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244Cm, 241Arn, '""es, 2281'h, 232rTh 7 )  w2U ISZEu, lS4Eu, 15SEu, 14C); anions (Cl-> F", NO,", PO,-*, SOq-2, CN-, OW-, 

H', C03-2, and HCQ-); and several physical measurements. 

Determination of the RCRA status of the lank contents depends upon the h a ~ r ~ o ~ ~  characteristics 

of the waste and upon a comparison of the waste constituents to the list of RCRA hazardous wastes 
contained in the Code of Federal Regulations (40 CFR Pts. 251.31, 261.32, and 261.33). Tanks that 

contained no RCRA characteristically hazardous (or potential RCRA characteristic as deterniined by the 

EP Toxicity equivalent of total RCRA metal concentration) or KCRA listed organic constituents were W1, 

W2, and "30. At this stage of analysis, the remaining tanks should be considered as containing RC 

waste. 
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1. SAMPLE COLLECTION FROM THE INA- TANKS 

1.1 INTRODUCTION 

This report prescnts the results of a 2-year effort to sample and analyze the contentc of the 33 inactive 

radioactive waste storage tanks located at the Oak Ridge National Laboratory (ORNL). To date, 30 of 

these tanks havc been sampled and analyzed; sampling activities are in progress for the remaining three 

tanks. All these tanks no longer comply with U.S. Environnicntal Protection Agency (EPA) rcgulations for 

storage or treatment of hamdous wastes and, therefore, will require final closure. The sampling and 
analytical activities described in this report arc the first steps necessary for final closure. 

This section describes the sample collection activities associated with the 30 tanks. Seetioils 2 and 

3, respectively, describe the methods used to characterize the organic contents in the tanks and the organic 

analytical results. Section 4 describes the radiochemical and inorganic characteri7ation of the  tank contents; 

Sect. 5 presents a rcgulatory analysis of the analytical results. 

1.2 BACKGROUND 

ORNL is located 40 krn (25 miles) west of Knoxville, Tennessee, and began operation in 1943. 

Production of radioactive and/or hazardous chemical wastes has continued since its beginning as a part of 

normal facility operations. Underground storage tanks have been used to collect, neutralize, store, and 

transfer the liquid portion of these wastes. Of these tanks, 33 have been placed o u t  of service because of 

operational difficulties or system improvements to the waste-handling operations. 'The 33 waste-storage 

tanks are located throughout ORNL, but most are located within the main plant arca (Figs. 1.1 and 1.2). 

In general, the wastes from these tanks were pumped out as they were removed from servicc. But 

because these tanks were managed by various divisions within ORNL, little inforniation exists on the residual 

liquid and sludge that remain. These tanks were constructed of steel or concrete, and they vary in size and 

agc (Table 1.1). Of the 30 tanks sampled to date, 27 were found to contain residual liquid, and 17 to 

contain sludge. 

1.21 Need for Sampling and Analysis 
The primary purpose for sampling the inactive waste tanks is to determine whether these tanks contain 

hazardous wastes as defined by the EPA Resource Conservation and Recovery Act (RCRA) regulations 

(40 CFR Pt. 261, Subparts C and D). Closure deadlines would then be in force for any tanks containing 
such RCRA wastes. Of equal importance, the tank contents need to be characterizcd sufficiently to select 
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viable treatment strategies and meet final waste-form criteria. Among the possible treatment strategies 
considered are in situ grouting, in situ vitrification, incineration, chemical desorption, and transfer of the 

liquid wastes into the active waste trealment facility at ORNL. 

13 SMLINGACXIWTES 
1.3.1 SampIe-Chllection Strateg 

From the outset of this project, it was realized that sample analyses would provide only a relative 

quantification of the tank liquid and sludge contents and were not meant to be statistically defensible 

according to EPA SW-846 protocol. Because of the physical design of most of the tanks, sample collection 

could take place only from within a very limited area inside the tank (Fig. 1.3). Sample quantities were also 

limited to minimize radiation exposure to  the field personnel collecting the samples. However, given the 
length of time the tank contents have had to settle, very little nonhomogeneity was expected to be found 

from different areas within the tank liquids. 

13.2 Collwtion of Liquids 
Most liquid samples were collected with a small vacuum pump, as shown schematically in Fig. 1.4. 

While it was realized that this procedure could volatilize the lighter organics in the liquid, this approach 

minimized radiation exposure to the personnel and was quite simple to operate. Liquid samples were 

collected into 250-mL glass sample jars with Teflon -lined caps and given unique identification numbers. 

The samples were surveyed by the Health Physics (HP) technician, sealed, placed in a lead pig, and 

immediately delivered to the High Radiation Level Analytical Laboratory (HRLAL). Usually, a second 

sample was collected and archived for future studies. 

Vertical stratification within the liquid was expected in several tanks. Therefore, for tanks with liquid 

levels greater than 5 ft. deep, liquid samples were usually collected near the top at the midpoint, and at the 

bottom of the tank. Otherwise, samples were collecled from the top and bottom of the tank. For very 
shallow liquid levels, only one sample was collected. 

13.3 Collection of Sludges 

As stated earlier, 17 of the tanks sampled were found to contain sludge. Liquid/sludge interfaces in 

the tanks were found using the Markland Model 10 Sludge Gun. This tool measures the amount of light 

transmitted across a fued gap in the probe to detect changes in percent solids of the liquid. As the probe 

enters the sludge, an alarm sounds and the operator logs the depth. From earlier reports, "soft" and "hard" 

sludges were expected to be found in the tanks. Two different sludge collcctors were prepared, as shown 

in Figs. 1.5 and 1.6. Attempts to collect sludge were made first with the soft-sludge collector. This collector 
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has an open-ended sample-collection tube at the bottom. After the sludge enters the collection tube, a flat 

plate coated with neoprene is rotated ovcr the opening. 

The hard-sludge collector uscs a beveled cutting edge to core samples as it is diiven into the sludge. 

Therefore, this collector wa5 not used 0x1 the steel tanks for fear of puncturing the tank shell. Hard sludges 

were recovered from only 4 o f  the 12 concrete tanks sampled. 

The sludge samples were surveyed by the MP technician, placed in protective containers, and 

immediately delivered to the HRLAL. No sludge samples were archived because of the high activity levels 

expected to be found. 

1.4 QUALI'IY ASS[ JWANCE 

1.4.1 Sample Collection 

Quality assurance during tank sampling activities was maintains primarily through the use of tank- 

specific procedures for the sampling crew te follow. These procedures provided step-by-step instructions 

for the collection, labeling, and shipping of each sample. If any procedural changes were rcquired, the 

Project Manager was notified, and approval was rcquired from the appiopriate levels of management before 

operations could begin. An independent surveillance by the Quality Assu!ailcc Specialist verified that 

sampling procedures, chain-of-custody criteria, radiation protection, and operator training were in compliance 

with all written proccdures. 

All field data, such as liquid and sludge depths, sample identification numbers, location of the 
sarnpling port on the tank, and field surveys were recorded on dafa h m s  to ensure an accurate account of 

rhc sampling activities. Chain-of-custody forms were used to tiack individual samples from their collection 

point to thc individual laboratories conducting the analyses. 

Quality assurance during sample analyses is more fully described in Sects. 2 through 4 of this report. 

Although there are no standard regulatory method? for the analysis of radioactive wastes or mixed wastes 

(Le., radioactive wastes rnixzd with hazardous constituents), the IIIRLAT, attempted to follow as closely as 

possible the regulatory procedures for the analysis of hazardous wastes (EPA SW-846,' EPA CLP,' and US 

EPA-600/4-79-0203). No attempts were made to spike samples di.rring collection bccause spiking would 
increase exposure to the sampling crew. In addition, to minimize exposure to the crew, regulatory 
procedures for filtration and acid preservation during collection were not follomed. 
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2 ORGANIC ANALYTICfi METHODS 

2.1 NJXODUCI'ION 

No standard U. S .  Environmental Protection Agency (EPA) methods exist for the preparation and 

analysis of mixed wastes, and very few laboratories have experience in this area. Therefore, the organic 
chemical characterization in this project required that much of the methodology be developed as it was 

needed rather than during a preliminary developmental phase. 

The approach taken for the determination of regulated organic compounds in the samples collected 

from the inactive tanks was to prepare decontaminated extracts in (radioactive) contamination-zoned facilities 

and to perform the analytical measurements in conventional analytical laboratories. The preparation 

mcthodologies followed EPA S W-846' or Contract Laboratory Program (CLP) methodology2 as closely as 

possible. Method deviations required by the radioactive nature or  other characteristics of the samples were 

documented. The quantitative measurements were conducted by EPA CLP methods. The staff of the High 

Radiation Level Analytical Laboratory received and logged in the samples and transferred aliquots to the 

Separations and Synthesis Group for organic analytical preparation. Except for the direct aqueous- 

injection-gas-chromatographic determination of major volatile organic compounds, all the quantitative 

measurements were performed by the Organic Analysis Group. All sample transfers were accompanied by 

chain-of-custody documentation. 

The CLP analyses were specifically calibrated for the EPA CLP Target Compound List (TCL). 
Because EPA Region IV staff suggested analyzing for as much of the Appendix VI11 list as possible within 

the constraints of worker protection, the detection of such compounds as Tentatively Identified Compounds 

(TICS) also was investigated. The following subsections describe the methods used in this project. 

22 VOLATILE ORGANIC COMPOUNDS ANAL,YSIS 
2.21 Method Description 

221.1 Radioactive aqueous liquids; 
Volatile organic compounds werc determined using modifications of SW-846 method 5030 and the 

CLP methold for volatiles in water by purge-and-trap gas chromatography-mass spectrometry (GC-MS), which 

is very similar to SW-846 method 8240. 

The main deviation from EPA methodology was that the purge-and-trap step was conducted in a glove 
box that is remote from the GC-MS laboratory. Figure 2.1 shows the purging head being assembled inside 

a glove box. The heavy gloves considerably limit freedom of motion and manual dexterity. The unopened 

bottles of aqucous liquid samples were bagged into the glove box after initial gross alpha and beta/gamma 
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helium was flowed though the trap at a rate of 35 mL/min for 11 min. The helium stream was bubbled 

through 5 mL of laboratory-distilled water held in a conventional purge-and-trap vessel in a Tekmar LSC-2 

purge-and-trap apparatus. The water contained the CLP internal standards. This bubbling was part of the 

CLP method conventional purge-and-trap cycle that transferred the sample to the internal trap in the LSC-2 

and then to the GC-MS for identification and quantitation by the CLP internal standard procedure.’ In SW- 

846 method 8240, the internal and surrogate standards are added together to an aqueous sample just before 

purging. In this work, the surrogate standard was added before the first purge-and-trap step in the glove 

box, and the internal standard was not added to the sample until the second purge-and-trap step conducted 

in the analytical laboratory. This deviation allowed the overall recoveries from both purge-and-trap steps 

to be evaluated with the surrogate standard; it also allowed problems in the first and second purge-and- 

trap steps to be differentiated. The reporting limits for this method are essentially the same as those for 

the SW-846 or CLP methods, 5 to 10 pg/L. 

221.2 Aqueous liquids with very little radioactivity 
The aqueous liquids in tanks WC-17 and 7860A contained little radioactivity and could be analyzed 

in a conventional laboratory. However, several of these samples were in contact with organic layers in the 

tank, and the levels of organic matter dissolved in the aqueous layers were expected to be high. Therefore, 

small amounts were placed in 1.5-mL septum-capped vials without leaving any headspace, and these vials 

were screened by the Health Physics Inspector before they were transferred to the Organic Analysis Group 

sample receiving laboratoq for analysis by the CLP purge-and-trap GC-MS method (similar to SW-846 

method 8240). A 50-pL (tank 7860A) or 0.5-mL (tank WC-17) aliquot of the sample was added to 5 mL 
of laboratory-distilled water and was analyzed by CLP protocol. The reporting limits for these modifications, 

about 500 to lo00 pg/L and 50 to 100 pg/L respectively, were not as sensitive as those of the normal 

procedure because of the smaller sample aliquot. 

2213 Organic liquids 
The organic liquids in tanks WC-17 and 7860A did not contain appreciable radioactivity and could 

be analyzed in a conventional laboratory. A 200-pL aliquot of each sample was diluted to 9!1 mL with 

Burdick and Jackson purge-and-trap grade methanol, and was sealed in a septum-capped vial. The vial was 
screened by the Health Physics Inspector before being transferred with a chain-of-custody form to the 

Organic Analysis Group sample receiving laboratory for log in and analysis by purge-and-trap GC-MS using 
the CLP method (similar to SW-846 method 8240). A 5-pL (tank 786OA) or  0.5 mL (tank WC-17) aliquot 

of the diluted sample was added to 5 mL of laboratory distilled water and analyzed by the CLP method. 

This procedure was much less sensitive (reporting limits of 230,000 to 460,000 &L and 2300 to 4600 p a ,  
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respcctively) than the normal purge-and-trap procedure, but this was necessary to prevent serious overloading 

of the GC-MS. 

The data reported froin the volatilc organic compound analyses included the CLP 'I'CL, the 10 to 20 

most prominent 'lYCs, and surrogate and MAS/MSL> recoveries. 

2.2.2 Mcdplod Evaluation 

As a test of the overall procedure, Burdick and Jackson'" distilled-in-glass grade water w a ~  spiked with 

the CLP Purgeablc Mixture A, Purgcable Mixture R, IIazardous Substance List Volariles standards, and 

other selected volatile compounds from Appendix VI11 at a concentration of 50 p@ and sclccted alcohols 

and ketones at about 20 mg/L. These standards were purged onto traps in the glove box. Stock solutions 

of the latter two standards also were provided to the GC-MS laboratory for spiking into laboratory-distilled 

water and direct purge-and-trap GC-MS analysis to compare with the rcmote purge-and-trap procedure. 

A supplementary standard of additional volatile organic compounds chosen from Appendix VI11 also was 

prepared and spiked into water at 50 to 60 p&lL for purging in the glove box as well as in the conventional 

laboratory for GC-MS analysis. The results of these cxperirnenrs are summarired in Table 2.2. 

The mixed standard was prepared lrom the CLP Purgcable Mixture A and €3, and the Hazardous 

Substance List Volatilcs standard was analyzed in triplicate by spiking into 5 mL of water and remote purge- 

and-trap in the glove box and GC-MS in a conventional laboratory; it was analyzed once by spiking into 

5 mL of water at the conventional purgc-and-trap GC-MS. The dala in Table 2.2 dcmonstrate reasonable 

recovery of the compourids by the remote purge-and-trap, except for the ketones, vinyl acetate, bromoform, 

and 1,1,2,2-tetrachloroetha~e (low recoveries) and carbon disulfide and l,l-dichloroethene (recoveries greater 

than 100%). The causes of this behavior are not known, but it i s  suspectcd that the low recoveries of the 

ketoner may result from their high water solubilities and a consequently greater resistance to purging. The 

conventional purge-and-trap achieved higher recoveries, suggesting that the purging wish the apparatus in 

the glove box was not sufficiently vigorous. However, this must be balanced against the need to prevent 

satnple foaming and radioactive contamination of the glove box apparatus, connecting lines, and traps. 

The limited experiments with 20-mg/L concentrations of alcohols and ketones (which modeled the 

volatile organics composition of somc of the waste-tank liquids) show that the ketones are not completely 

recovered and quantitated at these high levcls and that the alcohols (except for ethyl alcohol) are not 

determined at all. This behavior is not surprising considering that the purge-and-trap method is geared for 

p@. conceneratioii levels and most of the alcohols are not on the Appendix VI11 list. For this reason, the 
purge-and-trap GC-MS was supplemented by the direct aqueous injection GC method described below. 
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Table 22 Comparison of supplementary volatile organic colnpound standard analyses with purge-and-trap 
in the glove box and the GGMS lab 

~ -. 

Compound 

Concentration,” (j@L) 

Actual Glovebox GC-MS Lab 

Methylene chloride 
Acetone 
Carbon disulfide 
1,l-Dichloroethene 
1,l-Dichloroethane 

1 ,ZDichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone= 
l,l,l-Trichloroethane 

CLP firgi?Abb? Mkture A, B, and Hazardous Substances Lisp 

Carbon tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1 ,ZDichloropropane 
Cis-1,3-dichloropropene 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

Trichloroethene 50 
Dibromochloromethane 50 
1,1,2-Trichloroet hane 50 
Benzene 50 
Trans-l,3-dichloropropene 50 

Bromoform 
4-Methyl-2-pentanone’ 
2-Hexanone 
Tetrachloroethene 
1, l72,2-Tetrach1oroet hane 

Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

37 -1: 15 R 

96 -1: 3.6 
70 2 1.7 
57 ~t 1.5 

56 k 15 R 

54 f 2.5 
56 t 2.5 
43 t 2.5 
12 f 1.7 
49 f 1.5 

53 -1: 1.5 
20 -1: 1.6 
43 f 2.1 
50 + 1.5 
36 f 4.0 

53 f 1.5 
38 * 4.5 
37 -t 3.1 
51 t 1.5 
41 1. 3.1 

23 +_ 4.6 
13 1. 2.1 
9 -t 1.0 

44 + 3.5 
19 5 5.1 

49 k 1.0 
43 ?r 3.5 
37 k 4.6 
33 k 5.7 
35 .t 2.5 

53 B 
37 B 
63 
52 
50 

50 
48 
50 
43 
48 

50 
18 
49 
54 
50 

56 
54 
54 
50 
49 

5 
52 
40 
56 
56 

50 
51 
48 
42 
47 
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Table 2.2 (continual) 

Concentration," (pg/L) 

Compound Actual Glovebox GC-MS Lab 

1,2,3-Trichloropropane 
Dibromomethane 
1,2-Dibromoethane 
Trans-1,4-Dichloro-2-butene 
Florotrichloromethane 

Met hacrylonitrile 
Metylmet hacry la te 
Acrylonitrile 
Iodomet bane 
2-Picoline 
Pyridine 

Methyl alcohol 
Ethyl alcohol 
Acetone 
i-Propyl alcohol 
Allyl alcohol 

2-Butanone' 
i-Butyl alcohol 
n-Butyl alcohol 
4-Methyl-2-pentanorred 

Appendix VIII Supplenzentq 

55 
so 
so 
51 
60 

50 
50 
50 
50 
so 
51 

AlcohollKetone Standmid 

20,000 
22,600 
2 1,900 
21,700 
19,900 

20,500 
20,500 
20,800 
2 1,800 

11" 
ND 

12 ? 0.6 
6' 

43 * 3.6 

ND 
ND 
ND 

33 f. 4.7 
ND 
ND 

ND 
5,600 
9,100 

ND 
ND 

1,000 
ND 
ND 

1600 

21 
ND 

14 
10 
40 

ND 
8 

ND 
28 

ND 
ND 

ND 
ND 

4,700 
ND 
ND 

6,200 
ND 
ND 

3700 

"ND = mot detected; 8 = also detected in blank. 
bAverage ? SD for n = 3 in glovebox prcparation; single preparation in GC-MS laboratory. 
'Also named inethylethylkctone. 
dAlso named methylisobutylketone. 
"Detected in 2 samples, average listed. 
fx4verage of duplicate preparation in glovebox; single preparation in GC-MS laboratory. 

Thc final evaluatioii consisted of the analysis of a supplementary set of volatile organic compounds 

selected from Appendix VI11 and spiked into water (as above) both in the glove box and in the conventionall 

GC-MS laboratoq. The chlorinated compounds were the only ones detected reasonably well, and the data 

arc estimations as TICs. The other compounds (e.g., acrylates and nitrogen heterocyclics) were not 
recovered. T h i s  waq expected because it is recognized that they are not determincd veiy accurately using 



2-8 

conventional purge-and-trap methodology and that they require special purging procedures or different 

analytical methods. Their inclusion here was to gain only an indication as to whether they could be detected 

if they were present in the samples, since it was not practical to set up specialized analytical methods for 

every conceivable Appendix VI11 compound. 

The main conclusion from this limited evaluation of the remote purge-and-!rap method was that it  

would perform reasonably well for the bulk of the EPA TCL chemicals, with the exception of alcohols and 

ketones (which are determined at milligram-per-liter concentrations using direct aqueous injection GC). 

Additional Appendix VIII conipounds can be detected, but those most successfully determincd are 

chlorinated hydrocarbons. 

2.3 MAJOR VOLATILE ORGANIC COMPOUNDS 

23.1 Method Description 

At the same time that aliquots were taken for purge-and-trap in the glove box, 1.5-mL aliquots were 

taken in small vials for analysis of major volatile organic compounds. This analysis was conducted to 

"protect" the GC-MS used for volatiles analysis by identifying those saniples that were heavily contaminated 

with higher boiling compounds (boiling point 2 about 100 to 140°C) that might be collected in thc 

adsorbent trap and subsequently would contaminate the GC column or overload the detector in the GC- 

MS. It also was used to supplement the purge-and-trap analysis by providing data on highly polar, water- 

soluble organic compounds that are not determined very well by purge-and-trap (e& methyl and ethyl 

alcohols) but were suspected of being present from knowledge of processes used at ORNL. This procedure 

was originally intended to provide data of potential importance to selecting wastc solidification strategies, 

but the finding of regulated constituents (e.g., some ketones) increased the necessity of including CLP-like 

quality control (QC). 

The method used was direct aqueous injection GC, designed after SW-846 method 8015. The 1.5-rllL 

vials of sample were taken into a radioactive contamination zone laboratory, and 3 pL were injected using 

the solvent flush technique into a gas chromatograph equipped as noted below. Aqueous samples from tank 

7860A were first diluted (because of their high concentrations of organic compounds) by adding 10 ILL of 
sample to 1 mL of laboratory-distilled water before analysis. The GC was equipped with a 3.2-mm-OD 

stainless steel column packed with 1% SP-1000 coated on 6O/SO mesh Carbopack B (the same packing ac 
used in the volatile organic coinpounds GC-MS), a flame ionization detector, and a reporting integrator. 
The helium carrier gas-flow rate was 30 mL/min, and the column temperature program was 70 (2-min 

isothermal hold) to 220°C at l(i"C/min (final isothermal hold of 16 min). Thc inlet and detector were held 

at 150 and 25OoC, respectively. The sample was analyzed with the method of external standards using pcak 
areas and four concentrations of standards ranging from about 3 to 40 mg/L. Blanks and MASS were 
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analyzed with cach group of samples. The latter were prepared by adding 10 or 20 pL of an approximately 

2000 ni@ standard to 1 mL of sample. The MASMSL) compounds that were spiked at nominal 

Concentrations of 20 mg/L are listed in Table 2.3. 

Blanks consisted either of laboratory-distilled water taken from the tap in the contamination zone or 

Burdick and Jackson distilled-in-glass grade water taken into the glove box and removed in the same type 

of vial as the tank water samples. 

The GC conditions were slightly modified from those of method 8015. The other main deviation from 

method 8015 was that the instrument was fully calibrated each day of use with four concentration levels of 

standards, instead of a once weekly five-level calibration and daily single-level calibration checks. The 
detection limit was about I to 2 m a .  An additional, qualitative confirmatory analysis on a CC column 

with a different stationary phase also was run at  the end of the project to improve the confidence in 

identifications based solely on GC retention time. The second, qualitative GC analysis was performed on 
samplcs from those tanks which were found to contain any of thc previous compounds in the original 

analysis. A 2.2-m- by 3.2-mm-OD glass column packed with a mixture of 60/80 and 35/60 mesh Tensx was 
used, with the same instrumental coiidil ions as above. 

The data reported included the concentrations of the compounds tentatively identified and the 

MASMSD recoveries. 

@ANI@ COMFOUND ANALYSTS 

The extractions of liquid and sludge samplcs for scmivolatile organic compounds were performed after 

the gross alpha and beta/gamma activity measurements were completed. This information was needed to 

determine how much sample could be taken for extraction in a hood or if the extraction had to be 

conducted in a hot cell. 

2-41-11 -1 Extraction of aqueous iiqnids 
A 20-mL aliqnot of aqueous sample was taken for semivolatile organic compound extraction in a 

contamination zone hood. The only exceptions were for the aqueous liquids from tanks 7860A and WC-17, 

for which 2 mL were used becausc of the high levels of organic matter expected from the overlying organic 

liquids. To each sample was added 1 mL each of the CLF' base/neutral and acids surrogate standard 

solutions before extraction. The compounds added and their concentrations in the extract (derived from 

extraction of a 20-mE sample) are listed in Table 2.4. 
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Table 23. MAS and MSD compounds used in 
direct aqueous GC analysis of major 

volatile organic compounds 
(about 20 mgK. each) 

Methyl alcohol 
Ethyl alcohol 
-4cetone 
i-Propyl alcohol 
Allyl alcohol 
2-Butanone 
i-Butyl alcohol 
n-Butyl alcohol 
4-Methvl-2-nentanone 

Table 24. Semivolatile surrogate standard compounds 
added to aqueous liquids 

Compound Concentration: mg/L 

Nitrobenzene-d, 
2-Fluorobiphenyl 
4-Terphenyl-dP 
2-Fluorophenol 
Phenol-d, 
2,4,6-Tribromophenol 

1.0 
1.0 
1.0 
2.0 
2.0 
2.0 

“Concentrations are for 20-mL sample aliquot. The 
concentration is 10-fold higher for a 2-mL sample aliquot. 

The sample was extracted by a modification of SW-846 method 3510. A 20-mL aliquot (or 2-n1L 

aliquot of aqueous layers from tanks 7860A and WC-17) was taken in a 40-mL VOA vial, and the pH was 

checked using pH indicator paper. The pH of the initial exqraction depended upon the natural pH of the 

sample. The pH was adjusted (if necessary) to >10 for the initial extraction of neutral and alkaline saniples 

or was made c2 for the initial extraction of acidic samples, using 1 N sodium hydroxide or  I N hydrochloric 

acid, respectively. Occasionally, stronger base or acid (ion) was required for samples exhibiting considerable 
buffering capacity. The sample was extracted three times using 5 mL (each time) of rncthylene chloride by 

capping the vial and tumbling about 30 to 40 times. More vigorous extraction caused emulsion formation. 

If particularly radioactive samples were to be extracted, vortexing followed by centrifugation was used to 

reduce worker exposure. The methylene chloride was pipetted out of the vial, and the occluded water was 

separated by passing the extract through a disposable 0.45-um Teflon filter cartridge of 25-mm diam 
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(Acrodisc-CRTM) attached to the tip of a disposable 10-mL polypropylene syringe barrel. The pH was then 

adjusted to the other extreme, the sample was reextracted, and the methylene chloride was passed through 

the same filter and combined with the first set of extracts. The volume was reduced to 1 mL by nitrogen 

blowdown, and the concentratcd extract was transferred to an autosampler vial. A 10-pL aliquot of the CLP 

semivolatilc organic compound internal standard solution was added with a microsyringe, and the vial was 

sealcd with a crimp-top cap and a Teflon-coated septum. The vial was stored at -20°C until GC screening. 

The reporting limits for 20- and 2-mL aqueous sample aliquots are about 500 to 2500 pg/L and 5000 to 

25000 p&iL, rcspectively. 

Extraction blanks and MASMSD samples were prepared with each set of samples. Blanks were 
prepared by extracting 20 mL of Burdick and Jackson distilled-in-glass grade water. MAS/MSDs also were 
prepared by spiking samples with 1 mL of the baseheutral and acid compound matrix spiking solution. The 

spikes and their concentrations in the sample are listed in Table 2.5. 

Table 25. Semivolatile MAS compounds added 
to aqueous samples 

Compound Concentration," ( m a )  

Phenol 
2-Chlorophenol 
1,4-Dichlorobenzene 
N-nitroso-dipropylamine 
1,2,4-Trichlorobenzene 
4-Chloro-3-me thylphenol 
Acenaphthene 
4-nitro phenol 
2,4-Dinitrotoluene 
Pentachlorophenol 
Pyrene 

9.7 
10.4 
5.3 
7.7 
6.95 
9.7 
5.5 

10.3 
5.1 
10.3 
5.55 

"Concentration is for 20-mL sample aliquot. 
Concentration is 10-fold higher for 2-mL sample aliquot. 

24.12 Ektraction of Sludgcs 
Sludge samples were extracted for semivolatile organic compound analysis using a modification of 

SW-846 method 3550. Most of the extractions were performed in a hot cell (Fig. 2.2) because of the high 

levels of radioactivity in the sludges, although a few sludges were low enough in radioactivity to allow 
extraction in a contamination zone hood. The masses extracted varied from about 2 to  20 g because of 
the limited amounts of sludges collected. The amount of gas chromatographable organic matter extractable 
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from the sludges required dilution of the extracts or extraction of smaller masses (e.g., 2-5 g). The 
reporting limits varied from about 500-2500 to 5000-25,OoO pg/kg, depending upon the mass extracted and 

the dilution of the extract. 

In the hot cell, the sludge was homogenized before aliquotting for the various analyses. The excess 
liquid was pipetted from the top of the sludge sample, and the remainder was then stirred with a stainless 

steel spatula and homogenized with a 450-W sonifier set for 50% duty cycle and the maximum power level 

without splattering. Early in the project, sludges (sample Nos. T-4/S-046, T-3/S-043, T-9/S-048, T-2/S-040, 

T-1/S-037, W-5/S-075, W-6/S-080, and W-7/S-084) were homogenized only by stirring. For semivolatile 

organic compound extraction, a 20-g aliquot of the homogenized sludge slurry was weighed out into a 

beaker. In cases where the amount of sludge collected was limited, a smaller mass (e.g., 10 g or less) was 

weighed out. The sludge was then spiked with the surrogate compounds by mixing with premeasured 
(pipetted into a vial) 1-mL volumes of the CLP surrogate standard solutions, and the slurry was stirred with 

a stainless steel spatula. A 20- to 40-g mass of anhydrous sodium sulfate was then slowly added with 

stirring. The mixture was then ultrasonically extracted in the beaker at a 50% duty cycle for 3 to 5 min with 

60 to 70 mL of methylene chloride/acetone (l/l,  vol/vol), and the supernatant liquid was decanted into a 

150-mL, medium porosity sintered glass funnel. The solvent was recovered by filtration. The extraction was 

repeated twice more in the beaker. In early work with sludges through W-7/S-084, the extraction was 

conducted directly in the sintered glass funnel, but the sludge tended to plug the filter, especially sample 

W-7/S-074. The composited extracts were screened for alpha and beta/gamma activity. They were taken to 

a radioactive contamination zone hood for volume reduction via nitrogen gas blowdown under reduced 

temperature and pressure. The extracts were adjusted to a 1-mL volume, transferred to an autosampler vial, 

and 10 p L  of internal standard were added. The vials were capped using a crimp-top with a Teflon-lined 

septum. The surrogate standards added to the sludges are listed in Table 2.6. 

Table 26. Semivolatile organic surrogate standards 
added to sludee samdes 

Compound Concentration,” (mgkg) 

Nitrobenzene-d, 1.0 
2-Fluorobiphenyl 1.0 
4-Terphenyl-d14 1.0 
2-Fluorophenol 2.0 
P henol-d, 2.0 
2,4,6-Tribromophenol 2.0 

“Concentrations are for 20 g sample aliquot. The 
concentration is 10-fold higher for a 2-g sample aliquot. 
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From 10 to 20 g of sludge were routinely extracted in the hot cell until it was established that this 

mass provided too much organic matter for the GC-MS and that a 10-fold dilution of the extract was needed 

before GC-MS analysis. The mass extracted was then reduced to about 2 to 5 g. 

