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EXECUTIVE SUMMARY

Thirty-eight inactive liquid low-level radioactive waste tanks are currently managed by the

Environmental Restoration Program of Oak Ridge National Laboratory, The contents of these tanks are to

be characterized in preparation for future corrective actions and remediation activities as part of compliance

with the pending Federal Facility Agreement for the Oak Ridge Reservation. Twenty-nine of these tanks were

sampled and analyzed in 1989. Three of the tanks (TH-2, WC.1, and WC..15) were not accessible from the

surface and thus were not sampled until 1990. This report presents the sampling and analytical results of that

campaign.

Ali three tanks in this report had negligible regulatory organic compounds in the samples that were

collected. There were no U.S. Environmental Protection Agency (EPA) Target Compound List (TCL)

constituents for volatile organics detected in any of the aqueous samples. The only semivolatile organics

detected were 2-chlorophenol (52 #g/L) in tank TH-2 and dichloroethene (14-15 ,ug/L) and diethyl ether

(15-17 _g/L) in tank WC-15. A thin oil layer was discovered floating on top of the aqueous contents in tank

WC-15. The analysis of the oil layer detected no volatile organics and showed only one EPA TCL constituent,

di-n-butylphthalate, at 1900 _g/L.

Low levels of Resource Conservation and Recovery Act (RCRA) metals were observed in the samples

from tank TH-2, but only the mercury level exceeded the RCRA limit. Samples from tank WC-1 had elevated

levels of the RCRA metals barium, chromium, and lead. There were also finely suspended particles in one

of the samples from tank WC-1, which was filtered and analyzed separately. This solid fines have levels of

transuranium elements 23apuand 24_Amhigh enough to be classified as transurantc waste.

xi i
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1. SITE DF_.BCRIPTIONAND SAMPLE COLLECTION

1.1 INTRODUCTION

This report describes the sampling and analyses of the three previously inaccessible inactive liquid low-

level radioactive waste (LLLW) tanks at Oak Ridge National Laboratory (ORNL) during 1990. Ttiese three

tanks, TH-2, WC-1, and WC-15, are located in ORNL's main plant area (Fig. 1.1). The purpose of the

sampling and analyses is to characterize the tank contents for future corrective actions and remediation

activiitiesas part of compliance with the pending Federal Facility Agreement for the Oak Ridge Reservation.

The :sampling methods for these tanks are the same as those used during the sampling campaign in 1989.1

These tanks were not sampled during the 1989 campaign because of accessibility problems. This report

completes the analyses of the 33 inactive LLLW tanks identified during initial investigations, t Additional

inactive LLLW tanks have been identified, and they will be sampled in later fiscal years.

This section describes the tank sites and the sample collection activities associated with each oi"the

tanks. Section 2 describes the organic analytical characterization. The third section describes the radio-

chemical and inorganic characterization of the tank contents. Section 4 summarizes the findings from ali three

tanI,:s.

1.2 TANK TH-2

Tank TH-2 is located just south of Building 3503 and north of White Oak Avenue in a tank farm with

six other tanks, four of which are still in use. This tank was placed in service in 1952 and received waste from

the Thorium Pilot-Plant Project, located in Building 3503. In 1970 it was taken out of service and reportedly

emptied. TH-2 is a small, vertical stainless steel tank with a diameter of 7 ft, a height of 10 ft, and a capacity

of approximately 2400 gal. A riser pipe installed from the top of the tank to tile surface provided access for

sampling (Fig. 1.2). This tank was not sampled during the 1989 campaign because of earlier reports of

radiation levels at 6 rem/h at the tank access without the lead shielding over the manhole, However, a surw_y

conducted in February 1989 found the radiation level to be 90 mrem/h 1 in, below the top of the lead shielding

at the surface,
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l_g. 1.2..Tank TH-2.

Tank TH-2 was sampled in February 1990. Only 3 in. (72 gal) of liquid were found in the bottom of

the tank; no sludge was detected. The background readings were 1000 mrem/h at ground surface and

200-300 mrem/h at the top of the tank located 6 ft below ground. The liquid samples collected from the tank

read 1 mrem/h on contact. The low activity of the tank liquids confirms the reports that the tank was flushed

and emptied prior to removal from service. Surprisingly, bromide was detected in the samples; this suggests

that a hot-cell window may have been emptied into the tank. However, zinc was nol detected in the samples.

1.3 TANK WC-1

Tank WC-1 is a small, ve,g.lcal, stainless steel tank located between Buildings 3038 and 3037. This

2500-gal tank has an outside diameter of 8.75 ft and a height of approximately 6 ft. Tank WC-1 was placed

in service in 1950 and was used for collecting and monitoring process liquid waste from isotope production

and development laboratories in Buildings 3038, 3028, 3029, 3030, 3031, 3032, 3033, 3047, Building 3110 filter

house, stack 3039, and scrubber 3092. The tank was abandoned in 1968 because of a leaking discharge line

' and was reportedly emptied upon abandonment. Tank WC-1 was not sampled during the 1989 campaign

because of tank inaccessibility and safety cmacerns resulting from potential soil contamination. In October

1989, soil samples were collected at the site. Samples from the first 6 ft were clean (_4odetectable alpha or

beta activity). Beta-gamma readings ranged from 0,2 to 110 mrem/h to a depth of 10 ft and showed no

detectable alpha (Table 1.1).

Prior to sampling, no above-ground access was available to this tank. Excavation activities z to access

tank WC-1 began April 1990 and were completed 4 weeks later. Tank excavation and shoring were impeded

when piping was encountered (Fig. 1.3). After the tuna flange was uncovered, groundwater infiltrated the

excavation. The groundwater was pumped to the process waste system. A riser was installed from flange No.

