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SECTION 1

INTRODUCTION

This report describes the results of (testability studies performed for the Halby
Chemical site, Wilmlngton, Delaware. The overall approach to the treatabllity studies
described In this report has been modeled after Information contained in the "Guide for
Conducting Treatability Studies Under CERCLA," Interim Final, U.S. Environmental

• Protection Agency, 1989.
Four treatment technologies were evaluated In the treatabllity studies: low-

temperature thermal desorption, solidification/stabilization, xanthate flotation, and bio-
: ._") logical treatment. Each technology was evaluated as a primary treatment except low-
f temperature thermal desorption, which was evaluated as a pretreatment step prior to

solidification/stabilization. All technologies were evaluated at the laboratory screening
tier, as defined In the treatabllity guide.
1.1 Site Description

The Halby Chemical site covers approximately 14 acres in a highly Industrialized
area In Wilmlngton, New Castle County, Delaware. As Figure 1-1 illustrates, the site is
situated in a tidal marshland that is bordered on the north and west by Interstate 495,

' on the east by Conrall Railroad, and on the south by Terminal Avenue. The Christina
River Is located east of the site.

The Halby Chemical Company and the Witco Chemical Company produced sul-
fur compounds from 1948 to 1977. Specific raw materials used In the manufacturing
process are shown In Table 1-1, and the products and associated byproducts known
to have been produced at the plant are shown in Table 1-2. The three principal
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TAME 1-1. «AU mumm usa >T m HAIIT tin
fcironluii hydronldi
Antiydroui wroolia
Cirbon dliulfldt
Potmlui hydronldi
Sodluo hydronldt
HDnocMoroKitlc ictd
liMCtyl ilcohol
lioprooyl tihir
KcnMihinolMlm
p-Tolutrw ititfonlc «ld
Solviy d«n« todi iih
SuUurlc Mid

TABU .1-1. HKBUCTS AM) HPMPUO1 HKBUCa *T TKt MlIT »IT«

Mmnluii t
liooctyl thloglycotttt (IOTG)
tononlun thlocymti
Sodlin lulfldt
Sodlui thlocyimlt

Potittlui thlocymiti
Ho«mhinol«mln« ihloglycolm

chemicals manufactured or used at the chemical facility were ammonium thloglycolate
(ATG), Isooctyl thloglycolate (IOTG), and ammonium thlocyanate.

i j From 1948 to 1964 the wastewater, cooling water, and surface runoff were dis-
( charged into an unllned lagoon (see Figure 1,1). The lagoon waters discharged to the

Christina River through a drainage ditch connected to Lobdell Canal east of the site.
The lagoon presently receives runoff from the railroad tracks on the east side of the

; , site and from the highway northwest of the site, Currently, a drainage ditch along
. I-495 drains the lagoon waters during tidal fluctuations Into the Christina River,

' Although chemical production activities stopped In 1977, the site is still used for
: storage of carbon dlsulfide In aboveground tanks. Areas adjacent to the site also are

used for storage of coke piles (east of the site) and for truck washing (west of the
: site),
l

I According to a 1983 Delaware Department of Natural Resources and Environ-
| mental Control (DNREC) preliminary assessment, nearby residents had complained

about lagoon overflow, sulfurous odors, and numerous spills, In late 1985 or early
1986, the EPA FIT III Team conducted a site Inspection of the facility, and detected
sulfurous odors from stained sediments, drums, and tanks found on site. In 1987,

f ./ AR302777
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EPA began a Remedial Investigation/Feasibility Study (RI/FS) at the site. Analyses ̂
sediment, surface and subsurface soils, and surface and ground water indicated con-**
lamination by volatile organic compounds (VOCs), semivolatlle organic compounds,
and Inorganic compounds (metals, ammonia, and cyanide compounds). Migration
from the site was evident In aqueous and sediment samples from the lagoon outfall,
which contain elevated levels of various pollutants. At the time of the inspection, the
one remaining on-site well showed high levels of arsenic, mercury, cyanide, and tri-
chloroethylene. The presence of these substances Indicated that the ground water
underlying the site was probably contaminated,
1.2 Waste Stream Description

Tables 1-3 through 1-5 list the detected VOCs, semivolatlles, and inorganic
compounds, respectively, their concentration ranges, and the frequency of detection in
water and soil samples, This information was compiled from preliminary data received
from the Phase I Remedial Investigation conducted by Ebasco Services, Incorporatê
As these tables show, the site soils and sediments are contaminated by a complex
mixture of VOCs (Including carbon dlsulfide, chlorinated ethylenes, and benzene corrr̂
pounds), semivolatlles (including pyrene, benzo[a]pyrene, phenanthrene, fluorene,
chrysene, fluoranthene, and acenaphthene), and inorganic compounds (ammonium
thlocyanate, arsenic, copper, cobalt, lead, manganese, mercury, vanadium, and zinc)
at widely varying concentrations ranging from approximately 100 ppb to 1 percent, 'In
the sediments and surface soils, the highest concentrations of these compounds ap-
pear to be located at the southern end of the site near the tanks and chemical plant
building, with lower levels In the northern and eastern portions, Subsurface soils are
also contaminated with similar VOCs, semivolatiles, and inorganic compounds to a
depth of approximately 10 feet

The lateral and vertical extent of contamination at the Halby Chemical site Is
complex and variable. The coexistence of various classes of compounds will heavily
Influence the remediation activities chosen for the site, Remediation may require more
than one treatment technology In a treatmei train process. In addition, in situ

'
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technologies may be more appropriate than aboveground technologies tor treatir
and water.
1.3 Technology Descriptions

Since a complex chemical mixture of vol̂.!'-j, semlvolatlle, and Inorganic com-
pounds Is present In soils and sediments at the Halby Chemical site, several treatment
technologies may be applicable for remediation of the soil. In the treatabllity studies, •
described herein, solidification/stabilization, xanthate flotation, and biological treatment
were each evaluated for applicability as a primary treatment. Low-temperature thermal
desorption was tested as a pretreatment step prior to solidification/stabilization.
These studies were designed to evaluate the applicability of these technologies to treat
the contaminated soils and sediment.

Figure 1-2 presents the overall treatabillty scheme for this project, and Table 1-6
presents the experimental plan. Table 1-7 summarizes the analytical testing program
for the soli, water, and treatment residues. (

TAKE t-6. pmiiecm HM

Iwtenpcntun IhirMl
deiorptlon
Solldlftcitlon/Hiblllif
tloo
Solldl(lc«tlMV«t«blllu-
tloo
Xinttiiti floutlon

Slodeflfidttlon

HitrlH
SurfKi loll/icdliMnt

IhinMl rnlduti

SurfKi loll/itdlnnl

SurfKi 10! l/itdlmnt

SwltMflt/grouxl wtir
cwpotlt*

Tnt condition!
3 tMpcnturn x
2 rcildmct!
2 blndtra » 2 lid
* rttlot » ̂  blmki
1 blndtr n 2 ilx ridot

1 nwnt/frothir

2 trHtmnti •
2 controli

Ho. of
rcpll-
CltM

2

2

2

1

1

Totil (
Ho, o(

teit runs
1

12

(

2

^

So* from the Halby site was subjected to physical, chemical, and biological
characterization tests to delineate the soil characteristics that may Influence treatment
effectiveness, Each separate soil sample (surface soil and sediment) was homo-
genized prior to chemical analysis and testing to ensure that representative samples
were tested for each technology and that the results from those technologies with
similar starting matrices could be compared. The soil was analyzed.fp/.a.setectlist of i(H\\J(j£iod v j
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Rgure1-2. Overview of treatabillty schema. AR302783
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_T indicator compounds (Table 1-7) to provide initial concentration data for determining
the effectiveness of the technologies. The surface soil and sediment also were
analyzed for mlcrobial activity to assess the applicability of blodegradatlon.

The low-temperature thermal desorption studies were performed at two tem-
peratures and two residence times. The VOC, semivolatile, and metal Indicator com-
pounds were measured In the soil residues from all tests, Duplicate test runs were

' conducted on soil samples with high concentrations of VOC and semivolatile
contaminants (I.e., a worst-case scenario).

The solidification/stabilization studies of residue from low-temperature thermal
desorption Involved two binders [asphalt and portland cement (Type II)] at two dif-
ferent mix ratios. Solidification/stabilization of untreated surface soils and sediments
involved one binder (cement) at two different mix ratios. Duplicate test runs were con-
ducted. The unstabillzed soil and the stabilized products (including four blanks) were'
subjected to leaching by TCLP, and the extracts were analyzed for the metal indicator

(" compounds.
j Xanthates are the reaction products of carbon dlsulfide, alcohol and an alkali-

( metal hydroxide. The Initial alcohol/hydroxide reaction forms an alkoxlde, which then
reacts with carbon dlsulfide to give the alkali-metal xanthate, Alkali metal xanthate
salts are soluble In water and readily decompose In acidic environments to liberate
carbon dlsulfide and the corresponding alcohol. Xanthates are used extensively in the
minerals processing Industry as collectors in the selective separation of nonferrous
metal sulfide ores from gangue (mixtures of undesirable ores, silicates, and non-ore
material). This process exploits a surface chemistry phenomenon, where the xanthate
compound selectively coats the metal sulfide particle, Increasing its
hydrophobldty and affinity to gas bubbles. The bubbles lift the metal sulfide particles

• to the surface, where they can be skimmed off and collected In a separate vessel.
The degree of flotation accomplished Is dependent upon the particular xanthate
chosen and the presence of activators, such as cupric sulfate, or depressants, such
as cyanide salts. Frothing agents can be added to enhance the life of the bubbles
and allow fora more efficient separations. Although this process has been extensively
used In the mining Industry, it has not been previously demonstrated on fitRiwmiwieff 5
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soils. Nevertheless, the presence of high concentrations of carbon disulfide in the ('
surface soils and In aboveground tanks onslte made this mining process a candidate Q
for testing at the laboratory screening level using a preformulated xanthate reagent
(potassium amyl xanthate) with a frothing agent (2-ethylhexanol). The soil and the
recovered froth were analyzed for the metal Indicator compounds.

The biological studies Involved an Initial evaluation of the existing microbial
population in sediment and ground water, followed by a series of treatments evaluating
the effects of oxygen and nutrients on the indigenous population, Microbial growth
and oxygen consumption were measured to evaluate the potential for biological
treatment of carbon dlsulfide and thiocyanate compounds in sediment and ground
water.
1.4 Project Objectives

The objective of these testability studies was to determine the applicability of
low-temperature thermal desorption, solidification/stabilization, xanthate flotation, an("
blodegradatlon for treatment of surface soils and sediments at the Halby Chemical
site. The laboratory screening studies were designed to determine the applicability of (j
these technologies quickly and relatively Inexpensively; they were not designed to eval-
uate process parameters or to develop cost data,

Table 1-8 summarizes the treatment objectives for the various Indicator com-
pounds, which are the primary contaminants of concern at the site. These objectives
are based on human health and environmental risks (soil), and previous experience for
the tests (TCLP extract and DCS). The testing and characterization program for each
technology Is discussed in more detail In Sections 4 through 7.

Data generated under this work assignment will be used by Region III to Identify
those technologies that are potentially applicable for remediation of the Halby Chemi-
cal Superfund site. The data will be used to screen out technologies that do not dem-
onstrate effective removal of contaminants from the soil, and to retain those
technologies that either result In a significant reduction In contamination or, In the case
of biological treatment, Indicate the potential for significant reduction S'̂ ftlafftô tAR302/ob ((
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TAHJ 1-8. TICATltHT OUECTIVH ft* IlEAtAIIUTT H1BIH

Indlcitor coipound
SwIvolitllM (Icu-ttnptriturt
IhirMl doiorptlon)
Itmotilpyrtnt
Chryttni
Fluorwthtni
l«uo(b)fluoranthtm
l«uo(k)f(uorMithtni

Mtili (lolldlflcitlon/itibllliitlon
md xmthiti floutlon)
Aritnlc
Cotnlt
Copptr
Chro«lu«
Zinc
Hircury

Phyiicil pirmttirt (toUdlflMilon/itiblllzitlon)
Unconflntd coqiriiilvf itrtngth

Soil*

« a/kg*
I ing/kg
>«g/kg
a*g/kg

SO Kg/kg
1,000 mg/kg"
100 nj/kg

260 m/kg
1 mg/kg

SOpH"

TCLP
mtncr,

ng/l

HA
HA
HA
HA

1
1
1
1
1
1

HA
• iiitd on NOAATKonMnofd livili for iidlMnti In ttit mrtti irii ntxt r.o tht Hi I by ilti, «c«pt
It DOtKl,

|}
Arbltriry viluti nt for itudy.
6ntd on 10'1 hiMn hnlth rlik livtli.
NA • Hot igpllcibli.

' ln«d on prillnlrary tirgit eltmf Itvili for hum htilih (EBASCO 2/90).
' HI • Hot

levels. Depending on results of the laboratory testing, the data may be used to select
a remedy for the site to be included in the record of decision (ROD) due in December
1990, or to Identify further studies necessary for more in-depth evaluation of these
technologies. The less-stringent data quality objectives and statistical designs associ-
ated with laboratory screening could result in a potentially applicable alternative being
rejected or a nonapplicable alternative being retained for further testing, The risk of
this occurring, however, Is acceptable In light of the cost and time savings associated
with laboratory screening treatability studies,

AR302787
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SECTION 2

CONCLUSIONS AND RECOMMENDATIONS

Based on these preliminary studies, the following overall conclusions are drawn:
° Bacteria capable of degrading carbon disulfide and thiocyanate com-

pounds are present In the soils under aerobic conditions with sufficient
nutrient supply. The presence, growth and metabolism of aerobic car-
bon disulfide and thiocyanate degraders suggest the possibility of using
an aboveground bioreactor treatment system. Further studies are need-
ed to more fully evaluate the performance of bioremediatlon.

» Xanthate flotation/separation of heavy metals from soils was not
successful under the limited experimental conditions tested.

o While low-temperature thermal desorption at temperatures between 300°
and 500° F and between 15 and 30 minutes residence time can success-
fully remove VOCs and semivolatile organic compounds from soils, it
may not be needed as a pretreatment step prior to solidification/stabiliza-
tion.

° The soils, themselves, dp not leach metals at appreciable levels under
TCLP test conditions. However, among the two binders tested, asphalt
binder appears to be the better binder material for reducing leachate
concentrations of the metal Indicator compounds, although dilution of
soils by the binder was not taken into account. Additional feasibility and
treatabllity studies are needed if solidification/stabilization is deemed
necessary to reduce metal leaching from soils to surface and ground
water.

The following additional studies are recommended prior to selecting a final
remedy for soils at the Halby Chemical site;

RR302788



» Further xanthate flotation laboratory studies examining the effects of
mixing speeds, (2) particles size, (3) water to solids mix ration, (4)
xanthate flotation agent and concentration, and (5) frother concentration/
bubbler flow speeds,

o Additional TCLP or other leach testing (preferably a multiple waste extrac-
tion test or dynamic, long-term leach study) of soils to adequately deter-
mine the need for solidification/stabilization to reduce the leaching of
metals from the soils to the surface and ground waters.

o Upon determining the need for solidification/stabilization of soils, perform
feasibility analysis comparing costs for cement-based and asphalt-based
solidification/stabilization processes taking into account the 'eed for
de'«atering prior to using asphalt. Upon determining the n 3 feasible
soi.Jffcation/stablllzation process, perform additional bencf. .cale studies
evaluating leachate levels of semivolatile and metal Indicator compounds,
and VOC emissions during mixing, at binder to soil mix ratios between
0.5 and 0,25 (for asphalt) or between 0,24 and 0.40 (for cement).

These additional studies could not be performed under the existing scope and
budget, but they are needed to build upon data presented in this paper and to help
further refine the design, cost and performance for soil treatment alternatives.

AR302789
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SECTION 3

FIELD SAMPLE COLLECTION AND SAMPLE PREPARATION

On April 10 and 11,1990, PEI, together with EPA/ERT, collected surface
soils/sediments, subsurface soils, and ground water for the treatabllity studies. Be-
cause of uncertainties in the available analytical data, soils were analyzed for selected
metals In the field by EPA/ERT's contractor, Roy F, Weston, using an X-ray fluores-
cence (XRF) spectrometer. This field analytical procedure was used to select soil
sampling locations and to assure that the treatability study samples had metal concen-
trations representing general site contamination.

This section presents the approach and procedures that were used to collect
samples in the field and to prepare samples for the treatabllity studies, Subsection 3,1
summarizes the overall sampling program and objectives. Subsection 3.2 covers the
basis for selecting field sampling sites. Subsection 3.3 discusses procedures for
collecting samples, sampling equipment, equipment decontamination, sample
quantities, sample logging and documentation, sample preservation, and shipping
procedures. Subsection 3,4 describes the manner in which field-activity-generated
wastes were managed. Subsection 3.5 discusses procedures used to homogenize
the samples to the extent practical prior to instituting treatability experiments,
3.1 Objectives of Field Sample Collection Program

The general objective of the field sample collection program was to collect soil
and water samples from the Halby site necessary for the completion of treatabllity
studies, Sufficient quantities of material were collected to conduct treatabllity studies
and physical-chemical characterization tests on materials ranging from average to
worst-case concentrations of volatile and semivolatile organic and inorganic indicator

3-1 AR302790
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compounds. The sample collection procedures were conducted to minimize lossesQ
volatile constituents so that samples would be representatives of general conditions
present on site.

Table 3-1 gives an overview of the field sampling program for each technology.
Surface soil/sediment samples were collected for the low-temperature thermal desorp-
tion, solidification/stabilization, xanthate flotation, and biological treatment studies.
Subsurface soil samples were also collected in case EPA wished to conduct additional
treatability studies (e.g., soil washing). Groundwater samples were collected for bio-
logical treatment studies.

TAIU M. OVCTVIM Of HELD SAHtlM PHOOW H» CAP TKmOtOCT

Tftitmm technology
Lou-tMptriturt thirMl dnorptlon md tolldlflc-
itlon/itibllliitlon
Xtnthitt flotitlon
othor trntiblUty itudln
llologlcil trntMnt

SMpli,
Mtrlcn

sss

sss
SUM

SSI
CM

«"pl«bguintlty
17.2 kg

2kg
8.5 kg

1.9 kg
4 lltin

SMplte
locitlon
SIM,

SSI-X

sugi-j
sss i C
GU-I ^

" SSI • Surftci loll/itdlMnti (0 to 2 ft); SUM • lutourfm toll (2 to ̂  ft); M • ground wtir.b
EKCNI quint I ty of inpli MI collicttd to illou for contlngwcln.
Sn Flgurt 3-1 for iwpl* locttloni. -X > xmhiti; -I * loN-tMMrituri thtml dnorptlon; •> • toll
milling; -I - blologlcil.

3.2 Selection of Samplng Sites for Treatability Testing
In selecting sampling sites at Halby for the treatability studies, the following is-

sues were considered:
« Distribution of site contaminants and contaminant concentrations,
> Site characteristics limiting access to sample locations.

These Issues were discussed in the Revised Quality Assurance Project Plan (QAPjP)
for this project (April 1990) and are not repeated here.

Figure 3-1 snows the locations of the selected sampling sites, Groundwater
samples for the biological treatment studies (GW-B) were collected frorri thei on-site

AR30279I
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*

monitoring well (SMW-01). Surface soil/sediment samples for the low-temperature ©
thermal desorption, xanthate flotation, and biological treatment studies (SSS-L, SSS-X,
and SSS-B) were collected from the drainage ditch and in the plant area near the
aboveground storage tanks. The subsurface soil samples for other treatability studies
(SUB-S) were collected from two points in the lagoon north of the plant area.
Because of the uncertainty in the actual chemical concentrations at these selected
locations, field analytical screening techniques (X-ray fluorescence spectroscopy and
organic vapor monitoring) were used to verify the presence of metals and volatlles In
the collected samples,
3,3 Field Sampling and Analysis Procedures

The following topics associated with field sampling activities are discussed sep-
arately below:

° Sample quantities required, sample containers, and preservation or (Sub-
section 3.3.1)

" Sampling methods (subsection 3.3.2) ,,..,
> Reld analytical screening methods (Subsection 3,3,3) UJ
> Equipment decontamination (Subsection 3.3,4)

3,3.1 Sample Quantities Required. Sample Containers, and Preservation

Table 3-2 lists the sample quantities required for Individual digestion procedures
and those requested by the laboratory for test material characterization. The amounts
requested by the laboratory are greater to accommodate the necessary quality assur-
ance/quality control (QA/QC) procedures. Table 3-3 presents the total amounts of
soil and ground water that were collected for the Initial soil characterization and for
evaluation of each treatability technology.

The surface soil/sediment samples for the low-temperature thermal desorption,
solidification/stabilization, and xanthate flotation studies (SSS-L and SSS-X) were
collected in a single 30-gallon steel drum, The subsurface soil samples for the
additional treatability studies (SUB-S) were collected In two 5-gallon steel containers,
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TAIU i-2. OUAHTITT Of KATCIIIAt UtOUIHH) fO*. UBIVIDUM. SAH1E AKAITHI

PiruMtir
VolitHti
SMlVOlltllM

Mtili

Othir Inorgwlci
Cywldf
Amxxilt

Phyilcit
Inch tilting
(TCIP)

llologlcil
Volitlln
SMlVOlltllM

Mttlll
Anmlc
Othin

Olhir Inorgwlci
Cywldi
Aimnli

glologlcil

Nitrlx
Solid
Solid

Solid

Solid

Solid
Solid

Solid
Liquid
Liquid
Liquid

Liquid

Liquid

Oumtlty nnd*d for
dlgntlon
59
30 g

10 g

5-10 g
S-IOg
HA'
lOOg

HA
5 «l
1000 ||

30 ll
150*1

500 Hi
50 «l

HA

.eumtlty rtquntid by Itbontory

Tm 4-oi Jin
8 01 tout for iMlvotitlln,
oitiir Inorgwilci
8 ot tout for iMlvotitlln,
oihir Inorgmlci

8 01 totil for iMlvolitllti,
oihir Inorgwlci

1kg
0.5 kg

0.5 kg
80 ll
2000*1
250*1

1000*1
Sill
1000*1

mtili, tnd

Mtili, md

Mtili, md

* HA • Hot ippUctbli.
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__________TAIU 3-i. TOTAL QUACTITT Of HATED IAL KBIIHg) TO AMALtlll AID TCltlK_________

SurfKi SubwrfKi ground
ioll/iidl- toll, kg Mtir,

___________Ticlinology______________unt. kg__________lltin
LovtHfiirituri ttitml dnorptlon

Inltlil phyilcil chii-Ktirliitlon 1.0
Inltlil chmlcil chirKtirlutlon (Including TCLP) 0.9
Triittblllty tnti, 8 rum it 0.8 kg/run

6.4
Solldlflcitlon/itibUliitlon (thirml rnldun)
ChirKtirlutlon of loN-twpirituri
thtrml dnorptlon rntdui (Including TCLP) 0.9
TrtitiblUty tnti, 16 iwpln (IKS md TCLP)

5.8
Solldlflcitlon/itibllliitlon (untrnttd loll)

Inltlil phyilcil chirKtirlutlon
Inltlil chulcil chirKtirlutlon (Including TCLP) 1.0
TrntioUIty tnti, 8 iMptn (UC1 end TCLP) 0.9

Xwthiti flotitlon 2.9
Inltlil chmlcil chirKtirlutlon (Including TCLP)
Inltlil phyilcil chirKtirlutlon
TniublUty tnti, 4 rum it 0.2 kg/run

0.7
1.0
0.8

Othir trntiblUty itudln doll Nnhlng)
Inltlil clmlcil chirKtirlutlon (Including TCLP) 1.2
Inltlil phyilcil chirKtirlutlon
soil ilivlng 1.0
Tr«iti6H I ty tnti, 12 rum it 0,4 kg/run 2.0

4.8
llodtjrtdttlon
llologlcil chirKtifliitlon 0.5
TmtibUlty tnti 8 rum 1.0 4.0

Totll___________ 23.8 9.0 4.0
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All sample containers were filled and sealed In a manner which minimizes head
space. All samples were kept cool prior to and during shipment to the testing facilit-

3.3.2 Sgrnpllng Methods

The sampling and field screening equipment used for obtaining samples from
Halby site are listed In Table 3-4. The Standard Operating Procedure for collecting
solid and aqueous samples at the Halby Chemical site is provided In Appendix B-5,

_____TAIU i-4. fieiD vm.m AH) AIKITSIS taiimmr_______
SMpllng/milyili iqufpmnt
Stnt round-point ihovil or othir trmchlng ihovil
Stnl hind-coring dtvlct md icoopi ,
stnl hmd wgir or poit-holi dlggtr (imn-typi)
Tiflon billiri ,
Portibli photolonliitlon ditntor (11JiV IMP)
Pintle tirp
Wood plinki
X-ny fluorncmci ditKtor, ilivn, ilcrowivi ovm

Swpl* contilmri
stnl buckiti (5 gillom) ulth locking tldi
PrtclMmd prntirlllud inpli contilmri

"'; 1-gillon brow glin Jugi
,.-•' 3-gillon HlcVwuth glni jiri

DOT 17H opm-hiid itnl dru»
DKontmlmtlon iqulpMnt
Alconox
Ntthmol
Dlitlllid or dilonlud wtir
Tip Mtir
gruihn/icrutabiri
Pilli

' ' Pintle tirp
Trnh bin
KM-nlpn
Pintle tubi

SHIili picking iqulpMnt
Ivpli coolw (ihock rnlitmt)
KM Ici/dry let
Pieklmtioi
Mcklni mirlili (vtmlcullti/xood chlpi)
Pintle bin
Aeftopfliti Mnlfnt, ihlpplng fom, md libtli, euitody mil

Pinoral protNtlon tqulpwnt
Ai riqulrid by IIti Hnlth md Sifity Hm_______________

•,Provldid by IPA Inrgmey Rnpomi TIM (HT) contrKtor.
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Surface Soil/Sediment Sampling-
Three surface soli/sediment samples were collected and placed Into a 30-gallon

DOT 17H open-head steel drum-one each for low-temperature thermal desorption and
solidification/stabilization of residue (15.0 kg), solidification/stabilization of untreated
soils (4.8 kg), and xanthate flotation treatment (2.5 kg). The surface soil/sediment
sample collected for biological treatment (1.5 kg) was placed into a 3-gallon, wide-
mouth, sterilized Jar. The location of these surface soil/sediment samples was in the
southeastern comer of the site near the tanks and chemical plant (Rgure 3-1) and In
the drainage ditch. Excess sample was collected in each case m order to fill the
sample containers and to provide excess sample for additional analyses or tests.
Surface soil/sediment samples were taken at depths of 0 to 2 feet using steel shovels
and stainless steel scoops or spoons. The 30-gallon drum was completely filled with
surface soil/sediment and sealed. Samples collected In the field for the biological
treatment studies (SSS-B, GW-B) were stored in precleaned, sterilized sample contain-
ers fitted with Teflon-lined lids. Special care was taken to minimize sample container p
contamination and exposure of the samples to light, air, and dust during sampling.
Subsurface Soil Sampling-

One 9.0-kg subsurface soil sample was collected for other treatability studies
and placed in two 5-gallon steel containers. This sample was collected from the
lagoon area indicated In Rgure 3-1. The sample was collected with an auger at a
depth of 2 to 4 feet below the ground surface. Samples quantities collected were in
excess of 9 Kg, in order to completely fill the two 5-gallon steel drums,

Ground-Water Sampllng-
A 4-liter ground water sample for biodegradation was collected from Monitoring

Well SMW-01, which has been identified as having the highest concentrations of
volatile, semivolatile, and Inorganic contaminants, According to the standard operating
procedure provided in Appendix B-5, a bailer was used to collect a groundwater sa-
mple after the well was purged. Four well volumes were withdrawn from the well prior

AR302797 u
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to collecting the groundwater sample.
3,3.3 Field Analytical Screening Methods

Subsequent to sample collection, the samples were delivered to EPA/ERT's
contractor, Roy F. Weston, for on-slte X-Ray Ruorescence (XRF) analysis. Samples
were dried In a microwave oven, sieved through a 20 mesh sieve, and homogenized
before analysis. XRF results were used to identify the following elements in the site
soils: zinc, lead, chromium, copper, and arsenic. Analyte values were determined by
using a generic hazardous waste soil calibration model standard. Since this calibration
model did not utilize site specific soli standards, values were reported as estimates
rather than as actual concentrations. A second calibration model was used to
recalculate values for lead from the sample spectra, All results were reported in parts
per million (ppm). Appendix D contains results obtained from the field XRF Instrument.
3.3.4 Equipment Decontamination

All nondisposable sampling equipment used at the Halby site was decontami-
nated using the following method:

1) Wash and scrub with low-phosphate detergent.
2) Rinse with tap water.
3) Rinse with 10 percent nitric add.
4) Rinse with tap water.
5) Rinse with methanol,
6) Rinse with detonized water.
7) Air dry.
8) Wrap In aluminum foil for transport to sampling locations.

These steps were followed prior to each use and after the last use. Care was taken to
avoid contact of the foil-wrapped sampling equipment with the ground.
3.4 rWSajriplrtg-Oertved Waste Management

Wastes generated during the sampling activities included:
° Disposable equipment
o used decontamination solutions
« Sample residuals

AR302798
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Disposable equipment (e.g., plastic gloves, Tyvek suits, broken containers) Q
contaminated with site sediments or water were put in sealed plastic bags and placed
In a 55-gallon (DOT 17H open-top) drum designated for disposable equipment. De-
contamination solutions were captured and placed in a 55-gallon (DOT 17H open-top)
drum designated for decontamination fluids, The drums were sealed at the end of
sampling and labeled in accordance with applicable regulations, The drums are cur-
rently stored In the process plant area.

Sample residuals generated at the site during field analysis using X-ray fluores-
cence spectroscopy were placed back on site after analysis. Sample residuals gen-
erated at the EPA Testing and Evaluation (T&E) facility after the treatability studies
were conducted will be disposed of at an approved and permitted off site facility,

3.5 Sample Preparation Procedures
Surface soil/sediment samples collected for the low-temperature thermal de-

sorption, solidification/stabilization, and xanthate studies were placed unmlxed in a
30-gallon steel open-head drum and shipped to the EPA T&E facility in Cincinnati, Q
Ohio, in accordance with DOT shipping and hazardous waste manifest codes. These
samples were unloaded at the T&E facility and placed In an insulated drum overpack
with dry ice for cooling in the drum storage area of the facility.

The treatability study samples were extracted from the open-head drum and
homogenized prior to waste characterization analysis and treatability testing. An alu-
minum scoop was used to place samples in stainless steel pans under the laboratory
hood for homogenization. Large fragments and debris were removed by hand from
the pans during mixing and placed back In the steel drum. The soils were mixed until
they appeared to be of uniform color and texture. The mixing time did not exceed 15
minutes so as to minimize volatile losses during this step. Stainless steel spoons were-
used to transfer the soils from the pans to the testing apparatus or the appropriate
sample containers for analysis.

The sediment and ground water samples collected for the biological studies
were packed in a sample cooler, and shipped to IT Corporation's Blotechology Center

AR302799 ^
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in Knoxvllle, Tennessee in accordance with procedures outlined in PEI's revised QAPjP
(April, 1990). These samples were received by IT laboratory personnel on April 13,
1990 and stored at 4°C.