For the sludge extractions conducted in a hood, about 3 g of sludge W-3/S-020 (or about 9 g of 
sludges W-4/H-026 and W-4/S-024, or about 20 g of sludges W-ll/H-005, TH-4B-059, and TH-4/S-058) were 

mixed with an approximately twofold mass of sodium sulfate (W-3/S-020 required a fivefold mass) and 1 mL 

each of the CLP baselneutral and acid surrogate standard, and placed in a 60-mL medium porosity sintered 

glass funnel. The surrogate standards were about sevenfold more concentrated than in the 20 g-sample. 

The sludge was ultrasonically extracted three times (four times for W-3/S-020) with 40 mL (each time) of 

methylene chloride/acetone ( l / l ,  vol/vol), using a 350-W ultrasonicator fitted with a 1.5-cm OD horn. The 

extracts were filtered, and the combined filtrates were reduced to a volume of 1 mL by nitrogen blowdown 

and transferred to an autosampler vial. A 10-pL aliquot of the internal standard solution was added, and 

the vial was sealed with a crimp-top septum-cap. 

Blanks and MS/MSD samples were prepared but not with each extraction because the sludges generally 

were received one at a time (in contrast to the liquid samples) and the addition of a blank and two spikes 

with each extraction would have quadrupled the effort. Blanks were prepared by extracting reagent grade 

sea sand. Two aliquots of one sludge sample (about 3-g mass) were spiked with the baseheutral and acid 
compound matrix spiking standards listed in Table 2.7. 

Table 27. Semivolatile organic MAS compounds added 
to sludge sample W-3B-020 

Compound Concentration: (mg/kg) 

Phenol 
2-Chlorophenol 
1,4-Dichlorobenzene 
N-nitroso-dipropylamine 
1,2,4-Trichlorobenzene 
4-Chloro-3-methylphenol 
Acenaphthene 
4-Nitrophenol 
2,CDinitrotoluene 
Pentachlorophenol 
F’yrene 

65 
69 
35 
51 
46 
65 
37 
69 
34 
69 
37 

The G C  screen determined that most of the extracts prepared from 20-g samples were too 

concentrated in organic matter and would overload the GC-MS. Therefore, a 10-fold dilution of the extracts 
from sludges T-1/S-037, T-2/S-040, T-3/S-043, T-4/S-046, TH-4/S-058, TH-4/S-059, T-9L3-048, and W-ll/H- 
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005 was made by adding 10 pL of the extract to 90 pL of methylene chloride in a 100 pL crimp-top, septum- 

capped autosampler vial. A second group, consisting of sludges W-5/S-O75, W-6/S-OSO, W-7/S-084, W-7/H- 

085, W-S/S-O88, W-9/S-092, and W-lO/W-120, was diluted IO-fold by adding 100 1.11, of extract to 900 pL of 

methylene chloride and an additional 9 pL of internal standard solution, Either dilution method may be 

used, but each affects the computerized GC-MS data report in a different way. Manual correction of the 

calculated results are necessary for either method with the software currently available for CLP GC-MS. 

2-4-13 Preparation of organic liquids 

Two tanks contained organic layers. These samplcs required only dilution and addition of internal 

standard, per SW-846 method 3580. After testing various dilution ratios with the GC screening method, 

it was determined that a 100-fold dilution would keep most of the gas chromatographable major constituents 

within the calibration range of the GC-MS. Ten pL of sample were added to I mL of methylene chloride 

in an autosampler vial, 10 pL of the semivolatile organic compound internal standard solution were added, 

and the vial was sealed with a crimped-top septum-cap. Because there was no extraction step, MAS samples 

were not prepared. However, for tank 7WA, 10 pL of the concentrated semivolatile organic compound 

surrogate standard stock solution were added to the samples to verify recoveries. The reporting limits for 
this dilution were high, about 1100-S500 m@g. 

2.4.1.4 GC screen 
All of the extracts were screened using a Mcgabore capillary column GC with flame-ioniiration 

dctection. This screening was conducted to identify those samples requiring dilution io "protect" the GC-MS 

and to weed out those samples which contained little organic matter and which would not require GC-MS. 

Samples TH-3/L-052, TH-3/L-113 (a blind water blank), W-11L-003, W-11L-114, W-ll/L-115, TH-l/I,-O49, 
TH-UL-050, and W-14/L-031 were not submitted for GC-MS because the chromatograms were not different 

from the extraction blank. Almost all of the sludge sample extracts prepared from 10 to 20 g of sample 

required a 10-fold dilution to prevent contamination and overloading of the GC-MS. 

A O S 3  mm-ID by 30-m fused silica column with 1.5-urn DB-5 bonded phase was used with a helium 

flow rate of 7 rnl/min and a column temperature program of 35 (4-min isothermal hold) to 270°C at a 

rate of 10"C/min with a final isothermal hold of 30 min. The inlet temperature was maintained at 270°C 

and the flame ionization detector at 290°C. A 1.6-1.11, injection was made using an autosampler. The 
instrument was not quantitatively calibrated, but multicomponent standards of 20- and 4-mg/L concentration 

were run with each set to verify sensitivity. The 4-mg/L standard (6.4-ngkompound injected) yieldcd peak 
heights on the printer/plotter of at least 1 cm at an attenuation of z4. The standards included the CLP TCL 
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baseheutral and acid standards, CLP TCL pesticide standards, and additional compounds selected from 

Appendiv VIII. At least one standard prepared at 4 mg/L was run with each set of samples. 

24.1.5 Analysis 
After GC screening, the extracts were measured for total alpha and beta/gamma activity and then the 

vials were examined for contact and smear alpha and beta/gamma by the Health Physics Inspector. They 

were then sent to the sample receiving laboratory for GC-MS analysis. The extracts were analyzd by the 

CLP GC-MS procedure,2 which utilizes the method of internal standards. 

Data reported included the semivolatile organic compound TCL and the 10 to 20 most prominent 

TICS, the surrogate and MAS/MSD recoveries. 

24.2 Method Evaluation 
A limited evaluation was made of the ability of the GC-MS to identify and estimate other Appendix 

VI11 crJinpounds that might be present in the semivolatile organic extracts. In addition, the evaluation was 

extended to certain nonregulatory compounds such as extractants, chelators, and complexing agents unique 

to the nuclear industry that are highly likely to be present in the waste tank extracts. These compounds 

would be reported in the GC-MS analysis of the semivolatiles as TICS and the concentration data would 

be estimates only. For this purpose, four sets of supplerncntary standards were prepared at a concentration 

of 20 mg/L each in methylene chloride, and after addition of the semivolatiles internal standard, the 

standards were analyzed by the CLP GC-MS method. The results are listed in Table 2.8. The 

identifications and estimations were quite successful, considering that the identifications were made by 

machine (except for tributyl phosphate, which apparently was not included in the spectral library) with 

operator approval, and the concentrations were estimated based upon the response factor of the nearest 

eluting internal standard, as is normal procedure for TICS. A wide ranze of compounds, including 

nitrosamines, aromatic amines, chlorinated aromatics, nitrogen heterocyclics, and pesticides, were correctly 

identified and estimated. Exceptions apparcntly arose from very early-eluting specics which were missed 

(e.g., N-nitrosodimethylamine and dioxane) to some conipounds which may not have eluted from the GC 

column (e.g., some aromatic amines and hydrazines) under the conditions used. This test was conducted 

under normal GC-MS operation during a largc sample campaign, and it is possible that sample residues in 
the GC inlet and column may have prevented the elution of some of the more polar species. 

The general conclusion confirms a good probability that additional Appcndix VI11 compounds would 

be identified and estimated if they were present in the extracts at concentrations near 20 m a .  
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Table 28- Results of GC-MS analysis of supple ntary semivolatile appendix VI11 and 
other organic compounds as TICS 

(All prepared at 20 mg/L solution Concentration) 

Estimated concentration 
Cornpound as 'TIC 

(mg/L) ~- 
Senzivolatiles supplenientary stnndanrd 1 

N-nitrosodimethylamine 
N-nitrosodiethylamine 
Benzcnethiol 
Acetophenone 
2,4-Dichloxophenol 

1,4-Naphthoquinone 
2-Nap hthylamine 
4-Aminobiphenyl 
Benz(c)acridine 
Dibcnz( a,j)acridine 

Semivolatiles supplententnry standan 

p-Dioxane 
Pentachloroethane 
N-dimethyl- 1 -phenet hylamine 
Hexachloropropene 
1,4-Diphenylenediamine 

1,2,4,5-Tctrachlorobenzene 
2,4-Diarnino toluene 
Pen tachlorobenzene 
1,2-Diphenylhydrazine 
Pentachloronitrobenzene 
Ben Adine 
Hexachlorophene 

alpha-BHC 
beta-BI-IC 
gamrna-UHC 
delta-RHC 
Heptachlor 

Aldrin 
Heptachlorepoxide 

ND" 
11 
13 
19 
12 

8 
6 
8 

12 
9 

3 

ND" 
11 

ND 
7 

ND 

11 
ND 

12 
ND 

ND 
N r) 

6' 

Pesticides staandard 

14 
12 
13 
11 
14 

15 
12 
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Table 28 (continued) 

Estimated concentration 
Compound as TIC 

(mg/L) 

Pesticides standard (continued) 

Endosulfan I 
DDE 
Dieldrin 

Endrin 
Endosulfan I1 
DDD 
Endrin aldehyde 
Endosulfan sulfate 

Methoxychlor 
Dibutylchlorendate 
Mirex 
DDT 

22 
27 
22 

19 
9 

20 
15 
1s 
15 

ND 
ND 
ND 

Extractants standard 

Diethylbenzene 20 

Tributylphosphate' 26 
Di-s-butylphenylphosphona te ND 
2,5-Di-t-b utylhydroquinone 10 

2-Thenoyltrifluoroacetone 6 

"MS may have begun collecting data too far into GC run and may have missed these very early- 

bPentachlorophenol was detected, suggesting decomposition in the GC or MS. 
'Not identified by machine search; spectrum manually identified. 

eluting compounds. 

2 5  PCBANAL.YS1S 
2.5.1 Method Description 

Two tanks contained layers of organic liquids or oils. These layers were analyzed for PCB content 

in addition to volatiles and semivolatiles. The preparation method was a modified version of method 3580. 

For tank WC-17, 1 g of organic liquid was weighed out, 1 mL of a dibutylchlorendate surrogate standard 

(0.99 mgkg in the sample) was added, and the mixture was diluted to 10 mL using hexane/acetone (UI, 

volkol). For tank 78M)A., the same preparation procedure was used, but interferences obsewed in the GC 

analysis required a repreparation at a greater dilution. In the second preparation for tank 7860A, about 

50 mg were weighed out, 50 pL of dibutylchlorendate surrogate standard were added (0.99 mglkg in the 
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sample), and the mixture was diluted to 5 mL with hexane. At the GC laboratory, two additional. aliquots 

of one sample were matrix spiked with 100 pL of a 100 ug/mL solution of Arochlor-1248 (200 mg/kg in the 
sample), and a drop of elemental mercury was added to each sample. A solvent blank accompanied the 

samples. 

PCBs were measured by a capillary-column GC method, which is similar to SW-846 method 8080, but 

only the capillary column was used. The samples were injected into a GC equipped with a 10 m by 0.53 

mm ID by 5 elm film of bonded SE-30, fused silica capillary column and an elcctron-capture detector. The 

helium carrier gas flow rate was 6 mL/min, and the total flow rate to the detector was adjusted to 45 

mL/min. with argon/methane (935, vol/iol). The column oven was programmed from 140 to 250°C at 

S°C/min, with a 16 min final isothermal hold, and the injector and detector temperatures were maintained 

at 250 and 30O0C, respectively. Quantitation was by the method of internal standards, using manually 

measured peak heights for peaks characteristic of each Arochlor mixture. The reporting limit was about 

10 to 20 mg/kg. 
Data reported were the concentration of each Arochlor arid the MSNSD recoveries. 

1. US. Environmental Protection Agency, Test Methods for Evaluating Solid .Wclste, SW-846, 3d ed., US. 
EPA Office of Solid Waste and Emcrgency Response, Washington, DC, (November 1986). 

2. Oak Ridge National Laboratory, US EPA Cotinact Laborntory PI-og~nni, Smenient of Work for &gclnic 
Antilysis, iMultinzedia, Miilticoizcenbcltion, 10186, rev. SOW No. 787, IFB WA-87K236, IFB WA-8lK231, 
and IFB WA-87K238, Oak Ridge, Tennessee, 1987. 





3. ORGANIC ANALYTICAL CHmCmRIZATION 

This section presents the results of the organic chemical analyses of the inactive wasle ranks and 
attempts to provide some chemical interprctation of the findings. The impact of the findings upon the 

regulatory classification of thc tanks is discussed in Sect. 5. This discussion is arrangcd by tank in the order 

in which the samples were prepared for analysis. Data tables are included in this chapter only for tanks 

where the analyses indicated levels of organic compounds appreciably above the associated blanks. 'l'he full 

set of data for each tank can be found in the Appendix of this report. 

3.2 DATA-REPORTING CQNVENTIIONS 

Some explanation of the reporting conventions i s  neccssary to clarify how the data are presentcd in this 

chapter. The data are listed in the tables with letters which indicate important qualifications. Absence of 

a data qualifier(s) indicates that a compound was (a) identified on the basis of rctcntion time and inass 

spectrum, (b) measured within the calibration range of the instrument, and (c) not found in the associated 

blank sample. The qualifiers present additional information, as follows: 

J: The compound was identificd by the appropriate retention time and mass spcctrum but 
was observed at a concentration lowcr than the reporting limit, which i s  the lowest 

concentration of that compound that can be measured accurately in that sample. The 

quantitation is therefore an estimate. Only one significant digit is used in the discussion 

of the results for tentatively identificd compounds (see below). 

IF,: The concentration of the compound exceeded the calibration rangc of the instrument; 
therefore, the result must be considered an estimate. 

E: 'The compound was detected either in the instrumental or sample preparation blank. 
'The blanks usually contained low pg/L levels of several species, as indicated in one of the 
later subsections of this section. 

3-1 
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- BE: The analyte was detected in the sample at concentrations exceeding the usual 

calibration range, but low levels were also detected in the blank. In almost all cases, the 

levels observcd in the sample considerably exceeded that of the blank. 

In the discussion that follows the notation TIC (tentatively identified compound) means that the 

compound has been identified solely by its ma?s spectrum in a machine search of spectra contained in a 

computer’s library. The quantitation is based upon the response factor of the nearest internal standard 
present in the gas chromatogram. Because of the nature of the quantitation procedure, all values reported 

arc, by definition, estimates and bear the J qualifier. 

‘Thc tables for the tank samples present data only for compounds detected above the reporting limits. 

Tables 3.1 and 3.2 list the target analytes, matrix, and reporting limits used in this work for different sample 

amounts. Exceptions to the usual sample amounts are described in Sect. 2. Table 3.3 shows the inasses 
of the sludge samples. This is included because the masses available for the semivolatile organic compound 

analysis (SVOA) and the extract dilutions varied considerably, and their associated reporting limits varied 

accordingly. 

Some reference is made to the total organic carbon (TOC) data, where such data aid in the 

interpretation of the organic compound analyses. The TOC results arc discussed fully in Sect. 3.5, The 

surrogate standard and matrix spike (MAS) recoveries are not discussed in detail in this report because there 

are no established quality control (QC) limits for analysis of these sample matrices by modified U.S. 

Environmental Protection Agency (EPA) methods. Sect. 3.5 of this report does summarize the surrogate 

standard and MAS recoveries, and recovery problems encountered with specific samples arc noted in 

Sect. 3.3. 

3.3 RESULTS FOR WASTE TANK SAMPLES 

The aqueous liquid samples for tanks T-3 and T-4 were prepared together in groups for the direct 

aqueous injection gas chromatographic analysis (DAI-GC), the SVOA, and the volatile organics analysis 

(VOA). The sludge samples for all tanks were prepared for the SVOA separately from the liquid samples. 

3.3.1 Tank T-3 
3.3.1.1 LO42 (aqueous liquid) 

Vcry little organic matter was detected in the samplcs from this tank. The major organic compounds 
were determined by the DAI-GC method, and consisted of acetone (4 m&), methanol 
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rting limits for volatile organic mrnpounds in  purge-and-trap GGMS analysis (pg/L) 
__ 

Aqueous samples 
Organic liquids 

Compound 5 mL 5 PL (diluted)" 

Chloroinethane 
Bromomerhane 
Vinyl chloride 
Chloroethane 
Methylenc chloride 
Acetone 
Carbon disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,ZDichloroethane 
2-Butanoneb 
1,1,1 -Trichloroet hane 
Carbon tetrachloride 
Vinyl acebate 
Rrornodichloromethane 
1,2-Dichloropropane 
cis-l73-~)ich1oropropene 
Trichloroethen e 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
1mns-1,3-Dichloropropene 
Bromoform 
4-Methyl-2-pentanonc' 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
To1 uen e 
Chlorobenzene 

Styrene 
Xylenes (total) 

Ethylbenzene 

10 
10 
10 
10 
5 

10 
5 
5 
5 
5 
5 
5 

10 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 

5 
5 
5 
5 
5 
5 
5 

460,000 
460,000 
460,000 
460,000 
230,000 
460,000 
230,000 
230,000 
230,800 
230,000 
230,000 
230,000 
460,000 
230,000 
230,000 
460,000 
230,000 
230,000 
230,000 
230,000 
230,000 
230,000 
230,000 
230,000 
230,000 
460,000 
460,000 
230,000 
230,000 
230,000 
230,000 
230,000 
230,000 
230,000 

"For organic liquids 0.2 mL of liquid was diluted to 9.1 mL, and 5 pL was taken for purge and trap 
in 5 mL of water. Reporting limits are 100-fold smaller where 0.5 mL was taken for purge and erap. 

bAlso named methylethylketone. 
'Also named methylisobutylketone. 
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Table 3.2. Reporting limit5 for semivolatile organic compounds by extraction and GGMS 

Aqueous liquids Sludgeb 
(PplL) Organic liquids (m,@g) 

(direct dilution, 
Compound 2 0 m L  2 m L  mg/kg) 2 o g  5 g  

Phenol 
Bis(2-chlorocthy1)ethcr 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
S,2-Dichlorobenzene 
2-Methylphenol 
N-nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
Bis(2-ch1oroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalenc 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Me thylnaph thalene 
Hcxachlorocyclopen tadicne 
2,4,6-Trichloropheno1 
2,4,5-'T'richlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylyhthalate 
Accnaph t hylene 
2,6-Dinitro toluene 
3-Nitroaniline 
Accnaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Dicthylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 
4,6-Dini tro-2-methylphenol 

500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 

2,500 25,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5 , m  
500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 

2,500 25,000 
500 5,000 

2,500 25,000 
500 5,000 
500 5,000 
500 5,000 

2,500 25,000 
500 5,000 

2,500 25,000 
2,500 25,000 

500 5,000 
500 5,000 
500 5,000 
500 5,000 
500 5,000 

2,500 25,000 
2,500 25,000 

1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
5,500 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 

500 
1,100 
5,500 
1,100 
1,100 
1,100 
5,500 
1,100 
5,500 
5,500 
1,100 
1,100 
1,100 
1,100 
1,100 
5,500 
5,500 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
O S  
0.5 
2.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
2.5 
0.5 
2.5 
0.5 
0.5 
0.5 
2.5 
0.5 
2.5 
2.5 
0.5 
0.5 
0.5 
0.5 
0.5 
2.5 
2.5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

25 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

25 
5 

25 
5 
5 
5 

25 
5 

25 
25 

5 
5 
5 
5 
5 

25 
25 
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Table 3.2 (continued) 
-.- ..- 

Aqueous liquids Sludgeb 
(Pfl-‘) Organic liquids (rnplkg) 

(direct dilution, lllll_--- 

Compound 20 mL 2 mL mg/k.d 2 o g  5 g  

N-nitrosohfiphcnylariii~‘ 
4-Bromophenyl-phenyle~~e~ 
Hcxachlorobemene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
DE-n-butylphthalate 
F1 uoran t hene 
Fyscne 
Butylbcnzylphthalate 
3,3’-Dichlorobenzidille 
Benzo( a)anthracene 
Chi-ysene 
Bis(2-ethylhexqil)pli thalate 
Di-n-octylphthalate 
Benzo(b)fluoranrhene 
Benzo( k) fluoranthcne 
Renzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,h)anthracened 

500 
500 
500 

2,500 
500 
500 
500 
500 
500 
500 

1,000 
500 
500 
500 
500 
500 
500 
500 
500 
500 

l___..l_- 
Bcnzo(g,h,l)perylene I 500 

“For example, 9.1 mg (10 pL) of organic liquid in 1.0 mL of methylene chloride. 
bCalculated without sample dilution. 

‘Cannot be separated from diphenylamine. 
dAnd/oa dibenz(a,c)anthracene. 

For ten-fold dilution, reporting limit is ten-fold 
p a  tcr. 

5,000 
5,000 
5,000 

25,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 

10,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 

1,100 
1,100 
1,100 
5,500 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
2,200 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1.100 

0.5 
0.5 
0.5 
2.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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Table 3.3. M a w  of sludge samples for semivolatile organic compound extraction 

Sludge 
sample No. 

Mass" 
(9) 

Sludge Mass" 
sample No. (9)  

~~ 

T-41.5-046 

T-315-043 

T-9,'s-048 

T-2,'s-040 

T- 1,'s-037 

W-1 l/H-O05 

TH-4/S-058 

Tr-r-4/s-o59 

W-5,'s-075 

W-61s-086 

19.4 

20.1 

20.9 

10.2 

19.1 

21.0 

19.5 

18.7 

19.2 

22.6 

W-71s-084 

W-7/I-L-085 

w-8/s-088 

w-91s-092 

w-41s-024 

W -4jE-1-026 

W- 101s-096 

W-lO/H-120 

w -31s-020 

19.5 

4.6 

5.0 

6.9 

9.5b 

9.1b 

6.4 

7.5 

2.1b 

"Except for those noted, all SVOA extracts required ten-fold dilution before GC-MS. 
Reporting limits are increased ten-fold by dilution. 

'These SVOA extracts did not require dilution. 
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(28 mg/L), and n-butyl alcohol (80 mg/L). As noted in the methods section (Sect. 2), these 

identifications cannot be considered absolute because the method does not include mas$ 
spectrometer (MS) confirmation. However, where the constituent also was identified in the 

V O A  there i s  more confidence in the DAT-GC result. Of the CLP Target Compound List 

(TCL) constituents, only acetone was detected at 180 p.g'L by she purge-and-trap GC-MS VOA. 

The lower value for the VOA than for the DAI-GG is probably due to a low purging cfficiency 

at high concentration levels. 

Volatile TICS were insignificant. Only benzyl alcohol was estimated in the SVOA of the 

aqueous liquid at 100 pg/L. Among the TIC? were dibromonitrophenol at 2000 pg/L and 

tributylphosphate (TBP) at 2000 /tg/L. Both of these TICS were found in other samples as well. 

The presence of a nitrated phenol suggests nitration reactions in the tank. The brominated 

product was uncxpected, but TBP has been. used in large amounts at the laboratory, and its 

presence was expected. 

The SVO phenol and 2-fluorophenol surrogate standards were not recovered. This may 

reflect the highly alkaline nature of the samples (the pH of T-3L-042 was 12.7). 

3.3.1.2 S(M3 (so11 sludge) 
TWO phthalates, diethyl- and di-n-butylphthalatc, were determined at 2 and 3 mghg, 

respectively. It is not clear why neither dibromonitrophenol nor 'I'BP were detected in the 

sludge SVOA TICS, unless the analysis was not sufficiently sensitive. 

3.3.2 Tank T-4 

3.3.2.1 , L-045, and LA11 (aqueous liquids) 

The threc aqueous liquid samples for tank T-4 yielded very similar results, as shown in 

Table 3.4. The DAI-GC found concentrations exceeding 1000 pg/L each of acetone, ethyl 

alcohol, isopropyl alcohol, methanol, and n-butyl alcohol. The VOA confirmed the presence 

of acetone and also indicated chloroform. Other 1'CL volatile organics were present at very low 

levels. 

Volatile TICS were low in concentration; the major one was heptanone (80 p a ,  found in 

L-044). No semivolatile TCL organic compounds were detected ir, the liquids. Major SV0,4 

T I 0  were methylhexanone (800 p g L  in L-045) and TBP (3000 pg/L in I.,-111). 
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Table 3.4. Listing of organic analytical data bits for tank T-4 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC T-4/L-044 
T- 4L-044 
T-4/L-044 
T-4/L-044 
T-4/L-044 
T-4L-045 
T-4/L-045 
T-4/L-045 
T-4/L-045 
T-4/L-045 
T-4L-111 
T-4/’L,- 1 1 1 
T-4/L- 1 11 
T-4L- 1 11 
T-4L- 1 1 1 

VOA T-4/L-O44A 
T-4/L-O44A 
T-4fl.rO44A 
T-4iL-044A 
T-4/ta-044A 
T-4/L-O44A 
T-4/L-O44A 
T-4/L-O44A 
T-4L-045A 
T-4/[.,-045A 
~ ~ - 0 4 5 ~  
T-4/Ld-045A 
T-4/L2-045A 
T-4L-045A 
T-4/lJ-045A 
T-4L-045A 
T-4/L-O45A 
T-4/L-O45A 
T-4/L-O45A 
T - 4 L - l l l A  
T-4/L-l11A 
T-4/Id-l 11A 
T-d/L-lllA 
T-4/L-l11A 
T-4L- 1 1 1 A 
T-4L- l l lA  
T-41s-046 
T-41s-046 

Acetone 
Ethyl alcohol 
I-propyl alcohol 
Methyl alcohol 
n-butyl alcohol 
Acetone 
Ethyl alcohol 
I-propyl alcohol 
Methyl alcohol 
11-butyl alcohol 
Acetone 
Ethyl alcohol 
I-propyl alcohol 
Methyl alcohol 
n-butyl alcohol 

Acetone 
Benzene 
Bromodichloromethane 
Chloroform 
Et hylbenzene 
Methylene chloride 
Toluene 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Chlorobenzene 
Chloroform 
Et hylbenzene 
Methylene chloride 
Toluene 
Trichloroe thene 
Xylene (total) 
2-Hexanonc 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Chloroform 
Et hylbenzene 
Methylene chloride 
Toluene 
Xylene (total) 
Di-n-butylphthalate 

BE 

B 
B 

B 
B 

BE 

J 
B 

13 
R 
J 

R 

R 

B 
B 

J 
Diethylphthalate J 
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3.3.2.2 S-04Q (wft sludge) 

The sludge contained only the ubiquitous phthalates. 

Two of the neutral and two of the acid surrogate standard recoveries were low for the sludge. Low 

recoveries of acidic surrogate standards from the alkaline sludges was often eticountered, sqgesting a need 

for pH adjustment currently unspecified in EPA method 3550. Studies are under way to improve the 

surrogatc standard recoveries in such sample matrices. 

The samples for tanks T-1, T-2, and T-9 were each prepared as a group. These are discussed below. 

3.3.3 Tank T-1 

3.3.3.1 IA35, and Lo36 (aqueous liquids) 

Very little organic matter was detccted in the samples from this tank. The VOA revealed apparently 

high levels of methylene chloride in both the sample and the blank. These high levels can be attributed to 

contamination of the solid sorbent traps during storage. When the quantitation procedure was modified, 

permitting traps to be analyzed within 48 h of receipt, the level of methylene chloride in the blank was 

reduced to acceptablc levels. In the SVOA extraction, the methylenc chloride arid aqueous layers were 

difficult to separate for samples L-035 and L-036. Sample L-036 required centrifugation to achieve 

separation. However, surrogate standard and MAS recoveries were good. There were no SVOA 'TCL hits 

in the aqueous liquids. 

SVOA TZCs included diphenyloxazolc (300-100 pg/L), hexadecanoic acid (300 pg/L in one sample), and 

TBP (30-40 me). TBP was often the major organic compound detected. 

3.3.3.2 S-037 (mft sludge) 
Of the SVOA TCL compounds in the sludge, only phthalates were dr:tected. SVQA TICS in the 

sludge included TBP at 2 m@g. 

3.3.4 T-2 

3.3.4.1 Go%, Lo139, and L-112 (aqueous liquids) 
Very little volatile organic matter was detected in the aqueous liquids. Methylenc chloride probably 

was a contaminant, as for tank 77-1. As shown in Table 3.5, however, the SVOA showed the presence of 
2-nitropheno1, 2,4-dichlorophenol, and 2,4,5-trichlorophenoI in the liquids. Thcse compounds could 

represent chemical reactions occurring in the tanks. 
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Table 3.5. Listing of organic analytical data hits for tank 7-2 

Analysis Sample ID Compound Qualifier Result Units 

VOA T-2L-038A Acetone B 20 P& 
T-Z/L-O38A Benzene J 3 Pg/L 
T-2L-038A Chloroform BE 340 Pg/L  
T-2/L-O38A Methylene chloride BE 1,oOo Pg/L 
T-2L-038A Toluene B 12 PfYL 
T-2L-039A Acetone B 22 Pdgn 
T-2L-039A Chloroform RE 370 PPJL 
T-ZL-039A Methylene chloride BE 820 Pgn 
T-2/IJ-039A Toluene B 7 P& 
T-2/L-l12A Acetone B 17 Pgn 
T-2L-112A Chloroform BE 310 P g n  
T-2/I2-l12A Methylene chloride BE 860 P@ 
T-2/L-l12A Toluene B 8 P& 

svo T-2L-038 Bis(2-ethylhexy1)phthalate J 200 P& 
T-2/L-038 2-nitro phenol J 170 P g n  
T-Z/L-O38 2,4-Dichlorophenol J 100 Pl.9n 
T-2%-038 2,4,5-Trichlorophenol J 99 P@ 
T-2%-039 Bis(2-ethylhexy1)phthalate J 300 P g n  
T-2/L-039 2-Nitrophenol J 200 P g n  
T-2/L-039 2,4-Dichlorophenol J 140 Pgn 
T-2/L-039 2,4,5-TrichlorophenoI J 120 P g n  
T-2/L-112 Bis(2-ethylhexy1)phthalate J 280 P8/L 
T-2/L-112 Di-n-butylphthalate J 24 P g l L  
T-2/L-112 2-Nitrophenol J 180 Pg/L 
T-2/L- 112 2,4,5-Trichlorophenol J 120 P g n  
T-2/S-040 Bis(2-ethylhexy1)phthalate 24700 Pglkg  
T-2/S-040 Di-n-butylphthalate J 4600 
T-2/S-040 Diethylphthalate J 2,8W P @ g  
T-2/S-040 Naphthalene J 2,300 P a ! ?  

SVOA TICs in the three liquids included TBP at 20 mg/L and tetramethylbutylphenoxyethoxyethanol 

at 800-1000 p a .  Some foaming was observed in samples L-039 and 1,-112 upon acidification. 