4 to the surface (Fig. 1.4), and the site was backfilled. Tank sampling indicated that 375 gal of liquid remains



Table 1.1. Soil radiological screening results from WC-1 riser installation

Depth Date Gross Gross t37Cs 4°K _Co 241Am Z2Na
(ft) alpha beta (Bq/g) (Bq/g) (Bq/g) (Bq/g) (Bq/g)

(_q/g) (nq/g)

0.0 4-25-90 < 0.48 2.331 0.152 0.999 a a a

1.0 4-2.5-90 <0.481 1.295 a a a a a

2.0 4-26-90 <0,444 5.920 1..998 1.036 a a a

3.0 4-26-90 <0.437 1.998 a a a a a

4.0 4-27-90 <0.429 2.960 0.081 a a a a

5.0 4-30..90 <0.477 1.036 a a a a a

6.0 5-01-90 <0.414 96.200 0.264 0.966 3.093 a a

6.5 5-01-90 <0.814 166.500 1551770 a 3.245 0.699 0.082

7.0 5-01-90 0.444 77.700 38.850 0.999 2.745 a a

8.0 5-02-90 0.426 9.620 2.109 0.607 0.459 a a

9.0 5-03.90 0.411 5.550 0.148 0.929 a a a

10.0 5-03-90 0.429 3.219 0.496 0.466 a a a

10.3 5-03-90 0.477 7.4f__ a a a a a

'+Not detected.

in the tank. Two samples were collected from the top and bottom of the liquid layer. The bottom liquid

sample was colored dark because of suspended fines, and the sample was separated at the laboratory into a

liquid and solid sample for separate analyses.

1.4 TANK WC-15

Tank WC-15 is located south of Building 3587 and west of Building 4508, near the intersection of Fifth

Street and White Oak Avenue, on a concrete pad that is common to six other tanks, one (WC-17) of which

is inactive. Tank WC-15 is a small, vertical, stainless steel tank with an outside diameter of 5 ft, a height of

6.8 ft, and a capacity of 1000 gal. This tank was placed in service in 1951 and received waste from research

laboratories in Building 4500. The tank was removed from service in 1960 because of leaks and is currently

known to be in-leaking at the seams and the dish head. The tank was reportedly emptied at the time it was

removed from service, and the piping was isolated to preclude further use. Because of this, the tank was not

accessible from the ground surface and was not sampled during the 1989 campaign. Soil cores taken over WC-

15 in October 1989 found no contamination ali the way down to the top of the tank. However, probe readings

were 32 mrem/h on contact with the tank.
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Because of the active tanks within ,e area of tank WC-15, it was decided to auger rather than to

excavat,: to WC-15 in order to install a riser to the surface, z During the site preparation, the coordinates for

the centerline of tank WC-15 (from ORNL drawing D-g670, tev. 2) were discovered to be incorrect. The area

was resurveyed, and the coordinates were found to be N-21730.0 and E-31771.0. Again, no contamination was

found during the augering process (Table 1,2). Augering was initiated in June 1990, and the riser was installed

7 d lager. Upon sampling, the tank was discovered to be completely full of liquid (1000 gal), and no sludge

was detected Four liquid samples were taken from different levels in the tank. The sample from the top of

the tank had an organic layer that appeared to be ninety-weight oil. Each of the four samples had a contact

reading of only 1 mrem/h.

Table 1.2. Soil radiological screening r_ults from
WC-15 riser installation

Depth Dat,e Gross Gross 137Cs 4°K
(ft) alpha beta (Bq/g) (Bq/g)

(Bq/g) (Bq/g)

0.0 5-29-90 <0.463 <0.736 0.029 0.529

1.0-2.0 6-04-90 <0.426 1.147 a a

2.0-3.17 6-05-90 <0.315 1.110 a a

3,17-4.0 6-05-90 <0.477 1.480 a a

4.0-5.0 6-05-90 <0.488 1.073 a a

5.0--6.25 6-05-90 <0.429 1.628 a a

6.25-7.0 6-06-90 0.518 1.073 a a

7.0-8.0 6-06.90 <0.301 1.480 a a

8.0-.8.83 6-06-90 0.629 0.814 a a

8.83-10.5 6-07-90 9.592 1.554 a a

10.5 6-08-90 0.259 1.628 a a

°Not detected.
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2. ORGANIC ANALYTICAL METHODS AND CHARACTERIZATION

2.1 SAMPLE PREPARATION AND ANALYSIS METHODS

The aqueous samples collected from tanks TH-2, Wt-1, and WC-15 were subjected to organic'.

compound analyses by modified EPA SW.846 methodsJ Modifications of SW-846 methods 5030 and 3510

were used for the preparation of aqueous liquids for subsequent determination of volatile organic compounds

and semivolatile organic compounds respectively, The final analyses used U.S. Environmental Protection

Agency (EPA) Contract Laboratory Program (CLP) gas chromatography--mass spectrometry (GC-MS)

methods equivalent to SW-846 methods 8240 and 8270 respectively. Major volatile organic compounds not

amenable to purge-and-trap GC-MS were analyzed in a contamination-zoned laboratory using a direct aqueous

injection GC method similar to SW-846 method 8015, This method determines highly water soluble alcohols

and ketones that are not detected or that are difficult to accurately measure by the purge.and-trap GC-MS

method. These compounds include methanol, ethanol, /.propanol, allyl alcohol and/or n-propyl alcohol,

/-butanol, n-butanol, acetone, methylethyl ketone, and methylisobutyi ketone. Organic layers were analyzed

for volatile organic compounds, semivolatile organic compounds, and polychlorinated biphenyls (PCBs) by a

modification of SW-846 waste dilution method 3580 followed by CLP equivalents to SW-846 methods 8240,

8270, and 8080 respectively.

Modifications to the EPA SW-846 methods were necessary to minimize worker radiation exposure and

radioactive contamination of equipment and instruments. The sample preparation was conducted in radiation

contamination-zoned facilities, and the final analyses for volatile and semivolatile organic compounds were

carried out in conventional laboratories using unmodified CLP determinative methods. The protocols included

the use of surrogate standards in each sample, of matrix spiked samples, and of blanks. More detailed

descriptions of the analytical methods have been published elsewhereJ '_

_Fhe reporting limits of the specific EPA Target Compound List (TCL) volatile and semivolatile

organic constituents are listed in Tables 2.1 and 2.2 respectively. The reporting limits for the volatile organic

coxnpounds analyses were 5-10 _g/L for aqueous liquids and 10,00(O20,000 _tg/kg ibr the organic layer. Ft_r

the semivolatile organic compounds analyses, the corresponding reporting limits are 250-1300 /_g/L and