Prior to biological testing, ground water was with drawn from the container
using a sterilized, pre-cleaned pipette. Soil samples were withdrawn with a stainless
steel scoop and manually mixed and pulverized with a mortar and pestle, The
pulverized soil was then screened to remove any large, gravel-sized particles,

. , ' AR302800
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SECTION 4

BIOLOGICAL STUDIES

In this treatability study, microbial activity and environmental conditions that
favor biodegradation of carbon dlsulfide and thiocyanate compounds were evaluated
to assess the applicability of biological treatment of soils and water. This section pres-
ents the overall approach In Subsection 4.1 and the results of the test in Subsection
4.2.
4.1 Treatability Study Approach

• Figure 4-1 illustrates the treatability study approach. The biological studies
J .3 involved an Initial evaluation of the existing microbial population in soil and ground

water, followed by a series of treatments evaluating the effects of oxygen and nutrients
on the Indigenous population. Microbial growth and oxygen consumption were mea-
sured to evaluate the potential for biological treatment of carbon disulfide and ammoni-

!' um thiocyanate in soils and ground water.
:-'\ The following subsections describe the test objectives and rationale (Subsection

i
4.1.1), experimental design and procedures (Subsection 4,1.2), equipment and mate-
rials (Subsection 4.1.3), laboratory sampling and analysis performed (Subsection
4.1.4), management of data collected (Subsection 4.1.5), and deviations from the
QAPJP (Subsection 4.1.6).
4.1.1 Test Objectives and Rationale

] The Immediate test objective of the biological studies was to determine the ab-
sence or presence of sulfide- and thiocyanate-speciflc degraders In sufficient numbers
to Justify a full treatability assessment. The overall aim was to evaluate thejDoterit[â of i

O
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~s the site for supporting a remediation program based on the principles of microbial
degradation, The purpose of the study was not to determine guidelines
to implement a bioremedlation program on site, but rather to determine the presence
or absence of specific carbon dlsulfide- and thlocyanate-degrading microorganisms,

Site remediation by microbial degradation Is highly site-specific, and the tech-
nology requires that important factors affecting bloremediation (e.g., contaminant-
specific degraders In sufficient numbers, low concentrations of compounds highly toxic
to the microbes) be Identified before a complete treatability assessment can be
Justified,
4.1,2 Experimental Deskjn and Procedures

Prior to testing, all samples were stored at 4°C. Water samples were taken by
pipette. Soil sediment samples were prepared by mixing manually, air drying the sam-
ple in a chemical hood, pulverizing the sample with a mortar and pestle, and using a
sieve to remove large gravel particles. Finally, the samples were analyzed for nitrogen
(as ammonia), phosphate (as orthophosphate), and pH. Preparation of sediment
samples for all other analyses was conducted In an identical manner, with the exclu-
sion of the air-dry step. Sample quantities of sediment and ground water In the mini-
treatability segments were in the ratio of 20 ml water to 2 g wet sediment (10 parts vol-
ume to 1 part weight).

Assessment Study__
The assessment study consisted of the following tests:
1. Microbial enumeration
2. Nutrient analysis
3. pH
4. Total organic carbon (TOO) analysis

The test methods are included In Appendix B-1 and are briefly discussed below.
Microbial enumerations were performed according to Plate Count Method

9215 C [Standard Methods for the Examination of Water and Wastewater (17th ed.)

^ - AR302803
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1989] with minor modifications lor the carbon dlsulfide and thiocyanate degraders.G)
Heterotrophlc bacteria were enumerated under both anaerobic and aerobic conditions
using dilute nutrient agar. Thiocyanate degradars were enumerated by adding potas-
sium thiocyanate to the nutrient agar for a final solution concentration of 0,1 percent.
Carbon dlsulfide degraders were enumerated by adding mineral salts to the nutrient
agar, mixing 1 ml carbon dlsulfide with 9 ml detonized water In a small beaker, and
pladng the nutrient agar plates plus the beaker into a sealed vessel containing a
carbon dlsulfide atmosphere. Temperature was maintained at 20*C and the experi-
ments were run for 7 to 14 days.

The nutrient analysis consisted of an evaluation of the nitrogen and phosphate
content of groundwater and lagoon sediment. Nitrogen (as ammonia) was analyzed
according to Nesslerlzation Method 4500-NH3 C (Standard Methods 1989). Phos-
phate content (as orthophosphate) was determined according to Ascorbic Add Meth-
od 4500-P E (Standard Methods 1989).

The pH of all samples was measured using a Coming pH Meter Model 150 wijb.
an Orion combination electrode. All ground-water samples were analyzed for TOO ""'
with a Dohrmann DC-80 in accordance with Method 5310 C (Standard Methods 1989).
Minl-treatability Study-

The experimental design for the mini-treatabllity study induded four different
treatments of a composite made up of 20 ml water to 2 g wet sediment (10 parts vol-
ume to 1 part weight). A total of 1.5 kg of sediment and 4 liters of ground water were
obtained from the site. It was not necessary to add sulfide or thiocyanate compounds
to the composite treatments because the concentrations of these contaminants in the
sample! taken from the Halby site were already sufficiently high to conduct the study.
To determine whether native bacteria were present and metabollcally active In the
sediment and ground water, the following four treatments were conducted:

1) Treatment 1 (aerobic, nutrient amended)-1000 ppm Restore 375™ brand
microbial nutrient was added to the vessel. The head space, which
constitutes 50 percent of the total volume, was filled with air.

AR30280l» s,
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2) Treatment 2 (aerobic, not nutrient amended)--No nutrients were added;
the head space was filled with air.

3) Treatment 3 (anaerobic, nutrient amended)--1000 ppm nutrients was add-
ed; the head space was purged with helium,

4) Treatment 4 (killed control)»100 ppm mercuric chloride was added to
inhibit all biological activity. The head space consisted of air,

The vessels were sealed with Teflon™-llned silicon septa. The concentration of
oxygen was measured at frequent Intervals over a 2-week period. Oxygen gas
samples were collected by taking 50 |il of head space with a gas-tight syringe. The
oxygen content of the gas samples was determined by injecting the gas sample into a
quantitative oxygen sensor. The four treatments were monitored for contaminant deg-
radation over a period of 2 weeks, as indicated by the following parameters:

1) Microbial growth
2) Oxygen consumption (measure of microbial metabolic activity)

Microbial density was measured at the beginning and end of the study. Micro-
blal density was evaluated using a Quebec Colony Counter with a 2-power magnifying
lens and dark field light source. Oxygen consumption was monitored throughout the
2-week period by withdrawing a sample of gas from vessel headspace using a gas-
tight syringe, and injecting it Into a proprietary quantitative oxygen sensor instrument
described in Graves and Greenbaum (1989). TOG was not measured in the mini-treat-
ability study, because the preparation steps (i.e., soil filtering for injection of filtrate into
analyzer, and soil purging with oxygen) would have driven off significant amounts of
low-molecular-weight organtes and Invalidate the results, Complete references for the
analytical methods used for the assessment and mini-treatabllity studies are provided
in Tables 4-1 and 4-2.
4.1.3 Equipment and Materials

Testing equipment consisted of the standard microbiological materials such as
flasks, test tubes, agar plates, anaerobic jars, and microscopes. Liquid samples were
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TAME 4-t. MN.YTKN, PAMKTEM HI OWMCTEIIUTIM Of) gDii«T (AMEMBIT snap
S«pli
*nrl« gumtlty Anilytlcil pirnatir____Anilytlcil Mthod

Ground- 1 *t Nlcroblil dmilty Pliti Count Mthod 9211 C
witir

10 *l Phowhiti Aicorhlc Acid 4500-P e ^
10 *! Nltrogm-Mionli Nnilirlutlon 4900-HHJ C 4
2*1 TOO Co«buitlon-lnfririd Mthod 4

5310 C
10 it pH Corning pH Nitir Nodil 150 4

tilth Orion contolnitlon ilic-
trodi

SidlMnt 9 g Nlcrobli! dralty Pliti Count Nithod 9219 C 6°
9 g Ptioiphiti Aicorblc Acid 49N-P E 1

9 g Nltrogm-Monli Nnilirliitlon MOO-NU c 1
9 g pH Corning pH ttttir Nodil 190 1

Mlth Orion cortlmtlon I|K-
__________________________trodi____________________ /«"i
' All Mthodi in tikm fro* Itmdird Kithodi for thi (imlnitlcn of Vtlir md untiMtir, 17th id., 19997'

Tmlvt tnti Miri conductid undir nroblc condition! md tmlvt undir mnroblc condition!. Ulthln nch
group of ttnlvi, four tnti nch wri conductid for hitirotrophi, thlocywiti digridiri, md cirbon dl •
lul • "iridiri.
Thrt* : •. - Mri conductid undir nroblc condition! md thrn undir tnnroblc condition!, ulth om iich
for Intirotrophi, thlocymiti digridiri, md cirbon dliulfIdi digridiri.
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TAME 4-2. AKAiniCAl PAMNETEM USED TO EVALUATE NICMUAL OKMTNat SITE caif/mimm iHim-rMATAiiLin mat)

swell Mtrlx
Inltlil

TrntMnt No, 1
(nroblc,
nutrlmt-Mindid)

TrntMnt No, 2
(nroblc,
not nutrlmt'Mnndid)

TrntMnt Ho, ]
(mnroblc,
nutrlmt-imndid)

TrntMnt No, 4
(muroblc, not
nutrltnt-Mindid)

Smpli quint Ity
20 *l groundmtir
In 2 g ndlMnt
20 *l grounJMtir
In 2 g iidlMnt

20 *l groundMtir
In 2 g tidlMnt

20 *l groundMtir
In 2 g ndlrnnt

20 *l groundMtir
In 2 g iidlMnt

Amlytlcil piriMtir
Nlcroblil dmilty

Nlcroblil dimity

Onygtn comunptlon

Nlcroblil dmilty

Oxygtn coniuiptlon

Nlcroblil dmilty

Onygwi comurptlon

Nlcroblil dimity

Oxygm conniption

Anilytlcil Mthod*
Pliti Count Nithod
9219 C
Pliti Count Nithod
9219 C
Orivn md Crttnbwn
(19J9), Pltnt Phv»l-
2lSa, 90:246-290

Pllti Count Hithod
9219 C
Orivn md Qr«trb«-
(19B9), Plmt Phvil-
olom, 90:246-290

Pllti Count Hithod
9219 C

Crivii md Orimbiui
(1989), Hint Plivil-
oloov, 90:246-290

Pllti Count Nilhod
9219 C

Qnvn md Qr«r_«jn
(19W), pjtnt Phvil-
plOj]jr 90>246'290

Ku*«r
of

milyin
1

3

r

3

7

3

r

3

7

Nlcroblil dmlty md ojygw comu-)tlon mthodi in tikm fro* Stmdird Nithodi for thi EuMlnitlon of
Uitir md umiMtir, 17th id., 1989.
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obtained using sterile glass and serological pipettes, Sediment samples were trans- ""
ferred using stainless steel spatulas. In the mini-treatability study, oxygen
consumption was measured by withdrawing a sample of gas from vessel headspace
using a gas-tight syringe, and injecting it Into a quantitative oxygen sensor.
4.1.4 Sampling and Analysis

Table 4-1 provides information on the analytical parameters used to
characterize the sediment and groundwater. Table 4-2 provides information on the tre-
atment process sampling and analysis.
4.1.5 Data Management

The data management sheets for the biological studies are provided in Appon-
dix A-1, For the assessment study, analyses of nitrogen (as ammonia), phosphate (as
orthophosphate), TOG, and pH were conducted once for the sediment sample and
once each for the four groundwater samples. Enumerations of aerobic and anaerobic
microorganisms were conducted on the sediment and each of the four groundwater Q
samples for heterotrophs, thiocyanate degraders, and carbon dlsulfide degraders, for
a total of 30 analyses,

For the mini-treatability study, an initial enumeration was performed, and final
enumerations of heterotrophs, thiocyanate degraders, and carbon disulfide degraders)
were conducted on each of four treatments, for a total of 13 analyses. Oxygen consu-
mption was monitored regularly through the 2-week period.
4.1.6 DavtedfanaFfomtJiaQAPIP

Treatment 3, containing the helium atmosphere, failed to maintain an oxygen-
free atmosphere for the duration of the 14-day test period. Silicon and Teflon are
highly permeable to oxygen, so the failure may have been caused by the diffusion of
atmospheric gases through the silicon septum. It may also have been caused by the
diffusion of oxygen from the liquid phase, or by a leak resulting from sampling through
the septum. Strictly anaerobic conditions were therefore not maintained for this treat-
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-N 4.2 Results and Discussion

The following discussion presents the results of the assessment and mini-treat-
ability studies, Including data analysis and interpretation, quality assurance/quality con-
trol, costs/schedule for performing the studies, and key contacts,
4.2.1 Data Analysis and Interpretation

The results of the study indicated that bacteria capable of degrading thiocyan-
ate and carbon dlsulfide are present in the sediment and groundwater, Microbial
growth of heterotrophs, carbon dlsulfide and this cyanate degraders, and respiration
were also demonstrated under aerobic, nutrient-amended conditions, Only
heterotrophs and carbon dlsulfide degrader populations grew under anaerobic condi-
tions. Tables 4-3 through 4-6 present results from the assessment analyses. Table 4-
7 and Rgure 4-2 gives results from the four treatment runs. Table 4-7 provides the mi-
crobial population counts for heterotrophs, thiocyanate degraders, and carbon disulf-
ide degraders In each of the four treatments, Figure 4-2 illustrates the cumulative con-
sumption of oxygen in Treatments 1, 2, and 4. While oxygen levels in Treatment 3
(anaerobic test runs) were monitored, the results are not shown on Figure 4-2, be-
cause oxygen consumption is not a valid parameter for measuring metabolism of an-
aerobes. The variability of data points is a reflection of the variability associated with
the Injection and sample collection techniques,

Although the microbial density in ground water was low, indigenous microbes
were shown to grow in response to the addition of nutrients and oxygen. Further In-
vestigations are necessary to confirm the Initial results, to determine the feasibility of
implementing btoremediation at the site, and to select the treatment scenario that will
be best suited to the particular set of conditions at the site, The presence of specific
compound-degrading bacteria suggests the possibility of treating site water and sedi-
ment in an above-ground bioreactor treatment system.
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TAW 4-1. IWMANIC MmiEKT COMXITMTIOI AM) pi Of SITE IAMEI

SMpli Orthophoiphiti. Pf» Amonli, pp*
Strllnmt 190 49
Mtir-1 4L 201
Uitir-2 41 196
lrttir-3 4L 191
Uitir-4 4L 211

" ifi? !, ©

PH

9.9
6.9
6.3
6.3
6.3

TAIU 4-4. TOTAJ. OKAJIIC CAMOH COITBIT Of IITE BKUC-UATEII IMHH

Snpli
Mtir-1
Mtir-2
Uitir-3
Vitir-4

Totil cirbon, n/»

436
463
471
468

L Totil Inorgwlc cir-
lion, «g/*L

184
210
21!
210

Totil orgmlc cirbon,
»»/*
292

(
237
260

O

TAME 4-9. AOniC mOOUH. EMOATIQN*

SMDll

UdlMnt
MHf-1
Mtir-2
MHT-S
MW-4

Mtmtrophi
290,000

180

1,000
70
110

Thlocymtt digridiri
28,000

Not ditictid
Not ditictid
Not ditictid
Not dittctid

CS, digridiri
26,000

40
60
80
170

Oiti rKoroM n colonyfor*ln« unit! pir uHlllltir of ground mtir or gm dry
Might ndlMnt.
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TAtLE 4-6. AHAEICTIC NICMIIAL EHJgMTIOH*

SMPU

SidlMnt
MtiM
Uitir-2
Mtir-1
Vitir-4

Thlocymiti
Httirotroptii digridiri

40,000 Not ditKtid
140 Not ditKtid

1,300 Not ditKtid
430 Not ditKtid
290 Not ditKtid

CSj digridiri
79,000

Hot diticttd
120
220
120

' Dili rtcoratd 11 colony-forming unlti ptr nlllllltir groundMtir or grin dry
Might iidlimt.

TMU 4-7.

SMpIl

Inltlil (fiulblllty)
Hutrlwti * 0,
(TriitMnt 1)
o, (TrntMnt 2)
Annroblc
(TriitMnt 3)

Blologlcil-lnhlblttd
(TriitMnt 4)

MICMilAL EHUKMTIMS FOR THE IKWITICATIUI Of IIOLOBICM.
ACTIVITY II SEDINENT AID OWUW-UATEI StUMIEI

Hitirotrophi Thlocymiti digridiri
4.4 x 101 4.2 x 104
1.8x10* 1.6 x 10*

1.7x10* 1.1 x 10*
9.9 x 10' 1 x 101

9.9 x 10' 2 x 104

CSj digridiri
4x 10*

2.3 x 10'

7.3 x 10*
9.2 x 10*

8.9 x lO1

Dili in prnmtid it colony-forilng unlti pir *lllllltir of ilurry;
trntmnti in dncrlbid In thi tut.
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Rgure 4-2. Oxygen consumption data by water-sediment slurries. Air control Is a
standard obtained by quantifying the oxygen content in air at each sampling point.
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-> The following Interpretations were drawn from the results of the preliminary as-
sessment (see Table 4-3 through 4-6):

1) The pH of the site ground water was within the range generally consid-
ered suitable for bioremediation. The pH of the sediment was low but
not seriously acidic,

2) Ground water was deficient in phosphate,

3) Aerobic organisms were, detected in the sediment sample, The microbial
population was very low in ground water samples. Thiocyanate and car-
bon dlsulfide degraders comprised approximately 10 percent of the total
microbial population found in the sediment sample. Low levels of carbon
dlsulfide degraders were found In ground water.

4) Anaerobic microbes were detected In sediment and ground water. A
high concentration of carbon dlsulfide degraders was observed In the
sediment sample. No anaerobic thiocyanate degraders were observed,

5) Metabolic activity and microbial growth were observed on the organic
carbon contained in the site samples,

The data provided in Table 4-7 show an increase In microbial population size
following nutrient and oxygen enrichment (Treatment 1). The heterotrophlc population
density Increased with each treatment. Treatment 3 (anaerobic, nutrient amended) is
not a valid assessment of the increase in anaerobes because of the leakage of oxygen
Into the treatment vessel; however, the presence of oxygen probably Inhibited the
growth of anaerobic microorganisms in this treatment. Microbes from this treatment
were enumerated under aerobic conditions.

The increased microbial density in the biologically Inhibited vessel (Treatment 4)
is probably a result of the presence of mercury-resistant organisms, This phenome-
non has been observed In other studies. The lack of growth of thiocyanate degraders
In this treatment Indicates that this subpopulation of degrading microorganisms was
unable to grow In the presence of mercury. Oxygen and nutrient deficiency also
affected the growth of thiocyanate degraders (Treatment 2), The results of these ex-
periments indicate that nutrient addition stimulates the growth and metabolism of de-
grading micrpbes (Treatments 1 and 3). Based on the microbial enumerations pre-

j AR3028I3
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sented In Tables 4-5 (aerobic) ana 4-6 (anaerobic), oxygen and nutrients were re-
quired to support the growth of thiocyanate degraders, which appear to be obligate
aerobes (obligate aerobes have metabolic pathways that require oxygen to function).

The objective of this study was to determine whether sufficient numbers of
contaminant-specific microorganisms exist on site to justify additional studies. The of
the analyses indicate that suitable numbers of sulfide and thiocyanate-degrading mi-
croorganisms are present In soils to justify conducting a detailed treatability assess-
ment.
4.2.2 Quality Assurance/Quality Control

One biologically inhibited control was run for the mini-treatability study. Microbi-
al densities for the sterilized control Indicated the presence of mercury-resistant strains
of microorganisms. Duplicate treatment runs were not performed at this stage.
4.2.3 Costs/Schedule for Performing Treatability Study

Samples were taken at the Halby site on April 10,1990, and received at the IT,,
LIBiological Center (located In Knoxville, Tennessee) on April 12,1990. Analyses were '

completed and a preliminary report submitted on May 17,1990. Total costs for per-
forming the assessment and mlni-treatabllity studies were $7300.
4.2.4 Key Contacts

The following key personnel may be contacted for additional Information
concerning the biological studies:

Dr. Duane Graves Ms. Roxanne B. Sukol
IT Corporation PEI Assodates, Inc.
Hcfrchnotogy Center 15 Elmwood Place
312 Directors Drive Athens, OH 45701
Knoxville, TN 37923 (614)592-2580
(615)690-3211

AR3028U
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SECTION 5

XANTHATE FLOTATION

In this laboratory screening study, xanthate flotation was investigated as a
chemical treatment for metals In soils. This section presents a detailed discussion of
the approach (Subsection 5.1) and results (Subsection 5,2) of the xanthate flotation/
separation study.
5.1 Treatability Study Approach

Figure 5-1 Illustrates the treatability study approach. Deionlzed water containing
an alkyl xanthate salt was added to homogenized soil, along with a frothing agent.

j The mixture was stirred and air was bubbled through the solution to facilitate flotation
and separation of the insoluble metal sulfide particles from the soils, The froth was
then skimmed from the surface and collected in a flask.

The following subsections describe the test objectives (Subsection 5.1.1),
experimental design and procedures (Subsection 5.1.2), equipment and materials
(Subsection 5.1.3), and sampling and analysis (Subsection 5.1.4).
5.1.1 Test Objectives and Rationale

No reference to this procedure being investigated as a treatment for hazardous
waste was Identified in the literature. Consequently, the only test objective set for this
study was to demonstrate a reduction in the concentrations of metals In the
soil/sediment, Any reduction would signify that the process does separate metal
contaminants from the soil and that further bench-scale investigations would be
appropriate.

vj ' AR3028I5
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5.1.2 Experimental Design and Procedures

The design of this experiment was very simple as illustrated in Figure 5-2,
Untreated soil was mixed with deionized water and potassium amyl xanthate in a 4-liter
heavy-duty glass beaker. A frothing agent, 2-ethylhexanol, was also added to the
beaker. The mixture was stirred and air was bubbled through to facilitate flotation of
the Insoluble metal sulfides present. The froth was then skimmed from the surface
and collected. Figure 5-2 presents a diagram of the flotation cell. The complete,
detailed experimental procedure is presented In Appendix B-2.
5.1.3 Equipment and Materials

The equipment used in this study Included a mechanical stlrrer, a variable-
volume air pump with Teflon tubing and a glass bead bubbler, and a 4-liter flask to
serve as the flotation cell.

The potassium amyl xanthate was provided by American Cyanamld Company
as their product AERO 350. It Is supplied in pellet form. The frother, 2-ethylhexanol,
was also provided by American Cyanamld as AEROFROTH 88.
5.1.4 Sampling and Analysis

Two eight-ounce samples of the raw soli/sediment were taken for analysis of
metal Indicator compounds prior to treatment. After treatment, one eight-ounce
sample of treated soil/sediment was collected for each of the two runs. In addition,
one eight-ounce sample of froth was collected from the second run.

The samples were stored at 4°C and sent to the laboratory for analyses of
metal Indicator compounds.
5.1.5 Data Management

Complete notes were taken during the laboratory study and are presented In
Appendix A-2.

AR3028I7
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r-v 5.1.6 DflviatJons from the QAPJP

The QAPJP for this study presented the standard operating procedure (SOP) for
xanthate flotation. Deviations from this SOP are summarized In Table 5-1.

TABLE 5-1. DEVIATIONS FROM SOP

SOP

Virlibli/piriMtir
Ritlo of dilonlitd
uitir utttd to 10! 1
Amount of xinthiti
•ddtd
Amount of frothir
•ddid
Duritlon of trMtnmt

Run 11
2)1

1 pillit

Nom

19 Din

Kunf2
2i1

1 (Mint

1 drop

19 din

Actuil
Run 11
3.5.1

9 pilliti
(.49 g)
16 drop
(-1 Hi)
40 nln

R-i «
1.9:1

s piititi
(.72 g)
16 drop.
C1 Hi)
31 uln

The quantities of reagents were increased due to the lack of froth appearing on
the surface. The xanthate dose rate supplied by the manufacturer is 25 to 250 j
g/metric ton ore. To treat 500 g of soil, no more than 0.125 g (1 typical pellet) of
xanthate should have been required. Up to 0.72 g was added with no appreciable In- ll

,J crease in frothing. A large excess of frother was used; however, this too was not
helpful. Attempts to mechanically Increase the production of froth-increased stirring
rates and durations-were also unsuccessful.

j
5.2 Results and Discussions

The following discussion presents the results and data interpretation (Sub-
section 5.2.1) and costs/schedule for performing treatability study (Section 5.2.2) as i
well as key contacts (Section 5,2.3). Because these were preliminary studies, no ;
quality assurance/quality control treatment runs or analyses were performed, and
therefore, no discussion is presented for these studies.
5.2.1 Data/Vtâ axl Interpretation

Although several attempts were made to encourage long-lasting frothing action,
no significant froth was observed, and therefore, no apparent separation of metal
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particles from the soli. Consequently, no chemical analysis was performed on the Q
treated and untreated soils.

The negative results from the study may have occurred as a result of one or
several of the following factors:

• Inadequate equipment for mixing and bubbling action;
o Too great a liquid to solids mix ratio;
o Presence of too little (or no) metal sulfide partides in the soil for flotation;
» Too small particle size or too little xanthate reagent to effect reaction

between xanthate and metal particle.
Further jar studies may be necessary to determine whether the flotation process

did not work as a result of the equipment and experimental design or because of a
lack of chemical reaction between the xanthates and metals In soils.
5.2.2 Costs/Schedules for Performing Studies

The costs for performing the xanthate studies were $1500, induding laboratorQ
testing, equipment and materials, and report preparation. The study was performed in
one week.
5.2,3 Kay Contacts

The following people were involved in the testing and analysis of xanthate
flotation:

Qreg McNelly
PE1 Associates, Inc.
11499 Chester Road
Cincinnati, OH 45248

AR302820 y
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SECTION 6

LOW-TEMPERATURE THERMAL DESORPTION STUDIES

In this treatability study, low-temperature thermal desorption (LTTD) was evalu-
ated as a pretreatment process that removes those volatile contaminants that may
interfere with the stabilization/solidification process. This section presents a detailed
discussion'of the approach (Subsection 6.1) and results (Subsection 6.2) of the low-
temperature thermal desorption studies.
6.1 Treatability Study Approach

Figure 6-1 illustrates the treatability study approach. The LTTD studies were
performed at two temperatures (300° and 500° F) and two residence times (15 and 30
minutes). These test runs were performed In duplicate. The VOC, semivolatile, and
metal indicator compounds were measured in both the soils and the solid residues
from all test runs. In addition, the condensate collected from the SOO'F/SO-minute test
runs was also analyzed for VOC, semivolatile, and metal Indicator compounds.

The following information describes the objectives of tests performed, experi-
mental design and procedures, analyses performed, and management of data collect-
ed during the low-temperature thermal-desorption process of the soil samples.
6.1.1 Test OqecUves and Rationale

The test objective for the LTTD studies was to reduce concentrations of some
of the chemical compounds (I.e., carbon disulfide, ammonia, thiocyanate, present in
site soil that had the potential to interfere with the cement or asphalt binders used in
the solidification/stabilization studies, In addition, reduction of carcinogenic
semivolatile organic compounds to 8 mg/kg In soils was also a treatment objective for

O . AR30282!
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LTTD studies,
6.1.2 Experimental Design and Procedures

Detailed discussion of experimental procedures Is given in Appendix B-3. The
thermal treatment of the soil samples was performed by placing an approximately
800-g aliquot of homogenized soli inside a 4-liter glass reaction flask and spreading
the sample in a uniform layer on the bottom of the flask at ambient temperature. The
sample was then heated gradually until it reached its highest temperature (300° or
500° F), The soil was heated at that temperature for 15 or 30 minutes (reaction times).
During each test run, the reactor vessel was continuously purged with nitrogen gas to
reduce the possibility of fire or explosion that might occur during the heating of soil
samples. The condensate generated during the process was collected in a 1-liter vol-
umetric flask. When the prescribed residence time at the target temperature was
reached, heating was terminated and the soil was allowed to cool to ambient tempera-
ture. Next, the vessel lid was removed and the soil residue was transferred into a pre-
weighed, clean aluminum tray. All the experiments were conducted In duplicate runs
to collect adequate data on test performance. A total of eight samples (2 tempera-
tures x 2 residence times x 2 replicates) were collected during the tests. To prepare
samples for the subsequent solidification/stabilization studies, addr ,ns at
500" F and a 30-minute residence time were performed in order to generate sufficient
quantity of soil material.
6.1.3 Equipment and Materials

The experimental apparatus used in this study Is shown in Rgure 6-2. Materials
and reagents used are described in Appendix B-3. The apparatus consists of a 4-liter
glass reaction flask mounted within a.temperature-controlled heating mantle. The re-
action flask is fitted with a removable glass cover, which Is attached to the flask by '•
ground-glass Joint and a Teflon™ gasket and is sealed with a metal clamp, The glass
cover has four ground-glass-joint openings through which equipment is Inserted. A

AR302823
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Figure 6-2, Diagram of desorption vessel.
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motor-driven, Teflon™-coated, stainless steel stirring shaft Is inserted through an air-
tight bearing into the center opening of the vessel top, This stlrrer Is operated at 30 to
750 rpm during the reaction. A thermometer Is Inserted through another ground-glass
joint in the reaction flask cover to monitor the temperature of the soil, One of the
ground-glass joints in the top of the glass cover is fitted with a water-cooled condens-
er. A ground-glass adapter attached to Tygon™ tubing is inserted through the open-
ing onto the top of the condenser. This allows the headspace of the reaction flask to
be purged during the reaction to reduce the possibility of explosion of any unstable
organic products that might evolve from the reaction mixture.
6,1.4 Sampling and Analysis

To evaluate the soil characteristics that may Influence remedial processes and
to determine the efficacy of LTTD in the treatment of the Halby Chemicals site soils,
samples of the raw soil (surface/sediment), soil residues, and condensates collected
during the low-temperature tests were subjected to chemical analysis and physical
tests specified in Table 6-1. A total of 10 samples (two raw soils and eight thermally-
treated residues) were analyzed for VOCs, semivolatlles, metals total cyanides, and
ammonia. All 10 samples were tested to determine 'heir water content. The raw soil
samples were further tested for particle size analysis to provide adequate data on ma-
terial handling and processing characteristics. The test is usually performed prior to
stabilization/solidification to suggest the feasibility of the process (i.e., day soils re-
duce the viability of the stabilization/solidification process) or the difficulties that could
be encountered In processing.
6.1.5 Data Management

Appendix A-3 presents data summary sheets for LTTD test runs. When the soil
sample was heated Inside the reaction flask, a stlrrer was used to homogenize and
mix the sample at a speed of approximately 115 rpm. The temperature of the soil was
monitored every 15 minutes until It reached the target temperature. About 2.5 to 4

. AR302825
6-5



TABLES-1. ANALYTICAL TESTING OF RAW SOILS, SOIL RESIDUES,
AND CONDENSATE FROM LTTD EXPERIMENTS'1

Pvtmitif

VOClW

S«rtilvolitlliiM

MlUllW

CyinkH

Ammooli
Othir Puimitin
Molitun Commt
PtrtctiSlii
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82M(l)«24(l)

3550/9270(1)82! (1)

3080/8010"

9012

350,2*"

A8TM 03173
StoviAMIyili

Untnuud
So*

2
2

2

2

2

2
2

LTTD Soil Condiniili
nuMiw

a i
2 1,
1
t
6

rv „ .
I

' ViluMihoiminnufflbifofinilyiNfwighwnvMiUindinilytloilpinuMtir, '
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l« tolli ttM numbw followid by '(!)• h) thi mittxx) uHd for IM oondMiHti Mmpli,
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' Mutli Indudi: An*n|o; Coppw, Zinc; Cobtlt: Md Ctiioffllum,

1 A/unto WM«»lyiid by EPA Mlthod 7080 (ICP),

1 Sô w«riimĉ wmiwMwirx)tr̂ in«lyii(ifofimmwliuiln9£PAMrtxxlJ«,J. (SttndMdMittndilorltiiExiffllniilonolWii'
ind VMMMr, 1«i Ed,, 18H)
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hours was required for the 800-g allquots of soil to reach 300° or 500° F, respectively.
Approaching the target temperatures, soil temperature was recorded at every 5-minute
interval.

Because most of the water was evaporated from the mixture at temperatures
around 230° F, the soil hardened and part of the sample was attached to the wall of
the reaction vessel. This problem was corrected, however, by changing the position
of the stirrer and folding In the soil back to the bottom of the reaction flask.
6.1.6 Deviations From the QAPJP

Changes to the experimental design and testing from that described In the
QAPJP were made as a result of new information on human health and environmental
risks. Table 6-2 presents the changes that were made to the LTTD studies.

TAIlt 6-2. OeVlATiaH fKK HAPIP III LTTD TKTIK HO AKALtSII Of »1L

No.

