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1.0 INTRODUCTION

Ebasco Services Incorporated (Ebasco), under contract to the
U.S. Environmental Protection Agency (USEPA), conducted ™ a
treatability study to evaluate the effectiveness of fixation on.
contaminated soils from the Whitmoyer Laboratories Superfund-
Site. The study was performed by NUS Corporation (NUS) at the
NUS Pittsburgh Testing Facility. "This work was performed under
subcontract to Ebasco, as part of Work Assignment 200-3LC9,
Contract Number 68-01-7250.

This treatability study report consists of four sections.

s Section 1l consists of the site, waste stream, and remedial
technology descriptions.

e Section 2 provides the conclusions and recommendations
derived from this study.

e Section 3 provides the treatability study approach and
methodology.

o Section 4 includes the presentation and a discussibn of
results (1nc1uding QA/QC).

This study was conducted in accordance with the Guide for

Conducting Treatability Studies Under CERCLA, (Interim Final)
(USEPA, 1989).

l.1 SITE DESCRIPTION

Whitmoyer Laboratories Site 13 1located in Lebanon County,
Pennsylvania (see Figure 1-1). Whitmoyer Laboratories
reportedly. initiated operations at the site in 1934 as a
veterinary pharmaceutical company, and, in 1957, started
production of organic arsenical compounds (primarily arsenilic
acid and carbarsone). Production continued until 1987, when the
plant closed. Other products produced at the facility include
piperazine, chlorhexidine gluconate, phenolphthalein, cresylic

~acid-based products, iodine-based products, and wvitamin

supplements.

Until 1964, plant wastewater was treated with 1lime (to
precipitate arsenic) and sent to an unlined lagoon located
directly on top of bedrock. In 1964, the lagoon sludge was
excavated and placed in a concrete vault. At the same time,

.groundwater contaminated with arsenic was pumped and treated by

ferric sulfate addition. The resulting ferric arsenate sludge
was stored in the initial lagoon (consolidated lagoon), and in a
second, compartmentalized lagoon (excavated lagoon, see
Figure 1-2).

The treated plant wastewater and groundwater were permitted to

infiltrate into the subsurface through the base of the
lagoon(s). This large-scale infiltration created an artificial

D3359015 . 1-1 AR300219
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groundwater mound; ‘infiltration water, whHich still contained
dissolved arsenic, contaminated onsite and offsite soils
surrounding the ‘"lagoons. ., Via adsorption (and possibly
precipitation), these soils became contaminated to various
degrees with arsenic (and possibly other contaminants).,

Spills, leaks, direct discharge of wastewater to the ground,

" storage of uncontained wastes on the ground surface, and direct

waste burial have added to the soil contamination over the years
of plant operatlon.

In 1965, Whitmoyer Laboratories, Inc., conducted an augering and
coring program to evaluate the arsenic concentration. of
subsurface soil and rock. As expected, with arsenic's atfinity
for soil adsorption, the lower layers of the soll mantle (which

“were 'In contact with groundwater containing arsenic) had
~accumulated significant amounts of arsenic (the available

1965 analytical results for the soll directly above bedrock
averaged 1,500 mg/kg).  Most of this accumulation reportedly
occurred around and along the contact surface between the soil
mantle and the underlying rock formations. The soil's arsenic
accumulations were later confirmed during a 1973 United States
Geological Survey (USGS) study. A USGS conclusion was that the
majority of the arsenic in the soil in 1965 had remained there
through the pump and treat program,

In late 1976 and 1977, the lagoon sludges were consolidated.
Sludge was excavated from the westernmost lagoons and placed in
the easternmost lagoons. ,

In November 1987 the EPA, .with” éssistance from the REM III

Project Team, began the remedial investigation/feasibility study

(RI/FS) at the Whitmoyer Laboratories Site. RI (Ebasco, 1989a)
results confirm the widespread arsenic contamination in .  the
soils, ‘Additionally, several "hot spots" of elevated arsenic

‘and/or organic contamination have been tentatively identified.

1.2 WASTE STREAM DESCRIPTION .
l1.2.1 Waste Matrix , -

Native soils at the site consist predominantly of silts and
clays. With the exceptions noted below, the silty clay deposits

‘cover the majority of the study area, both on site and off site.

Bedrock depth varies from 0 feet at outcrops to about 19 feet

' near Tulpehocken Creek.

North of the site, within the £lood plain of Tulpehocken c:eek,
alluvial deposits consisting of silts, sands, clays, and gravels
are present. In the area of the excavated lagoons and
consclidated lagoons, socils consist primarily of fill material.
The f£ill material from the excavated lagoons contains silts,
clays, and limestone gravel, and extends to the bedrock surface.
On the southern end of the site, bedrock is very shallow.
However, £ill material is present in the area of the railroad

D3359015 ' . 1-4

AR300222



o

spur and Building 8. This £fill material is made up of
miscellaneous debris and a black, carbon-like waste overlying
naturally deposited sllty clay. In the area of the process
buildings, fill material is present on the surface. The fill
material consists predominantly of debris and silty clay,
whereas the underlying natural overburden appears to consist of
silts, sands, clays, and gravels. Items such as the vault and
lagoon sludges were specifically excluded from consideration in
this study.

Several prominent physical structures are present in the study
area, including Tulpehocken Creek, Union Canal, railroad tracks,
buildings, roads, a petroleum hydrocarbon pump station, and
pipeline.

The Tulpehocken Creek is estimated to have a normal flow of
about 1.6 million 'gallons per day (MGD). This flow |is
distributed between the canal and the creek. The groundwater at
the site is predominantly in the bedrock. However, the soils
near and under the creek are saturated. About 20 percent of
those soils preliminarily «classified as contaminated are
believed to be saturated.

1.2.2 Chemical Analysis

From August through November 1988, the REM III Project Team
collected s0il samples at the Whitmoyer Laboratories Site as
part of the RI (Ebasco, 198%9a). This sampling included roughly
81 soil borings and 52 test pits. Selected soil samples were
analyzed for Target Compound List (TCL) organic and Target
Analyte List inorganic compounds. In addition, some of the soil
samples were subjected to the USEPA Resource Congervation and
Recovery Act (RCRA) Toxicity Characteristic Leachate Procedure
(TCLP) (metals analysis only). A selected summary of the
analytical results is presented in Table 1-1. Additional
analytical detail is provided in the Whitmoyer Remedial
Investigation Report (Ebasco 1989a).

1.3 REMEDIAL TECHNOLOGY DESCRIPTION

1.3.1 Treatment Process and Scale

The treatment process investigated under this study was the
chemical fixation of arsenic compounds (and other contaminants)
contained in a soil matrix. Chemical fixation was one of the
technologies identified in the "Treatability Study Evaluation
Report" (Ebasco 1989b), as potentially applicable for treating
the site soils. Chemical fixating agents evaluated under this

study were as follows:

Cement

Cement kiln dust
Fly ash

Lime

D3359015 1-5
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TABLE 1-1 Gt

N\ | . -CONTAMINATED SOIL ANALYTICAL SUMMARY
: 'WHITMOYER LABORATORIES SITE
LEBANON COUNTY, PENNSYLVANIA

; S . - | Estimated Ave:age  Maximum |
| Parameter - Concentration |- Concentration
TR ;;ja;(@g/kg) 4 - (mg/kg)

! Arsenic - Total .o . 380 28,200
Arsenic - TCLP leachate . 0.15 ' 27
Semi-volatile Organics 1 T ' 590
Volatile Organics = ~ - |: - 0,08 o . 18.3

|

I\_/

A/

* AR300224
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e Ferric sulfate
e Activated carbon

A conceptual treatment train for the soils fixation process?is
shown on Figure 1-3. -

In general, the treatment process consisted of screening out
oversize material, followed by mixing the screened soil with
fixating reagent(s). For pozzolanic reagents, the mixture was
hydrated and cured. A preroasting (heating) step was also
investigated for one. pozzolanic. reagent mixture. If
incorporated, this roasting step occurred after the reagent
mixing but prior to hydration. '

-1.4 PREVIOUS TREATABILITY STUDIES AT THE SITE

Two treatability studies were conducted on the Whitmoyer
Laboratories Site lower vault wastes and lagoon wastes in 1988
and 1989. These studies evaluated the effectiveness of cement-
based fixation and clay pelletizing and sintering technologies.
The studies were conducted by Engineers International in
association with Montana Tech.

Conclusions from these studies include the following:

e The <clay pelletizing/sintering technology did not
stabilize the sludges sufficiently to meet project
objectives, and resulted in significant arsenic
volatilization.

¢ Cement fixation was effective in stabilizing the calcium-
arsenic sludges, but was ineffective for the iron-arsenic

sludge,

e Cement fixation with a prercasting step was effective in
stabilizing both the calcium- and iron-arsenic sludges.
However, significant quantities (about 5 percent) of
arsenic volatilized during the preroasting step.

Study results are presented in the "Feasibility Study Report"
for the Whitmoyer Laboratories Site (Ebasco, 1990a).

D335901% 1-7 AR300225



o.(xon_____mmu - e R

" (vsodsia) T
VIGALVA

AR300226

- 1-8

- AN3n39VTd ONY | (ynondo) |
~ouvaamn | oNlsvoy

| 37ISHIN0 |-
100 N33wos|  SUoS

ANIOV NOLL VXIS

D3359015



v

e N B

2.0 TREATABILITY STUDY APPROACH
2.1 TEST OBJECTIVES AND RATIONALE

The treatability study objectives were to characterize selected
site soil samples and to determine the feasibility of using the
fixation technology to immobilize contaminants in the soils and
allow for environmentally safe placement of the treated soils.
The three exposure routes of concerns for these contaminants are
continuing contamination of groundwater, surface runoff, and
direct 1ingestion of soils. Fixation by itself is not
anticipated to directly address the ingestion route. This route

- will be addressed in the design for the placement of the

stabilized wastes.

At this site, arsenic and volatile and semivolatile organics are
identified as significant contaminants in . the soils,
Treatability study goals'were as follows:

¢ Organics - 90 to 99 percent reduction -in leachable
organics, as determined by the American Society for
Testing of Materials (ASTM) D-3987-85 and modified ASTM
leachate procedures.

e Arsenic - 90 to 99 percent reduction and/or 50 ug/L
(whichever is higher) in the leachate, as determined by
the ASTM, modified ASTM, Extraction Procedure (EP)
Toxicity and TCLP leachate procedures.

2.2 EQUIPMENT AND MATERIALS

The £following equipment and reagents were used during the
testing.

Stainless-steel Hobart blender

Triple beam balance

2-pound hammer

Stainless~-steel drying pans

Roasting oven

pH meter

3/8-inch brass sieve

Humidity chambers

Reagents
Cement - Portland Type I from Keystone Cement Company.

- Fly ash - Type F from Pennsylvania Power and Light,
Montour Plant.

- Lime - Pisher, reagent grade.

- ierric sulfate - Fisher, reagent grade Fez(SO4)3 *

Hzo . .

= Cement kiln dust with 10 percent cement - £from
Keystone Cement Company.

- Distilled water. '

- Powdered activated carbon - Calgon WPL Powdered.

e o 8" s b
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s Decontamination Chemicals
- Alconox
- Reagent-grade nitric acid

2,3 EXPERIMENTAL DESIGN AND PROCEDURES

The experimental design and procedures for the soils fixation
study are detailed in the study Work Plan (Ebasco, 1990b) and
Quality Assurance Project Plan (Ebasco, 1990c¢). Testing was
conducted on two soil samples from the Whitmoyer Laboratories
Site. One sample was a composite sample collected from three
individual sample points.,  This;sample was intended to represent
average soil contamination at: the site. The second sample was a

~discrete sample. This sample was. intended to represent a worst-

case soil contamination level at the site. Additional details

"on sample collection - and compositing are provided in

Section 2.4. For this study, both the discrete worst-case soil
sample and the composite average sample were subjected .to the
same testing matrix. -The reagents evaluated were selected based
on the "Treatability Study Evaluation Report" {Ebasco, 1989b),
as well as subsegquent research. The - testing  matrix |is
summarized in Table 2-1 and discussed below. ‘

Phase 1 Design -;s-:

Phase 1 testing consisted of evaluating the effectiveness of
cement alone, ‘cement - in combination with fly ash, and ferric
sulfate/lime. ' In addition,  one cement mixture was roasted prior
to hydration, to determine the effects of preroasting,

Two different cement to-soil ratios were evaluated. The first

ratio was l1-to-1 _cementwtoesoil ratio (by weight) _and
represents a ‘relative msximum quantity of cement - without
excessively increasing ‘the wvolume of waste. = :The second

cement-to-goil ratio was 0.l:to 1, which is a common ratio for
fixation of soils. In a third test, fly ash was added in
addition to cement to determine potential benefits from
gsilicates in the fly ash. : The fourth test used ferric¢ sulfate
and lime as reagents. . The ferric sulfate was used to lower the
pH of the soils as well as to stabilize the arsenic. Lime was
added to buffer the excess acidity of the ferric sulfate and to
maintain a soil pH above 4.0 standard wunits (S.U.).. The fifth
test included preroasting of a l-to~l soil/cement mix prior to
hydration. This test was based on the successful immobilization
of arsenic in previous- treatability studies conducted ‘on the
vault and lagoon wastes (Trepanowski et al.,_l989).A

'D3359015 22 AR300228



- 06°0 - - - - ’ 1 oM =01
- 0z°0 - - }voro/10 - - - oM 60
- . §E°0 - - S0°0 - o oM 20
- - 00 , - , - - - - 1°0 oM L0
- - 95°0 - - - - 1 om 920
- 18°0 . - L= - - 1 w »S0
- ST°0 . - | €0°0/1°0 - - | v vo
- oc'0. | . - : - 5070 - 1°0 w £0
- 820 - : - - - : 1'0 . w o
- 1 2 ) .= : : - - ’ - _ T w 10
. T dSYHd
syeuoqivore | ... uoqred o1 ] use u__..u.l_“w% .u.o_: .
. lnmuom. uouwz PIIRATIOY \““Mwwum £1a uusn.=A¢u Jubued t oh 2sgqunn
JUwe) ¥o8 1883
_ordwes/aa11tppY *(s)orien niN

YINYATXSNNIA ‘AINNOD NONVHAT
LIS SATHOLYHOAY'T HAXOWLIHM
uonam ALITIGVIVARL NOILVXIA STI0S GILYNIWYINOO
XTHLVH ONILSAL

T-¢ 3749vL

23 AR300229

D3359015



i

-

.manmu masu

UY PIpnIouT jou ma pue u:mEummuu miom wzoZ: Jou pIP [T I9quny 3IS3L :a30N
. . ardwes ased.3SIOM oM
. *a1dwes abeviaae aj3rsodwo)d YD
‘butjseox 133je pappe 1ajeM -atdwes pajseoiaid »
- €L°0 - - - 6'1 - oM 12z
- SZ°0 - 50°0 ¥0°0/T°0 - - - oM 0z
- 0z 0 - zo-o/soof - - - o 61
90°0 SZ°0 - ¥0°0/1°0 - - - o 8t
- oL 0 S0°0 - - - 1 oM LY
- 88°0 - = - s 1 - . )&
- 0z 0 <0°0 €0°0/1°0 - - - ‘¥ ST
- S IzT0. - zo'o/so’o] - - - D "
z°0 0z°0 - £0°0/1°0 - - = foNd § EL
- TR P - 80°0. - 1 - - T { w-]
. I | B T ESVHd
o ; | — Apoppw | C
SIVWOQITIE | zajem uodI®d § soyezqns | Y | 3USROD MOTI 4yeuep :
wnypos - pajearyov | 7 o Kta | Isng uyyyn | 10quny
1134 1108
L, Ll Lind 1883
a7dmes/3ATITPPY ‘(S)OTIVM XIN ~
- OML F9Vd

ﬂHZﬂbﬂMmzzmm .MBZDOU NONVGI'T
di1S SITHOLVYHOHYT HIAOWLIHM
mabﬁm H&HQHNﬁE@ME& NOILVXId STIOS A3LVNIWVLNOD
: © 7 XTHIVW ONILSAL

- I-C 714Vl

RR300230

2-4

D335%015

e



Phase 1 - 5-Day Results

The Phase 1 - 5-day TCLP

results are summarized as follows.