2(),0C)0-100,000,ug/kgrespectively. The detection limits for the alcohols and ketones determined by the direct

aqueous injection GC method are 1000/.tg/L for each compound except for allyl alcohol/n-propyl alcohol, for

which the detection limit is 2000 #g/L. The reporting limit for the PCB analysis of the organic layer is 2 _g/g.
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Table 2.1. Reporting limits for volatile organic compounds in purge
and trap GC-MS analysis

Reporting limit

Aqueous samples Organic liquids_
Compound (/,rg/L) (#g/kg)

Chloromethane 10 20 000
Bromomethane 10 20 000
Vinyl Chloride 10 20.000
Chloroethane 10 20 000
Methylene Chloride 5 10 000
Acetone 10 20 000
Carbon Disulfide 5 i0 000
1,1-Dichloroethene 5 10 000
1,1-Dtchloroethane 5 10 000

1,2-Dichloroethene (total) 5 10 000
Chloroform 5 10000
1,2-Dichloroethane 5 10003

2-Butanone b 10 20,000
1,1,1-Trichloroet hane 5 10,000
Carbon Tetrachloride 5 10,000
Vinyl Acetate 10 10,000
Bromodichloromethane 5 10,000
1,2-Dichloropropane 5 10,000
Cls. 1,3-dichloropropene 5 10,000
Trichloroethene 5 10,000
Dibromochlorometha 'he 5 10,000
1,1,2-Trichloroet hane 5 10,000
Benzene 5 10,000
Trans-l,3-dichloropropene 5 10,000
Bromoform 5 10,000
4-Methyl-2-pentanone c 10 20,000
2-Hexanone 10 20,000
Tetrachloroethene 5 10,000
l,l,2,2-Tetrachloroethane 5 10,000
Toluene 5 10,000
Chlorobenzene 5 10,000
Ethylbenzene 5 10,000
Styrene 5 10,000
Xylenes (total) 5 10,000

°1 g of organic liquid diluted to 2 mL in methanol, and 10 _L of this
mixture taken for purge and trap in 5 mL of water.

bAlso named methylethyl ketone.
CAlsonamed methylisobutyl ketone.
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Table 2.2. Reporting limits for semivolatile organic compounds by
extraction or waste dilution and GC.MS

Reporting limit

Aqueous samples Organic liquids"
Compound (_,/L) (#g/kg)

Phenol .250 20,000
Bis(2-chloroethyl)ether 250 20,000
2-Chlorophenol 250 20,000
1,3-Dichlorobenzene 250 20,000
1,4-Dichlorobenzene 250 20,000
Benzyl alcohol 250 20,000
1,2-Dichlorobenzene 250 20,000
2-Methylphenol 250 20,000
N-Nitroso-di-n-propylamine 250 20,000
Hexachloroethane 250 20,000
Nitrobenzene 250 20,000
Isophorone 250 20,000
2-Nitrophenol 250 20,000
2,4-Dimethylphenol 250 20,000
Benzoic acid 1,300 100,000
Bis(2-chloroethoxy)methane 250 20,000
2,4-Dlchlorophenol 250 20,000
1,2,4-Trichlorobenzene 250 20,000
Naphthalene 250 20,000
4-Chloroaniline 250 20,000
Hexachlorobutadiene 250 20,000
4-Chloro-3-methylphenol 250 20,000
2-Methylnaphthalene 250 20,000
Hexachlorocyc!opentadiene 250 20,000
2,4,6-Trichiorophenol 250 20,000
2,4,5.Trich lorophenol 1300 100,000
2-Chloronaphthalene 250 20,000
2_Nitroanlline 1,300 100,000
Dimethylphthalate 250 20,000
Acenaphthylene 250 20,000
2,6-Dinitrotoluene 230 20,000

3-Nitroaniline 1,390 100,000
Acenaphthene 250 20,000

1,:_00 100,0002,4-Dinitrophenol _
4-Nitrophenol 1,300 100,000
Dibenzofuran 250 ' 20,000
2,4-Dinltrotoluene 250 20,000
Diethylphthalate 250 20,000
4-Chlorophenyl-phenylether 250 20,000
Huorene 250 20,000



Table 2.2 (mntinued)

. Reporting limit _

Aqueous samples organic liq'uidsa
Compound' (_g/L) (/ag/kg)

r 1, i,

4-Nitr0a niline 1,300 100,000
4,6-Dtnitro-2.methylphenol 1,300 100,000
n-nitrosodiphenylamine _ 250 20,000
4-Bromophenyl-phenylether 250 20,000
Hexachlorobenzene 250 20,000
Pentachlorophenol 1,300 100,0130
Phenanthrene 250 20,000
Anthracene 250 20,000
Dt-n-butylphthalate 250 20,000
Fluoranthene 250 20,000
Pyrene 250 20,000
Butylbenzyiphthalate 250 20,000
3,3'-Dichlorobenzidlne 500 40,000
Benzo(a)anthracene 250 20,000
Chrysene 250 20,000
Bis(2-ethylhexyl)phthalate 250 20,000
Dt-n-octylphthalate 250 20,000
Benzo(b)fluoranthene 250 20,000
Benzo(k)fluoranthene 250 20,000
Benzo(a)pyrene 250 20,000
lndeno(1,2,3-cd)pyrene 250 20,000
Dibenz(a,h)anthracene _ 250 20,000
Benzo(g,h,/)perylene 250 20,000

°1 g of organic liquid in 2 mL of methylene chloride.
_'Cannot be separated from diphenylamtne.
_And/or dtbenz(a,c)anthracene.

2.2 TANK TH-2

The samples from tank TH-2 consisted of two aqueous liquids, L-131 and L-132. No sludge or organic

layers were found. The TCL constituents found and major Tentatively Identified Compounds (TICs) are

included in Table 2.3 for the volatile organic compounds analyses and in Table 2.4 for the semivolatile organic

compounds analyses.
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Tul'_e2..3. Results for volatile organiceotapound analysiso1'wastesamples"

T_'lnkIdentificationand componentconcentration(_.g/L)

TH-2 WC-1 WC. 15
Water blankt'

I..-131 L.132 L.124 L-134 O.130 L-126 L.127 I.,.128

Target compound list

Methylene chloride 240 160 10 8 240
Carbon disulfide 3 1
1,2-I)lchloroethene 15 15 14
Chloroform 1
1,1,l-Trlchloroethane 16
Toluene 6 6 5

Tentatively Identified compounds"

tJnknown 44 (2)
Unknown hydrocarbon 9 (2)
Ethyl ether 16 17 15
lodomethane 40 230 44
Trichlorofiuoromethane 25 190 29

"f)nly compounds whose possible presence was indicated by the analysis are listed.
bRepresentattve blank.
':Number of tentatively identified compounds tn parentheses.