1

2

}

^

Pirmttr
Uilghl of
rni toll
inpln In
LTTD proem

Tirgit tin-
piriturit
for hilt 1 no
of toll IM-
plM

Indlcitor
co-xiundi
for cMcil
lull

TOC

Propoiid In QAPjp
500 a

100', 300*, md JOO'F
win ditirilmd n tir-
gtt tmpiriturn for
LTTD trntmnt of lolli
(lout of 12 iwpln
mri propoiid 10 IN
trutid)

A (lit of Indlcitor cor
poundi It prnmtid In
Tlbll 1-7 of OAPJr1

MM Nil Mpln Mri '
Mfpowd to b« mlytid
for TOC

Actuil tilting condi-
tion

900g

300' ml JOO'P t»
ptriturn mri mid
to trill toll iMplit
(totil Ho. of loll
••fin MI riducid
fro* 12 to 8)

Son of Indlcitor
coupon-! Hiri bling
riplKid kith nm
co-xundi (IN
Tlbll 6-1)
TOC milyin wri not
pirfomd

Ritlouli
To Mn iffictlvily nix thi toll
Imldi thi riKtlon fink md
dtcrini thi totil nwttr of
LTTD tut run rtqulrtd for col-
(Ktlon of Mildlflcitlon/iti-
blllutlon mpln.
ilnci Hit volitlli Mtili md
orginlci in rwovtd fro* lolli
it li-witum ibovi 100'F,
Ihli ti«p«ritur« IMI of lint
Injortmci In LTTD tMtlng. Out

' to projict budgitiry Ililtitloni
md tin comtnlnti, thli tir-
git twpirituri MI r«nvid from
tMtlng progrM,
Thi Hit of tirgit CO-MU_I MI
chmgid biciuii hlghir rlik po-
tmtlil thit ion of thi contw
Inmti POM to huwi hiilth md
iifity.
Thi milyin Mri not ipproprl-
in In LTTO tmlng of lolli.

HP < Not propoiid In tMtlng progn
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6.2 Results and Discussions (£i?
The following discussion presents the analytical results and data interpretation

for the low-temperature thermal desorption, Including discussion of quality assurance/
quality control test runs and analyses, costs/schedule for completion of the studies,
and key contacts.
6.2,1 Data Analysis and Interpretation

Table 6-3 and Rgures 6-3 through 6-5 give a comparison of contaminant
concentrations in untreated and thermally-treated soils. Together, these table and fig-
ures illustrate several findings:

o The concentration of most volatile and semivolatile organic compounds
and total cyanides decreased significantly after thermal treatment at
500° F for 30 minutes.

» The concentration of metals and Inorganic compounds remained fairly
constant (concentrations varied within normal range of variability
expected for analyses) In the soils throughout the thermal studies. .,.,

w
The apparent Increase of certain VOCs (i.e., methylene chloride, 2-butanone, carbon
dlsulfide) after thermal treatment at 300° F may be the result of high moisture content
of the raw soils, which reduced the analytical recovery and quantitation of these solu-
ble compounds. The low percent recoveries (30 to 40%) of these VOCs in the matrix
spike samples of the raw soil gives support to this theory. Other possible explanations
for the apparent increase in these VOC concentrations may be degradation of other
compounds during thermal treatment.

In addition to analyses for soils, condensate collected in the flask from the
500°F/30 minute test runs was composited and analyzed for the organic and
Inorganic Indicator compounds. The analytical data shown In Table 6-4 indicated that
semivolatiles and metals are present at or below their solubility limits and that most
VOCs are not present above detectable levels. The absence of VOCs in the collected
condensate may have been due to the fact that non-condensable vapors and some
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TAiU 6-*. AHAITTICAL WSU.T1 K» COWtKSAIE FINN LTID ItST HUM
AT HO'F fOt 30 mWTEi

Indlcitor Compound

Anmlc
Chronlui
Cobilt
Coppir
Zinc

• '
voci

2-ButMtoni
Cirbon dliulfldi
Hithylim chlorldi
Titrichloroithini
Tolum

h
Sttnlvolitllii

Chryiira
Pyrim
Fluormthim
Imiolblfluormthim
Bmiclklfluormthini
Btniodlpyrim

Concmtntlon («g/l)

165
33

HO (30)
142
933

170
HO (5)
HO (5)
NO (S)
HO (S)

U
UO
190

HO (10)
HO (10)
HD (10)

LOH viluti for VOCi my hivi multid fron IOIIM through thi VICIAM lira biliw thi condtniir, i
Lou viluii for iMlvolitllM my hivi multid fro* poor ricovirlii.

of the condensate were drawn through a vacuum line that was located below the con- \\
denser.

Therefore, it Is expected that the VOC concentrations in the off-gases from low-
temperature thermal desorption will actually be much higher than Indicated in these '
analyses.
6.2.2 Quality Assurance/Quality Control ;

As shown in Table 6-3, the analytical results for most of the indicator com-
pounds were similar between replicate test runs. There were some inconsistencies
between replicates observed for the semivolatlles (except chrysene) under the
300°F/30 minute test run. In addition, the analytical result for methylene chloride in
500°F/30 minutes test run appears to be an erroneous value. The reason for incon-
sistent or erroneous results are not known, but matrix effects may have hampered the
extraction and analysis for these volatile and semivolatile indicator compounds.
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The analytical QA/QC datr from matrix surrogate spike and method blank
pies Indicated good recoveries of metals and inorganic compounds. For volatile and
semivolatile compounds, however, some of the recoveries for surrogate compounds

••"1 in -armally treated soil samples fell outside the acceptance criteria specified in
tn.. '°. These outlier recoveries appear to be the result of matrix effects, which
often occur In analysis of soils with high organic carbon and moisture content, like the
Halby site soils.
6.2.3 Costa/Schedute fbf Studies

The costs for performing the low-temperature thermal desorption studies was
$22,000, including chemical analysis and physical tests, labor for the treatability
studies, and reporting. The time period needed to complete the studies was 6 weeks,
include 1 week for testing and 5 weeks for laboratory analysis.
6.2.4 Key Contacts

The people involved in this study were:
OSteve Giti-Pour Sarah Hokanson

PEI Associates, Inc. PEI Associates, Inc.
11499 Chester Road 1233 20th St. N.W.
Cincinnati, OH 45246 Washington, DC 20036

AR302831*
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SECTION 7

SOUDIFICAT10N/STABIUZATION STUDIES

Solidification/stabilization studies were performed on untreated surface
soils/sediment and on thermally-pretreated soils (500°F/30 minutes). The solidifica-
tion/stabilization studies of the solid residues involved two binders [asphalt and
Portland cement (Type II)] at two different mix ratios. For the untreated surface soils
and sediments, only one binder [portland cement (Type II)] was evaluated at two
different ratios. The starting materials (i.e., soils and residues) and the stabilized
products were subjected to leach testing using TCLP, and the extracts were analyzed
for the metal indicator compounds.

The following subsections present the treatability study approach (Subsec-
tion 7.1) and the results and discussion (Subsection 7,2).
7.1 Treatability Study Approach

The treatabllity study approach Is shown in Figure 7-1, In this study,
solidification/stabilization was evaluated for its effectiveness in reducing leachate
concentrations of certain metals In untreated surface soils/sediments and thermal-
pretreated soils. The untreated soil and residue from the LTTD were expected to
contain high levels of arsenic, cobalt, chromium, copper, mercury, and zinc.
Solidification/ stabilization, therefore, was evaluated for its ability to reduce the
leaching of these metals remaining in the soil and thermal residues.

Although many different types of binders can be used to solidify/stabilize
wastes, these binders can generally be placed into two main categories: inorganic
binders and organic binders. Cements and pozzolans (e.g., lime, fly ash, cement kiln
dust) are examples of inorganic binders; synthetic organic polymers (e.g., urea formal

AR302835
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dehyde) and asphalt are examples of organic binders, In addition, hybrid forms of
organic and inorganic binders, such as organophillc clays, are available. Among these
different binders, cement is the most commonly used and available binder for metal-
bearing wastes. However, an asphalt plant located adjacent to the Halby site may
also provide a suitable binder material. Therefore, both cement and asphalt were
evaluated in this study.
7.1.1 Test Objectives and Rationale

The performance of this technology was largely based on comparing leach test
results for metals In leachate generated from the, stabilized products with that from the
starting materials. The test objective for this study was to achieve leachate concentra-
tions of 1 ppm for the metal indicator compounds (i.e., arsenic, cobalt, chromium,
lead, mercury, and zinc). This test objective of 1 ppm in TCLP leachate was devel-
oped In the absence of risk-based levels and EPA regulatory levels for CERCLA soils
and debris.

In addition to leach tests, the unconfined compressive strength of stabilized
products was conducted in order to compare strengths among the different binders
and mix ratios. The test objectives for the strength of stabilized materials Is 50 psl,
based on preliminary screening criteria currently being developed by EPA for solidifica-
tion/stabilization studies.

7.1.2 Experimental Design and Procedures

The experimental design for the solidification/stabilization studies is shown in
Table 7-1. Detailed discussion of experimental procedures Is given in Appendix B-4.

TAKI M. BggiHEIITAl NIX MHOS FOR MllOIFICATIW/tTAllLIZATIW

Unto
Porttwd cmm
Aiphilt

llndir-to-ioU ntlo
1

0.25 •
0,5

llndtr-to-Mll ntlo
2

O.t
1.0

Mtir-to-Mll ntlo

0.9
H/A

AR302837
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Untreated surface soils/sediments and soil residues from low-temperature thermal v...
desorption at the highest temperature and longest residence time (500'F/30 minutes)
were homogenized separately, and a portion of the soils underwent TCLP testing and
testing for moisture content. Untreated surface soils/sediments were stabilized/
solidified with cement only; thermally treated residues were stabilized/solidified with
cement and asphalt. The reason for using asphalt binder only on thermalty-pretreated
residues is because asphalt is generally applied to dry soils, and the raw soils had
significant amounts of moisture (between 20 and 30% by weight). Each mix ratio was
evaluated in duplicate.

For the cement-based solidification/stabilization tests, the binder was mixed with
approximately 800 g of surface soil or thermal residue at ratios of 0,25 and 0,4.
Sufficient water was added to the mixture to pass the slump test (ASTM D143).
Because the cement binder may contain some metals, a blank run was evaluated
consisting of binder mixed with clean sand at the two mix ratios. The samples were
allowed to cure for a minimum of 14 days in zip-lock plastic bags in a cooler at 75° F
After curing, the solidified monoliths were leached using TCLP crushed samples. ThV'
extracts were then analyzed for the metal indicator compounds. The TCLP results for
the surface soil, thermal residues and solidified samples were then compared.

A similar experimental design was used for the asphalt-based solidification/sta-
bilization tests of the thermal residues. The asphalt was heated and mixed with
approximately 500 g of thermal residue (which were preheated to 60*C) at ratios of 0.5
and 1 in duplicate and allowed to cure for a minimum of 14 days. Because the
asphalt binder may contain some metals, a blank run consisting of dean sand and
binder at the two mix ratios was evaluated. The solidified monoliths were leached
using TCLP, and the extracts analyzed for the metal indicator compounds,
Unconflned compressive strength of the solidified monoliths also was determined.
7.1.3 Equipment and Materials

The cement-based solidification/stabilization studies took place in the same
glass reaction vessel used in the low-temperature thermal desorption studies (see

AR302838
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Figure 6-2). The same reaction vessel was also used for the asphalt-based solidifica-
tion/stabilization studies, except that a thermometer was inserted through one of the
openings in the lid. Plastic cylindrical molds with dimensions shown In Table 7-2 were
used for curing the mixture.

TAUt 7-2. OIHEMiaa Of CTLIHMICAl MUI1 Ma

S/S procMi
CMnnt-biiid

Aiphilt-biiid

TCLP
4.9-01 dlmetir
10 at long
4.9-c» dlimtir
10 CM long

IKS
7-0 dluMtir
14.22 ca long
3.1-ai dlmtir
B.4 c* long

Reagents used for the cement-based solidification/stabilization studies include
tap water and portland cement (Type II). A petroleum-based asphalt was used for the
asphalt-based solidification/stabilization studies, The decontamination solutions used
for the cement and the asphalt-based solidification/stabilization studies are listed in
Appendix B-4.
7.1.4 Sampling and Analysis,

Waste Stream--
The untreated surface soils and sediments were homogenized thoroughly in a

5-gallon steel pall and sampled prior to treatability testing for the following analyses:
Water content (ASTM)
Soil pH (EPA Method 9045)
Metals content (EPA Method 6010 and 7000 series)
TCLP (EPA Method 1320)

The extracts from the TCLP tests were analyzed for the metal indicator com-
pounds listed In Table 1-7.
Treatment Process-

After a curing time of at least 14 days, the solidified/stabilized monoliths were
analyzed as follows:

AR302839
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0 Unconfined compressive strength (ASTM D1633 for cement-based procQ
ucts and ASTM D2216 for asphalt-based products).

TCLP (EPA Method 1320)

Two different strength tests were used for the cement- and the asphalt-based
products because the physical nature of the two products was different. The cement-
based product was a monolithic block, and the asphalt-based product was more soil-
like. ASTM D1633 applies to monolithic forms, and ASTM D 2216 Is a method that is
applied to cohesive soils. For the TCLP test, the treated products were crushed in
accordance with the test specifications prior to extraction. The resulting extracts were
analyzed for the metal Indicator compounds.
7.1.5 Data Management

Data management sheets are given in Appendix A-4. Data recorded during the
solidification/stabilization studies were as follows:

Mixing time and speed .».
Reagent and starting material weight and additions W>
Curing time, temperature, and humidity
Temperature during mixing (for asphalt-based)
Slump (per ASTM C 143)
Samples collected and analyses performed

7.1.6 Deviations From QAPJP

The deviations In experimental procedures and sample analysis are listed in
Table 7-3, along with the rationale for these changes. The changes In procedure
resulted from some pretesting studies with mix ratios and from a request by EPA Re-
gion III to evaluate solidification/stabilization without the thermal pretreatment step.
7.2 Reeuto and Discussion

The following discussions present the analytical results and data Interpretation
for the solidification/stabilization studies, as well as results from quality assurance/
quality control test runs and analyses, cost/schedule for completing the studies, and

keycontacts- AR3028U.O w
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TAIU 7-3. OtVIATIOM Ftt* THE OAPIP

Ho.

1

2

3

4

Pinmtir
Blink iMplii

Cmmt/ioll
ntlo

Curing condi-
tion!

'

Solidifica-
tion of TIN
(unpntnit-
id) toll
i«plti

Proooiid for OAPIP
Pripin 1 bimk IM-
pit for portlmd
count blndir md 1
blink iMpli for
uphilt blndir.

Pripin 0.2 md 0.4
cwmt-to-ioll
ntloi (W/V) for
cmmt-bnid lolldl-
flid iMpln.

Cun thi Mlldlfltd
iwplm In • hirmt-
Icilly mild chM-
bir it 72'F md 100X
rilitlvi timidity.
Hot propoiid.

Actml ptrfonmnci
Two blmk unpin Mri
pripirid Nlth l/s ntloi
of 0.25 md 0.40 uilng
portlmd coMt, md tw
blink implti Mri pri-
pirid Mlth uphill it
I/S ritloi of 1 md 0.9.

0.25 md 0.4 cimnt'to-
toll ritloi (U/M) Mn
pripirid for pripiritlon
of cMmt-buid lolldl-
tl«d IM?|N.

Ihi tolldlflid inplii
nn plicid In ilp-lock
pintle bigi md cured
In i cooler it te-siri-
tun of "75'F.
Eight tddltlonil S/S

• iMplH Mri pripirid
Kith rw loll implii
for TCLP md USC Kiti
(4 B/S implii for nch
tilt).

Ritlorali
To ichlivi i bittir co~Mrlion
bitMtn treited lolldlflid
iwpln mdblmk lolldlflid
iMplM In tirm of cmmt
Inching chirictirlitlci.

To bittir iviluiti thi optlnn
condition loder utilcti thi to-
kldlflid luplM Khlivi thilr
•ulpui itrmgth md inhibit
•Inlwi Inching chirKtirli-
tlci.
No hirmtlcilly tilled chmtxr
HM ivillibli it thi EPA HE
fKlllty to keep thi lolldl-
fled intplii undir 72'F ind
100X relit 1 vi hunldlty.
To collect iddltloml InforM-
tlon rtgirdlng ettectlvtoeii
of LTTD on S/S-triitid innilii
md driu »ori villd cone lu-
ll or» fro* TCLP md UCS tut
reiulti In tirm of rilliblll-
ty of LTTD M i pritriilmni
itep In nmdlitlon of Hilby
lit! toll IMVlM.

7,2.1 Date Analysis and Interpretation

Table 7-4 and Figure 7-2 give the results of TCLP leachate analysis for metals
from cement-based solidification/stabilization of thermal-pretreated soils (500°F/30 mi-
nute runs) and untreated soils. Table 7-5 and Rgures 7-2 and 7-3 present the
TCLP leachate data for metals from cement- and asphalt-based solidification/stabiliza-
tion of the thermally-pretreated soils. From these tables and figures, the following
conclusions can be made:

« TCLP leachate concentrations of arsenic, chromium, and mercury from
I'M thermally-pretreated soils and untreated soils are well below the
TCLP regulatory levels that are used to classify wastes as characteris-
tically hazardous (40 CFR Part 261.24). In addition, for these unsolidified
soil samples, leachate concentrations of all metal Indicator compounds
are at or below the treatment target level of 1 mg/l.
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TAKE 7-4. KMTI OF TCU> UMHATE AMLYIII FOR UITOATB (UN), TttATEO,AID CHBT-IMB M.IDIFIEB MIL WMH(•/u
Type, of iKwli

Untriitid (rw) loll
A
1

Avirne

LTTD trilled loll (500'F,
30 Kin)

A
1

Avenge
Solldl'fledriuioll
(B/S » 0,25)
A
I

Avengi
Solidified rw loll
(I/I • 0.40)
A
1

Avenge

Solidified LTTD treited
toll (I/S • 0.29)
A
1

Avenge
Solidified LTTD treited
loll (I/S • 0.40)
A

Avirigi
Solidified btmk toll
(I/I • 0.25)
A

Averigi
Solidified blmk toll
(I/I • 0.40)
A

Avirigt

Arimlc

0.0131
0.0141
0.0136

0.0211
0.0331
0.0306

0.0919
0.0455
0,0485

0.0295
0.0215
0.0290

0.0741
0.0701
0.0721

0.0131
0.0121
0.0126

0.0071
0.0071

O.OMt
0.0081

Cliroalui

NO* (0.003)b
HO
HO

NO (0.003)
HO
HO

0.213
0.204
0.201

0.115
0.123
0.119

0.132
0,121
0.126

0.17
0.14
0.15

0.142
0.142

0.141
0.141

CoUlt

NO (0.03)
»
NO

0.044
0.060
0.052

HO (0.03)
NO
NO

HO (0.03)
HO
HO

NO (0.03)
NO
NO

HO (0.03)
NO
NO

NO (0.03)
NO

HO (0.03)
HO

Copper

0.201
0.117
0.194

0.400
0.419
0.409

0.146
0.114
0.130

0.071
0.077
0.074

0.037
0.025
0.031

0.440
0.371
0.40!

HO (0.005)
HO

HO (0.005)
NO

Hercury

NO (0.0001)
NO
NO

NO (0.0001)
HO
HO

HO (0.0001)
HO
HO

HO (0.0001)
HO
HO

NO (0.0001)
HO
HO

NO (0.0001)
HO
HO

NO (0.0001)
NO

NO (0.0001)
NO

Zinc

1.62
1.91
1.56

6.10
8.05
7,07

HO (0.02)
HOn

NO (0.02)
NO
NO

HO (0.02)
NO
HO

NO (0.02)
HO
HO

NO (0.02)
• NO

HO (0.02)
HO

* NO • Not dttKtid.
ta Hu*en In pmnttmn in thi Hthod detection Ililti.
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0,7-
0,6-
0,5-
0,4'
0,3-
0,2.
0,1-

o-lit1 2 : 4̂ S 8 7 8
Copper

0.0009-
o.oooa-
0.0007-
0.0006-
0.0005-
0.0004-
0.0003-
0.0002-
0,0001-

o-l 1 2 3 4 5 8 7 8
Mircury

7-
6-
S-
4-
3-
2-
1-
o-lt1 ! 3 4 5 6 7 8

Zinc

1 » Untreated soil
2 « LTTD treated soil (SCOT, 30 minutes)
3 - Solidified raw soil (B/S - 0.25)
4 » Solidified raw soil (B/S u 0,40)
5 . Solidified LTTD treated soil (B/S > 0.25)
6 - Solidified LTTD treated soil (B/S - 0.40)
7 - Solidified blank soil (B/S-0.25)
8 - Solidified blank soil (B/S- 0.40)
• All concentrations In mg/L
• • Below detection limits

Figure 7-2. Results of TCLP leachate analysis (or
cement-based solidified samples.
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TMU 7-5. KM.TI OF TCU>
LTTD-TFSATB) AND UHH1-IUB

C-J/O

Type of iMpli Arimlc Ctiroilm

UKMTt AMUIII FOR
M.IDIFIED MIL lAWUI

Cotalt Copper Nercury

©

Zinc

LTTD treited loll (500'F,
30 Kn)

A
1

Avertge
solidified LTTO tnited
toll (I/S • 0.90)
A
I

Avenge
solidified LT1D treited
loll (I/I • 1.00)
A
1

Averege
solldlfledblmk loll
(I/I • 0.90)
A

Avortgi
Solldlfledblmk toll
(I/I • 1.00)
A

Avirego

0.0281
0.0331
0.0306

HO (0.009)
NO
NO

HO (0.009)
HO
NO

NO (0.009)
NO

HO (0.009)
NO

HO (0.003)
NO
NO

0.006
0.008
0.007

HO (0.003)
NO
NO

HO (0.003)
HO

HO (0.003)
HO

0.044
0.060
0.052

HO (0.03)
NO
NO

NO (0.03)
NO
NO

NO (0.025)
NO

ND (0.025)
NO

0.400
0.419
0.409

0.165
0,017
0,091

0.013
0.015
0.014

HO (0.005)
HO

HO (0.005)
HO

ND (0.0001)
ND
HO

ND (0.0001)
ND
NO

HO (0.0001)
HO
ND

HO (0.0001)
HO

NO (0.0001)
HO

6.10
8.09
7.07

0.993
0.329
0.441

O.S46
0.276
0.411

*)
0.339
0.339

' HO • Not detected.
Hinbiri In pirentheiii in thi nettled detection Ililti.
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O.OG

0,05

0.04'

0.03'

0.02

0.01I I 11 I I IBffll I • I • • Ii i 1111 iBii 111111
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

Arsenic Chromium Cobalt

0,4-

0,2b-
0,2-

0,15-
0,1-
0.05-

o-lt1 i
Hbrr
1 3 4 5 6

Copper

Uiuui*
n Anita
A flflflQ

0.0007-
0.0008-
0.0005-
0,0004-
0,0003-
0.0002-
0.0001-

o-lIII! • • 1
1 2 3 4 5 6

Mercury
t

2 3 4 5 6
Zinc

1 » Untreated soil
2 > LTTD treated soil
3 » Solidified LTTD treated soil (B/S -0.50)
4 • Solidified LTTD treated soil (B/S -1.00)
5 » Solidified blank soil (B/S = 1.00)
6 « Solidified blank soli (B/S-0.50)

All concentrations In mg/L
Below detection limits

Figure 7-3. Results of TCL" leachate analysis for
asphalt-base solidified samples.
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° Although leachate concentrations are low, those for arsenic and coppeQ
are significantly reduced by asphalt binder at both mix ratios; the cement
binder did not perform as well as the asphalt, and In the case of arsenic
and copper, it resulted in increased concentrations.

° Both the asphalt and cement binders significantly reduced leachate
concentrations of zinc.

<> Increased chromium concentrations observed In leachate from cement-
based products may have resulted from chromium In either the portland
cement material or the tap water used during the mixing process, since
the levels are comparable to that found for the two blank samples.
Chromium Is generally known to leach more readily under basic condi-
ons such as those created by the cement process. Chromium is
•esent at levels near or below detection limits in the leachate from the
iphalt-based products.

« achate levels of the metal Indicator compounds are similar for the
Lament-based products of thermally-pretreated soil and untreated soil.

The moderate to high concentrations of metals (between 200 and 1500 mg/kg)
present In the thermally-pretreated and untreated soils (Table 6-4) apparently do not ̂
readily leach In appreciable amounts under TCLP test conditions. Leachate concen-'"'
(rations of these metals may be much greater, however, in multiple extraction tests or
other leach tests that are designed to address long-term leaching rate over time. The
need for solidification/stabilization of soils should be investigated by conducting addi-
tional leach testing of the soils.

While the asphalt appears to be the better binder of the two studied for arsenic
and copper, tho lower leachate levels reported for the asphalt-based products may be
partially due to higher dilution by asphalt than by cement (i.e., higher binder to soil mix
ratios). In addition, several issues should be evaluated further prior to selecting as the
solidifying/stabilizing agent for previously untreated soils: (1) need for dewaterlng of
the soils prior to mixing, (2) potential VOC emissions during mixing, and (3) potential
leaching.

In addition to TCLP leachate levels, unconfined compressive strength tests were
run on the stabilized products. Table 7-6 lists the results of the DCS tests on asphalt-

AR3028l»6 ̂
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TABLE 7-fl, TEST RESULTS FOfl UNCONF1NED COMPflESSWE STRENGTH (UCS)
OF ASPHALT-BASED*1* AND CEMENT-BASED PRODUCTS*

Sample
type

Asphalt-based"*
(B/S - 1.0)

A
B

Average
(B/S -0,5)

A
B

Average
Cement-based1*1
LTTO-treated soil
(B/S -0,25)

A
B

Average
(B/S -0.40)

A
B

Average

Cement-based1''
untreated soil
(B/S-0.25)

A
B

Average

(B/S -0.40)
A
B

Average

Bearing load
(Ibs)

71
51
61

98
153
126

7200
6760
6960

S910
6660
7265

4630
4220
4425

6700
7060
7680

Yield stress
(P«>D

43
31
37

58
88
73

1235
1182
1199

1029
1526
1278

788
698
743

1480
1158
1319

' UCS testa performed In accordance with ASTM D2218
* UCS tests performed In accordance with ASTM D1633
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and cement-based products, In most cases, the strengths of the asphalt and cemeiV
products exceeded the target level of 50 psi specified for these studies, Only the
asphalt-based product (B/S => 1.0) recorded lower stress levels. Overall, these tests
results indicate that cement-based, monolithic structures yield at a higher stress under
larger bearing loads than asphalt-based products,

7.2.2 Quality Assurance/Quality Control

The data shown In Table 7-4 and 7-5 for replicate test runs indicate good repro-
duceability of TCLP leachate levels for metals. In addition the percent recoveries from
standard reference solutions, and matrix spike and matrix spike duplicate samples
were all within the acceptance criteria outlined in the QAPJP.
7.2.3 Costs/Schedule tor Studies

The costs for performing the solidification/stabilization studies are $30,000, In-
cluding labor for testing, laboratory costs, and report preparation. The time needed to
perform the studies was 8 weeks, including 4 weeks for solidification/stabilization anO
4 weeks for laboratory analysis.
7.2.4 Key Contacts

Key contacts for these studies are:

Steve QltJ-Pour Sarah Hokanson
PEI Associates, Inc. PEI Associates, Inc.
11499 Chester Road 1233 20th St. NW
Cincinnati, OH 45246 Washington, DC 20036
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TREATABILITY TESTING DATA MANAGEMENT SHEETS
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S"V̂ ' / </• ̂  - ;ru«-̂ >J. . /: fl̂ ./j«Av__%7ar_..̂ l._..(2- 2*̂ . /. ̂0 ? ̂ J-

SV̂ -- *4' % s*u.;'*#.......L̂^̂dj£j£̂.&Q.̂](̂t?u*3t£

$*?<6t. .3<r..7. ,X̂ _P.. Â  '̂^̂ ĴLMĵÎ.11.......
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'0;

PEI/Hal by
Operator: Uuane Graves i.i4"l'j-l9VO l&i52:00
Halby Superfund Site—-TO Ouygen Data

SAMPLE *
1
o
<•<
4
5
6
7
B
9
10

SAMPLE VQL
50
50
50
50
50
50
SO,
90 1
90
90

OXYGEN CONTENT. uM
9.44697
9.422912
.8532809
9.B18176
9.9S7497
9.746837
.7146953
9.868592
10.77178
.953272

OXYGEN, ppm
188939.4 «>'•<»
168458.3 c.
17065.62 11
196361.5 <Vi
199149.9 £>„• ,\*J
194936.7 0.
14293.92 •ST«-lrf.-
197371.9 fl/Ci.
215435.6 Jit/.
19065.44 «<.

CALIBRATION DATA
Line»r Rigr»-lani y»*+b«

A • 0
b • 17.11161

ToPifltNo

'. itiifdtUndtritowlbynit, |DiM llnvtnttdby
I——————IK

' '

MS /



PEI/H«lby
Op«r«tor: Duane Sravsa 04-15-1990 19:52:00
H*lby Supirfund Sita—TO Oxygen D»U

SAMPLE # SAMPLE VQL OXYGEN CONTENT, url OXYGEN, ppm
1 50 9.44697 188939.4 A,
2 50 9.422912 1BB4SB.3C\
3 SO .8532809 17065.62 rf'
4 50 9.B18176 196363.5 |«,I
5 50 9.957497 199149.9 !».•
6 50 9.746837 194936.7 )i
7 50 .7146958 14293.92-,<
8 50 9.868592 • 197371.9 <V<
9 50 10.7717B 215435.
10 50 .953272 19065.44

CALIBRATION DATA
Linear Regression: y«a*bx

a = 0
b » 17.41161



H«lby/PEI
Oper-ton Duane Graves 04-17-1990 10:48:55
Halby Superfund Site -- Tl Oxygen Data •

SAMPLE t» SAMPLE VOL OXYGEN CONTENT, uH OXYGEN, ppn
1 50 11.10906 222181.2 •'.
2 50 10,50969 210193,8 .?..
3 50 9.092619 161852.4 <,.
4 50 11,29109 225821,6

t.+,-.,..,.% 5 50 9,777868 195557,4
6 50 9,997674 199953,5
7 50 1.490291 29805,82 ">

... 8 50 12.10643 242128.6 »,'-.
9 50 11.62302 232460,4 «'••
10 50 1,334808 28692.16 -<

CALIBRATION DATA
Linear Regression: ysa+bx

a = 0 .
b = 18.18877 j



rialbv/f'EI
Operator: Tim Scn«U. 04-19-1990 10i31:97
Halby Suparfund Site T2 tlnygen Data

SAMPLE It SAMPLE VOL OXYGEN CON TENT, uM OXYGEN, ppm
j 50 10.2018 204036
5 50 9.8585M6 197170.1
1 30 9,876626 196732.5
4 50 10.66861 2U372.2
3 50 9.337919 186758.4
6 50 10.12332 • 202466.4
•/ 50 4.781703 95634.06 '
8 50 10.53309 210661.B
f 50 10.76613 215322.5
10 50 2.383631 47672.62

CALIBRATION DATA
Linear Rsgremon: y»a*bi<

a • 0
b * 16.5508

o !



Halby/PEI
Operator: Duane Graves 04-21-1990 15:33:59
Halby Superfund Site — T3 Oxygen Data

SAMPLE 9 SAMPLE VOL OXYGEN CONTENT, uH OXYGEN, ppn
1 50 7.970416 159408.3 0̂ '**d
2 50 9.763379 195267.6 ff. I
3 50 9.428318 188566.4 »•>
4 50 10.20665 204132,9 0»< «;<'i I
5 50 7.758327 155166,5 =V-~- i
8 50 10.0429 200857.9 0,. II
7 50 8.884896 177697,9««. i'1!
8 50 9.924177 198483.8 o,,«..</,
9 50 9.285759 185315.2x:/s * ̂v..̂ -̂  '
10 50 • 1.463327 29288.54 tit. r :
11 50 10,3894 207387.9/!j« ,
12 50 10,36718 207343.5 <<J-J }t
———————————————————————————————————————————————————— ^

CALIBRATION DATA 1 !
Linear Regression: 1 y=a+bx i

a = 0 j
b = 15.30485

U:! .A-10 . .