' TCLP Leachate
Test No. Soil Reagent(s) Concentration
. - : {mg/L)
01 CA cement 0.40
02 CA cement 0.77
03 CA cement/£fly ash 0.70
04 ca iron/lime <0.005
05 CA cement/roasting <0.005
06 WC cement 0.32
07 WC. cement _ 2.7
08 WC cement/£fly ash Not Determined
09 WC iron/lime - 0.0068
10 WC. cement/roasting 0.014

An evaluation of these results indicates that iron-based
fixation and cement-based fixation (with roasting) resulted in
lowest arsenic concentrations in the TCLP extract. Each of
these mixtures achieved the objectives for arsenic reduction.
Cement and cement with flyash-based fixation (without roasting)
did not achieve these objectives,

Phase 2 Design

To expedite the study, the Phase 2 testing matrix was designed
using the Phase 1 5-day cure TCLP results, In one test
activated carbon was added to a l-to-l cement/soil mixture to
immobilize organi¢s - and, potentially, organo—-arsenical
compounds. Due to the Phase 1 success using ferric sulfate,
three additional ferric sulfate tests were conducted in Phase 2.
The first test involved the addition of sodium bicarbonate to
the ferric sulfate/lime mixture to evaluate the potential for
more alkaline conditions (pH>7) and bicarbonate (as potentially
derived from the site groundwater and acid rain) to remobilize
the arsenic. This test should represent a worst-case, long-term
scenario, since relatively high ratios of sodium bicarbonate
were used. The second test was similar to the Phase 1 ferric
sulfate test; however, only about half as much ferric sulfate
and lime were used. This test was conducted to potentially
optimize costs associated with iron-based fixation. The third
test was also: similar to the Phase 1 ferric sulfate test;
however, activated carbon was also added to immobilize organics
and, potentially, organo-arsenical compounds. For the last

AR300231
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test, cement kiln dust (with 10 percent cement added to provide
pozzolanic properties), at ' a relatively high dust-to-soil ratio
of 1.5 to 1, was evaluated., - Cement kiln dust was considered,
since 'the properties associated with it are ' potentially
different than cement. "~ Preroasting was not investigated 'in
Phase 2. R - -

Sample Drying Procedure

All soils were air dried prior to weighing and mixing. Air
drying was conducted on a table in an air-conditioned room. The

‘air temperature was maintained between 65°F and 75°F., - The

samples were generally dried overnight to achieve a visually dry
appearance. This drying was conducted to normalize the moisture
contents of the soils as well as to allow clumps of clay in the

"samples to be subjected to size reduction. The relative

moisture content of the  solils was  tracked by recording weight
versus time of a segregated sample subjected to the same
conditions. Total weight loss from air drying was 2 percent and
7 percent, for the composite average sample and worst-case
sample, respectively,. (The worst-case sample was wetter than
the composite-average sample.)

Size Reduction Procedure

Size reduction was conducted in a stainless steel pan using a
2~pound hammer.. The materials were then screened using a
3/8-inch sieve. The raw materials were observed to be either

-clumps of clay or limestone. The limestone fragments (greater
" than 3/8-inch) were manually removed prior to size reduction and

during screening. These fragments were set aside and not used
in any subsequent testing. During the screening, it was
apparent that a portion of the limestone passed the 3/8-inch
sieve; however, the majority of the limestone was -removed from
the screened soils. SR

Mixing Procedure

Mixing ‘was conducted - in a 2-gallon Hobart paddle mixer.- The
paddle rotated as well as revolved around the edge of the bowl.
The ajir-dried soils,. reagents, and water were weighed and then
added tO'the'mixer. -Mixing-was conducted for a period of about
5 to 10 minutes. Approximately ‘halfway through the mix time,
the paddle and. bowl ‘were manually -scraped to -improve the
uniformity of the mixture. The samples for {(curing and)
analysis were taken directly from the bowl., The bowl and paddle
were decontaminated in between each batch using potable water,
Alconox soap, and dilute: nitric acid washes; as well as a
distilled water ringse. '

Cowe

Water Addition Procedure

rDistilled water was added to eech mixture based on the preferred

consistency of each mix. ° For the pozzolanic mixtures, a

- relatively fluid blend was developed. This blend was created to

D3359015 T 2-6 AR300232



provide sufficient water for hydraticn and to compensate for
water that would become bound into the matrix. A mixture that
‘may be described as a moderate slump was achieved. Water was
added after the roasting step for the prerocasting tests. For
the nonpozzolanic mixtures, a damp but nonflowable soil-like
blend was formed. The water-to-soil ratios are provided in
Table 2-1.

Sample Casting and Curing

Following water addition and mixing, the mixtures were placed
into 2-inch diameter by 2-inch or 4-inch long cylinders. ' These
casts were placed into a constant humidity chamber and allowed
to cure. A 100 percent relative humidity was maintained by
placing an open container of water in the chamber. This chamber
was sealed during curing and maintained at a temperature of 65°F
to 75°F. Cure times were 5 days for the Phase 1 5-day cure
samples and 28 days for the remaining samples.

Roastingrprocedures-

For tests CA-05 and WC-10, the composite average and worst-case
samples were roasted at 700°C after mixing with cement but prior
to hydration and curing. The air-dried soil sample was dry
mixed with cement at a l-to-l ratio. These samples were then
placed into a oven maintained at 700°C. The samples were placed
in the oven for a total of 75 minutes, 15 minutes of which was
used to allow the sample to heat up. After roasting, the
samples were allowed to cool to room temperature, prior to
hydration and curing.

Lime Determination Procedure

For the ferric sulfate-based iron fixation tests, lime was used
to neutralize the excess acidity associated with ferric sulfate.
The general objective of adding lime was to achieve a final
mixture pH of between 4 and 6 S.U., To determine the quantity of
lime required, 100 grams of soil, 10 grams of ferric sulfate,
and 110 grams of water (or equivalent ratios) were placed in a
500 ml beaker. The  solution was periocdically mixed over a
l~hour period. Small quantities of lime were then added. The
quantity of lime added and the resulting pH were recorded until
the target pH range was achieved. An equivalent lime/ferric
sulfate ratio was used in preparing the samples.

2.4 SAMPLING AND ANALYSIS

Seven soil samples and one background groundwater sample were
collected by the REM III Team at the Whitmoyer Laboratories Site
on October 9 and 10, 1989 (see Attachment 1). The soil samples
were collected and stored in plastic 1lined, carbon steel,
5-gallon containers. The groundwater sample was collected and
stored in plastie, 5-gallon containers. A 32-ounce split of
each sample was submitted to an independent laboratory for total
arsenic analysis. The results of this analysis are presented in
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Attachment 2, Based on these results, sample WL-TS-207-06 was
selected as the worst-case sample. A composite average sample
WL~-TS-208~-99 was generated from compositing equal portions of
samples WL-TS-203-05. - WL-TS-204-03, and  WL-TS-206-05 on
November 9, 1989, S

Two 5~gallon buckets of the composite average and the worst-case
samples were shipped to HAZCON, Inc., on that date under chain-
of-custody. (HAZCON, Inc. was originally going to conduct the
treatability study, but was unable to conduct it). HAZCON
performed minimal activities with these soils. These samples
were returned to the REM III Team under chain-of-custody. - These
samples were received in the . NUS testing room (EPA ID Number
PAD 982682718) on March 5, 1990. The treatability study was
initiated on that date. :

‘All chemical analyses (except the initial independent Iaboratory
analysis) was conducted by Western Research Institute under the
REM III Laboratory Program, Copies of the chain-of-custody
forms for all - analyses are presented in Attachment 1. The
untreated samples were analyzed for the parameters presented in
Table 2-2. The Phase'l ~‘and Phase 2 treated samples were
analyzed for the parameters presented in Table 2-3, _

2 5 DATA MANAGEMENT

The REM III Project Team kept detailed 1ogs and records of all
sampling and testing activities, including any pretreatment and
post-treatment steps. Testing. procedures were documented, using
dedicated bound notebooks, _photographs, etc. Backup copies of
critical items of data were made. A copy of all drawings, logs,
records, data, and other documents generated during the project
‘are present in the project file.a;'

2.6 HEALTH AND SAFETY

A separate Health and Safety Plan (HASP) was prepared for this
treatability study (Ebasco, 1990d4). ' This HASP utilized
information contained in the RI HASP (Ebasco, 1988). ' All study
activities were conducted in accordance with the study HASP., No
notable health and safety incidents occurred.v ,

2.7 RESIDUALS MANAGEMENT

All potentially contaminated s0lid residuals were labeled and
returned to the Whitmoyer Laboratories Site. These residuals
consisted of approximately 1.4 cubic feet of contaminated
perscnal protective equipment (gloves, etc.) and soils. These
materials will ultimately be disposed with other sgite waste
during site remediation. Archive samples were also returned to
the site for long-term storage.

D3359015 2-8 . AR30023k



TABLE 2-2

INITIAL WASTE CHARACTERIZATION
ANALYTICAL TESTING SCHEME
WHITMOYER LABORATORIES SITE
LEBANON COUNTY, PENNSYLVANIA

| nﬁnbur of
Sample Deycription | samples ) Aqalysil to be Performed
Upgradient Groundwatsr 1 Total arsenic, TDS, pH, TOC, Ca, My,
(to be used for Na, Fe, SO4~, C1
modified ASTN
procedure)

Composite Avarage 1 , Total Arsenic, TOC, +5is, +3As, pH

. TCLP Leachate Procedure: Arsenic, pH
EP Leachate Procedure: Arsenic, pH
ASTN Leachate Procedure: Arsenic,
TDS, TOC, pH, +5As, +3As '
Modified ASTM Leachats Procedure*:
Arsenic, TOC, TDS, pH, +5As, +3As

Worst Case 1 Total Arsenic, TOC, +5As, +3As, pH
TCLP Leachate Procedurs: Arsenic, pH |
EP Leachate Procedure: Arsenic, pH
ASTM Leachate Procedure: Arsenic,
TDS, TOC, pH, +5As, +3As

Modified ASTM Leachate Procedure*:
Arsenic, TOC, TDS, pH, +35As, +3As

* Identical to ASTM Leachate Procedure, except that upgradient
groundwater was used as the extraction fluid.

TDS - Total Dissolved Solids.

TOC - Total Organic Carbon.

+5As - Pentavalent Arsenic.

+3As - Trivalent Arsenic. :
" TCLP - RCRA 268 Toxicity Characteristic Leaching Procedure.
EP - RCRA 261 Extraction Procedure.

ASTM -

D-3987-85 Shake Extraction of Solid Waste with Water.

03359015 | 2-9 AR300?2 35



TABLE 2-3

TREATED WASTE CHARACTERIZATION

ANALYTICAL TESTING SCHEME
WHITMOYER LABORATORIES SITE
LEBANON COUNTY, PENNSYLVANIA

Kumnber
Sample Description of Analysis to be Performed
‘ Samples
b |
PHASE 1
S~day cure: 10 e TCLP: Arsenic, pR
{2 roasted and )
8 unroasted)
28-day cure: 10 e Total Arsenic
{2 roasted and ® TCLP Leachate Procedure: Total
8 unroasted) Arsenic, pR
o EP Leachats Procedurs: Total
Arsenic, pH
® ASTM Leachate Procedure: Total
* Arsenic, TOC, pH, TDS
¢ Modified ASTM Procedure*: Total
Arsenic, TOC, pH, TDS
¢ Unconfined compressive strength
{ASTM-D2166)
¢ Bulk density
PHASE 2
28-day cure: 10 ® Total Arsenic, +5As, +3As
(2 roasted and 8 e TCLP Leachate Procedure: Total
unroasted) Arsenic, pH
¢ EP Leachate Procedure: Total
Arsenic, pH
® ASTM Leachate Procedure: Total
'~ Arsenic, +5As, +3As, TOC, pH, TDS
¢ Modified ASTH Procedure*: Total
Arsenic, TOC, pH, TDS, +3As, +lAs
¢ Urconfined compressive strength
(ASTM-D2166)
e Bulk density
* Procedure duplicated ASTM 1leachate except |upgradient

groundwater from the site was

+5As - Pentavalent Arsenic.
+3As - Trivalent Arsenic.

TOC - Total Organic Carbon.
TDS - Total Dissolved Solids.
D3359015%
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used as an extraction fluid.
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2.8 DEVIATIONS FROM THE WORK PLAN

! Only minor deviations from the Work Plan {(Ebasco, 1990b) (e.q.
\_/ using a 3/8-inch sieve rather than a 1l/4-inch sieve for

screening) occurred during the study.
Work Plan are noted in this document.

l D3359015% - ' ~2=11

All deviations from the
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3.0 RESULTS AND DISCUSSION
3.1 DATA ANALYSIS AND INTERPRETATION

3.1.1 Analysis of Untreated Soils and Groundwater

The composite-average and worst-case soil samples were analyzed
for the parameters indicated in Table 2-1. The analytical
results are presented in Table 3-1. These results indicate that
the total arsenic present in the untreated samples is 250 mg/kg
and 2,400 mg/kg for the composite-average and worst-case
samples, respectively. However, based on calculations using the
arsenic concentrations measured in the treated samples and
appropriate reagent dilution factors (presented in
Attachment 2), the average arsenic concentration in the
composite-average sample is more likely to be about 600 mg/kg.
The composite average sample total arsenic value presented in
Table 3-1 may be low; a large analytical variation could be due
to the use of only a small portion of the sample for the
analysis. A similarly calculated arsenic concentration for the
worst-case sample is 2,700 mg/kg, which 1is in reasonable
agreement with the value presented in Table 3-1.

The analytical results for the four 1leachate tests on the
untreated samples are also provided in Table 3-1. For the
composite—average sample, the EP Toxicity Procedure was found to
be the least aggressive, and the ASTM leachate procedure was
found to be the most aggressive for leaching arsenic. (The
arsenic leachate concentrations varied from 0.077 mg/L to
0.54 mg/L.) The ASTM and modified ASTM leachates had pHs about
one to two standard units (S.U.) higher than the TCLP and EP
leachates. Since more arsenic was detected in the ASTM and
modified ASTM leachates, the presence of iron~arsenic compounds,
(which are more soluble at higher pHs) in the soils |is
indicated.

The leachate testing for the worst-case sample indicated much
higher arsenic concentrations; these concentrations varied from
about 8.7 mg/L to 14 mg/L.

The groundwater used in the modified ASTM leachate procedure was
found to contain low levels of arsenic (0.009 ma/L). This water
was obtained upgradient of the main Whitmoyer Laboratories Site
contaminant plume. The moderate levels of TDS (315 mg/L) and pH
(7.3 §.U.) are likely characteristics of uncontaminated
groundwater at the site.

3.1.2 RAnalysis of Treated Soils

A summary of the arsenic leachate results for the Phase 1
testing are provided in Table 3-2. In general, these results
indicate that at a cement-to-soil ratio of about 1 to 1 (without
roasting), the arsenic leachate concentration is about 0.12 mg/L
to 0.35 mg/L. This range was observed for both the composite
average and worst-case sample. At the lower cement-to-soil

D3359015 - -1 AR300238 |
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ratio of 0.1 to 1 (with or without flyash), the arsenic leachate
concentration ranged from about 0.7 mg/L to 4.2 mg/L., Only the
0.28 mg/L value for the composite average ASTM leachate . is
inconsistent with this range. Again, similar results were
observed for the composite average and worst-case sample. Both.
iron fixation and cement fixation with roasting achieved much
lower arsenic 1leachate concentrations. For the iron-based
fixation, arsenic 1leachate concentrations varied- from about
<0.005 mg/L. to as high as 0.14 mg/L. The average arsenic
leachate concentrations for the worst~case sample were only
slightly higher than the concentrations for composite average
sample, Results similar to the iron-based fixation were
achieved for the cement with roasting test. Only. the 0.74 mg/L
arsenic concentration for the worst-case modified ASTM leachate
is inconsistent with this range.

Based on the Phase 1 S5-day TCLP results, the Phase 2 testing
matrix was developed. This Phase 2 matrix expanded on the iron-
based fixation testing. Cement with activated carbon and cement
kiln dust were also evaluated. Phase 2 test results are also
presented in Table 3-2. : . : o

Cement-~based fixation with the addition of activated carbon
provided minimal, if any, decrease in the . leachate
concentrations of arsenic, when compared to cement 'fixation
- without activated carbon. Cement kiln dust, at relatively high
ratios (1.5 to 1), produced leachates with arsenic
concentrations similar to the low cement to sclil ratio
(0.1 to 1). The arsenic 1leachate concentrations ranged from
about 0.3 mg/L to 1.4 mg/L. o ,

The use of activated carbon with iron-based fixation appeared to
significantly decrease the arsenic leachate concentrations, when
compared to iron-based fixation without activated carbon.  The
maximum observed arsenic leachate concentration was 0.05 mg/L,
and 75 percent of the arsenic leachate concentrations were at
~ 0.005 mg/L or less. Without the use of activated carbon, the
maximum arsenic leachate concentration (at an equivalent Fe/As
ratio) was 0.140 mg/L, and only 25 percent of the arsenic
leachate concentrations were at 0.005 mg/L or less.

