazardous), but are as large as 0.48 (Sullivan Well, 
17 April 1980). This single observation is judged not be sig­
nificant since preceding and s~bsequent observations are all 
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TABLE 11-11. PHENOL CONCENTRATIONS Dt.JRING 
PUMPAGE OF SULLIVAN WELL 

Date Time Phenol (ppm) 

12 May 1230 <.001 
1530 .002 
1830 .002 
2130 

13 May 0030 <.001 
0630 .002 
1230 <.001 
1830 <.001 

14 ~y OUJO <.001 
0630 <.001 
1200 <.001 
1800 <.001 

15 May 0030 <.001 
(,600 <.001 
1200 .002 

16 May 0030 <.001 
1230 <,001 

17 May 0030 .002 
1230 <.001 

18 May 0030 <.001 
1230 <.001 

19 May 0030 .001 
1230 .001 

Note: All analyses by Alsid, Snowden, & Associates. 
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TABLE 11-12. PHENOL CONCENTRATIONS IN SULLIVAN 
WELL AND SEQUALITCHE\v SPRINGS 

Date 
1980 

14 January 
26 February 

7 March 
11 March 
17 March 
24 March 
31 March 

2 April 

8 April 
10 April 

14 April 
15 April 

17 April 
22 April 
28 April 

5 May 
12 May 
13 May 
14 May 
15 Hay 
16 May 
17 ~lay 
18 ~iay 
19 May 
23 May 

5 June 
9 June 

23 June 
1 July 

Concentration 1 

Sequalitchew Sullivan 
Springs Well 

<.003 
<.003 
<.003 
<.003 
<.003 

.001 

.001 

.001 

.004 2 

.001 
<.004 

.0082 

.003 
<.001 
<.001 3 

<. 001 . 
<.001 

.003 

.001 3 

.001 3 

.002 
<.001 
<.001 

.002 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 

<.003 
.003 

<.003 
<.003 
<.003 

.001 

.001 

.001 

.004 2 

.001 
<.001 

.001 2 

.003 
<.001 
<. 001 3 

<.001 
<.001 
<.001 

• 001 3 

<.001 

.001 
<.001 
<.001 

.001 

1Data generated by Alsid, Snowden & Associates (ASA) unless 
otherwise indicated. 

2 Radian Corporation data. 
3Washington Department of Ecology data. 
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TABLE 11-13. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS IN SULLIVAN WELL 
AND SEQUALITCHEW SPRINGS 

Sullivan Well 

Concentration Ambient 
Sample Date (~g/ Z) Severity 

Acenaphthene (20\J g/'1.. )* 
27 Feb 80** 3.1 0.16 
21 Mar 80 < 0.01 .:; 5.0 (-4)** ... 

2 Apr 80 < o. 01 < 5. 0 (-'•) 
17 Apr 80 9.63 0.48 
12 ~y 80 <. 0. 01 (. 5. u ( -4) 
29 May 80 1.8 9.0 (-2) 

Fluorene (none)* 
27 Feb 80** 
21 Mar 80 < 0.01 none 

2 Apr 80 < 0.01 none 
17 Apr 80 < 0.01 non~ 

l2 May 80 < 0.01 none 
29 May 80 2.8 none 

Phenanthrene (280 \J g/ '1..)* 
27 Feb 80** 0.52 L9 (-3) 
21 ~r 80 < 0.01 < 3.6 (-5) 

2 Apr 80 0.26 9~3 (-4) 

17 Apr 80 O.lAl 1.5 (-J) 
12 May 80 0.10 3.6 (-4) 
29 May 80 0.7 2.5 (-3) 

Anthracene (1995\J g/1)* 
27 Feb 80** 0.03 1.5 (-5) 
21 Mar 80 0.11 5.5 (-S) 

2 Apr 80 < 0.01 < 5.0 (-6) 
17 Apr 80 0.37 1.8 (-4) 
12 ~y 80 < 0.01 < '. 0 (-6) 
29 May 80 0.04 2.0 (-5) 

*l~ater Quality Criteria from '!Ables 11-3 and ll- 5 
**Ana1vsis date 

***a (-·11) • a x 10-n 

,ll-38 

Sequalitchew 

Concentration 
( ',.Jg/'1.) 

0.12 
~.1 

< 0.01 
3.33 

< 0.01 
0.90 

6.56 
< 0.01 
< 0.01 
39.13 

< 0.01 
1.4 

0.20 
< 0.01 
< 0.01 
< O.Ol 
< 0.01 
< 0.01 

0.04 
< 0.01 
< 0.01 

0.01 
< 0.01 

0.01 

1&"' 

Springs 

<I' 

A!:lbient 
Severity 

6.0 (-3) 
0.10 

<~.o c-4) 
n.17 

<5.0 (-4) 
4.5 (-2) 

none 
none 
none 
none 
none 
none 

7.1 (....4) 
<3 .6 (-5) 
<3.6 (-5) 
<.3.6 (-5) 
<3.6 (-5) 
<3.6 (-5) 

2,0 (-5) 
<5. 0 (-6) 
<5.0 (-6) 

5.0 (-6) 
<5.0 (-6) 

5.0 (-6) 
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TABLE 11-13. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS IN SULLIVAN WELL 
AND SEQUALITCHEW SPRINGS (Continued) 

Sullivan Well Sequalitchew Springs 

Concentration Ambient 
Sample Date (~g/ .2.) Severity 

' Fluoranthene (200 ~g/.2.)* 
21 Mar 80 <0.01 <5.0 (-5)'r** 

2 Apr 80 0.02 1.0 (-4) 
17 Apr 80 0.08 4.0 (-4) 
12 May 80 <0.01 <5.0 (-5) 
29 May 80 <0.01 <5.0 (-5) 

Pyrene (8333 ~g/.2.)* 
27 Feb 80 0.02 2.4 (-6) 
21 Mar 80 <0.01 <1.2 (-6) 

2 Apr 80 0.01 1.2 (-6) 
17 Apr 80 0.46 5·. 5 (-5) 
12 May 80 <0.01 <1.2 (-6) 
29 May 80 <0.01 <1.2 (-6) 

Benz (a) anthracene (4 lJg/.2.)* 
27 Feb 80** 0.006 1.5 (-3) 
21 Mar 80 <0.01 <2.5 (-3) 

2 Apr 80 <0.01 <2.5 (-3) 
17 Apr 80 0.01 2.5 (-3) 
12 May 80 <0.01 <2.5 (-~) 
29 May 80 <0.01 <2.5 (-3) 

Ch~ysene (79.4 ~g/.2.)* 
27 Feb 80** 
21 Mar 80 <0.01 <1.3 (-4) 

2 Apr 80 · 0.03 3.8 (-4) 
17 Apr 80 0.29 3.6 (-3) 
12 May 80 0.02 2.5 (-4) 
29 May 80 <0.01 <1.3 (-4) 

*Water Quality Criteria from Tables 11-3 and 11-5 
**Analysis date -n ***a (-n) e a X 10 
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Concentration Ambient 
(~g/ .2.) Severity 

0.06 ~.0 (-4) 
0.01 5.0 (-5) 
0.37 1.8 (-3) 
0.10 5.0 (-4) 
0.02 1.0 (-4) 

<o.ol . <1.2 (-6) 
<0.01 <1.2 (-6) 
<0.01 <1.2 (-6) 
<0.01 <1.2 (-6) 
<0.01 <1.2 (-6) 

0.006 1.5 (-3) 
<0.01 <2.5 (-3) 

0.01 2.5 (-3) 
q".l3 3.2 (-2) 

<0.01 <2.5 (-3) 
0.02 5.0 (-3) 

0.04 5.0 (-4) 
0.07 8.8 (-4) 
0.03 3.8 (-4) 
0.30 3.8 (-3) 
0.07 8.8 (-4) 

<0.01 <1.3 (-4) 



TABLE 11-13. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS IN SULLIVAN WELL 
AND SEQUALITCHEW. SPRINGS (Continued) 

Sullivan Well Sequalitchew Springs 

Concentration Ambient 
Scimp1e Date ( i,Jg/ 2.) Severity 

3, 4 Benzofluoranthene (31. 5 lJg/ 1) * 
27 Feb 80** 0.11 3.5 (-3>*** 
21 Mar 80 <0.01 .::3.2 (-4) 

2 Apr 80 <0.01 <3.2 (-4) 
17 Apr SO 0.44 1.4 (-2) 
u May so <0.01 <3.2 (-4) 
29 May 80 <Q,Ol <3.2 (-") 

Benzo (k) fluoranthene (58 \.lg/1)* 
27 Feb 80** 
21 Mar 80 <0.01 <1.7 (-4) 

2 Apr 80 0.02 3.4 {-4) 
17 Apr 80 0.03 5.2 {-4) 
u May 80 <0.01 <1.7 (-4) 
29 May 80 <0.01 <1.7 (-4) 

3enzo (a) pyrene (20 lJg/1)* 
27 Feb 80** 0.009 4.5 (-4) 
21 ~r 80 0.08 4.0 (-3). 

2 Apr 80 0.09 4.5 (-3) 
17 Apr 80 0.04 2.0 <~3) 
12 May 80 <0.01 < 5. ') (-4) 
29 May 80 <0.01 <5.0 (-4) 

Dibenz (a, h) anthracene· {4 lJg/R.)* 
27 Feb 80** 0.01 2.5 (-3) 
21 Mar 80 · 0.01 2.5 (-3) 

2 Apr 80 <0.01 <2.5 (-3) 
17 Apr 80 <0.01 <2.5 {-3) 
l2 May 80 <0.01 <2.5 (-3) 
29 May 80 0.03 7.5 (-3) 

*Water Quality Criteria from Tables 11-3 and 11-5 
**Analysis date 

***a (-n) • a x 10-n 
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Concentration Acbient 
(~g/1) Severity 

0.01 3.2 (-4) 
<o.o1 <3.2 (-4) 

0.02 6.3 ( -t.) 
o.os 1.6 (-3) 

<0.01 <3.2 (-4) 
.-:0.01 <3 .2 (-4) 

0.05 8.6 (-4) 
<0.01 <1.7 (-4) 

0.03 5.2 (-4) 
<0.01 <1. 7 {-4) 
<0.01 <1.7 (-4) 
<0.01 <1.7 (-4) 

<0.01 <5.0 {-4) 
0.01 5.0 (-4) 
0.16 8.0 (-3) 
o.os 2.5 (-J) 
0.01 5.0 (-4) 

<0.01 <2.5 (-3) 
<0.01 <2.5 (-3) 
<0.01 <2.5 (-3) 
<0:01 <2.5 {-3) 
<0.01 <2.5 (-3) 

~t: 
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TABLE 11-13. POLYNUCLEAR AROMATIC HYDROCARBON 
CONCENTRATIONS IN SULLIVAN vffiLL 
AND SEQUALITCHEW SPRINGS (Continued) 

Sullivan Well 

Concentration Ambient 
Sample Date (~g/ R.) Severity 

Benzo (g, h, i) 
27 Feb 80** 
·21 Mar 80 

perylene (none)* 
0.05 
0.01 

<0.01 
0.06 

<0.01 
0.05 

2 Apr 80 
17 Apr 80 
12 May 80 
29 May 80 

Indeno (1, 2, 
21 Har 80 
2 Apr 80 

17 Apr 80 
12 May 80 
29 May 80 

3 - cd) pyrene (58.5 ug/R.)* 
0.22 
0.01 
0.08 

<0.01 
<o.o1 

none 
none 
none 
none 
none 
none 

3.8 
1.7 
1.4 

<1 .• 7 
<1.7 

(-3)*** 
(-4) 
(-3) 
(-4) 
(-4) 

*Water Quality Criteria from Tables 11-3 and 11-5 
**Analysis date 

-n ***a (-n) = a x 10 
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Sequalitchew Springs 

Concentration Ambient 
(Ug/ R.) Severity 

<0.01 
<0.01 
<0.01 
<o.o1 
<o.ol 

<0.01 
0.06 
0.20 

<0.01 
<0.01 

none 
none 
none 

·none 
none 

<1. 7 (-4) 
1.0 (-3) 
3.4 (-3) 

<1. 7 (-4) 
<1. 7 (-4) 
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low. Both of these important water sources are non-hazardous 
with respect to PNA contamination. .,._ 

11.5 Surface-Water Quality '!"Ionitoring Results 

Routine water quality sampling and analysis was under­
way for Sequalitchew Lake (3 locations), and Hamer Marsh (2 points) 
before the 19 December spill as part of the environmental moni­
toring program. The results of this program are reported in 
Tables 10-3 and 10-4. Since 19 December, the monitoring pro-
gram has been intensified. 

11.5. 1 Phenol Honitoring Results 

The phenol monitoring results for surface water bodies 
are shown in Table 11-14. These data nearly all show concentra­
tions at or near the analytical detection limit. !t can be con­
cluded that these surface water bodies display no phenol con­
tamination. The variations observed may all be ascribed to 
analytical noise. All observations are below the 0.6 mg/1 
criterion proposed for freshwater aquatic life. 

11.5. 2 Polynuclear Aromatic Hydrocarbon 
Monitoring Results 

The surface water bodies of AmeriGan Lake and Lake 
Sequalitchew have also been sampled fnr PNA. Raaultc of analy­
sis are shown in Table 11-15. A single analysis (acenaphthene 
in American Lake on 17 April 1980) has a calculated ambient 
severity of 0.72. Inasmuc~.as the balance of the acenaphthene 
observations are low, the 17 April observation should be consid­
ered an outlier and disregarded. Other AS calculated are all 
low. Thea& surface water bodies may be considered uncontaminated. 
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TABLE 11-14. PHENOL MONITORING RESULTS FOR 
SURFACE WATER BODIES 

Concentration 1 

Sequa11tche~ Lake Statlons American 
nate 1 2 3 Lalc.e 

14 Jan <0.0Q3 <0.003 <0.003 

0.0112 <0.0031 

26 Feb <0.003 0.003 

7 Mar <0.003 <0.003 
11 Mar 0.004 <0.003 
17 Mar 0.004 .<.0.003 40.003 <0.003 
24 ~ar 0.004 0.001 
31 Har 0.004 0.001 

2 Apr 0.001 0.001 
0.009" 0.006" 

8 Apr 0.001 0.001 
10 Apr <0.001 ~0.001 

O.Oll <0.001" 

14 Apr 0.003 0.003 

0.011;. 0.003 3 

15 Apr 0.005 <0.001 

0.012 5 <0.001 5 

17 Apr 0.003 <0.001 

2~ Apr <0.001 <0. 001 
28 Apr <0.001 2 0.003 2 0.003 

0.003 5 0.001! <C.001 5 

19 ~ay 0.002 <0.001 
5 June 0.002 <0.001 
9 June 0.001 <0.001 <0.001 <0.001 

:!3 June 0.003 <0.001 
1 J•.o)y 0.001 <0.001 

Notcc: 
1Data generated by Alsid, Sno~den & Associates (ASA) unless 
ot:1erwise indicated. 