Halbv
Operator: Keith Hague 04-23-1990 10:56:39
0:<ygen sampled 4/24/90

SAMPLE * SAMPLE VOL OXYGEN CONTENT, uM OXYGEN, ppm
1 50 6.779321 135586.4 /•*»»«,.
2 50 10.05521 201 104. 2 /»«.._'
3 50 10.514 210280 HL
* 50 10.44753 208950. 7 !•!,(/,
9 50 7.088239 141764.8 ̂,/u
6 50 . 10.8848 217696 no nJ
7 50 9.2903 109806 tft /»
8 50 11.11504 222300.7 «|C/t
9 50 10.96417 219283.4 Alt
10 SO 11.32543 226508.7 4ai
11 50 11.32073 226414. 6
12 90 .3466872 6933.745

CALIBRATION DATA .
Linear Regression: j y-*+b;<

a = 0
b • 14.88085



HalBv/PEI
Operator: Keith Hague 04-25-1990 17:29:49
anygon analysis 4-26-90

SAMPLE It SAMPLE VQL OXYGEN CONTENT, uM OXYGEN, ppm
1 50 6.099147 , 121982.9- ,.••_ r>.,
2 W 9.939781 198787.6 • f^
:, «H'i 10.62239 212447.7. w
4 50 10.75047 215009.5 -a, r fa:,
5 50 3.513128 70262.99<, ,f,;;̂
6 50 9.870179 197403.6.̂
7 50 4.477218 89544.36.w
B 50 10.39076 207815.3. * rl(j«i.,
9 50 10.48482 209696.4. f,r
10 50 . 10.39789 207957.8 .#/•
11 50 10.38792 207750.4" /),'»•
12 50 7.056736E-02 . fli
1111.347

CALIBRATION DATA j
Linear Regression: y=a+bn

a * 0
b = 16.01308



Hal by/PEI
Operator; Keith Hague 04-29-1990 17:26:14
Oxygen analysis 4-70-90

SAMPLE H SAMPLE VOL OXYGEN CONTENT, uM UXYQEM, ppm ,
1 50 9.195559 183911.2 -0* rH-lf̂ l'
2 50 9.718788 194375.T-Ot
- 50 10.52768 210593.7-Hs
4 50 ' 10.77885 215577 -ffXieU
5 50 3.4924 69847.99 .*j""•*"'"'«
6 50 10.76855 215371 -<i It
7 50 1.044334 20886,69-te f\ \\
0 50 9.952459 199049.2 •̂ r'T"* '• >
9 50 10.24984 204996.8 '«•'
10 50 10.08289 201697.1-*'
11 50 ' 10.00107 200021.5~fi"
12 50 .2947127 5894.253-*«

CALIBRATION DATA
Linear Regression: j ya«»b;<

a » 0
b ' 14.96334
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tr~̂'f-':'':'̂'IŴ9̂ K̂4%̂f̂'t*'':'

APPENDIX A-2

TESTING DATA MANAGEMENT SHEETS FOR XANTHATE STUDIES
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APPENDIX A-3

TESTING DATA MANAGEMENT SHEETS FOR
LOW-TEMPERATURE THERMAL DESORPTION STUDIES
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'
_L J \ I i J ' I '

VS'ilA /" *£ I" <-tr**l' J Sti< r**iJne — S4-& <j

... Sfrrrlnft S/>**J*. Hi rfm . . .... . . . . . . . . ... .

.. /i t fl'tr- >m > "V* «• »•« I<K» • J

Se.tli"'\ ' altri'nt LTTD ff.tr •

m''̂ej, '"C ?ef"fyt,'lj'.

0:00 iif ' 55

0 : ZO 60 "

}\00 Iff "

l:|5 75 *

| I'.A? 75 »
)!4S 75 ^
\2:̂  7S ^
2:/5 7g '/

2;3<5 ?0 /x
5^? ^

3; 15 IM
3:30 '• .HO

A-38



....___..̂ -————— ••' ••"-««•-• ••--— "" -£V
u:_u_._̂||5_..................... ..-—.iSfl.-.....-—-•-•-•• •••••*'• ••• -'-
"'L.r.̂-.... ..,.155,....,..........,..........̂.- ......|;;

.._....-.-...5.*>. •' • • 'w ••"-: -• * ' !:;

.. . . ..6:20.

......5:.4-5 5/6 . . ........ . . y .
,-̂ _-,_—-,---,.-,————-.̂ —._,—,̂ .̂ -̂

.. ... ... ...... // Sfatt/̂

- AR302PT
A-39



T.,t 3 1 runt):

.. &«.//«» .hmomJitr-C. a S0o'f(
'

.. RtmTltn ./'me ».. /S m.'>iK/«J

.«/«;J/ ̂  /V. /rc^Ayw™*^^ ̂ 55 ̂

ft,'rr,'n« r*fc e lit. rprrl

T/I&LE A.&. • Time.> Tcmf>cr0.t»rc, , +n J #«.«.//„« Ma.ntU Centre-
' J

//., j"«///«« .̂r/̂  z.rr/? T-*/:

r/-, ' /-v.,n/-,o n<*t;«i **«ti
minnhf. "r Stt ftiti'

o 1 3tf £0
0\t,S 75
i :oci 76

Iu5 82.

SI

£5

AR302888
A-40



AR3028&9
A-41



Wii .< *n rrm.'.J (r

vC«i>Xy ^/ /^_ trtuhJfffil r

ffi/J/ O^A^ -.-/•-« hJ drift Jug. =622. <j

tirrinl ra,te.- l\̂ . rftr>
ll !

'lr>t > Ti^ftrafHft , UnJ //«*/,„» tf*.n//t j .

fnfrttr t , n < l Jurinf LTTD Tc.*j~, '

Ti'mt t ' 7* mPtnxlf re. > H'fti"̂  M*»Tlt; !l •

Oi/5 . 4.6
'5:3̂  __

Ol45 S^>

I :oo 81
I:i6 81

\:zo S4.
114-5 . 10

• AR302890
A-42



J2U5

2100

3i/5

4:55
•,.:V-»V.{''*t.lit<">'*'ii

A-43

t'th'

<l(,D o£nJe/\
I

' Q i



. 7i» / 4 (run l)

KtHth'tn tt*,f>traj'*rc. s $66* F ( MO

• RuLiritn rime*. 30 tni'nK/e.1

vftiV/l/ o/ tU nnrri#rt.J (ta.it)seil
W,J/ t/ fL frt+J-J ai'/r*J*.t*.<<J r c t u n e/#

.. V/e,'i]*t if tkt. frt*hJ*«i

Sfiffinl raft- * i\5 rpm

A-7. Ti'me. , r+m

SMiliS

(.

ffe1
If
V'

'I

K

• .|,i .

,v

'• fl
trtl/*r SJr;**- J*r,«* LTTD

(I J

77«n«., Ti.mftrt.fHrt? Ht̂ .tif't fan

n»'o»ftS '*

O\DO 23 £6

0:i5 4-4. "

0:30 75 '/

<J;4.5 .I'3 v

I i^O 10 *

HIS 10 //

C30 ^ '̂

• , 1<? if

A-44

I : |ili

\J



3:IS>

3,30

M f/
170 •• "•

^ "
^ "X

$:!&

5:30
.6 -V«,7V:

5:37

5:4.7
5:52
5:57

A-45



'ien time. a. 3O /nt'ntt7e.i ........ -•

... <*W«/l/ O/ tL it.nht.a.hd (r*.») Sail ,S«.*f/t

.........,...... Wt'V !/-.«/ H -. /r_»A ' Wi'-fci/iX

. . . ...̂ ,'9/if: a/ fU fci*hJ **'

<rrin* tf-Tc-t. 11$ ff>rr<>

/f-S • Tim*., ftmf"fK/urf. , a.nd H**?i'n(>

01 IS

T.mt, T.mfirjHH, Vt*t''»J m
m,'n*r* "£, __ _ CcnTrilltf S*.

ins

Z:00 ' 15 "

2-. Ift V

AR302"89"l»
A-46



3:16
3130

<-:00

_ '.OS

5;/2-
5>I7

£i22

5:Z7

A-47



w:

. .... .£>*/.».//.

.. /€•««/>>« ftmf*rnf*rt. a fffltf",

...RunTifa. Aints.. 50 m/'««/tj

.......tfttliiT-.-t̂ -tt.*-.<t«f'r**r*.J.(r«.'rlJSf// Ja*»f}t. s. &OO<% -

. .. Mftjt..a/M*fr.«kJi
.. O1./*/)/ <)/?..//.. /r«,/̂

.. ffirria*. ra-te -. //5 c

..TABLE. A-^. Tint ,Ttmptr*turt , and f/t*tia< /ianfl* Cf«7n/Ur £tfttn*\

D*n«*j LTTD T.sf • '

r.-. r. _„._./.„. //«/»

Oi/5 ^5
O:30 50

3:4.5 60
\\eo So
I-.IS ?i
\\ZO 82
V.45 • ff^

AR302896



..'•if*' .1 .:••• -r.-1'1:

A', 30
2:45
3:<J0

3;I5

*'.30
4: ;32.

A-49

' '://

4:57
5, OH 263 " £*J "/ •'--A!



... T-i /• g ( run i) •

606

Tign A/'/n* -, 30 ............— ..... ... .'

*• ,pjk* <*„/-.-A J(,M)tt!/SHnfl*.*.S00>(,.....,....._..........

*X»/̂ .̂|J

rr>Kti ra.lt
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rtfuitlî ô .)>t-*idr*4iM.k'̂ .).*4i]̂ Stunrlt*.&O&.&-

,..̂ y_y_#,

_____._-to'«j/ jf J>£.tk t~.f.r<L*li. J. .JV»/:/r*W«<_- .517.. .-3 _..._.,

....—....—5/M/y/nf....(•*/«..» //5• ̂ x3..„_...!......... ........ ...................................
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>%<• oi Selî f'J S*mf/elfi' UCS fe.ths. J.tf-T, </'i

&*4 Cm Ifnl
0

*-." tf St

A-92



sJ;JiJ?;<JJwfh fr, TcLf faffs* 4.5 cm J,«

Dy 10 Crr> If nil

of &/•'<!&• J_ SAinf/«.*.&£. 7~C L /*_/••* ft s. 2_.

AR3029M



•fr "V.'••"..!• .?', • . -1

---ff^~ • J1*"* "-«i rri-M nl"ll»jĵ
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APPENDIX B

STANDARD TEST AND OPERATING PROCEDURES
FOR TREATABIUTY TESTING
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412 INORGANIC NON'METALS (100)

diitillaic free of contact with the delivery t. Ammonia Jsitrnmuion: Deter-
lube and continue dii.illation during the mine the ammonia by the nmlcriiaiion
laii minuit or .wo to cleanie ihc con- method (Section 41 IB), (he phenite
denter and delivery tube. Diluie to JOO method (Section 418C), or aridimctric
ml with ammonia-free wtier. mnhod (Scciion 418D),

418 B. Nesslerlzatlon Method (Direct and Following
Distillation)

1, General Discussion wavelength region from 400 to 42$ nm
.... ... , , when a I -cm light path ii available. AUK direct nciileruation only for pu- , ̂  h of ;» J1 ,,,

rified drinking water,, natural water, » ^ (|)c „. „,, ,„ M
and highhr purified wancwiier cf. ̂  Th<. rnjdi)h tf̂  ^ jn| of
fluent,, all <* which inould be low in tmmrit ni ,_,,,, ,pproac|,ing
color and have ammonia nitrogen con- ;M ""be mwwrJJ |n |h»
ccntranon, exceeding 20 ,|/L Apply ĵ,,,,,5 h ̂lm „, 4JO |0 ,M nm A
the direct neiilermtion method to do- ^ )e|mion o( (j h( h M(|
mane wanewaim only when errori of wlyr| h (huj nMa^e prhl),omn.
I to 2 mg/l arc acceptable. Prc- ric dnw6roil,alion „( amm(miS nilrogen
treatment before direct neiileriution concenlralion, ovff a comi(l_7ble
with iinc tulfaie and alkali precipitate) f
cakium. iron, magnnium, and lulnde, _ ' f g . , ^
which form turbidity when .reatedwith ̂  whn) ̂ ^ |p̂
nexler rogent. The fix al» remove. wi||) broad.ba Jco|w S|ler, a?e ̂ .
luipended matter and tometimei col-

tr. The addition of EDTA or

ncium ioni in the pretence of the alka- " A' _reftl|| _, „„,,„ rn
hne ncolcr reagent, Howeva, the UK of mpond'uSdnf oplimgm condition,
EDTA demand! an extra amount of W/,,J{M , ̂  .inia nio-ogen, In
nwler reagent u miure a wffinent no,- dirK( nol|niulioni lhil rcprn<|ll, 20
lê excw (or reaciion with the am- î, However, reproducibility below J
The graduated yellow to brown col- ™ '

on produced by 'the neulcr-ainmonia
reaction abtorb itrongly over a wide 2 ApDar_,us
wavelength range. The yellow color * *PParalua
characicriitk o(low,ammonia nitrogen ». Colarimcmc tquipmml: One of
(20 to 250 in/10 nil) can be meawred the following it required.
with acceptable Kniitivity in the \) Spictnpbaomair, for UK at 400
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to 500 nm and providing a light path of water and add thii miiture (lowly, wiih
I cm or longer. itirring, to i cool ulution of UO g
2) Film fimitmtitr, providing a NaOH in 500 ml water, Dilute to l I.

light path of I cm or longer and Store in rubbcMtoppcrcd pyrn gliti-
equipped with i violet filler having ware and out of wnlighl n maintain
maximum mniminance ai 40010 425 reagent liability for pertodi up 10 a year
nm. A blue filter can beuied for higher under normal laboratory condition,.
ammonia nitrogen concemraiioni. Check the reagent lo matte rure ihii it

)) Ntultr mini: matched, 50-ml, tall vicldi the chiracirrinic color with 100
form, pg/l ammonia nitrogen within 10 min
*, pH num. equipped with a high after addition and doet not produce a

pH electrode, precipitate wiih imall amount! of am-
monia within 1 hr, (Ctunort. Tan'f—

3, Retatnts ukittrt lotwid \ngimm.)
. ,,, • i. Slotli ammvm wktiom On-

All the,r,eagenti lifted in the Pfflimi- tolvc 1,119 g anhydrou, NHiCl, dried
nary Dfoillanon, Scciion 4IIA, except at 100 C, in water, and dilute to 1,000
the borate buffer andabwrbeniwluiion. ml; 1,00 ml•1,00 mg N-1,22 mg
are required, plu, the following. (Prc- NHi.
pare all reagent! with ammonia-free t. Standardimmamum lalmian-. 0\-
water.) lute 10.00 ml itock ammonium wlution

t. Zinciulfiiitulution: Diiwlve 100 10 1,000ml with water; 1,00ml• 10.0
gZnSOi'7HiOanddiluteiol I. ^N>I2,2 figNHi,

*. SatiHnr ruftnti UK either / Ptrmnau color uhitiau:
EDTA or Rochelle uli 10 prevent cal- I) Pottuiitm (tloroplttiiHii tola-
cium or magnnium precipitation in un- rion: Diiiolve 2.0 g KiPrCIi in )00 10
diiiilled umpln following the addition 400 ml dinilled water; add 100 ml cor' |
of ihc alkaline nnilcr reagent. HO and dilute to 11, *''

11) EDTA ritpni; Ditulvc 50 f di- 2) Cainllau ctMdi alulim; Die
wdium cthylenediamine tetraiccutc ulve 12,0 j CoQi-iHlO in 200 ml
dihydrate, alu called (cihylcnedinitrilo) dinilled water. Add 100 ml con; HCI
tetratcctic acid diiodium .It, in 60 ml and dilute to 11,
water containing 10 g NaOH, Ifnccet-
ury, apply gentle heat to complete dii- . p..,..)....

, ulution. Cool to room temperature and ' r"Kmu"
dilute to 100 ml, t, Tritmmi of undiinlltd umpla:
2) Kocbillt nil mlution: Diuolve 50 If necenary, remove the roidual chlo-

g poianum udium lanrate retrahy- rinc of the ample with an equivalent
draie, KNaC<H<Oi<4HiO, in 100 ml amount of A//70 dechlorinating igent.
water, Remove ammonia uually Add I ml ZnSOi idution to 100 ml
proem in the tali by boijing o(f )0 ml of ample and mix thoroughly, Add 0.4 to
uhiiion, After cooling, dilute to 100 ml, 0,5 ml NaOH wlution to obtain a pH

e. Ntultr riant: Dindvc 100 g of 10,5, ai determined with a pH meter
Hgli and 70 g Klin a imall quantity of and a high-pH glan dectrode and mix
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4I« INORGANIC NON.METAI.3 |4M|

thoroughly, Let the ireaied umplc itand If the ammonia nitrogen i, very low UK
for a few minute,, whereupon a heavy a 10-min contact time for umplc,
Aocculeni precipitate ihould (all, laving blank, and nandardt. Meaiure the color
a clear and colorleu lupcrnate. Clarify cnher photometrically or viiually >i di-
by cemrilugint; or filtering. Preten any rcctedintcori/below!
filler paper uicd to be lure no ammonia c. Pbolamitric mtummml: Meat-
ii prnent at a contaminant. Do thii by ure the abxxbancc or iranimiiiancc in a
running ammonia-free water through ipecirophoiometer or a filler photome-
and idling the filtrate by nculerization, ter. Prepare the calibration curve at the
Filler the umplc. diicardingiherlrii2; -me temperature and reaction time
ml filtrate. uied for the lamplct, Make the tram-

l>. Color ittthpmtnl: mittance reading! againn a reagent
I) Undinilled umplei—UK 50,0 ml blank and run parallel checki frequently

umple or a portion diluted to 50.0 ml againK nandard, in the nitrogen range
with ammonia-free water. If the undii- of the umple,, Rcdeicrmine the com-
tilled ponion contain, lufficiem concen- pine calibration curve for each new
iratiom of calcium, magneiium, or batch of neiiler reagent.
other ion, that produce a turbidity or For dinilled umplei, prepare the
precipitate with nnilcr reagent, add I iiandird curve under ihe ume condi-
drop (0.05 ml) EDTA reagent or 1101 tioni at the umplei. Diitill the reagent
drojii (0.05 to O.I ml) Rochtllc uli w- blank and appropriite itandardi—each
lution, Mix well, Add 2.0 ml nnilcr diluted to 500 ml—in the ume manner
reagent if EDTA reagent u u«d, or 1.0 ai the umplei. Bring the 100 ml dii-
ml nailer reagent if Rochelle ult ii tillate and 50 ml boric acid aburbent
utrd, to 500 ml and take a 50-ml portion for

2) Ciitillcd ampin—Neutralize the ncnlcriiaiion,
boric acid uicd for abiorbing the im- d. Vitial emporium Compare the
moniadiflillaiein'oncoftwowayi.Add colon produced in the umple againit
2 ml neuter reagent, an rxcen that thoK of the ammonia nandardi, Prc.
raixi the alkalinity to the detired high pare temporary or permanent nandardi
levrl, Alternatively, neutraliie the boric ai directed below.
acid with NaOH before adding I ml I) Temporary nandardi—Prepare a
ncoler reagent, serin of viiual nandard, in nenler rubei

I) Mix the umplei by capping the by adding the following volume! of
, ncsler rubet with clean rubber nopperi nandard NHiQ toluiion and diluting to
(which have been waihed thoroughly 50 ml with ammonia-free water: 0,0.2,
with ammonia-free water) and then in- 0.4, 0,7, 1.0, 1,4, 1,7, 2,0,2,5, 1.0,
verting the mbei at lean lix limn. Keep 1.1,4,0,4.5,5.0, and 6,0 ml. Nenlerize
wch experimental condition, ai temper, the nandardi ind the ponion, of dil-
ative and reaction lime ihc ume in the tillate by adding 1.0 ml nraler reagent
blank., umpla, and nandardi. Let the 10 each tube and mining well.
reaction proceed (or at lean 10 minafier 2) Permanent itandardi—Meaiure
addition of the nenlcr reagent. Read the into 50-ml neulcr nibct the volumci of
color in the ample and in the nandardi, potaiiium chloroplatinate and cobaltoui

ArT3D795'8'
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NITROGEN lAMMONMI/NwMfliiiionMKnod

T*iu 411:11, Pimunim M Piuumn
Com Sr«NO,.oi fix Vii

Vilwin
Ammonia
Nlmpn

ft
0
J
4
7
ID
1417
10.'»
10If
40
4.f
JO
to

PuiiM-
Mutta
ml
1.1
M
4.7
M
7.7
f.)
11.4
12.7
I/.O
17.1,

10.0
100

. Kveral moi
10 min after nmleriia.ion, depending
on .he reaction lime uicd in the prcpa-

Sohikn r*"IM ^ lne '""I"""' ammonium
ml nancbrdi againM which they were

• matched.oo
o.o
?' S. Calculation
°.[ *. Deduct the amount of nitrogen in
I'} the ammonia-free water uied for dilui-
j j ing the original umple before comput-
l.l' ing the final nitrogen value,
*.' P. Deduct also the reagent blank for
'.' the volume of boraie bufTcr and i/V
,j NaOH uluiioniuied with the umple.
lot i', Compute the total ammonia nitro-
Do gen by ihe following equation!

chloride wlution, indicated in Table m^iimnwniiN • — - — x-
4llill. dilute 10 ihc mark, and mix mltample C
ihorounhlv. The valuo civen in the . . ... . , . . ...
table »r« 'appmimtH, aaual equiva- .̂  -J "/? N '"""f. «'«'"!««« .*'

. .«,«. ,* lent. «f .he ammonium nandardi will "" *<ai"«e co1 «!cd' m.clu*n?

ardi with the nnilerind temporary am- l"™"0'''
monia ttandardi and modiri' the linn ai
ncccoarv. Make tuch com'pariwni for
nchnwIyprepiiredneHlcrreageniand
uinfy each analyst ai 10 the aptncn at See Section 41 1A and Tahlc 41 8:1.

w
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424 pH VALUE
The pH of moit natural water, falli importance to water and waiicwatcr

within the range of 4 to V. The majority analyiii and treatment control, The
,.,„„.,„„ of water, are ilightly baiic became of the practical pH scale extrndi from 0, very

, ,•..".,, presence of carbonate! and bicarbonate,, acidic, to 14, very alkaline, with 7 corrc-
I A departure from a normal pH for a spending to exact neutrality a. 25 C.
I' given wa.cr could be caused by the in- Whercai "alkalinity" and "acidity" ire
' : • flux of acidic or alkaline i'ndunrial meaturei of the total romance to pH

wane,, Neutraliution of ipent acid! or change or buffering capacity of a
i basei ii an important wane treatment umple, pHrepretenti the free hydrogen

; • :••: | praaice, and meanircmcnt and control ion activity not bound by carbonate or
l of pH in industrial cffluenli ii often re- other bam.
• quired for water pollution control, It ii The pH can be mcatured either col-

'; ' also relatively common to practice pH orimctrically or electrometrinlly. The
. | I adjunment of water treatment plant cf- colorimetric method it leu expentive but

I , I flutim to control corrosion in dinribu- suffers from interference! due to color,
I lion lyitemi, turbidity, ulinity, colloidal matter, and
i The pH of a solution referi to in hy- variout oxidantt and reduciann. The in-

drogen ion activity and ii expreised as dicaton are Hibjeci to deterioration ai
the logarithm of the reciprocal of the hy arc the color nandardi wiih which they
drogen ion activity in moles per liter at a are compared. Moreover, no tingle in-
given temperature. Itiiusedinthecal- dicator encompaiKt the pH range of in-
mlaiion of carbonate, bicarbonate, and teren in waters and waiiewaien. In
cirbon dioxide, corrosion and stability poorly buffered liquid,, the indicator!
index, and aher acid-base equilibria of ihcmsdvei may alter the pH of the

A R 3Q-23fjO~
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umple unleii prradjusicd 10 nearly penution adjuitment provided on the
the ume pH ai the umple. For time bcncr commercial instruments, The w
reason,, the colorimetric method ii iuii. ond effect ii inherent in the sample and
abk only for rough enimation and ii not ii taken into consideration by recording
described herein, (For detailt on the col- both temperature and pH of each
orimetric method, see Clark,' KohhonV umple,
and AVVYVA.') The glasi electrode
method is the nandard technic. 2. Apparatus
1.G,n,r.,_l«u«lon
t. Prindplt: Although the hydrogen *, Glut ilianxli: Glasi electrodn

electrode is recognised as the primary are available for measurement over the
nandard, the glan electrode it leu sub- snore pH range with minimum-so-
jcct to intcrfaencei and ii used in com- dium-ion-crror typei for high pH-high
bination with a calomel reference dec- sodium sample!.
trode, The (lau-refcrcnce electrode pair c, Kiferntt iliaroJi: UK a calomel,
produce! a change of 59,1 mV/pH unit silver-iilver chloride, or other constant-
at 2 5 C. potential electrode.

b. Inltrftrtnctt: The glass electrode d. Mtgiatic itimr, with teflon-
ii relatively free from interference from coated nirring bar or a mechanical stir-
color, turbidity, colloidal matter, oii- rer with inert plaiu'c-coaied or glatt im-
danti, reductanti, or high salinity, ex- pdler.
ctpt for a sodium error at high pH. This t. Flou tbtmbtr for mcaiuremeni of
error at a pH above 10 may be reduced continuouily flowing or unbuffered solu-
by using ipecial "low sodium error" lions. {*"
electrode!, When uiinj ordinary glass •'?
electrode!, make approximate correc- 3_ standard Solutions
tioni for the sodium error in ac-
cordance with information supplied by i, Gaimlpripmiiai: Calibrate the
the manufacturer, Temperature exent electrode lyticm against standard buffer
two significant effects on pH measure- solutions of known pH. Because buffer
mcni: the pH.potemiil. i.e., the change sduoons may deterioraic as a rnuli of
in potential per pH unit, varies with mold growth'or contamination, prepare
temperature; and ioniuiion in the fresh at needed for accurate work by
.sample alto varict,' The first effect can weighing the amount! of chemkali spec-
be overcome by a temperature com- ified in Table 424.1, dissolving in dis-

B-9
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I.Ill I KHiPO.ti IJH i Ni.HPOitl

I.I 7» i KHiPO.tt4.IO) | NiiHPO.II

ll.il |KHiCAi<lHiO

INOMAMC NCft.MtT/W.1 (4001

1 Appraiimuc Mobility,
rDtydKinkiliillOnilJOCfoflhr.
t tttftn wiih frnhly boilid ind nofai dimllcil wim (arim̂ iniMn>.

tilled water at 25 C, and diluting to o(bufferioluiioni,UKceniliedmiierialt
1,000 ml, This procedure ii particularly available as NBS nandard umplei from
important for the borate and carbonate the National Bureau of Standard!
butTert. where the greatest accuracy it required,

UK distilled water having a con- For routine analysis, commercially
duco'viiy of less than 2 pticmens at 25 C available buffer tablet), powden, or so-
andapH 5.4 to i.O for the preparation lutioni ot tened quality also are per-

. of all standard solutions, Freshly boil miuibk. In preparing buffer solutions
I and cool ihit distilled water 10 expel the from solid salts, dissolve all the material!
orbon dioxide to produce a pH of 6,7 otherwise, the pH calibration will be in-
to 7.) lor the preparation of me borate correct, Prepare and calibrate the dec-
and phosphate solution!, Dry (he potat- irode iynem with buffer solution, with
sium dihydrojen phosphate at IIOCio pH approximaring thai of the umple to
I JO C for 2 hr before weighing. Do not minimtw error resulting from nonlinear
hcai ihe untubk hydrated potauium response of iheHenrode.
tcmnaUie above (SO C nor dry the other At a rule, tried and prepare the buf-
specified bulTer sain, fcr solutions cUncd ai primary itand-
Although ACS-gradc chemicalt are ardi in Table 424:1; reserve the sccon-

genenllv latirfactory for the preparation dary standards for extreme n'nutioni

B-10
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encountered in waitcwaier measure. 4, Procedure
menu, Contull Table 424.11 for the ac- Because of the difference! between the
cepted pH of the nandard buffer solu- many makct and moddi of com-
tioni at lempcraiurei other than 25 C. menially available pH meters, it it inv
Where the intent it to apply them for pnaibk u provide detailed instruction!
routine control, store the buffer solutiont lor the proper operation of every in-
and umplo preferably in polyethylene strumeni, In each case, follow the man-
bottlct or, at lean, pyre* gtanware. ufacnirer'i insmmions. Thoroughly wet
Even in such circumstances, replace buf- the glaq and reference denrodei by im-
fcr solution! every 4 wk. mcning the lips in water ovcrr- • • • or in

t>. SwrttiJpouiavm byJrofni ur- accordance with instructions, "here-
mil lobtiimt Shake vigorously an ex- after, when the meter is not in use for
cm (5 to 10 g) of finely crystalline pH measurement, keep the lips of the
KHC.H.O. with ICO to 100 ml dis- denrodei immersed in water.
oiled water at J5 C in a glasi-stoppered Before UK, remove the electrode!
bonk, Separate the clear solution from from the water and rinK with dinilled
the undinolved material by decanuiion or dcmincraliicd water. Dry the dec-
or filtration. If this solution is to be uted irodes by gentle wiping with a toft til-
for routine control, preserve for 2 sue, Standardiie the instrument with
months or more by adding a thymol the decrrodei immeried in a buffer wlu-
crystal (1 mm diam) for each 100 ml so- lion with a pH approaching that of the
lution. sample and note (he temperature of the

c. Sawtud talcium tn/dmiit wni- buffer and the pH at the measured tern- •
,:,,,?,,.,,,,,,„,,. mmmmtt tim: Place the well-waihed, low-alkali- perature. Remove the denrodei from ;

'' grade calcium carbonate, CaCOi, in a the buffer, rinK thoroughly, and dry.
platinum diih and ignite for I hr at Immerse in a second buffer approxi-
1,000 C After cooling the calcium mitdy 4 pH units different from the ( ' ]
oxide, hydrate by slowly adding dinilled run and note the pH reading! the read- '"'
water with nirrmg and heating to boil- ing should be within 0,1 unit of the pH
ing. Cool and filter the suspension and for the second buffer, RinK dcctrodci
colkn the solid calcium hydroxide on a thoroughly, dry, and immerK in the .
fritted glass filter of medium porosity, umple. Agitate the umple sufficiently
Dry the calcium hydroxide in an oven at to provide homogeneity and keep solids
HOC, cool, and pulverize to uniformly in suspension. If the umple temperature
line granule!. Vigorously ihike an ex- ii different from that of the buffers, let

{ ce» of fine granule! with dinilkd water the dcctroda equilibrate with the
l|| ' in a stoppered polyethylene bonk, il- sampk. Meaiure the umple temper-
Hi towing the temperature to come to 25 C ature and set the temperature com-

after mixing, Filter the supernatant pemator on the pH meter to the meat-
under suction through a sintered gum ured temperature. Note and record (he i
filler of medium porosity and UK the pH and temperature, RinK denrodei
filtrate ai the buffer solution, Discard and immerK in water until the next
the buffer solution when atmospheric mouurcmeni.
carbon dioxide causes turbidity to ap- When only occasional pH measure-
pear, mem arc made, ttandardiie the in-
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f liniment before each measurement, lories, with a standard deviation ofWhere frequent measurcmcnli are iO. 11 pH unit,

• made, less frequent standardization (ev-
ery I or 2 hr) is utiifictory. However,

i if umple pH value) vary widdy, nand- 6, References
I ardize more frequently with a buffer . . WM .... _ „,_,„„„-.,
i having. PH within ho2 pH unit,of '' Ĥ t̂ 'X̂ Tm,"

that of ihe umple, Meaiure with two or Co., Biliinorc. Mi
I more buffers of different pH ai lean 1. Kotnnn, I.M, I»I7. AcM.BiM In.

once daily and more frequently if urn- *•»". ** <* M-mllin C.,, New Yort,

tettt̂ es ••îj&.s:
of response, When electro* reiponK ro minim, Minml Ml), AWVA, Ne»two buffer! 4 pH unit! different shows York, N.Y,

' difference! greater man 0,1 pH unit, re- «•• L"*«"", W.F. lf«, Urn at le-pcr-
placetheglassclecirodc ' IKl̂r11"'''̂pn meaiuremenn in nigh-purity wa-
ten sued ai condenuic or demineralizer
effluent! are subject 10 atmotpheric con- 7, Bibliography
lamination and require special proce- „
dures for accurate pn measurement.

n
B.ui, 8 G, i S.F. ACIII. IMf. pH o/5. Precision and Accuracy m,"""n . •''""""'" %*n

' plmrThe precision and accuracy attainahle °

-. <*n em•-••—;—'•"' ninonsJo*n Wli•iiu me care used in nandardizaiion and N.y.
operaiion, Guard against possible er- fiio«w, 1.1»», UK
ratic rnulii arising from mechinical or urmmii. Aiul. C4
electrical failuret-weak banen'et, dam- '""SV1!5" "?';,
aged electrode,, pteed liquid June- tâ .Ŵ lZT.̂  pH
lions, and fouling of the electrode! with lnj Eim,«,,,i,«,,, ĵ ,n TO- <, s«is.oilv or precipitated materials. With the New York, N.Y,
proper care, a precition of*0,02 pH Koirww IM. > H, EMM. !»)» Trnnw
unit and an accuracv of±0.fl5 pH unit S ̂ '"l!?1 SCI™?' P'n '' ̂  ''
can be achieved wiih many of Ihe new JJjf'jJ/' ŵ -l"«"<"«'. "«
moddt, Hlwevcr, 40.1 pH unit repre- Buu, «.c, I w, Rcviml ninlird viluo for
tents the limit of accuracy under normal pH mnnrnnniii from o »*) C, /. A«
conditions. For thii reason, repon pH *'• *"• J««*«iiMAii7r
valuei to the nearen 0,1 pH unit, A ''"S,?'0.1,"1 ̂'"'wi/pH. J«fin
"̂E. L*-* r""111? i • Cl"k «""» "J.J.̂'.Ĉ'.«»' T.o nr,and tubs buffer solution of pH 7.J was wwj,f A /_ |(K .H nk/. Ho. MM. t«analyzed dectrometrically by JO labora- StuJnjt 7IAJ7.
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PHOSPHATE/AKOIOIC Acid MlUMd

425 F. Ascorbic Add Method
1. General DlSCUfi/n i. Acid-mini glttiwm: See
,. ?Mpl<, Ammonium molybdate Mfllwd D''2*•**«•

and poiaiiium amimonyl tanratc react « a.......
in an arid medium with dilute solution! rw"«™»»
of orihophoiphaie to form a heteropoly i, Sal/uric tad lolunm, SN: Dilute
arid—photphomolybdic acid—that it 70 ml cone HiSOi with distilled water
reduced to the intensely colored mo- to 500 ml,
lybdcnum blue by ascorbic acid, t. Poiiitium tntimtnyl tar-

l>. liHafmntt: ArKnatesreact with trttt million: Diuolvc 1.1715 g
the molybdaie reagent to produce a blue K(SbO)CiHiOt>l/2 HiO in 400 ml
color similar to that formed with phot- ditrilkd water in a 500-ml volumetric
phate, Concentrations is low ai 0,10 flask and dilute to volume, Store in a
mg/l arsenic interfere with the phot- {law-stoppered bottle,
phatc determination, Hexavakni chro- c. Ammonium molytxtut utution:
mium and nitrite interfere 10 give retulti Dissolve 20 g (NHi)iMoiOiî H iO in
about J % low at concentration! of 1,0 (00 ml dinilled water, Store in a planic
mg/l and 10 to 157< low at concentra- bonk at 4 C,
lions of 10 mg/l chromium and nitrite, d. AicorHc tad. 0.\M: Dissolve
Sulfide (NaiS) and silicate do not inter- 1.76 g ascorbic acid in 100 ml distilled
fere in concentration, of 1.0 and 10.0 water. The solution is,table for about I
mg/l. wk at 4 C

c, Minimum JtttaMt conannt- t, Cmtintd ragnt: Mix the above
lion; Approximately 10 fig P/l, P reagent! in the following proportion, for
rangetareaifollowi. 100 ml of the combined reagent: 50 ml/,.