At a reduced iron to soil ratio of 0.05 to 1, results similar to
the 0.1 to 1 ratio were observed. This indicates that
additional optimization of iron dosages may be warranted,

In one iron-based test, sodium bicarbonate was added to evaluate
the impact of long-term carbonate attack on the iron-stabilized
matrix. For the worst-case sample leachate tests and the
composite-average sample EP toxicity and TCLP testing, there
appeared to be no significant increase in arsenic 1leachate

concentrations: from bicarbonate addition. However,  for the
composite~average ASTM and modified ASTM testing, the arsenic
leachate concentration increased significantly. The most

significant factor causing this increase might have been the
elevated pH. PFor the worst-case sample and the EP toxicity and

AR300242
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TCLP testing of the composite-average sample, the pH of leachate
was 7.8 S.U. or less; whereas, for thé&" 'leachates with the
elevated arsenic 1evels, the leachate pHs were 9.1 and 9.5 S.U.

The pH and TDS leachate results for the ASTM leachate and
modified ASTM leachate testing are provided in Table 3-3, In
general, these results indicate that cement-based £fixation
resulted in TDS ‘leachate concentrations of 500 mg/L to
1,600 mg/L and pHs of 11.9 to '12.5 S.U. .For the iron-based
fixation  testing (except for  the NaHCO3 tests), TDS
concentrations ranged from 1,500 mg/L to 2,400 mg/L and the pH
ranged from 6.1 to 7.8 S.U. The TDS probably results from
calcium sulfate (with a sclubllity of 2,000 mg/L) generated from
the reaction between calcium hydroxide and ferric sulfate. The
PH range developed is higher than desired for optimum ferric
arsenate precipitation, indicating that optimization (i e., less

lime addition) may provide improved results,

For the  CKD-based fixation testing, " the 1eachate _TDS
-concentration ranged from about. 4,800 mg/L to 6,600 mg/L and the

leachate pH ranged from 11.4 to 11 8 5.U.

Arsenic. speciation testing was conducted on the untreated and
Phase 2 treated samples as well as on the ASTM and medified ASTM
leachates of these samples., = These 7results are presented in

- Table 3-4. ‘A review ' of the speciation .data indicates that

trivalent arsenic (As*3) is present in the majority of the
treated samples. However, As+3 was not detected in the untreated
samples. For the leachate testing, the treated and untreated
sample inorganic arsenic results are all less than 5 ug/L,
except for the untreated worst-case sample and the samples
treated with kiln dust, which leached predominantly pentavalent
arsenic. The inability to detect As+3 or As+5 in the leachate
indicates one of two factors.  The first is that the analytical
test procedure was flawed and did not accurately measure the
arsenic species, = The second factor is that the analytical
procedures are accurate -but-the. arsenic which leached was not
As+*3 or As+5, but rather, an organic arsenic compound.. In
partial support of this second consideration is -that the use of
activated carbon with ferric sulfate (CA-15 and WC-20) resulted
in the 1lowest arsenic leachate concentrations of any of the
tests. However, activated carbon did not lower leachate arsenic

- concentrations for cement-fixated samples. The- speciation data

are. too variable to make meaningful conclusions.

The total organic carbon (TOC) analytical results are not
discussed in this section, since the results are all reported as
less than or very near the idetection 'limit. The analytical
results are provided in Attachment 3. = '

The bulk density and unconfined compressive strength (UCS)
results of analyses are presented in Table 3-5. ' These results
indicate that, at a l-to-1l cement-to-soil ratio, a relatively
high-strength -concrete was developed {3,000 -pounds per
square inch (psi) is considered a standard for general
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TABLE 3-3 .

pH AND TDS LEACHATE RESULTS
WHITMOYER LABORATORIES SITE

LEBANON COUNTY, PENNSYLVANIA
Sample _ ASTM Leachate Modified ASTM Leachate
Number Reagent ; o i :

. B pE (S.0.) TDS (mg/L) | pH (S.U.) | TDS (mg/L)
L}
PHASE 1. : ' .
CA-01 Cem 12.8 1,500 12.4 1,300
CA-02 Cem 12.1 550 11.8 460
Ca-03 Cem/FA 11.9 500 ‘11.8 . © 460
CA-04 Fe 7.5 2,500 7.8 2,700
CA-0S  {Cem/R 12.4 1,100 12.4 1,100
wC-06 Cem 12.5 1,600 - 12.4 1,300
Wwc-07 Cem 12,1 590 11.9 530
WC-08 Cem/FA 11.9 500 -~ 11.8 460
we-09 To €.1 2,500 . 7.8 2,700
wC-10 Cem/R 12.5 1,500 12.4 1,200
PEASE 2 .

CA-12 Cem/AC - 12,5 1,600 12.5 1,500
ca-13  |re/co;3 9.5/8,0% 4,000 9.1 4,500
CA-14 re 6.9 1,500 7.8 1,800
CA-15. [Fre/AC 7.3 2,400 7.4 2,600
CA-16 CKD 11.8 4,800 11.7 5,200
WwC-17 Cen/AC 12.5 _ 1,400 12.5% 1,500
WwCc-18 Fe/CO3 7.5/7.9* 2,700 7.8 2,800
wC-~-19 Te 7.0 2,200 . 7.5 2,100 -
wC-20 Te/AC 6.7 2,300 - 7.6 2,500
WC-21 CKD 11.5 5,900 - 11.4 6,600,

Cem - Cement
FA - Fly Ash :
Fe =~ Ferric Sulfate/4 Hydrate/Lime
R - Roasted
AC - Activated Carbon

CKD - Cement Kiln Dust

CO3 - Sodium Bicarbonate

» Duplicate data

D3359013
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TABLE 3-5

BULK.DENSITY AND UNCONFINED COMPRESSIVE

STRENGTH RESULTS

WHITMOYER LABORATORIES SITE
LEBANON COUNTY, PENNSYLVANIA

Unconfined
Srrte | neagene | B pensier | Conprasive
' (psi)

CA-01 Cem 2.0 4,300
CA-02 - Cem . - 1.8 © 340
CA-03 Cem/FA 1.8 220
CA-04 Fe 1.9 320
CA-05 Cem/R 1.9 4,100
WC-06 . Cem 2.0 4,400
Wwe-07 Cem 1.8 - 330
wC-08 Cem/FA 1.6 200
we-09 Fe 1.6 290
Wec-10 Cem/R 1.8 2,700
Ca-12 Cem/AC 1.8 2,400
CA-13 Fe/CO3 . 1.5 40
CA-14 ' Fe 1.8 740
CA-15 Fe/AC 1.9 1,400
CA-16 . CKD 1.9 240
we-17 Cem/AC 2.0 3,600
wc-18 Fe/CO3 2.1 700
WC-19 Fe 2,0 2,500
we-20 Fe/AC 1.9 - 60
WC-21 . CXD 2,0 150

Cem=- Cement

FA - Fly Ash

Fe -~ Ferric Sulfate/4 Hydrate/Lime

R - Roasted ) .

AC - Activated Carbon

CKD - Cement Kiln Dust

CO3 - Sodium Bicarbonate
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- construction uses). ,L At lower cement ratios,.

y £ ) ;UCSs characteristic
of soils were developed. The use of iron and other additives

‘resulted in UCSs ranging from 40 psi to 1,400 psi. - The value of

1,400 psi on sample CA~1l5 (using iron, 1lime, and activated

- carbon) is indicative of pozzolanic properties. This finding is

inconsistent, since no pozzolanics were used in this test. For
the CKD-treated samples, UCSs of only 150 to 204 psi were
developed. This indicates that significant pozzolanic reactions
did not occur in the 28-day cure period. ‘ _

The bulk densities of the treated samples generally range from

about 1.6 to 2.0. . This range is common for soils but low for
common concrete, which has a value of about 2.5. The minimum

"bulk density occurred with sample CA~-13. During the preparation

of this sample, the volume of the sample was observed to

'increase with time. Release of carbon dioxide within the- sample

is suspected for this volume increase.

During the sample preparation_ and curing; the color and

"consistency were observed. The untreated samples were red to
‘orange. The resulting colors of the treated samples were

dependent on the reagents used. Cement and kiln dust treatment

-resulted in a gray mixture color. The inclusion of £fly ash or

activated carbon darkened this color. 1Iron treatment resulted
in a red coloring. Each of the pozzolanic-based test samples
solidified, whereas the 1ron-based test samples had a damp,
soil-like consistency. =~ - . .

During the sample curing, an obvious mold (or similar growth)
grew on the iron-fixated, worst-case samples. This mold was not
noted on the untreated samples; pozzolanic-fixated samples; or
composite average, iron-fixated soil. ‘

Calculations are presented in ‘Attachment 2 which evaluate the
potential wvolatilization of arsenic during the roasting step.
This evaluation found that no significant wvolatilization of
arsenic resulted., However, due to the limited sampling (since

determining arsenic volatilization during roasting was not a

treatability study objective), ‘and since arsenic is somewhat
volatile at the roasting temperature used, it is likely that
some arsenic did volatilize. o : o

3.1.3 Comparison of Test Objective

As presented in Section 2. 1. ' the primary objectives of this
study were to reduce the mobility of arsenic and organics. Four
leachate tests were conducted. Of these four tests, the TCLP
and EP toxicity testings were conducted for regulatory purposes.
The ASTM procedure was used to evaluate conditions, in which
gsoil constituents were the predominant factors in general
leachate characteristics. . The modified ASTM is similar to the
ASTM, except that site groundwater was used. This test was

~conducted to evaluate the effects of groundwater on saturated

soils at the site.’

03359015 S '3-10 AR30024L7



The reductions in arsenic mobility, as measured by the leachate

concentrations, are presented in Tables 3-6 and 3-7, for

pozzolanic- and iron-based reagents, respectively. Also
presented for comparison are the untreated arsenic leachate
concentrations. The reductions presented have not beén.

corrected for the quantity of reagent added (to correct for’
simple dilution benefits). If used, these correction factors
would be about 0.07 to 0.19 for the iron-based fixation and
0.28 to 2.4 for the pozzlanic-based fixation. An evaluation of
the reduction in mobility of organics as measured by the TOC
analysis is not possible, since most of the organic results were

near or below the dgtection limits.

For treated samples using pozzolanic-based reagents, mixed
results were observed. For the composite-average samples,
pozzolanic reagents appear to increase the mobility of arsenic.
For the worst-case sample, a consistent decrease in arsenic
mobility was observed, The arsenic 1leachate concentrations
appeared to approach a concentration of about 0.2 mg/L and
1l mg/L for the cement-to-waste ratics of 1 to 1l and 0.1 to 1,
respectively. The results of the CKD testing were similar to
the results for the cement-to-waste 0,l-to-1 ratio. The CKD
contained 10 percent cement; thus 0.15 part cement was present.
The cement fixation, coupled with roasting, resulted in a
consistent decrease in arsenic mobility, as measured by the
leachate procedures, for both the composite-average sample and
the worst-case sample. These results are similar to those
observed for the wvault and lagoon treatability studies
(Ebasco, 1990a). ‘

For the iron-based fixation reagents, consistent and substantial
reductions in arsenic mobility were observed under all cases
that were tested. - < The reagent which resulted in the lowest
arsenic leachate concentrations were the iron/activated carbon
combination, with reductions ranging from greater than
96 percent to greater than 99.9 percent. Only three of the
leachate results did not achieve the objective of 90 to
99 percent reduction in arsenic mobility. Two of these results
are associated with the composite average soil sodium
bicarbonate test (CA~13) in which the pH exceeded 9.0 S.U. This
elevated pH would not be expected to be cobserved at the site.
(Site groundwater has a pH of about 7 to 8 S.U.). The iron-
stabilized worst-case sample was also treated with sodium
bicarbonate, Under the more realistic conditions (pH range of
7.5 to 7.9 for the ASTM and modified ASTM tests) of this test
(WC-18), the fixated arsenic appeared to be stable. The third
result (CA-04, modified ASTM analysis) could not be explained.
The corresponding arsenic concentratlon was about twice the MCL
for arsenic.

3.2 QUALITY ASSURANCE/QUALITY CONTROL
This soils fixation treatablility study was conducted in

accordance with the Quality Assurance Projéct Plan (QAPJP)
(Ebasco, 1990c) for the project. Exceptions are noted below.

D3359015 - 3-11 AR300248
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TABLE 3-6

REDUCTION IN MOBILITY USING POZZOLANIC-BASED REAGENTS
WHEITMOYER LABORATORIES SITE
_ LEBANON COUNTY, PENNSYLVANIA

Percent Change in Leachate.

Lo ' Concentration
Reagent Raaggpt ? .
: : Rffio reLp ASTH Modified
ASTM
Composite Avoragu, 12¢ ug/L. 540 ug/L 230 ug/L
Untreated : ‘
Cement 11l 1108 (61)8 (48)%
Cement ve.1:1 {] - 2,200 120 640
Cement/Fly Ash- o.i/o.ossi ":2;200 {48) 640

Cement/AC 1/p,bgg;é s  {15) '(48)

Cement/Roasted ST (33) (93) ' (62)
Worst-Case, Untreated G . {13,900 wg/L]10,600 pg/L | 8,700 ug/L

Cement i | em (97)% (96)

" Cement 0,181 %' © ey (85) (82)
Cement/Fly Ash 0.1/0.08:1] - (70) (82) (715)
Cement/AC 1/0.05:1 (99) (88) (98)
Cement/Roasted 111 (99.5) - (>99.9) (91)

Composite Average, Kiln 1.5:1 1608 120% 4708
Dust e R : :
Worst-Case, Xiln Dust 1,511 {95)% (84)% (84)%

AC - Activated Carbon

EP Toxicity leachate results resemble TCLP results.
Parentheses indicate a reduction in leachate concentration.

D3359015
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TABLE 3-7

REDUCTION IN MOBILITY USING IRON-BASED REAGENTS
WHITMOYER LABORATORIES SITE
LEBANON COUNTY, PENNSYLVANIA

Percent Chaﬂge in Leachate
Concentration
Reagent R;:z::t
TCLP ASTM "°:;,§;"’
Composite Average, 120 ug/L | 540 ug/L 230 wg/L
Untreated _
Fe 6.05:1 (38)% (>99)% (>97)%
Fe - 0.10:1 - (>96) (93) (52)
Fe/AC : {0.2/0.05:2 (>96) (99} {>98)
Fe/CO3 : 0.1:1 (>96) - (24) (43)
Worst-Casa, Untreated ‘ 13,900 ug/L | 10,600 ug/L | 8,700 ug/L
Pe 0,05:1 (99.4)% (99.8)9 (>99.9)%
Fe 0.1:1 (99.0) (99.6) (99.9)
Fe/AC 0.1/0.05:1 (99.6) (99.8) | (>99.9)
Fe/CO3 . 0.1:1 (99.6) - (99.9) (99.2)
Fe - Ferric Sulfate/Lime
AC - Activated Carbon

€03 - Sodium Bicarboqate

EP leachate results resemble TCLP results,
Parentheses indicate a reduction in leachate concentration.

D3359015 : 3-13 hR300250



: - R ‘ OS _ ERE (R : -
In the QAPjP, -the proposed analytical methods for trivalent and
pentavalent arsenic in water ‘were methods ‘from an U.S. Army
- Corps of Engineers (1973) research project. ' Western Research
Institute, the analytical subcontractor, analyzed for these
arsenic species using an-alternate method, ion chromatography.
‘Additionally, two arsenic analyses {the ‘total arsenic analysis
for the untreated composite  average sample and the 5-day TCLP
analysis for sample WC-08) could not be performed using the
specified ‘arsine “:generation’ “method, because of  matrix
interferences. Following digestion, these samples were analyzed
for arsenic content using Atomic ' Adsorption and Inductively
‘Coupled Plasma methodology: respectively. .

Key quality assurance objectives for the project include
. 95 percent completeness; USEPA Contract Laboratory Program (CLP)
accuracy criteria for laboratory spikes, method_ blanks, and
"blind" . blanks: CLP - precision - eriteria - for - laboratory
duplicates; and a criterion of =50 percent Relative Percent
Difference (RPD) for "blingd" duplicates.'