Table 2.4. Retmltsfor semimlatile organleoampound anal'yr_o1'waster,aml:_"a¢

Tank Identificationand component concentration(ug/L)

TH-2 WC- 1 WC- 15
Water bl_ltakt'

L.131 L-132 L-124 L-134 O.130 L-126 I..127 t.-128

'l'argct compound

2.Chlorophenol 52
l)i-n-butylphthalate 1,903

Tcnatively identified comt'x)unds_

Unknown 13,110(13) 39,100 (3)
Unknown hydrocarbons 189,100 (15)
Brominated Benzene Deriv, 13,700 (2) "

7.

"Only compounds whose pos.slble presence was indicated by the. analysis are listed.
bWater blank.
CNumber of tentatively identified compounds in parentheses.
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2.2.1 Volatile Organic Compounds AnalysL_

There were no TCL constituents measured above the reporting limits (5-10 ,ug/L) except for toluene

(6 #g/L in both samples). The toluene was also found In the blank (5/ag/L); thus, it cannot be attributed to

the tank contents, The main TICs were lodomethane and trichlorofluoromethane, but they also were h)und

in the blank. Thus, they cannot be positively ascribed to the tank contents, Only in L.132 were the TICs

more concentrated (230 and 190/zg/l., respectively) than in the blank (44 and 29 #g/L respectively), The very

low results for the volatile organic compounds analyses are consistent with the very low total organic carbon

content oi' 13,6 mg/L for L-131 and 7,8 mg/L for L.132 (see Sect, 3,3),

Surrogate standard and matrix spike recoveries were generally good, One sample apparently had been

double-spiked with the surrogate standard, After correction for this mtstake, the recoveries were very goocl,

The matrix spike was omitted from the matrix spike duplicate sample, but the recoveries of the first matrix

spike were very good, The blank was clean,

2.2.2 Major Volatile Organic Compounds Analysis

,

No compounds were detected in this analysis, Matrix spike recoveries were very good, and the blank

was clean,

2.2.3 Semivolatile Organic Compounds Analysis

There were no TCL constituents measured above the reporting limits (250-1300 #g/L) in either

sample, although 52 #g/L of 2-chlorophenol was estimated in sample L-132, There were no TICs for either

sample, The surrogate standard and matrix spike recoveries ali were very good, and the blank was clean.

2.3 TANK WC-I

Two aqueous liquids, L-124 and L.134, were collected from this tank, The results of the volatile

organic compounds analysis and semivolatile organic compounds analysis of these samples are also included

in Tables 2.3 and 2.4,
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2.3.1 Volatile Organic Com[ rends Analysis

Two TCL constituents, methylene chloride and carbon disulfide, were determined In L-134 at levels

below the reporting limits, The former compound also was detected in the blank at a comparable level, The

carbon disulfide was very low (estimated at 3 #g/L), Two unknown TICs wcl'e detected at a total of 44 _g/L

in L.134, These results are consistent with the low total organic carbon (TOC) found in these samples

(35 mg/L for L.124 and 38 mg/L for L.134) (see Sect, ?),

The recoveries of both the surrogate standards and the matrix spikes were very low (< 14%) for these

samples, The most likely cause is leakage in the new purge.and.trap apparatus used in the glove box, These

samples will be rechecked after the apparatus is leak.checked and its performance is verified with control

samples,

2.3.2 Major Volatile Organic Compounds Analysis

No volatile organic compounds were detected in these samples, Matrix spikes were good, anti the

blanks were clean. These results support the findings of the volatile organic compounds analyses,

2.3.3 Semivolatile Organic Compounds Analysis

There were 11oTCL constituents found for either sample, Thirteen TICs totaled 13,000 _ug/Ltn

sample L-134, Surrogate standard recoveries were good (but trtbromophenol was above quality control limits

for water), and matrix spike recoveries were good except for phenol, 2-chlorophenol, 1,4-dichlorobenzene, and

1,2,4.trichlorobenzene in the matrix spike duplicate, The blank was clean,

2,4 TANK WC- 15

The samples from thts tank consisted of three aqueous liquids (L-126, L.127, I.,-128) :anda thin oil

layer (O-130) that appeared mu,_hlike 90-weight oil, These samples had very low levels of radioactivity, The

results of the volatile organic compounds analyses and semivolatile organic compounds analyses for these

samples are included in Tables 2,3 and 2,4,
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2.4.1 Volatile Organic Compounds Analysis

Because of the low radioactivity of these samples, the aqueous llquld_ were not prepared off-line by

remote purge-and-trap In a glove box, but rather they were prepared by direct purge-and-trap GC-MS, TCL

constituents measured included traces of methylene chloride and 1,1,1.trlchloroethane (these also were found

in the blank) and traces of 1,2-dtchloroethene (14-15/.g/L), Carbon disulfide tn L-i28 (estimated at 1 #g/L)

was essentially insignificant, Ali ttlree samples contained the TIC ethyl ether (approximately 15-17 #g/L),

and L_128 also exhibited two unknown TICs totalling 9 /.rg/L, These very low concentrations of volatile

organic compounds are consistent with the low total organic carbon determinations of 21, 19, and 24 mg/L

for L-126, L-127, and L.128 respectively (see Sect. 3,3). Surrogate standard recoveries were ali within quality

control limits, but the holding time for groundwater samples exceeded by 7 d the time allowed.

The otl sample dtd not contain TCL compounds or TICs detectable by the volatile organic compounds

analyses¢ this indicates that lt is a relatively heavy oil devoid of volatile organic matter, lt appar,'ntly does not

have an appreciable solubility in the aqueous layer,

2.4.2 Major Volatile Organic Compounds Aaalysis

No compounds were detected in the aqueous samples. This method is not appropriate for the oll

layer, and that sample was not analyzed, Matrix spike recoveries were good, and the blank was clean.