Samples L-038 and L-112, which were collected sequentially, are duplicates within the limits of field 

sampling. The agreement between the results for the two samples is quite good, especially considering the 

low levels determined. 
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3.3.4.2 S-a)4Q (so& sludge) 

The sludge contained the usual phthalates and also naphthalene. The latter could be a component of 

liquid scintillator solutions. TBP also was detected in the sludge, but the amount could not be estimated 
because the mass spectrum of the chromatographic peak indicated weluting interferences. 

3.3.5 Tank T-9 
3.3.5.1 Lo47 (aqueous liquid) 

Tank 7'-9 also did not contain appreciable concentrations of either volatile OT semivolatile organic 

compounds, except for 17 mg/L, of methanol determined by DAI-GC. Sample LO47 contained 400 p&/L 

of benzoic acid and 200 pg/L, of benzyl alcohol. TBP at 30 rngk was the main TIC. 

3.3.5.2 SoQ8 (soft sludge) 
Only phthalates were determined as TCL constituents in the sludge; TBP was determined as a TIC at 

2 m@g" 
Samples from tanks TH-1, TH-3, and W-11 were each processed together. Thcse are discussed below. 

3.3,6 Tan% TII-1 
3.3.6.1 L-049 and do50 (aqueous liquids) 

The samples from this tank were not significantly different from the blank. The 'TOC was among the 

lowest determined. None of the SVOA extracts was submitted for GC-MS because the GC screening did 

not reveal any constituents different from the blank. A precipitate was formed when sodium hydroxide was 
added to sample L-050, and it was difficult to increase the pH above 10 even when concentrated sodium 

hydroxide solution was employed. 

3.3.7.1 1-8 L-053 (aqueous liquids), and L113 (blind water blank) 

These samples were very similar to those drawn from tank TH-I. The lack of significant levels of 
organic compounds is reflected by the low TOC values, viz., 6.1, 5.1, and 0.8 mu . ,  for L-052, L-053, and 

L,-113, respectively. A precipitate formed during the basic pH adjustment of L-053, and achieving pH >lo 
for the basdneutral extraction was difficult. 
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The absence of detectable compounds in L-113, a blank submitted blind as a regular sample, is a good 
check of the entire handling, preparation, and analytical procedures for contamination. The toluenc VOA 

matrix spike was not recovercd, but the perdeuterated toluene surrogate standard was recovered well. 

3.3.8 Tank W-11 

3.3.8.1 Goo3, L114, and 2,115 (aqueous liquids) 

As shown in Table 3.6, the volatile organic compounds in tank W-11 samples also were very low. The 

SVOA cxtracts of all but the sludge were not submitted for GC-MS analysis because the GC screen did not 

detect sufficient concentrations of chromatographable organic compounds, The scrcening data are consistent 

with the sample TOG, being the lowest of all the tanks in this study (2.0, ~ 0 . 1 ,  and ~ 0 . 1  r n g L  for 1,-003, 

L-114, and L-115, respectively). Samples L-003 and L-115 were sequentially collected and are useful as 

duplicates, within the usual errors of sampling. The VOA results are in reasonable agreement, considering 

the very low concentrations (2-30 &L) determined. 

3.3.8.2 1-1-05 (hard sludge) 
The sludge contained several polycyclic aromatic hydrocarbons (PAHs) at concentrations of several tens 

to hundreds of mg/kg, as shown in Tablc 3.6. The presence of these species was quite unexpected, since 
PAH-bearing wastes, such as tars, were not known to be disposed of in the tank. The PAHs were not 

detected in the liquid samples, as expected from their low aqueous solubilities (low p g L  for the five-ring 

PAH), and they selectively partitioned into the sludge. This trend was observed for other sludge samples. 

Phthalates were also present. 

3.3.9 Tank TEE4 

3.3.9.1 M55, LAM, M57, L116, G117 (all aquaus liquids) 
Thc aqueous samples from tank TH-4 were processed together. There was an insufficient amount of 

L-117 for the SVOA extraction, so this sample received only the DAI-GC and VOA characterization. 

Results for the tank are listed in Table 3.7. 
The DAI-GC analysis indicated that the aqueous liquids contained methanol, acetone, 2-butanone, and 

4-methyl-2-pentanone at high m@ concentrations. The VOA confirmed the presence of acetone, 4-methyl- 

2-butanone and benzene; did not confirm the presence of 4-rnethyl-2-pentanone, and could not 
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Table 3.6- Listing of organic analytical 

Analysis Sample TD Compound Qualifier Result IJnits 

VOA W-ll/L-O03 
W-llL-OO3 
W-ll/L-003 
W-l1L-003 
W-ll/L-o03 
W-ll/L-114 
W-ll/L-114 
w-11L-114 
W-11L-114 
w-11L-115 
W-1 1L-I 15 
W- 1 l/Lr 1 15 
W-II/L-115 

svo W-ll/H-O05 
W-ll/H-005 
w- 1 l/H-OOS 
W-ll/H-O05 
W-ll/H-005 
W-ll/H-005 
W-ll/H-O05 
W-ll/H-005 
W-ll/H-005 
W-1 lfiI-005 
W-ll/H-O05 

Acetone 
Chlorobenzene 
Methylene chloride 
Toluene 
Trichloroe them 
Acetone 
Chlorobenzene 
Methylene chloride 
Toluene 
Acetone 
Chlorobenzene 
Methylene chloride 
Toluene 

R 
J 
B 
H 
J 
B 
J 
B 
13 
B 
J 
B 
13 

Benzo(a)anthracene 
Benzo (a) pyrene 

Benzo(g,h,i)perylene 
Bis(2-ethy1hexyl)phthalate 
Chrysene 
Di-n.-bulylphthalate 
Fluoranthene E 
Indeno( 1,2,3-cd)pyrene 
Phenanthrene 
Pyrene 

Benzo(b)fluoranthene E 

_I 
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Table 3.7. Listing of organic analytical data hits for tank TH-4 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC TH-4/L-055 
TH-4/L-056 
TH-4/L-056 
TH-4/L-056 
TH-4/L-056 
TH-4/L-056 
TH-4/L-057 
TH -4L- 1 17 

Methyl alcohol 
Acetone 
Methyl alcohol 
2-Bu tanone 
4-Methyl-2-pentanone 
n-Butyl alcohol 
Methyl alcohol 
Methyl alcohol 

Acetone 
Benzene 
Chloroform 
Methylene chloride 
Toluene 
Acetone 
Benzene 
Carbon tetrachloride 
Chloroform 
Methylene chloride 
Toluene 
2-Butanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Chloroform 
Methylene chloride 
Toluene 
Xylene (total) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Chloroform 
Methylene chloride 
Toluene 
Xylene (total) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Chlorobenzene 
Methylene chloride 
Toluene 
Trichloroethene 
4-Me t hyl -2-pen tanone 
Acetone 

€3 

€3 
B 
BE 

B 
B 

BE 
B 

B 
B 

BE 
B 

B 
B 

B 
B 

B 
B 

E3 
B 
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Table 3.7 (amlinued) 

Analysis Sample ID Compound QualiCier Result Units 

VOA TH-41L- 117A 
T€i-4/L-l17A 
TH-4L-117A 
TH-4/L-l17A 
TH-4iL-117A 

svo T€4-4/1,-056 
‘133-4L-056 
TH-4/L-056 
TH-4/S-058 
Tw-4fi-058 
TI-I-4/S-058 
‘TH-4/S-058 
TH-4/S-058 
TH-4/S-058 
~ ~ - 4 1 s - 0 5 8  
TK-4/S-058 
TH-41s-058 
TH-4/S-058 
n4-4/S-O5S 
TH-4/S-058 
TH-4/S-058 
TH-4/S-058 
n w s - 0 5 8  
TI-I-4/S-059 
TH-4/S-0.59 
TH-4/s-o59 
TH-4/S -059 
TH-4/s-059 
TH-4/S-O59 
TH-41s-059 
Tw-4/s-059 
W-4/S-O59 
T€-I-4/S-059 
TH-4/S-059 
Tw-4/s-059 

Benzene 
Chloroform 
Methylene chloride 
Toluene 
4-Methyl-2-pentanone 

Amnapht hene 
Naphthalene 
Phenanthrene 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Renzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Bis(2-ethylhexy1)phthalate 
Chiysene 
Di-n-butylphthalate 
Fluoran t hene 
Fluorene 
Indeno( 1,23-cdpyrene 
Naphthalene 
Phenanthrene 
Pyrene 
Acenapht hene 
Benzo(a)anthracene 
Bento( b) fluor an t hene 
Bis(2-ethylhexy1)phthalate 
Chrysene 
Di-n-buaylphthalate 
Dibenmfuran 
FTuoranthene 
Fluarene 

B 
B 
B 

J 
J 
J 
J 

J 

J 

J 
J 

J 

J 

detect methanol. The lower quantitative results for acetone and 4-methyl-2-pentanone probably result from 
the reduced purging efficiency of these species when present at in& levels. 

Among the volatile TICS was di-isopropylether at 20, IOOO, 1O00, and 50 pg/L for L-055, L-056, L-057, 

and L-117, respectively. 
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Except for three two-ring and three-ring PAHs in L-056, no semivolatile TCL organics were determined 

The major TIC was 'I'BP, at 20 and 30 m@ in LO56 and L-057, in the aqueous liquid samples. 

respectively. 

3.3.9.2 S-058 and S-059 (soft sludges) 
P,4Hs were found at milligram-per-kilogram concentrations in the sludges. TBP also was found as a 

TIC at 2 mgkg in both sludges. 

The sludges were hard to dry, even with an approximately fourfold-mass excess of sodium sulfate. 

EJowever, the surrogate standard recoveries were good, exception for nitrobenzene, which was usually 

recovcred poorly, possibly because of evaporative loses during solvent concentration by nitrogen blow-down. 

Except for the sludges, the samples for tanks W-5, W-6, and W-7 were each proccssed as a group. 

These are discussed below. 

3.3.10 Tank W-5 

3.3.10.1 LM3 (aqueous liquid) 

The major constituents observed in the VOA were tri- and tetrachloroethenes at 138 and 267 pg/2 

concentrations, respcctively. Other target analytes were observed, but at much lower levels. The SVOA 

did not detect any significant material in the liquids. The aqueous liquid sample foamed upon acidification 

during the  preparation for the SVOA. 

3.3.10.2 S M S  (soft sludge) 

TRP was found as a TIC in the sludge at 8 m e g .  The SVOA suggested the presence of phthalates. 

3.3.11 Tank W-6 

3.3.11.1 Go77, Lro78, GM9 (aqueous liquids) 
The results for this tank are shown in Table 3.8. The principal volatile organics were tri- and 

tetrachloroethenes. The SVOA of the aqueous liquids showed only benzoic acid at 300 ug/L in L-079. 

Sample L-078 turned green upon the addition of the SVOA MAS, but the surrogate recoveries were 

acceptable. 
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Analysis Sample ID Compound Qualifier Rcsult Units 

DAI-GC W-6/L-079 

svo W-6/L-019 
W-6/S-080 
W-61S -080 
W-C/S-OSQ 
W-S/S-080 
W-6/S-080 
W-6/S-080 

I-propyl alcohol 

Acetone 
Carbon tetrachloride 
Chioroform 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichioroethene 
Acetone 
Benzene 
Chloroform 
Methylene chloride 
ret rachloroethene 
Toluene 
Trichloroethene 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Chloroform 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichloroethene 
2-Butanone 
2-Hcxanone 
4-Methyl-2-pentanone 

Benzoic acid 
Bis(2-ethy1hexyl)phthalate 
Di-n-butylphthalate 
Diethylphthalate 
Fluoranthene 
Phenanthrene 
Pyrene 

B 
JB 
J 
B 
E 
B 

B 
J 

B 
B 
R 

J 
B 

J 
B 
RE 
R 

J 

3 m g L  
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3.3.11.2 S-080 (soft sludge) 

A few PAI-Is and phthalates were determined in the sludge. 

3.3.12 Tank W-7 

3.3.12.1 1,482 (aqueous liquid) 

The measurements for tank W-7 are presented in Table 3.9. ‘Thc major organic constituents were 14 

mg/L of methanol and - 1000 p@ of carbon tetrachloride in L-’J82. The data for the sample identification 

numbers with A and R suffixes are for duplicate determinations. These data show very good agreement, 

considering the low concentrations and two purging steps in the analysis. Benzoic acid (2000 pg/L) was the 

only TCL compound detected. Dibromonitrophenol was estimated at 700 pgn, as a TIC. 

3.3.12.2 S-084 (soft sludge) and H-085 p a r d  sludge) 

Fluoranthene and several phthalates were determined in the sludges. Four of the five SVOA surrogate 

standard recoveries (particularly for the acid surrogate standards) from the soft sludge, S-084, were very low, 

suggesting problems with the extraction step. Surrogate standard recoveries were somewhat better for the 

hard sludge, H-085. This difference in recovery for the surrogates between soft and hard sludges was 

observed with other samples. 

The samples for tanks W-8 and W-9, except for the sludges, were each prepared together. These are 

discussed below. 

3.3.13 Tank W-8: S-088 (Soft Sludge);v1,-086 and LAB7 (Aqueous Liquids) 

Table 3.10 lists the findings for this tank. The concentrations of both volatile arid semivolatile organic 

compounds were very low. 

The main SVOA TICS were dibromocyclohexane (300 p u ,  in L-086 alone), dihromonitrophenol (500 

and 700 pg/J-. in L-0% and L-087, respectively), and TBP (20 mg/L in each liquid), The results suggest 

bromination reactions may have occurred. 

Only the sludge was found to contain significant detectable organic compounds, which were mostly 

PAHs. ‘The TIC3 were mostly unidentified hydrocarbons and ‘lBY (700 mgkg). 
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Table 3.9. Listing of organic analytical data hits for tank W-7 

Qualifier Result Units Analysis Sample ID Compound 

DAI-GC W-7/L-082 Methyl alcohol 14 rngiL 

VOA W-7/L-O82A 
W-7flA-082A 
W-7JL-082A 
W-7/L-082A 
W-7rL-082A 
W-7/L-O82A 
W-7L-082A 
W-7/E-082B 
W-7/L-O82B 
W-7&-082B 
W -7/1,-082€? 
W-7/L-O82B 
W-7 jL-082B 
W-7/L-O82B 

Acetone 
Carbon tetrachloride 
Chloroform 
Methylene chloride 
Tetrachloroethene 
Toluene 
4-Methyl-Zpentanone 
Acetone 
Carbon tetrachloride 
Chloroform 
Methylene chloride 
Tetrachloroethene 
Toluene 
4-Methyl-2-pentanone 

R 
BE 
J 
B 
B 
B 

B 
BE 
J 
I3 
B 
B 

svo W-7/H-085 Di-n-Butylphthalate J 2,200 P@g 
W-7jH-085 Diethylphthalate J 510 PcLglk& 
W-7&-082 Benzoic acid J 1,900 PEIL 
W-7/S-OM Bis(2-ethylhexy1)phthalate 57,000 c l o g  
W-7/S-084 Di-n-Butylphthalate J 300 P@g 
w-7 js-084 Diethylphthalate J 200 cl@g 
W-7/S-084 Fluorantheae J 260 Pt& - 
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Table 3.10. Listing of organic analytical data hits for tank W-8 

Analysis Sample ID Compound Qualifier Result Units 

UA1-GC 

VOA 

svo 

W-8/L-086 
W-8/l4-087 
W-8/L-087 
W-8/L-087 
W-S/IL-087 

W -8jL-086A 
W -8/r,-OS6 A 
W-8/L-O86A 
W-8jL-086A 
W-8/Id-08C,A 
W-S/L-O86A 
W-8/L-O87A 
W-8/L-O87A 
W-8/Id-087A 
W-SjL-087A 

W-8/L-087 
W-8/L-087 
W-S/S-088 
w-81s -088 
W-81.5 -088 
W-8/S-088 
W-S/S-OSS 
W-8/S-O8S 
w -81s -088 

Acetone 
Acetone 
Methyl alcohol 
2-Butanone 
n-Butyl alcohol 

Acetone 
Benzene 
Methylene chloride 
Toluene 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Methylene chloride 
Toluene 

Di-n-butylphthalate 
Naphthalene 
Di--n -butylphthalate 
Diethylphthalate 
Fluoran thene 

I3 
J 
B 
BJ 

B 

B 
BJ 

J 
J 
J 
J 
J 

Naphthalene J 
Phenanthrene J 1,300 NYkk? 
Pyrene J 850 bg/kg 
2-Methylnaph thalene J 17300 P@g 

Thc acidic surrogate standard conipounds were very poorly recovered from the aqueous liquids, 

suggesting that acidic compounds, if present in the samples, may not have been extracted or detected. The 

two chlorinated phenolic MAS compounds also were poorly recovered. 

3.3.14 Tank W-9: L.,-#O (Aqueous Liquid) and S-092 (Soft Sludge) 
The results for this tank wcre similar to those for W-8. The VOA and SVOA did not reveal any 

significant levels of TCL constituents, except for the low mgkg levels of P M s  and phthalates in the sludge, 

as shown in Table 3.11. The SVOA 'TIC, TBP, was estimated at 10 mgA, in 1.,-090. The recoveries of the 
surrogate standard compounds in LO90 all were zero, suggesting either that an error had been made in 
surrogate standard spiking or that the matrix seriously interfered with the extraction. 
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Table 3.11. Listing of organic analytical data hits for tank W-9 
I 

Analysis Sample ID Compound QualiGcr Result Units 

VOA W -9jL-090A 
W-9jL-090A 
W-9jL-090A 
W-9/L-O9oA 
W-9/L-O90A 
W-9jL-09OA 
W-9b-090A 
W-9L-090A 
W -9jL-09OL4 

svo w-9L-090 
w-91s-092 
W-91s.-092 
W-91s-092 
W-9jS -092 
W-91S -092 
W-9/S-092 
W-91s-092 

Acetone 
Benzene 
Chlorobenzcne 
Chloroform 
Methylene chloride 
‘I’etrachloroethene 
‘Toluene 
Trichloroethene 
4-Methyl-2-pentaiione 

Di-n-butylphthalate 
Bis (2-ethyl1iexyl)phthalate 
Di-n-butylphthalate 
Diethylphthalatc 
Huoranthene 
Naphthalene 
Phenanthrene 

B 
J 

B 
J 
B 

J 

J 
J 
J 
J 
J 

Except for the sludges, the samples for tanks W-1, W-2, and W-4 were prepared together. These are 

discussed below. 

3.3.15 Tank W-I: GOM and I- (Aqumus Liq~ids) 

No TCL, compounds were detected at significant concentrations in the samples from this tank. This 

is consistent with the very low TOC, 6.4 and 10.1 mg/L for LO07 and L-008, respectively. Two aliquots 

from L-007 were analyzed for V O k  ‘The VOA surrogate standard recoveries were very poor for the A 

aliquot (10-19%) but were good for the B aliquot. The latter should be considered the more accurate 

analysis. 

3-3-16 Tank W-2: c-011 and L-118 (Aqueous Liquids) 

Neither sample contained significant levels of TCL constitucnts. This again i s  consistent with the low 

TOC, 18.9 and 22.6 ng/L, for L-Ql1 and L-118. ‘l’hese two samples were collected in series and are useful 

as field duplicates, within normal sampling errors. 
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3.3.17 l a n k  W-4 

3.3.17.1 W2, G023, L-119 (aqueous liquids) 

As shown in Table 3.12, some of the samples from this tank contained elevated levels of organic 

compounds. Sample L-023 contained mg/L quantities of 4-methyl-2-pentanone (7 mgL by DAI-GC, 1.1 

m@ by V0,4). The VOA was not effective for determining m@ concentrations of volatile organics, and 

thc DAI-GC result probably is more accurate. Samplc L-023 also contained 200 pg/L of naphthalene. 

‘These data are consistent with the elevated TOC in L-023 (558.5 m a )  compared to thc other liquids (49.5 

and 59.9 mgL for L-022 and L-119, respectively). 

3.3.17.2 S-024 (soft sludge) and H-026 (hard sludge) 

The two sludges contained PAHs and phthalates at levels of hundreds of mg/kg. Their SVOA extracts 

had to be filtered twice because of crystal precipitation. The surrogate standard recoveries of nitrobenzene, 

2-fluorophenol, and fluorobiphenyl were low for the soft sludge, but better for the hard sludge. The SVOA 
extraction for S-024 was repeated, using a pH adjustment to obtain base/neutral and acid fractions. Tvvo 
organic layers separated when the extracts were concentrated to 1 ml,. Also, a lump of dark tar was found 

in the S-024 sample and could be a source of the PAHs which were detected previously. 

3.3.18 Tank W-10 

3.3.18.1 L-093, Go94, LAB5 (aqueous liquids) 

All the aqueous samples for tank W-10 were processed as a group. The analytical measurements for 

the tank are listed in Table 3.13, The DAI-GC indicated the presence of 30 to 40 mgL of methanol. The 
acetone determined by DAI-GC was qualitatively confirmed by the VOA, but the latter indicated much lower 

levels to be present. The presence of 2-butanone was not verified by the VOA. Except for the 
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Table 3.12 Listing: of organic analytical data hits for tank W-4 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC W-4/L-023 

VOA W -4/L-O22A 
W-4jL -022A 
W-4fL-023A 
W-4L-023A 
W-4fid-023A 
W -4L-023A 
W-4lL-023 A 
W-4L023 A 
W-4PU-1 19A 
W-4/Jd- 119A 
W-4/kd - 1 19A 
W-4/L- 119A 
W-4/L-l19A 

SVO W-4/H-026 
W-4/H-026 
W-4/H-026 
W-4/H-Q26 
W-4fH-026 
W -4fl-I-026 
W-4/1,-022 
W -4/L-023 
W-4/L-119 
W-4/S-Q24 
w-4is-024 
W-4/S-024 
W-41s-024 
W-4 jS -024 
W-4/S-024 
W-41s-024 
W-41s-024 

4-Methyl-2-pentanone 4 in@ 

Methylene chloride 
Toluene 
Acetone 
Be W X X X  
Methylene chloride 
Toluene 
Trichloroethene 
4-Methyl-2-pent anone 
Benzene 
Methylene chloride 
Toluene 
Triehloroethene 
4-Met hyl-Zpentanone 

R 
B 

J 
B 
B 

J 
B 
I3 

J 

Bis(2-ethylhexy1)phthalate 5,700 P@g 
Di-st-butylphthalate 1,400 p@g 
Diethylphthalate J 49 P@g 
Fluoranthene J 160 PcLg/kg 
Phenanthrene J 110 P@g 
Byrene J 130 P18/kg 
Di-n-butylphthalate J 11 Pa 
Naphthalcnc J 160 P a  
Naphthalene J 35 P@ 
Bis(2-ethylhexy1)phthalat.e 11,000 P@g 
Chrysene J 69 l @ k  
Di-n-butylphthalate 2,100 P @ g  
Di-n-octylphthalate J 51 P@g 
Diethylphthalate J 33 P e g  
Fluoranthene J 220 P e g  
Phenanthrene J 170 P e g  
Pyrene J 170 P@g 
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Table 3.13. Listing of organic analytical data hits for tank W-10 

Analysis Sample ID Compound Qualifier Results Units 

DAI-GC W-10L-093 Methyl alcohol 
W-1OL-094 Methyl alcohol 
W-l0L-095 Acetone 
W-10L-095 Ethyl alcohol 
W-10L-095 Methyl alcohol 
W-10L-095 2-Butanone 
W-lO/L-O95 n-Butyl alcohol 

VOA W-lOIL-094A 
W- 10L-094A 
W- 10/L-O94A 
W- 10/L-O94A 
W- 10L-094A 
W-lO/L-O94A 
W- 10L-094B 
W-lO/L-O94B 
W- 10/L-O95A 
W-lO/L-O95A 
W-lO/L-O95A 

W- 10L-095A 

W-10L-095A 
W - 10/L-O95A 

W - 1 O/L-095 A 

W-lO/L-O95A 

W- 10/L-O95A 

W-1 OL-095A 

Benzene 
Methylene chloride 
Tetrachloroethenc 
Toluene 
Trichloroethene 
1,2-Dichloroethene (total) 
Benzene 
Methylene chloride 
Acetone 
Benzene 
Chlorobenzene 
Chloroform 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichloroetheiie 
1,2-Dichloroethene (total) 
4-Methyl-2-pentanone 

B 
B 

BM 
B 
B 
B 
B 

B 

B 

€3 

svo W-10/H-120 Bcnzo(n)pyrene J 1,900 Pgflrg 
W-lQ/H-120 Benzo(b)fluoranthene J 2,200 P 8 / k g  
W-lO/H- 120 Benzo(g,h,i)perylene J 870 P@g 
W- 10/H-120 Di-n-butylphthalate J 770 P18kg 
W-lO/H-120 Fluoranthene J 8,o@J 
W- lO/H- 120 Naphthalene J 270 P g k g  
W-lO/H-120 Phenanthrene J 5,100 v18kg 
W-10H-120 Pyrene J 8,100 Pugflrg 
W-lO/L-094 Benzoic acid J 400 Pg/L  
W-lO/L-O95 Benzoic acid 2,900 P@ 
W-lob-095 Naphthalene J 20 P R n  
W-lO/S-096 Benzo(a)anthracene J 6% 

W-1O/S -096 Chrysene J 760 P e g  
W-10/S-096 Di-n-Butylphthalate J 2,600 P@g 
W- 10/S-096 Fluoranthene J 1,800 P @ g  
W-lO/S-096 Phenanthrene J 1700 
W-lO/S-096 Pyrene J 1400 Pglkg 

W-lO/S-096 Bis(2-ethylhexy1)phthalate 130,000 pg/kg 
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methanol, there were only veiy low levels of volatile organic compounds in the aqueous liquid?, and in L- 

093, none were detected at all. This is  consistent with the much lowcr TOC in L-093 (8.7 mg/L) versus that 

in L-094 and LO95 (86.4 and 54.6 m@, respectively). 

The only TCL semivolatile organic compounds determined in the liquids were benLoic acid in LO94 

and LO95 4400 and 2906) p @ ,  respectively). The naphthalene determined in L-095 was very low (20 pg/L). 

TRP was estimated as a TIC only in L-094 at 2 mgL. 

3.3.18.2 SW9 (mi3 sludge) and H-120 (hard sludge) 

As with the other tanks, these sludges contained PAHs and phthalates, with 11-120 having higher 

concentrations of PAHs than S-096, which is in line with thcir TOG (14,600 and 8180 m@g, respectively). 

The SVOA TlC, et9iylphenylethanorue, was estimated a t  200 and 2300 pg/L in LO94 and L O % ,  respectively, 

and 9 and 40 mgkg in S-096 and €1-120, respectively. Tributylphospahte was detected as a TIC in the 

sludges at 60 and 300 mgkg in S-OlnG and M-120, respectively. The hard sludges appear to contain generally 

higher concentralions of organic compounds than do the soft sludges. 

The acidic MAS recoveries for 1,493 were very poor; however, thc acidic surrogate standard recoveries 

were good. The reason for this discrepancy is not clear. Two of the acidic coinpoiiiid and two of the 

neutral compound surrogate standard rccoveries were low for S-096, but were better for the hard sludge, 

H-120. The hard sludges exhibited better surrogate standard and MAS recoveries than did the soft sludges. 

The rcasons f ~ r  this behavior are not clear, but may be related to the greater aqueous character of the soft 

sludges. 

3.3.19 Tank 7XiA 
3.3.19.2 LAM, , L-065, Z I - 0 6 6 ,  and 1A67org (all organic liquids) 

The samples from tank 7860A, which were prepared as a group, consisted of four organic liquids, an 

organic liquid overlaying an aqueous liquid, and two aqueous liquids. The organic liquids were not subjected 

to the DAI-GC, The radioactivity of the organic and aqueous layers also was low enough that these liquids 

could be diluted in methanol (organic layers) or water (aqueous layers) for purge-and-trap CC-MS, and in 

methylene chloride for the SVOA GC-MS. Samples of the organic layers diluted in hexane also were 

subjected to GC-ECD analysis for PCBs. The results of the anaiiyscs are presented in Table 3.14. 

The organic layer appears to be a hydroc;lrbon liquid. PCRs were not detected with a reporting limit 

of 10 mgkg, and in the SVOA, naphthalene and 2methylnaphthalene averaged 88 and 77 rngkg. Phthalates 

also were determined. The SVOA TIC3 consisted mostly of unidentifiable hydrocarbons which totaled 15 
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Table 3.14. Listing of organic analytical data hits for tank 7860A 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC 78(joA/L-067AQ Acetone 
7860A/L-O67AQ Ethyl alcohol 
7860A/L-O67AQ I-propyl alcohol 
7860AIL-067AQ Methyl alcohol 
7860A/L-O67AQ 2-Butanone 
7860A/L,-067AQ n-Butyl alcohol 
7860A/L-068 Acetone 
78(flA/L,-068 Ethyl alcohol 
7860A/L-068 I-propyl alcohol 
7860A/L-068 Methyl alcohol 
7860A/L-068 2-Butanonc 
7860A/L-068 n-Butyl alcohol 
786OA/L-069 Acetone 
786OA/L-069 Ethyl alcohol 
7860AIL-069 I-propyl alcohol 
786ONL-069 Methyl alcohol 
7sGoA/L-069 2-Butanone 
7860A/L,-069 n-Butyl alcohol 

VOA 7 m m - 0 6 3  
786oAiL-063 
786oAiL-063 
786OA/L-O63 
7860m-063 
786OA/L-063 
786oA/L-063 
786OA/L-063 
78CjoAL-064 
7mw-064 
786om-064 
7860AiL-064 
7860A/L-064 
7860m-064 
7860A/L-064 
7&60A/L-o64 
7 m m - 0 6 5  
7WA/L-065 
7860A/L-065 
7860A/L-O65 
786OAfL-065 
786oA/L-065 
7 8 6 o ~ / ~ - 0 6 5  
7860A/L-O66 
7860m-066 
786oA/L-066 

Acetone 
Ethylbenzene 
Mexhylene chloride 
Tetrachloroethene 
Toluene 
Trichloroet hene 
Xylene (total) 
2-Butanone 
Acetohe 
Ethylbenzene 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichloroethene 
Xylene (total) 
2-Butanone 
Acetone 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichloroethene 
Xylene (total) 
2-Butanone 
Acetone 
Ethylbenzene 
Methylene chloride 

B 

JB 
E 
J 
E 
E 

B 

JB 
E 
J 
E 

B 
JB 
E 
J 
E 
E 

B 

JB 

1,500 mg/L 
2,600 mgL 

770 m g L  
1,400 mg/L 
1,400 mg/L 
1,000 mg/L 
2,300 mgL 
4,300 ngn’ 

940 mg/L 
1,700 mg/L 
2 , m  m g n  
1,200 mg/L 
1,900 mg/L 

mg/L 

1,600 m g n  
1,m m a  

3,400 mg/L 

1,600 mgL 
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Table 3.14 (continued) 
~ - .. . 