All  of the treatability study analytical data met the QA
-objectives, except as follows: :

e Positive: Phase 1l ' 28- day TCLP arsenic - results were
qualified with a "K," indicating that the reported values
may be biased high, since the two spike recoveries for
this . sample set were 137 percent and- 134 percent.  QC
limits of %25 percent were specified.- o '

* The modifiedr ASTM arsenic- analytical results for the
laboratory duplicates of sample WC-09 were qualified with
a "J," indicating that the reported values may not be
accurate oOr precise, since the RPD for these analyses were
outside the $25 percent limit for laboratory duplicates.
Both analytical results were less than 10 ug/L.

e The analytical results for the background groundwater used

© in' the modified ASTM . leaching procedure were qualified

~*with a:"J," “since ‘the holding times for these analyses

‘were exceeded. .. This - - exceedance - igs not considered

important to the project,” since it is ‘unlikely that the

" concentration of major ions 'in:‘the groundwater changed
-significantly during the extended holding period.

The qualified data are highlighted ‘on Tables 3-1 and 3-2. The
remaining analytical data was:validated without qualification.
Data validation packages ‘were: prepared and ' forwarded to the
USEPA Region III Central Regional Laboratory for review and
concurrence., , _ o Ty

One blind reagent blank- consisting -of hydration water and
fixatives only (no wastes) was submitted for TCLP extraction and
analysis- with both the Phase-1-: ‘5-day and ‘Phase 2 28-day sample
- sets, For the Phase 1 sample -set, the blank consisted of
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20 parts cement to 1 part fly ash. For the Phase 2 sample set,
the blank consisted of cement kiln dust only. No arsenic
(detection limit = 5 ug/L)} was detected in the TCLP leachates
from these reagent blanks. ‘

Chain-of-custody procedures were maintained for all samples
generated during the treatability study. Samples were preserved
and shipped in accordance wzth REM III protocols.

During the study.- all laboratory =measurement devices were
calibrated according to the manufacturer’'s: specifications.
These calibrations were recorded in the laboratory logbook.
Analytical 1laboratory equipment was calibrated in accordance
with the analytical methodology in all cases.

Other than the reanalysis of: samples with matrix interferences
and the data qualification cited above, no corrective actions
were required for the treatability study.

3.3 PROCESS DESIGN/COSTS .

Based on the successful treatability study results using iron-
based fixation, a preliminary conceptual design was developed
for soil fixation using this reagent. A schematic of this
process is provided in Figure 3-1 and discussed below.

The soils would be excavated, screened, and placed in the first
of two pug . mills,  Ferric sulfate would be metered in an
approximate ratio of about 0.l pounds per pound of soil. When
organic-contaminated soils are being processed, activated carbon
would also be added at a ratio of about 0,05 pounds per pound of
soil. The first pug mill would discharge directly to a second
pug mill, where hydrated lime at - a ratio of about 0.04 pounds
per pound of so0il would be added. The treated material would
then be backfilled on site or landfilled off site.

The three reagents would be stored in silos and dry fed to the
pug mills. Ventilation and air pollution controls would be
required for both pug mills. Offgas considerations include
dusts generated from the dry addition of ferric sulfate,
hydrated lime, and activated carbon. 1In addition, in the first
pug mill, carbon dioxide may be released from calcium carbonate
to carbonic acid conversion; and volatile organics (VOCs) may be
released from the 30,000 CY of VOC-contaminated soils. An
exhaust hood with a baghouse would be used to capture the dusts
generated. Carbon dioxide would only be a concern if it would
be concentrated in an enclosed space, The dust from the
baghouses would - be - returned to the treatment process. The
potential VOC release is not expected to be a significant
concern, because of the small quantity of VOCs.

The estimated cost associated with treating. 115,000 cubic
yards (CY) of contaminated soils with iron (and treating
30,000 CY of these s0ils with activated carbon) are detailed in
Table 3-8 and total about $7,500,000 ($65/CY¥). If activated

D3359015 _ | - 3-15 AR300252
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ESTIMATED FIXATION TREATMENT COST

~ TABLE 3-8

WHITMOYER LABORATORIES SITE
LEBANON COUNTY, PENNSYLVANIA

: Unit Cost Total
Item Quan;ﬁty ($) ($)
1 Mobilization/ Lump Sum $50,000 $50,000
Demobilization
2 Temporary Structure 4,000 Sr lo0/sr 40,000
Foundation 40 CY 500/CY 20,000
Electrical Lump Sum 50,000 50,000
3 Pug Mill 2 80,000 160,000
4 Ventilation/Baghouse Lump Sum 150,000 150,000 .
5 Labor 28,000 mhrs 35/mhr 980,000
6 Reagents ' :
Ferric Sulfate 16,000 tons 120/ton 1,920,000
Activated Carbon 2,000 tons 1,400/ton 2,800,000
Lime 6,000 tons 60/ton 360,000
7. Chemical Silos 3 120,000 360,000
8 Conveyors 3 20,000 60,000
9 Chemical testing 1,000 samples | 500/sample 500,000
TOTAL $7,450,000
SF - Square feet
CY - Cubie yards
mhr -~ Manhours
D3359015 3-17 AR 3 002 5 '-l
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carbon is not used, the estimated cost is '$4,600,000 ($40/CY).
These c¢osts include only the treatment of the soils. Costs
associated with excavation and 1landfilling are specifically
excluded. In addition, these costs do not include any
engineering, health and safety considerations, markup, or
contingency. SR I : . T

3.4 KEY CONTACTS

Key contacts for this - treatability = study are
Mr. John Trepanowski, P.E., of the NUS Corporation Wayne,
Pennsylvania,  office;  Mr., David Brayack, P.E.,  of = the
NUS Corporation Pittsburgh,  Pennsylvania, office; and
Mr. Anthony Dappalone, P.E., = of ° the - USEPA - Region III
Philadelphia, Pennsylvania, office. . ' '
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4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

The conclusions of the soil fixation tréatability study for the
Whitmoyer Laboratories Site are as follows:

1.

D3359015

Iron-based fixation (ferric sulfate and lime) reduced the
mobility of arsenic by 90 percent to 99.9 percent, as
indicated by leachate testing.

At leachate pHs of about 7.8 or less, iron-fixated soils
are stable in the presence of carbonate. At pHs above
9.0, a reduction in mobility still resulted from
treatment; however, arsenic leachate concentrations as
high as 0.41 mg/L were measured.

Iron-based fixation in combination with activated carbon
provided the best reduction in mobility. The arsenic
leachate concentration was measured to be equal to, or
less than, the Safe Drinking Water Act Maximum
Contaminant Level (MCL) for arsenic (50 ug/L) under all
leachate tests.

Only two iron-to-soil ratios were evaluated. Both of
these ratios resulted in similar similar reductions,
indicating that further optimization of reagent dosages
are possible.

During the curing period, mold (or similar growth) was
observed on the iron-fixated worst-case samples. This
growth may indicate that arsenic inhibitions to natural
biological degradation of organics in the soils could be
reduced or eliminated because of the arsenic
immobilization. '

Use of pozzolanic-based fixation reagents generated mixed
results, For the composite average sample, with
relatively low initial arsenic leachate concentrations,
the use of cement or cement kiln dust resulted in minimal
reduction in, or actually increased, the mobility of
arsenic. For the worst-case sample, with relatively
higher initial arsenic leachate concentrations, the use
of cement or cement kiln dust resulted in a 75 percent to
98 percent reduction in arsenic mobility.

Cement fixation preceded by a roasting step consistently
reduced arsenic mobility from 33 percent to greater than
99.9 percent. Significant arsenic volatilization was not
measured during the roasting step.

Cement or cement kiln dust elevated the mixture pH to

about 12 to 12.5 S.U., Iron-based fixation resulted in a
neutral mixture pH of about 6 to 8 S.U.

4-1 AR300256
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9.

The total'dissolved solids (TDS) concentrations in all of

" the leachates were elevated as a result of the fixation.

10.

At low cement-to-scil ratios (0.1 to 1), the leachate TDS
concentration was about 400 to 500 mg/L. (The background
groundwater TDS concentration is about 320 mg/L.) At
higher cement-to-soil ratios, the leachate TDS
concentrations were about 1,000 to 1,500 mg/L. The use
of iron and lime resulted in leachate TDS concentrations
of approximately 1,500 mg/L to 2,500 mg/L. Use of cement
kiln dust resulted in leachate TDS concentrations of
about 5,000 mg/L to 7,000 mg/L.

Efforts to determine whether the chemical fixatives
immobilized soil organic contaminants were not
conclusive, because of the investigatory approach adopted
(i.e., look for differences in total organic carbon (TOC)
concentrations in treated and untreated leachates),
relatively 1low TOC concentrations in the soils and
leaghates, and relatively high TOC method detection
limits, :

4.2 RECOMMENDATIONS

The following recommendations were developed, based on this
treatability study.

1.

2,

3.

6.

D3359015

Iron~based fixation - alone, or iron fixation in
combination with activated carbon, should be considered
as a representative technology for soils fixation at the
Whitmoyer Laboratories Site. _

Ferric sulfate ¢ 4H0 and powdered activated carbon at
reagent-to-soil ratios of 0.1 and 0.05, respectively,
should be considered for preliminary design estimates.
However, since activated carbon is very expensive, its
ugse should be 1limited to only those soils with
significant levels of organic contaminants.

Because of the potential for the treated soils to leach
significant concentrations of TDS (most likely calcium
sulfate), the treated soils should be located above the
groundwater table.

Additional treatability studies during the remedial
design would be warranted to optimize the use of iron,
lime, and activated carbon.

If biological degredation_of the organics is considered
as an alternative, iron-based fixation preceding the
biodegradation should be evaluated.

If the leachability of .organics in the treated wastes

becomes a concern, treated and untreated soils leachates
should be subjected to analyses for specific target

4-2 RR300257



analytes (e.g., aniline), with appropriate detection
limits, : '

03359015 . 4-3 AR300258



——r———

REFERENCES

Ebasco, (Ebasco Services, Incorpoiated), 198s8. Remedial
Investigation Health and Safety Plan. Whitmoyer Laboratories
SIte, June, .

Ebasco, 1989a. Remedial Investigation Report. Whitmoyer
Laboratories Site, November.

Ebasco, 1989b, Treatability 'Study Evaiuation Report (draft)
Whitmoyer Laboratories Site, March.

Ebasco, 1990a. Feasibiiitz Study _ Report. Whitmoyer
Laboratories Site, February.

' Ebasco, 1990b. Work Plan for Soils Fixation Treatability Studg.'

Whitmoyer Laboratories Site, February.

Ebasco, 1990c. ualit Assurance Project Plan for Soils
Fixation Treatability Study. = Whitmoyer Laboratories Site,
Februa:y. ' ‘

Ebasco, 1990d. Health and Safety Plan for Soils Fixation
Treatability Study. Whitmoyer Laboratories Site. February.

Trepanowski, J, D Brayack, and J Pike, 1989. Investigation of
Stabjilizin Arsenic-Bearing Soils and Wastes Using Cement
Casting and Clay Pelletizing/Sintering Technoloqies. Presented
at the Third 1International Conference on New Frontiers for
Hazardous Waste Management, September.

U.8. Army Corps of Engineers, 1973. Investigation of the
Arsenic Conditions at the Blue Marsh Lake Project Site,
Pennsylvania.

USEPA (U.S. Environmental Protection Agency), 1989. Guide for
Conducting Treatability Studies Under CERCLA (Interim Final).

D3359015 R-1 AR300259



Ta,c s

" ATTACHMENT 1

_ SAMPLE COLLECTION
WEEKLY FIELD SUMMARY REPORTS AND
" CHAIN-OF-CUSTODY PORMS

Fo,

CFR ... AR300260



FILE COPY
FILE NO. L&

WEEKLY FIELD SUMMARY REPORT

J
PROJECT SITE NAME: LUH'\'\mOyeﬂ. Ldn s O {¢
EPA WORK ASSIGNMENT NO.1 291~ 3NCY ; 200 - 3LCY
PROJECT NO.: 2 946 y A 517
DATE(S): Octobee  F  4hrv /I . )9 8
SUNDAY
_ Date Perscnnel
Weathar: Onsite
Site miv:lt:lu:
MONDAYX . :
pate 3_/0-9-89 Personnel__ Scottm. Keall
Weathers Y5> ¢ old waldcals rONsite bave Brayn :

Site Activities:___ $mk /08 shtam  sampls Goon
7 TEST P> . Samples  aretoe Treatalbilidy sfoly

We-T5 201  +hegs  (ge-TS207

IUESDAY
Date 3 /0-/0-§§ Personnel  Sco tf M. Kiall

weathers_{0%ce| o, -dcn/n  Onsite m?, B"AEAK
. ' :Ehﬂ .rrffA.JJdS kl.

Site Activitiest_SmE /DG [IT  olbmy walee (‘S'Oinl;\ £ opm
Mwios A , THhis ...m-k»\l_u,.'lf és mo.-) {.- o Tranal.-'“v}_u.‘_y@
A aon ciowdandes Qeflu-d TaAK sarnpley h”i JbOIﬁ-l ) ‘
hev  We-JAOOAR-1 , Sent ~  uakis fo Aguatee ~

Lor METALY, ACD, Ceoflic, AW Tuy I sc1ed $o- MéTAaCs, odlree, ToX, \
Coc™ 3 -yg8c y BE* 1873926521 Luden REmIT ¥ SL3I oSes | Alscsev T |

T sels_ass avgals e watn o Bebrol Tvo RRIOOLBAtatiidy <y
Coc B-v9K1 hat 1372520532 Be-brol Fore L A




‘-’\JH;'_!‘MCf(-( LAaterate

) ! | N | | Ot G = 1t ,1°ES
\_J | B |
pate :_ jo-//-8% ' Personnel Dave @m,n{. ~

"Clther‘m Onsitc Suned Tnpa..a.uskc )NJ.'S
. rdd J"-wﬁ-f*\

W Sca thom, Krall o pet Kias¥
Site Activities:_ OmK d:hm.s Teons ok wakr fvels, TT/06/0K
‘}/}k( tﬁ(ovq /o Al b = IJI-‘Ub: fo be Sdé"’ Yo, Efmecl,az !Sz Jstsuctrew
‘ ﬁr..-lwu 'i : ﬂ: 'f"b \-.J'mc.H F'ﬂﬁ ‘rced Sf Armnd .

Date ‘ . Personnel
i Weather: — - Onsite
I Site Activities:_
ko
; . Date 3___ o ' Personnel
: Weather: ' Onsite
{ ‘ o o . . ’ .
 Site Activities: i
Date @ ‘ ~ Perscnnel
' Weather:__ .. Onsite -
Site Activities:

1 - | AR300262



g 5ol mw r\am\
_ | T i AN
.a\ 7 5 4 o SNOILVOOT 1id 1531 © ONIHO8 WO0S 3LISNO - gi\ 9

£ - Py ]

4 2,07, 3
- 907~ .R.ns
!ﬁ!...iﬁ.....-!.ﬂr..-ﬁ L - Tt . !lln_u-c {r.ﬁ.aﬂ.‘t

NOUVION 1@ SIL e - . N H!xohmﬂutl

WOUVI0Y U8 WS @ I 5.\.{3 -4

WIT . . Ao o Forar o - 2= -

)

e —————

1-2 3¥noid




,n mgﬁmum
PrELU87 972 T I

r.?a\.?vﬁ a\ \.\H

| /R -Oxh - woL (4T

Bpswy

R ¢ - ......“ R S .._. N . T ..‘. u..... . .. .”.... . .
S6it3 P11 2oseuipaood bi Ao umudric wnielumoosy wulig ianaiag)

.__.Ea.a |

..
a ,..-ra.:

AY ponsecend | st / siag
Aq pesece| sty 7 sy

...._.“........ 2
. .Sie.sei_..ﬂ..._

D

.n
-J.

’ rt . N
.: ...m‘,m.?.