!N HiSOi, 5 ml potassium aniimonyrn
ApproiimiiePIUnjf Lifhi Pnh Unph tanraie solution, 15 ml ammonium mo-

"*"______"* lybdate solution, and JO ml ascorbic
0.10-1,0 o) arid solution, Mix afttr addition of tub
o.l'-l.lj lo ntyiu, All reagent! must reach room

—— '"————————— trmperanire before they arc mixed and
mutt be mixed in the order given, If tur-
bidity formi in the combined reagent,

2, Apparatus ''"'" "̂  'n''"""' 'Of' 'tw minuln
until the turbidity disappear! before

a. Cohrimtmt <fiii/)m«iti One of proceeding, The reagent ii liable for 4
ihcfollowingiirequiredf dr.

I) Sptaropbm/miitr. wiih infrared / Sw/i pbnipbau iiilmon; See
phototube for UK at 880 nm, providing Method D, 1)«,
a light path of 2,5 cm 11 in,) or longer, _, Stndnd ptmpttu loluiim: Di-

2) Filar pbaiomiitr. equipped with lute 50,0 ml nock phoiphate solution to
a red color filter and a lijht path of 0,5 1,000 ml with distilled waicn 1.00
cm or longer, ml*2,50 fig P,

AR302965
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41! INORGANIC NON.MITAIS |400|

4, Procedure phoiphate range! indicated in Section
«/. Din.. tnn 425F,lc, UK a dinilled water blank

125-ml rknmeyer (talk, Add I drop
Phenolph.haleinUa.or.lfaredcolor «"*« Awt̂ ^ » P.""? f"
Sevdop, add 5N H.SO, solution drop- «*«'"«'<" '« P«. « wwghi line
wiK tojutt discharge the color, Add «!o P""n« lh'"l8h lhc.wf »• .T™ « I™
ml combined reag'en, and mix thor- ««» ph«|ilwK nandard wtth each let of
oughly. After at lean 10 min but no HmPle1'
longer than JO min, measure the color
abnrbance of each umple at 810 nm, S, Calculation
using the reagent blank as the reference miPXi.ooo
solution m( " " . — T~. - . . ml -noteIt. Carrtaionfar turbidity or mrrr-

6, Precl,,on ant, Accuracy
wavelength used. In (he case of highly The precision and accuracy value,
colored'or lurbid waicrs. prepare a giveninTablc425.llarefora,ingleso-
blank by adding all the reagents except lution procedure givtn in the previous
ascorbic acid and antimonyl potassium edition. The icchnic presented differ! in
iarrraie to the umple, Subtract the ab- reagent-to-umpk ratios, no addition of
sorbance of the blank from the absorb* solvent, and acidity condition,, It is ,u-
ance of each of the unknown samples. perior in precision and accuracy to the

r. Fnptnaon of uKbntmn mm: I ith edition (ethnic in the analyiis of
Prepare individual calibration graphs both distilled water and river water ai
from a serin of six standards within the the 228 figP/lkvd(Tabk425.lll).

TMU 41 Mil. COMKIIMN of PMQMON MNO Accvucr of AJCMIW Aoo MnNoot

AscodwAnl
MciM

(EdwirtiMoW.
uM'Sriinnminl.
CunmntnW
(Murphy ind
Ritol

Phosphorus
ConcemniHti,

FiliriMt
Onhophotptuic

mill

0.111

0.111

No. of
boon.
lonn

1

1

RlUlin
Snituwd
Drriiiion

fl

DinilM
Wun

1.17

1.01

Rim
Wun

1.1 7

1.7)

Rdilivc
Error
%

DinilM
Witcr

401

l.ll

River
Wun

1.01

1.19
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MIGINM.
(Red)

505 ORGANIC CARBON (TOTAL)
Combustion-Infrared Method'

The total organic carbon concentra- jeoable into the apparami by a micro
lion generally falls below the true value liter-type tyringe. The ncedk opening o
of organic coniaminann becaute other the syringe reitricu the maximum site o
constituent clemcna arc excluded, After pinnies that may be included in th
an empirical relationship has been ei- samples,

<*"<*'« The water umpki, ho

;rr
"'S*0'. . . . a mnditpcnive typr of infrared amFurthermore -I organic carbon ,i , „£,„„ ,'£ ̂ 1M|
a more direct c> .'cnion of the organic majure) ,,, „, ,he (jrbon ,„ , ̂  ,
chetnwl content « water than either of ,ft(r irJKlion ,„,„ lh(. ._,,„„,,_ £
the wo other analyKi, Ai such, TOC p(OCBiur,, modifc,̂ ,,, ue nttM ,
can be used to monitor proceisei for the |jmn th(! determination to organic ca,
treatment or removal of organic con- ^ , ic „,,„„„„ mj ,„ d(
laminann without undue dependence com™d wilh lrid ini
oniheo«,dauonwtet,andcandosoat
lowoncBi-iBoni, gank arbor, is determined. Altanativ.
1 n~,.,.i m.~,..inn ly, the total organic and inorganic cai Q'
1. GtfierilOlKUMlon IJon determinadon can be followed by '
The carbon analyzer offers a meant of separate determinadon for the inorgan

measuring tool organic carbon in the carbon, The difference between the ton
range of I to 1 50 mg/l in water and and the inorganic carbon then yiddi tr
wancwaier. Appropriate dilution of the organic carbon.
sampk enable! the determination of j, inllrfmncl. Remov,| of carbonar
p-ier carbon concenirKionsa! well as lai bicarbonate by me.nl of adt
the anadym of water umplei bearing a ifiadon lnd purginj wilh „!_„,„, gl
•nigh alt, aod, or baK content, Smaller an rou|, in J,, |OT „ „„ ^̂  „ .
Icarbon concemraoom can be esnmatcd .̂  nbnnm. Anoiher imponai
by suitable cwKentnaon of the umple foaan occur if lugtcarbon-conctinir,
or through the use o( larger poraoni, .„„)_„ in j,, Mlnp|e W| lo mm ,(
The procedure yield, the best resuln ̂ m̂ ^ need|e UKJ for in)ectioi
wiail,c,mĉ rieoui umplei ihatare re- pitr,,̂ . ,|lhou,h doir.̂  „ |im
produably (±1,0 mg/l carbon) in- ihe imoluble inorganic maner, can n
•TMiMM.iito...»w-..A5TM wkintaorg-nrfTOCdependir

DiiTHt, onihcphytkalprooeniaofihcarbol

flR302.947—W—
B-15



ORIGINAL

OK'JANIC CARBON (TOTAll S3]

cuniaminil compounds and ihe adsorp- f. Hydrocklarit acid, HCI, cone,
lion or desorptiun of carbonaceous mat- c, Standard cartxnt lo/sioon.. Dissolve
icr from ihe filter, Any umple treat- 5.J7I g anhydrous sodium oxalatc,
mcnt may alter the measurable carbon. NaiCiOi, in redinilled water and dilute
Record such treatment and consider it in to 1,000 mli 1. 00 ml" 1. 00 mg carbon.
any interpretation of result,, Allrrnaiivdy, use any other carbon-con-

c, Minimum Jttcctailt itmrrmra- taining compound of adequate purity,
lion; I mg/l cirbon. This concentration liability, and water solubility,
may he lowered by concentrating the d. Packing for oxidation met: Pol-
sample or by increasing the portion tak- low the directions supplied with the total
en for analysis, organiccarbon anilyirr.

J. Sampling am/ sromgr: Collect and «. Oxygen go, carbon-dioxidc-frec,
store umplei in bottles made of glaii, . / Nitrofingti, carbon-dioxidc-frec,
preferably brown. Plastic container, are

I acceptable after inn have demonstrated 4 Procedure
I the absence of extraciablc carbonaceous

substances. Use a Kemmcrcr or similar '• 'nirrumrnl optntion: The differ-
type sampler for collection of umples ences between uiiifaciory analyzers
from a depth exceeding 2m (J ft). Pro. make it impossible to give detailed in-

: tect umple, thai cannot be examined urunion, applicable to every in-
promptly from decomposiiion or oxida- liniment. Therefore, follow the manu-
lion by preservation ai ice temperatures, facturer'i initrunion, for aiiembly,
minimal exposure to licht and aimo- leiung, calibration, and operation of the
)phere] ur jjjjifij.,,!,,,, „„(, (,vdro. analyzer on hand, Vary the injected
chloric acid to a pH not over i. L'nder »mpk lize from ihai normally rccom-
any condition,, minimize storage time, mended according to manufacturer's in-

structions or if an enlarged combustion
2. Apparatus tube i, available.

, , o. SampU trtitnwiit If the umple
'.Swipl, MfiMVr «r ftD»ig_<ni»r. conl,inl ̂  K^ „ '̂ M, \\^

Warms type or ulira»mc, maner, homogeniie umple will! a
o.Ma$n<ncinmr. blender or ultrasonict, until utiifactory
t. Hmdtnme ivrinje, 0 10 50 or 0 rept,lab||il)r |, AuM.

10 Wni capacity, t Ifinorganic carbon mult be removed
d. Tout mpmc .yrfwn aiw/vwr. f Wl)fe ,,,,1̂,. lr,nrf(r , fcprn(.nu,ive

I ponion of iOtol5mltoa)0.mlbeak-
3. Heagenta er, add 2 drops (0,1 ml) cone HO to

„ , ... . „ . reduce the pH to 2 or less, and purge., tofHlliJ awn-. Prepare the wilh nrbâ iojlide.frce niwgtS gfal
b lank and uandard solution, with rcdii- fw |0 mi|) Do „„, UK pUj|ic wbjjgi
tilled water. ,,jrrjng on , magnetic itirrer,

1 50- /im opening, Inject the umple into

AR302W8"
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ORIGINM.
(Red)

S34 ORGANIC CONJTITUINTI uooi
the analyzer and obtain the peak-heijht Con-end pal hei«tii,mm«,4..«
renting. Repeat the injection twice or
undl three consecutive peaki are ob- *™« -<"l*«k MI*H in mm of the
uined that are reproducible to within mndardi or umple and «• peak height
£1^, in mm of the blank,
' If ihe available initrument provide! *• JPP1/1 lne appropriate dihiiion fac-

for a separate determination of the car- '* wllnl nctn>ary.
bonatc-plui-bicarbonaie carbon, omit
the decarbonaiion uep with cone HCI 6. Precision
and proceed according to the manufac-. n,, Jinlcultv of umpling paniculate

'h«««ha. have been filtered before anal-
^ lhe Pf™"0" 'PP'0"'"" ] ra 2?t w[^mg/lcarbon^whicheverisgrea,.

nandard carbon solution 10 500 ml, In-
ject and record the peak heights of ihcK
itandard, and dilution water blank, '• Bibliography

,,,,..„„,.,,„...„,<-.-: : Correct peak height for blank, v« H«i. C.E.. | S,w«. • VA Sn««.
Plot the carbon concentration, ol the lf«l.(U(»dnml»im«nm(il»d(»ih«l(.

l standards in milligram, per liter versut inmlnaimi at ortink subnncn in iou<.
ii the corrected peak hdght in millimeters „ cS"*?*i"ic*1"' ''''":

I onr̂ njularToc.din'atepaper *~&̂ l%.£££
Iniect umplei and reagent blank! § M ,**,- ̂  ,. w|Mt nrtw, tm.

and axertain the umple concentrationi mir-MM, Ami. Ctm. iiMl
.,•,,!?.,.,. ! from the corrected peak height! of the 5oum«,M.fl>l.l«>.Apflkiii«io(mi.

umplei bv reference to thii calibration tVnil!!!LJ!Vlr]*.'.'!?J?n"' '' W""-.-.̂  ' rwvr. CMnifim. ,7ilMr
(vm' Bine*, A.W. lf«4. Enary, iml arton. ind
. _ . . . *jr|«ii<lm«iid, WiurldHtir.fn. I ,H.
S, Calculation Wnuun, M. 1717. WiHTMlluilon in.
V Calculate the corrected peak height ĵ̂ Â tli "'""'

in millimeteri by deducting the blank tucuma, HH, t D, Vowu. IN7. IUpM
correction in ihc'uandardi and umplei *m™ntw« ol ml oriinic earbM

(TOO in mnp. tV««r J(u«i« IVorti

V«H«u.Ct«VA5n«u,IM7.Anin.
«m in4 HO mi. ki me «rn«e«-l «mW I* ripd dnnmiisu
.aiiM.,mtaM.k<n>. <t ottaiM u4 ml orbn m

C rn-i m •»!»»-<. Ami Ctm, Itiiei.

AR302969
B-17



A!«Mii i3i_lA<j_̂ i-iii«»"'«>'1"'**

ORIGINAL
(Red)

HI MICROBIOLOGICAL EXAMINATION

pin noted for one it* n iimoifheric (em< Li'OuM, H.C. IM7, Dnrh riierfeoWorm
pnnirc. tm. S«, 'Wun TIM Cam. im« in raid Monuni «IHT umpl
IJiHO. Citmt. HnUHiin.

UHMM. B.K,, N.M. P««i«o > N.U. KM. Vw Oonsii., D.J, t E.E, CIUHICH. I
IM7, Effect of swop icmptrinn inl Rtutwni/iipi of SilmoiKllii «(ral
omeondKfoWorminwiicnimpki, IV«. terns in bottom (cdimtnn. Wiiainttti. IBriuinllilO*. MOJI.

907 STANDARD PLATE COUNT
1. Introduction rectri in Section «0«A, Initiate „„
The Standard Plate Count procedure 'I"'*"1" mn " P°"iblc » miniri

provides a standardized mean, of deter- ™n!fl'" '*' '""rial population.'
mining ihe density of aerobic and facul- ''•winicndcd maximum elapsed d
tative anaerobic hcteroirophic bacteria ™wttn «llenion and examination
in water. Thi, i, an empirical meature- unrrf"B«a,«d samplci ii 1 hr (m
mem becauK bacteria occur singly, in mum """''nm{'nr' ml||imum p
pain, chaini, cluiteri, or packet!, and no f"in*lime 2 nr)l Wh™ ""N" at
single growth medium or set of physical ^"n w"'"n ' hr' mainuin the san
and chemical condition, can satisfy ihe " *. ltmPwiniw bk* 10 C,
phyiiological requirementi of all bac- ,n"*inlum ''•P"̂  lillle between
teria in a water umple, Consequently I™""1 *" "ul,™1 'h'" m octn
the number of colonies may be lower '"'. ..
subsianiially than the actual number of Bon™ *'W(r umPlfl l*aM <>
viable bacteria present, To ficiliiaie the fcu ogllm ""•" 'ftltld w '""f01
ccJIeaion of reliable data for water qual- Uwtfri8n'i"{d provided the temperai
iry control mcasuremenii, etpecially for ioa no1 eKwl 20 lo ll c- E""
comparative and legal purposes a 'rnnlX ̂ l^ urnP>es den than 41
itandardited plate count procedure ii es- old) w'lmn 6 "r "'eolleciion if unre*
sential. crated and within JO hr if refrigeran

2,Wo,kA«a 4.Sampl,Pr.Para.lon
..... . . Mark each plate wiih umple m
A level table or bench top wiih ample bet, dilution, date, and any other ne

area should be available in a dean, ury information before umple ex1
drafVfree, wdl-lighted room. Tabk and inarm Prepare duplicate plates
Dencn toot should have a nonporoui each volume of umple oe sampk (
surface and should be disinfected before lion examined.
any analysis it conducted, Thoroughly mix all sample, by

ing 25 complete up-and-down (or
3, Sarnplea and-lonh)movcmenaofabouiO.I
„ ,, ft) in 7 sec, Optionally, UK a m
Potable water umplet from a ditrri- cat shaker to shake the dilution

bution system should be collected aidi. .for 15 tec.

AR302970
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ORIGINAL
(Red)

STANDARD °LATe COUNT
H9

S.Sampl.DHutlon P« *omei contaminatd b*or, ,hc
Prepare water used for dilution ""!'•««"completed, replace it with a

blanki ai directed in Media Specirlca. •«tnl«P_w. UK a separate sterile pipet
nons, Section J05 C, <<* "«nsfen fr"~ ~i**-— - " ̂

Do not

WlK,
stmpk •Iml

Orilnry l

•mpklndi* I ml O.I ml lO-'ml lo-'ml
Prtpirinon o(dll«nom,

where a Standard Plate Count at high posed ends of pipca or across ihe lipt
ai 1,000 may be suspected, prepare and necks of dilution bonla. When re-
platadbntainingl.lOOdilution, moving umple, do not insert pipctt
For'most potable water samples, more than 2,5 cm (I Wbdowthesur.

pUies suitable for counting will be ob- face of she sampk or dilution,
rained by planting; I ml and 0,1 ml of c, Mttnmxf, diMaiu: When mea*
undiluted sample and I mlofumpledi- suring diluted (ampla of water, hold the
ImedlilOO, pipetatinanjko(about45*wiihihe

I. Miunirtg umpli panon: UK a dp touching the inside cover of the pctri
•erile pipet for initial and subxqueni di* or the iiuidt neck of ihe dilution
•anafcn from each container. If the pi- bonk. Lift the cover of the pern dish jun

1 . ' >

'AR302-97-f-W--
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ORIGINAL

910 MICROBIOIOQICAL EXAMINATION |HO)

high enough to insert the pipes. Allow 2 Discard melted agar that contains pre-
to 4 sec for the liquid to drain from the I cipitate.
ml graduation mark to the lip of the pi- Temper ihe melted medium in a wa-
pet. If the pipet it not a blow-out type, let bath between 44 C and 46 C until
touch the lip of the pipet onct againit a used. In a separate container place a
dry spot in the peiri plate, If the pipet it, thermometer in water or medium that
less preferably, a blow-out type, it must hat been cipotcd to the ume healing
have a cotton plug in the mouthpiece; and cooling at ihe plating medium. Do
gently blow out the remaining volume not depend on the sense of touch to in-
ert umplc dilution. When 0,1-ml quan- dime the proper temperature of the
lilies are measured, let the diluted . medium when pouring agar,
umple drain from the chosen reference Use irypione glucose extract agar or
graduation until 0,1 ml hai been deliv- plate count agar, as specified in Section
crcd, Remove the pipet without re- 905 C.
touching it to the plate, Pipet I ml, O.I t. Pouring lie plant: Umii (he
ml, or oiher suitable volume of the dilu- number of samples to be plated in any
lion to be uied for plating in the sterile one serin so that no more than 20 min
pctri diih before adding the melted cut- (preferably 10 min) HapK between di-
lure medium. It ii recommended that lution of the first umple and pouring of
decimal dilutions be used in preparing the last plate in the series. Pour at last
umple volumes of Im than I ml; in (he 10 to 12 ml of liquefied medium at 44
examination of sewage or turbid water, to IS C imo each plate by gently lifting
do not measure a 0,1-ml inoculum of ihe cover of the pctri dish just high
the original umple, but prepare an ap- enough to pour the medium, Carefully
propriate dilution, Prepare at least two avoid spilling the medium on the outside
replicate plain for each umple dilution of the container or on the inside of the
used, After depositing test portion! for plate lid when pouring. Ai each plate ii
each serin of plain, pour the culture poured mix the melted medium thor-
medium. oughly with the test portions in the pent

dish, 'taking care not to splath mixture'.,
over the edge, by rotating the dish first' -I

g piai|na in one direction and then in the opposite. -,,,3
™m<v ' direction, or by rotating and tilling tbc ,_
i, Milting midiimi Melt iierile dish. Allow the plain to solidify (wiihu

solid agar medium in boiling water or lOmin) onaleve) surface, After (he mri
by exposure to flowing steam in a par- dium solidifies, invert the plain i
tially dosed container, but avoid pro- place them in the incubator.
longed, exposure to unnecessarily high c, Sitrility contnli: Check the r
temperaturn during and after melting, ity of the medium and the dilution .«
Do not resietiliie the plating medium, If lei blanki by pouring control plataf
the medium ii melted in two or more each serin of umples. Addidonal
batcho, UK all of each batch in order of irols also may be prepared to i ~~~
melting, provided that the contents in contamination of plate), pip
separate container! remain rully melted, room air.

AR302972"
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(Red) Q

STANDARD PLATE COUNT 9M

7, Incubation uation in parallel with manual counting
Incubate for the Standard Plate *"" c<7'rable ro.ul"' ' .

Count for all water umpln e.cep, bot- u '",/Z VH A ft I, T •
tied water at a temperature of I5±0,5 ?mf^ L f '"'" 'C fa from O

,
o , '."' K'C far 48 ± ) hr from JO to 100 colonin on a plate. The

reuired to ob *"hrequired to obtain a reliable Standard *"h trT7 '., i/ '' "H
Pla» Count ' '" ' ™0nin ihould be considered
Pa,n,hould be packed a, directed j! *«?Bi«il* 'he S""d"d Pl«<

« . t a
Count all colonin on sdccted plates than JOO colonin, UK ihe plaidi) hav-

promptly after the incubation period, If ing a count nearest 100 colonin, Com-
counting must be delayed temporarily, puie (he count by multiplying the aver-
siorc plain at 5 to 1 0 C for a period of age count per plate by ihe dilution used
no more than 24 hr, but avoid this as and report ai the "Estimated Standard
routine practice. Record the result! of Plate Count" per milliliter.
sterility control! on the report for each If plain from all dilution! of any
lot of ampin. sample have no colonin, report the
UK an approved counting aid, such count a, lest than one «l) limn the

at the Quebec colony counter, for man- corresponding lowest dilution. For ex-
ual counting. If such equipment ii not ample, if no colonin develop on the
available, counting may be done with 1 : 100 dilution, report the count at "less
any other counter provided that ii givn than 100 «IOO) Estimated Standard
equivalent magnification and illum'ina- Plate Count" per milliliicr,
tion, Automatic plate couniing in- Ifihenumberofcoloninperplaiefar
unimems are now available, Thex gen- eiceeds 100, do not report the result at
enlly UK a television scanner coupled to "loo numerous to count" (TNTC), If
a magnifying lent and an electronics there are fewer than 10 colonies/cm',
package, Their UK ii acceptable if eval- count colonin in I J squires (of (tie col-
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»12 MICnOBIOLOCICAL EXAMINATION {9001

ony counter) havmp rcprescnianve col- If plain prepared from the samples
ony distribution. If possible, select seven have excessive spreader growth, report
consecutive squares horizontally across as "Spreader," ISpr). When plain arc
ihc plate and lix consecutive squarn at uncountable because of missed dilution,
right anpjn, beinp careful not lo count a accidental dropping, and contamina-
square more than once. Multiply the lion, or the control plates indicate that
sum of the colonin in 11 representative the medium or uthrr material or lab-
cm1 by 5 to compute the mimaied coin- ware was contaminated, report a,
nin per plate when ihe area of the plate "Laboratory Accident" (LA),
is o5 cm-, When there are more than 10
colonies/cm', count four representative g Compul|ng and Recording
squarn, lake the average count per _ounts
square cm and multiply by the appro-
priate factor to estimate the colonies per To compute the Standard Plait
plate (usually about 65), When bane- Count, multiply the toial number of col-
rial count, on crowded plain are greater onin or the average number (if dupli-
than 100 colonin/cm1, report the result cate plates of the ume dilution) per
as greater than Ol 6,500 limes ihc pine by ihc reciprocal of ihe dilution
highnt dilution plated. used, Record the dilutions used and ihe

If spreading colonin (spreaders! arc number of colonin on each plate
encountered on ihe plaids) selccicd, counicd or estimated.
count colonin on representative ponioni When colonin on duplicate plate
only when (n) colonin arc well distrib- and/or consecutive dilutions are counted
uted in spreader-free area,, and IM the and the result, are averaged before being
area covered by the ipreader(s) don not recorded, round off counts to two signifi-
exceed one-half the plate area. cant figures only at the time of con-
When spreading colonies must be version to the Standard Plate Count,

counted, count each unii of the following Avoid creating fictinoui ideas of pre-
typn ai one. (n) The first i, a chain o'f cision and accuracy when computing
colonin that appears to be caused by Standard Plate Count!, by recording
diiinicgration of a bacterial clump ai the only the first two left-hand digit!. Raise
agar and umple were mixed. Count the second digit to the next highni num-
each such chain ai a single colony, do her only when (he third digit from (he
not count each individual colony in ihe left i, 5, 6,7,8, or 9; use zeros (or each
chain; (W The second type of spreader succnsive digit toward ihe right from
develops as a film of growth between the the second digit. Forejample, acountof
agarandihebotiomofihepeiridiih.(c) 142 is recorded as 140, and a count of
The third type forms in a film of water I (5 ai 160, whereas a coum of 15 is re-
al the edge or over the surface of the corded as 15.
agar, Typn f> and c largely develop be-
cauKo/an accumulation of moisture at ,„ Reporting Counts
the point from which the spreader origi-
nata, They frequently cover more than Report count, a, "Standard Plate
half the plate and interfere with obiain- Count" or "Eitimaied Standard Plate
ing a reliable plate count. Count" per milliliter.
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EXPERIMENTAL PROCEDURES FOR XANTHATE FLOTATION
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APPENDIX B-2

EXPERIMENTAL PROCEDURE FOR XANTHATE FLOTATION

Equipment:

One 4-liter heavy-duty beaker
500-ml collection beakers
Mechanical stlrrer (from KPEG reactor setup)

Chemicals:

Potassium amyl xanthate (AERO 350)
2-Ethylhexanol (AEOFROTH 88 Frother)
Deionlzed water

Procedure- Run 1:

I 1. Filled 2 eight-ounce glass sample jars with raw (untreated) soils/sediment from a
I ! ../ previously homogenized container of soil/sediment.

2. Placed 500 g of untreated soil/sediment in the 4-L beaker. Tilted the beaker and
i secured In place with clamps. Added 3.5 L delonized water. Began slow stirring
! of the soil/sediment slurry. Began bubbling air through the mixture. Added 1
': pellet of potassium amyl xanthate (xanthate) and 1 drop of 2-ethylhexanol (frother).
•1
j 3. No froth appeared. Stopped mixing after 5 minutes...the action destroyed the
* limited bubbles which were forming.

4. Increased xanthate to 3 pellets (-0.27 g) and increased frother to 6 drops. No
improvement In frothing observed.

5. Increased xanthate to S pellets (-0.45 g) and Increased to 16 drops, No
improvement In frothing observed.

6. Mixed slurry by hand and skimmed off existing bubbles with a plastic spoon.
Treatment was stopped after 40 minutes.

7. The soil/sediment was allowed to settle In the flask. The aqueous layer was
decanted and placed In a liquid hazardous waste collection drum.

v .' AR302976
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8, Filled one eight-ounce sample jar with treated soil/sediment.
9, Cleaned glassware with soap and hot water. Rinsed with methanol and delonlzed

water. Rlnsate placed in liquid hazardous waste collection drum.

Procedure •• Run 2:

1, Dissolved 8 pellets (-0.75 g) of xanthate and 16 drops of frother in 3.5 L delonized
water In the 4-L beaker.

2. Placed 500 g of untreated soil/sediment In the 4-L beaker. Tilted the beaker and
secured in place with clamps. Began slow stirring of the soil/sediment slurry.
Began bubbling air through the mixture.

3, Very little froth appeared. Stopped mixing after 15 minutes,..the action destroyed
the limited bubbles which were forming.

4. Mechanically 'coaxed' bubble formation by hand stirring the slurry and moving the
bubbler closer to the surface,

5, Skimmed off froth bubbles with a plastic spoon. Treatment was stopped after &'1
minutes,

6, The soil/sediment was allowed to settle In the flask. The aqueous layer was
decanted and placed In a liquid hazardous waste collection drum.

7, Riled one eight-ounce sample jar with treated soil/sediment.

8. Cleaned glassware with soap and hot water. Rinsed with methanol and deionlzed
water. Rinsate placed in liquid hazardous waste collection drum,

9. Samples were labeled, packed in Ice, and shipped.

AR302977*
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APPENDIX B-3

STANDARD OPERATING PROCEDURE FOR
LOW-TEMPERATURE THERMAL DESORPTION
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APPENDIX W

STANDARD OPERATING PROCEDURE FOR
LOW-TEMPERATURE THERMAL DESORPTION

Equipment:

Aluminum tray
Reaction flask with stirring paddle and motor assembly
Thermometer
heating mantle with variable transformer
Nitrogen gas cylinder
Water-cooled condenser
Laboratory scale
Stainless steel spoon
1 liter volumetric flask
Vacuum

Reagents:

Delonized water
Laboratory detergent (for decontamination)
10% nitric add (for decontamination)
Methanol (for decontamination)

Procedure:

1. Inside (Ume hood and using a stainless steel spoon, transfer 800-g aliquot of
homogenized surface soil/sediment to a desorption vessel and spread it In a
uniform layer on the bottom of the vessel (see Rgure 6-2).

2. Place the glass cover on the desorption vessel and close the clamps. Turn on the
condenser water, nitrogen gas, and vacuum.

3. Turn on the heating mantle and s>. the temperature control point for 300'F (149"C)
test temperature to heat the soil Inside the reaction flask. Monitg(#fjyji)jp,er.ature

V
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0
of the soil continuously (at every 15 minutes Interval) until it reaches SCOT, Start ;
the timer and record the time and temperature of the soil every 5 minutes, !