2ASA station 3b nearby 
3ASA station 4b nearby 

~Radian Corporation data 
5Washington Department of Ecology data 
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TABLE 11-15. POLYNUCLEAR AROMATIC HYDROCARBON CONCENTRATIONS 
IN SURFACE WATER BODIES 

i 

American Lake Lake Sequalitchew 

\. 
Concentration Ambient Concentration AI:lbient 

Sample Date ( lJg/ .2.) Severity (lJg/ .2.) Severity· 

Acenaphthene (20 ~g/.2.)* 
27 Feb 80** 2.8 0.14 1.05 5.2 (-2) 
21 Mar 80 <0.01 < 5 • 0 ( -4) *** < 0.01 . < 5. 0 (04) 

2 Apr 80 <0.01 < s.o (-4) < 0.01 < 5 .o (-4) 
17 Apr 80 14.27 0.71 0 .• 52 2.6 (-2) 
12 May 80 <0.01 "s.o (-4) < 0.01 ~ 5. 0 (-4) 
29 May so <0.01 < 5.0 (-4) <; 0. 01 <. 5. 0 ( .. 4) 

r·luOrene (none)* 
27 Feb 80** l0o8 none 7o36 none 
21 Mar 80 <OoOl none < 0.01 none 
2 Apr 80 <OoOl none < OoOl none 

17 Apr 80 <OoOl none 3lo22 none 
12 May 80 <OoOl none 5o3 none 
29 May 80 <OoOl none < OoOl none 

Phenanthrene (280 ~g/ 1) * 
21 Mar 80 <0.01 < 3 0 6 (-5) Oo5 loS (-3) 
2 Apr 80 <oool < 3o 6 (-5) < OoOl < 3.6 (-5) 

17 Apr 80 <0.01 < 3o 6 (-5) < Oo 01 < 3 0 6 (-5) 
12 May 80 <0.01 < 3 0 6 (-5) 0.13 4.6 (-4) 
~9 May 80 <O.Ol <:, 3 0 6 ( ... 5) < Oo01 <:: 3 0 6 (-S) 

Anthracene (1995~g/2)* 
27 Feb 80** 0.09 4o.5 (•5) 
~1 ~r 80 <OoOl . <5o 0 (-6) < OoOl <5o 0 (-6) 
2 Apr so· <CoOl < 5o0 (-6) < Oo 01 < 5o0 (-6) 

17 Apr 80 Oo29 1.4 (-4) < OoOl <50 0 (-6) 
12 May 80 <CoOl <5o 0 (-6) < OoOl <50 0 (-6) 
29 May 80 4).01 <5. 0 (-6) <OoOl ~ s 0 u <-o> 

Fluoranthene (200 ~g/ .2.)* 
21 ~-1ar 80 <OoOl <50 0 (-5) <0.01 <S.o (~5) 

2 ApT' 80 .: 0 0 01 <5o 0 (-5) Oo06 3oO (-4) 
17 Apr 80 <OoOl <5o 0 (-5) 2o98 1.5 (-2) 
12 ~y 80 <0. 01 <5,0 (-5) Oo02 1.0 (-4) 
29 May 80 <OoOl <5.0 (-5) Ool9 9o5 (-4) 

*t~ater Quality Criteria from Tables 11-3 ~nd 11-5 
**Analysis date -n ***a (-n) • a x 10 
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TABLE 11- 1.5. POLYNUCLEAR AROMATIC HYDROCARBON CONCENTRATIONS 

IN SURFACE WATER BODIES (Continued) 

American Lake 

Concentration Ambient 
Sample Date (lJg/ £) Severity 

Pyrene (8333 lJ&/.2.)* 
27 Feb 80** 
21 Mar 80 <0.01 <1.2 (-6) 

2 Apr 80 <0.01 <1.2 (-6) 
17 Apr 80 0.31 3.7 (-5) 
12 May 80 <0.01 <1.2 (-6) 
29 May 80 0.11 1.3 (-5) 

Benz (a) anthracene (4 lJ&/.2.)* 
21 Mar 80 <0.01 <2.5 (-3) 

2 Apr 80 <0.01 <2.5 (-3) 
17 Apr 80 <0.01 <2.5 (-3) 
12 May 80 <0.01 <2.5 (-3) 
29 May 80 <0.01 <2.5 (-3) 

Chrysene (79.4 lJ&/£)* 
27 Feb 80** 
21 Mar 80 <0.01 <1.3 (-4) 

2 Apr 80 <0.01 <1. 3 (-4) 
17 Apr 80 0.11 1.4 (-3) 
12 May 80 <O.Ol <1.3 (-~) 

29 May 80 <0.01 <1. 3 (-4) 

3, 4 B~zof1uoranthenc (31.5 l-Jg/£)* 
21 Mar 80 <0.01 <3.2 (-4) 

2 Apr 80 0.02 6.3 (-4) 
17 Apr so· <0.01 <3 .2 (-4) 
12 May 80 0.06 1. 9 (-3) 
29 May 80 <0.01 <3 .2 (-4) 

Benzo (k) f1uoranthene (58 lJg/.2.)* 
27 Feb 80** 
21 Mar 80 <0.01 <1. 7 (-4) 
. 2 Apr 80 0.01 1. 7 (-4) 
17 Apr 80 <0.01 <1. 7 (~4) 

12 May 80 <0.01 <1. 7 (-4) 
29 May 80 <0.01 <1. 7 (-4) 

*Water Quality Criteria from Tables 11-3 and 11-5 
**Analysis date -n 

***a (-n) ~ n x 1~ 
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Lake Sequa1itchew 

Concentration Ambient 
(lJg/ R.) Severity 

0.08 9. 6 (-6>*** 
0.06 7.2 (-6) 
0.09 1.1 (-5) 

<o.o1 <1.2 (-6) 
0.14 1. 7 (-5) 

<o.o1 <1.2 (-6) 

<0.01 <2.5 (-3) 
0.04 1.0 (-2) 
0.05 1.2 (-2) 

<0.01 <2.5 (-3) 
<0.01 <2.5 (-3) 

0.15 1. 9 (-3) 
<0.01 <1.3 (-4) 
<0.01 <1. 3 (-4) 
0.43 5.4 (-3) 
0.10 1. 3 (-3) 
0.12 1. 5 (-3) 

0.05 1. b (-3) 
<0.01 <3.2 (-4) 
0.17 5.4 "(-3) 

<0.01 <3 .2 (-4) 
<0.01 <3.2 (-4) 

0.06 1.0 (-3) 
<0.01 <1. 7 (-4) 
<0.01 <1. 7 (-4) 
<O.Ol <1. 7 (-4) 
<0.01 <1. 7 (-4) 
<0.01 <1. 7 (-4) 
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TABLE 11-15. POLYNUCLEA..~ AROMATIC HYDROCARBON CONCENTRATIONS 
IN SURFACE WATER BODIES (Continued) 

American Lake 

Concentration Ambient 
Sample Date ( J.;g/ t) Severity 

Benzo (a) pyrene (20 ug/R.)* 
21 Mar 80 <o.01 <5.0 (-4)*** 

2 Apr 80 <0.01 <5 .o (-4) 
17 Apr 80 <0.01 <5. 0 (-4) 
12 May 80 <0.01 <5 .o (-4) 
29 May 60 <O.Ol <5;0 (-4) 

D!.iJcn: (c., ·,' a.""l:::~;-~c:cna (11 us/.0* •·f 
27 Feb 80** 
21 Mar 80 0.02 5.0 (-3) 

2 Apr 80 <0.01 <2.5 (-3) 
17 Apr 80 0.03 7.5 (-3) 
12 May 80 0.03 7.5 (-3) 
29 May 80 <0.01 <2 .5 (-3) 

Benzo (g, h, i) pery1ene (none)* 
21 Mar 80 ·0. 04 none 
2 Apr 80 <0.01 none 

17 Apr eo 0.02 none 
12 May 80 0.03 none 
29 May 80 0.03 none 

Indeno (1, 2, 3 - cd) pyrene (58.5 ~/R.)n 
21 Mar 80 <0.01 <1.7 (-4) 

2 Apr 80 0.02 3.4 (-4) 
17 Apr 80 0.10 1.7 (-3) 
12 May 80 0.04 6.8 (-4) 
29 May 80 <0.01 <l.7 ( ""'+) 

*Water Quality Criteria from !ab1es 11-3 and 11-5 . . 
**Analysis date -n 
~*"a ·(-n) u a x 10 
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Lake Sequa1itchew 

Concentration Ambient 
(JJg/2.) Severity 

<0.01 <5. 0 (-4) 
0.01 5.0 (-4) 

<Q,Ol <5.0 (-4) 
<0.01 <5.0 (-4) 
<0.01 <5.0 (-4) 

0.03 7.5 "(-3) 
0.09 2.2 (-2) 
0.01 2.S (-3) 

<0.01 <2.5 (-3) 
<0.01 <2.5 (-3) 
<0.01 <2.5 (-3) 

<0.01 none 
<0.01 none 
<0.01 none 
<0.01 none 
<0.01 none 

<0.01 <1.7 (-4) 
0.15 2.6 (-3) 
0.30 5.1 (-3) 

<0 .. 01 <1.7 (-4) 
<0.01 <i. 'j (-4) 

'"\. 
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11.6 Evaluation of Ground-'t-Tat·e·r Con·tam:ination 

The SRC fluid spilled on 19 December contains numerous 
organic compounds and inorganic species, some of which are on the· 
primary and secondary drinking water regulations and the list of 

priority pollutants. It is not known if the fluid or the soil 
contaminated by the fluid would be considered hazardous waste 
according to RCRA regulations. Multimedia Environmental Goals 
have been established ~or several of the polynuclear aromatic 
hydrocarbon compounds in the fluid. 

Phenol, the most soluble and mobile .component of the 
SRC fluid, is used as an indicator compound for ground-water 
contamination that has occurred. Based on the phenol analytical 
results, ground-water c·ontamination has occurred in the vicinity 
of the tank farm. Much of the contamination is probably from 
the 19 December spill, but contamination from other sources is 
also indicated. Additional study is underway to evaluate ground­
water contamination at the SRC plant. It is not possible at 
this time to distinguish the contamination plume from the 19 
December spill from plumes from other sources at and around the 
tank farm. 

The contamination problem indicated by the phenol is 
alleviated .somewhat by the low solubility of other components of 
the SRC fluid. For example, the same wells that indicate ground­
water contamination on the basis of phenol levels generally have 
safe levels of PNA compounds. Very few ground-water samples 
(from Wells 7 and 10) had PNA values· with an Ambient Severity 
greater than one. With respect to inorganic· species, there is 
some indication of elevated concentrations of manganese in the 
vicinity of the spill site, but it is doubtful that this is the 
results from the SRC fluid spili. 
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All water quality data obtained for this program show 

ground-water contamination only in the vicinity of the tank farm. r 

Both routine and occasional intensive sampling at the east end 
of the SRC plant, in Sullivan Well and Sequalitchew Springs, and 
at American Lake, Sequalitchew Lake and· other nearby surface- ,-, 
water bodies have shown little or no contamination outside the 
local area around the tank farm. The quality of ground water 
elsewhere in the SRC plant and northward toward Lake Sequalit-
chew from the plant is unknown. 
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12. 0 HlJHAN HEALTH AND El'-."VIRONMENTAL IHPLICATIONS 

Ground-water contamination resulting from spills can 
have adverse effects on human health where a water supply for 
human consumption is affected and the impact is not detected. 

If contaminated ground water emerges at the surface, as at 
springs, or discharges to water bodies such as lakes or streams, 
then aquatic life can be adversely affected. 

12.1 Potential Human Health Effects 

As noted in Section 9.0, ground water is used exten­
sively in the region around the SRC pilot plant for public and 
private water supply. The nearest documented public water supply 
sources are Sullivan Well and Sequalitchew Springs, which are 
used to supply water to Fort Lewis (Figure 8-3, #19/2-30B2 and 
19/2-Qls). Sequalitchew Springs is used continuously, and Sul­
livan Well ~s used to meet high water demand during the summer 
months. As noted in Section'll.O, it appears that the 19 Decem­
ber spill does not pose a water quality hazard to either of these 
water sources; the regional ground-water flow pattern indicates 
flow at the spill site to be away from rather than toward the 
well and the springs. The regional flow pattern is confirmed 
by detailed mapping of the water-table surface in the vicinity 
of the spill site, which indicates that flow is northward and 
northwestward and not toward the well and springs. Sequalitchew 
Springs and Sullivan ~·lell probably derive their flow from under­

flow from American Lake to Sequalitchew Lake, as described in 
Section 8.0. American Lake does not have a surface outlet, but 
apparently discharges flow to Sequalitchew Springs and to ground 
water on the western side of the lake bottom. Sullivan Well was 

12-1 



RADIAN ·-
a spring analogous to Sequalitchew Springs prior to man-made 
alternation to its present configuration as a well. Spring flow 
can still be observed in a ditch leading from Sullivan 1-:ell to 
Sequalitchew Lake. Because they derive their flow from American 
Lake, Sullivan Well and Sequalitchew Springs are apparently not 
in danger of contamination from the 19 December spill event. 

The community of DuPont apparently has cwo water wells 
(Figure a~ 3 I {~19 I 1- 35Al and A2) about 1. 5 miles southwest of 
the SRC pilot plant. !haae wello arc not endange~~u by the 
19 Dec~mber spill event because they tap deeper aquifers 
(130 foot well depth) and because they are not downgradient from 
the spill site. Further protection is provided by the relatively 
long distance from the spill site. An industrial well owned by 
E. I. DuPont de Nemours (Figure 8-3, #19/l-26Al) is also not 
endangered by the spill for the same reasons. 

Fort Lewis has four wells in the North Post area 
(Figure 8-3, 4.~19/2-19Fl, l9/2-19Bl, 19/2-18Ql, and 19/2-18Hl,2). 
Well 19/2-19Fl (Fort Lewis Well #3) is the closes~ to the spill 
site and thus is potentially the most likely to be adversely 
affected. Although these wells are downgradient from the spill 

·Site, they are not endangered by the spill because of two fac­
tors--the protective influence of Sequalitchew Lake and the 
depths of the wells. As described below, any ground-water con­
taminants from the spill will be intercepted by the lake, since 
ground water flowing northward through the SRC plant will pass 
through Sequalitchew Lake before continuing northward toward the 
wells on the l~orth Post. The lake thus acts as a protective 
buffer for these wells; only if the lake were to become extremely 
contaminated would there be concern for the wells. The fact that 
the wells are quite deep (220 feet or more) inGicates that they 
tap deeper aquifer~ than the aquifer affected by the spill, whieh 
further alleviates concern about the impact at the spill. 
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It thus appears that the 19 December spill does not 
'~ pose a hazard to any existing water supply source. It is unlikely 

however, that any new water supply wells for human consumption 
would be advisable between the spill site and Sequalitchew Lake 

" for the foreseeable future·. The Remedial Measures Plan recom­
mended in Section 2.0 provides that remedial measures cease when 
the phenol concentrations in all water quality monitor wells 
falls below one-tenth of the proposed EPA water quality criterion 
of 0. 6 mg/ R., the 24;.,hour average allo"t-7ed for protection of fresh­
water aquatic life. 

12.2 Potential Environmental Effects 

Aside from the contamination of ground water as an 
environmental impact in and of itself, the largest environmental 
concern is for the secondary impact on Sequalitchew Lake. The 
berm of the tank farm prevented any direct contamination of sur­
face water by the spilled fluid. 

Sequalitchew Lake has been used for raising Coho sal­
mon to a large enough size for release to Puget Sound. About 
2.9 million salmon were released in ~~y 1980, and the size of 
the population is expected to increase in coming years. The 
protection of the lake assumes greater importance in this con­
text, inasmuch as many of ~he salmon released are destined ulti­
mately for human consumption. 

As noted in earlier sections, the ground-water flow is 
from the spill site toward Sequalitchew Lake. However, analysis 
of lake water samples to date have indicated no rise in phenol 
concentrations, as shown in Section 11.0. The Remedial Measures 
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Plan of Section 2.0 has as a principal aim the prevention of the 
flow of phenol-contaminated ground water into the lake. Once 
the pump wells are commissioned, the flow of contaminated water 
toward the lake will be reversed. Pumpage will be continued 
until phenol concentration falls to within acceptable limits at 
all monitor wells. 

As noted in Section 3.0, the Radian analysis of the 
SRC fluid spilled indicates a phenol content of about 4,500.mg/kg 
and a total phenolic compound content of about 110,000 mg/kg 
(determined.after extraction but before GC-HS analysis). A 
"worst-case" scenario of impacts on Sequalitchew Lake ean be 
constructed by assuming that all of the phenols or phenolic 
compounds flow into the lake instantaneously. Calculations and 
assumptions for this scenario are shown in Figure 12-1. Titis 
analysis shows that if all of the phenol spilled reached the 
lake, the expected rise in phenol concentrations would be about 
SO ~g/1. The expected rise in total phenolic compounds would 
be about 1,240 ug/t. 

The foregoing analysis does not, of course, take into 
account the dilution of phenols in ground water prior to their 
arrival in the lake or the flushing of the lake hy inflow from 
Sequalitchew Springs and outflow to Sequalitchew Creek during 

. che long timeframe (1 to 5 years) of the ingress of phenol­

contaminated ground water. These factors together could pos­
sibly be sufficient to preserve the phenol and total phenolic 
compound concentrations below a threshold value of 600 -..·g;;., 
even without implementation of the Remedial Measures· Plan. 
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ASSID-IPTIONS: 

Volume of Spilled Materials: 
Phenol Content: 
Total Phenol Compound Content: 
Phenol Density: 

VOLUME OF SEQUALITCHEW LAKE: 

Area: 94 acres c 

Depth (Conservative): 
Lake Volume: 

VOLUME OF PHENOL SPILLED: 

Safety Factor: 
Volume of Phenol (2,300)(0.0045)(1.5): 
Weight of Phenol (15.5)(8.34 lb/gal): 

Volume of Total Phenolic Compounds 
(2,300)(0.11)(1.5): 

Weight of Total Phenolic Compounds 
(380)(8.34 lb/gal): 

CONCENTRATION OF PHENOL: 

58.7 kg X 

1.16 X 10 9 R. 
109 ~g/kg = 50 ~g/R. 

CONCENTRATION OF TOTAL PHENOLIC COMPOUNDS: 

1436 kg X .109 ~g/kg c 1240 ~g/R. 
1.16 X 109 R. 

2,300 gal 
4,500 mg/kg 

110,000 mg/kg 
1.0 

4.1 X 106 ft 2 

10 ft 
3.06 x 10 8 gal 
(1.16 X 109 R.) 