2.4.3 Semivolatlle Organic Compounds Analysis

The semivolatile organic compounds analysis did not have any TCL constituents or TICs for the

aqueous samples. The oil layer did have one TCL, di-n-butylphthalate, at 1900 _g/kg. The essentially

hydrocarbon nature of the oil is suggested by the 15unknown hydrocarbon TIC.s totalling about 189,000 _zg/kg,

the 3 unknown TICs totally about 39,000/_g/kg, and the 2 TICs apparently consisting of brominated benzene

derivatives (possibly bromodiethyl benzenes), ali of which a_ ,led up to 14,000/.tg/kg. The sum of the TCL

constituents and the TICs t,;approximately 243,800/.zg/kg (about 0.02 wt %), The bulk of the GC.MS profile

was a large unresolved hump (typical of a heavy oil).
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The surrogate standard and matrix spike recoveries were ali good except for the slightly low

2.fluorobiphenyl in L.127 and the lack of recovery of 4.nitrophenol in both the matrix spike and matrix

spike duplicate, The blank was clean,

2.4.4 PCB Analysis

Negative-ion, chemical.ionization GC-MS was used tc) examine the oil sample O-130 for PCBs and

polybromlnated biphenyls, Neither was detecled, However, chlordane was positively identified by GC.MS

and measured by SW 846 method 8080 at _0,000 _g/kg. This would explain the response observed in the

PCB analysis, In addition, pentachloronaphthalene was qualitatively identified by GC.MS,

2.5 CONCLUSIONS

The aqueous samples for tanks TH-2, WC-1, and WC-15 do not contain appreciable concentrations

of EPA TCL compounds. These conclusions are supported by low total organic carbon concentrations, the

generally good surrogate standard and matrix spike recoveries, and the clean blanks. The oil layer in tank

WC-15 appears to be essentially a heavy hydrocarbon mixture with low concentrations of chlorinated

aromatic compounds. The oil does not appear to have contaminated the aqueous layer.
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3. RADIOCHEMICAL AND INORGANIC ANALYTICAL SUPPORT

3.1 INTRODUCHON

Radiochemical and inorganic characterization of radioactive liquid waste from numerous inactive _:; _ i'

waste tanks is currently managed by the Environmental Restoration Program. Because information obtained

from these studies will be used tn support :of various activities, standardized analytical procedures were used

as much as possible for ali measurements) '7'8Frequently, modifications to the standardized procedures were

necessary because of the radiation levels and the generally complex chemical nature oi the samples.

Deviations from standard procedures were documented in the raw data flies for these measurements,

The analytical methodology required for the characterization of the radioactive waste has gone

through numerous changes since the initial sampling campaign _ for the inactive LLLW tanks. There was

limited experience with LLLW tank analyses during the first tank-sampling campaign, and there was an

attempt to follow regulatory procedures for many of tt_e measurements. However, it has been found that

many of the regulatory procedures are inadequate or simply do not give valid data for LLLW tank samples.

The reason for failure of the regulatory procedures is related to both the restrictions involved with handling

radioactive materials and the complex chemical composition of most LLLW samples. As experience was

developed with LLLW tank measurements, a number of instrumention needs were identified, procured, and

placed into service to support the various programs involved with LLLW tank characterization. This

expansion of analytical capabilities, along with the experience gained, has resulted in a significant

improvement in the analytical data for LLLW tank samples and is discussed in this section. 'Ihe analytical

results are presented in Tables 3.1 through 3.3.

3.2 SAMPLE PREPARATION

Liquid samples were filtered and digested with nitric acid prior to analysis for metals. A 0.5-mL

aliquot of a 1-rag/mL scandium standard was added prior to dilution to serve as an internal standard for

inductively coupled plasma (ICP) analyses. The liquids were either analyzed directly or after a dilution with

2 M nitric acid for the radiochemical measurements.
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Table 3.1. Analytical data for tank TI|-2 liquid Lamp_
p

Samplea TH2-L131 ' TH2-L'132

Physical propertk_ and mi_ellancous data
TDS, mg/mL 4.9 5.0
TS, mg/mL 5.1 3,3
Density, g/mL 0,9989 1.0002
lC, mg/L <0.1 0.2
TC, mg/L 13.6 8,0
TOC, mg/L 13.6 7,8

I,

RCRAmetals(mr/L)
Ag <0.2 <0.2
,As <2 <2
Ba <0.1 <0.1
Cd 0.083 < 0.08
Cr 0.80 0,68
Hg 2.8 2.7
Ni 0.58 0.43
Pb 1.9 2.1
Se <1 <1
"II <.0.5 <0.5

Proemm _ (mg/L)
B <0.7 <0.7
Si <1 <1
Th 1.68 1,71
U <8 <8

Anions(mr/L)
Bromide 1510 1510
Chloride 18 18

Cyanide 0.28 0.22
Fluoride 17 17
Nitrate <10 <10

Phosphate < l0 < 10
Sulfate 26 26
Sulfide <0.1 , <0.1

Alkalinity
pH 2.44 (2.12)b 2.46 (2.14)
H +, M 0.056 0.056
OH, M NAc NA

CO32",M NA NA
HCO3",M NA NA

aeta/gammmittm (ao/mL)
Gross alpha 87.6 (58) 84,5 (52)
Gross beta 9_0 (8690) 9450 (8730)
14C 2350 < 1
_Co 4 (3.6) <3 (2,2)
137C_.s 2710 (2730) 2740 (2640)
3H 2.34 2.39

9°Sr 2820 (2780) 2920 (2720)

Alpha emitteta (lkl/mL)
Z32U NDa 5
233U 15 17
239pu/2a_pu ND ND
23apu ND ND
241Am ND ND
244Cm ND ND

aACD sample request numbers IPA6285, TRU9069, CPA10586.
/'Data enclosed in parentheses were duplicate measurements by."l'/d.. group.
CNA = analysis not applicable for sample.
aND = analyte not detected for sample.
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Table3.7. AnaMica]daU_for tankWC-Iliquidand_udgetam#es