4. When the prescribed residence time (15 or 30 minutes) at the target temperature :
of 300"F Is reached, turn off the heating mantle. Continue the nitrogen purge until
the soli cools to ambient temperature. ;

5. Remove the vessel cover and weigh the reaction vessel. Scrape as much soil as
possible out of the vessel with a stainless steel spoon and place it In a clean empty
aluminum tray. Weigh the empty reaction vessel.

6. Collect samples of the soil for analysis and cool them to 4°C. Repeat steps 1
through 6 until sufficient soil has been collected for analysis. If multiple runs are
required, collect all soil in one jar and homogenize it before submitting it for
analysis.

7. Decontaminate the equipment In the following order: detergent solution, tap water,
nitric acid, tap water, methanol, and delonized water. Allow the equipment to dry.

8, In addition to runs at 300°F, tests will also be conducted at 500°F. For these
tests,..repeat steps 1 through 7, except at step 3 reset the temperature controller i
for the SOOT test temperature,. Ci>

9. Sufficient soil must be prepared at SOOT and 30 minutes to conduct further
treatabllity studies (solidification/stabilization).
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APPENDIX B-4

STANDARD OPERATING PROCEDURES FOR
SOUDIRCATION/STABIUZATION
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APPENDIX B-4.1

STANDARD OPERATING PROCEDURE FOR
CEMENT-BASED SOUDIRCATION/STABIUZATION

Equipment:

Reaction flask with stirring paddle and motor assembly
Laboratory scale
Stainless steel spoons
Cylindrical molds 6.5 cm In diameter by 10 cm long for TCLP tests, and 7 cm In
diameter by 14.22 cm long for UCS tests

Tamping tool
Hermetically sealed chamber

Reagents:

Deionized water
Portland cement (Type II)
10% nitric add (for decontamination)
Methanol (for decontamination)
Laboratory detergent (for decontamination)

Procedure:

1. Based on the water-to-total solids ratio of 0,25, determine the amount of detonized
water that is required to solidify the soil samples with a binder-to-soil ration of 0.4.

2. Inside fume hood, place the water in a reaction flash (No. 1) which is fitted with a
stirring paddle. A motor assembly is attached to the shaft of the stirring paddle
(see Rgure B-2).

3. Place 800 g of the soil residue from low-temperature thermal desorption In a
second reaction flash (No, 2). .Place the glass cover on the flask and seal with the
metal clamps.

' ' AR302982
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04. Homogenize the soil inside reaction flask No. 2 by turning on the stirrers for 10

minutes.
5. Based on the binder-to-soil ration of 0.4, add 320 g of portland cement (Type II)

to the soil in reaction flash No. 2. Again, mix the contents of the flask for 10
minutes.

6. Gradually empty the soil-cement mixture from reaction flask No. 2 to the deionized
water in reaction flask No. 1. Use a stainless steel spoon to homogenize the
material for 10 minutes.

7. Plac -he mixture in dear-rigid cylindrical molds to provide solidified samples for
the L .onfined compressive strength (UCS) and modified TCLP leach tests. The
molds, should be thoroughly sealed to prevent migration of water out of the soil-
cement mixtures. UCS sample will be placed In 7-cm-dlameter by 14.22-cm-long
molds. TCLP sample will be placed in 4.5-cm-diameter by 10-cm-long molds.

8. To assure that the molds are completely filled and any air bubbles and voids that
may have developed during sample mixing are removed, tamp the walls of the
molds lightly with a plastic tamping tool until the samples no longer seem to
reduce volume with repeated tamping.

Cp
9. Place the molds inside zip-lock storage bags at 72°F (± 5T) and allow them to

cure for at least 14 days.
10. Decontaminate the equipment in the following order: detergent solution, tap water,

0.1 N nitric add, tap water, methanol, and deionized water. Allow the equipment
to dry.

11. Repeat steps 1 through 10 using a binder-to-soil ratio of 0.25. At step 5, add 200
g of portland cement to the soil In reaction flash No. 2.

12. For solidification of the raw (untreated) soil samples, repeat steps 1 through 11,
except In step 5 based on the 31.1 percent water content of the soil samples, add
244.3 g and 152.7 g portland cement to the soils. To prepare solidified samples
with B/S ratios of 0.4 and 0,25 respectively,

AR302983 M
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APPENDIX B-4.2

STANDARD OPERATING PROCEDURE FOR
ASPHALT-BASED SOLIDIFICATION/STABILIZATION

Equipment:

Reaction flask with stirring paddle and motor assembly
Thermometer
Heating mantle with variable transformer
Cylindrical molds 4.5 cm in diameter by 10 cm long for TCLP tests, and 3,8 cm in
diameter by 8.4 cm long for UCS test

Laboratory scale
Stainless steel spoons
Tamping tool

Reagents:

Deionized water
10% nitric acid (for decontamination)
Methanol (for decontamination)
Laboratory detergent (for decontamination)
Kerosene (for decontamination)
Asphalt

Procedures:

Inside fume hood, place 500 g of the soil residue from the low-temperature thermal
desorption process In a reaction flask (No. 1) that has been fitted with a
thermometer and a stirring paddle, A motor assembly is attached to the shaft of
the stirring paddle (see Figure B-3). Place the glass cover on the flask and close
the metal clamps.
Place 1200 g of asphalt in a second reaction flask (No. 2) that is fitted with a
thermometer. Place the reaction flask into the heating mantle and hit it until the

AR30298I*
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0asphalt inside the flash melts, Adjust the temperature of the heating mantle so that
the asphalt remains In a liquid state throughout the experiment. Record the
temperature of the asphalt.

3. Homogenize the soli residue inside reaction flash No. 1 by turning on the stirrer for
10 minutes. Heat the soli to ~60'C for butter mixing with asphalt.

4, Based on B/S ration of 1, remove 500 g of liquid asphalt from reaction flask No.
2 and add it to the soil In reaction flash No. 1.

5. Use a stainless steel spoon to mix the soil and asphalt inside reaction flask No. 1
for 10 minutes. The temperature of the mixture should be adjusted so it is at the
same temperature recorded in step 2,

6. place the mixture In clear-rigid cylindrical molds to provide samples for the modified
TCLP leach tests and the UCS test. The UCS samples will be placed In 3.8 cm in
diameter by 8.4-cm-long cylindrical molds. The TCLP samples will be prepared by
placing the soil asphalt mixture In 4.5-cm in diameter by 10-cm-long cylindrical
molds.

7, To assure that the molds are completely filled and any voids that may have
developed during sample preparation are removed, tamp the walls of the mol<̂ ,',i
lightly with a plastic tamping tool until the samples no longer seem to reduce in
volume with repeated tamping.

8. Place the molds inside zip-lock bags at 72'F (15°F) and allow them to cure for at
least 14 days.

9. Decontaminate the equipment using the following sequence: kerosene, tap water,
laboratory detergent, tap water, 10 percent nitric add, tap water, methanol, and
deionized water. Allow the equipment to dry.

10. Repeat steps 2 through 9, at step 4 remove 250 g of liquid asphalt from reaction
flash No. 2 and add it to the soil in reaction flash No. 1 to prepare solidified
samples with B/S ratio of 0.5.
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APPENDIX C

ANALYTICAL DATA FOR UNTREATED SOIL AND GROUNDWATER,
LOW TEMPERATURE THERMAL DESORPTION STUDIES,

AND SOLIDIFICATION/STABILIZATION STUDIES
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APPENDIX C-1

ANALYTICAL RESULTS FOR HSL COMPOUNDS IN
UNTREATED SOILS, SEDIMENT AND GROUNDWATER SAMPLE
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RmmCRL S 0£!AL
H» SERVICES M

•_______CERTFICATE OF ANALYSIS

Ralby MB Fioillty Datet Hay 24, 1990

Attnt Judy Heiilin? (PEI)

Job HiMber PH 3741-60-2

Thli Ii the Certificate of Analyiii for the following lanplen

Client Project IDt Ralby TU Facility
Date Receivedi Hay 17, 1990
Work Ordert XO-05-134
Number of Sanplen 3
Sample Typet Soil and Hater

I, Introduction

Two loll and one water simple arrived at ITAS Cincinnati on Hay 17, 1990. The lanplee
were unt for analytical work In mpport of work at Halby TIE Facility. The itnplee
were collected on Hay 16, 1990 and were libeled ae follows]

Soil Sample 3741-X02-S/16 Sediment 3741-X03-5/16 Hater Sample 3741-X01-5/16

II. Analytical Riiulti/Hathodology

The analytical reaulti for thii report are pceiented by analytical teit. Each aet of
data will include (ample identification information, the analytical reiulta, and the
appcoprlate detection li-iiti.

The analyaei recreated and method! uaed ace Hated on Table I.

Reviewed and Approved byt

Ken Muillec
Inorganic Group Leader
005134

Amoiican CouiKll ol lud«FX)n,l4iil UlnlQlunoG
IniQinononal Auoctaiion ol Er.viionnwnMl Twing Ul/iiai

Anifiicun Anociaiion b: Uilhinury Acci(nliiQ:irjii

ITAiialTllcalSerrlcM • 1149V Cbeitar Road • Cincinnati, OH 45246 • M1.702-4MO
flR302989

C-4

"'J''W i



Clienti H«lby TU Facility S~
Hock Order j XO-05-134 IT ANALTTICAL SERVICE?
00513401 ONONNAIl, OH

(Red)

III. Quality Control

laoMdiataly following the analytical data {or the aaorplan out ba found tha QA/QC
information that pertalna to theie laoplei. The purpoie of thii information
Ii to deoonitrata that the data enaloied ii iclentiflcally valid and deNnilbla.
Thti QA/QC data Ii uMd to aiian the laboratory'e performance during the analyila
of tha laaplee It aoconpanlai. Ml quantltatloni war* parfonMd fton within the
calibrated range of tha analytical Initruownt.
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Client i Halby TIE Facility " ,.*~
Work ordert XO-05-134 n ANALYTICAL SERVICES
oosi3«2 CINCINNATI, C%G|(WL

(Red)

TABLE I

Parameter Hethoda for Soila Hethoda for Hater

Cyanlda 9012 9012
Phanollca 906S 9065

Aluminum 3050/6010 3010/6010
Antimony 3050/6010 3010/6010
Araanlc 3050/7060 7060
Barium 3050/6010 3010/6010
Beryllium 3050/6010 3010/6010
Cadmium 3050/6010 3010/6010
Calcium 3050/6010 3010/6010
Chromium 3050/6010 3010/6010
Cobalt 3050/6010 3010/6010
Copper 3050/6010 3010/6010
Iron 3050/6010 3010/6010
Lead 30SO/6010 3010/6010
Hagneiiura 3050/6010 3010/6010
Hanganeaa 3050/6010 3010/6010
Mercury 7471 7470
Nickel 3050/6010 3010/6010
Potaialum 30SO/6010 3010/6010
Selenium 3050/7740 7740
Silver 3050/6010 3010/6010
Sodium 3050/6010 3010/6010
Thallium 3050/6010 3010/6010
Vanadium 3050/6010 3010/6010
Zinc 3050/6010 3010/6010

W AR30299I
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cllahtt Halby Mat Facility ...f"
Work order t XO-05-134 IT ANALmCAL SERVICES
00513403 CINCINNATI, OH

Analytical Reoulta, ug/g

client saapla in Soil Saaipla Sediment
3741-X02-5/16 3741-X03/S/16

Lab Ho. 01 02

Detection
Parameter l-l»lt

Cyanide 2.78 39.2 1
Phanollca 0.70 2.4 0.6

Aluminum 6240 4150 2
Antimony ND ND 8
tetanic 619 322 0.03
Barium 65.6 83.0 0.07
Barylliun ND 4.74 0,8
Cadmium S.SS 7.21 0.2
Calcium 840 2370 0.03
Chromium 27.0 233 0.2
Cobalt 104 9.04 2
Copper 323 219 0.3
iron 23,000 64,100 O.S
Lead 120 1S2 S
Hagnaalum 1230 782 0.2
Hanganeie 184 312 0.2
Harcury 1.46 3.47 0.2
Nickel 20.2 25.3 3
Potaeaiun 429 •' 289 SO
Selenium 0.50 0.12 0.04
Sliver j 0.95 ND 0.2
Sodium 1 345 315 2
Thallium ND ND 7
Vanadium 23.0 28.8 0.7
Zinc 3030 788 0.4

ND- Not Detected
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Analytical Results, rag/L

Client Sample ID ««t«e Sample
3741-X01-S/16

Lab No. M

Detection
Parameter

cyanide 0.06 »•«
Phenollca ND °'03

Aluminum 0.07 0.03
Antimony «° °;*
Arienic 0.11 0.0005
Barium 0.17 0.001
Beryllium ND 0.001

, cadmium 0.02 0.004
' calcium 86-2 0-001
Chromium ND 0.002
cobalt ND °-04
Copper 0.01 0.005
IroT 51-7 0.008
Lead ND 0.09
Magnesium 28.4 0.003
Manganese 8.32 0.003
Mercury 0.0001 0.0001
Nickal ND 0.06
Potaeilura 25.0 1
selenium O'.OOS 0.0008
Silver 1 ND 0.003
Sodium 1 262 0.03
Thallium ND 0.2
Vanadium 0.02 0.02
Zinc 0.18 0.008

ND • Not Detected

, ' AR302993
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Hort order: XO-5-134 IT AHALTnCAL SERVICES
0051340S CINCINNATI, OH

ORIGIN^.
(Redf"

Quality Control
Standard Reference Solutions

Theoretical Percent
Parameter Value, og/L Recovery

Cyanide 10 94.8
Phenollci 2 101, 106

Aluminum 1 101, 97.2
Antimony 2 94.2, 90.9
Arsenic 0.075 90.4, 89.1, 91.7
Barium 1 105, 101
Beryllium 1 93.6, 98.0
Cadmium 1 92.8, 97.1
Calcium 1 107, 98.3
Chromium 1 97.3, 93.5
Cobalt 1 96.0, 93.5
Copper 1 92.5, 93.6
Iron 2 95.9, 97.9
Lead 2 102, 95.6
Magnesium 1 98.0, 104
Manganese l 104, 101
Mercury 0.01 101, 92.0, 98.0
Nickel 1 91.6, 95.0
Potaailum 25 95.5, 92.9
Selenium 0.075 90.5, 89.5, 92.5
Silver 'i no, 103
Sodium 2 90.2, 97.4
Thallium • 2 98.0, 89.6
Vanadium i 1 99.3, 97.8
Zinc 1 95.0, 94.6
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|̂ HRNNOATIONAL ANALYTICAL
I CORPORATION qEPVTtTSSERVICES

CERTIFICATE OF ANALYSIS

ITAS Cincinnati Dace; June 14, 1990
11499 Chester Road
Cincinnati, OH 4S246
Attn: Hr Michael Taylor

NJ Lab Certification ID*: 12064

Job No,: 809317 P.O. Nuaber: 805317

This la the Certificate of Analyali for the following aamplea:

Client Project ID: FEI - Halby
Date Received: OS/17/90
timber at Staples: 2
Sample Type: Soil

"1 Samples were labeled as follows; ———————————————

. IDENTTFtCATIOH LABORATORY *
3741-X02 FO-05-175-01
3741-X03 FO-05-175-02

Reviewed and Approved:

/Jackie Redlngcorl7
Project Manager

Amancan Council ol Indopendtnl UiCoialonn
Inloinalional Auocianon 01 Enviionmonial Tcuiny Laboiaioim

Amtncan Auocianon loi Laboiaioty AcciMHaiion

CT Analytical Services •USrieldcrest Avenue, Eduon, NJ 089)7'(201) 229-2000 »,,

. AR302995
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p«8e: 2 IT ANALYTICAL SERVICE
company: ITAS Cincinnati EDISON,NJ ORIGINAL
D.".. ^ June M, 1990 (201)225-2000 (M
Client Job No.: 805317 Work Order: FOVWJ-175

SAMPLE ID

SAMPLED
TEST

Total Solids

3741-X02

05/16/90

W
( o.oii

3741-X03

05/16/90

77
( 0,01]

UNITS

Percent:

AR302996W
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Pa88' 3 IT ANALYTICAL SERVICES
Company: ITAS Cincinnati EDISON, NJ ORgNtt.
Date: June w, 1990 (201)225-2000 lRed'
Client Job No,: 805317 Work Order; FO-05-175

TEST NAME: Pesticides & FOB'S

SAMPLE ID: 3741-X02
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/22/90

Results in ug/Kg Dececclon
Dry We. Llmlc

Aldrln
Alpha-BHC
BaCa-BHC

• Delta-BHC
Garana-BHC
4,4'-DDD
4,4'-DDE
4,A1-DOT
Dteldrin
Endosulfan I
Endosulfan II
Endosulfan SulfaCe
Endrln
Endcln Aldehyde
Hepcachlor
Hepcaohlor Epoxlde
Toxaphene
Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260
Chlordano
MeChoxychlor

Comments: ND Indictees che compound'is noc dececced ac che level
Indicated.

AR302997
C-12



liT;
Pa*a! * FT ANALYTICAL SERVICES ;
Company: WAS Cincinnati D̂ISON.NJ ORIGiWL
Date: June 14, 1990 (201)225-2000 (ŵ
Client Job No.: 805317 Work Order: FO^-l

TEST NAME: Anld/Baie Neutrals

SAMPLE ID: 3741-X02
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/18/90

Results In mf/Kg Detection
Dry Vt. Llntt

Acenaphthene ——— HE
Acenaphthylene ___ HE , . l?9Q
Anthracene ___ HE 1500
Benzldtne ___ HE 1500
Benzo(a)Anthracene ——— HE —— L52P.
Benzo(b)Fluoranthene ___ HB . ... 15PO
Benzo (k)Fluoranthene ___ HE 1500
Benzo(a)Pyren« ___ HE 1500
Benzo(g,h,t)perylene ___ HB , ,. tSQO.
bls(2-Chloroechyl)Ether ND 1500
bis(2-Chloroithoxy)tt«chane ND 1500
bls(2-EChylhexyl)Phth-l«te ___ HE 1500
bis(2-Chloiroisopropyl)Ether ND 1500
4-Bromophenyl Phenyl Ether ___ HE 1500
Bucyl Benzyl Phthalate , ___ HE 1500
4-Chiaroanlllne ___ HE 1500
2-Chloronaphthalene ___ HE 1500
4-Chlorophenyl Phenyl Ether ___ HE 1500
Chrysene ___ H5 1500
Dibenzo(a,h)anthracene ___ HE 1500
Dtbenzofuran ___ HE 1500
Dl-n-butylphthalate ___ HE 1500
1,2-DlchlotobtnzeM ___ HE 1500
l,3-Dlchlorob«niene ___ HE 1500
1 , 4 • D Uhlorobaniano ___ HE 1500
3,3'-Dlchlorob«n.ldtne ___ HE 1500
DlethylphthtUte ___ HE 1500
Dlraechylphth«l«ti ___ HE 1500
2,4-Dlnltrotoluene ___ HE 1500
2,6-Dlnlttotoluene ___ HE 1500
Dl-n-Occylphchalate ___ HE 1500
1,2-Dlphenylhydrazlne ___ HE 1500
Fluoranthene ' ND 1500
Fluorene ' ___ {ID 1500
H.xachUrob>nMIM ——— HE —— IM

C-13



Pa8<" 5 IT ANALYTICAL SERVICES
Company: ITAS Cincinnati EDB50N.NJ ORIGINAL
Date: June 14, 1990 (201)225-2000 (Red)
Client Job No.: 805317 Work Order: FO-05-175

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-X02
SAMPLE DATE: 05/16/90

Hexachlorobutadlene ___HE ——1522
Hexachloroethane ___HE ——1522
Hexachlorocyclopentadlene ND 1500
Indeno(l,2,3-cd)pyrene ___HE ——1522
Isophorone ___HE 15QQ.
2-Hethylnaphthalene ___HE . 15QQ
Naphthalene ___HE 1500
2-Nltroanlllne ___HB 7500
3-NUroanlHne ___HE "00
4-Nltroanlllne ___HE __?JOO
Nitrobenzene ___HP. 1500
N-nltroso-dlmethylaralne ___HE 1500
N-Nttrosodlpropylainlne ___HE 1500
N-Nttrosodlphenylanlne ___HE . 150Q
Phenanthrene ___HE 1500
Pyrene ___HE 1500
1,2,4-Trlchlorobenzene ___HE 1500
Benzole Acid ___HE '7500
Benzyl Alcohol ___HE 150Q
4-Chloro-3-nethylphenol ___HE 1500
2-Chlorophenol ___HE 1500
2,4-Dlchlorophenol ___HE 1500
2,4-Diraethylphenol ___HE 1500
2,4-Dlnltrophenol ND 7SOO
4,6-Dinltro-2-nethylphenol ___HE 7500
2-Mechylphenol ___HE 1500
4-Methylphenol HP 1500
2-Nltrophenol ___HE 1500
4-Nttrophenol ___HE 75QO
Pentachlorophaitol ___HE 7500
Phenol ___HE 1500
2,4,5-Trlchlotophenol ___HE 7500
2,4,6-Trichlowphenol ___HE 1500

Comments; ND Indicates the compound is not detected at the level
Indicated,

AR302999
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Page: 6
IT ANALYTICAL SERVICES

Company: ITAS Cincinnati EDISON, NJ
Date: June 14, 1990 (201) 225-2000
Client Job No.: 805317 Work Order:

TEST NAME: Volatile Organlcs

SAMPLE ID: 3741-X02
SAMPLE DATE: 05/15/90
ANALYSIS DATE: 05/23/90

Results In uf/Ky Detection
Dry Wt, Llalt

Acrolein ___HE 11000
Acrylonltrile ___HE . 11000
Benzene ___HE 1100
Bromofora ___HE 1100
Bronomethane ___JJE 1100
Carbon Tetrachloride ___[Jg 1100
Chlorobenzene ___[jg 1100
Chlorodlbrononethane ___{lg 1100
Chloroethane ___U_ 1100
2-Chloroethylvlnyl Ether ___UE 1100
Chloroform ___[jg 1100
Chloronethane ___[lg HOP
Dlchlorobrooonethane ___flg 1100
l,l-Dlchloro«thane ___UD 1100
1,2-Dichloroethane ___UB 1100
1,1-Dlchloroethene ___U2 HOP
1,2-Dlchloropropane ___tJE UQO
cis-l-3-Dichloropropene ___[jg uoo
trans-l-3-Dichloropropene ___Ug UOO
Echylbenzene ___$% 1100
Methylene Chloride ___Ug UOO
1,1,2,2-Tetrachloroethane ___Ug UOO
Tetrachloroethent ___[ig uoo
Toluene 3000 UOO
1,1,1-Trlchloroe thane ___[jg UOO
l,l,2-Trlchloro»thane ___NJJ UOO
Trtchloroathene • ND UQQ
Trlchloronuoronethane ___[jg UOO
Vinyl Chloride ___[JE uoo
Acetone '5500 2300
2-Butanone 9500 2300
Vinyl Acetate
2-Hexanone
4-Methyl-2-Pentanone
Scyrene _____
Xylenes • ___[1Q

AR303000W
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page: 7 IT ANALYTICAL SERVICES
EDISON, NJ ORIGINAL

C<"""ny! 5™°}r.990 (201)225-2000 (Red)
Date: ±t,, ' Work Order: FO-05-175Client Job No.

TEST NAME: Volatile Organlcs

SAMPLE: ID: 3741-102
SAMPLE DATE: 05/16/90

Carbon dlsulfide 5400 2300
Total 1,2-Dlchloroethene ___[Jg .̂100

Cotunents: ND Indicates the compound Is not detected at the level
Indicated.

HR30300I
C-16



P'8a! 8 IT ANALYTICAL SERVICES ••
company: HAS Cincinnati EDISON,NJ ORIGINAL |:
Date* June 14, 1990 (201)225-2000 W j
Client Job No.: 805317 Work Order: FO{\175 j

TEST NAME: Pesticides & PCB's

SAMPLE ID: 3741-103
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/22/90

Results In uy/Kg Detection
Dry We. Limit

Aldrln
Alpha-BHC
Beti-BHC
Delta-BHC
Gamma-BHC ___N£
4,4'.ODD ___HE

4',4'-DDT ___HE
Dleldrln ___HB
Endosulfan I ___HE
Endosulfan II ___HE
Endosulfan Sulfate ___HE
Endrln ___HE
Endrln Aldehyde • ND
Heptachlor ___HE
Heptachlor Epoxlde ___HE
Toxaphene ___HE
Arochlor 1016 ___HE
Arochlor 1221 ___HE
Arochlor 1232 ___HE
Arochlor 1242 ___HE
Arochlor 1248 ' ___HE
Arochlor 1254 ___HE
Arochlor 1260 5000
Chlordana ___HE
tytthoxychlor ___HE

Comnenci: ND Indicates the compound U not detected at the level
Indicated.

AR303002
C-17



Pa«e; ' IT ANALYTICAL SERVICES
Company: ITAS Cincinnati • EDISON. MJ ORIGINAL
D.ce: June 14, 1990 (201)225-2000 (Red)
Client Job No,: 805317 Work Order: FO-05-175

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-X03
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/18/90

Results in uq/Kz Detection
Dry We. Limit

Acenaphthene ——_Hfi
Acenaphthylene ———HE
Anthracene ———HE
Benzldlne ND_
Benzo(a)Anthracene ND
Benzo(b)Fluoranthene 2100
Benzo(k)Fluoranthene 1200
Benzo(a)Pyrene ___HE
Benzo(g,h,l)perylene ___HE
bls(2-Chloroethyl)Ether ___HE
bls(2-Chloroethoxy)Methane ___HE
bls(2-Ethylhexyl)Phthalate 1300
bls(2-Chlorolsopropyl)Echer ___HE
4-Bromophenyl Phenyl Ether ___HB
Butyl Benzyl Phthalate ___UE
4-Chloroanlllne ___HE
2-Chloronaphthalene ___HE
4-Chlorophenyl Phenyl ECher ___Bfi
Chtysene 1300
Dlbenzo(a,h)anthracene ___j)D
Dlbenzofuran ___BE
Dl-n-butylphthalate ___[jfi
1,2-Dlchlorobenzene ___HE
l,3-Dlchlorobar(zane ___HE
l,4-Dlchlorob«nzene ___Hfi 860
3,3'-Dlchlorob«nzldlne
Dlechylphchalate
Dtmechylphchalate
2,4-Dinitrotoluene
2,6-Dlnlcrotoluene
Dl-n-Octylphthalate ___Ufi 860
1,2-Diphenylhydrazlne ___[ID
Fluoranthene 1400
Fluorene ___t!fi
Hexachlorobenzene ___[ID .

AR303003
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I
Pa8<" l IT ANALYTICAL SERVICES
company: ITAS Cincinnati EDISON, NJ ORIGINAL
Date: June 14,1990 (201)225.2000 (Red)
Client Job No,: 805317 Work Order:

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-X03
SAMPLE DATE: 05/U/90

Hexachlorobutadlene ___NJJ 860
Hexachloroethane ___HE 860
Hexachlorocyclopentadlene ___HB 860
Indeno(l,2,3-cd)pyrene ___HE 860
Isophorone ND 860
2-Methylnaphthalene ___HE 860
Naphthalene ___HE 860
2-Nltroanlllne ___HE 4300
3-Nltroanlllne ___HE 4300
4-Nltroanlline ___HE 4300
Nitrobenzene ___HE 860
N-nltroso-dlmethylaoine ___HE 860
N-Nltrosodlpropylamine ___HE 860
N'Nltrosodtphenylaralne ___HE 860
Phenanthrene ___HE 860
Pyrene 2600 860
1,2,4-Trlchlorobenzene ND 860 (̂  ,1
Benzole Acid ___HE ''4300
Benzyl Alcohol ___HE 860
4-Chloro-3-nethylphenol ___HE 860
2-Chlorophenol ___HE 860
2,4-Dlchlorophenol ___HE 860
2,4-Dloethylphenol ___HE 860
2,4-Dlnltrophenol ___HE 4300
4,6-Dlnltro-2-aethylphenol ___HE 4300
2-Methylphenol ___HE 860
4-Methylphenol ___HE 860
2-Nltrophenol ND 860
4-Nltrophenol ___HE 4300
Pentachlorophenbl ___HE 4300
Phenol ___HE __8$_
2,4,5-Telchlorophenol ___HE 4300
2,4,6-Trlchlorophenol ___HE 860

Comments: ND Indicates the conpound is not detected at the level
Indicated.

AR30300I,
C-19



Page: U IT ANALYTICAL SERVICES
Co-M-r ITAS Cincinnati EDISON, NJ OR|GiNAL
^ June 14, 1990 (201)225-2000 (Red)
client Job No,: 805317 Work Order: FO-05-175

TEST NAME: Volatile Organic:

SAMPLE ID: 3741-X03
. SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05722/9Q

Results In uq/Ki; Detection
Dry Wt, Limit

Acroleln ___HE 13000
Acrylonltrlle ___HE "OOP
Benzene ———HE 130Q
Broraoforn ———HE ——1100
Broraome thane ———HE ——HOP
Carbon Tetrachloride ___ND 1300
Chlorobenzene ___HE 1300
Chlorodibromonethane ___HE 1300
Chloroethane ___HE 1300
2-Chloroethylvinyl Ether ND 1300
Chloroform ___HE 1.300
Chloronethane ___H2 1300
Dichlorobromomethane ___HE 1300
1,1-Dlchloroethane ___HE 1300
1,2-Dlchlowethane ___HE 1300
1,1-DichloroeChene ___HE 1300
1,2-Dlchloropropane ___HE 1300
cls-l-3-Dlchloropropene ___ND 1300
trans-l-3-Dichloropropene ___HE 1300
Echylbenzene ___HE 1300
Methylene Chloride ___HE 1300
1,1,2,2-Tatrachloroethane ___HE 1300
Tetrachloroethene ___HE 1300
Toluene 11000 UOO
1,1,1-Trlchloroethane ___HE 1300
1,1,2-Trichloro^thane ___HE 1300
Trichloroethen* ___HE 1300
Trtchloroflu.v*n««thane ___HE 1300
Vtnyl Chloride ___HE 1300
Acetone 4000 2600
2-Butanone 9500 2600
Vtnyl Acetate ___Nfi 260Q
2-Hexanone ___Nfi 2600 •
4-Methyl-2-Pentanone ___HE 2600
Styrene ___HE 2600
Xylenes ___NJ) 2600

.••' flR303005
C-20



P«B«: " IT ANALYTICAL SERVICE!

=•" —- SClient Job No.: 805317 Work Order:

TEST NAME: Volatile Organlcs

SAMPLE ID: 3741-103
SAMPLE DATE: OS/16/90

Carbon dliulfldt ___HE 260Q
Total 1,2-Dlchloroethene ___HE 1300

Comments: ND Indicates the compound Is not detected at the level
Indicated.

AR303006
C-21



Page: 14 IT ANALYTICAL SERVICES
Company: ITAS Cincinnati ' ORIGINAL
Date: June 04, 1990 (201)225-2000 (N,
Client Job No.: 805317 Work Order: FO-05-175

III QUALITY CONTROL

The Determinations were performed In accordance with EPA/NJDEP approved
methodology.

Bls(2-Ethylhexyl)phthalate was observed to be present in soil QC
blank 203 at a concentration of 172 ug/Kg,

AR303007
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Page: 13 IT ANALYTICAL SERVICES
ITAS Cincinnati
June 04, 1990

Client Job No.: 805317 Work Order: FO-W-m

II ANALYTICAL RESULTS/METHODOLOGY

The analytical results for this report are presented by Analytical test,
Each set of data will Include sample Identification Infornatlon, the
analytical results, and the appropriate detection Units. Detection limits
may vary due to factors arising fron concentration/dilution of the sanple
and sanple natrlx. ND denotes that the compound la not detected at or above
the Indicated detection Unit, The methodologies for the analytical
results requested are described below.

i'istlcldes/PCB's (Soil)

The analysis of pesticides and PCB's is based on Test Methods for Evaluating
Solid Waste (SH-846), 3rd Edition, Method 3550 and Method 8080. An aliquot of
sample Is sonicated three times with a 1:1 solution of nethylene
chloride/acetone and exchanged to hexane. The extracts are dried through sodium
sulfate and concentrated. The extract is then separated by gas chromotography
and the analytes are measured using an electron capture detector.