90% 77

71/ €07 -dZ f° ey

~ \.t%utu B R‘Q_\ “v&t\\ *

. - N\\“.M .\M\a \*

.in.ﬂ\

Nad THUT NI

2ve) .N el

N . i .,..,. o g 3. v il u.gplfﬁ,ﬂr
a e Y st i TR e ! v - g ]

-lﬁm g--'!

a ..’r‘l 3

- ?I.lﬁ Ge" .
£ NOI93H

ncoowc >9

i A

0 u—O 2-(—.3

Ly —



I Q\.Smi

._ \aiﬁﬁ :
T i

pomonboy smieuy | PN | 4 omStees | - ewnemn | payerues

7 E— A A 7 I A

. uoneoyIPIoS 81SeM SnopIeze
| Proveu Apoisnd joureug pue isenboy sishreuy .. | ~“ou| ‘Bunssubu] NOOZY ﬁ

\., jo _ \ obed

- L —— — - — —— ——— ——— —_—



sild Pefoig G AdOD PIL sefld 25 TH ntoo!sa.tscsﬁztli.!!.o SMONGLRHO

oss 2V #Y4 - . (anioubis)
SSTIAIND 227434 wair’ | wea Jar“ﬁ wy |
_ e _ -
(ssniauis) Aq penecey owiy aisq Aq pousinbuiey Aq pemedey - R fan)
| o (samoubig) ...rinQ..u 2 Qu.w\ 1% & _. m .
(sunysulis) Aq paniadey UMl Neq Aq peysinbaiay AQ panooey - - L3
o N R P e ) t\< |
] 1| 1 | s-go-om-ugml Y |ey
= I V| ses0-omestnenl @Y |96
b 1 | S-ee-amaudim) Y
U] 1 | S5-S0.y>Ciim] gov
L FAIIC Gy 1 1 | SS5-ho-vasld| uey. vk :
B ERES Jimf WY | 96/6/%] 5- -ho-vo-sig1t]
T1 T 17 | s-sew oy ov\.\.. 5+89-y0-0 0]
Ti [ 1 [ S 2cvosnd to | oo/bfi] S-2a-uosam| .
- 1 Soio-vagin] tbx uv\&w .w =lo- cv.g:__ )
. SHHVYNIY ‘ : _ ; . ‘ . "
(]

\%,w.

equny oy | 11eZ 1zt [os

| OB | 'Y PouyVaay |

e 2B BIE botore -hon 11w 3y

e A |, o I Sl s Soung |
suopsuMos Buiddiys §§§§E§ L!av waz B
, L . ﬂﬂOOmEOE(EOZ«»DEM:OuOZE:OS(:gEE!m: . :
N ‘ . nmE:EmSz Josmmm 09sva3 _
) W [ ra— [ R —— h . Vo \ . .

L TR P, - —




\J‘ _ .._s..a._aiou!aa.__gca&eu 483%3635&3@

’ QWJNEQ\ 7o¥

L

ast A’g-
Ry Aroreroqn
20§ poaeoey

- GSIYSIN3 AN B

{onreutss) Aq peareoey oun) meg

3@!3:!._1: M

(ereutys)
pemecey

. (wmieuths) Aq pesreoey oung | ®eq

(esmpeutys)

.Sv“._ g ox

Aq peatesey .

Kq psymnbugey

[ 3577900 Yo7 |

-5~00-7M5040Y |

[QS<3-70- 2 SLLI] |

- - Wo<ad

_ 1 | =0l dMG 4T}

_
!
|
_ L i !

_ / vﬁ a

77
- ssivhowgy
o\.onm- N.bo EQL 1)
Us <037 pH
wonewssops Burdders |I5UE N TTYST (NNISION 01 s

€/5) \v\m

; !‘.&3.&2
“
-
-

~ QAIHOLHOON SINAYIS 0ISVYHT

: gagghgrggggaaz

g pere:

S ——



Wa i Weloig 08 ADOD PHYL S50i3 TSI G AdOD PUOSES TSNS SHUNIIISY IGISHO NORMIO

£0 19575 Tis @Y — T
; 1019 £35 ses sy £77 a\ e T St
i | ree \\\-M.\\;Qu\\ wr \\. \\ .

. | ai.m.»nu?_oooc_ B o) 8_-0:
t i = . .

lw@,. __ (unssutis) dapamesey | swis | eiea
kT OFo7-J7Z-21h 11
w_\m .m.s.\w.:\\!\\N A\s\\ns\
e vl A At daid B
$ [T7 g T gy
o | cor2e25 o soree
Vprrr-ri | .
.ﬁ;‘\.«.n* ,\\\..\.:i\‘\\‘. 1 *F[ -

ERZEZI 2 7 B XL T 1 UL 1] gnv-mwid]
A 79 | L L XX 1 [ Forae7a] .

.- SNUVMZY - VA VA AT

._u.s\.\ \ua\\\

A ] wal . jox-iee &s¢ 020/ -PEL-Z/h, (wuma |-
O I— T Tl R/ s Y | e A R
: s Tyt Yrd |

- \u\ )
£ 77 Brnilsoged sucis 0 tnc e Sidd 4 &&a : a?\ TV - i Supdums | - R
g | | amooEoE«ﬁoiBEm:u%:.q:c MVUDOUd M Y . . s L Bl G
L ) ___03IvHOdHOON )?&wmoom&m | RO S T
7 3 R — " S IR ‘m...h S L.

[ T
———— ———n - . E

o~ e



onJ oviory o8 AdoD pamy vend ISTH 08 A /ﬂs;%%d%ﬁpwhommd ‘ u :

02p9

_ (esmireuldrs)
€00 EIF 3V MDY oywwey |  eemg nvg 100 ponpesey

... .’ .
~ (emmuuBrs) Aq peapesey suny oeg | - Aq peyrmbuney , h:.!s-s )

(emyouBis) Aq penreoey - oy owd . | ¢ Ag peyembuney - Keypungeoen “E 1.

SN
L Jj-_ﬂ&
, I . \ x
o
L

. mn,.

.95
2397 ._QJQ

K

1
.-

XX} 94X
Xx|x

N B N

o

mxci-m: Y rbva,(

%) L4 -
5%_

| T | Y FoY
58
g

~otfegprg R | acorsim ey

ﬂ._bu.u.m _fa?ﬂ Regys ey b

43&53:8»%3

~ OHOOTY J44VHL ONY AGOLSND 40 NIVHD RYHDOHD M Y b g
L GIIVHOJHOINI SIAUTS 00SVE A




| olid Beiod 0 Aded P 0id DT 08 Ado) Pucoes ety sejusduscady AU SORAGANG

:

. g" b
:

(unsudis) Aq paneaey ol | =eQ - Aq peysinbujisy a.av!.-o!__ ,

Ly
v
2’;

(umpeubis) Agpanesey | ewnt ._.8 ,Boof.&..__or Aq panjesey

%S V77

- i A
t B
ol

1
T

2

v B
=

Y

WY,
ey
£ %v
&/ »
A

STy | x.ku\‘ .

paddiys sisg _ iy |

[Zo7Ro SN
A IRAT Al oL AM ‘P! wrITT

gg&&:&.ﬁ.ﬁn_ vatey W) :aL dus _ A _;..m.u.f;m
o . GUHOJ3Y OLIJVHL ONV AGOISNO 40 NIVHO WvuoOud Wimad . . Fia
~ Q3LVHOJUOON} <IOIAUIS 0ISvE3 | LN
v | A _ e e

— e e —_— - R . o smemmrnay, Teivi— L [ e S R, Cas w J—— re———




ﬂ . Q amisgspggag..y;_ggaié | ‘ u

- | - fammtis)
19105985 4SVS M7 opwuony.|  oumy og 101 poareoey ouny

. (smeuBhs) Aq penesey ouny g 3?&;_ Eﬁ-::.: ;

o ib. ol G ~
i | | S N B o ra e
L (wemeutis) Aq penesey oung ey .- Ry poysmbuney Kqpoasooy | emmi |- .

K} : y
: . : o
) T . ¢ m..«-:m..- . . )
e Fer e B

to VsV 9|
_. B~ ARTN A N T
il JVIYIOW (o8 WISy

‘.g
. -, . . N P 3 g ta-
: . e N CEEEY BT ny Ly
) . Lol
e .
P . . . S o » o . : oy ....m..m_u..\.......... ..
: R . R
v7 tild ‘ . e
s 3 — - . i . = - o -
8 - .
.&.-,. . o . ) . | .. .5..‘ ..f.. .q.ﬂ..-.
w5y N - "

uﬂ.\< x...u.(.u\(
iy
!..8 0¢oT3 ‘Am ™! (Eﬂw
ST AIF Eemmmu Ry cvmP
Eo_.q!_s.._ o ‘prrorey 5&.-4.38_..“_“3

a_zoomcoﬂu_ﬁ.hgkugauagoguaamc
GIIVHOJHOONI STOINYIS OJSYET . - |




DA T kg,

s_uiaglﬁiugcsgiuiﬁlg%“i

L 4010 295 wSYS WY covweu | e | wa

(omusubis) AQ peasosy - ¢

O (eempeubyp)

(mniaubis) Aq penaeday

s

it

e SHUVMBH - -

0 ON

L
i L i
- ; ;
™ . { ;
: :
-
.
] 9 B
o - K. £

13
S

3
<
<.

v | .Ouo.&u.. r {1

(swan)

Vg ocﬂ.ﬂlﬂﬂl

Iy 43..1(..)1? g!ﬂ.—:ﬂa
| rvr Svtoy warapr AL dNs | TP IRV Jusd Supdung

GHOI3H JiddvHl GNV AGOLSND 40 NIVHO NVHDBOUd I Smc

JiVHOJHOIN JJOSEmm QJsva3l

e s emm W am— .lll- s e



%.!a . J M4 0Ol O ATV P -*BHT JD I8 Ve vy -,.I..IIO andet bl ot b mianink Bl it - St L ath

« J/ P .
> TR | _\ 3.523. |
b ADi10 res sy I e | wra | o poneoey

Rirei

AV U

(esmeuig) Aq ponecey suny v

& ‘ L}:aa_suzi.c. ouny | oivg

. .
S

- iy (it my
o g =
L s

P e
.

e
Il

-

‘,.. !
- e Lt - ., . f . 5. 7w .....,‘
. . BE e LI ) {..f.. u.

N N - N LTS s T N g ,.r.mﬁm.r*r IV

sww

Ansooz73u5'

L. - i R g I oy
. Coreres
o . . h.»ur.?.el.p-:,_

L oN- |

4.%._: :

G U
o BRI | ouots e
TToade 3 \s5ped Weuts _...wiv

:uoeauonn Budds |y ._iru

ESEQEE%EE«E%:BG:&SE_::.&_ .
amgo&ooz_mmo.émaooméu

-

[ [UNRGNRY "L o



e e

e

BN T

o T e

i Wefoigd o AdoD PaL ‘selid gcsgguiﬁé%"ié

ho 1o €95 S WY unuey | “euns »isa 10) penjeaey owiy

- .
(esnisullig)
Aq Loogr)

(sunjeubig) Aq panasey swnL isQ  Aq peysinbujiey

(wungeudi) . (mnisudig)

{ainiaubig) Aq perjscey

x|

owil
XY

x}

<

%
K X

W

x
x|

v drdl

n

SNUYNIY YA .Q.vv

4
xwmxxx
>
&..h

¢

I b %

\

JAHUNYN JIGHY

Y eILTLIT A
M peddiyg sig s faded g

4URD 1O SuisN

Tl 0Lo8 *Am A}

oI g 1~3p23 . B4y ) 1...0.3?

:uopswuopy Buddiyg | I TumaTRy voaprenyial dug

GHOO3Y Ol4dVHL GNV AGOLSNO 40 NIVHD BVHDOUd i W3y
G3IVHOJHOON' ~JOIAH3S 00SVEd

Y
s

vy

e e ] [y




siig 1eloig 03 AdoD PHYL ‘efld DSTH 08 AdoD Pueoeg {uewdiyg sa{usdiicody [BUISHQ UoRAGANG

R A L) MQh:mew.vaq__guﬁ .w.._._._. . ewmg 204 POARIAY swil

(nyeubig)
- Aq Aoymsoqey

(suioubis) 4q ponesey

o)

‘"

(esnipulies) Aq pesjesey

0-:-#@.
%

X

95977

SN

TR

%

X

N I A
{1 =r7og a7 Xl

SHUYNIY

5725933 155G py

T e
10 atiaN

1 Koty |
0oy A v rveir)

iy YT b
S TVTRY vuaprayv) F 9NS |

-y

QU034 Did4dvHl GNV AGOLSND S0 NiVHD WvUDOUd W W3y
G3IVHOJHOONI S30IAH3S 00Svad - .

)

.
- SR
y I
. s e -
:/I\V . 4-“
. o -



7 éagata;n!uoﬂssteu%;;% stonnang /N

ho 10 T2, VS ﬂulﬂﬁd qrewey

{(wmwubrs)

|

! (emyeutis) Ag penecey

ouny

nva 3313!3

(ssmeulis) Aq peamosy

suny

£q pousinbuyey

neq

FT~> oy peahorg

ospecinsat)>

.1~.~?§ .

2ds 957

.U.-..uJ..- \JQ 9 Qd

X
..\g..'___ 1

sSHUvmY .

W
ssumuoy
i0 'ON

JOQUMN praNyY

OLIoT]R

1) jo eiiiey
oI F WY
uonwuLION

Qo2
L) g

oprg yrere 1Ty et )L dvs

Y P ﬁ.uc.(.-.‘a.ﬂ

sepy TN 1!"9

HUJ.—.%..N

o . |m.vst* .aJiuldn:l.—..aJ

3&9&3h°2¢>ﬂ0§0&02§§&33&3

G31IVHOJdEOON] SADIAMIS OISVET

__7-.dh_ﬁ,




ATTACEMENT 2

2A BIOTROL DATA

2B CEMENT KILN DUST ANALYSIS
2C FLY-ASH ANALYSIS

2D CALCULATIONS

AR300277



ATTACEMENT 2A
BIOTROL DATA

AR300277A



L

. ©
T J.Z 9 ....i -.__slia..un.w.mﬂ.ocmr N
3

)

: iﬁ@.%x&:ng e e @ 3

é oy 3y

.'?.'i‘a
i

AECSGZH wnn..uwﬁe 2 .Ebuxm E.E “ wiuhcurtws_cU

?.o.m & . |

[0 oe| Sapepeis praTTsl -1

aily | © jpory . 20-L0% S1-1n{9 §2- 8
bE; : ‘ , A S50- 0¥ LM} g2-43]
|7 . N B [ e #0-30¥s W3 s
-5l I . a9bl EO-MT SL—IM[C3e-bd] -
2z - 1 85l| . $0~—€0T U~ M {Dgr-bg|
Vo] _ o x2 . 00 "XDTSL-"WA [Qax-bs)
~fore A 1T . 1sb]  go-tozsi-wh] yar-es
.g% H:sow.mm X . TR d..mﬁr.nﬁb.Uﬁh_.m‘ CL oy " @ |

- aoo vra oL H - Tapg” Lur.!*.:.s .gm




ATTACHMENT 2B
CEMENT KILN DUST ANALYSIS

AR300279



KEYSTONE CEMENT COMPANY comeonTE

HEADGUARTERS

BATH, PENNSYLVANM 18014 AT, PA
(215) 837-1831 ' .

SALES OFPICES
KING OF PRUSSIA, PA

January 26, 1989
PLANT

BATH, PA

Mr. John Trepanowski

NUS Corp.

One Devon Square, Suite 222
724 West Lancaster Avenue
Wayne, PA 19087

Dear Mr. Trepanowskdi:

I have requested our Chief Chemist, Mr. K. L. Wentzel, o
ship via UPS one five-gallon can of Keystone Cement Kiln Dust (CKD)

to:
‘Professor Larry Twidwell 7

Montana Tech .
Butte, Montana 59701

A copy of a typical chemical analysis is attached for your
information.

Any informtion garnered from Professor Twidweu's testing
which you are willing to release would be greatly appreciated.

If we may be of further assistance, please do not hesitate
to call.

Very truly yours,
4@5’ o
J.

: Manager. Aggregate Material Sales
JDG: Lrw
Attachment
cc: Professor Larry deell

AR300280



KEYSTONE CEMENT COMPANY

BATH, PENNSYLVANIA 18014
(215) 837-1881

EERYSTONE EILN DUST

Typical Analysis

Passing #100 92.0
Passing #200 82.0
Ca0 40.0
MgO 2.0
Na’o 0u4
Fe3 Oy 1.0
303 300
8i0s 9.0
KIQ 4.0
Al; 0y 4.0
Loss 23.0
C.C.E. 75.6
E.N.P. 62.7
PH.

Wittmer

Lol ol o
DA NN - W,
*® 8 = 8 = . 'y -
i oReNojoloNalal

0N
N -~

-
2O

72.0
12.7

Director 4f Technical Serviceas

4/88

CORPORATE
HEAQQUARTERS

BATH, PA

SALES OFFICES -
KING OF PRUSSIA, PA

PLANT
BATM, PA
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ATTACEMENT 2C
- FLY-ASE ANALYSIS
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JTM ASH MANAGEMENT DIVISION
JTM INDUSTRIES. INC.