1.5 
15.5 gal 
129 lb (58.7 kg) 

380 gal 

3,165 lbs (1,436 kg) 

Figure 12-1. Determination of Approximate "llorst-Case" 
Concentration of Phenol and Total Phenolic 
Compounds in Sequalitchew.Lake. 

12-5 



RADIAN 
~ 

13.0 REMEDIAL MEASURES'·PLAN DEVELOPMENT . 

'tfuen a contaminant· is spilled to the land, steps should 
be taken to minimize or ·prevent any adverse enyironmental or human 

health effects. These remedial measures consist of removal, con­
tainment (isolation), in-situ treatment, control of contaminant or 
ground-water movement, or a combinati9n of these measures. When 
a liquid contaminant is spilled at the land surface, it will move 
downward to ground water by gravity and by infiltrating precipita­
tion. Remedial measures may be appli"ed in the vadose zone above 
the water table and in the underlying aquifer. 'In the vadose 

zone, contaminated soil may be physically removed for off-site 
treatment or disposal, or the contaminating fluid may be immobi­
lized or treated in place (chemical immobilization or biological 
degradation). In the aqui~er, the movement of contaminants may 
be controlled by ground-water control measures (passive barriers), 
plume management measures (pumping or injecting water to control 
the direction and rate of plume migration) or in-situ treatment. 

The hydrogeologic setting of the SRC plant is such that 
the spill location is somewhat susceptible to contamination of 
ground-water by contaminants at the surface. The factors which 
contribute to the higher-than-normal sensitivity include: 1) high 
porosity and permeability of the unsaturated zone, particularly 
in ~he grav~l fill; 2) shallow ~ater table; 3) high grouno-water 
velocities; and 4) relatively low content of clay, which would 
serve to attenuate any contamination plume generated. This sec­
tion contains interpretations and discussion of the data presented 
in earlier sections and provides the basis for the recommen·ded 
Remedial Measures Plan of Section 2.0. 
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Remedial measures for the SRC product fluid spill were 
developed by considering available measures in the context of 
those directed by regulatory authorities as well as those under­
taken during the investigation of the spill. The principal ele-
ments of the Remedial Measures Plan to be presented are as follows: A 

• Excavate soil contaminated by the spill: 
Backfill with clean material. South of 
tank 010, the depth of soil to be removed 
ls 11 feet:; north of tank 010, at the ori­
ginal spill site, soil is to be removed to 
a depth of 20 feet. 

• Seal the land surface at the spill site, 
along with the whole tank farm floor, 
to prevent further infiltration of pre­
cipitation. 

• Pump Well 20 to control the ~ound-water 
transport of contaminants away from the 
spill site. 

• Install and place in service a new well 500 
feet downgradient of the spill to control 
such contaminants as may have migrated 
beyond the zone of influence of Well 20. 
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Relocate one of the surface water sampling 
points in Lake Sequalitchew to coincide 
with the most probable e~it point of the 
plume. 

Institute a long-term monitoring program 
consisting of monthly sampling of Wells 
20, 21, 22, 24, and the new pump well. 

The following sections present a survey of available 
remedial measures and a discussion of each element in the recom-

mended-plan. 

13.1 Remedial Measures Available 

As noted, remedial measures can be applied in the vadose 
zone and the saturated zone below. 

13.1.1 Measures To Be Applied in the Vadose Zone 

Gravity drainage of the SRC product fluid was essen­
tially compl~te a few days after the spill event. Subsequent 
movement is with infiltra~ing precipitation, either by immisci-. 
ble displacement· or by dissolution and solute transport. In the 
coarse-gr~ined substrate at the ~~ill site, solute trancport 
dominates. The insoluble fraction of the SRC fluid ~11 adhere to 
the soil and remain in place. Further downward migration of the 
contaminants can ~hen be stopped by preventing infiltration at the 
land surface. An impermeable surface seal with runoff collection 
would accomplish this. To be effective, the seal should extend 
substantially beyond the spill area to minimize lateral movement 
of infiltrating preci?itation. For long-term effectiveness, the 
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integrity of the surface seal cust be maintained through continued 
inspection and maintenance. 

Alternatively, the contaminated soil may be removed for 
off-site treatment or disposal. Sufficient material should be 
removed to insure that the remaining contaminant poses no health 
or environmental hazard. Partial excavation may be combined with 
a surface seal to provide an effective long-term remedial measure. 

13 .1. 2 Measures To Be Apt> lied In The _Aquifer 

Several types of remedial measures have been success­
fully applied in mitigation of ground-water pollution plumes 
similar to the one produced by the SRC process fluid spill. These 
measures may be divided into ground-water control measures, plume 
management measures, and in-situ treatment measures. 

13.1.2.1 Ground-Water Control Measures 

Ground-water control consists of a passive physical bar­
rier constructed so that ground-water flow is reduced or diverted 
away from a particular site. Thi.s technique, under ideal condi­
ti .. ons, has the effect of hydraulically isulating t::he site from 
the surrounding ground-water flow system. Used. in combination 
with top-sealing barriers to prevent downward percolation of sur­
face water over the site, ground-water flow barriers may prevent 
additional input of pollutants into the ground water. Several 
types of physical barriers have been successfully used for ground­

water control, including slurry-trench cutoff walls, grout cur-· 
tains, and sheet piling cutoff walls. 
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Slurry-Trench Cutoff Walls 

The slurry-trench cutoff wall is constructed by digging 
a trench, filling the trench with a bentonite slurry as excava-

·~· tion work proceeds, and backfilling the completed trench with 
the excavated material. This method has the advantage of provid­

ing a low permeability barrier with relatively simple construe- . 
tion techniques. In addition, ground-water levels away from the 
site are not affected by this maintenance-free barrier. 

However, in soils with high permeability this method 
may be ineffective due to excessive migration of the slurry dur­
ing construction. Also, rocks or boulders may require over­
excavation-of the trench. For these reasons, a bentonite slurry­
trench cutoff wall would not be an effective remedial measure for 
containment of ground waters in the highly permeable glacial 
outwash aquifer underlying the P&M plant. 

Grout Curtain 

Grout curtains are constructed by injecting cement or 
grout solutions under pressure into the ground to form an imper­
meable barrier. The type of grout must be carefully selected 
on the basis of soil conditions at the site. Due to the highly 
variable soil conditions at the P&M plant, with a large percent­
age of coarse-grained material, emplacement of a grout curtain 
cutoff wall would require a detailed soil exploration program. 
Also, other corrective measures are generally applied with grout 
curtains to insure successful control of ground-water flow. 

Sheet Piling Cutoff Walls 

Sheet piling walls are constructed by driving lengths 
of interlocking steel sheets into the ground. Because the sheet 
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piling is generally not completely water-tight and may be damaged 
during driving through rocky soils, this method would probably 
not be successful at the P~~ site. 

13.1.2.2 Plume Management Measures 

Plume management techniques are designed to mitigate 
adverse effects of pollution by manipulating the flow of ground 
water at the site. These techniques generally involve either 
·~he withdrawal of ground water to form a cone of depression ~hat 
entraps and partially removes a contaminant plume or ~he ~njection 
of water to create an active barrier to control the direction of 
plume migration. 

Ground-Water Withdrawal 

Two kinds of pumping systems are possible for pollution 
plume management. Well point systems are used to lower the water 
table a few feet and/or to collect affected ground wa~er. Because 
water is pumped from a series of.well points by suction left from 
a central pump, this method does not produce a la~ge radius of 
influence or large O.rawdowns. nP~p ~arell systemc involve only a 
few deep wells, each with a pump; ~hat are capable of producing 
significant drawdowns and have relatively broad cones of depres­
sion. These methods have the advantage of actually removing pol­
luted water for treatment with a relatively simple installation 
of materials. However, because this type of remedial action in­
volves an active process, continued maintenance and supervision 
is required. Si~e conditions· at the P~~ plant are favorable for 
this type of remedial ~easure. 
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Ground-Hater Injection 

Injection of water into the ground down the hydraulic 
gradient from a contaminated zone provides an active barrier to 

il divert the pollution plume. Creation of a ground-water mound 
may be by either shallow or deep well injection. An important 
consideration in the design of an injection well system is the 
prediction of an alternative direction of travel for the plume. 
Both injection and pumping wells can be coordinated to effec­
tively manipulate the flow direction and reduce the size of the 
pollution plume. 

13.1.2.3 In-Situ Treatment Measures 

Contaminants in ground water may be neutralized in 
. place by injecting chemicals to destroy or tie up a specific 
pollutant. Generally., any one chemical will only react with one 
or two types of pollutants. This process is potentially expen­
sive and risks accidental pollution of an aquifer due to migra­
tion of the injected chemicals. In-situ chemical immobilization 
is currently a developing.. teclmique and most ground-water pollu­
tion problems are more easily managed by one of the previously 
described techniques. 

A potentially effective variation on ~his method is 
injection of air and nutrients to stimulate biological activity 
and hasten the breakdown of organic pollutants. Such measures 
have been successfully employed to clean up gasoline spilled from 
a pipeline rupture. 

13.2 Excavation of Contaminated Soil and Sealing of the 

Soill Site 

After the spill, the SRC product fluid seeped into the 
underlying earth ~terials. The majority of the immiscible frac-
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tion of the fluid is held in the unsaturated zone beneath the 
spill site by capillary forces. During the coring of the spill 
site, the upper part of the vadose zone contained visual "oil" 
stain or free oil, but the lower part did not. There was no 
observed lens of immiscible fluid at the water table.- 'Had there 

·been gravity flow throughout the vadose zone, staining would have 
been observed, and an immiscible lens would have fo~ed where the 
product encountered the water table. The fraction which is soluble 
in water, notably phenols, has been partially washed downward 
into the ground water below by infiltrating rainfall. A signi­
ficant portion remains within the unsaturated zone, however. 
Shortly after the spill occurred, the floor of the tank farm 
at the spill was covered with an impermeable plastic sheet· to 
prevent further infiltration and washdown of the miscible frac­
tion. 

The Washington Department of Ecology OIDOE) has ordered 
that the soil contaminated by the spill be removed. P&M Coal 
and DOE ~erbally agreed on 24 March to e~cavate iOil at the spill 
site as a remedial measure, and P&M co.rtfirmed this intention 
(contingent on DOE approval) on 3 April in the response to the 
Notice of Violation. Radian ~roposed a methodology for defining 
the body of contaminated soil to be excavat~4. and the excRv~tion 
of contaminated soil is a key part of the Remedial Measures Plan 
presented in this report. 

The spill site has been cored, and phenol concentrations 
were determined in the soil samples recovered. The fraction of 
phenol present which would be leached if the soil were left in 
place was determined by performing the RCRA Extraction Procedure. 
A conservative ten-fold dilution in ground water was assumed. 
The recommended tHreshold for excavation is the depth at which the 
phenol concentration is less than 133 ~g/g. Recommended depths 
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of excavation range from 11 feet (south of tank 010) to 20 feet 
(north of tank 010, at the original' site of the spill, Figure 
13-1). A detailed presentation of the methodology for determining 
the contaminated soil volume is presented in Appendix IV. 

The depth of excavation is defined on the basis of 
concentrations of the indicator parameter, phenol. To insure 
the effectiveness of excavating a volume defined by phenol 
concentrations, the first soil sample from.each core below the 
excavation interface has been submitted for a 96-hour static 
toxicity bioassay. This bioassay measures the aggregate toxicity 
of the contaminated soil. Since this WDOE standard test shows 
no toxicity, the excavation depth defined by the Radian method­
ology is considered adequate. The bioassay procedure was under­
taken in lieu of the EP and priority pollutant analysis proposed 
in Appendix IV. 

The recommended area of the excavation (1,770 square 
.feet) was determined by extending the edge of the observed spill 
surface pool by three to rive feet. However, because of the 
difficulty of driving sheet piling in-an irregular line, P&M 
has elected to·excavate a rectangular area of 36 feet (east­
west) by 50 feet (north-south). This area encompasses all- of 
the spill site. 

Adequate disposition must be made of-the material re­
moved. It may be conveyed to an approved hazardous waste dis­
posal facility or treated to remove the SRC product fluid. If 
treatment i.s the method of choice, then the. method of treatment 
and demonstration of its adequacy must be approved by the ~ash­
ington Department of Ecology. 

The excavation is to be backfilled with clean material 
and the site restored to its current use. The land surface at 
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the spill site, along with the whole tank form floor, is to be 
.1> sealed to prevent future infiltration of precipitation. Planning 

for the excavation and awarding of contracts for the work are 
being carried.forward by P & M . 

... 
13.3 Ground-Water Flow Control· Wells 

During the course of the field investigations, an aqui­
fer test well (Well '20) was drilled downgradient of the spill 
site. This well was also to serve as an interim remedial measure 
to intercept the flow of such contaminants as might have already 
been entrained in the ground-water flow if the need to do so 
were indicated. This need, which was based on a judgement of the 
possibility of ~inent hazard to human health or the environment, 
did not·arise during the conduct of the program. 

13.3.1 Well 20 As a Plume Management Measure 

Well 20 should be placed in service as a part of this 
Remedial Measures Plan. The ground-water flow system will be 
d~storted by the cone of depression of the pumping well, and 

flows in the vicinity of the spill will be diverted to the well. 
All flow beneath the spill site will go to the well. Addition.;_ 
ally, the normal northward flow of ground water will be revers~d. 
and flow from as far dowugradient as the vicini.ty of Well 3 will 
go to \.Jell 20. The projected water table contours after 30 days 

of pumping are shown in Figure 13-2. These contours were drawn by 
superimposing a cone of depression on the water table contour 
map of May 1, 1980. The pre-pumping water table is reflective 
of a dynamic equilibrium between the regional northward ground-
water flow (between Hamer Marsh and Lake Sequalitchew) and local 
recharge. The effect of pumping Well 20 is superimposed on this 
dynamic system, and its cone of depression will also vary over 

time. During extended periods of low rainfall, the cone 'l.vill 
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grow slowly, eventually intersecting the shore of Lake Sequalit­
chew. Rainfall and subsequent recharge events will limit both 
the size and rate of growth of the cone. The configuration 
shown on Figure 13-2 may be taken as a useful approximation of 
typical conditions. 

13.3.2 Additional l-lell for· p·1ume Management 

Such contaminants as may have already spread north 
(downgradient) of Well 3 will not normally be contained within 
the cone of depression of Well 20, although their rate of flow 
will be reduced to nearly zero. Therefore, an additional pump 
well will be required between the spill site and Lake Sequalitchew. 
This well will control the spread of contaminants that are out­
side the zone of influence of Well 20. 

The new pump well will be emplaced in the same manner 
as was Well 20. The well will have an 8-inch diameter, and the 
bottom of the hole will be at the top of the till layer. However, 
the well is to have a PVC casing to allow it to be part of the long­
term monitoring program discussed below. An apprQpriate submer­
sible pump will be procured after the well is .drilled, cased, 
developed, and pump-tested. 

The proposed location of the new pump well is shown on 
Figure 13-2. It is along the vector of most probable contaminent 
travel, at a radial distance of 500 to 600 feet from the spill site, 
which is approximately the maximum ~xtent of the spread of con­
taminants from the spill .. Inasmuch as the proposed location is 
in a heavily wooded area, the well will be drilled at a location 

of convenience determined by onsite inspection'by a ~adian 
hydrogeologist. The site selection will have to be approved 
by Fort Lewis Facilities Engineer. 
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The combined effect of pumping Well 20 and the new 

pump well will be creation of an elongate trough in the water ·~ 

table. The exact size and shape depends on the aquifer perfor-
mance characteristics in the vicinity of the new well. However,-
the trough should extend from the spill site to the south shore 
of Lake Sequalitchew. 

The primary effect of these plume control measures is 
to stop the further spread of contaminants in the ground-water 
system. Tltey will a~so remove a certain proportiQn of the con­
taminants from the system, reducing the level of aquifer con­
tamination caused by the spill. 

13.3.3 Options for Disposal of Pump Well Discharges 

The discharge from Well 20 is 120 gallons per minute 
(gpm). The discharge from.the proposed new pump well is unknown, 
but can be expected to be of a similar magnitude. These dis­
charges will contain phenol at a maximum lP.vel of a few mg/R.. 
Adequate provision must be made for disposal of this water. 
Available options include: 

direct use as industrial process water. 

• discharge to sanitary sewer, 

discharge to industrial waste treatment 
plant, and 

separate treatment and discharge to Hamer 
Marsh. 

The long-term option recommended is direct use as in­
dustrial process water. This option reduces fresh water use and 
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avoids costs of separate treatment and/or disposal. However, 
the SRC pilot plant currently is served with a single water 
distribution system, with water being taken for industrial and 
potable use throughout the system. The system would have to be 
modified to accommodate non-potable process water. The P&M 
staff is currently evaluating this option. Any portion of the 
pump well discharges which may be put to beneficial use in the 
plant should be so used. 