Analysis Sample TD Compound Qualifier Result Units 

VOA 7860A/L-O66 Tetrachloxoethene 
7EKXM/L-066 Trichloroethene 
786oA/L-066 Xylene (total) 
7860A/L-066 2-Butanone 
7860A/L-067AQ Acetone 
7860A/L-O67AQ Methylene chloride 
7860A/L-O67AQ Tetrachloroethene 
786QA/L-O67AQ Trichloroethene 
7860AL-067AQ Vinyl acetate 
7860A/L-Q67AQ Xylene (total) 
7860A/L-067AQ 2-Butanone 
7860AlL-067AQ 4-Methyl-2-pentanone 

7868An-0670R Ethylbenzene 
7 W A L 0 6 7 0 R  Methylene chloride 
7860AlL-0670R Tetrachloroethene 
7860AIL-067QR Toluene 
7860A/L-0670R Trichloroethene 
7860A/L-0670R Xylene (total) 
7860A/L-0670R 2-Butanone 
786QA/L-068 Acetone 
786oA/L-068 Methylene chloride 
7860AL-068 Tetrachloroethene 
7860A/L.-068 Trichloroethene 
7860A/L-068 Vinyl acetate 
7860AL-068 Xylene (total) 
7860A/L-Q68 2-Butanone 
78M1AIL-068 4-Methyl-2-pentanone 
7WAlL-069 Acetone 
786OA/L-069 Methylene chloride 
7860A/L-069 Tetrachloroethene 
7$60A/L-069 Trichloroethene 
7860A/L-069 Vinyl acetate 
7WA/L-069 Xylene (total) 
786OA/L-069 2-Butanone 
7860AlL-069 4-Methyl-2-pentanone 

7863AIL-0670R AGSOne 

svo 7 w a - 0 6 3  
7s6CwL-063 
723aWL-063 
7 m m - 0 6 3  
7mm-064 
7860A/L-065 
7861tfi-065 
7860AIL-065 

Bis(2-ethylhexy1)phthalate 
Isophorone 
Naphthalene 
2-Methylnaphthalene 
Bis(2-ethylhexy1)phthalate 
Bis(2-ethylhexy1)phthalate 
Di-n-butylphthalate 
Naphthalene 

E 
E 
E: 

R E  
JB 

J 

E 
J 
B 

JB 
E 
J 
E 
E 

BE 
JB 
J 

J 

E 
J 
BE 
JB 

J 

E 
J 
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Table 3.14 (continued) 

Analysis Sample ID Compound Qualifier Result Units 

svo 786ONL-065 2-Methylnaphthalene 
7860A/I,-066 Bis(2-ethylhexy1)phthalate 
786OA/L-066 Di-n-butylphthalate 
7860A/L-066 Naphthalene 
7860A/L,-066 
786QA/L,-067AQ Bis(2-ethylhexy1)phthalate 
7860A/L,-067AQ Di-n-butylphthalate 
7WA/L-O67AQ Naphthalene 
7860A/L-O67AQ 2-Methylnaphthalene 
7860A/L-O670R Bis(2-ethylhexy1)phthalate 
7860MA-0670R Di-n-butylphthalate 
7860NL-0670R Naphthalene 
7860A/L-O670R 2-Methylnaphthalene 
7860A/L-O69AQ Naphthalene 

2-Methylnap h t ha lene 

to 20 wt 95. TBP was estimated at 40, 80, 30, 70, and 80 mug in L-063, I,-064, L-065, I,-066, and L-M70rg, 

respectively. A more detailed analysis could have been achieved in the SVOA by using a lesser dilution, 

but the danger of contaminating the GC-MS with large amounts of organic matter would have been greater. 
Percentage concentrations of several volarile solvents also were determined by the VOA. Tetra- and 

trichloroethcnes averaged -4 wt. ?& each. Substantial concentrations (thousands of mg/L) of acetone, 

xylene, and 2-butanone, and lesser levels (averages of 88 to 440 m e A )  of ethylbenzene, methylene chloride, 

and toluene also were found. 

3.3.19.2 I,-O67, L-068, and LAX9 (all aqueous liquids) 

The aqueous layer had substantial concentrations of organic compounds, as would be expected from its 
contact with the organic layer. In contrast to the organic layer, the major identified compounds in the 

aqueous layer were those which are more water-soluble. Hydrophilic compounds such as the ketones were 

approximately equally distributed between the aqueous layer and the organic layer, while hydrophobic 

compounds such as the aromatic and chlorinated hydrocarbons were more concentrated in the organic layer. 

The major compounds determined in the VOA of the aqueous layer were acetone (average of 1300 m@), 
2-butannne (average of 1800 m a ) ,  and trichloroethene (240 m@). Lesser concentrations of xylene, 

tetrachloroethane, methylene chloride, 4-methyl-2-pentanone, and vinyl acetate also were determined. 

Among the VOA TICS in the aqueous layer were ethyl, isopropyl, and ti-butyl alcohols. They probably were 
more accurately measured by the DAI-GC than by the SVOA because of their high concentrations. The 

4-methyl-2-pentanone and vinyl acetate were not detected in the organic layer, probably because of their low 
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conccntrations and high water solubilities. For the SVOA in the aqueous layers, only naphthalene, 2- 

methylnaphthalene, and two phthalates wcre detected in L-067aq (and also naphthalenc in L-069). ‘T5P was 

the major TIC, estimated at 2, 300, and 300 mg/L in L-O67aq, T.-068, and L-069, respectively. 

The agreement between the DAI-GC and the VOA for acetone and 2-butanone is generally good, 

considering that all of the GC-MS measurements for these compounds weie above the calibratiun rangc (as 
flagged with the “E” data qualifier). Thc data for the DAI-GC probably are morc accurate because the 

measurements were within the calibration range. 

3.3.i”D.I L416, M17, and M I 8  (all a 
The analytical results for these samples, which were prepared as a group, are listed in Table 3.15. The 

major organic compound was methanol. The DAI-GC also determined mg.L levels of acetone and 

2-butanone that were not confirmed by the VOA. Very low concentrations of other volatiles were detected 

in the VOA. The SVOA determined very low levels of phthalates that were not significantly different from 

those in the blank. PAH also were determined in L-018, which did have a ‘TOC approximately double that 

of the other two liquids. TL)P was estimated as a TIC at 30 mg/L in L-016, L-017, and L-018. 

3.3-20.2 SC120 (soft sludge) 
As observed in other samples, somewhat higher levels of PAHs and phthalates were measured in the 

sludge. The latter were riot significantly different in concentration from the blank. TBP was estimated at 

4 mg/kg as a TIC. 

3.3.21 Tank WC-17 
3321.1 0-101, 0-102, 1,103, GIM, and L105 (all aqucous liquids) 

This complex sample set, prepared as a group, consisted of three samples having an organic layer 

floating on an aqueous liquid, as well as two additional aqueous liquids. The activity of these samples was 
low enough that the aqucous and organic layers both could be subjected to purgc-and-trap GC-MS in the 



3-30 

Table 3.15. Listing of organic analytical data hits for tank W-3 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC W-3L-016 
W-3/L-017 
W-3/L-018 
W-3/L-018 
W-3/L-018 
w-3L-018 

VOA W-3/L-O16A 
W-3b-016A 
W-3fL-016A 
W -3/L-0 16A 
W-3L-016A 
W-3/L-O17A 
W-3/L-O17A 
W-3/L-O17A 
W-3/L-O17A 
W-3/L-O17A 
W-3/L-O17A 
W-3/L-O18A 
W-3/L-O18A 
W-3/L-O18A 
W-3/L-O18A 
W-3/L-O18A 
W -3/L-O18A 
W-3L-018A 

SVO W-3/L-016 
W-3/L-016 
W-3/L-017 
W-3/L-017 
W -3/L-0 18 
W-3/L-018 
W-3/L-O18 
W-31L-018 
W-3/L-018 
W-36020 
W-3lS020 
w-3/s020 
W-3lS020 

Methyl alcohol 
Methyl alcohol 
Acetone 
Methyl alcohol 
2-Butanone 
n-Butyl alcohol 

Acetone 
Methylene chloride 
Tetrachloroethene 
To 1 uene 
Trichloroethene 
Acetone 
Chloroform 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichloroethene 
Acetone 
Benzene 
Chlorobenzene 
Methylene chloride 
Toluene 
Trichloroethene 
4-Methyl-2-pent anone 

Di-n-butylphthalate 
Di-n-octylphthalate 
Di-n-butylphthalate 
Di-n -0ctylpht hala te 
Di-n-butylphthalate 
Fluoranthene 
Phenanthrene 
Pyrene 
2-nitro phenol 
Phenanthrene 
Di-n-butylphthalate 
Chrysene 
Bis(2-ethylhexy1)phthalate 

JB 
JB 
B 
JB 
B 
B 
J 
JB 
B 
B 
B 
JB 
J 

JB 
B 
B 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
JB 
J 
JB 
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GC-MS laboratory. Small volumes were diluted in water at the time of purgc and trap because of the 

expected high concentrations of volatile organic compounds. There was insufficient sludge S-106 for SVOA. 

The data for these samples are presented in Tablc 3.16. 

The main cornpounds identified in the VOA were acetone, benzene, methylenc chloride, and xylene. 

However, considcring the high blank levels (see Table 3.17), only xylcne appears to be present in the samplc 

at 50-80 pg/L. The reason for the high blank level is not known. The lack of detectable vrganic compounds 

in the DAI-GC supports the contention that most of the results for the VOA were bldnk-related. 

In the SVOA, only phthalates were detected at  levels similar to those in the blank. 

33.212 0-101, 0-102, G103 layers floating on aqumar Iaym of the same sample number) 
Considering the elevated levels of compounds detected in the VOA blank, only styrene (at 5000 to 

8ooO p a )  can be confidently identified in the organic layer. Trichloroethylene and vinyl acetate also were 

found, but in only ofre of the samples. The SVOA detected only phthalates, which appear to be related to 

the blank. The TICS were mostly unknown hydrocarbons, except for l,l-biphenyl-2-01 (200 mg/kg in all 

three organic layers). A low level of PCBs was determined in the organic layers. This appeared to be a 
mixture of Aroclors 1254 and 1260, with a total concentration of 29-33 mg/kg. 

Thc samples from tanks W-13, W-14, W-15, and W-1A were each processed together. 

3.3.22 Tank W-13: Grm and T A B  (Both Aqueous liquids) 
Very little organic matter was determined in t h e e  samples. The main compound measured by DAI- 

GC was methanol. Toluene was the main TCI, species found by the VOA. The VOA surrogate standard 

recoveries were low for L-028, which probably is the reason that the VOA for L-027 yielded more hits. The 

SVOA did not detect any TCL constituents, and the TICS were not significant, except for 1%P (90 pg/L in 

L-027). The SVOA extracts for both samples were not different from the blank, and L-028 was not 

submitted for GC-MS. The TOGS for these samples were low, 41.4 and 39 in& for L2-027 and L-028, 

respec tkely. 
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Table 3.16. Listing of organic analytical data hits for tank WC-17 

Result Units Analysis Sample ID Compound Qualifier 

VOA WC-17L-103AQ Acetone 
WC- 17/L-l03AQ Benzene 
WC-17/L-l03AQ Methylene chloride 
WC-17/L-l03AQ Xylene (total) 
WC- 17L- 1030R Acetone 
WC-17/L-l030R Benzene 
WC-17/L-l030R Methylene chloride 
WC-17/L-l030R Styrene 
WC-17/L-l030K Xylene (total) 
WC-17/L-l04AQ Acetone 
WC-17L-104AQ Benzene 
WC-17/L-l04AQ Methylene chloride 
WC-17L-104AQ Xylene (total) 
WC- 17L- l05AQ Acetone 
WC-17/L-l05AQ Benzene 
WC-17L-105AQ Methylenc chloride 
WC-l7/I.,-lO5AQ Xylene (total) 
WC- 17/0- 101 AQ Ace tone 
WC-17/0-101AQ Benzene 
WC-17/0-101AQ Methylene chloride 
WC-17/0-101AQ Xylenc (total) 
WC-17/0-1OlOR Acetone 
WC- 1 7 / 0 1  OlOK Acetone 
WC-17/0-101OR Benzene 
WC- 17/O- l0lOK Benzene 
WC-17/0-1OIORMethylene chloride 
WC- 17/0-1010R Methylene chloride 
WC- 17/0-101 OR Styrenc 
WC-17/0-1010R Styrene 
WC-17/0-101 OR Trichloroethene 
WC-17/0-1010R Vinyl acetate 
WC- 1 7/0- 101 OR Xylene (total) 
WC-17/0-lOlORXylene (total) 
WC-17/0-102AQ Acetone 
WC-17/0-102AQ Benzene 
WC-17/0-102AQ Methylene chloride 
WC- 17/0- 102AQ Xylene (total) 
WC-17/0-1020R Acetone 
WC-17/0- 1020R Benzene 
WC- 17/0-1020R Methylene chloride 
WC-17/0-1020R Styrene 
WC-37/0-1020R Xylene (total) 
WC-l7/I,- 103AQ Bis(2-ethy1hexyl)phthalate 
WC-17/L-l03AQ Di-n-butylphthalate 
WC- 17/L- 103AQ Di-n-octylphthalate 
WC-17/L-l030R Di-n-butylphthalate 

B 
JB 
JB 
J 
B 
JB 
B 

B 
B 
JB 
JB 

B 
JB 
JB 
J 
B 
JB 
JB 
J 
B 
B 
JB 
JB 
B 
B 

J 
J 
JB 
JB 
B 
JB 
JB 

B 
JB 
B 

B 
J 
JB 
JR 
JB 
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Tabk 3.16 (mntinual8) 
...... ......... ... ........ 
Analysis Sample ID Compsund Qualifier Rcsult Units 

WC-17L-104AQ Di-n-octylphehaiate 
WC-17/0-101 AQ Di-n-octylphthalate 
WC-l’?/O-lOlOR Di-H-butylphtkalatc 
WC-17/0-101OR Di-n-butylphthalate 
WC-17/0-102AQ Di-n-sctylphthalate 
VdC-17/0-1028R Di-n-butylphthalate 

PCB WC-lS/E-l030R AROCLOR-1254 
WC-17/Z-l030W AROCLOK-1260 
WC-17/0-101OR AR0CLOR-1254 
WC-17/0-101OR AROCLOR-1260 
WC- 17/0- 1020R AROCZ,OR- 1254 
WC-17/O-l02OR AlROCT.,OR-1260 
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3.3.23 Tank W-14: Go30 and LO31 (Both Aqueous Liquids) 

The results for this tank wcre essentially thc same as for W-13, i.e., methanol was the major compound 

detectcd by DAI-GC, very little was measured in the VOA, and only a phthalate was found in the SVOA. 

As for the previous tank, the SVOA extract of only one sample (L-030) was submitted for GC-MS. 'IBP 
was estimated at 200 ug/L in L-030. The TOCs were higher for this tank (121 and 132 n@L, respectively). 

3.3.24 Tank W-15: Lo32 and 1,433 (Both Aqueous Liquids) 

The results for this tank were very similar to those for the previous two tanks, The DAI-GC indicated 

7 m a ,  of methanol for both samples, and the VOA detcrmincd very little material. No TCL compounds 

were detected by the SVOA. TBP was estimated at 400 pglL in both L-032 and L-033. This is consistent 

with the low TOG, 53.7 mg/L for L-032 and 42.7 ma for L-033. The deuterated yerylene internal 

standard was missing from the L-032 SVO extract. The cause is not clear. A matrix effect is possible 

because the other internal standards were found in the extract and all were added together before the GC 

screen. It may be signincant that the pH for both of these samples was 0.2, which was the lowest of all the 

inactive tank samples. However, all the internal standards were found in the L-033 sample, and the 

inorganic characterization did not suggest any unusual properties. 

3.3.25 Tank W-lA: IAO1 (Aqueous Liquid) 

The results for this tank were very similar to those for the previous three tanks. The DAI-GC 
determined 7 mg/L of methanol, and only very low levels of volatiles were detected in the VOA. The 

SVOA determined only a phthalate. TICS included C,-benzenes (probably diethylbenzenes used in 

radiochemical extractions) at 5 m a  and ethylplienylethanone at 3 m@. 

The samples for tanks T-30 and 7562 were each processed together. 

3.3.26 Tank T-30: G121 (Aqueous Liquid) 

As for the previous group of tanks, 11 mglL of methanol were determined by the DAI-GC, and very 

little in the way of volatile organics was found by the V O k  The SVOA identified only a phthalate. 'l'hese 

findings are in line with the low TOC, 13.7 mg/L. 

3.3.27 Tank 7562: Go97 (Aqueous Liquid) 
Again, very little organic matter was detected in this sample: methanol at 14 mg/L by DAI-GC, very 

low VOA results, and no SVOA TCL hits. The TOC was 29.6 mg/L. There was insufficient sludge in S-098 

for the SVOA. 
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3.4 ANALYSIS O F  BLAbK.9 

Method blanks were prepared with almost every group of samples. Burdick and Jackson "distilled-in- 

glass" grade water OF sea sand were prepared and analyzed identically to and simultaneously with the 

samples, 'Ihe results for the VOA arid SVOA of the aqueous sample blanks are suniinarized in Table 3.17. 

Only very low levels of a few TCL compounds were determined by the VOA The two exceptions, 

methylene chloride in the T-UT-2fr-9 sample group-apparently resulted from contamination of the solid 

sorbent traps during storage. When this contamination was detected, the traps were analyad s ~ o n  after 

preparation. It is not clear why the methanol used for the dilution of one of the organic liquids apparently 

contained such high levels of TCL compounds. 

Only two phthalates were dctected in two groups of SVOA blanks. Di-n-butylphthalate (21 p@g)  aiid 

bis(2-ethyll1cxyl)phtha~ate (8 pg/kg) were the only TCL compounds detected in the SVOA blanks for the 

sludges. The blanks for the DAI-GC did not contain detectable concentrations (<1-2 m@) of the alcohols 

and ketones. 

The recoveries of standard compounds added to aliquots of the waste samples before preparation and 

analysis are good indicators of the accuracy and reproducibility of the determinations. Surrogate standards 

were added to all samples in the VOA and SVOA. Matrix spiked samples were included in the VOA, 

SVOA, DAI-GC, and PCB analyses. 



Tablc 3.17. Rau11.s for VOA and SVOA o l  blanks for aqucous liquids 

(Concentraiiun in blank for sample group.” pg,’L) 
~~ ~- 

w- 13 
T- I TH-1 W-5 W- 1 w-14 

T-3 T-2 TH-3 W-6 w-2 w-15 
W-1A WC170RG” Com pou nd T-4 T-9 W-11 TH-4 W-7 W-8, W-9 W-4 W-10 W-3 WC-17 

VOA: 

Acetone 
Bromodichloromethane 
Chloroform 
Methylene chloride 
Toluenc 
Senzene 
4-Methyl-2-pentanonc 
Tetrachloroethene 
Trichloroethene 
Xylencs 
Carbon tetrachloride 

7 4,100 
43 - 

2 370 
‘r’ 
’-3 
3 

SVOA: 

“Resutis listed for aqueous blanks only, unless otherwise indicated. 
bResults for methanol used to dilute organic layers. 
‘Data not available. 
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The recoveries of MASs for the DAI-GC of aqueous liquids is shown in Table 3.18. The data are for 

eight pairs of MAS/MSD. One data point for methyl alcohol was dropped because of ail apparent 

misintegration in its measurement. Except for i-propyl (89.9% mean recovery) and allylln-propyl alcohols 

(85.5% mean recovery>, the mean spike recoveries were greater than 93%. 'The allylln-propyl alcohol was 
not detected in any sample. The relative standard deviation of the recoveries ranged bom 9.7 to 21.6%. 

These data suggest good accuracy and precision for the measurements. There are no SW-846 surrogate 

standards or QC Acceptance Limits for this method. 

The three VOA surrogate standards were recovered in reasonable yield from both thc aqueous 

radioactive waste tank samples and from water blanks prepared inside the glove box. IJsiiig a data base of 

65 waste tank samples, the mean recoveries and standard deviations (both expressed in 5% recovery) of 

d,-toluene, broniotluorobenzene, and 1,2-dichloroethane-d, were 89 17%, 59 f- 1596, and 81 p 11%, 

respectively (Table 3.19). Both the mean recovery and precision are acceptable at the 50 ,u@ level in this 

hostile matrix. 'l'he mean values are similar to the QC Acceptance Limits specificd by EPA Method 8240 

for ground water analyses,' viz., 88-110% for d,-toluene, 86- 115% for brornofluoroben7ene, and 7&114% 

for 1,2-dichloroethane-d,. The recoveries of the surrogate standards lrom seven water blanks were 91 3. 

1196, 61 -+ 12%, and 86 k 13%, respectively. Data from four blanks were discarded because of apparent 

laboratory error. '"he applicability of QC Acceptancc Limits developed for groundwater analysis to our 

waste tank liquids analysis is unknown, but those limits are useful guidelines for evaluating these data. The 

reasons for the lower recoveries of bromofluorobenzerae from both the blanks and the samples are not clear. 

Wc suggest that this surrogate has the highest boiling point (and is thereforc the least volatilc) of the three 

surrogates, and the sparging conditions employed may not have been vigorous enough to transfer it 

quantitatively to the sorbent trap. 

'The recoveries of the five VOA MAS compounds were evaluated using 10 pails of MASMSD. The 

mean recoverics and relative standard deviations of 1,l-dichloroethene, trichloroethene, benzene, toluene, 

and chlorobenzene ranged from 105 to  67%. Some of the raw-data values had to be deleted from the 

evaluation because they either exceeded 150% recovery (one for benzene, two for toluene, and one for 

chlorobenzene), or they were inexplicably zero when all other MAS compounds werc recovered reasonably 

(two for toluene, composing one pair). Again, the recoveries of the five MAS compounds generally fell 

within the QC Acceptance Limits specified by the EPA CLP,' which are typically between - 70 to 130%. 
SW-846 does not list QC Acceptance Limits for MASs. The agreement between results for MAS and MSDs 

was typically within 10%. 

'The recoveries of the six SVOA surrogate standard compounds from 67 waste tank aqueous liquids and 

eight blanks are shown in Table 3.20. The recovery data for the acid surrogates taken froin four samples 
were rejected because of apparent laboratory error and are not included in the tabulation. The recovcrics 
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Table 3.28. Summary of matrix spikc recoveries for DAI-GC 
(Percentages unless otherwise indicated) 

Compound 
No. of 

Mean Std. Dev. RSD samples 

Mcthyl alcohol 97.8 16.6 16.9 15 

Ethyl alcohol 94.1 10.7 11.3 16 

Acetone 94.8 10.6 11.1 16 

i-Propyl alcohol 89.9 11.4 12.7 16 

Allylln-propyl alcohol 85.5 18.3 21.4 16 

2-Butanone 93.6 9.1 9.7 16 

i-Butyl alcohol 97.3 10.6 10.9 16 

n-Butyl alcohol 102.4 13.3 13.0 16 

4-Methyl-2-pentanone 94.2 20.3 21.6 16 
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of the acid surrogates were zero in those samples, while the recoveries of the baseheutral surrogates were 

good, suggesting that an error was made either in the addition of the surrogate standards or in the pH 
adjustment of the extraction. Overall, the mean recoveries were well within the SW-846 QC Acceptance 

Limits,' which are quite widc. These 
observations also hold for the surrogatc standard recoveries in the eight blank samples. 

The precision of the measurements is approximately 20%. 

Seven pairs of SVOA MAS/MSD recoveries also were evaluated, and are included in Table 3.20. While 

all of the available data for basdneutral MASs were used, two pairs of acid MAS data were rejected. The 
recoveries of the acid MAS compounds were inexplicably zero, while the acid surrogate standard compounds 

weic recovered well, suggesting a laboratory error. The mean recovery values for both the acid and 
baseheutral MASs fell within the EYA CLP QC Acceptance Limits for soil.* The standard deviations and 

relative standard deviations of the base/neutral MASs were almost identical to those observed for the 

baseheutral surrogate standards. These two parameters tended to be somewhat greater for thc acid MASS. 

Possible reasons for the poorer precision for the latter may be that (a) the pH of the sample was 

insufficiently low to allow extraction of the more acidic phenols and that (b)  reliable quantitation of at least 

one species, pentachlorophenol, by GC-MS is historically difficult. The agreement between the MASs and 

MSDs was typically between 10 and 20%. 

'The sludge samples also were routinely spiked with surrogate standards, and the recovery data for 19 

samples and one blank are presentcd in Table 3.21. Data for two samples and one blank were discarded 

because of uniformly very low recoveries. The means arid relative standard deviations of the surrogate 

standard recoveries from the sludge were poorer than those for the aqueous liquid analyses. In contrast, 

the recoveries from the blank (sea sand) were good, suggesting that the problems were mainly in extracting 

thc sludge matrix. Recoveries were particularly poor for nitrobenzene, and the recoveries of fluorobiphenyl 

and the fluoro- and tribromophenols were not much better. It is possible that the nitrobenzene and 

fluorobiphenyl losses arose from the rotary evaporation or nitrogen blow-down steps used for volume 

reduction of the extracts, while the'niore acidic phenols may not have been efficiently extracted from the 

alkaline sludges. SW-846 method 3550 does not expressly incorporate a pH adjustment. Methodology for 

achieving baseheutral and acid fraction extractions of sludges is under development. 

Only one pair of MAS/MSDs was prepared from one sludge sample at the end of the study, and the 

recoveries were generally poor. However, because the surrogate standard recoveries for that sample and for 

the MAS/MSDs all were good, we concluded that either the matrix spiking solution had degraded or its 

addition was faulty, and that the MAS recovery data therefore were not valid. 
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Table 3.21. Summary of SVOA surrogate standard 1u;overia 
from siuaga 
(Percentage) 

Surrogate std. and Sludge samplesb 

QC limits" Mean Std. dev. RSD 
Blank' 

Mean 

Nitrobenzene-d5 18 17 99 

2-Fluorobiphenyl 37 19 52 
(23- 120) 

(30 - 115) 
Terphenyl-d,, 

(18-137) 
66 20 30 

PhenOI-dS 47 20 43 

2-Fl~oaophenol 35 19 56 
(24- 1 13) 

((25-121) 
2,4,6-Tribromophenol 37 18 

(19- 122) 
45 

33 

35 

99 

46 

39 

92 

"From SW-846; see ref. 1, Sect. 3.7. 
bN = 19. 
"N = 1. 

'Two diiutions of an organic oil sample were spiked with PCB-1248 to evaluate potential interferences. 

The recoveries of 120 and 108% suggest that no interferences were encountered in the PCB determinations 

and that the measurements were accurate. 

3.6 ACIGO&TNTING OF ORGANIC CARBON 

Comparison of the results of the TOC analysis with the organic carbon calculated from the GC and 

GC-MS measurements of individual compounds allows an assessment of the completeness of the accounting 

of organic matter present in the waste samples. Such a comparison is prmcntcd in Tables 3.22 and 3.23 
for the aqueom liquids and sludges, respectively. The results of the DAI-GC determination of major 

volatile organic compounds, the TCL and TIC compounds measured by the VOA (campounds common to 

the DAI-GC analysis have been omitted from the VOA data so that they will not be counted twice), and 



Tablc 3.22 Total organic carbon (TOC) accounting in aqueous liquids" 

TOC 
Accounted for 

Tank Sample TOC, DAI-GC VOA-TCLb SVOA-TIC VOA-TCL SVOA-TIC 

T-30 

TH-4 

w-10 

W-6 

w-7 

7562 

w-10 

T- 1 

L-121 

L-055 
L-056 

L-057 
L-116 

L-117 

L-094 

L-095 

LO77 
L-078 
LO79 

L-082 

L-097 

L-093 
L-094 

L-095 

L-035 

L-036 

13.7 

19.4 
352 

2,170 
14.6 

31.6 

86.4 

54.6 

2 
2 

13.2 

50 

29.6 

8.7 
86.4 

54.6 

836 

790 

4.1 ALC - 

4.9 ALC - 
23.7 ALC 0.1 OTR 
25.7 KET 
4.5 ALC 0.4 KET 

0.1 OTR - 

7.5 ALC €0.1 

13.9 ALC €0.1 

16.5 ALC 0.1 OTR 
2.6 KET 

- €0.1 
- <0.1 
1.9 ALC 0.3 

5.3 ALC 0.08 CH 

5.3 ALC <0.1 

10.1 ALC - 
13.8 ALC cO.1 

16.6 ALC €0.1 
2.6 KET 

- 0.1 BA 

- €0.1 
0.1 om 

- - 

0.20 0.9 ETR 
0.5 OTR 

<0.1 - 

<0.1 0.10 TR 

NR €0.1 

0.3 BA €0.1 

2.0 BA c0.1 

<0.1 co.1 
<0.1 <0.1 

0.2 BA 0.1 

1.3 BA €0.1 

<0.1 <0.3 

- <0.1 

0.35 PHTH <0.1 

0.15 PHTH - 

0.2 

0.6 
3.1 

11.0 
4.9 
0.8 
7.5 

NR 

0.3 
0.8 
1.8 
1.7 

1.1 
2.0 

11.2 

20.3 

0.3 

0.1 
0.3 
0.2 
1.4 
3.7 

6.7 
6.0 
5.4 
9.4 

NID 

NID 
TBP 
NID 
TBP 
NID 
NID 

TBP 
N ID 
EPE 
NID 

NID 
NID 
NID 

NID 

NID 

NID 
TJ3P 
EPE 
NID 
NID 

TBP 
NID 
TBP 
KlD 

31 

28 
19 

0.8 
7 

24 

18 

45 

55 
100 
104 

54 

19 

117 
18 

42 

1.6 

1.9 



Table 3.22 (continued) 

TOC 
Accounted for 

("r,) Tank Sample TQC, DAI-GC VOA-TCLb SVOA-TIC VOA-TCL SVQA-TIC 

"-2 

T-3 

T-4 

T-9 

TH-3 

W-1 

W-13 

W-14 

LO38 

LO39 

L-112 

L-042 

L-044 

L-045 

L-111 

L-047 

LO53 

L-007 
k-008 

L-027 

L-028 

L-030 

1120 

1310 

1100 

12,600 

460 

473 

460 

850 

5.1 

5.4 
10.1 

41.4 

39 

121 

0.03 CH - 

0.54 CH - 

0.03 CH - 

65.7 ALC <0.1 

40.5 ALC 0.06 CH 
4.3 KET 0.04 AH 

40.3 ALC 0.24 AH 
5.0 KET 0.06 OTR 

39.0 ALC 0.08 CH 
4.3 KET 0.05 AH 

0.04 QTR 

6.4 ALC <0.1 

4.1 ALC <0.1 

1.9 ALC ~ 0 . 1  

9.2 ALC <0.1 

0.1 PHTH - 
0.17 PNL - 
0.2 PHTH - 

0.2 PHTH - 
0.13 PNL 
0.m ALC 

4 . 1  

<0.1 

<0.1 

0.2 BA 
0.1 ALC 

<0.1 

<0.1 
<0.1 

- 

- 

<Q.1 

<0.1 

0.1 OTR 

0.1 QTR 

0.1 om 

- 

<0.1 

- 

<0.1 

- 

- 

- 

3.5 TBP 
6.1 NID 
3.4 r n P  
8.9 NID 
3.2 TBP 
7.1 NID 
0.4 TBP 

11.6 NID 

5.4 NID 

5.7 NfD 

0.5 TE3P 
8.0 NID 

4.5 TBP 
10.7 NID 

3.4 x m  

0.4 NID 
0.6 NID 

0.02 rrBp 
0.3 NID 

- 

0.03 TBP 
0.4 NID 

0.9 

1.0 

1.0 

0.6 

11.0 

P 
P 
VI 

9.8 

11 

2.6 

67 

6.4 
5.9 

11 

4.9 

8.0 



Table 3.22 (continued) 

TOC 
Accounted for 

Tank Sample TOC, DAI-GC VOA-TCLb SVOA-TIC VOA-TCL SVOA-TIC ("/.I 

W-15 

W-2 

w-3 

w-4 

w-5 

W-8 

w-9 

L-032 

L-033 

L-011 
L-118 

L-016 

L-017 

L-018 

L-022 
L-023 
L-119 

L-073 

L-0% 

L-087 

L-090 

53.7 

42.7 

18.9 
22.6 

772 

790 

1,500 

49.5 
558.5 
59.9 

700 

720 

1,460 

290 

2.6 ALC 4 . 1  

2.6 ALC <0.1 

14.3 ALC - 

15.0 ALC - 

12.3 ALC c O . 1  

- - 
5.0 KET CO.1 
- CO.1 

- 0.07 CH 

0.6 KET 4 . 1  

1.8 ALC c0.1 
2.6 KET 
- co.1 

- co.1 

co.1 co.1 
- co.1 

0.1 o m  - 

0.1 om - 

0.16 PHTH 4 . 1  
0.14 PAH 
0.03 PNL 

CO.1 - 

CO.1 co.1 

co.1 - 

0.07 TBP 
2.6 NID 
0.07 TBP 
0.8 NID 

0.5 NID 
0.6 NID 

5.2 mP 
1.6 NID 
6.1 Tl3P 
4.8 NID 
4.7 TBP 
3.3 NID 

0.4 NID 
16.5 NID 
0.7 NID 

0.5 TlBP 
12.7 NID 

3.8 TBP 
13.0 NID 
4.5 TBP 
9.2 NID 
2.0 TBP 

11.3 NID 

9.8 

8.1 

3 
3 

2.7 

3.2 m 

1.9 

'2 

0.8 
3.8 
0.1 

1.9 

2.4 

1.2 

4.6 



3-47 

I
I

I
I

I
 

I
I

I
I

I
 

P, 
6
 

3
 



Table 3.23. Total oqanic carbon (TOC)" accounting in sludges 

(mgRs> 

Organic carbon from SVOA TOC 
Accounted for 

Tank Sludge TOC TCL TIC % 

T- 1 S-037 

T-2 s-04c) 

T-3 5-043 

T-4 5-046 

T-9 S-048 

TH-4 . S-058 

S-059 

W-10 S-096 

M- 120 

w-3 s-02il 

w-4 S-024 

H-026 

137-5 s475 

18,600 

28,000 

9,140 

4,620 

7,620 

6,940 

7,530 

8,180 

14,600 

2.4 

22.8 
2.2 

3.3 

3.9 

4.6 

131.1 
26.5 

115.6 
28.2 

5.9 
98.0 
25.1 
0.5 

PHTH 

PHTH 
PAH 

P HTH 

PHTH 

PMTH 

PAIg 
PHTH 
fFiH 
PHTH 

PAFI 
PHTH 
P M  
PHTH 

1.2 TBP 
15.5 NID 

17.6 NID 

55.1 NID 

51.3 NrD 

1.2 TBP 
13.3 NID 

1.2 TBP 
3.7 NID 
1.2 TEP 
0.8 NID 

3 . 9  T 8 P  
230 NID 
162.0 TBP 
436 NID 

3,410 0.014 PAE 1.8 TBP 
0.05 PMTH 0.5 NIB 

9,190 0.67 PAH 53.3 NID 
5.56 PMTH 

9,020 0.4 ?AH 43.9 NID 
5.23 PHTH 

4,820 (3.8 PApi 4.2 TBP 
30.0 PHTPI 55.3 NID 

0.1 

0.2 

0.7 

1.2 

0.2 
', 1 

-P 
03 

2.3 

1.9 

4.5 

4.3 

0.03 

0.7 

0.5 

2.3 
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the TCL and TIC compounds from the SVOA are summarized by chemical class (or specific compound if 

they were major species) and are quantified as nig of organic carbon per 1” or kg of sample. For TICS 
that could not be identified, a factor of 0.85 was used to convert the estimated compound weight 

conccntration to an estimated organic carbon weight concentration. This factor is similar to those for Clo- 

n-hydrocarbons. Samples which did not receive a TOC or SVOA analysis are not included in the tables 

unless the DAI-GC analysis accounted for a significant portion of the TOC. A dash in Tables 3.22 and 3.23 

indicates that the analysis did not detect any compounds, while a ”less than sign” shows that some 

compounds were detected but their contribution to the TOC was insignificant. 