Samplea WC1-L124 (liquid) WC1-LI34 b (liquid) WC1,L134S (sludge)

Physical _ and miu:dlaneom data
TDS, mg/mLor mg/gc < 1 < 1a NAt
TS, mg/mL or mg/g < 1 ' < 1 NA
Density, g/mL or g/g 0,9750 0,9760 NA
lC, mg/L or' mg/kg 32 23 560
TC, mg/L or mg/kg 67 61 9930
TOC, mg/L or mg/kg 35 38 9370

RCitAmeta_(m_ or mr,_)
Ag < 0,04 0.33 <40
As 1,3 2.0 < 300
Ba <0,02 93 927
Cd <0,02 0,10 4.0
Cr < 0,02 ',_,9 112
Hg <2 <2 193
NI <0,1 <0.1 10
Pb <0,2 61 771
Se 2,4 <0,02 <20
TI <0.1 <0,1 <90

Pmc_ metals (mf_ or m_)
B <0.04 <0,04 <40
Si 10 90 NA
Th <0.3 <0.3 <200
U <2 <2 <100

aaiom(mr,/Lor me,A)
Bromide < 10 < 10 <495/
Chloride 113 114 220
Cyanide <0.05 <0.05 0,33
Fluoride 0,60 0.70 75
Nitrate < 10 <10 3680
Phosphate < 10 < 10 <99
Sulfate 196 204 449
Sulfide <0,1 1.4 0,99

Alkal_ty
pH 8,25 (6,50)g 7,46 (6.39) NA

Beta/gamma emitteta (Bq/mL or l/q/g)
Gross alpha 5 (<50) 286 (1560) 8,07e+04 (8.62e+04)
Gross beta 64,200 (68,600) 73,000 (110,000) 1.09e+06 (1.36e+05)
241Am <300 131 (<300) 1,57e+04 (1.73e+04)
I4C 276 375 1,884:+04

6°Co 767 (852) 432 (594) 1.30e+05 (1,29e+05)
137Cs 59,200 (58,000) 61,700 (56,500) 2.69e+05 (2.73e+05)
15;'Eu <30 <30 <2,68e+02 (< 1.86e+03)
154Eu <30 <30 4.12e+03 (4.66e+ 03)
lSSEu < 150 < 150 3.16e+03 (4.12e+03)
3H 1,600 1,590 4.30e+02
9°Sr 1,290 (1,270) 1,420 (3,310) 3,03e+05 (4,03e+05)

Alpha emittma (lkl/mL or Bq/g)
_2[j ND h ND ND
Z33U ND ND ND
_gPu/24°pu ND ND ND
238pu ND 1,110 4,06e+04
241Am ND 200 3,48e +04
244Cm ND 251 1.08e+04

aACD sample request numbers IPA6324, TRU9239,
bLarge amount of suspended particles present; difficult to obtain representative sample. For the physical and

inorganic data, the particlulates were allowed to settle prior to mmpllng for analysis; the duplicate radiochemical data
and the alpha emitter data were obtained from a well-mixed sample,

VI'hesludge sample data are reported on a weight basis.
dTS/I'DS data obtained after suspended solids had settled out,
_NA = analysis not applicable for sample,
/Sludge anions obtained from microwave-heated water-leach of sample.
A'Dataenclosed in parentheses were duplicate measurements by TAL group.
hND = analyte not detected for sample.
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Table 3.3. Analytical data for tank WC-15 liquid mampl_

Sam pie a WC15-1_.126 WC 15-L127 WC15-I..128 WCI 5-O 13(1

l'hysical,pr[Racrtit_and miscellaneousdata

TDS, mg/mL < 1 <1 < 1 < 1

TS, mg/mL < 1 < 1 < 1 < 1

Density, g/mL 0.9560 0,%10 0,9620 0,9570

lC, mg./L 98 _ 102 100

TC, mg/L 119 118 126 435

TOC, nag/l_ 21 19 24 335

RCRA metals (mg/l.)
Ag < 1 0.22 0.16 < 1,0
As <8 <8 <8 <8

Ba 0,10 0.03 0,08 0.05

Cd <0,5 <0,5 <0,5 <0,5
Cr <0,5 <0,5 0,3 <0,5

ng <2 <2 <2 <2
Ni 0.11 <2 0.11 0,16

Pb <5 <5 <5 <5

Se 0,58 0,05 0.3 <0.5

TI <2 <2 <2 <2

Prot_ss metals(rag/L)
I_ <1 <1 <1 <1

Si 5,2 <2 <2 <2

q'11 <7 <7 <7 <7
U 1,4 3,7 <50 2.4

Ani,)ns(mg/L)
l_r(,mide < 10 < 10 < 10 < 10

Chloride 89 8'7 89 85

C.-'ya nide < 0,05 < 0.05 < 0,05 < 0,05
Fluoride 1,2 1,2 1,2 1,2

Nitrate <10 <10 <10 <10 '

Ph_sphate < 10 < 10 < 10 < 10
Sulfate 50 50 .",,8 41

S ulfide < 0,01 < 0,01 0,2 1,3

Alkalinity

pl l 8,8 (8,52) b 8.7 (8,50) 7,7 (8,53) 6,5 (8,39)
l t +, M NA c NA NA NA
Ol I', M NA NA NA NA

(.O3"', At NA NA NA NA
11(703' , M NA NA NA NA

I/eta/gamma emitter,,; (IRl/ml.)

(._ross alpha 0,89 (< 1) 0,13 (< i) 0,43 (< 1) 0,56 (<1)

(;ross beta 11,7 (<10) 10,3 (<10) 14,6 (<10) 15,4 (<10)
14C < 1 < 1 33 95

_'Co < 0.2 < 0.2 < 0,2 < 0.3

137(:.s 3.0 (<5) 3,1 (<5) 4.0 (<5) 3.5 (<5)
31t 18.4 18,6 18,9 18,5

_)Sr 1,40 (< 10) 1.71 (< 10) 1.93 (<10) 3,36 (<10)

Alptm emitters (llq/ml..)
_V'l.l d

_3 U

Z_ql_U/2"mPU
L_81)u

2,11Am
24,1Cm

aACD sample request numbers IPA6332, TI_.U92:k-q,

/'Data enclosed in parentheses were duplicate measuremenls by TAI.. group.