March 2, 1990

‘NUS Corporation

724 West Lancaster Avenue
Suite 222

Wayne, PA 19087

ATTN.: MR, JOHN TREPANOWSKI

420 W. EMMAUS JVENUE
ALLENTOWN, PA 18103
OFFICE (215) 797-7674

DISPATCH {218) 797.7683

FAX (215) 7976669

RE: Montour Steam Electric Station Fly Ash

Dear Mr. Trepanowski,

I have enclosed a Montour plant data sheet and ASTM C618 Chemical

and Physical Analysis for your information.

If you have any questions regarding the leachate analysis,
may be directed to Mr. Larry LaBuz at Pennsylvania Power &

Company, 215-770-5340.
Sincerely,

2244K;u¢47 ak”4z4£;4¢r"

Richard A. Mackow
Technical Services Representative

RAM:tl
enclosures

RAMNUS1

AR300283
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PP&L’S MONTOUR STEAM ELECTRIC STATION

Location:

On a 1,163-acre srte in Derry Townshlp. Montour County, approximately one mrla northeast of o

Washingtonville,

Capacity: : ‘ Unit 1 | C Unit 2 o
: 750,000 kilowatts 750,000 kilowatts
. Generators: - , I
i ,  Speed - i; 3,600 rpm 3,600 pm
p— Voltage : 24,000 voits 24,000 volts
Cooling . Stator Water Water
Rotor Hydrogen at 75 psig Hydrogen at 75 psig
‘Weight 480 tons §60 tons
Turbines: : | o
Type ' Tandem compound " Tandem compound
. Steam Temperature ; - 1,000°F 1,000°F
Steam Pressure 3,675 psig : 3,675 psig
Turbine-Generators: ‘ - :
Length ‘ 175 feet > 170 feet -
Bollers: (1 per unit) o
Steam Capacity 5,850,000 pounds per hour - - -
Heat Qutput 6,291,000,000 Btu per hour (sulﬂcient to heat 157 000 homes)
Tubing Length Approximately 250 miles ,
Coal:

Each unit burns up 10 275 tons per hour or ‘more than 1,800,000 tons per year. Coal is delivered by
Conrall in PP&L-owned “fleet trains” of 131 cars,with each car carrying 100 tons. Coal is mined at
Greenwich Collieries, Garman, Pa., and at varfaus market coal outlets in central Pa.

Coal Handling:

Coal unloagding, stockpiling and transfer facilities are complately automated and capable of unloading
a 170-car train in 4.5 hours.

N Rotary C}a__f' Dumper Dumps one car every 2 minutes without uncoupling from train.
Car Positioners Hydraulic pistons position each car in the rotary dumper with-
out the use of a locomotive,

; S AR300284



REPORT OF FLY ASH ANALYSIS

ReESOURCE MATERIALS TESTING, INC.

P e Pﬂ?‘il
REPORT TO: JTM Industries RbYECT No:: RMT-028
Ash Management Division SAMPLE NO.: 1020 \/
777 Franklin Road DATE REC.: 12-19~89
Suite 100 DATE REP.: 1-28-89

Marietta, GA 30087
Attn: Mr. Dave Boyenga
PROJECT NAME: ?gality §ssuranca Program oct., Nov., Dac. 1989 Composite
ontour

SAMPLE ID:AMD Lab No. 120539-M

CHEMICAL ANALYSES ]
ASTM C818
PARAMETER RESULTS| SPEC. F/C
Si1icon Dioxide,S$102,% 50.3 : ——
.IAluminum Oxidae, A1203 % 28.2 -
iIron Oxido,Fozoa.x 12.8 —— 1
iSum of 8i102,A1203,Fe203,% 91.1 70/50 min|
calcium Oxide,Ca0,% 4.3 ——— 1
iMagnesium Oxide,Mg0,% 0.83 -
|Sodium Oxide,Na20,x -— .=
{Potassium Oxide K20,% - —— |
Sulfur Trioxide,$03,% 0.81 5.0 max
jMoisture Content % 0.18 3.0 max
iLoss on Ignition,% ' 2.17 8.0 max
IAvai1ab1a Alkalias as Na20,x=x 0.47 1.5 max
!
: PHYSICAL ANALYSES
|
iAmount Retained on No. 325 Sfieve,% 25.0 34 max
|Pozzolanic Activity Indax '
Portland Cemant at 7 days, ¥ of Controt —— -—
Portliand Cement at 28 days, ¥ of Control 82 75 min |
¥ Lime at 7 days, psi 1154 800/NA minj
*Wator Requirement, ¥ of Control 98 105 max
jAutoclave Expansion, X -0.04 | 0.8 max
'Specific Gravity = ° 2.40 —-———
iIncreasa of Drying Shrinkago xx —— 0.03 max
IReactivity with Cament Alkalios X%
Reduction of Mortar Expansion,x ' —— —-—
Mortar Expansion,¥ - —— 0.020 matJ
[ e e e e

*xOptional requiremants app11cpblg only whan requested by the purchaser.

oy Lt d Lt

N,
0852 West Gitor Drive ~ Lakewoed, CO 80227 (303) 987-0410  Fax # (303) 0873413
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REPORT OF FLY. ASH ANALYSIS

ReEsoURCE MATERIALS TESTING, INC.

FA_AT TO: JTM Industries | PROJECT NO.:RMT-025
Ash Managemet Division SAMPLE NO.: 869 .
777 Franklin Road, Suite 100 DATE REC.: 10-20-89

Marietta, GA 30067 DATE REP.: 111-17-89
Attn: Mr., Dave Boyenga ' , L

PROJECT NAME:Montour Plant Fly Ash QA Program

¢ MPLE ID:Class F Fly Ash July.Aug..Sept.. 1989 Composite
AMD Lab. No. 891018~M

[
CHEMICAL ANALYSES
; ‘ ' ‘ : ASTM C618

PARAMETER _ RESULTS|{ SPEC. F/C
;wiYicon Dioxide,Si102,% 49,6 ——
HAluminum Oxide,A1203,%X 27.6 S me-
.ron Oxide,Fe203,X 13.3 -
wum of §i02,A1203,Fe203,% 90.5 70/50 min
ﬂCa1cium Oxide,Ca0,% 3.0 - -——-
liagnesium Oxice,Mg0,X : ) 1.7 -
iodium Oxide,Na20,% ' - —-——— —-——
Potassium Oxide,K20,X —— -
9u1fur Trioxide,$03,% A : 0.49 - 5.0 max
. 'sture Content,X C 0.21 |- 3.0 max
\_.8 on Ignition,x . ‘ 2.8 6.0 max

HAvailab1e Alkalies as Na20,Xx 0.35 | 1.5 max

i PHYSICAL ANALYSES

“amount Retafned on No. 325 Sieve,X ‘ 26.6 34 max

30z20lanic Activity Index ' _ :

“ Portland Cement at 7 days, X of Control ‘ =
Portland Cement at 28 days, X of cOntro1- - : 88 75 min
-Lime at 7 days, psi : 1180 800/NA min

Aater Requirement, X of Control 97 105 max
Autoclave Expansion. 4 S -0.03. | 0.8 max
3pecific Gravity - 2.38 . —
.ncrease of Drying Shrinkage,xs —— 0.03 max
Reactivity with Cement Alkalies,Xx - L
Reduction of Mortar Expangion,X —— _ ———
Mortar Expansion,% ' S —— 0.020 max

"optional regquirements applicable od1y:when requested by the purchaser.

, ¢£2g=,rr-;[_.‘ ot

Rebert L. Smith, Ph.D.

'\-/.

9852 West Girton Drive  Lakewbod, CO 80227 (303) 967-0410 AR S0 557 987-0413
AR3N00286 -



REPORT OF FLY ASH ANALYSIS

REsSOURCE MATERIALS TESTING, INC.

PEPORT TO:Ash Management Division PROJECT NO.: RMT-025 \_/
J.T.M. Industries SAMPLE NOQ.: 637
777 Franklin Road, Suite 100 DATE REC.: 7-13-89
Marietta, GA 30087 DATE REP.: 8-18-89

Attn: Mr. Dave Boyenga
PROJECT NAME:Montour Plant Fly Ash Quality Assurance Program
\MPﬂE I0:Class F Fly Ash April, May, June Composite
AMD 890707-M ‘

——— = e e

CHEMICAL ANALYSES
: ASTM C618
HPARAMETER RESULTS| SPEC. F/C
3iticon Dioxide,5102,% 49.9 -
Jaruminum oxide,A1203,% 28.2 —
Iron Oxide,Fe203,% 13.0 ——
Sum of S$i02,A1203,Fe203,% 91.1 70/50 min
ICaIcium Oxide,Ca0,x 4.5
Magnesium Oxide,Mg0,% 0.55
sodium Oxide,Na20,% 0.23
Potassium Oxide, K20,% 2.5 -
Sulfur Trioxide,sos.% ‘ 1.0 5.0 max |
Moisture Content,X : 0.14 3.0 max
-088 on Ignition,% 2.5 6.0 max \_/
Available Alkalies as Na20, x* 0.58 1.5 max
PHYSICAL ANALYSES ‘
nAmount Retained on No. 325 Sieve,% : 25.6 34 max
Pozzolanic Activity Index
Portland Cement at 7 days, % of control -—— ——
Portland Cement at 28 days, ¥ of Control 88 75 min l
Lime at 7 days, psi . 120% 800/NA min
water Requirement, % of Control . 95 105 max i
Autoclave Expansion, % ' -0.08 0.8 max
Spacific Gravity _ 2.42 —o-
Increase of Drying Shrinkage,xx* —— 0,03 max
Reactivity with Cement Alkalies, Xxx . |
Reduction of Mortar Expansion,X ‘ A —— - |
Mortar Expansion,% —— 0.020 max
Lh___y____*_#____,______J!gb_ ' ﬁ_J
Optional requirements Zppf! &f only when requested by the purchaser,
| ‘ !
Jb? jﬁaae} B,_Jéﬁéidi-i”'§f<441u,ot(.
3, ﬁ?t Robert L. Smith, Ph.D.
Wy, 99

! o Mg,
9852 West Girton Drive Lakewh‘aozﬂﬁ':’ 093%§ 3’3’7-041 0 pp FHLHAWF 987-0413



ResOURCE MATERIALS TESTING, INC.

\/

Report To: Ash Management Corporation

777 Franklin Road
Suite 100

Marietta, GA 30067

Attn: Mr. Dave Boyenga

REPORT OF FLY ASH ANALYSIS

'Project No.:

RMT-025

Sample No.:_ 357

. i + 4=6-89
Project Name : Date Received
Assurance Program :
A s Date Reported : ___5-9-89
Sample ID: _1tan. . Feh., Mavch '89 Composite |
- AMD 89040454
-CHEMICAL ANALYSIS PHYSICAL ANALYSIS
: ASTHCS1S ASTMCS1S
EARAMETE e BEULTR 2pEC._FC PARAMETER AESULTR APEC _EXC
tican Dioxide (10, % 30.4 Amount Ret. on No. 328 Sieve, % 23.5 34 Max
Aluminum Oxids (ALOJ, % —_—6.8 Pozzolanie Activity index
e (FaCY, % 13.2 P.Cament at 7 Days, % of Controt ---
$10,, ALO, and Fe,0, % 90.4 _ jomomin_ P. Coment st 28 Days, % of Control 85 78 Min___
Calelum Oxlda (€20}, % 2.4 Lima 81 7 Cays, pal 1215 BO/NA Min
. sgnesium Cxide (MGO, % 0.76 Water Requiramen, % of Control 33 108 Max
Sodlum Cxide (N2,0), % 9.32 Autoclave Expansion, % -0.07 08 Max
- sassium Oxlde (K,OL% 2.3 SoecifiaGnvty 2.41
outtur Troxide (80}, % 0,48 _ oM | wcresseotOming Shrirkage, we T2 _oosmas
Molsture Content, % 0.11 _ sowma Reactivity with Cement Alkalles®
‘ez en ignition, % 2.3 8.0 Max \ Raduction of Mortar Expsralon, % i
Avallable Alkatles a8 Na,0, % 0.51 __s1sMax Mortar Expansion, % il 0.020 Max
*Opticnal requirements applicable only when requested by the purchaser.
oy trd Lot
Robert L. Smith, Ph.D.
\_

8852 West Girton Drive
Lakewood, CO 80227

(303) 287-0410/ 0413

AR300288



MATIRIAL SAFEIY DATA SEEXX

Tdeatitys TLY ASR <

SZCTION X

MamifacOyrers
Pennsylvania Pover & Light Company Telephone: 215/770-6701

Iwo North 3th Strset
Allsatown, PA 1at0L Date Prepared: March 1988
I3 = HAZARDOUS DNGREDIERTS/IDENCTTY DXPORMATION
osuA ACCIR
Mstertal C1% ¥umbey e L v

Hajor Elesentss .

Aluatous (7629-90-3) 13 10 og/a’e 10 ag/ade

Caletium (1305-78-0) 2,0 s ﬂ:h" 2 agfl’*

Tron, | (1309-37-1) 1 10 ng/a’e 3 ag/u’e

z;an.im ) (1309-48-4) 0.6 15 ag/a’e 10 ag/a’e

Potassiue (7640-09+7) 2.3 -ee —ee

Stitcon (7640-21-3) 18 - 10 ag/a?

Titanium . (13463-67-7) 1.0 1S og/a’w 10 mg/n’e L

$111con Dloxids By X-Ray Analysis): - T

- Quarss (14308°60-1) 8.0 1 ng/adeee 0.1 zg/ad
(total respiradla dust) (Respirable)

Ceistobalite (Lo4bh=bb-1) 1.9 1 n:h’*ﬂ 0.08 ngln’
' (total respirable duse) (Respirsdle)

Trace Elemancat - e e
Arsesic (7640°38°2) 0.003 10 aeg/a’ 0.2 ng/n’
Chrostus (T600-a7-3) 0.083 1 og/a? 0.5 ng/u’

Capint (7:40-50-0) 0.020 0.1 n;ll, (fume) 0.2 ag/a? 1iume)
Manganese (1839-9¢-3) 0.067 15 ag/a’e s og/n’
Vanadius (131A-62-1) 0.2 0.1 wg/ad 0.08 mg/a’

2ine (1324-13°2) 0.028 s ng/e’e $ ag/a’s (fure)

* Linit values apply o the oxides of these slements.
»
& Valuss Approximace.

wee The OSHA Crystalline Stlica Listes

(Ras lruio) - 10 ex/n’
Quarcx P r:r&f-
Tor Criscobalite, use 1/2 the valus for quarts.

Valuas {n table are dased on aversge bulk sasple results,

{PPLL 4508, Fly Ash)

Paga L of 3

Fly ash {3 derived from naturally occurring coal and is varisdls in its content.
Valuss teported approximace the upper lialg of known concenttations for those elesantcs,

AR300289



This MSDS Ls for fly ash which is formed durtn'g the combyscion of anthracite and ht..:uu
slectric stacion doilars., The bulk of this ash consiscs of s{licon, alusinum, magnesiuam, c:'l‘.:‘::n?;::a::t::.u‘
" cicantum, and {ron. TIrace elements are not baligved to exisc as well-defined chemical encities {such as Pho'or €us0, )
but are chought to be in dissolved scates in the bulk phases of glass, aullice, magnetic spinel, and carvon, b

wm-mmmmmmmﬁ

Soiling Poine: S NI Specific Gravicyr N/A
Vapor Pressurs: LT/ Melting Poine: ' - 1200%
VYapor Densitys . NIA ' _ Evaporation Rate: o -~ N/A
Solubility in Waters 13 -

Appearance and Odor: 'A'Hyiroieopte Light Gray Powder =

SICTION IV ~ FIXZ AMD EXPLOSION RAZAKD D4TA

Flash Poine: N/A
Flazmable Lisits: N/A
Extinguishing Msdia: S NA e
Special Fira Fighting Procedurss:  N/A
Unusual Fire/Explosion: N/A

-

SECTION ¥ = RIACIIVIIY DATA

*

Stability: Stable
. ‘ompatabiliry: Unknown
rdous Dccanpcuuén ot Byproducts: Unknown
Hazsrdous ?ctyumzétom . None known Ca occeur

SECTION VI » EEALTN EAZAXD DATA

Rouctes of Eatrys Inhalation and Skia
Bealth Hazavdss Irvication of eyes, skin, and mucous meshranes.

Medical Conditions Cenerally Aggravated by Exposure:s Persons with lung dysfunction should be .apccﬁlty cnhlut '
o . to avold dusty conditions,

Isargency and Firsc Aid Proceduress .

Eys Contact: Wash eyss thoroughly with plenty of water to remove dust particles.

Skin Contact: Wash with soap and vazer.