The second long-term option recommendation is discharge 
to t-.h.e sanitary sewer system serving the North Fort Lewis sewage 
treatment plant (STP). This plant, a 7.5 MGD high-rate trickling 
filter facility, can adequately accept and treat the proposed 
flows with the phenol concentrations expected. However, concerns 
have been raised over possible biocidal constituents (other than 
phenol) in the. well discharge and over heavy metals in the dis­
charge accumulating in the STP sludge. Also, at times (typically 
during January and February1,the normal flow to the STP may ap­
proach its rated capacity of 7.5 MGD. The Fort Lewis Facilities 
Engineer may ask that the discharge be temporarily directed out 
of the sanitary sewer. At such times an alternate means of treat­
ment and disposal must be available. 

The short-term option recommended is treatment in exist­
ing activated charcoal filters followed by direct discharge to 
Hamer Marsh. This option provides a means of bringing the wells 
into service as rapidly as possible and continuing operation 
while difficulties with the long-term options are resolved. 
The water produced by the well/filter system may be tested for 
biocidal properites and heavy metal concentrations. The direct 
use option may 'be further explored. The filters !!lay also be 
maintained as a standby system for periods when direct use or 
discharge to the sanitary sewer is infeasible. 
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Discharge to the industrial waste treatment plant is 
judged infeasible, inasmuch as it is often operating at capacity. 
Any further discharge would overload the system and possibly lead 

to permit violations. 

13.4 Pumo Well for Protection of Sullivan 1-lell 

During the time that the effects of the s~ill were being 
invest:igat:e.d, the Washington Department of Ecology (WDOE) began 
reporting detectable quantities of phenol in Sullivan Well, a maier 
water supply source for Fort Lewis. At the same time, a two-inch 
diameter piezometer (Well 11) was insta~led at the east: end of t~e 
plant property, between the SRC pilot plant operation and Sullivan 
Well. Phenol analyses of water bailed from Well 11 showed erratic 
results. Occasionally, concentrations as high as 0.04 mg/~ were 
observed. These observations, coupled with uncertainty over the 
configuration of the ground-water flow system between the SRC 
plant and Sullivan Well, led the Fort Lewis Facilities Zngineer 
to suspect that plant activities and/or the S~C product spill 
were contaminating·the well. 

To guard against this possibility, and to obtain a 
more representative ground-water sample, a production well 
n-lell 24) was drilled at the east end of the plant property . 
(Figure 6-1), directly between the plant operations area and 
Sullivan Well. Pumping this ~rell would create a cone of depres­
sion which would act as a barrier to migration of contaminants 
from the plant to Sullivan Well. 

Samples from \-Tell 24 revealed no evidence of contami­
nation, so the well has not been placed in service as a remedial 
measure. However, the well remains in place, and could be brought 
on line, if necessary. Well 24 thus provides an added measure 
of protection for Sullivan Well. 
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13.5 Long-Term Ground-Water· Monitoring· Plan 

The remedial measures described above, combined with 
the natural processes of biological degradation and contaminant 

i attenuation, are expected to control and reduce the phenol con­
centrations in the ground water. Eventually, the concentrations 
should be lowered to environmentally_ acceptable levels. Radian 
recommends that a long-term_monitoring program be undertaken, 
both to document the effectiveness of the remedial measures and 
to determine when the ground-water flow control wells can be 
taken out of service. 

One additional ground-water sampling well will be 
required for a complete program for the spill event. This well 
is to be located approximately 100 feet south of the shore of 

Lake Sequalitchew and north of the proposed new pump well, the 
exact location to be selected by a Radian hydrogeologist. Its 
construction will be similar to that of Well 23, i.e., six-inch 
casing, screened just below the water table. The purpose of this 
well is to monitor ground-water quality immediately adjacent to 
Lake Sequalitchew, which is the nearest surface water body which 
might be impacted by the spill event. The elevation of the 
water table at this site will be a measure of the effectiveness 
of the ground-water flow control wells. That is, if the water 
level in the new monitor well is lower than the lake level, then 
no ground water is moving northward into the lake, but rather, 
the pumping is inducing flow from the lake into the ground-water 
system. 

The long-term monitoring program will consist of monthly 
samples collected from. the wells shown below: 

13-17 



RADIAN 
u ·-

Well. 20 
Well 21 
Well 22 

\.Jell 24 
New pump well 

The samples are to be analyzed for phenol, the most appropriate 
indicator parameter. In additi.on, q'l,larterly samples from the 
new pump well should be analyzed for the inorg~nic constituents 
shown in Table 13-l. Since this well will have a PVC casing, 
samples for trace metals analysis should be drawn from it, rather 
than from wells with galvanized iron or steel casing. 

As 
Pb 
se 
Ag 
Al 
Ba 
Be 
c~ 

c~ 

Cr 

TABLE 13-1. INORGANIC CONSTI~UENTS RECO~NnED 
FOR ANALY~T~ 

Cu Zn 

Fe TDS 
Ha 

0 NH3-N 
K N03-N 
Mg Cl 
Mn SO a. 

Na s 
Nl F 

Sb 
v 

Results of phenol analyses may be used to signal the 
end of the need. for active water table control measures. At 
s'l,lch ti~e as the phenol concentratio~ in all mon~tor wells drops 
below 0.060 ~g/1, a~d remains below that level for 3 months, 
t~ere would be no further need for Pllm?ing to control ground-water 
flow. Th~ level of 0. 060 ~g/ l phenol represents one tenth the 
1979 proposed water quality criteria for protection of aquatic 
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life (see Section 11). Ground-water concentrations at or below 
this lev~l sho~+4 pose no environm~ntal hazard. 

Th~ l9ng-term monitoring progr~m should be made a perma-
~ n~n~ part q~ ~qe plant operatipps, with sampling and analysis 

carried out at a reduced freq~e~cy (quarterly or semi-annually 
for phepol and anpually for inorganic species) . 

13.6 Integration with Other Sources at the SRC Plant 

The Remedial Measures Plan developed herein must be 
integrated with the investigation of other potential contaminant 
sources at the SRC plant. Any remedial measures to be adopted 
for other contamination must be consonant with those measures 
adopted for the spill. The long-term monitoring program will 
also be used to provide data for assessing other contaminant 
sources. 
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14.0 SUMMARY AND CONCLUSIVNS 

Although ground-water contamination apparently has 
occurred as a result of the 19 December spill, the contamination 
plume is localized to the vicinity of the SRC plant and Lake 
Sequalitchew. A contamination plume apparently is presently 

moving toward Lake Sequalitchew, but the two pump wells included 
in the Remedial Measures Plan will arrest this movement. These 
wells will be pumped until phenol concentrations in the ground­
water fall to acceptable levels. The source of ·contamination 
at the spill is being cut off by excavation of the contaminated 
soil and sealing of the floor of the tank farm . 

. Even without the pump wells, it is unlikely that· Lake 
Sequalitchew would be significantly adversely' affected by the 
spill. The contaminants are diluted by dispersion in the upper 

aquif·er. In addition, the flushing of the lake by ground-water 
inflow and outflow, by inflow from Sequalitchew Springs, and by 
outflow through Sequalitchew Creek would tend to prevent buildup 
of significant phenol concentrations. 

No public water supplies are appreciably endangered by 
the.l9 December spill. Most public wells are upgradient from the 
S?ill and are thus in no danger. The downgradient wells are 
protected by the fact that they tap deeper aquifers than the 
U?per aquifer at the SRC plant site and by the buffering effect 
of Lake Sequalitchew. The upper aquifer in the vicinity of the 
spill site probably should not be considered for use as a public 
or private water supply for the foreseable future. 

A long-term ground-water monitoring plan is being 
implemented to ensure early discovery of any unanticipa~ed 
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impacts of the spill. If further water quality problems are 
disclosed, additional remedial measures will be undertaken as 
necessary. 
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RADIAN --
1.0 INTRODUCTION 

The Pittsburg and Midway Coal Company has commissioned 
Radian to perform a gas chromatography - mass spectrometry· (GC­
~) analysis of Solvent Refined Coal product fluid. The SRC-II 
fluid analyzed is of the same type as was spilled on 19 Deceober 
1979 at the SRC pilot plant, Fort Lewis, Washington. The fluid 
analyzed is described as follows: 

Fuel Oil Blend, 2.9:1 Middle Distillate: Heavy Distillate, 
Lot 4/2 - 5/79 from Tank 92011, Lab retain. 

This technical memorandum presents the results of the GC-~~ analy­
sis of the SRC-II fluid. 
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2.0 SA!1PLE PREP~RATION 

The ~RC oil was S~P~fa~e~ in~o n~utral alipha~~c. p~~­
tral aromatic, a1=i~ic and "R~~iF fract~o~s acc~rqing l=Cl the sc~e!:le 

outlined in f~g~re 1 and q~scribed q~lpw. - ,, .. ._ ' 

The ~~h~m~ 4tilize~ ~ ser~es of liquiq-liquid p~rti­
tions and pH adj ustmer+t;.s to separate the oil into neutral, acidic, 
and basic fractions.· The neutral fraction is then further sepa­
rated by column chromatography on silica gel. 
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Figure 1. Flow Diag~am for Separation of SRC-II Fluid 
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3.0 EXPERI~;TAL APPROACH 

100 g of oil was successively extracted with three 

100-mL portions of five percent hydrochloric acid. The aqueous 
acidic phase containing the basic species :was basified with 
sodium hydroxide and extracted with three lQO-rnL portions of 
diethyl ether. The organic layer was then extracted with three 
100-rnL portions of five percent sodi~ hydroxide. The combined 
aqueous phase was acidified and extracted with three 100-cL ~or­
tions of diethyl ether to isolate the acidic ipecies. 

A 1-mL aliquot of the neutral fraction was loaded onto 
a 1 em ID chromatography column containing 50 g of fully acti­
vated E .. :1erck Grade 60 silica gel .(70-230 mesh). The aliphatic 
and aromatic fractions were collected by elution with. hexane and 

1: l hexane :methylene chloride. re .. spectively. Five void volumes 
(approxi~ately 300 oL of each solvent was used for elution. 

All fractions ":.Jere concentrated by K.uderna-Danish 
evaporation to a volume suitable for analysis. 

I-12 
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4.0 GC-~1S A!'!AL YS ES 

Each of the four fractions generated in the sample 
workup of the SRC-II middle distillate fraction were analyzed 
using gas chromatography-mass spectrometry (GC-MS) techniques. 
The neutral and basic fractions were each analyzed on a 6-foot 
SP-2250 DB analytical column, while the acidic phenol fraction 
was analyzed on a 6-foot SP-1240 DA analytical column. 

The identifications of sample components were all made 
based on manual interpretation of mass spectral data. 

Each sample fraction was spiked prior to· analysis with 

an internal. standard (dlo-anthracene) for quantification of 
sample components. Quantification was performed by determination 
of areas under selected ion current plots of characteristic ions 
for each identified sample component. These area measurements 
were normalized to the m/e 188 ion current samp_le plot for d 1 0 -

anthracene. The concentration of each identified sample component 
was determined using the follmv-ing equation. 

is component concentration 

is the area of the characteristic ion for 
compound (c) 

A15 is area of m/e 188 for d! 0 -anthracene 

c15 is concentration of d 10 -anthracene in sample 

RFc is the relative response factor for compound (c). 

I-13 



RADIAN 
:am •-

Response factors for this study were either known from prior ~ 
work or were est~ated based on knowledge of similar compounds. 

The concentrated neutral and basic extracts were 
analyzed by GC-MS on a 3% SP-2250 DB glass packed column. After 
holding the column temperature initially at 50°C for 4 minutes, 
the column was then programmed to 270°C at 8°C/minute according 
the EPA Priority Pollutants Protocol. The basic and neutral· 
compounds eluting from the SP 2250 DB column were detected using 
a computer-controlled 5895 Hewlett-Packard quadrapole mass 
spect.rometer operated in the electron impact mode at 70 electron 
volts. 

The phenolic fraction was chromatographed on a 6-foot 
glass column packed with 1% 1240 DA on 80/100 mesh Supelcoport. 
The GC oven was programmed from 70°C to 200°C at l0°C/minute. 
The phenols were detected using a He'tvlett-Packard 5985 cot!tputer­
controlled mass spectrometer operated in the electron impact mode 
at 70 electron volts. 
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5.0 RES~~TS 

The results of the GC-MS analysis of the S~C-II fluid 
are presented on the following pages. The analytical results 
are presented for the four fractionsi 

aromatic hydrocarbons, 

aliphatic hydrocarbons, 

phenolic compounds, arid 

basic compounds. 

The total organics identified represent 60 percent of 
the total sample weight. A large portion of the compounds was 
identified only as alkyl substitute aromatics of various types. 
Therefore, these quantitative results are approximate and are 
based on estimated response factors for the various analytes. 
Table 1 shows a comparison of GC-~S weight percent data for the 
various fractions with the weight percent data obtained after 
separation but before GC-118 analysis. 

TABLE 1. SID!MARY OF SAMPLE RESULTS OF SRC-II 

% Found By % Found After 
Fraction Type GC-MS Ex-traction 

Aromatic and aliphatic 52 82 
compounds 

Phenolic compounds 5.4 11 

Basic compounds 2.3 6.9 

The differences observed in the.acid and basic fraction are pro­
bably due in part to neutral carryover into these fractions. 
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~ajor differences in each fraction can, ~owever, also, be attri­
buted t.o the estimated response factors used for many of the 

analytes. Finally, a portion (probably s~all) of the difference 
can be attributed to unresolved organics that were not identified 
by GC-~~ analysis. 
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ORGANIC ANALYSIS OF SRC II COAL FUEL OIL 
MIDDLE DISTILLATE BY GC-MS 

Compound 

Aromatic Hydrocarbons 

C3-Alkyl benzene 
In dane 
C3-Alkyl benzene 
Hethyl indane 
Cs-Alkyl benzene (Isomer 1) 
Hethyl indane/tetralin 
Cs-Alkyl benzene (Isomer 2) 

C6 -Alkyl benzene · 
C2-Alkyl indane/tetralin(Isomer 1) 
C2 -Alkyl indane/tetralin (Isomer 2) 

Naphthalene 
C2-Alkyl indane/tetralin (Isomer 3) 

C2-Alkyl indane/tetralin (Isomer 4) 
C,-Alkyl benzene 
Hethyl naphthalene 
C8 -Alkyl benzene 
c'3-Alkyl benzene 

, c3 -Alkyl indane/tetralin 
c3-Alkyl indane/tetralin 
c3 -Alkyl indane/tetralin 
c3 -Alkyl indane/tetralin 
C 3 -Alkyl indane/tetralin 
C4 -Alkyl naphthalene 
cit -Alkyl indane/tetralin 
Biphenyl 
Biphenyl ether 
c3 -Alkyl naphthalene 
Indole 
Methylbiphenyl 
Acenaphthene 
Methylindole (Isomer 1) 

(Isomer 1) 
(Isomer 2) 

(Isomer 3) 

(Isomer 4) 
(Isomer 5) 

I-17 

Concentration 
(mg/100 g Sample) 

480 
150 

1100 
130 
300 
750 

1780 
170 
300 
600 

3850 
1100 

300 
170 

11000 
100 

64 
34 
76 
48 
26 
94 

11000. 
1100 
1200 
1400 
2800 

lOO 
346 
100 
140 

Continued 



Compound 

I'ibenzofuran 
Hethylindole (Isomer 2) 
C~-Alkyl naphthalene 
C2 -Alkyl biphenyl 
~ethyl acena~hthene (Isomer 1) 
Fluorene 
9-Methylfluorene (Isomer 1) 
Methylacenaphthene (Isomer 2) 
Hethyldib~nzofur an ( Isou:u:~1: 1) 

Methyldibenzofuran (Isomer 2) 
Methylfluorene (tsomer 2) 
Methyldibenzofuran (Isomer 3) 

Methylfluorene (Isomer 3) 
Methyldibenzofuran (Isomer 3) 

Dibenzothiophene 
Phenanthrene/Anthracene 
Methyldibenzothiophene (Isomer 1) 

Methyldibenzothiophene (Isomer 2) 
Methylphenanthrene 
YH-Cylcopenta[d,e,f]phenanthrene 
2-Phenylnaphthalene 

·Carbazole 
C~-Alkyl phenanthrene 
C3 -Alkyl phenanthrene (Isomer 1) 
Methylcarbazole (Isomer 1) 
C3 -Alkyl phenanthrene (Isomer 2) 
Methylcarbazole (Isomer 2) 
Hethylphenyinaphthalene (Isomer 1) 
Fluoranthene 
Methylphenylnaphthalene (Isomer 2) 
1-Phenylnaphthalene 
·Pyrene 
Benzofluorene or Methyl fluoranthene/pyrene 
Benzofluorene or Methyl fluoranthene/pyrene 

!-18 

Concentration 
(mg/100 g Sample) 

320 
240 
840 
110 
900 
430 

90 
300 

80 
?.10 

300 
160 
300 

90 
120 

1600 
50 
90 

1000 

60 
100 
250 
550 

50 
40 

110 
140 
110 
150 

40" 

90 
6.90 

34 
34 

Continued 
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Compound 

Methylphenylnaphthalene (Isomer 3) 
Benzofluorene or Methyl fluoranthene/pyrene 
Benzofluorene or Methyl f1uoranthene/pyrene 
Cz-Alky1 fluoranthene/pyrene (Isomer 1) 
Cz-Alkyl fluoranthene/pyrene (Isomer 2) 
Chyrsene/Benz(a)anthracene 
Methyl chrysene/Benzanthracene 
Cz-Alkyl chrysene/Benzanthracene 
Bertzo(b & k)fluoranthenes 
Benzo(a & e)pyrene 
Methylbenzopyrene 

n-Tridecane 
n-Tetradecane 
n-Pentadecane 
n-Hexadecane 
n-Heptadecane 
n-Octadecane 
n-Nonadecane 
n-Eicosane 
n-Uncosane 
n-Docosane 
n-Tricosane 
n-Tetracosane 
n-Pentacosane 
n-Hexacosane 

Aliphatic Hydrocarbons 
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Concentration 
(mg/100 g Sample) 

90 

240 
70 
90 

90 

170 
90 

100 
30 
27 

3.8 

120 
150 
180. 