‘rhe TOC accounting for aqueous liquids (Table 3.22) was generally quite low, and only for three 

samples (W-6L-078, W-6/L-079, and W-lO/L-O93) was the accounting near quantitative. For two of these 

three samples, however, unidentified TICS constituted most of the organic carbon, and thus the identities 

of the organic compounds remained unknown. For approximately 50% of the samples listed, the TOC 

accounting was less than 5%, and for 78%, the accounting was less than 20%. The accounting for samples 

from tank 786OA was much greater than 100%. This probably resulted from a low TOC measurement. 

Volatile compounds can bc lost from the TOC analytical procedurc when inorganic carbon is p g e d .  The 

samples from tank 7860A contained percentage concentrations of several volatile organic cornpounds that 

would be easily lost during even gentle purging. The TOC accounting also was very high for WC-lS/L- 

101AQ, probably from a contamination of the aqueous sample taken for the SVOA extraction with the 

overlying organic layer. 

Most of the TOC accounted for in the aqueous liquids was mcasured by the DAI-GC. This analysis 

found common laboratory solvents (mainly methyl, ethyl, and n-butyl alcohols; acetone; 2-butanone; and 

4-methyl-2-pcntanone). The SVOA TICS also werc major identified CotltrlbutorS to the TOC, and TBP was 

the major TIC. This finding is not surprising because of the large volume of TBP used as an extractant. 

The TCL compounds determined by the VOA and SVOA generally accounted for relativcly little of the 

organic carbon. For a few tanks, however, aromatic hydrocarbons (xylenes and toluene) and chlorinated 

hydrocarbons (tri- and tetraethenes, methylene chloride, and chloroform) werc major VOA TCL compounds, 

and phthalates [especially bis-(2-ethylhcxyl)phthalate and dibutylphthalate], phenols (nitro-, dichloro-, and 

trichlorophenols), and benzoic acid were major SVOA TCL compounds. 

Thc TOC accounting for the sludges (Table 3.23) was much poorer than for the aqueous liquids, and 

for 95% of the listed samples the accounting was less than 5%. Phthalates [especially bis- 

(2-ethy1hexyl)phthalate and di-n-butylphthalate], polycyclic aromatic hydrocarbons (unsubslituted 2-5 ring 
aromatic hydrocarbons), TBP, and unidcntified T I 0  were the major contributors to the calculated organic 

carbon. 

For both aqueous liquids and sludges, the bulk of the measured TOC remains unaccounted for at  the 

present. It was initially hypothesized that this unaccounted organic mattcr consists of highly polar, water- 

soluble compounds derived from chelators, extractants, decontamination agents, and their degradation 
products. Such compounds would not be efficiently recovered by the SVOA extraction procedures because 
of their hydrophilicity and would not pass through the GC and be detected hy the MS because of their 

thermal lability and nonvolatility. Indeed, studies at the Pacific Northwest Laboratory have demonstrated 
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the presence of such compounds and have found that the TOC content of some nuclear wastes can be 

accounted by them.334 Among the compounds specifically identified were ethylenedianainetetraacet~c acid, 

citric acid, N-(2-hydroxyethyl)erhgrlenedian~inetriacetic acid, N-(ethy1ene)ethylenediaminetriacetic acid, 

ethylelnediaminetriacetic acid, N-(2-hydroxyethyl)-N'-(methyl)ethyleiiediamine-N,N'-diacetic acid, imin- 

odiacetic acid, methane tricarboxylic acid, C2-C9 dicarboxylic acids, and C,-C,, monocarboxylic acids. 

A study has been initiated to identify and account for the TOC in these waste samples, but only 

preliminary results are available at this time. It has been found that the SVOA extracts contain appreciable 

amounts of organic matter not detectable by SW 846 Some of this organic matter can be 

analyzed by GC and GC-MS if  it i s  first chemically dcrivatized to block polar functional groups, improve 

thermal stability, and increase volatility. A good example is shown in Fig. 3.1. The gas chroniatngram 

in Figure 3.1(A) is of the underivatized SVOA extract remaining after the GC-MS analysis was performed 

on sample T-2L-112. The chromatogram in (B) is of the same extract after trimcthylsilyl (TMS) 
, A larger number of compounds were detected after derivatization. At least 20 major new 

chromatographic peaks and many more minor peaks were visible. The total chromatographic peak area 

increased about twofold, suggesting that twice the amount of organic carbon was visualized. 

GC-MS has not yet been performed upon the TMS-derivatized extract, but some preliminary 

idenlificarions were made on  the basis of gas chromatographic retention time matching and co- 

chromatography. Major peaks tentatively identified on this basis are listed in 'Table 3.24. These compounds 

were TBk' (identified as a TIC in the SVOA), dibutylphosphate, di(2-ethylhexyl)phosphate, 2-ethyl-1-hexanol, 

ethylenediaminetetraacetic acid, hexadecanoic acid, and octadecenoic acid. All but the last two compounds 

have been used in considerable volumes at  the Laboratory or are their expected degradation products (i.e~, 

dibutylphosphate). The last two compounds also have been identificd in studies of nuclear wastes a t  the 

Pacific Northwest Eabora to~y.~ '~  Minor species also tentatively identified in our work included oxalic acid, 

2-nitrophenol (which was identilied in the SVOA as a TCI.. compound), p-nitrobenzoic acid, tartaric acid, 

and scveral monocarboxylic acids ranging from C,, to C,. The total of these '11Cs (except lor 'I'HP and 

2-nitropheno1, which already were counted in the SVOA) accounted for -14.8 m g L  of TOC, and the 

remaining unidentified new compounds added -2.1 mg/L TOC. This doubled the TOC accounted for, and 

3.2% of the TOC was accounted for or at least detected. 
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Tablc 3.24. Corn unds tentatively identifi by cochromatography in the 
TMSClerivatixd SVOA extract of T-2/lJ1I2 

Peak No." Tentative Identificationb 
Estimated 

Concentration', u,/L 

3 

4 

5 

6 

'7 

8 

9 

2-Ethyl-1-Hexanol 

Oxalic Acid 

2-Nitrophenol 

Diburylphosphate 

Tributylphosphate 

Hexadecanoic Acid 

Di(2-Ethylhexy1)phosphate 

Octadecanoic Acid 

Erhylenediaininetetraacetic Acid 

1.3 

0.4 

0.P 

I '  

1 Sd 

1.0 

18 

1.6 

1.5 

"As labeled in Fig. 3.1. 
'Based only upon retention time matching and cochromatography; subject to verification 

'Estimate only. Recovery in SVOA extract is unknown. 
dConcentration from SVOA. 

by GC-MS. 

It must be emphasized that these identifications are tentative until they are confirmed or disprovcd by 

other evidence, such as mass spectra. Although this does show that appreciable amounts of polar 

compounds were extracted into the SVOA extract, their recoveries are not known. Thus, their calculated 

concentrations in the aqueous sample also must be considered only as cstimates. 

Because polar hydrophilic compounds are not expected to extract efficiently into organic solvents even 

with cxtremc pH adjustments of the aqueous phase, we have studied means of directly derivatizing such 

compounds without extractions. Niquots of several aqueous waste samples have been evaporated with and 

without acidification to convert acids to their free forms, and the dried residues have been trimethylsilylated. 

Additional aliquots were spikcd with standards to gauge derivatizalion efficiencies, and others werc made 

more alkaline for comparison. Although recoveries of spikes were variable, the additional gas 

chromatographable matter was minimal and clearly did not account for the TOC. Additional experimcnts 
arc under way to substantiate our hypothesis that the missing TOC does not consist of the initially suspected 

chelators, extractants, and degradation products. These findings suggest that the bulk of the TOC may 

consist of chromatographic "intractable matter'' - for example, polar, watcr-soluble, perhaps macromolecular 

species-which require an entirely different analytical approach. Mass spectral and liquid chromatographic 

methods are being tested. 
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3.7 SUMMARY OF ORGANIC ANALYTICAL RESmTS 

Generally, only low microgram-per-liter concentrations of a few EPA Target Compound List (TCL) 
compounds were determined in the aqueous liquids by the volatile organics analysis (VOA) and the 

semivolatile organics analysis (SVOA). The main TCL compounds were ketones (e.g., acetone), chlorinated 
hydrocarbons (eg, methylene chloride), and aromatic hydrocarbons (eg, xylenes) for the VOA, and phthalates 
[e.g. bis-(2-ethylhexyl)phthalate], and polycyclic aromatic hydrocarbons (PAHs, e.g., naphthalene and pyrene) 
for the SVOA. Tentatively identified compounds (TICS) were detccted mainly in the SVOA. TBP was the 

major TIC. 
The direct aqueous injection gas chromatographic (DAI-GC) analysis indicated that many tanks 

contained mgL concentrations of common alcohols (e.g., methyl and ethyl alcohols) and ketones (e.g., 
4-methyl-2-pentanone), which were not readily detectable by the VOA or were above the calibration range 
of the VOA. 

A few tanks (especially one with an organic upper layer) contained mgL, to percentage levels of 
chlorinated hydrocarbons (e&, tri- and Xetrachloroethenes), aromatic hydrocarbons (e.g., xylenes), and 
ketones (e.g., 2-butanone) in the aqueous phase and percentage levels in the organic phase. 

Hydrophobic organic compounds preferentially accumulated in the sludges. Phthalates, PAHs, and TBP 
were measured at mgkg concentrations. Sludge/aqueous-layer distribution coefficients for PAHs ranged lrom 
-100 to 500, depending on PAH ring system siLee The coefficient for TBP was <1, probably because of 

its greater polarity. 
Chemical and/or radiochemical reactions are suggested by the presence of nitro-, dibromonitro-, and 

chlorophenols, benzoic acid, and benzyl alcohol. 
The total organic carbon (TOC) was generally only poorly accounted for by the specific compounds 

measured by the regulatory analyses. Trimethylsilylation and capillary-column GC of a SVOA extract 
suggested the presence (cochromatography only) of dibutylphosphate, di(2-ethylhexyl)phosphate, 

2-etbyIhexano1, oxalic acid, and monocarboxylic acids. However, the TOG still was not accounted for, 
suggesting that the bulk of the TOC might consist of chromatographic "intractables" such as polar, 
hydrophilic macromolecular matter. 

Characterization of the unaccounted organic matter will require the development of analytical methods 
capable of identifying and measuring polar, hydrophilic organics in high-ionic-strength, radioactive aqueous 
liquids. 
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Twenny-se~~en inactive waste storage tanks, currently naanaged by the Oak Ridge National I aboratory 
(ORNE) Remedial Action Program (RAP), were characterized in preparation for final closure1 
decommissioning to mced enviiTonment31, safety, and long-term surveillancc objectives. The sampling of the 

tanks resulted in $6 samples that consisted of 65 liquid samples and 21 sli~dge samples. "he a ~ ~ ~ ~ ~ c a ~  work 
for this task has bem in progress for nearly a year. The analyses for this project have not been completed 

at this rime, and this repor1 ixncliides only the data available through June 1989. This project has involved 

the coopcratiori and participation of groups from all sections of the Analytical Chemistry Division at ORPJL. 
The organization, sample preparation, sample distribution, and thc bulk of the analytical work were 

pcrformctl by the High Radiation Lmel Analytical Laboratory (I IRLAL). 
1 % ~  goal of thc inorganic analytical support for the inactive tank-sampling and characterization task 

is to provide the data necessary to mect both regulatory and engineering treatability requirements. T%e tanks 

are located in several ateas throughout ORNL and contain radioactkc waste collected from a large variety 

of programs and facilities over many years. The tanks have bcen inactive for periods of time ranging from 

about 1 to 30 years, and mininial information was available on the composition of materials within the. 

tanks. Because of a lack of standard regulatory methods for the analysis of highly radioactive wastes and 

mixed wastes, the analytical support for this project was complicated by attempts to mimic existing regulatory 

procedures (SW-846,' U. S. EYA CT.P,2 and CPA-603). With the complexity of the materials analyzed, the 

radioactivity, and the inappropriate rcgulatory promdures, this has bcen a difficult and challenging project. 

Because of the nature of the marerial and the design of thc containment vessels, it is not probable 

that rcpresentative samples were eollecrcd from the inactive storage tanks; consequently, the samples can 

be considered only as indicators of what might be found elsewhere in the tanks. Radiation fields up to 6.5 

rad/h were measured at  thc access to the tanks. This procedure limited the number and type of samples 
(sludge samples have higticr activities) collected. To meet shielding rcquiremcnts, the tanks have been 

located underground with most transfer operations designed for remote handling. The tanks have very 

limited accms, and additional sampling would require excavation in contaminated soil, 

The composition and condition of several waste tank samples are illustrated in Figs. 4.1-4.3. A 
problem associated with obtaining a representative sample can be observed in Fig- 4.1 for tank WCL7. This 

cxample illustrates the difficulty in taking samples at various depths. The three samples from the left were 

taken at the surfax and at I and 4 in. below the surface, respectively. The organic material, which was a 
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ORNL PHOTO 7173-&8 

Fig. 4.2 Homogenous sludge sample h m  tank WCl7 (Code WCl7/S106). 
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ORNL PHOTO 6384-88 

c I 

Fig. 4.3. Nonhomogenous sludge sample 6om tank TH4 (Code TH4/SO59). 
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thin layer on the surface of the liquid, was present to a greater degree in the sample obtained at 6 in. than 
the sample taken at the surface. The last two samples in Fig. 4.1 were taken at 14 and 26 in. and did not 
contain the entrained organic material. The sludge layer from tank WC17, which is shown in Fig. 4.2, was 
fairly homogeneous. 

An example of a nonhomogenous sludge, which is shown in Fig. 4.3, was taken from tank TH4. Not 
only are various bands, or striations, observed in this core sample, but also the solids appear to be more 
finely divided near the bottom of the sample. Another point of interest in this sample was the off-gassing, 
which can be observed at the solid-liquid interface. Although it has not been determined at this time, we 
can speculate that the gases may be the releases of radiolytic products or  simply the releases of dissolved 
gases which resulted from the change in temperature between the waste tank and the laboratory. 

Several miscellaneous deviations, not discussed under procedures, involve the initial handling of 
samples. Frequently the analytical methodology, as written for regulatory measurements, was not appropriate 
for characterizing the contents of radioactive waste tanks. It was then necessary to  modify the regulatory 
procedures to (1) reduce radiation exposure to personnel to meet the policy of maintaining radiation 

exposure As Low As Reasonably Achievable (ALARA), (2) accommodate the limitations of the 
instrumentation and facilities available, and (3) handle the complex nature of the sample composition 
(e.g. high levels of salt, dissolved solids, uranium, and thorium) to obtain valid data. To reduce radiation 
exposure, sample-size requirements were reduced significantly for numerous measurements. The reduced 
sample sizes and instrumental limitations resulted in reduced sensitivities and other conflicts with some of 

the regulatory quality assurance/quality control (QNQC) procedures that were too stringent to accommodate 
these problems. The deviations from regulatory QA/QC practices will be discussed for individual procedures 
under the topic of Analytical Methods. 

First, the U. S. Environmental Protection Agency (EPA) sample-preservation procedures that involve 
maintenance of samples at 4°C were avoided because of the lack of refrigeration facilities for radioactive 
samples and to prevent shifts in the equilibrium states of solutions with elevated levels of both pH and 
dissolved solids. In addition, the on-site filtration upon collection and the on-site acid preservation of metals 

in aqueous samples were not performed because of the danger of handling radioactive materials. The EPA 
requirement that states that all samples must initially be run undiluted was not met for samples with high 
radiation levels or  for techniques in which high-salt content interfered with the measurement. Finally, it was 
not possible to meet the holding-time requirements for mercury (26 d) and cyanide (14 d) because of the 
additional time necessary to analyze radioactive samples. 

To meet the analytical requirements of this project, a new facility for atomic emission and atomic 
absorption spectroscopy was established. This facility included specially adapted instrumentation for 
Inductively Coupled Argon Plasma Atomic Emission Spectroscopy (ICP) and an Atomic Absorption (AA) 
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Spectrometer for graphite furnace (GFAA) work and mercury analysis by the cold-vapor (CV) technique. 
Each of these systems was set up and modified for operation in stainless steel enclosures. Both the ICP and 
the AA spectrometer were equipped with auxiliary exhaust systems to handle the bulk of radioactive aerosols 
generated during sample analysis. A Preoperational Readiness Review was conducted by the Radioactive 
Operations Committee on each of these systems prior to operation of these systems with radioactive samples. 

The inactive waste-tank samples were inspected by a health physics representative, and a field survey 

was performed on each sample before it was packaged and delivered to HRLAL. Based upon the field 
survey, all liquid samples were handled in radiochemical laboratories (classified as radiation contamination 
zones). Most of the sludge samples required remote handling for dissolution and dilution before their 
removal from the hot cell and distribution to various laboratories. Sample volumes or weights were adjusted 
to comply with Appendix 7 of the ORNL Health Physics Manual. The limiting factors for laboratory 
operations were based upon the %r (Class 1; very high radiotoxicity) and I3’Cs (Class 2; high radiotoxicity) 
content. Most of the laboratory procedures were simple wet operations; this permitted the application of 
a 10-fold modifying factor to the activity levels allowed. Dose rates did not exceed 200-400 mrad/h at 1.5 in. 
for laboratory operations; the %r activity levels were maintained below 0.1-0.2 mCi, and the 13’Cs below 
1-2 mCi. The only problem area involved the determination of total and dissolved solids. This required the 
weighing of the residue from dried samples. Special care and handling were exercised with the dry samples 
to prevent dispersing, or dusting, of the material. 

The complex chemical composition of the waste-tank solutions was compounded by the effects of 
radiolysis.“ To generate detectable levels of radiolytic products within a solution, large doses of radiation are 
required. If one considers the length of time the contents of the waste tanks have been exposed to radiation 

(1-30 years) and the intimate contact of the solutions with radioactive species, the cumulative dose the 

samples have received is sufficient to generate 0.01-0.1 M levels of radiolytic products. A basic observation 
in the irradiation of aqueous solutions with gamma-ray or beta-particle radiations is that the major chemical 
changes occur in the dissolved material. The changes result from free radical reactions with the solute 
species. Alpha radiation, on the other hand, leads to extensive decomposition of the water into hydrogen 

gas, hydrogen peroxide, and oxygen, all of which can go on to subsequent redox reactions with solute species. 
In addition, the alpha radiation can interact directly with the solute molecules and form numerous reactive 
ionic species. In general, we expected an oxidizing environment to exist in most waste-tank samples. 
However, depending upon the solution composition, reducing environments may also be possible. 

Many of the samples obtained from the inactive waste tanks have high dissolved solids; this 
phenomenon translates into a high ionic strength. The effects of high ionic strength can have a significant 
effect on the solution chemistq and various chemical measurements. For example, a potentiometric pH 
measurement is actually based upon the hydronium ion activity and not the hydronium activity. The 
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hydronium activity will differ considerably at high ionic strengths. Timefore, the PI I mcasurements on many 

of the tank samples can be coiisidered only as apparent pH values that are not directly related to hydronium 

ion concentration. The ionic strength will also affect tlae kinetics of ionic reactiom and result in deviations 

from solubility prodtict behavior. In general, the solution chemistry i s  faa from ideal, and the expected 

behavior for many species may not be observed, 

The sninplc preparation for radiochemical analysis requires a complete dissolutiori of the sample to 
ensure that all activity is measured. Approximately 20 mL of 8 &J nitric acid was added to  1-2 grams of 

-mL beaker covered with a watch glass, The sample was then heated to boiling, and rhe 

heating vias continued under mild reflux for 30 min. After cooling, 10 rnL of  30% hydrogen peroxide was 

ed in 1-mL incremenls, followed by an additional 38 min uf mild reflux. The sample was then 

cooled and filtered through No. 42 Whatmanm paper. Any residue present on the filter paper was checked 

for activity. If no activity was obsemcrcd in the residue, the filtrate was diluted bo 100 mL with 

distilled/deionized water and submitted for radiocheniical analysis. If activity was observed un the filter paper, 

the residue and filter paper were carefully dried, ignited, and ashed in a platinum crucible. %he ashed residue 

was then fused with 1-2 g of lithiurra metaborale, and the resulting melt was, dissolved in 4 M nitric acid. 

The dissolved residue solution was then quantitatively transferred to the original filtrate, and the rcsulting 

solution was mixed well and built to volume with distillcd/deionized water and submitted for radiochemical 

analysis. 

4.22 S 
'Ihe acid-digestion procedures reammended by EPA for GFAA and TCP analytical techniques were 

not appropriate for the Inactive Tank liquid samples. The instrumentation for both GFkA and ICP are 

housed in stainless steel enclosures for containment of radioactivity and must he maintained in a relatively 

clean condition, Therefore, procedures which employ ~ y ~ ~ ~ c h ~ ~ r ~ c  acid (used in EPA procedure for ICP 
analysis) or  high levels of chloride are avoided to minimize a corrosive environment that would degrade the 
stainless stcel cnclosure. Initially a decision was made to use the acid-digestion procedure recommended for 
furnace AA analysis for both the ICP and GFAA work. The AA-digestion procedure employs only nitric 

acid and hydrogen peroxide for sample digestion. However, the oxidation step with hydrogen peroxide for 

nlany samples resulted in severe precipitation problems mused by high levels of thorium. The sample- 

preparation procedure finally chosen involved a simple dilution of liquid samples with 5% nitric acid. 
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The sample-preparation proccdure recommended by EPA for tine sludge samples did not display any 

obvious problems and was used as written. About 10 mJ, of 1:l nitric add  was added to 1-2 g of sludge 

sample, which was then heated for 15 min at  95°C in a 50-mL beaker coveied with a watch glass. 'me 
sample was allowed to cool; following a 5-mL addition of concentrated nitric acid, the sample was reflwcd 

for 30 min. Then I-mL increments of 30% hydrogen peroxide were added and warmed until effervescence 

ceased or a maximum o f  10 mL was added. The sample was then cooled and filtered through No. 42 

WhatmanTM paper and diluted to 100 mL. 
Additional preparation was required for many of thc samples bemuse of severe spectrallmatrix 

interferences from high levels of uranium and thorium. Tne uranium and thorium Bevels were lowered to 

below 100 mg/L with a tri-n-octylphosphine oxide (TOPO) extra~liion.~ The extraction procedure invslvcd 

the addition of 5 mL of 4 &J nitric acid to 5 mL of sarniple (eithcr liquid sample or dissolved sludge) and 

then the acidified solution was extracted for 5 min with 10 nnL of 0.1 M TOPOl~yc l l~h t~~ inc .  Then 5 rnL 
of the aqueous phase was rcmoved and diluted to 25 mL with 5% nitric acid (scandium was also added as 
an internal standard for ICP analysis). This procedure results in an additional IO-fold diiutiot~ that is free 
of uranium and thorium interference. 

The following observations on the effects of a '11OPO extraction on the Resource Csnservatiom and 

Recovery Act (RCKA) metals were taken from the literature: Ag(H), As(V), Cr(IU)7 Ra, and Ni are not 

extracted; Pb as the nitrate is not extracted from a nitric acid matrix; &(lII), Cd, Hg(I1) are slightly 

extracted from hydrochloric acid media hut not from nitric acid; Cr(VI) is readily extracted from hydrochloric 

acid matrix but to a lesser extent from nitric acid. 

As can be seen in Table 4.1, our expcrirnental results on spike recoveries are in 

above reported observations. 

~ 

Spike Relative 
Element recovery standard deviation 

(%) t%) 

agreement with the 

As 
Ba 
a 
Cr 

Ni 
Pb 
Se 
TI 

Hg 

100 
100 
96 

100 
72 
98 
96 

100 
86 

11 
2 
5 
7 

24 
3 
11 
9 

25 
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4.23 Slud 
Prior to taking a sample aliquot, it was necessary to homogenize the sludges to ensure a representative 

sample (although we have reservations concerning how well the sample represents the tank contents). All 

initial handling of the sludges was performed remotely in the hot cells. When a sludge sample was received, 

the sample was removed from a carrier and set up In a vertical position on a ring stand to permit settling 

of suspended particles and measurement of the settling time. After the sludge had settled, generally within 

16-24 h, the supernatant was removed by aspiration from above the sludge layer, and then the retainer cap 
on thc bottom of the sampler was removed to permit the sludge to drain out of the sampler. The soft 

sludges were first mixed with a stainless steel stirring paddle and then homogenized. A Branson sonicator 

was installed in a hot cell, and the sludges homogenized with the sonicator adjusted to a power level to 

provide vigorous agitation. In the case of very hard sludges, a weighed amount of sludge was diluted with 

a weighted amount of water and then sonicated to produce a soft, mixed slurry for measurement. 

4.24 Sample P~e~ara l~oR for 

In addition to inorganic forms of mercury, the EPA procedures suggest that organo-mercury 

compounds may be present which will not respond to the CV technique unless they are first broken down 

to the mercuric ions. Because of biological activity, this expectation is reasonable for environmental or 
sewage-type samples but is questionable for the type of waste found in the inactive tank samples. Based 

upon the operations and processes that employed the waste storage system, only elemental or inorganic 

mercury is likely to be present. As a result of the harsh environment (high or low pH, high salt, and 

radioactivity), it is unlikely that sufficient biological activity is present in the waste-storage tanks to convert 

inorganic mercury to organs-mercury compounds. Additional evidence to support the lack of biological 

activity is the absence of the organic acids associated with the metabolic pathways (such as the Kreb cycle) 

in the waste tank samples. Therefore, to reduce sample handling and radiation exposure to personnel the 

sample digestion steps to oxidize organo-mercury compounds to mercuric ions were not used. 

In general, the presence of hydrogen peroxide, which results from radiolytic decomposition of water" 

in aqueous solutions, provides an oxidizing environment which should tend to stabilize the mercury in 

radioactive solutions. Hydrogen peroxide is a stronger oxidizing agent in alkaline solutions than in acidic 

solutions and niay not have sufficient oxidizing potential to stabilize the mercury in the acidic waste tanks. 

Potassium permanganate was used to evaluate the reducing power of the waste-tank samples before mercury 

measurements were taken. The samples were tested by observing the decolorization following the addition 

of several drops of 5% potassium permanganate. Most of the samples retained the purple color; however, 

several of the liquid samples consumed the permanganate. This reaction indicated a possible reducing 
environment. "The reducing species oxidized by the permanganate have not been identified at this time. The 



sludge sqmples, which wcre prepared for spectrochemical analysis by the EPA GFAA dissolution procedure, 
were used for the mercury measurements. Therefore, the sludge samples were in an oxidizing environment, 

which resulted from the nitric acid and hydrogen peroxide used in the sample preparation. Consequently, 
none of the sludge samples decolorized the permanganate. In contrast, the liquid samples were analyzed 
directly, without prior treatment, which provided an indication of the actual environment present in the 
waste tanks. 