Inhslscions Resove to frash atr,
Praplacesent and periodic medicsl axams should be used to evaluste the lung funceion and skin of workers reqularly
axpased to this material. Airdorns levels greater than the PEL for arsenic¢ have been ssasursd during visidly cuscy

conditions, OSHA yegulacions musc be followed under those ¢ircumstances since Lnorganic srsenic is regulaced by OSHA
48 a4 carcinogen, ‘ -

NOTX: Arsenic is on the NIOSH Registry of Toxic 2ffsces of Chesicsl Sﬁhztmc'n 11t of potentisl
sarcincgens,

W,

(FPLL MSDS, ﬁy' Ash) ' Page : e_! b | a R3 Oozlgv' '



SECTION VIT = PRECACTIONS FOR SAFR EANDLING AND USR

Spillss Provide eys protection and duse respiracors to prevent {nhalacion of duse, -

Wasce Disposals Macerial can de disposed of &s an inert solid in s unauu. Follow Federal, Stace and Local

regulacicns,
Pracautions for Handling end Storing: Ueiliza good housekeeping practicas.

N

SECTICH VIII = COMTROL MEASURXES

Rupi.utnry Protsecion:s Use NIOSH approved respirator with high sfficlency filters.

Veagilacton: Use general and local exhaust ventilation and duse colleccicn system to keep dusc levels within
accsptadble limics,

Procective Gloves: Clesn Work“Gloves

Lys Protsctiocns Goggles, Faceshislds

Othsr Protsctive Clothing or Equipment: !odz;c:vcﬂn; vork elothing may be mcuury undsr very dusty
conditions, .

N/A = Not Applicadle (Mo Applicsble Informacion Found)

sag/be75L/0N, ,56
zlgafc '

AR30029]
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| JTM ASH MANAGEMENT DIVISION

. JTM INDUSTRIES, INC. - w420 W EMMAUS AVENUE
_ S ALLENTOWN, PA 18103
\_/ MATERIAL SAFETY DATA SHEEI' ‘OFFICE (215) 7977674
. DISPATCH (215) 797-7683
. . FAX (215) 7978669
SECTION 1. MATERIAL INDENTIFICATION n o
Manufactursr Seurces Lecated Iss Carba, YA; Fernandiaa Beach, FL; Heltused, PA; Raxbers, 83 ..,
Hashingteaville, PA; and other ssurces ucthg Section 2 Typlcal Conpasition . -
Chemical Name .~ 7= Trade Name
Ceal Ash ASTR C-618 Class F A Kone
Chemical Family .. - B . Formula :
Fused Aserpheus (!u-&‘ystallin) uulu Sl.m 1 T 7/
SECTION 2. TYPICAL COMPOSITION % HAZARD DATA
Cad o105 ¢S | Csal ash may cause irritatiea when
sio, 25 te 55 Labaled or vhea i contact with the
. ll.z.l St 35 oyss or ueist skin.
Fo 0, | 5 ts AS See Sectien 6.
8, - - ] 058
hzﬂ T e I S YT N
\__/ZCTION 3. PHYSICAL DATA - _ SRR ;
Boliling Point Specitic Gravity (H,0 = 1)
Sreater thas 2000° F. : L e }e 2.0 te 2.5
Vapor Pressure (mm Hg) o pH In Water
LI : 5.0 to 8.0
Water Solubility ... «. | Heato! Reactlon in Water d
Appraxisataly 0.5% Tl Neas
Appearance and Odor
Srey ta Tan Fine Pevder. Us Odor,
SECTION 4. FIRE AND EXPLOSION DATA
Flammability
{ Kea-Conbustihle
SECTION §. REACTIVITY DATA . P . o . N S
| Ceal ash is an lnert anerphous sineral n;uu feraned ;uril[ cesbustien of caal by aeltiag clays,
saads aad ether alserals contained ia the coal fucl. This saerphous residus is sen-reactive. T

[ | AR300292




: SECTION 8. HEALTH HAZARD INFORMATION

Effact of Overexpesure

Overszpesars ts ceal ash say causs irritatias of the respiratery tract, i{u. aad nelst _
skin.
Eaargeacy Flrst &id - ' oL o . O

Eys Contact— ' Flesd the eyes with large ansusts of cleas uster. Sat
sedical attesties presptly.

Skia Centact-— ¥ash affected areas thersughly. If ireitatien persists,
sesh aedlcal attntiqg. :

Iakalation— .. Resove ta fresh air. If prabless devalep or persist,

seck medical atteatica, ‘

| SECTION 7. SPECIAL PROTECTION INFORMATION

uplratery Pretactisa— Any NIOSH or RSHA appreved dust respirater say be used.
” - Protaction— . Use goggles at all times. Aveid use of costact laases

areund csal ash,

: in Protection— Lisit skin cestact.

" SCTION 8. STORAGE AND HANDLING PROCEDURES

¥ udls I a dry ceatained systen. Prevsatic Saadiisg systens ars appropriate. Use apprepriate mttctiia
» 3 haadliag, '

»

CTION 8. SPILL AND DISPOSAL PROCEDURES

Pratect frea blouing uisd. Nelstas te prevaat dustiag and dispese of ia aa apprepriate coatainer or
1 atlese Bs special haadlisg s required for suall spill ageuats.

AR300293




@2-2e-15%@
3= 1

pil
Sp. Cond..umhos

Phenol. Alk.(as CalO3)
Total. AlX.(as C3C03)

ts

£102/8114con
Al203/A umirun

- Fe203/1ran
Cat/Caloim
dgO/Magnas iun
Na20/Sadiun
Kl0/Potassium
T102/Titanium
WO/Manganese
S02/8ulfur/Sulfate
P20S/Phosphorus

uents
Antimony
Arsenic
Bariim
Barylliium
\._/ Boron

Broaine

, Cacmiumn

" thloride
Qronius
‘Cobalt.

Coppar
Gslliu
Garmanim
Lead
Lithium

dol
Nicksl
Rubidium
Selanium
Silver
Strontiwm
Thallium
Vanadium
Zina
Zirconliim

kdfmmn

16:28 AMC ALLENTOWN PR,
Peansylvania Pover & Light Campany

Montour Stasas Electric Station

Fly Aun/Leachate Anslyses

~Jotal Elementsl

T KAV rFUOoaT T T——

SMONT
FA-1
10/28/88

RN Lo

_Oxide  JGlement _ASTM 7A

10.7
1820,
4700,

11800.

(2) (2) (mg/1)

31.7% 24.20 5.2
27.03 14,30 <0.1
10.98 7.88 <0,08
4.12 2.94 4€E8.
1.0%8 0.838 <0.05
<0.1682 <0,120 12.8
2.38 1.88 38.7
1.49 o.89 <0.03
G.040 0.031 <0.005
1.002 0.501
0.302 0.132
<206.8. == <0.08
334. ' ’ °l°2
<1200. 0.383
<0.00S8
_ <0.1
‘zs-l
<13Q, ‘o.m
184.6
188, 0.53
<133, <0.08
149, <0.08
43.8
‘l?"
146. <0.05
1.8
<S%.0 <0Q.0008
6.0 8.23
17¢. <0.08
168.
<12.6 0.008
<104. «<0.0%
721, 4.3
" «76.5 . <0.1
24a. c.11
324. <Q.05
280.

U © T Mg
—le o-,w;fb

-

g “§283E

odo o rBooo

LaB

Composite sample collected xoxza/sa whlh h.n-n.lne low
sulfer bituminous coal.

Elasant Analysis Corporstion trucking number 13139.
- lancaster Laborstories Incorporated tracking tumber 131232,

AR300234
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ATTACHMENT 2D
CALCULATIONS
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STANDARD CALCULATION
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NUS CORPORATION AND SUBSIDIARIES STANDARD CALC U’-g{,g.“;
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~ ATTACHMENT 3

- ANALYTICAL RESULTS
(PRELIMINARY PENDING VALIDATION)

oo™ 3A UNTREATED SAMPLES

\_/ 3B PHASE 1 -~ S-DAY CURE TCLP SAMPLE RESULTS
3C PHASE 1 -~ 28~-DAY CURE SAMPLE RESULTS
3D PHASE 2 -~ 28-DAY CURE SAMPLE RESULTS
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ATTACHEMENT 3A
UNTREATED SAMPLES
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WESTERN RESEARCH INSTITUTE ;

0. Box 3365, University Station ' ~

Laramle, WVW""G 82071-33%0
(307) 721-2243

May 21, 1990

TO! Greg Zmmerman, NUS Corporation

FROM? Western Research institte

gUBJECT: Addendum o 8AS 563010101; Totl arsenio results for sample WL-TS-207-08
rﬂmbynunqmmdhwonn‘mpmmn

WL-T8-207-08 10,600
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ATTACHMENT 3B
PHASE 1 - 5-DAY CURE TCLP SAMPLE RESULTS

AR300306



= XEROA TELECOPIER 296 3 7~ I=907 oro& 7o ey

MAR 21’90 13332

WESTERN RESEARCH INSTITUTE

1

£.0. Box 3398, University Station
Laramie, Wyoming 82071-3308
{307) 721.2243
Maroh 21, 1900
TO! NUS Corporation
FAOM: Westermn Ressarch institute
SUBJECT: Verbal resulls for SAS 5830102; Corrected from 372090 mistake
made in kneer regression analysia.
Samote No, TotsAS (vald ]
WLFTO-CA-01-3 98 11.9
WLFTS-CA-02-3 708 8.53
WLFTS-CA-03-8 698 85.47
WLFTS-CA-04-3 <3 3.47
WLFTS-CA-08-8 <8 118
WLFTS-CA-11-3-8 <5 11.9
WLFTS-WO-00-8 321 12.1
WLFTS-WO-08.5-8D - | 121
WLFTS-WC-07-8 2740 8.97
WLFT8-WC-07-8-D 2,340 5.7
WLFTS-WC-06-8 . 5.20
WLFTS-WO-09-8 - 8.9 5.0
WLFTS-WO-10-3 14 "9
Extraction Blank <3 2.5

* Matrix intartorences in sample; could not reed abeorbance. The giass wodl In ihe sarubber and
the absorber solution tumed biack no matter how much the sampie was diiied,

¥ you have any QUesiions, Pieass call me st 721-2204,

Tonsglin

Ntnoleu
Chemical Analysis
muwm

AR300307
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ATTACEMENT 3C
PHASE 1 - 28-DAY CURE SAMPLE RESULTS
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NZSTIRM RESEARCE INSTIIUTE
~ 2,0, Box 3393, University Station -
Lazamie, Nycming 82071

INORGANIC ANALYSIS RESULTS
SA® 5630103

Joil Sample Results

_ Unconfined

Sampla No. ACH Total Ay Bulk Density Comp, Strth
(2g/%g) (g/cm3) (psi)
NILITS=-CA-01~-28 34378 208 .40 4,270
NIFTI-CA-02-28 34379 363 3.68 340
NIFTS=-CA~03-28 34380 411 5.80 220
NIr23-CA=~04-28 34382 33 § 5.93 320
~MS-CA-03-2I 34382 254 3.96 4,050
NIFTS-NC-08-28 34383 1,030 ‘ 2¢ 4,400
NLITS-NC~07-28 24384 91e 5.63 330
NZTTS~-NC=08-28 24323 2,070 5.08 200
NITT3=-NC-09-28 34386 1,480 4.92 290
NLFT3-NC-10-28 34387 1,730 5.7 2, 700
NIFT3-NC-10-28D 24388 1,610 - -

AR300309



NISTERN RISIARCH INSTITUTE

2.0, Box 3395, University Station

Zaramie, Wycaing 82071

INCRGANIC ANALYSIS RESULTS

Acy

SAS 3630103

féi’ LEACHATE PISULTS

Sample
NLYTS-CA-01-28 34390
NLITS-CA-02-28 34391
NZITS-CA-03-28 24392
NLYTS-CA-04-28 34393
NLITS-CA-05-28 34394
NLITI-NC-06-28 343958
‘NLITS-NC~07-28 34396
NIrTS-NC-08-28 24357
NLITS-NC-09-28 34398
NLITS-NC-10-28 34399
NLITS-NC-07-28D 3¢432
(o0%)
Blank ———

ERNEERENEE

252
2,690
2,700

<s
82

360
2,630
4,180

138

72

2,600

<5

Leach FProc. Total As (ug/L) pE

11.9

11.2

11.0
5.46

11.7

12,0

11.4

11.1

5.06

11.9

4.98



NESTIZIRN RESEARCE INSTITUTE

2.0. Box 3398, University Station

Zaranie, Nycming 22071

INCRGANIC ANALY3SIS RESULTY

SAS 3830203

EFP TCX LEACHATR RESULZTS

Laach Prog. Total As (ug[!z pX

Sample Acw
NLITS-CA-01-28 24400 zr 70X
NLITS-CA-02-28 34401 z» TOX
NLIT3-CA-03-28 34402 » TOX
NLITS-CA-04-28 34403 £r TOX
NIFTS-CA-03-28 34404 zr TOX
NLITS-NC-06-28 34408 z» TOX
WLITS-NC~07-28 34406 £ Tox
NLITS-NC-08-28 24407 zr TOX
NLFT3-NC-09-28 34408 z» TOX
NLITS-NC-10-28 24409 z» TOX
NLIT3-NC-08-28D 34430 EPTOX
{(oU2)
EFTOX Blank-03 - rTOX

350
1,080
989
<5
<s
196
1,760
2,090
123
77
183

<5

12.2
7.03
§.68
3.47

12.0

12.2
6.5¢8
5.47
5.2

11.9

2.83

AR30031 1



. NESTERN RESTARCE INSTITUTT

P.0. Box 3355, University Station
Zaramia, WNyoming #2071

- INORGANIC ANALYSIS RISULTS

T

©.8AS 8630103

ASTM LLACEAIY RESULTS

gample ACH __ pesch ¥roe, fotal As  pm  TOC 08
‘ ; {ug/L) (mg/T) (mg/L)
WNLFTS-CA-01-28 34410  As™™ 212 12.5 <10 1,430
NLITS-CA-02-28 34411 AsTv 1,220. 12.1 12 550
WLITS-CA-03-28 34412 278 11.9 <10 800
NLITS-CA=04-28 34418  AS™ 39  7.30 <10 2,480
NLIT9-CA-05-28 34414 ASTN 36 12,4 <10 1,130
WLITS-NC-06-28 34418  ASTN- 229 12.5 <10 1,890
NLITS-NC=-07-28 24416~ ASTN 1,610  12.1 <10 590
NLTTS-NC-08-28 34437 °  AsT™ 1,860 11.9 <10 500
NLITS-NC=09-28 34418 AsT™M 'y 6.14 <10 2,460
WIITS-NC=10-28 34419  asT™ - <5 12.8 <10 1,450
WLIrTS-NC-08-28D 3443¢  asT™ 1,460 - - -
(oT?) :
BLANK -an ASTM <5 . 4.28 <10 <10

AR3003]2



NISTIRN RESEARCX INSTITUTE
F.0, Box 3393, University Station

Zaranie, Nyoming 82071

JNORGANIC ANALYSIZ REISULIS

Sazple ACN Ieach Prog
NLITS-CA-01-28 34420 ASTN-MOD
NLITS-CA=02-28 34421 ASTN-MOD
NLITS-CA=-03-28 . 34422 ASTN-MOD
NLFT3-CA-04-28 34423 ASTN-MOD
NLrTS-CA-03-28 34624 ASIN-MOD
WLITS-NC-06-28 34425 ASTN-MOD
NLITS-NC-07-28 34428 ASTN-NOD
NZFT3-NC-08-28 34427 ASTN-MOD
NLFTS-NC-09-28 34428 ASTN-MOD
NZIT$-NC-10-28 34429 ASTN-MOD
NLIT3-NC-09-28D 34438 ASTN-MOD
(DTP)
BIANK (Groundwates) ==

SAS 3630103
MODIFIXD ASTN LIACEATE RESULTS

Tetal As

(ug/Z)

124
1,730
1,720

110

a8

338
1,350
2,220

2.3

738

<5

<35

12.4
11.8
1.8
177
12.4
12.4
11.9
11.8
7.82

12. 4

2.97

<10

- <10

<10
<10
<14
<10
<10
<10
<10
<10

<10

<190

.AR300313

py)

(ng/L) (mg/L)

1,280
460
460

2,700

1,080

1,260
530
460

2,740

1,240

320

N



" ‘ATTACHMENT 3D
PHASE 2 - 28-DAY CURE SAMPLE RESULTS
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NESTIRN RESEARCR INSTITUTE
2.0. Box 3395, University Station
Lazaczie, Wycmiang 82071