Base/Neuc.-U and Acid Extractable Organlcs • CC/MS (Solid) O
The analysis u: use/neutral and acid extractables organics is based ob Test
Methods for Evaluating Solid Waste (SW-846), 3rd Edition Method 35SO and 8270.
An aliquot of saaple Is sonicated three times with methylene chloride. The
extracts are dried through sodium.sulfate, concentrated and analyzed by mass
spectroscopy,

Volatile Organics • GC/MS (Solid)

For the analysis of volatile organics in soils, SW-846, 3EU) Edition, Method
8240 is employed. The volatile organic compounds are introduced into the gas
chrooatograph by the purge and trap method, The purgeables are efficiently
transferred from the aqueous phase to the vapor phase. The vapor Is swept
through a sorbent coluon where the purgeables are trapped, After purging is
computed, the sorbent column Is heated and backflushed with the Inert gas co
desorb thf purgeables onto a gas chronatographlc column, "lie gas chromatograph
Is temperature programmed to separate the purgeables iliich are then detected
with a MIS spectrometer.

Total Solids

The analysis of total solids Is based on Sr ndard Methods, 16th Edition
(209FK A well mixed sample Is evaporatec n a weighed dt
to constant weight, The Increase In weight iver that of tn
represents the total solids.

C-23
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I INTERNATIONAL ANALYTICAL "ARMIU.!TECHNOLOGY .̂firJi. J--T« ORIGINAL(CORPORATION SERVICES flW]

CERTIFICATE OF ANALYSIS

ITAS Cincinnati Dice: June 04, 1990
11499 Cheacer Road
Cincinnati, OH 4S246
Atcn: Kr Michael Taylor

NJ Lib Certification ID*: 12064

Job No,: 805317 P.O, Number: 805317

This it the Certificate of Analysis Cor che follovlng »aople<:

Client Project ID: PEI/Hilby
Data Received: 09/17/90
Number of Sanples: 1
Sample Type: WATER

I Sanples were labeled is follows: |

SAMPLE IDENTIFICATION LABORATORY *
3741-X01 FO-05-174-01

Reviewed and Approved:

Redlngtdn
Project Manager

American Council 01 inaQ|»ndeni laboiaioiiet
Inlomalional Auociglion el Enviior.rr.enlal Toiling Laboiaionn

Amencan Mucianon :o; Laaoiaory teciedilanon

IT Analfllcal Services • I6S Fieldciest Avenue, Cduon. NJ 001)7 < (201) 225-2000

W AR303009
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P*8a; 2 IT ANALYTICAL SERVICES
Company: ITAS Cincinnati EDISOM, NJ ORIGINAL
Date: June 04, 1990 • (201) 225-2000 (Red)
Client Job Ho,: 805317 Work Order: FO-Q174

TEST NAME: Pesticides & PCB's

SAMPLE ID: 3741-X01
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/22/90

Results In un/L Detection
Limit

Aldrln
Alpha-BHC
Beta-BHC
Delta-BHC
Gamma-BHC
4,4'-DDD
4,4'-DDE
4,4'-DDT
DLeldrin
Endosulfan 1
Endosulfan 11
Endosulfan Sulfate ___m; ». •»» ,
Endrln ___tffl 0.50 H1
Endrin Aldehyde
Heptachlor
Heptachlor Epoxlde
Toxaphene
Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260
Tech Chlordane
Mejthoxychlor

Comments: tH> Indicates the compound is noc detected at the level
Indicated,

AR3030IO
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rnyi
Client Job No,: 805317 Work Order: FO-05-174

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-XOl
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/18/90

Results In ug/L Detection
Limit

Acenaphthene ___MB ———12
Acenaphthylene ____HE ———IP.
Anchracene ———HE ———IS.
Benzidine ___HE ———12
Benzo(a)Anthracene ____HE ———12
Benzo(b)Fluoranthene ___HE ___12
Benzo(k)Fluoranthene ND ___12
Benzo(a)Pyrene ____!1S ———12
Benzo(g,h,i)perylene ———HE ———12
bls(2-Chloroethyl)Ether ___HE ___12
bis(2-Chloroethoxy)Methane ND 10
bls(2-Ethylhexyl)Phthalate ___H 10
bls(2-Chlorolsopropyl)Ether • ND ___10
4-Bromophenyl Phenyl Ether ___HE ___12
Butyl Benzyl Phchalate ___ND ___i2
4-ChloroanlHne ' ND ___10
2-Chloronaphthalene ___HE ___12
4-Chlorophenyl Phenyl Ether ___H2 ___12'
Chrysene ___HE ___12
Dlbenzo(a,h)anthracene ___ND ___iO
Dibenzofuran ___HE ___i2
Dl-n-butylphthalate ___ND ___10
1,2-Dlchlorobenzene ___HE ___Ifi
1,3-Dichlorobenkene ___HE ___12
1,4-Dtchlorobenzene ___HE ___12
3,3'-Dtchlorobenzldlne ___ND ___10
Dtechylphthalate ___Ng _____12
Dtmechylptuhalate ___HE ___IS
2,4-Dlnltrotoluene ___HE ___12
2,6-Dlnicrocoluenc ___Nfi ___12
Dl-n-Octylphthalate ___HE ___12
1,2-Dtphenylhydrazlne ___HE ___12
Fluoranthene ___(JD ___10
Fluorene ____f)D ___10
Hcxachlorobenzcne ND ___10

V —— AR3030II
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* IT ANALYTICAL SERVICES
Company: ITAS Cincinnati EDISON,NJ OftlQIML
Date: June 04, 1990 (201) 225-2000 (R'-'l̂
Client Job Ho.: 805317 «<"* Ofd«: FO'_>174

TEST NAME: Actd/Baae Neutrals

SAMPLE ID: 3741-X01
SAMPLE DATE: 05/16/90

Hexachlorobutadlene _ —HE
Hexachloroethane ———HP.
Hexachlorocyclopentadlene ———HE
Indeno(l,2,3-cd)pyrene ' ND
Isophorone ———HE
2-Methylnaphthalene ———HS
Naphthalene 'HP
2-Nltroanlllne ___HE
3-NUroanlllne ___HE
4.Nitroanlllne ___HE
Nitrobenzene ___HE
N-nltroso-dlnethylamlne ND
N-Nltrosodlpropylanlne ND
N-Nltrosodlphenylamine ———HE
Phenanthrene ___H2
Pyrene ___Hfi
1,2,4-Trlchlorobenzene ___Hfi
Benzole Acid NO
Benzyl Alcohol ___Hfi
4-Chloro-3-methylphenol ___HE
2-Chlorophenol ___HE
2,4-Dichlorophenol _____HE
2,4-Dlmethylphenol ___Hfi
2,4-Dlnltrophenol ___HE
4,g-Dlnltro-2-methylphenol ___Hfi
2-Methylphenol • ND
4-Methylphenol ___Hfi
2-Nltrophenol ___jy)
4-Nltrophenol • ND
Pencachlorophenfcl ___Hfi
Phenol ___HE
2,4,5-Trlchlorophenol ___HE
2,4,6-Trlehlorophenol ___HE

Coiments: ND Indicates the compound Is not detected at the level
Indicated.

AR3030I2
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Pa8e; 5 IT ANALYTICAL SERVICES
Company: HAS Cincinnati - SSS.'Sioo "i(IUil"*Date: June 04, 1990 (201)225-2000 0 ..
Client Job No,: 805317 Work Order: FO-'OVm

TEST NAME: Volatile Organics

SAMPLE ID: 3741-X01
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/19/90

Results In û /L Detection
Limit

Acroleln ———HE
Acrylonltrlle ———Hfi
Benzene ———HE
Brorooform ———HE
Broraoraethane ———HE
Carbon Tetrachlorlde _____HE
Chlorobenzene ——:—HE
Chlorodibromoraechane ———HE
Chloroethane ———HE
2-Chloroethylvinyl Ether . —Hfi
Chloroform ___HE
Chloronethane __—Hfi
Dichiorobromomethane _____ND
1,1-Dichloroethane ___Hfi
1,2-Dlchloroethane ND
1,1-Dlchloroethene ___ND
1,2-Dlchloropropane ___HE
cls-l-3-Dlchloropropene ___ND 1000
trans-l-3-Dlchloropropene ___HE l°°Q
Echylbenzene ND . ,, 1,000

. Mechylene Chloride ___ND 1000
1,1,2,2-Tetrachloroethane ___HE 1000
Tetrachloroethene ___HE , ., 1°QQ
Toluene 1500 1000
1,1,1-Trichloroethane ___Hfi ,... 10"P
1,1,2-TrlchloroBthane ___Hfi 1000
Trlchloroethene ___Hfi 1000
TrichlorofluorwMthane ___Hfi 1000
Vtnyl Chloride • ND 1000
Acetone ____ND 2000
2-Bucanone ___Hfi 2000
Vtnyl Acetate • ND 2000
2-Hexanone ___HE 2000
4-Mechyl-2-Pentanone ___Hfi 2000
Scyrene ___HE 2000
Xylenes ___NO 2000

w ' AR3030I3
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Company: HAS Cincinnati (201)225-2000
Date: J1""1 0<1' l"° Work Order:
Client Job Ho.: 805317 _______

TEST NAME: Volatile Organics

SAMPLE ID: 3741-101
SAMPLE DATE: 05/16/90

Carbon Dlsulfide 73000 5000
Total 1,2-Dlchloroethene ___Hfi 1000

Comments: ND indicates the compound is not detected at the level
indicated,

O

AR3030IL*
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Page: V IT ANALYTICAL SERVICES
Company: ITAS Cincinnati EDISON, NJ ORIGINAL
Date: June 04, 1990 (201)225-2000 (Red)
Client Job No.: 805317 Work Order: FO-05-174

II ANALYTICAL RESULTS/METHODOLOGY

The analytical results for this report are presented by Analytical test.
Each set of data will include sample Identification information, che
analytical results, and the appropriate detection limits, Detection ItreUs
nay vary due Co factors arising from concentration/dilution of the sample
'and sample matrix, ND denoces that the compound Is not detected at or above
che Indicated detection limit. The methodologies for the analytical
results requested are described below.

Pesclcldes/PCB's (Water)

The analysis of pesticides and PCB's Is based on EPA Method 608. An aliquot
of sample is extracted three times with mechylene chloride and exchanged Co
hexane. The extracts are dried through sodium sulface and concentrated, The
extract is then separated by gas chromacography, and che analyces are measured
using an electron capture decector,

Base/Neutral and Acid Extraccable Organtcs • CC/MS (Wacer)

The analysis of base/neutral and acid extractable organics Is based on EPA
Method 625. An aliquot of sample Is serially extracted with mechylene
chloride at a pH greater than 11.0 and again at a pH less than 2.0 using a
separatory funnel, The extracts are dried through sodium sulface, concentrated
and analyzed by mass spectroscopy,

Volatile Organtcs • CC/MS (Uacer)

For che analysis of volatile organics, EPA Methods 624 ts used, An Inert gas
ts bubbled through a sample contained in a specifically designed purging
chamber, The purgeables are efficiently transferred from the aqueous phase
co che vapor phase, The vapor is swept through a sorbenc column where che
purgeables are crapped, After purging is completed, the sorbenc column is
heated and b,ackflushed with che inert gas to desorb the purgeables onto a gas
chromatograp'hU column, The gas chromatograph ts temperature programed co
separate the purgeables which are chen detected with a mass spectrometer.

Ill QUALITY CONTROL

The Determinations were performed tn accordance with EPA/NJDBP approved
methodology,

Bls(2-Echylhexyl)phchalace was observed co be present In water QC
blank 200'ac a concencracton of 13 ug/L, A R 3030 I 5
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(Red)

APPENDIX C-2

ANALYTICAL RESULTS FOR INDICATOR COMPOUNDS IN
UNTREATED AND LTTD-TREATED SOILS AND CONDENSATE

AR3030I6
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ORIGINAL

APPENDIX C-2.1

Analytical Results For Indicator
Compounds In Untreated Soils

AR3030I7
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ANALYTICAL
SERVICES

CERTIFICATE OF ANALYSIS

Halby TSB racillty Datei September 21, 1990

Attni Judy Hmling (PEI)

Job Number PN 3741-60-2

Trill U the Certificate of Analynia foe th« following lanplen

Client Project IDi Halby TtE Facility
Date Received! Jun» 1, 1990
Hock Orden XO-06-009
Number if Samplen 4
Sample T/pti Soil

I. Introduction

Four 10 U eimplea arrived at ITAS Cincinnati on June 1, 1990. The lamplei wire gent
for analytical work In iupport of monitoring work at Halby TCt Facility. The lanplea
were labeled ai followa:

Sedioent / tT-US-V-H »•>• .
SedlMnt t LT-US-V-B H'
SediMnt t LT-US-K-A
Sediment * LT-US-K-B

II. Analytical Reiulti/Hethodology

The analytical reiulti for thli report are preeented by analytical tut. Each i«t of
data will Include lanple identification information, the analytical reaulti, and the
appropriate detection llalti.

The tnalyaei requeated and mthodi uied ace lleted on Table I. Organic data art not
blank corrected; inorganic data are.

Rrrl«Md and Approved byi

Ken MutlUr
Inorganic Group Leader
006009

uncil ol IndopQixtanl Ubmaloim
Inivrnoiioml Association ol CuvuoimwnialTaiiinq UUoiatorKn

Aimncon AunciQiKjn lot Ujljoiaiory

TTAaalTtlcalSerTlCM • 1M99 Cnenei Road • Cincinnati, OH

C-33



ollenti.. Halby TSE Facility
Kork order: XO-06-Q09 IT ANALYTICAL SERVICES
00600901 CINCINNATI, OH

ORIGINAL
(Red)

III. Quality Control

Immediately following the analytical data for the samplee can ba found the QK/QC
information that partaine to these samples. The purpoia of thie information
ii to demonatrate that the data enclosed la ecientifically valid and defanaible.
Thia C&/QC data ii used to alien tha laboratory'i performance during tha analyili
of the samples it accompanies. Ml quantltati.ona were performed Iron within the
calibrated range of tha analytical Instrument.

AB requested, MS/HSD analyses were performed. The results are included in thia
report.

IV. commenta

Thia report la being re-issued to replace the report sent September 11, 1990. The
original report has incorrect compound names for the seml-volatiles.

AR3030I9
C-34



C-35

cUentt. Halby TBB Facility
work orders XO-06-00900600902 CINCINNATI,ORIGINAL

(RiJ

TABLE I

Parameter Methods for Soils

Sieve Analysle Performed at FC Broeman
cyanide 9012
Moisture ASTM D3173 :

Water Extraction/350. 2

Arsenic 3050/7060
Cobalt 3050/6010
Copper 30SO/6010
Zinc 30SO/6010

5 Volatile organic fl24Q
Compounds as specified

AR303020**



Client!- Halby TSE facility
work order i XO-06-009 IT ANALYTICAL SERVICES

CINCINNATI,

Analytical. Results, ug/g

Client Sample ID Sediment Sediment
t M-US-K-A t -T-US-K-B

Lab NO. 03 04

Detection
Parameter Units Limit

Cyanide ug/g 41.0 32.6 1.0
Moisture » 20.1 20.8 0.1
Ammonia ug/g 116 115 4

Arsenic ug/g 217 248 0.03
Cobalt ug/g 11.0 11.7 2
Copper ug/g 2SS 328 0.3
Zinc ug/g 1380 1230 0.625

Sieve Analysis

Sieve No. 4 41.01 19.90
Sieve No. 8 4.62 7.18
Sieve No. 16 S.SO 7.79
Sieve No. 50 25.20 33.61
Sieve No. 100 10.24 13.25
Sieve No. 200 | 5.48 7.81

Passing through Ho. 200 7.65 10.35

Samples ware dried before analysis,

V AR30302
C-36
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client, ,. Halby TSE Facility ITANAHTICALSERVICES
Horkorden XO-06-009 CINCINNATI, OH
00600905 QRIG1NQ

" '

Quality Assurance Data

Matrix Spike/Duplicate Recovery Data

Client Sample IDi Sediment * M-US-K-B
Lab Sample IDi XO-06-009-04

Amt Sample Cone t Cone t
compound Added Amt, MS Racov MSD Recov RPD

Cyanide 300 32.6 625 99.7 644 106 3
Ammonia 300 US 390 92 370 85 S
Arsenic 200 248 388 70 495 123 24
Cobalt 200 11.7 190 89 183 86 3
Copper 200 328 462 67 446 59 4
Zinc 1200 1230 2430 99.8 2280 87.1 6.5

% Recov - (Cone MS (or MSD)-Sample Amt)/ Amt Added)X 100

BPD - «Conc.MS-Conc MSD)/(Conc MS + Cone MSD)/2))X 100

t

AR303022
C-37



client i • Halby TSE Facility n ANAIYTICAL SERVXCES
work order. XO-06-009 CINCINNATI, OH
00600904

Quality Control
Standard Reference Solutions

Theoretical teccent
Value Recovery

Analyte ........... —"-—

10.0 »-5' 92-1Cyanide 9fl.o
Ammonia

0.075 ".I, 103Arsenic 97.0
Chromium 102.4
Cobalt j 91.4
copper 97.0
Zinc

AR303023
C-38



Client: Halby ME Facility
Hork order: XO-06-009 IT ANALYTICAL SERVICES
00600920 CINCINNATI, OH ~.

••'".'•.'V,,.'
iR«d|

Volatile Analytical Results) ug/Kg

Client Sample ID Sediment Sediment
t LT-US-V-A . LT-OS-V-B

Lab No. Ol 02

Method Detection
Analyta Blank Limit

2-Butanone ND ND ND 10

Carbon Disulfide ND ND ND S

Methylene chloride 21 24 5 5

Tetrachloroethana 180 150 ND 5 t ' i
W

Toluene 370 150 ND S

ND • Not Detected

AR3030214W
C-39



lientt •• Halby TSE Facility
ork order: XO-06-009 IT ANALYTICAL SERVICES
0600921 CINCINNATI, OH •'• •.: VIL

•litdl

Volatile Matrix Spike/Duplicate Recovery Data (1)

' liant Sample ID: Sediment t LT-US-V-B
,ab Sample ID: XO-06-009-02

Amt Sample Cone MS \ cone MSB t
impound Spiked Result MS Recov MSB Recov RPD

'oluene 50 ISO 180 60 170 40 6
'etrachloroethene 50 150 170 40 170 40 0
l-Butanone 50 ND 25 50 16 32 44
larbon disulfide SO ND 48 96 54 108 12
lathylene chloride 50 2+ 120 190 130 212 8

k Recov « (Cone MS (or MSD) - Sample Cone) / Cone Added) x 100

RPD • ((Cone.MS-Concj HSD) / (Cone MS t Cone USD) / 2)) X 100

(1) • The MS/MSD analysis was performed approximately one month
after the sample analysis because the project had been placed
on hold. These QC results should be used with caution.

AR303025
C-40
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client:.. Halby TSE Facility
work order: XO-06-009 IT ANALYTICAL SERVICES
00600910 CINCINNATI, OH

Quality Assurance Data

Surrogate Recovery, Percent

d4-l,2- p-Bromo-
Dichloro- d8- fluoro-

Client Sample ID Lab No. ethane Toluene benzene

Sediment t LT-US-V-A 01 96 113 75
Sediment t LT-US-V-A 01 Oil 99 103 87

Sediment f LT-US-V-B 02 Re 96 117 86
Sediment t LT-US-V-B 02 MS , 97 119* 92;
Sediment t LT-US-V-B 02 MSD 99 119* 94

Method Blank VBLKE6. 98 100 ( 971
Method Blank VBLXE5 102 101 (,,„! 66
Method Blank VBLKE4 97 99 99

* Surrogate recovery outside acceptance limits. Matrix affect also seen in sample
analysis.

AR303026
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, client: Halby T*E Facility IT ANALYTICAL SERVICES
work order. XO-06-009 CINCINNATI, OIL
00600930 WlGifML

Ifiedl

semi-Volatile Analysis Data Sheet,
ug/Kg

ND = Not Detected

Client sample ID # Sediment̂

04 Method Detection
Lab No. UJ Blanl( Limit

SBLK838
Analyte _________ „———— —————

4800 3500 ND 660
7100 8300 ND 66°
""" 7900 ND 660Fluoranthene 7800 ™"

benzo(b)fluoranthene 4500
benzo(k)fluoranthene 1600
benzo(a)pyrene 190° i/uu

AR303027
C-42



Client: • Halby TfiE Facility
work order: xo-06-009 IT ANALYTICAL SERVICES
00600906 CINCINNATI, OHORIGIN/HO,

Quality Assurance Data

Semivolatile Matrix Spike/Duplicate Recovery Data

Client Sample ID: sediment t LT-US-K-B
Lab Sample ID: XO-06-009-04

Amt sample . cone % Cone \
Compound Added Amt. MS Recov MSD Recov

1,2,4 Trichlorobenzene 3300 0 3400 102 4120 124
Acsnaphthene 3300 970 6020 1S2 6300 160
2,4 Dinitrotoluene 3300 0 4050 122 4400 131
Pyrene 3300 8250 12400 124 12700 135
N-Nitrosodi-n-propylamine 3300 0 3700 111 4200 126
1,4 Dlchlorobenzane 3300 0 1710 51 3990 120 (fl)
Pentachlorophenol 6660 0 9460 142 9530 143
Phenol 6660 0 7830 117 7880 118
2-Chlorophanol 6660 0 7060 106 7970 120
4-Cnloro-3-methyl phenol 6660 0 8620 129 8420 126
4-Nitrophenol 6660 0 7030 106 6830 103

t Recov • (Cono Kfl (or MSD)-Sample Amt)/ Amt Added)X 100

RPD • ((Conc.MS-Conc HSD)/(Conc MS + cone MSD)/2))X 100

Note: Due to a mlscommunicatlon, the sample was spiked with tha
routine, internal spiking compounds.

AR303028*
C-43
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=lient!. Halby TSE Facility
Hork Order: XO-06-009 oH
00600908 CINCINNATI, OH

ORIGINAL
(Red)

Quality Assurance Data

Semi-Volatile Surrogate Recovery, Percent
2,4,6-

dS-Nltro 2Fluoro d!4- d6- 2Fluoro Tribromo
Client Sample ID Lab No, banzene biphenyl Terphenyl Phenol phenol phenol

Sediment LT-US-K-A 03 78 84 56 73 78 69

Sediment LT-US-K-B 04 90 97 82 93 99 110

Method Blank SBLK838 75 80 73 67 61 39

AR303029
C-44
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ORIGINAL
(Red)

APPENDIX C-2.2

Analytical Results For Indicator
Compounds In Tfiemnally-Treated Soils

AR303033
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ANALYTICAL
SERVICES

CERTIFICATE OF ANALYSIS

FIX Associates, Ino. Oat*: September 4, 1990

AttBi Ms. Judy Basiling

Job ftabu V» 3761-<0-2

TUs IM toe Certificate of Analysis (or the following iiapleit

Client mject IDi Islby TH facility
Date MceiTedi July 3, 1990
Hork ordsri XO-07-030
Holier ol Samples: 1
Sa.pl* Typei Hater

I. Introduction

One water sample anlrsd at ITAS Cincinnati on July 3, 1990. Tht aaapl* was lent
for analytical work in aupport of monitoring work for Halby chealeal Slti Treatablllty.
The saapla was labeled as Hatir / SS-COH-V-500-30.

II. Analytical Results/Methodology

Tbe analytical sasults for this report are presented by analytical Cist. lach set at
tfstt will include sample Identification inforaation, the analytical results, and thi
ipproprlati detection limits.

Tbe analyiti rsipeitsd art lilted on Table I of thli report.

007030

Aawkon Ooundl oi IndtpmM totaown

AaMitoon f-aOOton lot Utaratay AcendlWtai

njUx_rttcall»rrte«s . IMWOnitntoad. OodnnatiOI 4JM4 • JU-7IM400

AR30303H
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, . "; ', v ;" ,'(„!.'!. {• .•'•>;,' ''' %/. ''•'.•*.'//,','1

•f<'l̂ <>\;tffl!,OT.W

OUint', Sl«.S " 1TANAWTICALSERVICESNorkorderi xo-07-030 CmCIMNAH.OH
00703002 RlGiHM.,-,

III. Quality Control
Tmi1lsti1]- following the analytics! data for the staples cm be found the QA/QC
information thit pertains to these siaplei. The purpose of this information is to
d«K>nstrite that the data enclosed is scientifically valid and defensible. This
Qn/gc data ii used to assess tha laboratory's performance during the analysis
of thai saiq>l*s It accompanist. Ml quantitattons were perfoned from within the
calibrated range of the analytical tnitruaent.

IV. Cosnsnts
The Tolstlles portion of the sanple was received unpreservad.

AR303035
C-50



_i!'_i&ilŜ

client: --"ifME '•etuti' ITANAlTTlCAiSERVICESsasr *0"0"030

TABLE I

7060
3010/6010

Chrooiun 3010/6010
Cobalt 3010/6010
c°PPtr 3010/6010
Sine

5 volatile organic
compounds aa Specified

6 Seal-Volatile Organic
Compounds aa Specified 8270

AR303036
C-51



Analyte

HO • Mot Detects.

Analytical Results, og/t,

Client _

01Ho.
Detection
Liait

0.0165 0.0005
n 033 0.007°'°̂  „.„
0.142 0-005°-533 °<M

"

Quality Control
Standard Reference Solutions

Theoretical Percent
Analyt. .

' 1 i-••
flR30303"v

C-52



Clienti Halby TSE Facility
Work order t XO-07-030 IT ANALYTICAL SERVICES
00703005 CINCINNATI, OH

ORIGINAL
(N)

Volatile Organics Analysis Data Sheet,
ug/L

Client Sanple ID Hater
t S8-COH-V-500-30

tab Ho. 01

Method Detection
Unalyte Blank Limit

2-Butaaone 170 ND 10
Carbon Diaulfide ND ND 5
Metbylene Chloride ND ND 5
Tetrachloroethene ND ND 5
Toluene ND ND 5

•D • Dot Detected

f
C-53
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DO • Hot Detected

ITANAWTICALSERVICES
CINCINNATI, OH

aeni-Volatile Analysis Data Sheet,
ug/l

I4.M, 01
Method Detection
Blank Liolt

Jknalrt* _________ _____

14 ND 10
JJ m 10
IQO ND Wriuorsnthene "° " 10

binio(b)iryrene - - ™ 1Q
bento(k)pyr«ne "° 10
benxo(a)pyrens «™

AR303039
C-54



i... .liM,̂ ŵ î M̂>:-<̂ \̂ â

SSS IT ANALTOCAL SERVICES
.,„,„„. X°°7 CINCINNATI, OH
00703006 ORIGifWL

(Red)

Quality Assurance Data

Volatile
Surrogate Recovery, Percent

d«-l,2- p-Brono-
Dichloro- dB- fluoro-

Client __ _ _ _ _ _

Hater t SS-CON-V-500-30 030-01 95 95 102

M_thod Blank VBLKT6 98 94 97

AR3030U.O
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client: Balby TU racillty
«ork order: XO-07-030 , IT ANALYTICAL SERVICES
00703020 CINCINNATI, OH

I f ^
M U

Quality Assurance Data

dS-Hitro 2Fluoro ,' d!4-' }\<U* 2fluoro / Tribroa
Client Sample ID Lab Ho. beniene blphenyl'Terphenyl Phenol phenol' phenol

Seal-Volatile
Surrogate Recovery, Percent

Hater V / )
t M-COH-V-SOO-30 030-01 61 55— T 13* ' 67 64

Hater /N >̂
f SS-CON-V-SOO-30 030-01/Re) 86 74 ''l9« , 90 0*

Method Blank SBLKB32 69 73 71 72 72 7

Method Blank SBLX701 75 Bl 93 67 88 9

|l it-1 I

* Surrogate recoveries cuts ids acceptance windows. Reanalyais confirms matrix
•ffecta.

AR3030
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APPENDIX C-2.3

Analytical Results For Indicator Compounds
In Condensate Sample From 500"F/30 Minute Test Runs

AR303042
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ANALYTICAL
SERVICES «gj«.

CERTIFICATE OF ANALYSIS

PH Aatoclatsi, Inc. Datsi siptsabir 4, 1990

Attn: Hi. Judy Hinllng

Job lurter n 3761-60-2

Tbli is the Cartificsts of Analysis for the following saaplist

Cllsnt Projict IDi Halby Til facility
Dats Mcsivtdi June 16, 1990
Work Ordert ZO-06-197
•asber of Sanplu: 92
laiple Type: SediMnt

I. Introduction

Twenty two sediMnt suplis arrivad at ITAS Cincinnati on June 18, 1990, Thi lanplu
win sint for analytical work in support of monitoring work for Halby TtE facility.
Ths issplss wtri labelsd ai followi:

W-3-300-15-V-A M-S-500-I5-V-A LT-S-300-15-K-A LT-S-300-30-K-A
IT-S-300-15-V-B LT-S-500-15-V-B LT-S-300-15-K-B LT-S-300-30-K-B
I.T-I-300-30-V-A 1T-I-500-30-V-A LT-S-300-15-V-B LT-f-SOO-30-X-A
W-I-300-30-V-B IT-S-500-30-V-B LT-S-500-15-K-B LT-3-500-30-K-B

liaplei IT-S-300-30-K-A,, LT-S-300-30-K-B, LT-S-500-15-K-A, IT-S-SOO-1S-B, W-S-500-30-K-A,
and LT-H-500-50-K-B were placed on bold by cllin"> no analyiss were psrformd on
tbss* Hoplei.

XI. Analytical Results/Hsthodology

Tbe analytical results for this report are pnsintsd by analytical tsit. lach lit of
data Mill Include sample idintlfication infornation, the analytical riiults, and thi
sppnprlate detection limits.

Tbe analysee rsqueitad are listsd on Table I of this rsport.

I aad Appurnd by:

tea I
Isoroanio rfroap Leader
0061*7

Aawtooi Carnal ol Mtpmntnt LaboroWlw
hUmKionol Amckncn o< En»uonromialT«Ong Ubonnottw

ffABOlrttealSeiTk-s • IMWOMituSotid > CtodnoottOl 41244 • IO-7I2-4MO
AR3030lr3
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cllint: Halby TSE facility
Hork Orders XO-06-197 IT ANALmCAL SERVICES
00619702 CINCINNATI, OH

ip!e<J'""

III. Quality Control

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these saoplis. The purpose of this information la to
demonstrate that the data encloss, la scientifically valid and defensible. This
QA/QC data is used to assess the laboratory'a performance during the analysis
of the samples it accompanies, Ml quantitatlons were performed froa within the
calibrated range of the analytical instrument.