':NA = analysi'3 not applicable for sample.

a(iross all)ha t c_) low for alpha spectroscopy measurements. (
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Sludge samples from tank WC-1 were prepared by microwave digestion with a CEM MDS-81D

microwave instrument. The digestion procedure is similar to the proposed SW-846 method 3051, Microwave

Assisted Acid Digestion of Sediments, Sludges, Soils, and Oils. Approximately 1 g of sludge sample was placed

in a Teflon© vessel (120-mL size) with 10 mL of nitric acid. After heating for 2.5 rain at 100% power and

10 rain at 80% power, the sample was allowed to cool to room temperalure. After cooling, 2-5 mL of 30%

hydrogen peroxide was added a drop at a time to the solution. On the completion of effervescence, the

samples were filtered through a No, 541 Whatman filter and diluted to 100 mL with American Society for

Testing Materials Type II water. A 1.0-mL aliquot of a 1.0-mg/mL scandium standard was added prior to
I

the dilution. The scandium serves as an internal standard to account for matrix interferences with ICP

analyses.

3.3 CARBON ANALYZER

Liquids were assayed for total carbon (TC) and inorganic carbon (IC) on the Dohrmann carbon

analyzer. The TC was measured by direct sample injection into a combustion tube packed with cobalt oxide

and maintained at 900 °C. The furnace was continually sparged with oxygen; this converted ali carbon to

carbon dioxide and transported the off-gases through a detector chamber. The carbon dioxide was detected

by a nondispersive infrared (IR) detector. Liquids were assayed for lC by sample injection into a phosphoric

acid bath that converted carbonates to carbon dioxide. The phosphoric acid bath was continually sparged

with oxygen; this transported the evolved carbon dioxide to the lR detector.

An optional solids adapter for the Dohrmann carbon analyzer was used to measure TC and TOC

in the sludge samples. Sludges were assayed for TC by placing the sample in a platinum boat, tl_en heating

the sludge to 900°C to oxidize organic species and any elemental carbon and to decompose carbonates. The

furnace was continually sparged with oxygen; this passed through a combustion bed packed with cobalt oxide

for conversion of carbon-bearing species to carbon dioxide. The evolved carbon dioxide was transported to

the IR detector. Sludges were assayed for organic carbon after pretreatment with concentrated nitric acid.

The sample was weighed, acidified, and dried before placement in the same furnace used for TC

determination.
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3.4 ION CHROMATOGRAPHY

A Dionex 4506i ion chromatograph having a pulsed electrochemical detector was Installed tn a

radiochemical hood to improve analytical capabilities for (1) anions (fluoride, chloride, bromide, phosphate,

nitrate and sulfate) and (2) alkali metals (sodium, potassium, and cesium) and for cyanide/sulfide

measurements Another improvement over earlier LLLW tank studies _was the inclusion of an HPIC-AS2

(Dtonex colum;a) anion separator column; this column has a high affinity for nitrate and permits earlier eluttng

anions to be determined without significant interference from nitrate.

The determination of tile common anions listed above was primarily fo:ctreatability studies, but the

anion data were also useful for understanding the distribution of various metals between the liquid and solid

phases. The measurement of these anions on a system that was configured for radioactive samples was a much

needed improvement over the last sampling campaign, t For this project, only the liquid samples were analyzed

for the anions.

The determination of anions within the sludge phase of the LLLW tanks is a problem area. Ion

chromatography may not be appropriate for anion determination in sludge samples because the solid phase

must first be placed into solution with a strong acid. The use of a strong acid to dissolve the sludge samples

places severe limitations on the anions that can be determined by ion chromatography. Considerable

development work may be required to obtain useful anion data for the sludge phase of the waste tanks. An

alternative to direct measurement of anions in a sludge sample is to develop a protocol that involves several

leaching steps to characterize the soluble anion content in a sludge material. A procedure where the sludge

sample was leached with successively increasing concentrations of acid would account for greater than 90%

of the sample anion content (greater than 50% of most sludges observed to date will dissolve in distilled

water),

A basic limitation of ion chromatography is that the relative concentration of ali anions must be within

a factor of about 100 or the predominate species behaves as an eluent for the other anionic species resulting

in ali anions eluting in a single band. High levels of certain anions can bc tolerated by the use of special

precolumns to reduce the level of a predominate species; however, these precolumns were not available for

this project. The new ion chromatograph will permit more methods development work, and improved

anion/cation data should be obtainable for future LLLW waste-tank samples.

l
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3.5 CYANIDE/SULFIDE ANALYSIS

Numerous attempts have been made to use the regulatory procedures (EPA methods 9010 and 9030)

for cyanide and sulfide with little or no success. The regulatory procedure uses 500 mL of sample, but this

is unacceptable for radioactive samples because of their high activity, In addition, a more serious problem

with the EPA procedures is a result of severe chemical interferences resulting from the complex chemical

composition of radioactive waste samples, To overcome the problems with cyanide and sulfide

measurements, a two-fold solution was required, First, a Lachat Micro-Dtst, which i_ a microdistlllatlon

apparatus, was used to handle the cyanide/sulfide distillation from radioactive samples, The advantage of

the Lachat system is that minimal sample handling is required by the analyst, and up to 21 samples can be

distilled at the same time in a small space (available radiochemical hood space is very limited). The Lachat

distillation tube is a disposable unit that separates the sample from a basic scrubber with a hydrophobtc

membrane. This distillation tube is simple, easy to handle, and could be adapted to a glove box operation

if necessary. The second problem, chemical interferences, was resolved by measuring the cyanide and sulfide

by ion chromatography with electrochemical detection.

The cyanide and sulfide were distilled from 6 mL of sample using the Lachat Micro-Dist method

"Cyanide 1" procedure. The Lachat procedure was modified to include sulfamic acid, which is recommended

for a high nitrate matrix, in the releasing solution. The releasing solution is simply an aliquot of acid added

to the sample to evolve hydrogen cyanide and hydrogen sulfide. The cyanide and sulfide were then

measured in the distillates by ion chromatography with a 0.025-mL sample loop injection and an HPIC AS-

7 separator column. The cyanide and sulfide were detected by direct current amperometry. Both standard

measurements and spike recoveries have been excellent with this procedure.