4.25 Extraction Proccdrnre Toxicity Test (EP-TOX): Method 1310 
A representative sample of waste containing greater that 0.5% solids must be extracted with deionized 

water, which is maintained within a p H  range of 4.8 to 5.2 with acetic acid. This requirement applies to all 
sludge samples and may apply to some of the liquid samples, especially the organic layers found in tanks 
WC17 and 7860A. A minimum of 100 g defines a representative sample for this procedure; however, because 
of the high radiotoxicity associated with many of the sludge samples and the lack of sufficient sample 
available for testing, it was necessary to scale down the procedure by a factor of 10. Therefore, a 10-g 
sample was extracted with 200 mL (Method 1310 states 100 g/zooo mL). With the exception of the sample- 
size deviation, the EP-TOX procedure was followed as written. 

During the initial planning of the Inactive Tank Characterization project, it was decided to 
demonstrate that the EP-TOX procedure was not required if the total metal measurement did not exceed 
the EP-TOX equivalent limits. Because of a 20-fold dilution factor during the extraction procedure, the EP- 
TOX equivalent limit is defined as 20 times the EPA regulatory limits (Table 4.2). However, the total metal 
measurements for the sludge samples yielded results that exceeded the EP-TOX equivalent limits for 
chromium, lead, and mercury in most of the sludge samples. ‘Therefore, the EP-TOX procedure was required 

for all sludge samples, but with remeasurement of only the RCRA metals that exceeded the EP-TOX 
equivalent limit. 

4.3 ANALYTICAL METHODS 

The analytical methods employed for the characterization of the inactive tank samples are summarized 
in Table 4.3. An expanded discussion of procedures required for regulatory measurements is  provided to 
inform the reader of deviations from EPA methods and QNQC requirements. In addition, any unusual 
occurrences observed during sample analysis or measurements requiring explanations necessary for 
interpretation of the data are discussed. 
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Table 4.2 RCRA metal regulatory limits for solid waste 

(Liquid) (Sludge) 
Element Regulatory limit EP-TQX equivalent 

(mg/L) (mgfltg) 

As 
Ba 
cd 
Cr 
Pb 

Se 

Ni 
TI 

Hg 

As 

5.0 

1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

0.9 

100 

50 

100 
2000 

20 
100 
100 

4 
20 

100 
lo00 

18 

4 1 1  RCRA Metal Analysis by Inductively Coupled Plasma Atomic Emission Spwtmmpy (ICP-AES) 
A Perkin-Elmer X R  6500 ICP was modified for use with radioactive samples by isolating the ICP 

torch box in a stainless steel enclosure for containment of radioactivity (Figs. 4.4 and 4.5). The enclosure 
is provided with sliding glass doors and ports, which may be gloved if higher levels of radioactivity must be 
handled. The performance of the system with the separation of the torch box and monochromator was 
evaluated and found to be comparable with normal operation. 

The Plant and Equipment (P&E) ICP, used for the analysis of the tank samples, has a poor dynamic 

range relative to most other ICP systems. Therefore, the narrow calibration range resulted in numerous 
measurements exceeding the high standard of the calibration curve. When a measurement exceeded the 
calibration range, several dilutions were usually required to obtain a valid result. With the eight RCRA 
metals plus nickel and thallium, the additional dilutions and sample handling resulted in a drastic increase 
in the analysis time and radiation exposure to the analyst. 

A Perkin-Elmer Cross-Flow, a Mildebrand Grid, and a Meinhard Type C nebulizer were evaluated for 
operation and effectiveness with samples containing high dissolved solids content while maintaining 
acceptable standard deviations. The Meinhard Type C nebulizer, which is similar to a standard glass 
concentric type but has the inner capillary recessed from the tip to improve performance with samples 

containing high solids, was chosen for measurements on the inactive tank samples. In addition, a mass-flow 
controller was added to the nebulizer gas flow to improve precision of the ICP measurements. 

The initial liquid tank samples were analyzed by the method of standard addition (MSA), which 
proved to be highly wasteful of the limited sample volumes available. In addition, the MSA generated larger 
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Table 43.  Adyiical methods 

Paraineter Reference Method summaiy 
Approximate 

detection limit 

GITJsS alpha ACD 9 002301, 
EPA-600-900.0 

Gross beta 

Gamma 
spectroscopy 

241h 
244 Cm 

u2u, 233u, USU, 
U8U 

None 

ACD 2 21996 

ACD 2 31621 

ACD 2 31926 

2jPYu, 'j$u, 2 4 9 u  ACD 2 31621 

EPA-600-905.0 

Tritium 

I4c 

*Tc 

ACD 2 0950 

ACD 2 0352 

ACD 5 11813 

ACD 2 21393 

Radiochemical procedures 

Sample is dissolved, if necessary; then samples are diluted, 
if needed, to reduce dissolved solids. A small volume 
of sample (usually 0.1 mL) is evaporated on a stainless 
steel planchet that is alpha counted with a gas-flow 
proportional counter in 2-pi geometry. 

Sample is dissolved, is necessary; then samples are diluted, 
if needed, to reduce dissolved solids. A sniall volume 
of sample (usually 0.1 mL) is evaporated on a stainless 
steel planchet that is beta counted with a gas-flow 
proportional counter. 

Sample i s  dissolved, if necessary, and a 10 mL aliquot is 
analyzed by gamma spectroscopy. If the dead time exceeds 
5%, the sample is diluted or mounted in a less efficient 
geometty and re-analyed. 

Sample is dissolved, if necessary. After a extraction 
procedure with thenoyltrifluoroactone (ITA) -xylene, 
the sample is dried on a stainless steel planchet 
and analped by alpha spectroscopy (ACD 1 003115). 

Sample is dissolved, if necessary. Uranium isotope.? are 
extracted with methyl isobutyl ketone (hexone) using alum- 
inium nitrate as a salting agent; then the sample is dried 
on a stainless steel planchet and analyzed by alpha 
spectroscopy (ACD 1 003115). 

Sample is dissolved, if necessary. After a chemical val- 
ence adjustment, the sample is extracted with 'ITA-xylene, 
dried on a stainless steel planchet, and analyzed by 
alpha spectroscopy (ACD 1 003115). 

Sample is dissolved, if necessary. Strontium carrier is 
added, and the sample is processed through several puri- 
fication steps; final purification is made by precipitation 
of the strontium as the oxalate. The precipitate is rnoiinted 
for beta counting with a gas-flow proportional counter. 

Tritium is distilled from aqueous samples, and a portion 
of the distillate is analyed by liquid scintillation 
counting. 

Aqueous solutions are acidified with sulfuric acid, and 
the CO, is distilled into a hyamine solution, a portion of 
which is counted on a scintillation counter. 

Technetium is first separated from other fission products 
by an oxidation step followed by extraction of the per- 
technetate anion. The 9pl'c is then stripped into water and 
loaded onto an anion exchange resin. The -e content is 
determined by neutron activation analysis of the resin column. 

Iodine activity is sepnrated from other fission products by 
oxidation to periodate with sodium hypochlorite in basic sol- 
ution, followed by reduction to iodine with hydroxylamine 
hydrochloride and extraction of iodine into carbon tetra- 
chloride. The iodine is stripped into an aqueous solution of 
potassium metabisulfate, which reduces the iodine to iodide. The 
iodide is loaded onto an anion exchange resin which is dried and 
analyzed by neutron activation. The induced 1301 activity is 
measured along with added I3'I activity for yield corrections. 

2 pCiA 

4 pC& 

Varies with 
energy 

3 pCi/L 

0.04 pCiL  

0.04 pCi/L 

4 pCi/L 

5 pCifmL 

5 pCi/mL 
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Table 43. mntinued 

Approximate 
Parameter Reference Method summary detection limit 

lnorganic ana!ytical procedures 

Metals by ICP E P A  200.71 Liquid samples or dissolved sludges are  nebulized, and the 
aeromol that is produced is transported to a argon plasma 
torch where excitation occurs. Characteristic atomic-line 
spectra a re  produced by an (ICP); the intensity of the 
emission lines from the excited elements is measured with a 
computer controlled scanning monochromator (Perkin-Elmer 
6500 ICP). The measured intensity is compared to stored 
calibration curves for quantitalion. 

SW-846-6010 

Wavelmgh (nm) 

Ag 
As 
Ba 
cd 
Cr 
Ni 
P b  
Se 
11 

Al 
R 
ca 
Fe 
K 

Na 
Th 
Z n  

Mg 

Metals by GFAA SW-846-7000 

Ag 
As 
Ba 
cd 
Cr 
Ni 
P b  
Se 
TI 
cs 

E P A  272.2 
E P A  206.2 
E P A  208.2 
EPA 213.2 
EPA 218.2 
EPA 249.2 
EPA 239.2 
E P A  270.2 
E P A  279.2 
none 

328.068 
197.197 
233.527 
226.502 
205.5.52 
231.604 
220.353 
196.026 
190.864 

308.215 
249.773 
317.933 
259.940 
766.491 
279.079 
588.995 

213.856 

GFAA is based upon the attenuation of characteristic 
radiation from a hollow cathode lamp (HCL) or 
electrodeless discharge lamp (EDL), by ground-state 
atoms in a vapor phase. An aliquot of sample is placed 
in the graphite tube in the furnace, evaporated to  
dryness, charred, and atomized. A monochromator and 
a photomultiplier tube (PMI') are  used to  measure the 
attenuated transmitted radiation as  it passes through 
the vapor containing ground-state atoms of the element 
to be measured. The absorption of the characteristic 
radiation increases in proportion to the amount of 
ground-state element in the vapor. The measured 
absorption is compared to stored calibration curves for 
quantitation. 

Wavelength(nm) 
328.1 
193.7 
553.6 
228.8 
357.9 
232.0 
283.3 
196.0 
276.8 
852.1 

Pyrolysis ( C) 
650 
1300 
lux) 
700 
1650 
1400 
850 
300 
600 
300 

Atomization ('C) 
1600 
2300 
2550 
1600 
2500 
2500 
1800 
2100 
1300 
1900 

69 ng/mL 
265 ng/mL 
13 ng/mL 
19 ng/ml, 
35 ng/mI, 
56 ng/mL 
144 ng/mL 
312 ng/mL 
177 ng/niL 

45 ng/tnL 
5 ng/mL 
10 ng/mI, 
I ng/mL 

30 ng/mL 
29 ng/mL 

2 ng/mL 

0.16 ng/mL 
11.4 ng/mL 
15.6 ng/mL 
0.13 ng/mL 
1.32 ng/mL 
3.55 ng/mL 
1.24 ng/mL 
8.80 ng/mI. 
9.40 ng/mL 
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Parameter Reference Method summary 
Approximate 

detection limit 

Metals by spark 
source mass 
spectrometry 

ACD 4 0200 Approximately 50 elements are determined simultaneously 
by sparking a sample which was dried on a graphite elec- 
trode in the source of a mass spectrometer. This technique 
was not used to report data, but to provide xreening or 
ICP and G F M  analysis. 

Mercury by CV 
technique 

Soluble silica 

Total uranium 

Anions by ion 
chromatography 

F- 
a- 
NO,- 
p0,-2 

so,-2 

PH 

CLP-M 245.1 ?he flameless AA procedure is a physical method based 
upon the absorption of radiation at  253.7 nm by mercury 
vapor. The mercury is reduced to the elemental state with 
stannous chloride and aerated from the solution. The mer- 
cury vapor passes through a cell positioned in the light 
path of an AA spectrometer. The absorbance (peak area) is 
measured as a [unction of concentration. 

EPA-600/370. I The silica in a filtered sample is converted to molybdo- 
silicic acid which is reduced by l-amino-2-naphthol-4- 
sulfonic acid to hetropoly blue. ‘Ile color is measured at 
815 nm or 650 nm, and the signal is compared to a 
calibration curve for quantitation. 

ACD 1 219240 Uranium is extracted from 3-hJ I-INQ, solutions with tri- 
octylphosphine oxide (TOPO); an aliquot of the organic 
extractant is pipetted onto pellets of sodium fluoride 
which is dried and sintered. The fluorescence due to the 
measured uranium is measured on a fluorophotometer. 

Samples, diluted if necessary, are injected directly 
into an ion chromatograph, and the resultant chromato- 
gram is analyzed to identify anions and determine 
concentration. 

EPA300.0 
EPA300.0 
EPA300.0 
EPA300.0 
EPA300.0 

SW-846-9040 

Hydroxide (OH-) ACD 1003105 
Acid (H’) 
Carbonate (co,-~) 
Bicarbonate (HCO,-) 

Cyanide (CN-) SW-846-9010 

Sulfide (S-’) 

Total Organic 
Carbon (TOC) 

SW-846-9030 

SW-846-9360 

The pH of the sample is determined electrometrically 
using either a glass electrode in combination with a 
reference indicating electrode. The measuring device 
is calibrated using a series of standard solutions of 
known ~ € 1 .  

The OH-, HCO,-, and I I +  were all determined by 
potentiometric titration with either 0.1 N HCI or 0.1 N 
NaOI-1. ‘l’he change in potential as a function of reagent 
consumption was recorded with an automatic ptentiograph. 

The cyanide is released by refluxing the sample with 
a strong acid and distillation of the HCN into an 
absorber-scrubber containing sodium hydroxide solution. 
‘The cyanide ion in the absorbing solution is then man- 
ually determined colorimetrically. 

An aliquot of the absorbing solution from the cyanide 
analysis is treated with iodine to oxidize the sulfide 
to sulfur under acidic conditions. The excas iodine is 
back-Litrated with phenylarsine oxide. 

The organic carbon in a sample is converted to carbon 
dioxide (Cod by a catalytic combustion. The CO, is then 
measured directly by an infrared detector. 

Depends on the 
metal, but is 
generally in the 
ppm range; analysis. 
precision is about 
a factor of 10. 

1-2 ng/mL for a 
1-mL sample size 

1 mg/L for a 
1 -mL sample 
size 

0.01 N 

0.5 mgR, for 
a 10 ml sample 
S k  

2 m a ,  for 
a 10 ml sample 
size 
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Taw 43. cnntinued 

Approximate 
Parameter Reference Method summary detection limit 

Phy&al measurment prme&rm 

Total solids EPA-600/360.3 A well-mixed aliquot of the sample is quanti- 
tatively transferred to a pmeighted evaporating 
dish and evaporate to dryness at 103-105"C for 
16 h. 

Dissolved solids EPA4OOfl60.2 A well-mixed sample is filtered and the filtrate 
quantitatively transferred to a pre-weighed evaporat- 
ing dish and evaporate to dryness at 103-105"C for 
16 h. 

Suspended solids EPA-600fi60.2 The suspended solids were calculated by subtracting 
the dissolved solids from the total solids. 

10 m g k  

4 mslL 

4 mg/l, 

Density ACD 11011 A measured volume of sample is weighed at ambient 
temperature. 
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sample volumes; this in turn resulted in unnecessary radiation exposure to the analyst. After testing several 
batches of samples, it was found that the data obtained with a standard calibration curve were comparable 
to the MSA technique. Therefore, the remaining tank samples were analyzed with a calibration curve and 
appropriate QA checks of data reliability. 

QC was applied to batches of tank samples, where a batch was defined by grouping samples with 
similar matrices based upon the screening results obtained for each sample with a spark source mass 
spectrometer (SSMS). The initial segregation of the samples was based upon the criteria of (1) samples with 
high uranium and thorium and (2) samples with low uranium and thorium ( ~ 1 0 0  m&). Because of the 
variability observed in the sample matrix composition, each sample was measured along with a spiked sample 
(provided enough sample was available) to monitor matrix effects and interferences. All samples were also 
analyzed with an internal standard (scandium) to compensate for matrix differences on the nebulization of 
the sample. 

Batch acceptance criteria for the ICP measurements were based upon several factors. The percent 
relative difference (PRD) for the calibration check standard (CCS) was required to be within the range of 

t20% of the known standard value. The PRD for duplicates and serial dilutions were required to be within 
the range of 220% for analytes whose concentration exceeded ten times the instrument detection limit 
(IDL). Spike recoveries were required to be within the range of 75 to 125%. If an analyte spike recovery 
was outside this range, the analytical line used was inspected graphically, and a hard copy saved with the 
original sample data. The PRD for an interference check standard was required to be within the range of 
*25% of the known standard concentration. The relative errors for analytes at or near the IDL were not 

used for batch acceptance. The calibration blank and reagent blanks were monitored to check for 
contamination of the reagent and/or the sample introduction system. It was up to the discretion of the 

analyst to determine if there was a problem with the blank measurements and take the necessary action 
to correct. 

43.2 RCRA Metal Analysis by GFAA 

The instrumentation used for the GFAA measurements was a Perkin-Elmer 5100 Atomic Absorption 
System with the HGA-600 furnace option with Zeeman-effect background correction. The spectrometer was 
placed in a stainless steel enclosure (Fig. 4.6), similar to the ICP system, to permit measurements on 
radioactive samples. The technique used for all GFAA samples was an approach referred to as the stabilized 

temperature platform furnace (STPF)6 concept, which was developed by Perkin-Elmer Corporation. The 
STPF approach is based on the use of the L'vov platform, fast electronics, quantitation by peak area, matrix 
modifiers, pyrolytically coated graphite tubes, fast heating of furnace, no flow of support gas during the 
atomization step, and Zeeman-effect background correction. Based on recent literature, an additional step 
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was added to the typical furnace temperature program that consists of a cool-down step? It was reported 
that for some samples, better results were obtained if the furnace was allowed to cool down to ambient 
temperature before the atomization step. Also reported was that for some real samples the use of a cool- 
down step reduced or completely eliminated interferences that could not be controlled otherwise. Therefore, 
the furnace temperature program for all GFAA measurements included a cool-down step before atomization. 

The analytical approach developed for GFAA measurements provided adequate QNQC and followed 
the ALMA principle by minimizing the radiation exposure of the analyst. Instrument calibration consisted 
of constructing calibration curves from the average absorbance values, obtained with double injections of 

a blank and 3-4 standards vs the known concentrations. The concentration of the standards was chosen to 
be within the optimum range, as listed by the EPA GFAA procedures.2 Calibration verification, which 
followed the generation of the calibration curve, consisted of measurements for a calibration blank (CB) and 
a CCS. The tolerance limits for CB and CCS have not been set at this time because of a lack of enough 
data to statistically define the limits. Additional QC data were obtained for CB and CCS at a frequency such 
that no more than five samples were analyzed between calibration verification samples. For each batch of 
samples (4-5 samples), an additional divisional QC sample was measured for the elements of interest. 

The analysis of samples, which followed the initial calibration verification, included sample and spike 
measurements, each with double injections from which the average concentrations were reported or employed 
for spike recovery calculations. With the double injection for samples and spikes, the analysis of 5 samples 
implied 20 furnace injections between QC samples. For concentrations greater than 5 times the IDL, the 
duplicate sample measurement should have agreed within a 30% relative standard deviation (RSD); 
otherwise, the sample was rerun once. If the RSD still exceeded 30%, the sample was flagged. If the spike 
recoveries were within the range of 75 to 125% the data were quantitated directly from the calibration curve 
and reported to the IDL. If spike recoveries were outside the range, the sample was flagged for a more 
detailed examination at a later date. Up to this point in the analysis scheme, details are similar to EPA 
CLP2 procedures with the exception of the broader spike recovery range and duplicate RSD. The EPA CLP2 
procedure specifies analysis by MSA when spike recoveries are poor. However, for this work the MSA 

technique was not used because of increased sample handling, which would increase the radiation exposure 
to the analyst. Because this project has not been completed at this time, it may be necessary to  use the MSA 
technique to verify and document tanks that are identified as non-RCRA during the current phase of the 
project. 

Quite frequently an obvious reason exists for the poor spike recoveries. To illustrate, let us consider 
the precipitation of barium and lead in samples with elevated levels of carbonate, phosphate, or  sulfate. 
Similarly, the loss of silver in samples with high chloride or  phosphate are other good examples. The 
presence of high levels of uranium also resulted in poor spike recoveries for many of the elements of 
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interest, but the mechanism of this problem seems to be an interference with the atomization process rather 
than a chemical interference. The samples with uranium levels in excess of 100 mg/L were TOP0 extracted 
to reduce this interference; however, the extraction process introduced some additional error to the 

measurements. 

433 Mercury Aualysis by CV Technique 
The instrumentation for the mercury CV technique was a MHS-20 (Mercury-Hydride System) 

attachment for the Perkin-Elmer 5100 AA system. The MHS-20 includes a heated IO-cm quartz cell, which 
is placed in the flame AA light path of the 5100 system; a sample-handling system; and a system controller 
for programing the addition of reductant and reaction times. The signal from the spcctrorneter is then 
processed by the 5100 system computer, and peak areas are used for quantitation. 

4.3.4 Cyanide and Sulfide Analysis 

The regulatory limits for cyanide and sulfide in solid waste are defined under the charactcristic of 
reactivity and are based upon the release of toxic gases when exposed to pH conditions between 2 and 12.5. 

The current EPA action level for cyanide is 250 mg/kg; for sulfides, 500 mg/kg. The procedure recommended 
by EPA (SW-846) for the determination of total available cyanide and sulfide involves a nitrogen purgc of 
a 10-g sample from an acidic solution to evolve the hydrogen cyanide and sulfide, which are collected in 
a basic scrubber solution. The amount of cyanide is then determined by Method 9010, and the amount of 
sulfide, by Method 9030. 

A procedure for the measurement of total cyanide and sulfide, which exceeds the regulatory 

requirements and was already in place for the total measurement, was used for this project. The total 
cyanide and sulfide determination uses a distillation process (in contrast to purge technique recommended 
in SW-846) in which the detection limit is dependent upon the weight of sample taken lor analysis. To 
reduce personnel radiation exposure, the sample volume recommended by EPA (100 mL) for liquid samples 
was reduced by a factor of 10. The reduced sample volume resulted in a decrease of the overall sensitivity; 
however, the decreased sensitivity still exceeded the regulatory limits for solid waste. The elevated levels of 
nitrate requircd all samples to be pretreated with sulfamic acid1g2 to ensure elimination of a possible positive 
interference, which results from the decomposition of oximes to generate hydrogen cyanide. A Wheaton 
cyanide still was used to drive the cyanide and sulfide from an acidic solution into a hasic scrubber solution. 

Because sulfide adversely affects the colorimetric procedure for cyanide, an aliquot of the distillate was first 
analyzed For sulfide. The determination of sulfide consisted of the addition of a standard iodine solution to 

an aliquot of the distillate, which was back-titrated with phenylarsine oxide to determine the excesh iodine. 
If sulfide was present, an aliquot taken for cyanide analysis was first treated with cadmium to precipitate 
the sulfide. The cyanide concentration was determined by a colorimetric procedure that closely followed the 
EPA Method 9010. 
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Although the determination of sulfide approximated the regulatory procedures for this project, there 
appearcd 10 be some interferences from oxidizing agents (radiolysis can result in free chlorine or oxides of 

nitrogen which will oxidiLe the iodide to iodine and give a low result) that distilled with the hydrogen 

sulfide. Additional development is needed to improve the sulfide measurement for complex radioactive waste 

samples. 

It should be noted that the EPA preservation requirements, which include pH adjustment to a value 

greater than or equal to 12 and refrigeration of samples to stabilize the sample, were not satisfied. Allso, 

there was no attempt to meet thc holding-timc (14-d) reqmircrnent for the cyanide analysis. 

4.4 ANALYTICAL RESIJLTS 

The physical, inorganic, and radiochemical analyses were conducted by three facilities: the MRkaL 
(Bldg. 2026) and the Transuranium Laboratory (mu, Bldg. 7920), which are in the Radioactive Materials 

Analysis Section, and the Chetnical and Physical Analysis Laboratory (CFA, Rldg. 45 

Inorganic Chemistry Section. The sample receiving, sample distribution, sample ~ r e p a r ~ t ~ o ~ ,  

measurements, metal analyses, cyanide and sulfide analyses, total organic carbon (TOC), and analyses, 

and some of the other radiochemical measurement were performed by H LM,. The general anion (P, C1-, 

PO4'*, NO3-, and Sode2) mcasurements by ion chromatography were performed by the CPA group. The bulk 

of the radiochemicaal data, which include the gross alpha, gross hem, gamma emitters, 

emitters, was provided by the TRU laboratory. In addition, SSMS data wcre provided on mnch sample by 

a group from the Analytical Spectroscopy Section located at HRLAL. Bemuse of the wmplexlty of the 

chemical composition for the inactive tank samples, the SSMS technique was employed as a screening tool 
to provide qualitative information, which was used to alest the analyst to possible elemental and spectral 
interferences in the variety of different analytical pr 

The inactive tank sample data are presented in three tables: Table 4.4 physical and metal data, 

Table 4.5 anion data, and Table 4.6 radiochemical data. Each table includes the tank sample identification 

number and the depth (inches) at which the sample was collected. The sample identification w 

the tank identification (i.e., TI, T2, WC17, etc.) followed by a slash, a phase designation (L-liquid, S-ssft 

sludge, €$-hard sludge, and O-organic), and an additional. number to uniquely d i s t ~ ~ ~ ~ ~ ~ ~  the sample. The 
pH is included in each table for convenience and interpretation of trends that follow the h 

hydroxide (OW) ion concentration. Each set of tank samples i s  grow. 

sample(s) at the end of a group. Included within these data tables are three blind duplicates (lV2/L38 8 
T2/L112, W11/L,3 and W11fld115, W2/L11 and W2L118) and a blind sample blank (TH3/L113) that was 
distilled deionized water. An attempt was made to organize the data in a manner such that interrelationshi 

between the different parameters may be obsetved and trends identified. 

by increasing depth with the sludge 
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c0.2 
c 0.2 
72 

<a2 
<a2 
190 

1 5  
1.7 

2 6  
25 
c 0.2 

4 . 2  
co.2 
c a2 
IO 

<ai 
cas 
4 . 1  

<I 
c 3  
16 
20 

c1 
52 

c1 
c1 
LS 
85 

c1 
84 
22 

< I  
<l 
160 

<Q5 
c1 
c1 
(W 
< a5 
(W 

(540) 
c1 

c1 
Cl 
c1 
(3s0, 

c1 
41 
(W 
< 2  
22 

1.9 
2 2  
c 1.4 

c1 
Cl 
c1 
(14ooo) 

c2 
c2  
c 4  
c 2  
C5 

3E 
99 

<2 
y18 

4 2  
c2 
<2 
llao 

c2 
(m) 
(73  

c2 
c2 
(leoo) 

co.23 
c0.w 
co.09 
(1.9 

CQS 

(0.74) 

<O.W 
(C2) 

CO.09 
cam 
4 0 9  
(<I) 

4 2  
4 2  
(4) 

co.09 
co.09 

C0.09 
cos 
co.09 

co.09 
caw 
caw 
4 3  

<ai 
cos 
c 3  
CO.1 
<0.2 
(c0.4) 
(c0.2) 

co.09 
(0.81) 

caoy 
Cam 
<a09 
( C 2 )  

(<I) 
(<I) 

caw 
co.09 
(C0.S) 

C2 

cO.23 1i.7 
<am 11.7 
cO.09 11.7 
0.73 NA 

co.5 127 
4 . 6  NA 

<a09 9.1 
c2 NA 

<a@ 9.9 
caw 9.9 
caw 9.9 
c 1  NA 

4 2  9.7 
4 2  9.1 
1 7  NA 

caw 18 
caw LE 

co.09 18 
cos 18 
co.09 6.6 

f 
(c0.W) (<am) 80 7.6 h) 

(40.09) 7.7 
40.3 NA 

~ 0 . 0 9  7.1 
c0.w 49 
c4 6 9  
c0.w 7.1 
C0.2 7.8 
4 4  NA 
4 2  NA 

caw l a 6  
( c a s )  NA 

cam a 7  
caw 10.4 
<am 11.8 
c 2  NA 

c 2  10.7 
c1 NA 
cl NA 

cO.09 9.6 
co.09 9.7 
c0.7 NA 



Suspended Dissoked Tot Sol. YOC Soluble Metais (Liquid: m a :  sludge: mdkg) 
................................................................................ ......................................... ......................................... _ _  __._.......... . . Sample Deplh Density soiids solids L:(mghL) ;:(mdL) Si 

ID (in.) : g h L )  (mdm1-j (rndmL) S:(mpig) S:(mdkgj  (mgil.) U Ag As Ea Cd C r  Hg Ni Pb Se n PH 

WOlL90 
W9lS92 

w lib7 
w :/a 
WZL: i 
W?IL1:8 

i W4L22 
- 4 W4/L119 
' ~ 4 ~ 2 3  

W4lS2S 
w4ri:2(i 

W 10/L93 
WlO/L94 

WlOfill20 
WlOiSW 

7mfUL63 
7560MZ.4 
7860ATL55 
7860AiM 
7WAL67  
7 W M  
7 $ j O m 9  

W3IL16 

W3iLi8 
w3isi9 

WC17/0?0? 
W217/O:X 
WC17iL103 
WC17iL104 
WC17/L105 
WCi7is106 

~ 1 0 ~ 9 5  

w 3 m 7  

w i w 7  
W13ILzE 

5 
NA 

4 
9 

4 
4 

4 
3c 
54 
NA 
iSA 

4 
26 
49 
NA 
NA 

8 
16 
2'. 
32 
'?n 
44 
5 1  

4 
60 
106 
NA 

1.017 
N i'. 

l.WL 
1.001 

1.002 
1.003 

1.013 
1.014 
1.327 
NA 
NA 

i.004 
1.009 
1.027 
YA 
NA 

0.91)9 
3.914 
0.910 
0.939 
1.004 
1.00: 
1.W3 

1.004 
1.006 
1.009 
IIA 

J 0. M 
0.939 

6 0.9E9 
14 ;.cos 
26 :.w 
NA hA 

4 1.03 
18 t.033 

<n.i 
N A 

< 0. : 
cn.1 

< 0. I 
0.2 

0.2 
0.2 
0.5 
NA 
NA 

<0.1 
< 3. I 
<0.l 
NA 
NA 

NA 
NA 
AA 
EA 
<0.1 
<0.1 
<0.1 

< t i  
< I). I 
< O . l  
NA 

0. 5 
0.3 
0.3 
0.1 
co.1 
NA 

a. 6 
<0.1 

2i.2 
NA 

0.2 
0.2 

0.4 
0.3 

ti. 1 
10.1 
27.6 
NA 
hA 

5 7  
13.7 
37.: 
NA 
NA 

KA 
h A  
$1 A 
$1 A 
3. i 
3.5 
3.3 

2 9  
4.6 

NA 

0.3 
0.4 
0.6 
0.4 
0.4 
Nh 

34.2 
33.9 

8.6 

21.2 
M i  

0.2 
0.2 

0.3 
0.3 

6.3 
10.3 
27.9 
307 
349 

5.5 
13.6 
36.7 
845 
4.19 

NA 
NA 
NA 
NA 
27 
2 3  
:.5 

27 
4.4 
R4 
rn 
3.6 
9.7 
0.7 
0.5 

122 

34.8 
33.6 

0.3 

290 
13900 

6.4 
10.1 

lR.O 
L2b 

49.5 
59.9 
55SS 
9:90 
9020 

8.7 
%. 4 
54.6 
14600 
8lRo 

I\:,\ 
KA 
SA 
NA 
43.8 
4j.b 
45.6 

712 
1130 
1500 
Mi0 

LS3 
NA 

6.38 
8.69 

4.?4 
1.5 

255  
207 
1.15 
NA 
NA 

i.71 
:.9 
234 
NA 
NA 

SA 
NA 
NA 
NA 
1.4 
1.7 
1.5 

6.5 
5.3 
7.2 
NA 

191 4.7 
: 43 4 67 
309 4 51 
153 4.66 
127 .?.e3 

NA 

41.4 14.9 
39.0 i4.5 

2390 
25800 

<0.: 
< O . i  

0.18 
0.17 

910 
:7Ko 
3m 
33.0% 
29.6% 

34.7 
64.5 
~~ 

82jW 
iW 

232 
252 
1tX 
19: 
10 
9.6 
4.l 

58 
163 
265 
61300 

0.02 
3.01 
0.03 
0.0: 
0.01 
60.4 

1R6 
17.4 

<0.002 
0.77 

<0.001 
<O.OO? 