390 
110 

66 

47 

39 
32 
24 
19 
14 
11 
9.4 

Continued 



Compound 

Dimethylphenol 
Phenol 
o-Cresol 
o-Ethylphenol 
m/p-Cresols 
Dimethylphenol 

Phenolic .Compounds 

Cl-Alkyl phenol (Isomer 1) 
2.3-Xylenol and ~~~-Ethylphanol 
C3 -Alkyl phenol (Isomer 2) 
3,5-Xylenol 
C3 -Alkyl phenol (Isomer 3) 
c~-Alkyl phenol (Isomer 1) 
3,4-Xylenol 
C3 -Alkyl phenol 
C~ -Alkyl phenol 
C3 -Alkyl phenol 
C~-Alkyl phenol 
C~-Alkyl phenol 
Methyl· indanol 
4-Indanol 

(Isomer 
(Isomer 
(Isomer 
(Isomer 
(Isomer 

(Isomer 

4) 
2) 
5) 
3) 
4) 

1) 

Methyl indanol (Isomer 2) 
c .. -Alkyl phenol (Isomer 5) 
Methyl indanol (Isomer 3) 
5-Indanol 
Methyl· indanol .(Isomer 4) 
Methyl indanol (Isaner 5) 
o-P~enylphenol 

1-Naphthol 
2-Naphthol 
Methyl naphthalene (Isomer 1) 
Methyl naphthalene (Isomer 2) 

Concentration 
(mg/100 g Sample) 

33 
450 
6~0 

37 
95 

420 
46 

960 
110 
370 
170 

13 
91 

730 
8.8 

37 
22 

130 
24 

400 
55 
26 
70 
40 

240 
47 
23 
6.4 

19 
7.2 
5.1 

Continued 
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Compound 

Methyl naphthol (Isomer 3) 

m or p-Phenylphenol 
m or p-Phenylphenol 
Hydroxy fluorene 

Basic Compounds 

Methyl pyridine 
c3 -Alkyl pyridine (Isomer 1) 

C2 -Alkyl pyridine (Isomer 1) 

c2-Alkyl pyridine (Isomer 2) 

c3 -Alkyl pyridine (Isomer 2) 

Aniline 
C3-Alkyl pyridine (Isomer 3) 
C4 -Alkyl pyridine (Isomer 1) 
Methyl aniline (Isomer 1) 
Methyl aniline (Isomer 2) 

Methyl tetrahydroquinoline 
C4 -Alkyl pyridine (Isomer 2) 

Tetrahydroquinoline (Isomer 1) 
C2-Alkyl aniline 
C5 -Alkyl pyridine ' 
Methyl tetrahydroquinoline (Isomer 1) 
Tetrahydroquinoline (Isomer 2) 
C5 -Alky1 pyridine (Isomer 2) 
C3-Alkyl aniline 
C2-Alky1 tetrahydroquino1ine (Isomer 2) 

Quinoline 
Uethyl tetrahydroquinoline (Isomer 2) 

C~-Alkyl tetrahydroquinoline (Isomer 2) 
C4 -Alky1 aniline 
Methyl quinoline 
Tetrahydroquinoline (Isomer 3) 

C2 -Alkyl quinoline 

I-21 

. Concentration 
(mg/100 g Sample) 

5.2 
7.6 

11 
3.5 

8.6 
1.3 
5.5 

25 
10 
97 

8 

5.4 
68 

110 
2.2 
2.3 
7.4 

160 
1.3 
2.1 

39 
2.9 

74 

2.2 
130 

1'6 

8.6 
32 
74 

26 
6.3 

Continued 



Comt>ound 

Isoquinoline 
Pyridobenzene (Isomer 1) 
Cs -Alkyl aniline 
Tetrahydroquinoline (Isomer 4) 
Methyl tetrahydroquinoline (Isomer 3) 
Methyl quinoline 
Methyl tetrahydroquinoline (Isomer 4) 
C,-All<yl quinoline (Isomer 2) 
Pyridoben~ene (Isomer 2) 
C4 -Alkyl tetrahydroquinoline (Isomer 3) 
Pyridobenzene. (Isomer 3) 
Diphenylamine 
::4-Naphthylamine 
3 -Naphthylamine 
~.ethyl naphthylamine 
Acridine 
Methyl acridine 

~-22 

Concentration 
(mg/100 g SemPle) 

19 
1.7 

32 

37 

4.4 
43 

4.9· 

24 

2.3 

15 
1.1 
3.0 
1.7 
2.4 

6.3 
1.7 
2.1 

1;. 
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FROM 

TO 

SUBJECT 

R •. T. Sebulsky AT Harmarville DATE April 21, 1980 

Mr. J. K. Ward AT Tacoma REFERENCE 5-53 STF 0 0 
Attn.: Mr. Russell Perrussell 

DETAILED ANALYSIS OF SRC MIDDLE DISTILLATES 

SUMMARY 

A coal liquid was submitted from the Solvent­
Refined Coal Pilot Plant of the Pittsburg and Midway Coal 
Mining Company for a comprehensive hydrocarbon character­
ization by Mr. Russell Perrussell. A spill involving this 
coal liquid occurred in Fort Lewis, Washington which neces­
sitated the characterization of the liq~id involved. 

The hydrocarbon characterization was accomplished 
in the following manner. A sample of the coal liquid was 
analyzed as is for priority pollutants by thin layer and 
liquid chromatography. Then because of analytical require­
ments the coal liquid was separated by distillation into two 
boiling range fractions. 

Each fraction was subjected to an acid/base 
extraction to separate the phenolic, nitrogen-containing, 
and neutral-oil fractions. Following this a liquid chroma­
tographic separation was performed on the neutral oil 
fraction to obtain the aromatic and saturate cuts. All the 
resulting fractions were analyzed by gas chromatography 
and/or mass spectrometry. This report documents the results 
of these analyses. 

DISCUSSION 

TOTAL SAMPLE ANALYSIS 

.To get a more accurate description of the total 
coal liquid, a simulated distillation was run-by gas chrom~­
tography. This gives information on the initial boiling 
point of the sample, and the percentage of the sample 
boiling at each increasing temperature value up to and 
including the samples final boiling.point. 

The priority pollutant PNA's were al:so dete ~-d~- : ... ' "' 
on the total coal li~ui~ sample using both thin layerr:'' ·.,,..~ · 
chromatography and ll.quJ.d chromatography. \ ~· 

~~'~ I • \ (" 't~ t-•; 

~ ·a st· 1 

--:1 ~,.. ~ 4 ~~0 .;I 

I ~ . I.e-,.. llf "' 
'"'l.s ,22 
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Mr. J. K. w~;-d 
At~n.: Mr. R~s~ell Pe~rus~ell -2- April 21, 1980 

EXTRACTION AND SEPARATION 

The ~ydrocarpon charact~r~zation was accomplished 
by first separati~g the sample ;nto two boiling fractions, 
one boiling below ~SQ°F and the ¢~her ?oilin~ above 450°F. 

Pistillation into two(2) fractions w~s necessary 
to eliminate ·the dange;- of the.los~ of lighter components 
during HPLC analysis and to allow better separation duriP.g 
the subsequent extractions. · · · ·· 

Following the distillation separation each boiling 
range sample was separated into five fractions using caustic 
and acid extracLlons. An eml,ll,sion formed cinring the caustic 
extraction of the high boiling fraction which nccessita ted 
the aqqi tion of tolu.ene to the saP\ple to break the emulsion 
and allow successful extraction of the pb~.nolics. . . ' ~ ... ··- ---· 

The acidic fraction contains the basic nitrogen 
eompgunds whic~ w~re detected by mass spectrometry and 
conf"irmed py elemental nitrogen analyses. 

The neutral oil fraction of eacp boiling rang~ 
sample was analyzed for elemental nitrogen present as 
neutral nitrogen compounds. Then each neutral oil fractio~ 
was separa~ed ;nto saturate and aromat~c ¢~ts py liquid 
chromatography. The saturate and aromatic components were 
identified and quantified by gas chromatography and'mass 
spectrometry. · · 

The analytical flow scheme used for the extraction 
and separation is shown in figure 1. Beside each fracti.on 
is a test number which indicates the analytical test per­
formed on that fraction. These tests are further described 
in ~abl~ 1. · · · ' ' · · 

TABULATION OF DATA 

All the Q.ata collected from the ga~ chromatographic, 
liquid cpro~tographic, and mass spectrometric' analysis a~e 
presented in Tables 1-9. The COI?-Centra~.ions report~d are 
cal"culated as the component conceptration in t~e origin.;ll 
Ft:·~ewis coal liqui~. These taples'contain the foliqwing 
informa~ion: · 

I-26 
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Mr. J. K. Ward 
Attn.: Mr. Russell Perrussell -3- April 21, 1980 

TABLE 1 

TABLE 2 

TABLE 3 

TABLE 4 

TABLE 5 

TABLE 6 

TABLE 7 

TABLE 8 

TABLE 9 

Attachment 

Analytical Tests Run on Separated Fractions. 

Extractions of Ft. Lewis Coal liquid. 

Gas Chromatographic Simulated Distillation 
of Ft. Lewis Coal liquid. 

Liquid Chromatographic analysis of NaOH 
extract (Fraction #1 and #2). 

Basic Nitrogen Compounds in Fort Lewis Coal . 
liquid Mass Spectrometric Group Type Analysis 
of HCl extract (Fraction #3). 

Saturate Group Type Analysis - Mass Spectrometry 
(Fraction # 5) • 

Normal Paraffins Boiling Below 450°F (Fraction #5 

Gas Chromatographic Analysis of the Aromatic 
fraction (Fraction #S). 

Aromatic Group Type Analysis - Mass Spectrometry 
(Fraction #5). 

Analysis of Priority Pollutants - PNA's. 

R. T. Sebulsky 

cc w/a: Mr. J. Smith - Tacoma 
Mr. w. Hubis - Denver 
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TEST Nfl. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3 

TABLE 1 

ANALYTICAL TESTS RUN ON SEPARATED FRACTIONS 

DESCRIPTION 

Analyses of Phenolics by liquid Chromatography 

Analysis of Nitrogen Compounds by Mass Spectrometry-­
Nitrogen Group Type 5398 

Analysis of Nitrogen Test No. 2594 

FIA Separation of Neutral Oil Fraction -- Test 5100 

Preparative Separation of Neutral Oil Fraction 
by Liquid Chro~~tography --Test No. 5479 

Analysis of Aromatic Cut of Neutral Oil Fraction 
by gas.Chromatography --Poly Phenylether 
Capillary Column 

Analyses of .Aromatic Cut of Neutral Oil Fraction 
by ~ass· Spectrometry -- Test No. 5374 

Normal Paraffin Analysis of Saturate Cut Qf 
Neutral. Oil Fraction by Gas Chromatography -­
Test No. 5299 

Analysis of Saturate Cut of Neutral Oil Fraction 
by Mass Spectrometry -- Test No. 5380 

Analysis of Saturate Cut of Neutral Oil Fraction 
by Mass Spectrometry (High Boiling Range) -­
Test No. 5378 

Analysis of ~"'omatic Cut of neutral Oil Fraction 
by Mass Spectrometry (High Boiling Ringe) 
Test No. 5375 

Analysis of Priority Pollutants 

G.C. Simulated Distillation-- Test No. 5210 

·r-29 



TABLE :.! 

~XTRACTIONS OF FORT LEWIS COAL LIQUID 

MATERI.~LS EXTRACTED WITH NaOH 

Identified Phenols 
Unidentified phenolic type compounds 
Unidentified NaOH extracted material 

f-1A TERIALS EXTRACTED WITH HCI. 

Basic Nitrogen Compounds 
Unidentified HCl Extracted Material 

N~UTRAL OIL FRACTION 

GS&'!'C - A'!'O 
Ha!"Tr.arville 
CST :kdl 
4/16/80 

Saturate 
Aroma tie 

I-30 

4. 9\ 
15.9\ 
13.5% 

8.3% 
1.3% 

Ci.7\ 
4 9. 4\\ 

Weight Percent ~ 

34.3% 

-· 
9. 6\ 

56. H 

TOTAL .-l .. 0-.0~--.-

I 



-~ 

TABLE 3 
GAS CHRO¥ATOGRAPHIC SIMULATED DISTILLATION OF FT. LEWIS COAL LIQUID 

. I I 

CORRESPONDING TO PERCENT 
DISTILLED AT 

Initial Boiling Point 

5\ 

10% 

15% 

25\ 

40% 

50% 

60% 

70% 

80\ 

90\ 

Final Boiling Point 

GS&TC - ATD 
Harmarville 
CSF:kdl 
4/17/80 

DEGREES F 

291 

351 

378 

394 

412 

446 

470 

485 

511 

549 

627 

843 

I-31 



GS & 'l'C: • A 'l'~ 
Harmarville 
CSF:kc!l 
4/16/80 

TABLE 4 
LIOUip CHBPM;TOqRAPHIC ANALYSIS OF N~OH EXTRACT 

COMPOUND 

Resorcinol 

Phenol 
1, 5-Na.phthalenediol) 
2,7-Naphthalenediol)--

m,p-Cresol 
o-Cresol 
a-Chlorophenol 
o-Nitrophenol ) 
1,4-~aphthalenediol)--

3,4-0imethylphenol 
2,6-0~nethylphenol 

2-Naphthol )_ 
4-tert-butyl Pyrocatechol)-­
p-Phenylphenol 
p-tert-butyl phenol 

'l'ot•l Identified Phenols 

Total Unidentified Phenol Type 
Compounds 

WE:Ic;HT PEnCE:NT 

0.01\ 

0.42\ 

0,. 01\ 

2. 55\ 
0.56\ 
O.Ol\ 

0.01% 

o. 31% 
0.92% 

0.08% 

0.01\ 
0.01\ 

4.9% 

15.9% 

I-32 
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TABLE 5 
BASIC NITROGEN COMPOUNDS IN FT. LEWIS COAL LIQUID 

MASS SPE:CTROMETRJ:C GROUP TYPE At:ALYSIS OF HCL EXTRACT 

COMPOUND 

Pyridcne, Aniline 

Phenylquinoline 

T~trahydroquinoline 

WElGHT PERCENT 

2.3\ 

0.1% 

2.6\ 

Pyridobenzonaphthene 0.1% 

Dihydroquinoline/indole 0.3% 

Pyridophenanthrene 0.1\ 

Quinoline 1.7% 

Pyridylbenzene 0.7\ 

Carbazole 0.1\ 

Acridine 0.3% 

Total Nitrogen Compound Concentration 8.3% 

GS&TC - ATO 
Harmarville 
CSF: kd.l 
4/17/80 

I-33 



TABLE 6 

SATURATE GROUP TYPE ANALYSIS - MASS SPECTROMETRY 

PARAFFINS 

WEIGHT PERCENT 

1.7\ 
CONDENSED CYCLOPARAFFINS 
NONCONDENSED CYCLOPARAFFINS 
CONDENSED TRICYCLOPARAFFINS 
ALKYLBENZENES 
UNKNOWN SATURATES BOILING ABOVE 4 S0°F 

(includes paraffins & cycloparaffins) 