AR303IM
C-59



ST-rder, S2-S IT ANALYTICAL SERVICES
oo«9?SJ CINCINNATI, OH
00619701 ORIGINAL

(Red)

TABLE I

Hositure MTM D3173
junaonia Hater Extraction/350.2

Arsenic 3050/7060
Chromium 3050/6010
Cobalt 30SO/6010
Copper 3050/6010
Cyanide 9012
Zinc 3050/6010

S Volatile Organic
Compounds aa Specified 8240

6 seal-Volatile Organic
Compounds aa Specified 8270

AR303045
C-60



Cllenti Halby TU Facility
uorkorderi XO-06-197 IT ANALYTICAL SERVICES00619720

O61

Analytical Results

Percent
Client Sample ID Lab No. Moisture

Sediment
t LT-S-300-15-K-A 197-09 0.05

Sediment ',
t LT-S-300-15-K-B 197-10 /0.21

Sediment
/ LT-S-500-15-K-A 197-11 0.09

Sediment
t LT-S-500-15-K-B 197-12 0.05

Sediment
/ LT-S-jOO-3.-H.-A 197-13 0.24

Sediment
t LT-3-300-30-ir.-A 197-14 0.45

SediMDt
f LI-S-500-30-H-A. , 197-15 0.25

LT-S-500-30-K-B 197-16 0.10



Client: Halby ME facility
Norkorden xo-06-197 IT ANALYTICAL SERVICES
00619703 CINCINNATI, OH

OR'.uiMAi.
(Red)

Analytical Results, ug/g

Bediaent Sediment
t LT-S-300-15-K-A t LT-S-300-15-K-B

09 10

Detection

JUnonla ~- 196 19S 4

Arsenic 288- 283* 0.03
Chromium 317- 310 ' 0.4
Cobalt 19 19 2
Copper 377- 406 .- 0.3
Cyanide , 16.0 22.8 1.0
Sine 1410- 1580 ' 0.7

Client Sample ID Sediment Sediment
. t LT-S-500-15-K-A t LT-S-500-15-OB

Lab Mo. 11 12

Detection
Analyte Limit

Ammonia 275 287 4

Arsenic 349 300 0.03
Chromium 272 234 0.4
Cobalt 17.9 16.0 2
Copper 390 379 0.3
Cyanide 6.2* 6.19 1.0
line 1460 1600 0.7

w AR3030UID • Hot Detected



Clisnt: Halby WE Facility
Work order i xo-06-197 IT ANALYTICAL SERVICES
00619704 CINCINNATI, OH

(Red)

Analytical Results, ug/g

Client Simple ID Sediment Sedlaent
t LT-S-300-30-K-A t LT-S-300-30-X-B

Lab Ho. 13 1«

Detection
Analyts . Llfflit

Anaonia 196 185 4

Arsenic 3«« 322 0.03
Chromium 297 308 0.4
Cobalt ".I ».5 2
Copper 351 398 0.3
cyanide 37.4 43.5 1.0
line 1130 1490 0.7

Client Sample ID Sediaent Sedlaent
- t LT-S-500-30-K-A t LT-S-500-30-K-B

Lab Mo. 15 16

Detection
Analyte Limit

AMonia 224 2B6 4

Arsenic ,. 316 313 0.03
Chromium 255 274 0.4
Cobalt 17.6 17.7 2
Copper 363 370 0.3
Cyanide 6.71 9.30 1.0
lino 1160 1330 0.7

K> « lot Detected



client: -«»>y ME '«°"lt* IT ANALYTICAL SERVICES
HorkOrderi XO-06-197 CINCINNATI, OH
00619705 (IRIGINAL

\ncU|

Quality Control
Standard Reference solutions

V
Theoretical *««nt j

Analyte Vilut- u'_' ?!_!!!!!!- J

300 «•* [Ammonia JUU

0.075 103Arsenic °'u'« 99.6
chrotaium * 101
cobalt J 92.8
Copper 93.5, 92.1
cyanide *" 89.5
Sine :

AR3030l»9
C-64



! : • .̂ tciSiiiM̂ fciLiit̂ î Ji&l̂ i.

Client: Balby »E Facility
Hork Orders XO-06-197 IT ANALYTICAL SERVICES
00619709 CINCINNATI, OH

Volatile Organlci Analysis'Data Shset,
ug/Kg

Client Sample ID Sedlaent Sediaent
t LT-S-300-15-V-A t LT-S-300-15-V-

Lab »o. 01 M

Anslyte

2-Butanone 190 220
Carbon Disulfid* 17 22
Mathylsns Chloride ISO 190
Tetracbloroathene 5 7
Toluene 160 140

Client Sample ID Sediaant Sedlaent
t LT-S-300-30-V-A t LT-S-300-30-V-B

Lab Ho. 03 04

Analyte

1
2-Butanooe 300 220
carbon Dlfulfld* 23 7
MttnylMM Chloride 110 «6
Tetrachloroetbene 6 6
Toluene 130 60

m> - not DMect«> AR303050
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Client: Halby WE facility
ttork order* XO-06-197 . IT ANALYTICAL SERVICES
00619710 CINCINNATI, OH

Volatile organics Analysis Data Sheet,
ug/Kg

Client Sample ID Sedlaent Sediment
t LT-S-SOO-1S-V-A t LT-8-500-15-V-B

Lab Ho. OS 06

Analyte

2-Butanone 29 39
carbon Dlsulfide 10 6
Kethylene Chloride 310 200
Tetrachloroethene 6 S
Toluene 170 140

Client Sampls ID Sediment Sidimsnt
t LT-S-SOO-30-V-A t LT-S-500-30-V-

Lab Mo. 07 08

Analyte

2-Butanone 15 43
Carbon Dlsulfide . ND 10
Hethylene chloride 79 680

' Tetrachloroethene 5 5
Toluene 5 62

Client Sample ID
1

Lab No.

Method Detection
Analyte Blank Limit

2-Butanone iro 10
Carbon Dlsulfide ND 5
Methylene chloride ND 5
Tetrachloroethene m 5
Toluene ND *

c-66 AR30305
ND • Rot Detected



HcrlTord... H-I"SS"

Quality Assurance Data

Volatlles
Surrogate Recovery, Percent

_4_l,2- p-Brc-o-j
Dichloro- d8- fluoro-j

Client Sample ID Ub No. ethane Toluene bensem

Sediment ILT-S-300-15-V-A 197-01 M ««•
Sediment * LT-S-300-15-V-A 197-01 R. 115 "3 a

* LT-S-300-15-V-A 197-01 Re 2 92 1M« 7
i LT-S-300-15-V-A 197-01 Dll 99 105 91

Sediment t LT-S-300-15-V-B 197-02 101 !«• 71
Sediment # LT-S-300-15-V-B 197-02 Re 95 Ml* J.
Sediment « LT-S-300-15-V-B 197-02 Dll 97 108 u.

Sediment * LT-S-300-30-V-A 197-03 105 127'
Sediment * LT-S-300-30-V-A 197-03 Re 98 114
Sediment * LT-I-300-30-V-A 197-03 Oil 93 106
Sediment t «-S-300-30-V-A 197-03 Oil 2 92 112

Sediment * LT-S-300-30-V-B 197-04 108 137« 71
Sediment t LT-S-300-30-V-B 197-04 Re 98 120« 7.
Sediment t LT-S-300-30-V-B 197-04 Oil 96 107 »•

Sediment t LT-S-500-15-V-A 197-05 114 I"' |
Sediment t LT-S-500-15-V-A 197-05 Re 90 !«• s
Sediment t LT-S-SOO-15-V-A 197-05 Oil 95 135« 7

Sediment , LM-500-15-V-1 197-06 102 174« |!
SedlMnt t M-I-500-lS-V-i 197-06 Re 100 1«* •;
Sediment t W-MOO-15-V-B 197-06 Oil 90 132* 7,

Itdlment t LT-S-JOO-30-V-A 197-07 96 154' J
Sediment t U*t-500-30-V-A 197-07 Re 95 147«

SedlMnt t LT-I-800-30-V-B 197-08 95 1<4« S
fediment t LT-S-500-30-V-B 197-08 Re 92 140" •
Sediment t U-8-500-30-V-B 197-08 Oil 98 157* °

Method Blank VBLXR9 101 *2 '
Netted Blank. VBIKIO 101
Mtbod Blank VBUV1 96

• Surrogates outsids of llalts. Mstrix •tc/ti Ptov>n "
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Client! Halby TSE facility
Hork orderi XO-06-197 IT ANALYTICAL SERVICES
00619730 CINCINNATI, OH

iiW-M
:fis-J)

Seal-Volatile Analysis Data sheet,
ug/Kg

Client Sample ID Sedlaent Sediment [
t LT-S-300-15-K-A t LT-S-300-1S-K-B

Lab No. 09 10 :
i

Analyte

Chrysens 2200 2400
Pyrsne 1400 2400
Fluoranthsne 3700 4600
benio(b)pyrene 2500 3000
benio(k)pyrene 1300 1500
benxo(a)pyrana> ND ND

Client sample ID Sediment sediment
t LT-S-500-15-K-A t LT-6-500-15-K-B

Lab No. 11 12

Analyte
I

Cbrysene ND ND
Pyrene ND HD
fluoranthsna ND ND
benio(b)pyreM ND ND
benio(k)pyrsne ND ND
benio(a)pyrene ND NO

flR303053
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Client! Halby TEE facility
HorkOrdert XO-06-197 IT ANALTOCU, SERVICE
00619731 CINCINNATI, OH,x-x

Seal-Volatile Analysis Data Sheet,
ug/Kg

Client Sample ID Sedlaent Sediaent
f LT-3-300-30-K-A t LT-S-300-30-K-B

Lab No. 13 14

Analyte

Chrysene 3200 4900
Pyrsne 5000 ND
rluoranthene 6400 ND
benso(b)pyrsns 4000 ND
benro(k)pyrini 1800 ND
benso(a)pyrane 910 2700

Client Sample ID sadlaent sediment
t LT-S-500-30-K-A t LT-S-500-30-K-B

Lab No. 15 16

Analyte

Chryseae . ND ND
Pyrene ND ND
rluoranthmne ND ND
benxo(b)pyrsne NO ND
benio(k)pyrsne ND ND
bento(a)pyrene ND ND

I
Method
Blank Detection

Analyt* SBLK838 Limit

ChryMM ND 660
Pyrene ND 660
riuoraotbene NO 660
bento(b)pyrene ND 660
benxo(k)pyrene ND 660
b.ruo(.)Pyr.n. HD

ND • «ot Detected C-69
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Client: Halby THE Facility
Work order: XO-06-197 IT ANALYTICAL SERVICES
00619706 CINCINNATI, OH

'

Quality Assurance Data

Seai-Volatlles
Surrogate Recovery, Percent

2,4,6-
d5-Nltro Sfluoro d!4- d6- Zfluoro Trlbromo

Client Sample ID Lab No. beniine blphenyl Terphenyl Phenol phenol phenol

Sediment
LT-S-300-15-K-A 09 85 94 86 85 86 77

Bidlnwnt
LT-S-300-15-K-B 10 86 95 76 86 90 83

Sediment
LT.-S-500-15-K-A 11 82 84 79 72 65 52

Sedlaent
LT-S-500-15-K-B 12 79 83 83 74 68 56

Sediment
LT-S-300-30-K-A 13 88 100 78 88 96 92

Sediment
LT-S-300-30-X-B 14 85 94 62 87 92 209>

Sedlaent
LT-S-500-30-KV-A 15 90 96 94 82 72 49

Sedlnent
LT-S-500-30-K-B 16 92 98 94 86 88 69

Method Blank . SBLKB36 75 80 73 67 61 39

• Surrogate recoveries outside acceptance windows. Since thia is an acid surrogate
and all targets ate neutrals, the data is unaffected.
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APPENDIX C-3

ANALYTICAL RESULTS FOR METAL INDICATOR COMPOUNDS IN
TCLP EXTRACTS FROM UNTREATED AND S/S-TREATED SOILS,

AND UCS TEST RESULTS FOR SOLIDIFIED PRODUCTS

• 1

AR303056
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APPENDIX C-3.1

Analytical Results For Heavy Metals In TCLP Extracts
From Untreated (Raw) Soils, LTTD-Treated Soils, And S/S-Treated Soils

AR303057
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INTERNATIONAL ANjMYTICAL W'lVJATECHNOLOGY ***V*JUJL j,_w*ivju "..'.itiM
CORPORATION SERVICES |f!fid'

CERTIFICATE OF ANALYSIS

FBI Associated, Inc. Date: September 19, 1990

Attni Hi. Judy Hauling

Jab Humble PN 3761-60-2

This Ii th* cartiflcati of Analyili (or thi following itmplan

Client Projict ZD: Halby TSE facility
Data Received! Auguit 3., 1990
Hark Ordir: XO-08-022
Numbir ol Samplen 20
Sanpla Typet Soil

I, Introduction

Twenty noil aamplea arrived at ITAS Cincinnati on August 3, 1990. The aamplca woes
Bent for analytical work In auppote of Halby TSE Facility. The aamplea were labeled
ai (ollowBi

Soil « SS-S-PC-0.25-TC-A Soil t SS-S-PC-0.4-TC-BLK Soil / SS-US-A
Soil t SS-S-PC-0.2S-TC-B Soil / SS-S-PC-0.25-TC-SLK Soil t SS-US-B

Soil / SS-S-PC-04-TC-A Soil t 'SS-S-AS-l-TC-Blank Soil t SS-US-PC-O.4-TC-A
Soil I SS-S-PC-04-TC-B Soil t SS-S-AS-0.5-TC-BLK Soil t SS-US-PC-0.4-TC-B

Soil t SS-S-AS-1-TC-A Soil t SS-SR-500-30-A Soil t SS-US-PC-0.25-TO-A
Soil t SS-S-AS-1-TC-B Soil t SS-SR-SOO-30-B Soil / SS-US-PC-0.25-TC-B

Soil t SS-S-AS-0.5-TC-A
Soil I SS-S-AS-O.S-1C-B

md Appitvid by:

L>r̂Ken Huillir /;en Huillir
Inorganic Orofup Uidir
006022 /

AnwrKQn COUIKI! ol IndorNfldtni
InltrmiKiiiol AuKiquon ol CiiviinnmonialTnii

Amgiican Auocialion lor Lalxwuniy Avc

ITAiialrtlcalSinrlcil • IMW Chiitir Road • Cincinnati, OH 45J« • !l>7«24600

AR303058
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client: Halby T&E Facility
work Order: XO-08-022 FT ANALYTICAL SERVICE
00802201 CINCINNATI, OH r\

II. Analytical Results/Methodology

The analytical rsiulti foe this report ara presented by ani.lytical tait. Each set of
data will include sample idsntifioation information, tha analytical rimlts, and the
appropriate datsctlon limits.

Tha analyses requested on a total basis for laraplis Soil t SS-SR-SOO-30-A, Soil
t SS-SR-500-30-B, soil t SS-US-A and Soil f SS-US-B inoludid:

* pH by EPA Method 9045 ,

* Cyanide by EPA Method 9012

« SuUlde by EPA Method 9030

* Ammonia by EPA Method 350.2

« Total Organic Carbon by EPA Method 9060

Tha analyses requested on all samples included the following metals on a TCLP JV.chatI
The leaching was performed at ITAS according to EPA Method 1311. *'r

• Arsenic by Graphite Furnace Atonic Absorption;
EPA Method 7060

* Mercury by Cold Vapor Atomic Absorption;
EPA Method 7470

* Chromium, cobalt, Copper and Zinc by Inductively
Coupled Plasma Spectroscopy; EPA Hathod 6010

III. Quality Control

Immediately following the analytical data for thi samples can be found the QA/QC
Information that pertains to these laraplei. The purpose of this information is to
demonstrate) that the data encloaed Is scientifically valid and difiniibli. This
QA/QC data is used to aasees the laboratory's performance during the analysis
of the saoplss It accompanies. All quantltationa were performed from within the
calibrated range of the analytical Instrument.

As requested, a matrix spike/matrix spike duplicate analyses was psrformsd on sample
I SS-s-AS-O.S-TC-B for all metals.

AR303059
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Client: Halby TSE Facility
Work order: XO-08-022
00802202

Client Sample ID

Lab No.

Analyte

Arsenic
Chromium
Cobalt
copper
Mercury
Zinc

Client Sample ID

Lab No.

Analyte

Arsenic
Chromium
Cobalt
Copper
Mercury
Zinc

Client Sample 10

Lab No.

Analyte

Arsenic
Chromium
Cobalt
Copper
Mercury
Zinc

Analytical Results,

Soil t SS-S-PC-0.25-TC-A

01

0.0741
0.132

ND
0.037

ND
ND

Soil t SS-S-PC-04-TC-A

03

0.0131
0.17

ND
0.440

ND
ND

Soil t SS-S-AS-1-TC-A

05

ND
ND
ND

0.013
ND

0.546

*•

IT ANALYTICAL SERVICES
CINCINNATI, OH

mg/L

Soil t SS-S-PC-0.25-TC-B

02

0.0701
0.121

ND
0.025

ND
ND

Soil t SS-S-PC-04-TC-B

04

0.0121
0.14

ND
0.371

ND
ND

Soil t SS-S-AS-1-TC-B

06

ND
ND
ND

0.015
ND

£?

i
Detection

Limit i

O.OOS
0.003
0.03
O.OOS
0.0001 i
0.02 ;

Detection
Limit

0.005
0.003
0.03
O.OOS
0.0001
' 0.02

Detection
Limit

O.OOS
0.003
0.03
0.005
0.0001

0.276 0.02

AR303060
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client:
Work Order:
00802203

Client Sample

Lab No.

Analyte

Arsenic
chromium
cobalt
copper
Mercury
Zinc

client sample

Lab No.

Analyte

Arsenic
Chromium
Cobalt
copper
Mercury
Zinc

Client sanple

Lab No.

Analyte

Arsenic
Chromium
Cobalt
Copper
Mercury..
Zinc

Halby T&E Facility
XO-08-022

Analytical Results, mg/L

ID Soil t SS-S-AS-O. S-TC-A Soil

07

ND
0.006

ND
0.165

ND
0.553

ID SOU / SS-S-PC-0.4-TC-BLK Soil

09

0.0081
0.141

ND
ND
ND
ND

If soil 1 ss-s-AS-1-Tc-aiank soil

11

ND
ND
ND
ND
ND

0.335

-

IT ANALYTICAL SERVICÊ
CINCINNATI, OĤ

;;".>.!'

t SS-S-AS-O. 5-TC-B

08

ND
0.008

ND
0.017

ND
0.329

t SS-S-PC-0.25-TC-BLK

ri>.~.
0.0071
0.142

ND
NO
ND
ND

t SS-S-AS-O. S-TC-BLK

12

ND
ND
ND
ND

0.2̂ 30306*

Date
Lli

0.
0.
0.
0.
0.0
0.'

1
Date.

Lii

0.
0.
0.
0.
0.0
0.

Data
Ll

0.
0.
0.
0.
0.0
0.

C-76
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client: Halby TSE Facility
work order: xo-oa-022 ITANALYTICA1,SERVICE-
00802204

Analytical Results

Client Sample ID Soil r SS-SR-500-30-A Soil t SS-SR-500-30-B

Lab No. 13 14
Detection

Analyte Units , Limit

pH S.U. 4.64 4.62 NA
TOC ug/g 12000 24000 100
Amraonia-N ug/g 220 270 5
Cyanide ug/g 8.80 9.85 1
Sulfide ug/g 130 200 SI

Arsenic mg/L 0.0281 0,0331 0.005
Chromium mg/L ND ND 0.003
cobalt mg/L 0.044 0.060 0.03
Copper mg/L 0.400 0.419 0.005
Mercury mg/L ND ND 0.0001
Zinc mg/L 6.1 8.OS 0.02

Client Sample ID Soil t SS-us-A Soil t SS-US-B

Lab No. .IS 16
Detection

Analyte Units Limit

pH S.U. S.33 5.71 NA
TOC I ug/g 17000 17000 100 ..
Ammonia-N ' ug/g 85 120 5
Cyanide ug/g 50.2 43,4 1
Sulfide ug/g 190 81 51

Arsenic mg/L 0.0131 0.0141 0,005
Chromium mg/L ND NO 0.003
Cobalt mg/L ND ND 0.03
Copper mg/L 0.201 0.187 0.005
Mercury . mg/L ND ND 0.0001
Zinc . mg/L 1.62 1.51 0.02

AR303062
C-77
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Halby TSE Facility ANALYTICAL SERVICE!
HorkOrdert XO-08-022 CINCINNATI, OH
0080»05

Soil t SS-US-PC-0.4-TC-A Soil t SS-US-PC-0.4-TC-B

ND • Not Detected

Client Sample ID

Lab No. 17 18 iDetac

Analyta Llm,

Arsenic 0.0295 0.028S 0.0
Chromium 0.115 0.123 O.CJ
Cobalt ND ND O.i
Copper 0.071 0.077 0.0
Mercury ND. ND O.OC
Zinc ND ND 0.

Client Sample ID Soil t SS-US-PC-0.25-TC-A Soil f SS-US-PC-0.25-TC-B

Lab No. 19 20 '"I1Detec

Analyte Llm

Arsenic 0.051S 0.04SS O.C
Chromium 0.213 0.204 O.C
Cobalt ND ND 0,
Copper ' 0.846 0.814 O.C
Mercury ND ND O.OC
Zinc ND ND 0,

AR303063*
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Client: Halby TSE Facility
Work order: XQ-08-022 • IT ANALYTICAL SERVICES
00802236 CINCINNATI, OH

Quality Control
Standard Reference Solutions

Theoretical Percent
Analyte Value Recovery

Arsenic 0.07S 98.9, 94.1
Chromium 1 93.7, 92.1
Cobalt 1 "I, 91.7
copper 1 93.2, 88.6
Mercury 0.01 86.0
Zinc 1 1°°A 91-7

TOC 121.2 103, 97.3
Ammonla-N 300 97.4
Cyanide 10 108, 125

ill

c.79 AR30306l»
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client, Halby TU Facility FT ANALYTICAL SERVICES
Kork Order: XO-08-022 CINCINNATI, OH
00802207 ;,;.,,., v.O,

Quality Assurancs Data

Matrix Spike/Duplicate Recovery Data

Client sample ID. Soil t SS-S-AS-O.S-TC-B

Lab No. °8
Sample Percent Percent

v. Value Recovery RecoveryCompound va-.-s ___ _____ _ ———

» Rscov - (Cone MS (or HSD)-sample Amt)/ Amt Added)X 100

RPD • ((Conc.HS-conc HSD)/(Cone MS + Cone MSD)/2))X 100

••"I ô ooe S:! S:5 i:!Chromium * ND 1QO 102 1.7
cobalt < 89iD 38.1 1.5
Copper < 100 101 1.4
M«cuty 2 0 329 105 109 2-9Zinc

AR303065*
C-80
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APPENDIX C-3.2

UCS Test Results For Asphalt- And Cement-Based Products

flR303072
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APPENDIX D

FIELD TRIP REPORT AND FIELD ANALYTICAL RESULTS
OBTAINED FROM ONSITE X-RAY RUORESCENCE
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APPENDIX D-1

PEI FIELD TRIP REPORT MEMORANDUM
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PEI ASSOCIATES, INC. ;•,'

MEMORANDUM

TO: Ed Barth DATE: 4/12/90

SUBJECT: Field Sanple Collection for FROM: S. Hokanson i
Halby Treatability studies
3741-60-2 cc: M. Taylor

J. Hassling
P. Mraz
R. Riccio

Summarized below are the on-site field activities and
observations made during our sampling visit to Halby Chemical on
Tuesday and Wednesday (4/10-11/90). A formal field write-up will
be developed after additional data becomes available from the EPA
ERT team. This formal write-up can be used as appendixed
information in the treatability study report submitted to EPA at
the end of this project.

Summary of Field Activities

On Tuesday morning at 8:30 a.m., Harry Compton of EPA and
personnel from EPA's ERT contractor met with the PEI field team
and Roberta Riccio of EPA Region III. From 8:30 until 10:30 a.m.
we discussed our main objectives and roles, Health and Safety
issues, and toured the plant area and the on-site lagoon. From
10:30 until 12:30 p.m., the ERT field team collected sediments
for screening with the XRF and HNu (11.7 eV lamp) from a
background location and previous sampling location SED-02 and
SED-03 (these location codes are from EBASCO's RI report). These
samples were dried in a microwave oven, screened in a 20 mesh
sieve, and homogenized for analysis. Exhibit A shows the XRF
data generated for these and tha other samples taken later that
day. From 10:30 a.m. until l p.m., PEI purged the groundwater
monitoring well SMW-01 of approximately 3 well volumes (about 65
gallons), oversaw tha field sampling and screening efforts, and
obtained tha necessary sample containers.
In tha afternoon, from 1:30 until 3:30 p.m., the ERT field team
collected screening samples from previous sampling locations SED-
os and SED-08 (in lagoon area), and SSS-09 and SSS-25 (in the
process plant araa) and processed them through the HNu and XRF.
During this tine, tha FBI team collected ground water samples for
the biological and xanthate precipitation studies and sediment
and surface soil samples for the biological, low temperature
thermal desorption, and xanthate studies. At 3:30 p.m. on
Tuesday, Mr. Schockley of Brandywine Chemical asked us to finish
up our work so he could lock the gate to the process plant area.

W AR303077
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Because of high tide conditions, the ERT Team could not collect
the subsurface soil sample for the soil washing study. In '..„'
addition, the PEI team had only half-filled the 30-gallon drum
containing the sediment/surface soil samples and would have to
finish the sample collection on Wednesday morning. The ground
water and sediment samples for biological studies were collected
in sterilized containers cooled with dry ice in plastic bags,
packed and shipped to IT Knoxville on Tuesday afternoon.

On Wednesday morning, from 7:30 until 8:30 a.m., PEI met with EPA
Region III and the ERT team to discuss the field activities and
final output from ERT. From 8:30 a.m. until 11:30 a.m., the ERT
team collected subsurface soil samples from SED-05 and SED-08
locations in the lagoon. PEI completed the collection of the
sediment/surface soil samples by collecting surface soil from
previous sampling location SSS-09. From 11:30 a.m. until 12:30
p.m., PEI demobilized and packed and stored the drummed sediment
and ground water samples in the plant warehouse area. Field
activities by PEI and ERT ended by 12:30.

Summary of Observations Purina Field Sampling

Discussed below are some points of observation made during the
two-day sampling/analysis effort. These observations are in the
following areas:

field conditions;

field sample collection methods; and v'

field screening with the XRF spectrometer.

Each of these issues are discussed separately below.

Field Conditions—
On Tuesday, April 10, the weather conditions were partly sunny
and windy with temperatures ranging from 50 to 60°F. Low tide
took place in the early morning hours and high tide in the early
afternoon tine. Due to recent rainstorms, the marsh and lagoon
areas were fairly saturated. In addition, fumes and dust were
fairly strong on Tuesday,' even outside the process plant area.
While vapors outside the plant area were not detected by the HNu
(11.7eV laip), organic vapors were in the range of 5 to 10 ppm in
the breathing space above monitoring wall SKH-01 and sediment
stapling locations. Level C personal protective equipment were
worn by the PEI sampling team. Even with the personal protective
equipaant, tha PEI field team leader experienced headache and
nausea. Thia incident was reported, and a followup physical was
performed shortly after the sampling event. The winds were much
calmer on Wednesday, and fumes and dust were not as bad as they
were the day before.

AR303078
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ft sheen was observed along the lagoon and drainage ditch near the
process plant area. This sheen. was blotchy, unlike an oil sheen,
and' may be indicative of biological activity. Black sediment was
clearly visible along the banks of the lagoon and were stratified
in the sediment/surface soil samples collected. Purged ground
water from well SMH-01 was black or cloudy gray in color with
sulfurous odors.

Field Sample Collection Methods--

Sediment and surface soil samples for low-temperature thermal
desorption, xanthate and the biological studies (SSS-L, SSS-X,
SSS-B) were collected by the PEI field team at previc a sampling
locations SED-03 and SSS-09 in the process plant area. The
subsurface soil sample for soil washing (SUBS-S) was collected at
previous sample location SED-05 and SED-08. Groundwater for
xanthate precipitation and biological studies was collected from
SMW-01 after more than three well volumes were purged with a
bailer.
Sediment and surface soil samples were collected with shovels by
scraping off the fill and surface area until the first black
layer was uncovered. From there, the PEI team dug down 1 Coot.
beneath the first black soil layer. In the case of soils from
SSS-09, the PEI team uncovered railroad spurs and a concrete pad
and therefore the depth penetration was only about 6 inches from
the first black soil layer. Because only half of the 30-gallon
drum was filled when we were asked to leave, we put dry ice in
garbage bags and placed it on top of the sediment/surface soils
in the drum. Care was taken when placing the lid on the drum to
allow carbon dioxide venting.

Because of saturated conditions and high tide in the lagoon area,
the ERT field team collected the subsurface soils from SED-05 and
SED-08 locations using hand augers and shovels. The power beaver
could not be used under saturated conditions, soils from 0 to 3
feet were collected from the two locations and were placed in two
5-gallon steel drums. Steel lids were taped to the containers to
prevent any; leakage.

Approximately 65 gallons (approximately 3 well volumes) of
groundwater were purged from well SHH-01 using a teflon bailer,
The rate of recharge was greater than the purging rate, so that
the water elevation did not change dramatically during the
purging. Hater drawn during the purging activity went from
fairly opaque to cloudy grey. Organic vapors downwind of the
well were fairly strong. Therefore, the PEI field team wore
respirators and stayed upwind as much as possible. After purging
the well, groundwater for the biological samples were poured into
biologically-sterile, dark 1-gallon glass jars. Care was taken
to minimize exposure of the jar to light, air and biologically-
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contaminated materials (including fingers). After collecting r>
biological sample, the PEI field team collected groundwater fob..-'
the xanthate study in a pre-cleaned, plastic, 5-gallon jug. care
was taken to completely fill the jug and eliminate bubbles. The
jug was sealed and taped. This jug was then placed in a 30-
gallon steel, open-head drum and packed with vermiculite and clay
absorbent. Dry ice packed in plastic garbage bags were then
placed on top and the lid placed on the drum but not sealed to
allow carbon dioxide venting.

By the end of field sampling activities on Wednesday, PEI had one
30-gallon drum filled with surface soils/sediments, one 30-
gallon drum containing the 5-gallon jug of groundwater and fill
material; and two 5-gallon steel drums filled with subsurface
soils from the lagoon area (SED-05 and SED-08 locations). These
containers were sealed and placed inside the warehouse. They do
not have dry ice or blue ice, so they will remain at the site
under ambient temperature conditions (30 to 50°F).

Field Screening with the XRF Spectrometer--

The location of surface soil/sediment and subsurface soil samples
(SSS-L, SSS-X, SSS-B, and SUBS-S) was determined by first
reviewing the draft RI report and then field screening soil
samples using the XRF spectrometer and HNu (U.7 eV lamp). Based
on the surface soil and sediment analytical data presented in the
draft RI report, soils near previous sample locations SED-02 and
03, and SSS-09 and 25 (process plant area) were expected to ha'0 )
high levels of CS2, As and Zn. Soils near previous sample •''
locations SED-05 and SED-08 (lagoon area) were expected to have
low volatile organic compounds (VOC) and moderate to high levels
of As, Cu and Zn. Field screening using the HNu with 11.7 eV
lamp confirmed high levels of VOC's in sediment/surface soil
samples collected from the process plant area (SED-02, SED-03,
sss-09 and SSS-25). Field screening for metals using the XRF,
also confirmed moderate to high levels of metals in both lagoon
and process plant soils from the previous sample locations listed
above.
While the XRF spectrometer could identify and isolate peaks for
Cu and Zn,'it could not clearly separate tha As and Pb peaks.
Because Pb is fairly ubiquitous in soils at Halby, Pb masks any
Aa that nay be present in the soil samples. As a result of the
aibiguoua results for As, additional chemical analysis may be
necessary to confirm the presence or absence of As in the
individual samples used in the treatability studies.

W0758/Halby
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EXHIBIT A

PRELIMINARY XRF SCREENING DATA FOR
HEAVY METALS IN SURFACE SOIL/SEDIMENT SAMPLES
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APPENDIX D-2

FIELD ANALYTICAL RESULTS OBTAINED BY EPA/ERT USING XRF
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TABLE I, XRF RESULTS FOR HALBY CHEMICAL
WILMINCTON, DEUWARE np(r,.,..

April, 1990 OR!C-:«AL
(Ratlin ruporwl In relative perccni by wcljhi) W

ELEMENTS2n 2 Cu _j
BKC Clan I
(Model 1) 0,135 O.J04 O.S70 0,000 0,000
(Model 3) 318,0
BKO Clean II
(Model 1) 0.101 0,10V 0,414 0,040 0,000
(Model 3) 131,9

Sed.2-4'
(Model 1) 0.1S6 ~... ..... .-. 0,000
(Model 3) 23&0

Scd'3-Surf
(Model 1) 0,0117 0,000 1,851 0,000 0,000
(Model 3) 1271

Scd-3-Subturf
(Model 1) 0,121 0,01.1 1,454 0,000 833,1

Scd-5-Surf
(Model 1) 0,19,1 0,009 0.368 0,000 0,000
(Model 3) 693,0

Sed-5-Subsurr
(Model 1) 0,282 0,041 0.600 0,000 0,000
(Model 3) 773,1

Sed-8-Surf
(Model 1) 0,4,11 0.000 t,24ft 0.000 0,000
(Model 3) 1251,0

Scd-8-Subiurf
(Model 1) 0,151 0.014 0,712 0.000 0,000
(Model 3) 304,6

SSS-09-Surf
(Model I) 0,219 0,009 2.IIW 0,000 0,000
(Model 3) 257,4

(Model 1) 0,103 0,0.12 1..146 0,000 0,000
(Model 3) 373,

SSS-iJ-Surf
(Model 1) 0,000 0,006 0.188 0,011 0,000
(Model 3) 0,000

(Model 1) 0,069 0,1116 0.898 0,000 0,000
(Model 3) 439,4

rd!«VD_BRUUN'TR-2307,RI
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