3.6 RADIOCHEMICAL CHARACTERIZATION

The radiochemical characterization of the LLLW tanks included gross alpha, gross beta, gamma

spectrometry, _°Sr, and actinides by alpha spectrometry. To ensure valid data, ali of the previous

radiochemical measurements except the alpha spectrometry were duplicated by two separate laboratories.

A brief description of the radiochemical methods, along with typical detection limits, _ is given elsewhere.

In addition, _4Cand tritium were determined by liquid scintillation on ali liquid samples, and _4Cwas

determined for ali sludge samples. Although not measured for this project, it is recommended that both

99Tc(tvz = 2.13 x 105 years) and _29I(t_ = 1.6 x 10 7 years) be determined on selected samples from this

project.

-__
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3.6.1 Liquid Scintillation Counting

A Packard 2500TR liquid scintillation system was used for _4Cand tritium measurements, The tritium

was measured in liquid samples after distillation from a basic solution. A Dohrmann carbon analyzer was used

for 14Canalyses,

The Dohrmann carbon analyzer is equipped with a combustion tube for solids a0alysis that was

adapted to the analysis of _4C, In this procedure samples were heated to 900°C to volatilize organic

compounds, to decompose carbonates, and to oxidize elemental carbon. The furnacewas continually sparged

with oxygen, and ali off-gases were passed through an oxidizing bed (cobalt oxide) to convert organic species

to carbon dioxide, Samples were collected in gas-washing bottles filled with a carbon dioxide-absorbent

solution, Aliquots of the carbon dioxide-absorbent solutions were plpetted into a compatible liquid

scintillation cocktail and counted.

3.6.2 Sample Preparation for Alpha Counting

A rapid and reliable method was needed to prepare clean alpha plates from samples of inactive waste

tanks. Excessive solid materials on these prepared alpha plates led to self absorption, flaking, and poor alpha

spectrometry for isotopic determination. The method used to clean up these samples is based on a double

precipitation with ferric iron, Ferric nitrate is first added to the sample solution; this is then heated to boiling

and followed by a drop-by-drop addttion of NH4OH to precipitate what is best described as hydrous ferric

oxide (FezOa-nHzO) but is commonly called ferric hydroxide. Yields have been reported 9in excess of 97% for

uranium and the transuranic actinides copreclpitated with the ferric hydroxide,

Because of excessive solids, the isotopic composition could not be accurately determined on the LLLW

tank samples that were plated directly. There was no significant difference in the pulse-height analysis of the

single and double iron precipitates; however, tpe second precipitation was required for valid gross alpha data,

This method is reliable, rapid, and generates very little waste, It can easily be carried out on samples with low

alpha activity and results in minimal dilution of the sample (dilution factor less than 5).
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4. SI._dMARY

4.1 TANK TH-2

Tank TH-2 contains about 70 gal of liquid and no sludge, Low levels of Resource Conservation and

Recovery Act (RCRA) metals (Cr, Hg, Pb, and Ni) were observed in this tank, but only the mercury level

exceeded the RCRA Umtt, Only long-lived fission products _37Csand 9°Sr (along with their short.lived

daughter products 137Ba and _') were observed at an appreciable level. The alpha activity in this tank was

less than 100 Bq/mL; this is well below the transuranic (TRU) waste limit of 37t_ Bq/g. An unusually high

level of bromide measured in this tank suggested that the contents (zinc bromide) from a used hot-cell window

were discharged into the tank. However, only trace levels of zinc were measured in the tank.

Concentrations of regulatory organic compounds were very low in the liquid, There were no EPA TCL

constituents for volatile organics in either of the two liquid samples, but 230 p.g/L of iodomethane and

190/zg/L of trichlorofiuoromethane were estimated in the TICs for sample L-132. Only 2-chlorophenol

(52 _zg/L)was found in the semivolatile organ!cs analysis of sample L-132,

4.2 TANK WC-1

Approximately 375 gal of liquid remain in tank WC-I. Samples were taken from the top and bottom

of the liquid layer. Tile bottom sample contained finely suspended particles that were filtered from the liquid

for separate analysis and analyzed as a sludge sample. The liquid portion associated with the suspended solid

has elevated levels of RCRA metals (Ba, Cr, and Pb), and the Pb level is greater than the RCRA limit by a

factor of 10. The solid portion of this sample measured high in Ba, CA, Cr, Hg, Ni, and Pb. The Cr, Hg, and

Pb ali exceed the RCRA limits in the solid material. Only 137Csand °°Srwere observed at an appreciable level

in the liquid phase of this tank. A much higher level of long-lived fission products was observed in the

suspended solids. Also, the level of transuranium elements (Z_Pu and Z4tAm) is high enough to classify the

solid as TRU waste. The alpha activity in the liquid phase is below this limit for TRU waste classification.

Similar to tank TH-2, the two aqueous samples for WC-1 contained very little detectable organic

matter. The main findings were 2 unknown TICs totaling 44/hg.,/L in the volatiles and 13 unknown TICs

adding up to 13,000 ktg/L in the semivolatiles. However, the volatile organic surrogate standard and matrix

spike recoveries were unacceptably low.
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4~_ TANK WC-15

Tank WC.15 has a capacity of I(X)Ogal and was discovered to be completely full during sampling,

A thin, light oil layer is present above the aqueous phase, Four samples were collected from the tank, and

both the aqueous and oil layers measured only trace levels of metals or radionuclides,

The aqueous samples contained very little organic matter suggesting that the oil has little solubility
p

, in the aqueous layer. There were no TCI., constituents detected or TICs for the semivolatlle organics

analysis, and the volatile organics analysis showed only traces of the TCL compounds dlchloroethene (14-15

/zg/L) and ethyl ether (15-17 /zg/L),

The analysis of the oil layer detected no volatile organics compounds and only one TCL constituent,

di-n-butylphthalate at 1,900 _g/L. The hydrocarbon nature of the oll was evident by the 189,000/zg/kg of

hydrocarbon TICs and the large, unresolved "hump" in the GC.MS chromatogram, Chlordane was detected

at 60,000 kLg/kg,and pentachloronaphthalene was qualitatively identified,

z

d

q
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