TOTAL SATtJV.TES 

0.7\ 
1.4\ 
0.2\ 
0 .1, 
2.6\ 

NORMAL PARAFFINS BOTT_,TNG BELOW 450°i' 

NOR..V.AL PARAFFINS 

C7 
C8 
C9 
tlO 
Cl1 . 
Cl2 
Cl3 
Cl4 
ClS 
Cl6 
Cl7 
Cl8 

. TOTAl NOR~1AL PARAFFINS = 

GS&TC - A'I'D 
Harmarville 
CSF:kdl 
4/17/80 

WEIGHT PERCENT 

0.9% 

1-34 

0 •. 03\ 
0.1\ 
0.2\ 
0.2\ 
0.2\ 
0 .1.% 
0.1% 
0.03% 

Trace 
Trace 

6. 7\ 

.• 



TABLE 7 

GAS CHROMATOGRAPHIC ANALYSIS OF AROMATIC FRACTION 

COMPOUND 

Benzene 

Ethylbenzene 
P-Xylene) 
M-Xylene)--
0-Xylene 

n-Propylbenzene 
1-Methyl-4-ethylbenzene) 
1-Methyl-3-ethvlbenzene)--

tert-Butylbenzene 

1-Methyl-3-isopropylbenzene) 
lJ2,4-Trimethylbenzene ) 
1-Methyl-2-ethylbenzene ,--
1-Methyl-2-isopropylbenzene) 

1,2,3-Trlmethylbenzene ) 
1,3-Diethylbenzene ) 
·1-Methyl-3-n-propylbenzene ) -­
l-Methyl-4-isopropylbenzene) 
1-Methyl-4-n-propylbenzene) 
n-Butylbenzene ,--
1,4-Diethylbenzene ) 
l-Ethylpropylbenzene)--
1,2-Diethy1benzene ) 
1-Methyl-2-n-propy1benzene)-­
Indane 
Indene 
Methyldiisopropylbenzene 

1,Methyl-2-tetraoutylbenzene 

1,2,3,5-tetra-Methylbenzene 
1,2,3,4-Tetrahydronaphthalene 
Naphthalene 
1-Methylnapthalene 
Biphenyl 

Unknowns 
Total Aromatic 

I-35 

WEIGHT PERCENT 

0.1\ 

0.1\ 

0.2\ 

0.2\ 

0.1\ 

0.2\ 

0.1\ 

0.3\ 

0.1\ 

0.1% 

0.1% 

0.6% 

0.1% 
0. 6% 
0.1\ 

0.1% 

0.1\ 
1.7% 
3.3% 
8.3% 
3. 8\ 

29.1% 

49.4\ 



TABLE 8 
AROMATIC GROUP TYPE ANALYSIS • MASS SPECTROMETRY 

COMPOUND 

Decahydrobenzochrysene 
Octahydrobenzochrysene 
Bexahydrobenzochrysene 
Tetrahydrobenzochrysene 
Benzochrysene 
Decahydrobenzpyrene 
Octohydrobenzpyrene 
Hexahydrobenzpyrene 
Tetrahydrobenzpyrene 
Oihydrobenzpyrene 
Benzopyrene 
Do6eeahydroehrysane 
Octahydrochyrysene 
Chrysene 
Decahydropyrene 
Hexahydropyrene 
Tetrahydrof1uoranthene 
Pyrene•f1uoranthene 
Dihydropyrene-tetrahydro~chrysene 

.octahydrophenanthrene 
Hexahydrophenanthrene 
Tetrahydrophenanthrene 
Phenanthrene 
Fluorene-dihydrophenanthrene 
Acenaphthene~biphenyl 
Tetra1ins 
Tetrahydroacenaphthene 
Naphthalenes 
Benzenes 
Octahydrochrysene 
Hexahydrochrysene 
Unknowns 

Total Aromatic 

I-36 

WEIGHT PERCENT 

0.3\ 
0.3\ 
0.1\· 
O.l\ 
O.l% 
0.3\ 
0.5\ 
0.5% 
0.2% 
0.2\ 
0.4\ 
0.3\ 
0.3\ 
o·. 3\ 
l. 0\ 
2.3% 
0.5\ 
1. 5\ 
2.0\ 
1.2\ 
0.7\ 
5.9\ 
2.1\ 
l. 4\ 
1.8\ 

10.2\ 
1.7\ 
9. 0% 
2.2% 
0 0 5\ 
0.2\ 
1.3\ -

49.4\ 



I 

TABLE 9 

ANALYSIS OF PRIORITY POLLUTANTS - PNA's 

Benzo(e)pyrene 

Benzo(b)fluoranthene 

Benzo(a)pyrene 

Dibenz(a,h)anthracene 

Benzo(ghi)perylene 
Indeno(l,2,3-cd)pyrene 

Benzo(k)fluoranthene 

'*Fluorene 
'*Acenaphthene 

'*Fluoranthene 

'*Phenanthrene 
'*Anthracene 

Pyrene 
· Chrysene 

'*Determined by HPLC 

GS&TC - ATD 
Harmarville 
CSF: kdl 
4/22/80 

I-37 

Parts Per Million 

o.s 
1.7 

1.5 

5.7 

3.8 

1.8 

2.8 

6783 

4429 

26 

56 

29 

1.2 

2.9 



OUTGOING TELEGRAM · 

MAY 6, 1980 -CONFIRMATION COPY-

TO: JOHN K. WARD (FORT LEWIS) 
COPY BY WIRE: MR. WALT HDBIS - DENVER 

SUBJECT: ANALYSIS OF SRC MIDDLE DISTILLATE 

REFERENCE: MEMO OF APRIL 21, 1980 R. T. SEBULSKY TO MR. J. K. WARD 

THE FOLLOWING IS CORRECTED PRIORITY POLLUTANT POLYNUCLEAR 

AROMATICS DATA AND ADDITIONAL ~HENOLICS DATA: 

HPLC/TLC ANALYSIS OF POLYNUCLEAR AROMATICS PRIORITY POLLUTANTS 

(Replaces Table 9) 

NAPHTHALENE 

ACE~APHTHENE 

PHE~ANTHRENE 

ANTHRACE~E 

FLUORANTHENE 

FLUORE~E 

PYRENE 

BENZ(a)~THRACENE 

CHRYSENE 

BENZ (e) PYRENE 

BENZO(b)FLUORANTHENE 

BE~ZO(k)FLUORANTHENE 

BENZO(a)PYRE~E 

DIBENZ(a,h)~~THRACENE 

BENZO(ghi)PERYLENE 

INDEN0(1,2,3-cd)PYRENE 

PARTS PER MILLrm: 

1780 

1190 

4 98 

145 

130 

560 

12 

38 

85 

5 

17 

28 

GC/~.S A~>.!.YSIS OF NAOH EXTRACTABLES (iveight ?ercent) 
(Supplements Table 4) 

ORTHO-ETHYLPHENOL 

2,3 DIMETHYLPHENOL 

2,5 DIMETHYLPHENOL 

TRlMETHYLPHENOL (1 ISOMER) 

.ETHYLPHENOLS (2 I~OMERS) 

3,5 DIMETHYLPHENOL 

0.27 

1.85 

.81 

TRIMETHYL-QR METHYLETHYLPHENOLS ( 8 ISOMERS) 1. 6 7 

TETRAMETHYL AND/OR DIETHYL AND/OR METHYLPROPYLPHENOL 0.06 

PROPYLPHENOLS ( 2 I SOMERS) 

BUTYLPHENOL (1 ISOMER) 

END OF PAGE ONE I-38 

2.70 

0.20 



PAGE TWO CONTINUED 

GC/MS.ANALYSIS OF NAOH EXTRACTABLES(Continued) 

OTHER c3 AND c4 ALKYLPHENOLS (7 ISOMERS) 

METHYL-ALLYLPHENOLS AND/OR c 4 ALKYLPHENOLS (3 ISOMERS) 

ALLYLPHENOLS AND/OR c4 ALKYLPHENOLS (~ ISOMERS) 

PARA-CRESYL ACETATE 

C4 AND CS ALLYL AND ALKYLPHENOLS (20 ISOMERS) 

TOTAL 

0.72 

2.03 

2.28 

0.30 

4.45 

18.3 

TOTAL PREVIOUSLY IDENTIFIED 4.9 

TOTAL IDENTIFIED PHENOLS 23.2 

UNACCOUNTED FOR MATERIAL + 
UNIDENTIFIED NAOH EXTRACTABLESll.l 

TOTAL NAOH EXTRACTABLES 3 4 • 3 

PLEASE CORRECT THE REFERENCED REPORT. IF ADDITIONAL INFORMATION 

IS REQUIRED PLEASE CONTACT W. C. BRANT OR G. P. FEULMER. 

~Ar~R. T. SEBULSKY/M. C. BRYSON/WCB , ''"7 kdl 

CC: RTS-AMH 
MCB 
WRL 
FHJ 
WAP.t-1 
~lCB 

GPF 
CSF 

I-39 
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APPENDIX I 
Part 2 

ANALYSIS OF SRC FLUID BY GULF SCIENCE 
AND TECHNOLOGY CENTER AT HA~~VILLE, PENNSYLVANIA 
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APPENDIX. II 
LOGS OF WELLS AND CORES 
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• ·.,;: 

LOGS OF TANK FARM CORES 

(Continued) 



{Continued) 

•• : • : • .;. ; ... : • : • ~ • :. - : • :. • :. .: - : - : ..:.. .: : : - .:. ~ :1 - :. - ; .: : • ..:; .: : • .:... :. : ...: .:.. :. • .;. ·:-..: ...-::: :. .• :. :. :.. ,:_.; : .:. .:. ; .: ••• : : • . : -· ~.: : : •• : .:.. !. .; • :. . : ~ : •• : .: : .:. ~ :. .: :. : .: .: : : :. : • .;. : .:. : -

Contamination 
Sample 

No. llcplh l!lows Texture Visual Odnt· 
- -- ... -- -··--. ···--- - ... ------··--
Uolt! 11: ··---

C:-l-1 ]-/· 1/2 J ~ .• ' Jlt/ 30 Sandy gravel Wet, stained Strong 

G-2-2 5-6 J/2 1.5.'25/30 Sandy gravel \-;et, stained Strong 

C-2-J 7 1/2-9 l6.f 12/16 Gravelly sand \.et, stained Very strong 

C-2-4 J.0-.11 l/2 8,'"7/7 Sandy gravel \o'e t, sUght stain Strong 

C-2-5 12 1/2-14 5,'';,/9 Sandy gravel Wet, slight stain Moderate 

C-2-6 15-16 1/2 5.'1 /7 Sandy gravel Hod wet, no stain Moderate 

C-2-7 16 l/2-18 7/14/23 Sandy gravel tlod wet, no stain Hoderate 
~-1 

H C-2-8 IR-19 l/2 21./18/25 Sandy silt ~6" Uet, no stain Strong I 
()\ Med sand below Mud wet, no stain Hod/strong 

C-2-9 19 l/2-2J 7{16/32 Fine/med sand Jlet, stain Strong 

C-2-10 21-22 1/2 1.9/21/18 Gravelly sand lolet, no stain Hoderate 

t:-l-11 22 J./2-24 50/33/17 Gravelly sand Hod wet, no stain Node rate 

C-2-12 24-25 l/2 12/12/llt Gravelly sand ~lod wet, no stain Moderate 

C-2-13 25 112-27 416/8 Sandy gravel ~bd wet, no stain Moderate 

C-2-1.4 27-28 1/2 18/20/19 Sandy gravel Mud wet, no staln l-lod/light 

C-2-15 28 l/2-JO, 11/21/24 Med sand, pebhles t-k>d wet, no stain Mod/light 

C-2-16 30-3.1 1/2 J:/14/12 l-Ied sand, pebbles Wet(w.t.). no stain Light 

<:-2-17 n 1/2-33 10/14/14 Med sand, pehbJes 'Wet(w.t.), no stain l.ight 

C-2-18 JJ-34 1/2 Jl.o:J t COLnt Med sand, pel>l:1es ·wet(w. t.), no staln Light 

''. t. approx • 30' 
•.• .1..:.::..:;;.: ·::.·.,:.·~.: : ~: ~ -=-=..: ~-~:. =-= =-=...: ..:...:...~.:.~-= -=-~:.-~ • .::. --=.:......;: ..:. . .: ~ .. : . .=...::..:-"""":&.-=:-;.:=-=-.--:~~-.:.....;;.~ • .=.-:.....:.~.: • ..:........;_.:_:..-~-=-=--= .::..:: .:....-:: ..:.:-::,_::,... :...-.,;:. ::.: .. s .:.:..~ :.:~---=--= .c:.:a 

(Contlnu~d) 

.. 



t-·1 
H 
I 

-...J 

• 

Sample 
Nu . 

.!!<.>..1.~~:. 

C-3-1 

C-3-2 

C-3-3 

C-3-4 

C-3-5 

C-3-6 

C-3-7 

C-3-8 

C-3-9 

C-3-10 

C-3-11 

C-3-12 

C-3-13 

C-3-14 

C-3-15 

C-J-16 

C-3-17 

(Continued) 

Depth 

3-4 1/2 

5-6 1/2 

7 1/2-9 

10-11 1/2 

12 1/2-15 

15-16 l/2 

16 1/2-1.8 

18-19 1/2 

19 1/2-21 

21-22 1/2 

22 1./2-24 

24-25 1/.2 

25 1/2-27 

27-28 1/2 

28 1/2-30 

30-31 1/2 

31 1/2-33 

Blows 

10/12/22 

21/22/23 

20/23/30 

12/16/23 

8/12/13 

Lost co.unt 

3/5/6 

9.'10/15 

16/11/18 

11/16/22 

16/22/18 

16/17/23 

19/18/17 

17/25/31 

21/32/32 

21/33/40 

17/30/24 

Texture 

Sandy gravel 
(berm mtl) 

Sandy gravel 

Sandy gravel 

Sandy gravel 

Sandy gravel 

Sandy gravel 

Med sand 

Med sand 

Med sand 

Contamination 

Visual 

Moist, no stain 

Mod dry, no stain 

Mod dry, no stain 

Dry, no stain 

Mod dry, no stain 

Mod dry, no stain 

Dry, no stain 

Dry, no stain 

Dry, no stain 

.. 

Odor 

Light/none 

Light/none 

Light/none 

None 

Med sand/small peb. Dry, no stain 

Gravel/sa~d Dry, no stain 

Light 

Light 

Light/mod 

Light/mod 

Light/mod 

Light/mod 

Light 

Gravel/sand 

Gravel/sand 

Gravel/sand 

Gravel/sand 

Gravel/sand 

Gravel/sand 

Dry, no stain Light 

Dry, no stain Light 

Dry, no stain Light 

Dry, no stain Light 

Wet(w.t.), no stain None 

Wet(w.t.), no stain Light/none 
w.t. approx. 31 1 

(Continued) 



( Cun t lmwd) · 

. . .:. . . . ~ :. &. •• .: • .: ••• 4 ; a ~ •• ~ •• :. :. .. : & :. a • :.·:. :. ~.a •. ~ ::. :.. ; ~ c :. .• 1.~ :..:. .&. : a .&. a .: :. ::. .:. . .: a •..•. .:. :. :. .:. ;.... • :. a. .: : .a.....~ ·•-:. ~ ; a .= : .: :. :.. : _.:, !. :.. .: : : .:. .:. .: .: : :. •. 

Contamlnat ion 
Sampll! 