INCRGANIC ANALYSIS RESULTS
SAS 5630104
Scil Sample Results

Onconfined
Sarple No. AN  Tot As As*?  as*?  mix Densiey comp. Streh
(mg/kg) (mg/kg) (mg/kg) {g/cmd) (psi)

NLX73-CA=-12-280 34640 314 213 100 5 72 2,380
NLFT3-CA-13-28 34641 344 <100 226 4.80 40
MS-CA-IJ-:’ 34642 468 375 <100 5.60 740
NLITS~-CA~15-28 3464) 243 1908 <100 6.00 1,410
NLFTS-CA-16-28 34644 170 143 <100 §.08 - 240
NLFTS~-NC=-17-28 34643 540 252 <100 8.42 3,600
NLITS-NC=-10=-28 34648 00 418 <100 6.52 700
NILIT3-NC~19-28 34647 644 363 <100 8.22 2,470
NIFTS-RC-20-28 34648 234 <100 163 S.92 60
NLITS-NC=21-28 34649 $58 176 <100 8.21 150
NLITS-CA-13-28D 34630 372 - o= - .
Blank —— - <100 <100 - -

eg:?-ﬁ |

be MY 25190

" -

| SuEoos o

) AR300315



. NESTERN RESEARCH INSTITUTE
7.0. Box 3395, University Station
| Leramis, Wycming 82071

INCQRGANIC ANALYSIS RESULTS
- SAS 5630104
TCLP LEACHATE RESULTS

_.gm;.' ' ACN Zeach Proc, ZTotal As (ug/T) pE
NLYTS-CA-12-28 34665 TCLP 208 11.9
NLFTS-CA-13-28 24666 TCLP <3 5.59
WLITS-CA-14-28 " 34667 TcLP 75 5.3¢4
NLITS-CA-15-28 34668 TCLP <8 8.48
NLITS-CA-16-28 34665 TCLP 306 7.63
NLITS-NC-17-28 34670 TCLP 199 12.0
NLITS-NC=-18-28 34671 TCLP - 51 5.80
NLITS-NC-19-28 34672 TCLP 82 5.16
NLITS-NC-20-28 34673 TCLP 48 5.10
NLITS-NC-21-28 34674 TCLP 717 ‘ , 7.28
WLITS-NC-20-28-BD 34675  TCLP 48 5.11
NLITS-NC=22-28 34676 TCLP <s 6.41
NLITS-NC=21-28-D 34677 TCLP 678 -
TCLP Blank-04 ——- TCZP <5 4.94
T2 %
] i @ B

AR300316



NESTIRN RESEARCE INSTITUIR
».0. Box 3395, University Station
Zaramie, Nyomiag 82071

INORGANIC ANALYSIS RESULTS

SAS 3630104

IP TOX LEACHATE RESULTS

Sarple ACN Laach Preoc, Total Ag (ug/L) 2. §
NLYTS-CA-12-28 34652 P TOX 19 1.9
NLIT9-CA-13-28 34653 I? TOX <3 5.78
WLITS-CA-14-28 34654  £» TOX 10.3 5.18
NLITS-CA-15-28 34658 I? TOX <8 5.16
WLITS-CA-16-28 3465¢  £» TOX 1,080 .98
NZITS-NC-17-28 34657 P TOX 318 11.9
NLITS-NC-18-28 34658  I» 70X 10.3- 8.18
WLITS-NC-19-28 34659  I» TOX - 7.7 4.99
NZITS-NC-20-28 34666  xP TOX <3 4.95
NZITS-NC-21-28 34661 zr TOX 816 7.25
WLITS-CA-15-28-2D 34662 Er7OX 7.7 5.12
NZITS-NC-17-28-D 34663 EPTOX 318 11.8
ZPTOX Blank-03 -~ EPTOX <5 2.8

NN HE Y

(. :‘.) .

AR

T MAY 25190

AR300317
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Sample

NISTERN RESIARCK INSTITUTE
P.O. Box 3393, University Station
Zaramis, Nyoming 82071

- INORGANIC ANALYSIS RISULTS
© SAS 8630104
ASTN LEACHATE RESULTS

ACN _ leach Proc. Tot As As*?  as*3 pm  rOC

WLIrT8-CA~12~28
MSTC&-IJ -28
NLrTS~-CA-14-28
NLrTS-CA~-15~28
WNLFTS=-CA=-18 -38
WNIrT3-NC~17-28
NLIT3-NC~-18-28
NLFTS-NC-15-28
NLITS=-NC=-20-28
MS-WC-ZI -28 |

NLFTS-NC-18-28-D

NLITS~CA~13-28BD

ASTN Dlank-04

34679
34680
34681
34682
34683
34684
34635

34686

34687

34688

34689
(oTP)

34651

AR RRERREE

(ug/L}) (ug/L) (ug/L) {mg/L) fﬂ:g:}
a5 <5 <5 125 <10 1,630
407 <5 <5 9.51 23 3,980

- <5 <8 <5 c.::_ <10 1,540
5 < < 728 <10 2,420
1,410  <51,230 11.8 <10 ¢,830
1,30 <8 <5 12.5 <10 1,430
6.4 <=5 <8 7.0 <10 2,740

22 <5 <8 7.02 <10 2,160
17 <5 <3 6€.68 <10 2,320
1,440 <5 1,430 11.5 <10 5,870
8.1 == === 791 .= ee-
469 e == 7.96  m= -
<S < < 420 <0 <10

PLEEEEERD

AR300318



NESTIRN RESEZARCE INSTIIUTE
?.0. Box 3393, University Station
laramias, Nycming 82071

INORGANIC ANALYSIS RESULTS
SAS 5630104
MODIFIXD ASIM LEACHATE RISULTS

Sample ACN  Teach Proc, Tot Ay Ast?  astS @  Toc 708

(ug/L) (ug/L) (ug/L) {ng/L) (mg/L)
NLITS-CA-12-28 34692  ASTN-MOD 120 <3 <5 12.5 <10 1,510
NLFTS-CA-13-28 34693  ASTN-MOD, 130 <5 <5 9,07 <10 4,530
NLFTS-CA-14-28 34694  ASTN-MOD 6.0 <5 <S5 7.79 <10 1,300
NLFTS-CA~15-28 34655  ASTN-MOD <5. <5 <5 7.42 <10 2,610
NIFTS-CA-16-28 34696  ASTM-MOD 1,280 <5 <5 11.7 <10 8,170
NLFTS-NC~17-28 34697  ASTM-MCD 144 <S <5 12.5 <10 1,450
NIFTS-NC-18-28 34698  ASTM-MCD 69 <5 <3 7.82 <10 2,800
NLITI-WC-19-28 34659  ASTN-MOD <3 <5 <5 7.45 <10 2,090
NLITS-NC-20-28 34700  ASTM-MOD <5 <53 <S5 7.59 <10 2,500
NLFTS-NC-21-28 34701  ASIN-MCD 1,410 <5 1,166 11.4 <10 6,560
NLFTS-NC-19-28-D 34703  ASTM-MOD <$ T — — eee

(002)
NLFTS-CA-12-28-BD 34702  ASTN-MCD 131 = e == e  aee
ASTN-MCD Blank-04 --- ASTN-NOD <3 <$ <5 7.92 <10 310
.r--_aﬁ"'"‘.;.“ ] o

AR300319



AR300320



C,

" APPENDIX C
SOIL WASHING TREATABILITY STUDY REPORT
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ABSTRACT

BioTrol, Inc. under contract to Ebasco Inc. performed a bench
scale treatability study to ascertain the feasibility of soil
washing/solvent extraction treatment to remediate contaminated
soils at the Whitmoyer Laboratories Site. ‘

The major components of this treatability study were: (1) an
arsenic and TOC aqueous partition study, (2) a single-stage
extractants search, (3) multi-stage extraction optimization, (4)
arsenic speciation, and (5) order-of-magnitude cost estimate for
full scale site remediation.

The conclusions, based on the reduced experimental data and
the general experimental observations, can be summarized as
follows:

> The soluble fraction of arsenic in upgradient groundwater is
relatively small. Up to 10% can be dissolved from soils
containing more than 200 ppm arsenic in a water slurry
containing 1% solids, but the extent of dissolution decreases
to about 1% arsenic for slurries containing 17% solids. By
inference, socil flushing does not appear practical. In
addition, the presence of more than 80% slimes in the soil
creates an effective barrier to percoclation.

> In the partition study, the majority of the water-soluble
arsenic was determined to be pentavalent. The amount of
trivalent arsenic was insignificant.

> The single-stage extractants search revealed that the arsenic-
bearing contaminants could not be leached at pH = 1 with
hydrochloric, nitric, or sulfuric acids.

> Sodium carbonate, Na,C0;, appears the best arsenic extractant
in the presence of sodium thiosulfate or Cyquest DP-6. It can
extract about 65% arsenic in four (4) hours at pH=11] and room
temperature.

> Ethancl at a level of 200 1lb per short ton of solids can
extract about 60% arsenic. This system offers the potential
for significant savings as a result of solvent recycle and
minimum process water treatment. Additional effort towards
system optimization is strongly recommended.

> Multistage optimization of the best two carbonate systems
fajled to match the results of four-hour single-stage
extractions. Thus, countercurrent extraction appears
unnecessary and the residence time for optimal 1leaching
extraction may be less than four hours.
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The arsenic speciation procedure failed to quantify the
pentavalent arsenic in leach solutions. - ‘There are procedural -
ambiquities that need to be resclved in order to guarantee
reliable determinations.

The order-of~-magnitude installed equipment cost for a 20 ton
per hour full-scale treatment system 1is estimated at
$4,730,000.00. The operating cost to remediate 100,000 cubic
yards ot contaminated soil containing 1,800 ppm arsenic is
estimated at $158.00 per cubic yard. The ‘estimated operating
cost does not include excavation, feed preparation, or oapital
recovery.

vii

AR300329



FINAL REPORT
ON
S80IL LEACHING/SOLVENT EXTRACTIONS OF
INORGANIC AND ORGANIC CONTAMINANTS
FROM THE
WHITMOYER LABORATORIES SITE

1.0 INTRODUCTION

Biotrol, Inc. under contract to Ebasco Services Inc. performed
a bench-scale treatability study to gather information necessary
for determining the feasibility of soil washing/scolvent extraction
treatment for remediation of contaminated soils at the Whitmoyer
Lahoratories Site.

1.1 Site Backaround.

The Whitmoyer Laboratories Site is located in Lebanon County,
Myerstown, Pennsylvania where several pharmaceutical products were
produced from 1934 through 1987. The site geographical location
and the preliminary location of contaminated scils are shown in
Figures 1 and 2, respectively.

The history of activities at the sjite can be summarized as
follows:

> 1934: A veterinary pharmaceutical company initiated
operations.

> 1957: The company began production of organic arsenical
compounds, primarily arsanilic acid and carbarsone, until
closure in 1987.

Other chemicals produced at the facility included piperazine,
chlorhexidine gluconate, phenolphthalein, cresylic acid-based
products, iodine-based products, and vitamin supplements.

> From 1957 through 1964 the arsenic in the plant wastewater was
precipitated with lime and the slurry was sent to an unlined
lagoon located directly on top of bedrock.

> 1964: The lagoon sludge was excavated and placed in a concrete
vault. '

Arsenic-contaninated groundwater was treated with ferric
sulfate and the ferric arsenate sludge was stored in the
consolidated lagoon and in the excavated lagoon. However, the
treated wastewater still containing dissolved arsenic
infiltrated into the subsurface of the unlined lagoons and
contaminated the offsite surroundings.
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> 1965: A soil augering and coring program was undertaken to
determine the extent of contamination of subsurface scil and
rock. The program revealed an average arsenic concentration
of 1500 mg/kg along the contact surface between the soil
mantle and the underlying rock formations. '

> 1973: A study by the United State Geological Survey'éenfirmed
- the findings of the 1965 augering program.

> 1976 to 1977: Lagoon siﬁdgesawere consolidated. Sludge was
excavated from the westernmost lagoons and placed in the
easternmost lagoons.

> - 1987: The EPA, with assistance from the REM III Project Team,
began the remedial investigation/feasibility study.
Preliminary results confirmed the widespread arsenic
contamination and tentatively identified "hot spots" of
arsenic and/or organic contaminants. -

The raw laboratory analytical results of the Remedial
Investigation available at the time of proposal writing are
summarized in Table 1.

The soil at the site consists predominantly of silts (2 to 20
microns) and clays (0.1  to 2 microns) and covers the majority of
the study area, both on site and off site.

1.2 Samples Recejved.

To perform the bench-scale treatability'study,‘Ebasco shipped
seven (7) soil samples and one (1) upgradient groundwater sample to
be used as the primary carrier fluid in this study.

These samples were identified as follows:

- " 8O0IL AND WATER SAMPLES FROM WHITMOYER SITE
BioTrol No. Whitmover No, Type -Amount -

8§9-28A WL-TS201-00 Soil 32-02
89-28B WL-T5202-00 Soil 32-0z
89-28C ' WL-TS203-05 Soil - 32-02z
89~-28D : WL-TS204-03 Soil = 32-0z .
-89-28E ' ‘ ‘WL-T5205-04 Soil . = 32-0z
- 89-28F : ' WL~-TS206-05 = - Soil 32-0z
89-28G . .. WL=-TS207-06 ‘Soil 32-02

- 89=29 WL-MW105-A : Water 25 gal
These samples were received on 10/11/89, :
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1.3 Treatability Study Objectives.
The primary objectives of this study are:

> to characterize selected soil samples

> to determine the feasibility of using soil wasﬁing technology
to remove arsenic-bearing contaminants and other organic
contaminants from the soils and allow for environmentally safe
placement of the treated soils back onto the site '

> to collect appropriate data to establish preliminary sizing
and operating requirements for a full-scale soil remediation

operation, including any pre- and/or post-treatment
requirements

> to assess the state of development of the proposed technology
and to evaluate requirements for additional pilot-scale
testing

> to develop an overall schedule to implement the remediation
technology

> to assess the compatibilitf of the process and equipment with
the site, and

> to develop an order-of-magnitude cost estimate for the
remediation process.

2.0 TREATABILITY PHASES

A total of five (5) phases were conducted serially in this
study in an effort to take advantage of conclusions from previous
phases associated with the arsenic behavior in soil samples from
this site. The different aspects of the treatability study were as
follows:

2.1 characterjzation of Sojl Samples.

This effort consisted of analyses of total arsenic and Total
Organic Carbon (TOC) in the initial seven soil samples in order to
select five (5) samples to carry out the next phase of the study.
Based on these initial results, a "worst case" sample was selected
and a composite "average" sample was prepared and included in the
5-sample set for the partition study next phase.

The composite "average" sample was identified as WL-TS5208-99
3
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and made with equal amounts of samples TS-203, TS-204, and TS-206.
Its chemistry was calculated as the average chemistry of the three
contributing scoil samples.

2.2 Arsenic and TOC Partition Phase.

The mobility of arsenic and TOC in a water slurry was
established as a function of percent solids and time of contact
with upgradient groundwater. The characteristics of the five soil
samples chosen are given in Section 3.2.

2.3 s.inele__s_tage_nx;.nas_tmte_s_e_mm

“Although arsenic-bearing as well as organic contaminants were
the subject of this study, the effectiveness of soil remediation
was primarily judged by the extent of arsenic removal. To identify
the most promising leaching agents, a total of twelve (12) tests
were conducted first using the composite soil sample.

The reagents investigated in these twelve tests included the
following: HC1, HNO;, H,SO,, NaOH, NaHS, Na,CoO 3, Na,5,04,
Xanthate 2-5, 0yquest D -3 and DP-6, sodium EBTA, Ethanol and
other minor additives.

Based on the results of the first twelve tests, four
additional leaching approaches were derived and tried on the "worst
case" sample. The best two tests from the lé6-test set were chosen
for the optimization phase.

2.4 Leaching Extraction Optimizatjion.

Because arsenic extraction in a single stage treatment reached
a maximum of around 60%, there was a concern for the possibility
that the arsenic extraction may have been hampered by either a
‘solubility product barrier or insufficient leaching time. In an
effort to define the effect -of these two pertinent operating
parameters, a countercurrent extraction simulation was implemented
through an experimental design of cross-current leaching in four 4-
hour stages (See Figure 3). Since fresh lixiviant is used at each
stage, the potential solubility product barrier is eliminated
while the time effect on extraction is quantified as the cumulative
extraction for tour 4-hour extraction stages.' :

. The two extraction procedures subject to optimization were
‘assigned the following labels. :
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