< 0.002 
<0.002 

0.W3 
r:O.O(lL 
< a 0 0 2  
0.08 
0.06 

< 0.002 
< 0.002 
<0.01)2 
0.89 
0.79 

<0.1x)2 
< O . W  
< o . m  

0.002 
O.ML 
0.w2 
0.0s 

< 4  
< 5  

<2 
<2 

< 2  
< 2  

< 4  
<4 
< 4  
c4 
<: 

< 4  
< 4  
<4 
< 7  
5.7 

< 4  
<'l 
< 4 
: < 2 )  

<0.001 < 2  
<o.M)1 < 2  

<0.001 <? 
<O.ffiI < 2  
4.5 (0.16) 

0.003 < 4  
0.W < '1 

(<O.iM:) <? 

< 0.2 
(21x1) 

0.13 
0.1: 

n :o 
0.14 

<0.2 
<0.2 
<O.? 
( i i )  
(5.6) 

<0.2 
c3.2 
<0.2 
(24 )  
(94) 

<0.2 
i 0 . 2  
<0.2 
(6.4) 

<0.2 
4.9 

< O.@l 
< 0.04 

<O.M 
<U.M 

c0.M: 
OW 
0.09 
22 
21 

<0.2 
< 0.2 
<0.2 
6.1 
4.7 

<0.2 
<0.2 
<0.2 
0.52 

0.i9 c0.W 
0 .3  <o:XJ 
0.17 <O.W 
0.18 <0.09 
0.14 <0.09 
im 79 

0.69 0.22 
0.4 0.3 

0. M 
.g) 

<0.0: 
< L!rL 

<0.01 
<0.01 

<0.01 
GO.01 
<0.01 
2 '1 
3.82 

GO.01 
0.GS 
0.37 
18 
JB: 

0.10 
0.06 
0.i2 
0.06 
0.01 
0.03 

<0.01 
0.01 
0.02 
0.83 

ll,B 
0.03 
43 
0. w 
<o.Oos 
XB.3 

31 
35 

<0.09 
<3.7 

<0.09 
< 0.m 

<O.W 
<O.W 

< 0.09 
<0.09 
<0.m 
(<0 .7)  
(0 49) 

<0.09 
<O.W 
<0.09 

( 0.9) 

<?W! 
<b.Oo 
<O.M 

<O.N 
< 0.09 
<0.09 
(e0.3) 

<o.os 
<0.35 
<o.m 
<0.05 
<O.M 
~0.5 

< 0.m 
<0.09 

<o.w 10.2 
~ 0 . 7  NA 

(<O.W) 7.9 
[<0.W) 8.0 

( < o m )  5.5 
(<O.W) 8.5 

<0.09 9.3 
<O.W 10.0 
c0.W 1C.9 

~ 0 . 4  NA 

~ 0 . 0 9  9.2 
<0.09 10.5 

10.9 
< I  NA 
(<0.9) Nk 

NA 
NA 
NA 
NA 

~ 0 . 7  SA 

<a.m 4.0 

<o.w 4.0 
<O.W 3.3 -P 

N 
P 

<0.09 9.0 
<a09 10.1 
<O.W 11.; 
C0.3 NA 

<0.35 
< 0.05 
<0.05 
~0.05 
<0.05 
(<OS) 

<O.W 
<0.09 

7.6 
".6 
7.6 
7.6 
7.9 
NA 

3.0 
3.0 

7.5 <0.w <o.w uti 
75 <aw <aw 05 

7.5 <o.w <O.N w 
< O . * B  <0:39 62 

<4 <0.2 73 0.33 Q% < 1  < Z  ~0.09 ~0.09 8.8 

0.M 50 
27.7 29. i 132 16.2 0.56 0.m <1 9.63 <3.2 &4 0.15 52 

W14LQ < LO49 
W14IL?I 14 LO52 1.4 

W15iw2 4 1 . 0  20 58.1 49.1 53.7 223 387 <o.iu2 <cI 3.2 <0.2 54 %'XI 45 
W15iL33 21 1.091 < 0.1 4:. I 38.4 427 21.9 383 0.002 < 4  3.4 <0.2 5s u 43 75 

WIrVLl 2 1.M2 0.3 0.4 0.7 4.47 477 0.008 

TW/L127. 2 1.001 C0.1 <0.1 CO.1 13.7 0.62 r: 1.0 0.w2 

<$.Ur2 <4  0.dS <0.2 69 CO.1 29.8 27.5 I21 16.5 0.56 

< Z  <O.I < o m  < a r  0.0; <0.6 < i  ~0 .05  <o.os a7 

< O . ~ J , .  < 2  <0.1 < O X 9  ~ 0 . 1  cO.01 <0.6 <: <O.OS <0.05 7.4 1562L.97 4 1.001 0.1 0.2 0.3 29.6 236 6 77 0:NN ( < 2 )  140 18 pa) 1.6 320 Po3 <O.W ;cO.ooS) NA 
756US98 XA NA NA ';A 75.9 NA I!% 

Values in bold exceed regu:arory limrls, () represents suspect data. 
+ Top 6 in. were samp:ed. 



4-25 

Tabk 45. ARion data fm inaclive b& Sam* 
II 

a- F" N03- PO,--?  SO,-^ cw OH- M+ C03-2 HC03- 
(u> ("> (") (W (N) (N1 (M) (M) 

* 3.4 1.1 26 50 6.3 0.01 * 0.05 * 
3.1 1.1 26 51 6.3 0.54 0.01 * 0.05 * 
3.4 1.3 2s 50 5.9 0.59 0.01 0.05 * 
~0.83% ~0.53% * 142% <42% * 8 

* * 

Sample 
ID 

Depth 
(in.) 

0 
4 
34 
NA 

4iLlll 
'I'qL44 
T4lJ-45 
T4iS46 

11.7 
11.7 
11.7 
NA 

5 
NA 

12.7 
N h  

7.0 1.8 53 160 15 1.10 0.03 * 0.08 * 
29% <12.7% * <62.5% <62.5% 0.20 * * * 

6.5 
NA 

8.8 
NA 

* * <0.01 0.03 230 1 .o 110 <5 37 
3% <0.7% * 6.870 ' * 8 * * * 

* 
* 
* 

<5 22 0,14 0.04 0.08 12 1.0 8.4 
<5 21 0.12 * 0.04 0.09 12 1.0 8.0 

12 1.0 8.2 <5 22 0.10 * 0.04 0.09 
4.9% <0.8% * 14% * * * * * 

9.4 
9.4 
9.4 
NA 

4 
4 
48 
NA 

4 
48 
NA 

9.3 
9.3 
NA 

* * * 
* 7.8 1 .o 16 <5 7.5 0.01 0.04 

8.0 1.0 17 <5 8.1 0.22 * 0.01 0.04 * * * * * * * * * 

4 
10 

1.8 
1.8 

<1 <1 1400 <250 <250 <0.04 * 0.41 * * 
<1 <1 1300 <250 <BO <0.10 * 0.40 * * 

<1 <1 510 <50 <50 <0.04 * 0.17 * * 
<1 Cl SO0 4 0  e50 4 . 0 4  * 0.18 * * 
<1 < l  <5 <5 <S <0.05 * * * 

2.5 
5 
NA 

1.8 
1 .x 
6.6 

w11fl.3 
W1I/L115 
W11/L114 
Wll/I15 

4 
4 
24 
NA 

8.0 
7.8 
7.7 
NA 

<1 <1 <5 <5 4 C0.04 
<1 <1 <5 <5 <5 <0.04 * 

<5 <5 C0.04 * <1 <1 

* * * 
* * * 
* * 

* * * * * * * * 1'5 * 

TH4L116 

'11 I4/L117 
TI 14fl56 
TH4B .51 
TH41S58 
TH4IS59 

~ ~ 4 ~ 5 5  
0 
a 

7.1 
6.9 
6 
7.1 
7.6 
NA 
NA 

1.7 1.3 49 6.6 17 <0.05 c0.02 * <a01 * 
8.2 2.0 1,300 <50 140 C0.07 <0.01 * <0.01 * 
6.9 5.7 1 .o 550 <50 91 <0.02 * <0.01 * 
140 86 25,000 <BOO 83,000 * c0.02 * <0.01 * 
160 80 31,000 12500 14,000 * 0.02 0.02 * 

* 

* <0.4% <0.4% * 4.8% * * 
* 

* * : 
* * * 370 960 0.47% 0.16 * 

39 
12 
NA 
NA 

W5L73 
w5is75 

4 
NA 

10.1 
NA 

0.24 * * 0.16 0.26 8.6 56 21 420 26 
<84 1,300 * 4 4 0  <840 * * 8 * 4 

4 
30 
5.1 
NA 

8.7 
10.4 
11.4 
NA 

* 
* 
* 

1.3 5.1 73 <5 4.8 <0.07 * <0.01 0.02 
4.5 27 250 31 34 0.05 * 0.02 0.11 
12.0 49 710 210 330 0.41 0.18 0.10 
<800 4,000 * <2,500 <2,.500 * * * * 

* 29 11 440 29 55 < O M  0.21 0.33 
<1.2% 1,000 * 6.7% * 8 * * * 
* 1 * * * * * * 

10.3 
NA 
NA 

3 
NA 
NA 

4 
16 
N h  

9.2 
9.3 
NA 

* 
* 230 <50 2,700 <250 1,400 0.33 * 0.01 0.04 

840 <125 7,300 <625 4,900 0.58 0.02 0.07 
<loo <loo * <5OO <so0 * * * * 
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Sainple Depth pIl C1- F- NO,- 

(U") (U) (U) (VI .- In (in.) 

W9fi,90 5 9.8 340 4 0  1,650 2,600 
W9lS92 NA' NA <lo0 <lo0 * <500 

l__l_____l 

W1L7 4 7.9 13 6.1 32 <5 
w 1 m  9 8.0 13 6.2 32 <5 

47 <O.M 
47 < 0.05 

* * <0.01 < O . N  
<O.OP 10.01 

WZ/Lll 4 8.5 7.2 9.2 <5 <S 
W2/[>118 4 8.5 7.6 9.9 <S <5 

15 <o.os 
15 <0.05 

* <0.01 <0.01 
* * <0.01 <0.01 

W4L22 4 9.1 <20 t 2 0  1,700 <lo0 
W4L119 30 10.0 <20 <20 1,600 <loo 
W4/223 54 10.9 <20 <20 2,200 250 
w4/s24 NA NA <10 <10 * < 50 
W4H26 NA NA <10 < I 0  * <50 

570 <OB4 
930 <OB4 
2600 <OB7 
<so * 
<50 * 

* 
* 

* * 
* * * 

<0.01 0.02 
0.01 0.04 
0.08 0.19 

WlOL93 4 9.2 170 74 2,900 <200 
W10/L94 28 10.5 410 190 4,400 <200 
WlO/L95 49 10.9 990 430 8,500 <200 
W10/H120 NA NA 160 <60 * <300 
WlOIS96 NA NA c120 <I20 * <600 

280 < O M  
690 <0.04 
2,100 OS4 
<m * 
<m * 

* 0.02 

o m  0.02 
* * 0.02 <0.01 
* * 
* * I 

* * n * 

7860NL63 8 * * * * * 
1860NL61- 16 * * * * * 
7860AJl45 24 * * * * * 
7860ivL66 32 * * * * * 
7860pyz67 40 4.0 280 <20 3,800 <lo0 
7860A/L68 48 3.8 270 <20 3,800 <lo0 
7860m69 54 4.0 280 <20 3,800 <lo0 

* * 
* 

* 
<I00 * 
<loo 
<loo 

* * * 
* * * 
* * * 

* * 
* 
* 
* 

0.03 
0.03 * 
0.03 * 

W3L16 4 9.0 7.8 <10 <50 490 
W3iL17 60 10.1 7.9 c10 <SO 600 
W3/L18 105 11.1 10.0 <10 4 0  800 
W3lS19 NA NA <loo <I00 * c so0 

m 0.08 

620 0.10 
<500 

430 <a47 
* * <0.01 0.03 

* * 
* * * 

0.02 * 
0.05 

wc17/0101 0 7.6 35 <1 8.2 < S  
'NC17/0102 I 7.6 32 <1 13 <5 
WC17L103 6 7.6 39 1 .o <5 < 5  
WC17/L104 14 7.6 30 1 .o 15 <5 
WC17L10.5 26 7.9 31 <1 15 <5 
WC17/S106 NA NA <50 < S O  * <300 

99 <O.M 
98 0.06 
89 < O M  
82 0 . a  
91 < O M  
<300 * 

* * * 
8 * * 
* * 
* * * 
* * 
* * * * 

CO.01 
<0.01 
<0.01 
<0.01 
<0.01 

W13/227 4 3.0 <3 < 3  43 <13 
W13L2.8 18 3.0 < 3  < 3  43 <13 

* 
* 

0.26 8 

0.27 

W14/L30 4 0.6 < 3  < 3  70 < 13 
Wl4L31 14 0.5 <3 < 3  70 <13 

* 0.19 
0.21 * 

WlSL32 4 0.2 <4 <4 120 < 20 
WIS/L33 21 0.2 <4 <4 120 < 20 

<20 <O.M 
<20 <0.07 

* 
* 

0.70 
0.73 * 

* 

w 1 m 1  2 8.8 33 1.0 c5 < 5  55.0 <OB6 * * * <0.01 

730/1,121 2 8.7 <1 <1 < 5  < 5  <5 < 0.06 * * <0.01 

120 CO.05 
c450 * 

* * 
* * 

<0.01 7562L97 4 7.4 13 <10 160 <50 
75621598 NA NA <90 <90 < 450 

"For liquids I7 = mg/L; for sludges I J -  mg/kg. 
bAsterisk indicates that data are not available 
'NA = not available. 



T.b*+6,RdUC&dd d;lnta*E.llb 
( Liquids: Bq,'mL; Sludges: Bq& ) 

I-___ -.__-___-I- ~ ._..____ __.-.--_.-_---__-______ 
Sample k p t h  Grou  6oc, Ws, H-3 2 3 3 ~  23% 252Cr u$, WYpu ?PA& ?41& 1340 '3'q q l l  2 5 2 ~  152s" 154Eu 155& 14c 
ID (in) pH alpha 2 137C!4 

_____l--ll--.----_-_________s_ ---_I- _--_.----_ ------. __ ~ - ~ _ _ _ ~  
T4iLIlI 0 11.7 3.8E+Ol 3.lE+OS 3.OE+05 S.ZE+Ol 1.4E+03 ¶.lE+OZ 23E+01 *' * .  
T W  4 11.7 3.6E+01 28EcUS 3.0E+OS 64E+01 12E+03 l.lE+02 22E+01 * .  
T4RaS J4 li.7 4.9E+01 3.1E+05 3.OE+M 5.2E+01 1.4E+03 I.lE+UZ 29E+0i * .  
T4,W . NAb NA 3.iZ+oS 16E+07 4.SE+05 6.08+04 2?E+W LW+Ol 7.1E+03 22K+W 4.6E+03 ?.E+% %2E+03 S.BE+&? S.ZE+(C: 4.4E+M ?.OE+03 §.!E+02 

T3/LA2 S 127 20E+00 ZBEcO5 27E+M 3.6E+O? 3.OE+m 1.7E+O2 20E+UO * .  
T5is43 NA NA 20E+US 2SE+07 1.3E+06 1.6E+O5 &1E+06 7.7E+01 83E+O3 c200 1.4E+04 5.3E+03 LPE+OS 5.1E+M 5.3Ec0.4 ?.OE+& 

?9m7 6.5 88 7.OE+02 3.4E+(K 29E+@ 6OE-CE %6E+04 1.6E+02 66E+02 . I .  

T9/sJcI NA NA l.SE+OS 1.6E+07 4.0E+OS 4.3E+04 1.4E+07 3.4E+01 4.48+03 ' < 2  1.UE-IG1 4.3E+03 5.%+04 * 

nu8 4 9.4 20E+02 1.4E+05 t4E+OS c75 2SE+03 21E+02 1.9E+02 * . .  
T.?/LllZ 4 5.4 21E+62 1.4E+05 1.4E+05 c75 28E+03 21E+02 1.8E+m * * .  
mu9 48 9.4 2UEcOZ 1.4E+05 L4E+05 c75 27E+03 21E+O2 1.8E+02 * * .  

TIlWj 4 9.3 1.5E+02 81E+04 7.4E+O4 <SO 3.38+03 7.1E+01 1.8E+M * * .  
TUW6 48 9.3 ZlE+02 7.88+04 7.5E+O c50 3.48+03 7.1E+01 20E;+02 . 1 .  

* 3.5E+04 89E+03 22E+03 

* 4.88+02 
* %6E+02 

23E+02 
T?,.s46 NA NA 2SE+OS 20E+07 ZSE+OS 61E+G4 l.ZE+m 9.5E+OI &3E+03 l.BE+OS 3.1E+O3 5.1E+03<2W ' 3.8E+04 24E+o4 3.8E+03 1.72+61 

* 1.4E+OS 1.2E+05 23E+M 4.8E+Oi 3.4E+M 65E+03 m 3 7  NA NA 6SE+OS S.YE+07 3.9E+oS 26E+05 3.2E+07 26E+01 

1Xllw9 4 1.8 3.9E+02 3.28+04 9.0E+03 c20 l.OEc04 5.OE+OO 7.5E+01 cS c6 c3 c2 4.uE+01 
THWO 10 1.8 4.2E+02 3.9E+04 9.IE+03 c20 1.0E+04 4.9E+00 88E+Ol c 4  c5 c 3  c 2  T.lE+Ol 

* 5.0E01 
S.OEL01 

m3n.52 25 LB I . S E + ~  ~ . Z E + W  7.7~+03 <20 a 8 ~ + 0 3  26~+00  2 6 ~ + o i  ~2 cz 41 <i 1.7E+01 . 
ni3ILs3 5 1.8 3.4E+OZ 3.0E+W &4E+O3 c20 87E+03 9.4E+00 7.1E+O1 c2 c1 cl c1 1.5E+01 . 
TH3.LIi3 NA 66 c1 c20 e27 c20 7.2E-01 1.7E-01 c l  

w 1 m  4 $0 Ci c20 c2Q 420 2OE+01 6OE-01 * .  
WIL",IIS 4 7.9 <I c20 c2Q 4 0  4.2E+01 5.0E-61 * 1 . .  
U'1;2114 24 7.7 <1 c20 c20 c20 ZIE+Ol 5.0E-01 . .  . .  WIL'HS NA NA 

TH4!L116 0 7.1 <m <?o ~AE-OI cm 3 . 0 ~ 4 2  3 . 0 ~ 0 3  co.: ~ o . 2  <a2 ~ o . 2  c0.z 1.3E-01 

TH4L117 [61 65 czo <m ~ . ~ E + o o  <zo 4 . 6 ~ 1  <0.2 * ~ 0 . 2  <o.z ~ 0 . 2  ~ 0 . 2  ' 1.3E-01 * 

20Bol 

2oE-01 
LOE-02 
ME%-01 

. .  ' <1 Cl c1 <I 

I 5.0E03 TI-IJ!US 4 69 <20 <I0 7.4E+W c20 1.4E-01 3.OE-02 c0.2 cO.2 ~ 0 . 2  4 . 2  c0.2 * . .  
TH4ILs6 39 7.1 LlE+02 3.7E+@2 l.SE+OZ 22E-01 ZjE+01 5.E-02 C0.3 * ~ 0 . 3  ~ 0 . 3  c0.3 ~ 0 . 3  . .  
TH4RS7 72 7.6 1.6E+02 7.0E+02 24E+02 3.7E-01 20E+01 ~ 0 . 4  c0.4 c0.4 cU.4 c0.4 * .  . 
TH4.656 NA NA 1.7Et03 7.OE+O3 3.9E+OZ 3.OE+W 1.5E+03 1.3E+Oi 425 c239 c1M 4.2E+OI c5S t9E+02 
nwss SA NA 2?E+O3 9.9&63 ~ . Z E + M  4.5E+U ZZE+O~ UE+OI 12E+03 a o  4 1.3E+02 c1z4 9 ' 4.4E+02 

W S L n  4 10.1 60E+W 4.2E+03 5.5E+03 1.6E+02 9.08+00 1.9E+W c0.2 c2 c 4  <0.4 * I  

WSB75 NA NA 1.3E+03 1.&+05 3.0E+O? 26E+O: 23E+oi l.iE+Ui 4.6E+UI c 4  5.48+01 62E+02 3.SE+QZ 0 .  

<wan 4 8.7 l.OE+OU 2SE+03 1.6E+03 1.3E+01 3.1E+M 63E-01 * co.2 c2 <4 <0.4 ' . I  

W a 7 8  30 10.4 3.OE+W 60E+O3 5.6E+03 2SE+O1 7.8E+01 1.4E+00 ' c0.2 c2 < 4  40.4 * 0 .  

WWLW 54 11.4 30E+OO 1.9E+W 20E+04 9.OE+Ol 1.9E+02 3.2E+00 cO.2 c 2  < 4  4 . 4  8 .  

w 7 m  3 10.3 20E+02 S.6E+M 64E+(K 29E+OZ 6.0E+02 WE+01 c0.2 c2 < 4  <0.4 * SSE+O~ 

W71H8.5 NA NA &OE+03 1.7E+M l.OE+W 20E+03 3.1E+@ 83E+01 1.7E+03 1.68+03 < 4  64E+02 4.8Ec02 ZSE+03 * ' 4 x + a  

wash 4 5.2 1.5E+02 Z4E+OS 3.4E+05 3.0E+02 &6E+02 BOEtW cZ * < 2  c2 c? c2 . *  I 

WWM7 16 9.3 20E+02 2SE+05 4.0E+05 5.9E+02 4.OE.tO2 88E+UO c 2  ' < 2  c2 <? < 2  * *  

;W6/S60 NA NA &OE+03 l.OE+% 8.2E+04 9.1E+U2 3.6E+O5 9.2E+O 27E+62 c8 2:E+m l.SE+03 4?E+03 8 1  

W7BM NA NA 1.4EtW 3.iE+06 l.?E+06 5.0E+03 61E+OS l.ZE+@Z S.4E+M C14 LlEt03 14E+03 4.28+03 S.E+@ l.OE+02 ' ' 1.6E+03 1.3E+03 

W&S% NA NA 29E+04 67E+M 4.7E+W 4.OE+M 28E+% UOE+W 1.6E+03 c4 29E+03 3.2E+03 l.SE+M 20E+iiZ 9.OE+01 1.4E+02 



WY/LW 5 
WWSYL NA 

WUL7 4 
WI/LR 9 

W'izli 4 
WULllY 4 

W4rL?2 4 
WtrZ119 30 
W i i L 3  5.1 
W4/S?-i h A  
WI/H?h NA 

winriw 4 
M'lWL94 Zd 
W10/L9S 49 
WIO!H1?0 NA 
wto;s96 NA 

7,%?.4'L6? 8 
7WlNL6-I 16 
786olNL65 24 
7 w m  32 
7<WNLh7 40 
7RMNLbb 48 
7WNLbY 54 

WM.16 4 
W 3 L 7  60 
W3LiS io6 
W3/s:9 SA 

WcI7/0:01 0 
WC171OiO2 1 
WC17/l21O3 6 
WC17/LIO.1 i4  
WC17fLI05 26 
WC17R:M NA 

W13iL27 4 
W13/L29 IS 

W14l2Q 4 
W14IWi 14 

WWL32 4 
w15Iw3 21 

W w L l  2 

miL121 2 

7562L.93 4 
756X96: NA 

....... 

PH 
.. ... . . 
9.8 
NA 

7.9 
ao 
a. s 
8.5 

9 1  

10.9 
XA 
h A  

9.2 

10.9 
NA 
NA 

in.t) 

in.5 

4.0 
3.8 
4.0 

9.0 
10.1 
1i.1 
$A 

7.6 
7.6 
'.6 
1.6 
7.9 
NA 

3.0 
3.0 

0.6 
0.5 

0.2 
n.2 

58 

7.4 
NA 

....... . ............................................. ............. .. ..... ................. ............. . . ..................... ........................ . . .......... ............ ... ......-.._.. . ....................... .__.... . . .......... .__._____..__ _ _  ....._....-.... ..........--. 
60co WSr i.:-3 233" 23% 252cl 23%" UqPu 2UC, 24IAm :343 L% 232" 15ZEU 154Eu 15SE, 14c 

Gross Gross 
alpha beta '37C5 

......._.._._ ___ ....__. . ...___..._.._ ___.._. .. . .. .. . .._...___........ ..... ...._. __._. . ._ ___....__ ....._____... __. . . ........-.. ...... _̂ ............_............ . .._. ........ . ................................ .____.... ____..._________.______ .___.______ ______....._.............. * .  b.OE+Oi 7.1E+& 6.3E+M 1.18+02 17E+02 ;.OE+01 < 3  < 3  <3  < 3  <3  R.SE+Oi 
l.lE+05 5.OEt06 LZE+CX 7.YE+02 22E+iM O.OE+W 3.1E+03 LZE+CN 9.?E+03 5.4E+04 7.2E+O3 LOEt01 * 23E+92 4.4E+02 5.28+01 

<3 S7E+O2 1.8EtOl < l o  3.9E+W * .  
<3 H . ~ E + o ~  I . ~ E + O I  < i n  ~ S E + W  * .  
< 3  7.1E+02 22E+01 < l o  1.5E+W * .  
< 3  7 . 4 ~ + n 2  LOE+OI < i o  I . ~ E + W  t .  

< 3  1.6E+03 8.96+02 <10 ;.2E+00 . I  

<3 L ~ E + O ~  1.4~+0.3 < i o  * :.OE+M 1 .  

< 3  ?.?2+03 Z.;E+03 <13 ZYE+OZ L;E+WI 
S.VE+O3 .3.:E+OS 3.1E+O-1 I.?E+K R.K+W O.OE+MJ ?.09+03 2.3€+03 <6 < 6  .1.1E+OZ <7 * *  
0.hE+03 &?E+M l.?E+04 LIE+& 3.3E+(K) 27E+03 ?.OE+03 <7 <7 LlE+OL < 6  . .  * .  

a4E+03 

< 10 
< 10 
< 10 
< 10 
<IO 
27E+03 

7.4E+02 
7.6E + 02 

3.1E+M 3.1E+&l 18E+01 l.?E+03 3.?E+OI <? c2 < ?  
7.8E+M 6.?E+W 3.4E+01 7.6E+02 h.RE+OI < 2  < 2  < 2  
l.VE+llt L4E+05 1.4E+OL 21E+O? I.?E+O? 7.0E+00 3.OE+00 <? 
l .lE+07 l.lE+07 1.4E+03 l.ZE+M 9.OE~01 LIE+O3 l..?E+OJ <?5 
5.3E+IW S.hE+OS I.3E+W S h E + h  I.4E+O? <50 ' < ? O  

<10 4.0E-02 r 1 0  ;lo 6.1E+'N 
< I O  S.~E-OI < i o  < i o  S . ~ E + M  
< L O  ? .~E-oI  < IO <IO $.-;E+*) 
< L O  9.62-02 < l o  <I0 5.?E+W 
7.7E+01 1.OE+O1 7.3E+00 LZE+01 3.3E+0: 
7.0C+01 O..FE+W 6.3E+00 112+01 3.4E+di 
9.2E+Ol 1.0E+01 6.7E+00 LIE-r0l  .i38+01 * 

4 . 9 ~ + 0 2  ~ . B E + o ~  c I O  ~ . o E + o ~  OE-OI < s  <5 
6.7E+02 8.4E.tO2 1.0E-01 6.4E+OI 9.4E-01 < S  < 5  
1.2E+03 ;.3E+03 L6E-01 9.OR+01 l . lE+W < 5  <5 
l S E + X  4.7E+,M 24E+OI 1.5E+05 ZZE+MJ I.!Et03 4.3E+02 <:3 

<20 1.28+00 * < I  9.4E-01 
<20 LlE-01 * < I  s.OE-01 * 
<20 'i.3E+W * < 1  8.2E-0: 
<20 4.8E-01 ' < 1  i.hE-01 
<?0 9.7E-N <1 L7E-01 * 
3.5E+03 1.5E+01 8.2E-01 19E+DZ 9.1E+01 * ' < 3  

1.4EiOb: 6.1E+05 1.55-02 5.5E+05 2 8 E t 0 3  f <'I 
.:.3E+06 5.88-tO5 1.9E+02 5.9E+OS 28E+03 ' * c4 

< 2  < L  <3 
< z  < 2  1 3  
TOE+O(I ZOE+MI c3 
6.7€+03 1.1i7.+0-1 1:1E+W 1.4E+Oi 
?.YE+(W R.?R+03 I.7E+tM 4.LE+O.? * 

3.4E-01 
ROE-01 

1.65-0: 

1.2E+02 
1.3E+02 

. .  
* .  
t .  

* .  
J . ~ E + o ~  R . O E + O ~  . .  

* .  . .  
* .  . .  
* .  . .  
. .  
* *  
* .  . .  . .  
1 .  

1 .  . .  
f .  

L .  

* .  . .  

7.6E + 01 

3.3E+00 

1.6E+03 
I S E t 0 3  

1.8E+00 
1 YE+%? 
1.78+00 
1.4E+00 

5.6E -01 ' 

~ 3 ~ ~ 0 3  9 . ~ + 0 5  4 . ~ + n s  i . i ~ + i ) 3  ~.SE+OS UE+W <so <:50 <zo <1M SOE+03 
8 4 ~ + n 3  I.E+M ~ . I E + O S  I . I E + ~ ~  ~ . ~ E + o s  ~.OS+OO <SO <I50 <50 <I50 82E+M * 

M E ~ M  ME+M I . ~ E + W  1 . 4 ~ m  LE+M ~ .OE+OI  i . i E t n z  c ia  ~ S E + O Z  6 . 3 ~ + m  <E ' 1.SE+03 
238+03 3.6E+o6 1.5E+06 1.ZE+03 ME+M 3.2E+O: 1.4E+02 c10 248+02 5.8E+02 <IS 1.3E+O3 

1.18+03 1.3E+03 1.4E+09 4.4E+00 j.ZE+02 26E+00 7.38+02 S.OE+W < 2  1.9E+01 67EaOl 9.0E+00 5.4Et01 4.6E+(w 27E+O2 ' 
9.JB+01 27E+02 4.i)E+W * 1.55+01 1.6E+M) c2 4.0E+00 < 2  < 2  3.5E+M) 3.1E+01 c10 

<1 1.2E+% 1.7E+XJ 1.7E103 1.6E+W ' I .  