Nu • IJepth lll.ows · Texture VJsun1 Odor 
. ··- --·----·-- ---

lloll! I 'i: ------- _,_ 
C:-4-1 3-4 1/2 25/1'>/21 Gruv~1/sand Hoist/slil Ln Strong 

c-4-2 5-6 1/2 11/16/9 Gravel/sand Hoist/stain Strong 

C-4-3 7 1/2-9 9/11/15 Gravel/sand Moist, stain, Strong 
free oil 

C-4-4 10-11 l./2 11/19/18 Gravel/sand Holst, etaln, Strong 
fr~e oil 

C-4-5 12 1/2-14 7/9/10 Gravel/sand Hoist, slight stain Strong 
H C-4-6 l.')-B6 1/2 6/10/ll Gravel/sand Ho-.lst, slight staln Strong/mod H 
I 
00 c-4-7 Jib 1/2-18 "5/11/16 Gravel/sand Hoist, ·no stain t-loderate 

C-4-8 18-19 1/2 17/23/21 Gravel/sand Hoist, no stain Moderate 

C-4-9 19 J./2-21 8/15J IJ Gravel/sand Holst, no stain Moderate 

C-4-10 21-22 1/2 12/11/22 Gravel/sand Haist, no stain Hod/light 

C-4-11 22 1/2-24 14/18/26 Gravel/snnd Mc.Js t, no staln Light 

C-4-1.2 24-25 1/2 14/19/13 Sand w/grave1 Hoist, light stain Hoderate 

C-4-JJ 25 1/2-27 32/29/)1 Sand w/gravel Hoist, light stain Hoderate 

C-4-14 27-28 1/2 30/27/26 Sand w/gmvel Holst, no staJn t-loderate 

c-4-1 s 28 1/2-30 21/24/"26 Sand w/flne gravel Holst, no staln Moderate 

C-1•-16 10-Jl 1/2 8/33(211. Sand w/flne gravel W~t(w. t.), no stain l.lght 

C-4-17 ]) 1/2-33 8/1.4/21 Sand w/flne gravel \~:!t' no staln None 

C-4-18 ]3-34 1/2 ')/8/lS Sand w/fine gravel \fut' nu stain None 

(Continued) 

• • 



• 
(C.ontinued) 

Sample 
No. Depth 18lows 

Hnle ·16: ------
.C-'>-1 J-4 1/2 12/20/30 

C-5-2 5"'76 1/2 . 17/20/25 

C-5-3 1 1/2-.9 . 9/35/40 

C-5-4 10-11.1/2 12/14/14 

H . C-5-5 
H 

. 12 1/2-14 5/8/11 
I 

"' C-5-:6 15-16 1/2 15/l8/14 

C-5-1 17 1/2-19 15/25/23 

C-5-8 19-20 1/2 11/24/29 

C-5-9 20 1/2-22 19/20/23 

C-5-10 22-23 1/2 19/30/18 

C-5-11 23 1/2-25 10/8/9 

C-5-12 25-26 1/2 9/1.4/21 

C-5-13 26 1/2-28 15/20/21 

Texture 

Sandy gravel, 
fines 

Sandy gravel, 
fines 

Sandy gravel, 
fines 

Sandy gravel, 
fines 

Sandy gravel, 
fines 

. Sandy gravel, 
fines 

·Sand/gravel 

Sand/gravel 

Sand/gravel 

Med sand, pebbles 

Sand/gravel 

Sand/gravel, 
little clay 

Sand/gravel, 
little clay 

Contamination 

Visual 

Wet, stained, 
free oil 

Wet, stained, 
free oil 

Wet, stained, 
free oil 

Wet, stained, 
free oil 

Wet, stained, 
free oil 

Wet, stained, 
free oil 

Wet, stained, some 
free oil on top 

Moist, no stain, 
no oil 

Moist, no stain 

Moist, no stain 

Moist, no stain 

Moist, no stain 

Moist, no stain 

Odor 

Strong 

Strong 

Strong 

Strong 

Strong 

Strong 

Strong 

Strong 

Moderate 

Moderate 

Light 

Light 

Light/mod 

--·====---~-· - ===-=-· ----· =·==:..r=ac==-:== 

(Con t lmu:>cf) 
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Sa11p I e 
No. 

(C:ontJnut!d) 

• ,:. •• ~:.::.;. :..: ::;. :.; :.c =. . .;.:..:. .=.~ =-~-=.; =~ .::.~.:.~..:..:.:...:.2.:..-a.; .. :;.~·-=~-=-=·~ =··---:..:..: ~:..: ::.:·:.:~.:..:. :. .. : •. -.::.;.::::..:::::.:.:. 

Cnntamln;tt Jon 

Uepth Dlm•s Texture Y'lsual Odor 
-·--··-- ... ·---·--·------------------------------·--------.,...------

C-'i-llt 

r.-5-15 

No samplt! 

<:-5-16 

28-29 1/2 

29 1/2-31 

31-32 l/2 

32 1/2-34 

14/.1 'i,'8 

8/1·0/10 

8/9/6 

4/7/8 

Sand/gravel, 
little clay 

Sand/gravel, 
little clay 
(clean gravel 
at base) 

No recovery 

Fine sand above, 
clean fine 
gravel below 

Wet( .... t.), no sta l.n LLght/mod 

Wet(~.t.), no stain Light/mod· 

\let., no stain, 
v.t. at abt 29' 

Light/mod 
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~Dl~!AN 
COR~ 

- LOGS OF PIEZOMETERS 

I~ Sample Depth 
No. (feet) Blows Description and Comments 

Well 19: 

j 
B-12-1 3-4.5 ll/9/8 Gravel, trace sand 

B-12-2 5.5-7 ll/19/14 Sand, trace gravel 

B-12-3 8-9.5 14/11/10 Sand 

B-12-4 10.5-12 6/10/14 1-3 inch gravel, sand below 

B-12-5 13-14.5 18/20/27 Gravelly sand 

B-12-6 15.5-17 12/17/13 Sand and gravel 

B-12-7 18-19.5 ll/21/26 Sand and gravel 

B-12-8 20.5-22 60 for 6" Gravelly sand 

B-12-9 23~24.5 12/14/22 Sandy gravel 

B-12-10 25.5-27 5/5/7 Gravel, poor recovery 

B-12-11 28-29.5 15/26/23 Sand and gravel. 

B-12-12 30.5-32 8/5/5 Sandy gravel 

B-12-13 33-34.5 10/30/25 Sandy gravel 

B-12-14 35.5-37 12/17/13 Gravel, hit water 

B-12-15 38-39.5 7/12/11 ? 

B-12-16 40.5-42 ? Sand and gravel 

Well 17: 

B-13-1 3-4.5 40/38/30 Sandy gravel 

B-13-2 5.5-7 5/5/10 Sand and gravel 

B-13-3 8~9.5 7/15/25 Sand and g~~vel 

B-13-4 10.5-12 18/25/27 Sand and gravel 

B-13-5 13-14.5 14/14/17 Sand and gravel 

B-13-6 15.5-17 21/22/30 Sand and gravel 

B-13-7 18-19.5 70/50 for 3" .Sand and gravel 

B-13-8 20.5-22 21/53 for 6" Sand and gravel, trace clay 

.B~lJ-9 23-21l.5 l4/l9/26 Clayey sand and gravel 

B-13-10 25.5-27 36/50 for 4" Gravelly sand 

B-13-11 28-29.5 23/17/18 Sand, trace gravel 

II-13 
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Sample 
No. 

B-13-12 

B-13-13 

B-13-14 

B-13-15 

Well 18: 

B-14-1 

B-14-2 

B-14-3 

B-14-4 

B-14-5 

B-14-6 

B..;.14-7 

B-l4-8 

B-14-9 

B-14-10 

B-14-11 

B-14-12 

B-14-13 

(Continued) 

Depth 
(feet) 

·30.5-32 

33~34.5 

35.5-37 

38-39.5 

3-4.5 

5.::>-J 

8-9.5 

10.5-12 

. 13-14.5 

15.5-17 

18-19.5 

20.5-22 

23-24.5 

25.5-27 

.28-29.5 

30.5-32 

33-34.5 

Blows 

25/21/18 

10/15/17 

10/16/16 

? 

32/29/30 

7/13/10 

2/2/10 

17/37/38 

9/20/39 

17/18/25 

24/26/28 

15/15/21 

9/12/12 

? 

6/7/7 

4/4/6 

17/21/54 

I-I-14 

Description and Comments 

Medium and coarse sand 

Hedium and coarse sand, 
hit water 

Medium and coarse sand 

Medium and coarse sand 

~~nriy gra,re1 

Wet sand and gravel 

Wet sandy gravel 

Wet sandy gravel 

Wet gravelly sand, trace 
silt and clay 

Gravelly, clayey sand 

? 

Sand; gravelly sand 

? 

Gravel 

Sandy gravel 

Sand; gravel 

Sand; gravel 
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.) 

Depth (feet) 

0-18 

18-28 

28-29 

29-37 

38 

45 

46 

0-19 

19-27 

27-34 

34-35 

35-39 

39 

39.5 

0-15 

15-31 

32 

32-34 

34-35 

LOGS OF "TRIAD" WELLS 

Description and Comments 

Well 21 (deep well) 

fill': gravel; sand and gravel 

sand and gravel 

sandy gravel; strong "fuel oil" smell 

sand and gravel; sandy gravel at 35 feet; hit 
water at 35 feet; strong fuel oil smell; traces 
of silt and clay at 35 feet 

silty, clayey sand and gravel 

silty, clayey sand and· gravel; ·fines increasing 

silty, clayey sand and gravel; f~nes increasing 

Well 22 (middie depth well) 

fill: sand and gravel 

sandy gravels and gravelly sands 

sand and gravel; traces of silt and clay 

sandy gravel; hit water; fuel oil smell; trace 
silt and clay 

sand and gravel; fines increasing 

silty, clayey sand and gravel 

caving sand filling annulus 

Well 23 {shallow well) 

fill: sand and gravel 

sandy gravels; sand and gravel 

hit water after waiting 

sand and gravel 

sand and gravel; traces of silt and clay 

II-17 
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Depth 
(Feet) 

0-3 
3-5 
5-10 
10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-59 

LOG OF HELL 24 

Description 

Gravelly sand, slightly silty 
Gravelly sand, slightly silty 
Gravelly sand, slightly silty 
Gravelly sand, slightly silty, easy drill 10-12 
Gravelly sand, slightly silty 
Gravel; slightly sandy 
Silty gravelly·sand 
Silty gravelly sand 
Gravelly sand; slightly silty 
Silty sand; slightly gravelly and clayey 
Silty sandy gravel; hard drill at 48 
Clayey silty sand; 51-53 gravel 
Clayey silty sand 

rr .. 21 
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H 
H 
H 
I 

ej.J 

• 
Pacific 
Dayllght 

tJ.me 

Ma__l_2_ 

ll 52 00 
lJ 52 
13 52 

-13 55 00 

15 15 30 

IS 58 00 
1.6 OJ 15 
16 St. 35 
16 57 
1.8 19 ()I) 

18 2t. so 
22 47 15 
22 51 ou 

May4 

ll 24 10 
11 32 00 

Elapsed 
Time 

min/sec 

00/37 
08/10 
10/30 
11/54 
23/00 
29/50 
42/00 
t.S/34 
62/50 
64/00 
80/30 
83/05 
89/00 

123/00 
128/15 
179/35 
182/00 
264/00 
267.50 
532/15 
536/00 

1289/10 
1297/0.1 

Depth to 
r~o~~ater 

25'-1 3/4" 
25'-111" 

1!~" 

13~" 
17!;." 

17 3/4" 

19 5/8" 

20~" 
20 3/4" 

20 1/8" 

21 5/8" 
22 1/8" 

22 5/8" 
23 5/8" 

23~" 

Depth to 
Water 

AQUIFER TEST DATA 

Drawdown 
(feet) 

Discharge 
(gpm) 

WELL #20 (PW-1) - PUMPED WELL 

.98 
1. 31 

118 
1.35 

122 
1. 51 

122 
1.56 
1.60 

122 

1.64 
118 
122 

1.68 
1.72 

118 
122 

1. 76 
.1.84 

122 

1.81 
122 

Notes 

Tape reading 
·Pump on 

55 gal./28 sec. 

27 seconds 

28 seconds 

• 
li 
I 



H 
H 
H 
I 
~ 

l'at~ If lc 
Uayllght 

Tlme 

20 4.8 no 
20 Sil 00 

~-~--~ 
12 >9 45 
1] OS OU 

_M~!_Y. _ _! 

15 52 lMl 
15 55 55 
16 02 ()() 
20 ta n 

~<_!}' ___ ? 
II. 15 no 

~~L! 
It 4~ 00 
13 4Y 00 
13 49 00 

Elnpscd 
Time 

min/sec 

1853/UO 
1856/00. 

2824/45 
26'10/00 

4'•17/tl() 
4440/55 
4447/00 

256/33 

11 '))/1)1) 

Ut11J2/15 
I)J/25 
ll4/ J() 

05/tll) 
05/45 
06/Jtl 

llepth to 
Water 

23 3/4" 

25" 

3" 

"2 1.' 8" 

27' ...:!:i" 
26'-11!~" 

. 2 ]!~;" 
27 3i8" 
28 lJ8" 
28l:i'' 
28 314" 
29 11 

29V' 

AQUIFER TEST llATA (Cont lnu·:!d). 

Depth to 
Witter 

Drawdown 
(feet) 

1.8) 

1.85 

1.96 

1.83 . 

1.91 

\-;'ELL 111 - OllSERVATJON WELl. 

23.25 0 
• 34 
.41 
.44 
.46 
.48 
.50 

D Lsclm :-ge 
(gp .. _t 

] 22 

122 

122: 

Pump off 
Recove-ry 

Notes 

Tape. read lng 

: ·~; :...: .: :. :; . :. :.:: •. :..~ .. ':.~ :..:.:..:·:_: .:.: .:.: :......: . .:..:.·.:.. ·;::: :.·:. =-~..: . .=..:..::;.~.::.-~:.:.~:.:~·: •. t--· -- .:...: • .:..;.. _ __..: _____ .:..:~.:-.~- ... ~-~-~- .. _.:.. • .;.....;..:..:.--:...~. ~.:.:.-.:...__._· . 

• 

li 
I 



• 

H 
H 
H 
I 

V1 

Paclflc 
Daylight 

Time 

Elapsed 
Time 

min/sec 

Mny_l_ (continued) 

15 12 40 
15 15 )0 

IS 52 4S 
16 52 05 
18 27 50 
18 58 13 
22 44 4ll 

Mny _ _!!_ 

ll 27 50 
20 45 40 

!1~_.2 
13 02 2•J 
22 44 10 

~~ 
15 57 45 
16 02 (X) 

16 02 16 

13/10 
1.5/35 
20/00 
25/20 
28/30 
31/15 
40/15 
47/45 
60/55 
67/45 
77/40 
80/30 
85/00 

1.11 I 45 
177/05 
272/50 
]03/13 
529/40 

1.292/50 
1850/40 

2827/20 
3409/10 

4442/45 
4447/00 

llll/16 

Depth to 
Water. 

30 3/4 11 

31 1/811 

31!211 

31 7/8 11 

32-0 11 

32 1/811 

32 1/8" 
32 7/8" 
33~11 

33~11 

33 3/4'' 

33 3/4" 
34 II 

34 7/8" 
351z II 

35~11 

36 II 

36~11 

36~11 

36 3/811 

36 1/8" 

36~" 

36" 

AQUIFER TEST DATA (Continued) 

Depth to 
Water 

Drawdown 
(feet) 

.63 

.66 

.69 

.72 

.73 

.74 

.74 

.80 

.83 

.83 

.88 

.88 

.90 

.97 
1.02 

-LOU 
1.06· 

1.08 
1.08 

1.09 
1.07 

1.08 

.02 

Discharge 
(gpm) 

Pump off 
Recovery 

• 

Notes 

• 
li 
II z 



H 
H 
H 

' <l' 

l'aclfJc 
U••yll·ghl 

Tim~ 

~1.-pscd 

'ftmc 
min/sec 

H••Y~ (cont lnuci.J) 

16 OJ OJ 
16 UJ 18 
16 04 09 
16 U4 10 
16 U4 SS 
16 ~lS 47 
16 U6 11 
16 U6 S2 
16 07 28 
16 08 20 
16 09 10 
16 10 04 
16 1.1 16 
u. 12 47 
lb 14 22 
16 15 52 
16 H JO 
16 19 50 
16 22 S5 
16 27 08 
lb Jl ]() 

16 J7 OJ 
16 44 08 

16 51 4S 
J1 02 10 
17 ](} 24 
20 16 ]6 

~~~_y _ _!_ 

II 11 on 
17 17 I()() 

.... ·- ,;... : --e.-a .:.._·:. 

• 

1/03 
1/]8 
2/09 
2/JO 
:2/55 
1/47 
4/L7 
4/52 
~/2.8 

6/20 
7/10 
8/04 
9/16 

10/47 
l,"l/22 
11/5] 
I '5/30 

. 11/SO 
20/55 
25/UB 
29./Jil 
JS./03 
4Un8 
49'/4S 
·61~/02 

88/24 
2Sl./16 

1155/llU 
t5]S/UO 

Depth to· 
\-later 

J] 3/4'' 
33~11 

3311 

32 3/8" 
J2 1/811 

31 5/811 
3ll.~ll 

31 1/811 

31 11 

ltD 5/8 11 

30!,11 
30 1/811 

29 3/4 11 

29 3/8 11 

28 7/811 

28. 5/811 

28.'i" 
28-~11 

28~, .. 
27 3/4" 
27 S/8" 
2 7J2" 
27" 
26 7/8" 
26 5/811 
26!~;" 
25 3/8" 

24 7/8" 
24 3/8" 

Aqun~mt 'fEST DA'J'A (Cuntlnuct.l) 

D-!.!'[lth to 
Water 

Druwdown 
{feet) 

.20 

.25 

.27 

.32 

.34 

.3B 

.41 

.42 

.43 

.47 

.50 

.51 

. 54 

.57 

.61 

.63 

.64 

.66 

.66 

.71 

.72 

.73 

.77 

.78 

.80 

.83 

.91 

.95 

.99 

lHscharge 
(gpn) Nntes li 

I 

• 
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TECHNICAL MEMORANDUM 

DEFINITION OF ZONE OF SOIL 
CONT~~INATION AT THE 

SRC Pil-OT PLANT 
FORT LEWIS, WASHINGTON 



I DCN 80-214-029-12 

TECHNICAL MEMORANDUM 214-029-03 

DEFINITION OF ZONE OF SOIL 
CONTAMINATION AT THE 

SRC PILOT PLANT 
FORT LEWIS, WASHINGTON 

by 
J.S. Gipson 

R.M. ·Mann 
T.W. Grunshaw 
~v. F. Ho.l iand 

Submitted to 
Dr. D.K. Schmalzer 

Manager, Technology Department 
Gulf Mineral Resources CoQpany 

5920 South.Syracuse 
Englewood, Colorado 80111 

4 June 1980 
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1.0 INTRODUCTION 

The objective of this memorandum is to report the de­
lineation of the lateral and ver~ical extent of soil contaminated 
by a spill of SRC-II product on December 19, 1979. This infor­

mation is to be used by the Pittsburg and Midway Coal Mining 
Company in the excavation of contaminated soil which ·represents 
a potential hazard to ground and surface waters. The methodology 

used and the results obtained are given herein. 
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2.0 BACKGROUW 

The ~Ril b~neFth fhe ~pill ~c~~q ~ssentially a~ a 

natural chro~atogr~P.~ic medt~m witin the hydrolog~cal~y unsatu­

rated zone. S?l~~~ t~a~spor~ was m~~~l¥ v~rt~~~l in th,is ~o~e, 
with the less mobile chemical SP,~cies peing retarqed apq cop-

!·- ''·' -'t. . f -

centrated towfrd ~r~ s~fface, an~ the more mp~ile speci~s being 
advected and dispersed lower. Variable, episodic dissolution 

1 •• • 

and flushing caused by rainfall tended to cause a concent£ation 

gradient of the species, decreasing with depth. 

T1'te re;:~l. copcern, of coin::;~, is the potential i.mpact 

of the spill on the local eround water. Accordingly, that soil 

which i~ cont~~inat~d to an extent that it represents a hazard . ,. " ... ~ . 
to grounq-w~~~r supp~~es should be rem~ve~. It i~ a~so recognized 

that even though some soil may contain species of interest at 
• i 

4 
"' ' l • ~ • , • { ~ I • • '' 

levels above "packground," certain levels do not constitute haz-. .., . ' . . . , .. ' . 
ards to gro~nd or s~rface waters; no bepefit is to pe g~ined P.Y 
the co~tly removal of such soil. A definit~o~ of w~a; c~~cen­

tration level i~ the solid phase constitutes ~ p.oteptia+ hazard 

was necessary. 
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I 
3.0 APPROACH 

The approach used by Radian to determine the excava­
tion boundaries is shown schematically in Figure 3-1. Approxi-

t macely 85 samples of the subs.trate underlying the spill site 
were collected from four cores within and one core outside the 
spill area. These samples were collected in late March, approxi­
mately three months after the spill. Since that time, the spill 

area has been covered to prevent penetration of rainfall through 
the soil beneath the spill and subsequent transport of contami­
nants through the soil structure. 

The extent of 'lateral and vertical contamination due 
to the spill was determined by chemical analysis of core samples 
for phenol. Since phenols were initially in high concentrations '~--

in the spilled material and were, most likely, the mosc mobile 1· 

organic compound present, the selection of phenol~ to define the 
extent of contamination is appropriate. 

Next, the potential degree of contamination to the 
ground and surface waters.due to natural, rain-induced leaching 

of· the spill area ~as determined using the EPA Extraction Proce­
dure. The extraction study allowed conversion of solid-phase, 
phenol concentrations to aqueous-phase concentrations. 

Finally, the aqueous-phase concentration of each core 
sample was compared, under the provisions of the Resource Con­
servation and Reclamation Act, with the D-MEG value representing 
the maximum level recommended by the EPA for waste effluents ~o 

ground or surface waters. If a particular area of contaminated 
soil contributed aqueous phenol concentrations above that deemed 

hazardous to ground or surface waters, that area was marked for 
excavation. 
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·FIGURE J-1. METHODOLOGY FOR DEFINING ZONE OF SOIL GONTAMINATIOH 

D-MEG Comparison 
Value - 5()0 ppb 3 

I. 

I 
I 
I 
I 

' 
Conversion of Determination 

Soil Sample Phenol I Phenol Soil Phenol Data of Excavation 
Selection Extraction1 Analysis 2 toAqueous Phase .. Boundaries 

1 Interim. •te thods for the Sampling and Analysis of Priority Pollutat:ts ill .s,adiments and Fish Tissue, 
U.S. Environmental Protection Agency, En.viromnental Monitoring and Support Laboratory, Cincinnati, 
Ohio. 

:~Standard Hethod::: for t·1e Examination of !Water and Wastewater, 14th Edition Jl.merican Public Health 
Association, AmErican Water Works Association, Water Pollution Control Fedet:ation, 1975. 

3Hultimedia Environmental Goals fc•.r Environmental Assessnent, Volume IV, :iEG Charts and Background 
J.nfonnation Summar.ies :categories 13-26), U.S. Environmental Protection .1\.gency, Industrial Environ­
mental Researcl1 Laboratory, Reserac~ Triangle Park, N.C., EPA-600/7-79-ll&b, August, 1979. 

"comparison of RCRA Extraction Prccedure Results to Soil Phenol Analysis ~esu:lts • 



Analysis for Total Phenol 

Core samples were preserved and prepared· for phenol 
analysis in accordance with EPA priority pollutant analysis 

• requirement for sediments. 1 Sa=ples were kept frozen prior to 
analysi~ to inhibit biological degradation. A 5 g portion of 

I 

the finer soil material was used as received for the analyses 
to identify a worst-case (highest) phenol content of the sam­
ples. The solid was mixed with deionized· water and the pH 
lowered to 4.0 with dilute phosphoric acid. The soil slurry 
was then transferred to a distillation flask for analysis. 

The slurry was distilled until 500 ml of distillate 
was collected according to Standard Hethods 2 SlOA. The Chloro­
form Extraction Hethod (SlOB) was used for quantitative analysi-s 
of steam-distillable phenols. Phenol was reacted with 4-amino­
antipyrine at a pH of 10 in the presence of potassium ferri­
cyanide to form a colored antipyrine dye. The dye was extracted 
from aqueous solution with chloroform and the absorbance was mea~ 
sured at 460 nm. The concentration of phenolic compounds was 
expressed in ~g/g soil on an as-received basis. 

3. 2 Phenol D-MEG for \.Jater Ecology 

The approach to define the potential hazard level con­
sists of use of the Multimedia Environmental Goals (MEG's) con-

1 Interim Methods for the Samoling and Analvsis of Priority Pol­
lutants iff Sediments and Fish Tissue, U.S. Environmental P~ 
tect1.on Agency, Env1.ronmental ?'tonitoring and Support Laboratory, 
Cincinnati , Ohio·. 

:!Standards Methods. for the Examination of Water and \.J'astewater, 
14th Edition American Public Health Assoc1.ation, American Hater 
Works Association, Water Pollution Control Federation, 1975. 

IV-9 



·cept of EPA's Industrial Environmental Research Laboratory. 1 

D-MEG's (Discharge ~ffiG's, formerly Minimum Acute Toxicity Ef­
fluents, or MATE's) have been established for avoiding health 
and ecological effects in air, water, and land resources. These 
values represent maximum recommended values for waste effluents 

to a stream. or lake (either surface discharge or subsurface in­
flow) that will avoid toxic aquatic effects. 

Currently, DMEG' s for phenol are being revi.sed to make 

them less sLr1ngent, nn the basi~ f•[ the dat~ bds~ anAlysii and 
subsequent p~u~usal by EPA of water quality criteria (44 Federal 

·Register, 43688, July 25, 1979). Huwever, Radian has conserva­
tively adopted for use in this application the older D-MEG's, 

published by EPA· in August, 1979. 2 ·The phenol D-MEG for water­
ecology is takeri to be 500 JJg/R. (ppb). In comparison the pro­
posed water quality criteria, ambient concentration r.ecomrnenda­
tions, are 600 J.lg/1 for aquatic life and 3,400 J.lg/R. for human 
health. (Individual chlorinated phenols have ambient numerical 
criteria ranging from several tens to several hundred ppb to 
avoid organoleptic (taste and odor-producing) vis-~-vis toxic 
properties; a D-MEG of 500 pg/.9. fer individnal chlorinated phenols 
is approximately appropriate for these criteria as. well). 

1Multimedia Environmental Goals for Environmental Assessment, 
Volume 1, U.S. Environmental Protection Agency, Industrial 
Environmental Research La.boratory. Research Triangle Park, 
Not'th Carolina, EPA-600/7-77-136a, November 1977. 

2Multimedia Environmental Goals for Environmental Assessment; 
Volume IV, MEG Charts and Background Information Summaries 
(Categories 13-26), U.S. Environmental Protection Agency, 
Industrial Environmental Research Laboratory, Research Triangle 
Park, N.C., EPA-600/7-79-176b, August, 1979. 
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It should be noted that standard analyses conducted 
for "phenols" are actually analyses for many (but not all) in-/ 

d~vidual phenolic compounds. Because D-HEG's for.phenols are 
based on criteria for simple phenols in a strict sense, this 
use is a conservative feature of the methodology. 

In summary, the approach recommended here proposes to 
use a value of 500 ~g/1 phenol in an aqueous solution that would 
be tributary to a receiving water body containing aquatic life 
(e.g., ground water to a lake) as the conservative threshold 
for water quality protection. 

3.3 RCRA Extraction Procedure (EP) 

Since the D-MEG is a tributary aqueous concentration, 
it can not be compared directly with the soil analytical values 
for phenol. The method of correlating solid and liquid phase 
phenol concentrations is the EPA Extraction Procedure (EP). 1 

A subset of six soil samples ranging from low to high phenol 
concentration were extracted to define the aqueous extract con­
centration as a function of soil concentration. 

In principal the EP test extracts a mass of solid 
waste with a volume of water equivalent to twenty times the waste 
mass. The test is conducted to simulate acidic (pH= 5) condi­
tions, however, a maximum acetic acid addition of 4 mls of lN 
acid per gram of waste is set to simulate realistic conditions 

for alkaline wastes. A ten-fold dilution of extract results is 

used, for direct comparison with aqueous D-MEGs. This approach 
is consistent with EPA appl".ic:ations in its RCRA regulations and 
its MEGs programs. 

1 Federal Register, 44, December 18, 1978. 
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4.0 RESULTS 

This section presents the results of chemical analyses. 
Included are the analyses of core samples for total phenols and 
extractable phenol. A definition is made of this level of phenol l\ 
in the soil which constitutes a hazard. 

4.1 Total Phenol in Soil Samples 

Sixty-eight soil sampJ es from five cores h;:m'= bQen 
analyzeu for total phenol by P&M Coal Company with analyses of 
24 sample splits by Radian. The results are presented in Table 
4-1. The results between the two labs for 21 common samples in­
dicate agreement to within 13 ppm phenol for all but one sample. 

4.2 Extractable Phenol 

Six core samples were extracted using this EP to de­
fine the correlation between solid and aqueous phase ~henol. 
The results are presented in Table 4-2. Figure 4-1 presents 
the correlation between solid and aqueous phaae phenol which 
was established. to evaluate the solid phase concent~ation which 
will re81Jlt in centamination above the D-MEG value. The .500 
~g/ml phenol aqueous D-MEG value is equivalent to 133 ~g/g phenol 
solid concentration. Solid concentrations 1h excess of this 
value are recommended for ~xcavetion. 

4.3 Definition of Excavation Depth 

The ratio of the solid phase phenol concentration in 
the soil with the D-~mG equivalent solid phase concentration 
provides an index of the degree o~ severity of phenol contami­
nation. ~~en the degree of severity exceeds 1.0 (DS>l.O) the 
potential. for ground-water con tamina ti on. is high. In other 
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CCMI.oRA-

t' 
TABLE 4-1. PHENOL CONCENTRATION AS A FUNCTION OF CORE S~~LE DEPTH 

• 
Depth Well 1112 1113 /114 1115 t!l6 

A (feet) Core (C-1) . (C-2) (C-3) (C-4) (C-5) 

j 0 

2 

4 1 1 (232) 1 3.9 1 1 

6 2 2 2 1.7 2 2 48~3 

8 3 9 3 3 2.0 (<1) 3 (806) 3 193.1 

10 4 14.6 4 4 5.5 4 98.7 4 

12 

14 5 5.7(6) 5 9.4 5 22.0 5 39.6 5 125.2 
6 25.3 6 21. 0(24) 6 99.6 6 42;6 6 493~1 16 7 23.0(25) 

18 8 9.5 7 31.9 7 71. 0(78) 7 7.7 

20 9 10.8 8 (209) 8 8 9.8 7 57.3(76) 

22 10 8.5(11) 9 81.5 9 29.1(25) 9 1. 2(2) 8 46.2 
11 6.0 10 47.2 10 10 9 37.2(50) 

24 12 1.9(2) 11 71.0(80) 11 2.7(4) 11 4.1 10 33.2 

26 13 1.1 12 40.6· 12 4.0 12 13.~ 7 11 19.3 

28 14 4.0(1) 13 37.4 13 1.9 .13 42.7(54) 12 14.1 

15 4.4 14 47.2 14 2.1 14 56.6 13 4.4(11) 
30 16 16.9(19) 15 25.3 H 1.7(<1) 15 49.2(42) 14 15.1 

32 16 57.2 16 16 27.2 15 26.0(20) 
17 17.8 17 5.5 16 22.4 16 17.7 

34 18 18 7.6(7) 17 

Phenol coneentration as ppm (JJg/g) on a'wet weight basis. 

E~lanation: 
x y(z) X ., Sa~ple number 

'1 ~ P&M ,:-esults 
z a Radian results 

-
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TABLE 4-2. ANALYSIS OF EXTRACTABLE PHENOLS 

cl.~ 

Phenol Phenol 
Solid Extractable 

Concentration Concentration 1 ... \ Sample (]Jg/g) (lJg/ml) 

C-1-10 11 0.042 

C-1-7 25 0.084 

C-4-13 54 0.189 

C-3-7 78 0.3JY 

C-2-8 209 0.704 

C-4-3 806 2.81 

1 Includes a ten-fold dilution for comparison with D-MEG value. 

IV-14 



-~ 

-bO -eo 
::1. -
c 
0 

•.-1 
.u 
~ 
s.. 
.u 
c 
aJ 
(J 

c 
0 u 
~ 
0 
c 
aJ 

..c: 
p.. 

"'0 
·.-I 
~ 

0 
tl) 

FIGURE 4-1. SOLID VS LIQUID PHENOL CONCENTRATION 
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words, the D-MEG value of .500 llg/ml will be exceeded. Figure 
4-2 presents plots of this degree of severity of phenol contamina­

tion as a function of depth for the five cores. Arrows have been 
drawn to indicate the depth of excavation necessary to remove 
contaminated soil (i.e., DS>l). The depth of well 12 is indica­
tive of convenience in removal in relation to depths on either 
side. No removal is necessary for well 14 although lateral mi­
gration of phenol from the spill site is hinted at the 15-20 
foot depth. 
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5.0 CONCLUSIONS 

The volume of contaminated soil to be excavated is 
estimated to be 90 cubic yards. It was established from 

the depth information in Figure 4-2 and the cross-sectional l) 
area of the fluid pool formed after the spill. This area is 
presented in Figure 5-l. The excavation depth is 11 feet below 
(south of tank 010) and drops to 20 feet in the area of the 
spill north of that tank. 

The recommended CLuss-sectional area of approximately 
1770 square feet was established by extending thR Pnge of th& 

observed fluid pool by five feet. Although the concrete pad 
for tank 010 has probably limited the amount of phenol trans­
ported beneath it, evcavation is planned beneath the pad to 
facilitate simplicity in excavation. 

Figure 5-2 presents a depth profile looking across the 

tank from east to west. 

This action is recommended to remove the majority of 
the SRC product as well as the more mobile species such as 
phenol. To insure the effectiveness of this action, the first 
soil sample from each core within the spill area below the 
excavation interface will be extracted using the EP methodology 
and chen subjected to GC-MS scan for priority pollutants. If 
concentrations of other contaminants are below their appropriate 
D-MEG based threshold value the remedial action is considered 
completed. If not the interface will be rP.nefined at lower 
elevations as necessary. 
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FIGURE 5-l. AREA OF SPILL AND RECO}t·!ENDED EXCAVATION 

AT SRC TANK FARM 
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