< 1  &RESOS 3.8%+03 ' 22E+OS * .  

aAsterist indicates that data are not available 
%A = not applicable. 
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Table 4.4 summarizes the physical measurements, total organic carbon (TOC), eight RCRA metals 

plus two proposed RCRA metals (Ni and Tl), and completed treatability metal data for all the inactive tank 

samples collected. Most of the RCRA metals in the liquid sample were determined by ICP except for silver, 

selenium, and thallium. The sensitivity of the ICP method for selenium and thallium was insufficient; thus, 

these analytes were determined by GFAA. The silver was also determined by GFAA rather than by ICP. 

Because of the limitations of the sequential ICP used, the analytical wavelength for silver was much higher 

than the other metals, and the time required to  scan to the silver wavelength consumed too much of the 

sample. The RCRA metals for the sludge samples were all (except for mercury) determined by GFAA 

because of the large dilution that resulted from the dissolution of the samples (dilution factors range from 

50 to 200 for the sludge samples). The mercury for all tank samples were determined by the CV technique. 

The anion data are summarized in Table 4.5, which includes the common anions detcrmined by ion 

chromatography along with the cyanide, alkalinity, acidity, carbonate, and bicarbonate. The sulfide data were 

not reported because no reliable data have been obtained at  this time. However, a qualitative test based 

upon the precipitation of cadmium sulfide indicated that the concentration of sulfide in the samples analyzed 

for cyanide had not exceeded the regulatory limit. Also, the nitrate was not reported for the sludge samples 

bccause the sludges were dissolved in nitric acid. 

The radiochemical data are summarized in Table 4.6, which includes the identified nuclides along with 

the gross alpha and gross beta measurements. The gross beta values are not considered reliable, but they 

are included for comparison to  identified beta emitters. 

4.5 EVALUATION OF DATA 

4.5.1 Overall Trends 
Of the 27 tanks characterized, 17 tanks contained insoluble solids or sludges. The presence of the 

sludges is dependent on pH and on cation and anion content. No sludge was observed in tanks with a pH 
less than 5 (6 tanks), but all tanks with a pH greater than 9 (12 tanks) contained a sludge. With the 

exception of alkali metals (Group Ia), most other metals form insoluble hydroxides. Basic solutions tend to 

dissolve atmospheric carbon dioxide and accumulate increasing amounts of carbonate with time, which results 

in the precipitation of many carbonate salts. Based upon on the solubility products (Table 4.7) for the 

various cation-anion precipitates and the anion distribution (Table 4.8) in the waste tanks, the elevated levels 

of RCRA metals found in sludges from tanks with high pH liquids can largely be accounted for by the 

insolubility of the hydroxide and carbonate salts. Most alpha emitters also form insoluble hydroxides and 
carbonates. This formation accounts for the low level of transuranium nuclides in the liquid phase of most 

waste tanks. The T3r was observed to be 3 to 4 orders of magnitude greater in the sludge relative to the 



Compound Formula PK a ..!I!-- 
RCRA rnerab 

Barium carbonate 
Barium chromate 
Banum fluoride 
Barium hydroxide 
Barium hydrogen phosphate 
Barium phosphate 
Barium nitrate 
Barium sulfate 

Cadmium carbonate 
Cadmium fluoride 
Cadmium hydroxide 
Cadmium phosphate 
Cadmium sulfide 

Chromiurn(II1) fluoride 
Chromium(I1) hydroxide 
Chrornium(I11) hydroxide 
Chromium(ll1) phosphate (grcen) 
Chromium(II1) phosphate (violet) 

Ixad carbonate 
Lead chromate 
h a d  chloride 
Lead fluoride 
Lead chloride fluoride 
Lead hydroxide 
Lead(lV) hydroxide 
Lead hydroxide chloride 
Lead hydroxide nitrate 
Lead hydrogen phosphate 
I Rad phosphate 
Lead sulfate 
Lead sulfide 

Mercury(1) carbonate 
Mercury( I) chloride 
Mcrcury(1) chromate 
Mercury(1) hydroxide 
Meecury(I1) hydroxide 
Mercury(1) hydrogen phosphate 
Mercury(1) sulfide 
Meecury(I1) sulfide (black) 
Mercury(I1) sulfide (red) 

Nickel(11) carbonate 
Nickel(I1) hydroxide 
Nickel(I1) phosphate 
Nickel(I1) sulfide (alpha) 
Nickel(I1) sulfide (beta) 
Nickel(I1) sulfide (gainrna) 

8.29 
9.93 
5.98 
2.30 
6.50 

22.47 
2.35 
9.96 

11.25 
2.19 

13.60 
32.60 
26.10 

10.18 
15.70 
30.20 
22.62 
17.W 

13.13 
12.55 
4.79 
7.57 
8.62 

14.93 
65.50 
13.70 
3.55 
6.24 

42.10 
7.79 

27.90 

16.05 
17.88 
8.70 

23.70 
25.52 
12.40 
47.00 
5 1.80 
52.40 

8.18 
14.70 
30.30 
18.50 
24.00 
25.10 

Silver arb0na.re 
Silver chloride 
Silver chromate 
Silver hydroxide 
Silver phosphate 
Silver sulfate 
Silver sulfide (alpha) 
Silver sulfide (beta) 
'Thalliuw(1) chloride 
Tballium(1) chrnriiate 
Thalliurn(1) sulfide 
Thallium(1II) hydroxide 

Anaericium(Il1) hydroxide 
Americium(rv) hydroxide 

Europium hydroxide 

Neptunyl hydroxide 

Plutoniuin(II1) hydroxide 
Plutonium(1V) liydroxidc 
pl~t~nyl( lV] hydroxide 
Plutonium hydrogen 
phosphate 

Scandium fluoride 
Scandim hydeoxjde 

Stmatiurn carbonate 
Strontium chromate 
Strontium fluoride 
Strontium phosphate 
Strontiuilr sulfate 

'fiorium hydroxide 
Thorium phosphate 
Thorium hydrogen 
phosphate 

Uranyl carbonate 
Uranyl hydroxide 
Uranyl phosphate 
Uranyl hydrogen 
phosphate 

Yttriuin fluoride 
Yttrium hydroxide 

11.09 
9.75 

11.95 
7.71 

15.84 
4.84 

49.18 
49.00 
3.76 

12.00 
20.30 
45.20 

19.57 
56.00 

23.05 

21.60 

19.70 
55.00 
24.70 

27.70 

17.37 
30.10 

9.95 
4.65 
8.61 

27.39 
6.49 

41.40 
78.60 

20~00 

11.73 
21.95 
46.70 

10.67 

1214 
22.10 
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Table 4.8. Characteristics of inactive tanks for forming insoluble salts (sludges) 

Sludge Average Presence of anions efficient at forming insoluble salts 
Tank present pH C03"2 SO,-2 PO4-? C1- F- 

pH > 9 
T1 
T2 
T3 
T4 
w3 
w 4  
w5 
W6 
W7 
W8 
w9 
w10 

pH < 5 
TH1 
TH3 
W13 
w 1 4  
W15 
98GOA 

5 < p H < 9  
w 1  
w2 
W1A 
T30 
T9 
W11 
TH4 
wc17 
7562 

Yes 
YeS 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
YeS 

no 
no 
no 
no 
no 
no 

no 
no 
XlO 
no 
YeS 
Yes 
Yes 
YeS 
Yes 

9.3 
9.4 

12.7 
11.7 
10.1 
10.0 
10.1 
10.2 
10.3 
9.3 
9.8 

10.2 

1.8 
1.8 
3.0 
0.6 
0.2 
3.9 

8.0 
8.5 
8.8 
8.7 
8.8 
7.9 
7.1 
7.6 
7.4 

+ 
+ + 
+ 
+ +' 
++ + 
++ 
++ 
++ 
++ 
++ 

- 
- 
- 
- 
- 
- 

+ 
+ 
+ 
+ 
+++' 
+ 
+ 

- 

- 
+++ + + 

+ 
- 
- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
++ 
++ 

- 

- 
- 
- 
- 
- 
+ 

+ 
-I- 
+ 
++ 
++ 
+ 
+ 

- 

- 

"4- = low concentration. 

'++ = high concentration. 
d? = no data 
'+ + + = very high concentration. 

b- = nolle observed. 
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liquid phase of basic tanks. This distribution of %r in the sludge is rnmi likely the result the precipitation 

of strontium carbonate. 

In general, foi waste tanks with a pH greater than 5, most species remain in sollaiisn, whereas in 
tanks with a pH greater than 9, an insoluble sludge consisting primarily of hyfiwxide and arbonale salts 

i s  found. IIowever, for waste tanks with an intermediate pH (5 < pH e 9>, the formation of sludge is 

difficuit to predict. As shown in Table 4.8, five out of iiinc tanks with ail intermediate FM hzd a sludge. 

Four of the five tanks (no anion data are available for waste tank W11 because it contained a very hard, 

thin sludge layer which was difficult to sample) containing sliidge within this group cofitained mockrate EO 

high levels of sulfate, which tends to form irisohblc salts. Three of the remaining forpr tanks with an 

intermediate pM also had moderate levels of siilfatc present, but no sludge was Formed. 

457. 'Rhysicail MmstlrcmcnL% 

Dissolved solid5 observed in the inactivc tank samples ranged from 0.1 to 1S9 mng/mE, and suspended 

solids ranged from <0.1 to 11.3 InghL.  Low dissolved solids were observed in most of the tanks with a pII 
between 5 and 9. Howcvcr, 'TI44 with an average yH cqual to 7.1, had the second highesi dissolved solids 

observed. Vcrtical concentration gradients wcre observed for disscalvcd solids (and most other species 
mcasurect) in a nimbcr o f  thc tanks with a pII greater than 5. In acidic (pH < 5 )  tanks, the dissolved solids 

content was invariant, and the liquid appeared to be homogeneous based on samples taken a t  various levels. 

Also, little or no suspendcd solids were observed ~ U H  the acidic tanks. 

'I he density measurements ranged from 0.9982 to 1.1303 g/rmL for the aqueous samples. For thc only 

tank (7860A) with a significant organic layea? the density of the oiganic sarnpks ranged from 0.9088 to 
0.9135 g/mL. As expected, the density measurements followed the dissolved solid mcaseireinents, and a 

number of tanks with pH greater than 5 cxhibited vertical gradients in density. 

I he highest measurements for suspended solids, dissolved solids, and density werc observA in the W9 

tank. 'These high measurements probably result from the high level of uranium present in the Piqi.iid phase 
o f  the W7 waste tank (W7 had the highest level of uranium found in a liquid phase). 

4-53 MCRA Mctak 

For the most part, thc distribution of the MCRA metals witbin liquid and sludge phases in the 

inactive waste tank was depcndent first upon the pII and second upon the anion content of the liquid phase, 

If one refeis to Table 4.7, on solubility prodncts, most af the RCRA metals form hydroxldcs with low 

solubilities. Also, many of the common anions found in the waste tanks €om highly insoluble salts with the 
RCRA rnctak. The divtribution of anions within ihe waste tanks is illustrated by Table 4.8. 
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Tlac high levels of c h r ~ n ~ ~ ~ ~ ~ ~ ~  mercury, and lead observed in many of Pbe inactive waste tanks was not 

surprising bemtse of t e va~ious laboratory activities that were associated with the waste-tank system. For 

many years a cnkfiimol'n cleaner for glassware was a mixture of sulfuric acid and potassium d ~ ~ ~ ~ o ~ ~ ~ e ,  which 

was routinely flushed down the hot drains. Another  on practice was the cleaning and d e ~ n ~ ~ n ~ i n ~ i ~ ~ ~ ~  

of lead bricks and other forms of lead shielding. 'Ibe use of mercury in electrochemical techniques and for 

other pxocesses or activities wuarld a m u n t  for the Bevels of rncrcu observed. Cadmium was present in most 

of thc sludge samples, howc~er, usually below the regulatov limits. Little o r  no mdmiiirn was observed in 

mnst of the liqnid phases analyzed, but the cadmium obsewed in the liquid phase nf one tank (Wl A) was 
above the regulatory linnit. 

For basic waste tanks ($1 > 3), much higher Ilcvels of RCKA metals were found i n  the sludge phase. 
Exchudiqg the: acidic tanks, the only EPA hazardous metals obseaveri at significant Ievels in the liquid phases 

were elaroxtiiuktrr and mercury. Some of rhc acidic tatiks also had elevated levels of lead and nickel in the 

liquid phase. 

The mctals determined for wasnc-treatability studies ineludc species that must be known for various 
waste-soUMication and other waste-handling processes (Al, €3, Ca, Fe, K, Mg, Na, Si, and Sr), and uranium 

atid thorium for criticality calculations and accountability requiremcnxs. Tibe TOC and total solids arc 

importarat mmsurements to the waste-processing groups. Currently, only the uranium and soluble si l ica 

meas~areanents have bcen camplet&, and the data arc reported in Table 4.4 with other data on metals. 

Silica ~ ~ ~ s ~ r e ~ e ~ ~ s  were not perform& on the sludge samples, and only the soluble silica was 
measured in the liquid samples. The soluble silica ranged from less than 1 to about SO mgL, but most of 
the liquid sanaples were below 20 m@. The soluble silica observed in the acidic liquids was consistently 

higher than average; however, thc highest level. observed was in the most basic rank (tank T3, pH 12.7). 

Uranium was found in all sludge samples atid ranged from 60 mgkg to 33% by weight in the sludges. 

'The uranium in the liquid phase ranged from <0.1 to in excess of 8500 mgL, and uranium concentration 

gradients were observed in a number of the tanks. Although the uranyl carbonate and hydroxide are fairly 

insoluble, the uranyl cation (UO:+) can form unusually stable anionic species such as uranyl tricarhonate 

, IJO,(CQ,),4-, which is water soluble, 

The cyanide dePection limit for the prowdure and sample volunnc (10 mL) used during this project 
-04 mgXI,, which i s  significantly below the regulatory limits for labile cyanide. The total cyanide found 

in the liquid waste tank samples ranged from less than 0.04 m@ to a maximum of 1.1 mg/L, which is 2 

orders of magnitude below the regulatory limits. However, poor spike recoveries were observed with many 

of the waste tank samples, and a significant cyanide demand was observed with some samples. The chemical 
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complexity and the variable composition observed with the waste tank samples make it very difficult to 

identify all the possible intcrferences, such as the formation of mctal cxJmplexes with cyanide, such as 

Hg(CN)2 and CU(CN)~, which are difficult to dissociate and can preve:": distillation or muse poor distillation. 

'I'he poor distillation would result in poor spike recoveries and low iesults. Also, the presence of free 

chlorine in basic solutions can consume cyanide by alkaline chlorination to gaseous qanogcn chloride. 

PJtholugh several possible interferences to the cyanide measurement are discnesed, munerous mechanisms 

could result in poor spike recoveries. Therefore, if more riearly accurate cyanide measiasentents are required, 

additional method development is necessary eo identify the cause of poor spike recoveries and cyanide 

consumption observed with the waste taiak samples. 

'The method used for the determination of sulfide is based upon the separation of the sulfide from 

the complex sample matrix by distillation of hydrogen sulfide from strong acid .solution and trapping of the 

hydrogen sulfide in a basic SCI ubber solution. The sulfide in the basic trapping solution i s  reacted with excess 

iodine and the remaining iodine is determined by titration. Therefore, the sailfirPe determination was actually 

a measurement of the sample's reducing power relative to iodine and cannot be exclusively attributed to 

the sulfide concentration The sulfide niearuremeni depends upon the quantitative reduction of iodine Bo 
iodide which requires a relatively simple system to be valid. The ewte  tank samples are complex and may 
contain volatile species that can reduce thc iodine, thus contributing to positive bias. Also, any volatile 

species that can oxidize the iodide So iodine would result in a negative bias. Here a g i q  more method 

development i s  required for accurate sulfide measurements. 

The determination of common anions was primarily for treatability studiess, but the studies were also 

useful for understanding the distribution of various metals in the liquid and sludge phases of the waste 

tanks. 'fie liquid samples were diluted and then measured directly on an ion chroniatograph. The sludge 
samples were first dissolved with nitric acid (measurements for nitrate in sludge samples were not reported) 
and then filtered prior to measurement by ion chromatography. Because of a limitation of ion 

chromatography, the high nitrate concentration in tihe dissolved sludge samples prevented measurement of 
other anionic species much below percent levels. The ion-exchange separation of anionic species requires 

that the relative concentration of a11 anions be within a factor of about 100, or the predominate species 
behaves as an eluent for the other species and all anions elute in a single band. Also, because the ion 
chromatography was not done in a radiochemical laboratory, the detection limits for some of the more 

radioactive samples were limited. 
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45.7 Alpha b i t t e r s  (TRU Waste) 
In general, most of the alpha activity was found in the sludge of basic waste tanks, with little to no 

alpha activity observed in the basic liquid phase. Low levels of alpha activity were observed in the acidic 
waste tanks, and one acidic tank (W13) approached the limits for classification as TRU-waste. The presence 
of transuranic alpha emitters with half-lives greater than 20 years and aclivities in excess of 3.7 x lo3 Bq/g 
(100 nCi/g) is the basic criterion for classification as "TRU-waste." In addition to the transuranics, the 
isotope a33u is included for Classification as TRU-waste. The isotope 244Cm has a half-life of 18 years and 
is excluded from the TRU-waste definition. However, due to the high specific activity, 244Cm is included in 
these discussions independent from the TRU discussion. The only TRU-waste identified was found in the 
waste tanks with a sludge. Eleven of the 17 tanks with sludge are classified as TRU-waste (Table 4.9). Based 
on the total gross alpha, the average TRU content was about 41 * 23% and ranged from 2% to 95%. The 
balance of the gross alpha observed, for some samples, resulted from other alpha emitters such as thorium 
and curium. However, for many samples the alpha balance could not be accounted for. Also included in 
Table 4.9 is a check of the gross alpha balance obtained by a ratio of the SUM of all the alpha emitters 
identified by alpha spectroscopy to the gross alpha. This gross alpha balance averaged about 73 t 28% and 
ranged from 2.5% to 109%. 

The curium isotope, 244Cm, which has a reputation of being difficult to handle because of its high 
specific activity, was found only in the sludge of basic tanks. The 2J4Cm activity ranged from 1 to 2 to in 

excess of 105 Bq/g in the sludge samples. 

4.5.8 Beta-Gamm;a. Emitters 
The most abundant radionuclides observed were 137Cs and %r with their associated short-lived. 

daughters I3%a and "Y, respective1.y. Most of the beta activity observed in the liquid phase of the inactive 
waste tanks resulted from 137Cs, which was 1-2 decades greater than the water-soluble %r. The liquid-phase 
gamma activity was also caused by the 137Cs, which was usually several orders of magnitude greater than 

other water-soluble gamma emitters. With the exception of several of the more acidic liquid wastes, the 
gamma active europium isotopes were not observed in the liquid phase of the inactive tanks. When present, 
the europium isotopes were observed only in the sludge of basic tanks. 'nis observation is not surprising 
considering the low solubility of europium hydroxide (see Table 4.6). 

4.6 RCRA EVALUATION FOR INORGANIC SPECIES 

The inactive waste tanks are categorized as solid waste and are classified as hazardous if the contents 
of a tank exhibits any of the following specific characteristics: (1) ignitability, (2) reactivity, (3) corrosivity, 
or (4) toxicity according to an extraction procedure or EP-TOX test. 
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Sludge Gross TRU mu 'RU:alpha Akalpha 
sample alpha status (Bq/@ ratio ratio 

T4IS46 
T3IS43 
T91S48 
T21S40 
TlIS37 
TI14IS58 
W4IS59 
W5IS75 
W6/SSO 
W7lS84 
W7IH85 
W81S88 
W9lS92 
W4/S24 
W4/H26 
w 1 om 120 
W10/S96 
W3IS 1 9 
WC17IS 106 
7562/S98 

374,000 
202,000 
147,000 
202,000 
647,000 

1,730 
2,890 
1,330 
8,040 

13,600 
7,998 

29,000 
105,000 

5,940 
6,600 

41,100 
83,500 
8,430 
2,720 

<1 

42,030 
27,038 
19,110 

191,430 
40,830 

42 
1,336 

'72 I 
2,276 
3,974 
2,824 

11,560 
41,148 
4,690 
5,901 

21,450 
44,048 
5,610 

753 
0 

0.112 
0.134 
0.130 
0.948 
0.063 
0.024 
0.452 
0,542 
0.283 
0.2% 
0.353 
0.3% 
0.392 
0.7W 
0.894 
0.522 
0.527 
0.665 
0.27'7 

0.685 
1 .OoO 
0.790 
0.948 
0.W3 
0.024 
0.462 
0.802 
0.806 
0.600 
0.670 
0.899 
0.908 

0.891. 
0.858 
1.088 
0.665 
0.880 

0.790 

A liquid waste is classified as ignitable if the liquid has a flash point that is 60°C or lower. A majority 

of the inactive waste tanks contained an aqueous-liquid phase and were not tested fss ignitahility. ' b o  of 
the waste ranks had an organic layer that would char only when exposed to an open flame. Therefore, none 
of the waste tanks wcrc classified as ignitable waste. 

The inorganic regulatory characterkation for the inactive waste tanks is separated into classifi 

of the liquid and solid phase for each tank. The two-ategory classification provides additional ~ ~ ~ ~ ~ ~ a ~ ~ o ~  

that may affect decisions concerning waste handling or disposal. For example, a non-RCRA liquid might be 

removed for a waste tank with a RCRA sludge, and the sludge then processed separately. The following 

discussion concerning the sludge samples is preliminary bemuse the measurements arc based upon she total. 

metal canrent obtained with a nitric acid leach and not the EP-TOX results. The current available data show 
only that if a sludge completely dissolves in the EP-'TOX acetate buffer, the data are applicable for the 

determination of RCMA classification because the measurements would be equivalent to the extraction 
procedure. Therefore, to arrive at the following classifications, the total metal content has bcen compared 
to an EP-TOX equivalent (Table 4.21, which accounts for the 20-fold dilution obtained with the extraction 

proccdure. Also note that this evaluation i s  based on only thc inorganic composition and does not include 

the RCRA status based upon the organic content. 
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The classification of the inactive waste tank is summarized in Table 4.10 (note that the WCRA status 

on the sludge samples is preliminary until the EP-TOX data are completed). The current data indicate that 

12 of the 27 tanks are RCRA in both the liquid and sludge phases, 4 t a n b  have a RCRA sludge with an 
apparent non-RCRA liquid phase, 6 tanks without any sludge have an apparent RCRA liquid, and 3 tanks 

(Wl, W2, and T30) without any sludge appear to be non-RCWA. Two ranks (7860A and WC17), which 

contained an organic layer, have insufficient data for classification of the liquid phase. Four acidic tanks 

(THI, 1H3, W14, and Wl5) and one basic tank (73) are classified as corrosive waste due to measured pH 
values that exceed the regulatory limits. 

All the sludge samples exceeded the EP-TOX equivalent limits for two or more of the EPA toxic 

metals (17 tanks). Most of the sludge samples contain chromium, lead, and mercury in amounts that are 

near or exceed the regulatory limits (16 RCRA in Cr, 15 RCRA in Pb, 14 RCRA in Xlg,) and the sludge 

from 12 tanks are RCRA in all 3. Cadmium was also found in most of the sludge samples, but exceeded 

the limits in only two of the sludge samples. 

The same EPA toxic metals were observed in the liquid samples. However, no lead was present in 

the basic liquids. Lead was observed in all of the acidic liquid samples and exceeded regulatory limits in 

several cases. In addition, nickel was observed at or  near the regulatory limit in two acidic tanks (W14 and 

WlS). Measured levels of silver and barium, below the regulatory limits, were observed in most of the sludge 

samples. Low levels of silver and barium were found in most of the acidic liquids and a few of the neutral 

to slightly basic liquids. 

Arsenic, selenium, and thallium were not found at quantitative levels in any of the waste tank samples. 

Although several of the sludge samples measured positive for arsenic, selenium, and thallium, the signal was 

most likely the result of some type of interference. 

Four t a n b  (TH1, TH3, W14, and W15) that are classified as hazardous waste based on corrosivity 

(pH < 2) have no sludge associated with them, but they do contain quantities of chromium, lead, and 

mercury near or above the regulatory limit. If the pH of these tanks is carelessly raised to a noncorrosive 

level, the EPA toxic metals present may precipitate and produce a hamdous sludge. One tank (T3), which 

has a very basic liquid and is classified as corrosive (pH > 12.51, could be made noncorrosive by lowering 

the pH below (the small change in pH required would not likely effect the solution chemistry). 

If the concentration of cyanide and sulfide present in a waste tank is sufficient to generate toxic gases 
when exposed to pH conditions between 2 and 12.5, the waste has the characteristic of reactivity. The 

interim guidance for reactive cyanide and sulfide are 250 and 500 mg/kg, respectively. Although, there were 

some problems with the cyanide and sulfide measurements, nonc of the liquid samples approached the 

regulatory limits. ,4t this time only two of the sludge samples have been analyzed for cyanide and sulfide, 

and both saniples were well below the regulatory limits. The remaining sludge samples need to be analyzed, 

especially for the sulfide which forms insoluble salts with numerous common metals. 
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1 T4 
2 T3 
3T9 
4 l-2 
5 T1 
6 TW1 
7 TH3 
8 w11 
9 TI14 
10 w 5  
11 W6 
12 w7 
13 W8 
14 W9 
15 W l  
16 W2 
17 W4 
18 w10 
19 786OA 
20 W3 
21 WC17 
22 W13 
23 w14 
24 w15 
25 WIA 
26 T30 
27 7562 

WCRA 
RCRA 
WCah 
NR" 
NR 
RCRA 
RCRA 
NR 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
NR 
NR 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCR'4 
RCRA 
NR 
NR 

RCRA 
RCRA 
R C M  
WCRA 
RCK4 
NA 
NA 
MCRA 
RCRA 
RCRA 
MCRA 
RCRA 
RCRA 
RCRA 
NA 
NA 
KCMA 
RCRA 
NA 
RCRA 
RCRA 
NA 
NA 
NA 
NA 
NA 
RCRA 

Liquid: Cr, kIg 
Liquid: Cr, I&?, pH 
Liquid: Hg 
Liquid (Wg) 
Liquid: (Mg) 
Liquid: (Cr), (Pb), Hg, pH 
Liquid: (Cr), (Pb), Wg, pEI 
Liquid: Sludge: Cr, Pb, Mg 
Liquid: (Cr)' 
Liquid: (CP), Hg 
Liquid: cs 

Liquid: Cr 
Liquid: Cr 

Sludge: (Cd), Cr, Pb, IIg 
Sludge: (Cd), (CY), Pb, Hg 
Sludge: (Cd), Pb, Hg 
Sludge: (a), Cr, Pb, Mg 
Sludge: (Cd), Ca, Pb, I-Ig 

Sludge: Cr, Hg9 (Pb)' 
Sludge: (Cd), Cr, Pb, Hg 
Sludge: Cr, Pb, Hg 
Sludge: (a), c r ,  Pb, I-Ig 
Sludge: (CA), Cr, Pb, Hg 
Sludge: (a), Cr, Pb, Hg 

Liquid: Cr, Hg? 

Liquid: Cr 
Liquid: Cr, Mg 

Sludge: CA, Cr, Bb, (Hg) 
Sludge: (Cd), Ca, Pb, I-lg 

Liquid: Hg 
Liquid: Cr Sludge: Cr, (Hg) 
Liquid: Hg 
liquid: (Cr), Pb, Hg 
Liquid: Cr, Pb, (Hg), Ni, pH 
Liquid: Cr, Pb, Hg, (Ni)., ppi 
Liquid: Hg 

Sludge: Cd, Cr, Pb, Hg 

liquid: Sludge: (a), Cr, Bb, (Hg) 

"NK--not MCRA; NA-not applicable; ( )-element near RCRA limit; ( )'-element very near R C M  limit; 
Hg?-no data. 

The analysis of liquid samples obtained at different levels within waste tanks indicate that a number 
of the tanks were not homogeneous but that they actually have concentration gradients which increase from 

top to bottom of the tanks. This behavior is  illustrated in tank TI14 (Table 4.11). Physical pamneters 

related to water-soluble species (density and dissolved solids) or the concentration of several water-soluble 

species (pH, chromium, and 137C3) were a good measure of the gradients. The physical measurements, density 

and dissolved solids, were simple and reliable irxdicators for the presence of a gradient, with the 

solids measurement more sensitive to small changes. The measurement of was comparable to the 

dissolved solids for detecting gradients in the waste tanks. The classifkation of some of the tanks (such as 
TW4) that exhibit concentration gradients iii the liquid and sludge phase is difficult because of the iinkmpown 
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bulk R C M  content which would result from mixing of the liquid or  solid phase of these tanks. The tanks 
that exhibit a liquid gradient also have a sludge, and the higher concentrations are obsemed near the tank 
sludge. If the liquid phase of these tanks were separated from the sludge and the liquid mixed thoroughly, 
the redistribution of the metals might result in concentrations below the regulatory limits. 

Table Al l .  Measurement 

Depth Density Dissolved solid pIi Cr 1 3 7 0  

0 1.0002 <0.1 5.8 ~ 0 . 1 3  0.54 
4 1.0034 1.4 6.9 < 0.13 7.4 
0-6 in. col. 1.0065 0.5 7.6 ~ 0 . 3 6  3.5 
39 1.0557 70.6 7.1 1.6 180 
72 1.0832 103.8 7.8 5.6 240 

The analytical support for the radioactive waste tanks was a learning experience for this laboratory, 
and to our knowledge, a project of this type and requirements has not been attempted elsewhere. The 

identification of problem areas has been a positive outcome of this work. The problem areas include 
inappropriate regulatory procedures for highly radioactive samples, complexity of the samples (each tank 

and sometimes each sample required additional method development), unrealistic expectations for QNQC 

measurements for solid waste, and the expense in both time and money. 

Additional studies are needed to improve some of the procedures anad reduce radiation exposure, 

understand the complex chemistry, and identify interferences. Improved methods need to be developed for 
the measurement of cyanide and sulfide. The long-term results of radiation exposure of the sample need to 
be studied, and the effects the radiolytic products may have on the analysis of waste tank sample need to 

be identified. Both reducing and oxidizing environments were observed during the analysis of stweral waste 
tank samples. The characteristics of these chemically active samples need to be better understood to ensure 
valid results for the measurement of species such as mercury and sulfide. 

An inductively coupled plasnia-mass spectrometer (ICP-MS) is designed for the rapid multielement 

determination of elemental species at low concentration. ICP-MS is complementary to both ICP-emission 
spectroscopy and GFAA and in many ways combines the beneficial characteristics of both techniques. 
Nthough the initial expense for an ICP-MS is high (>$BOK), the advantages realized would include a 
significant reduction in labor costs (it hrls taken nearly a year for the 10 EPA metals in 87 samples), faster 
sample turnaround (typically, 20 elements can be determined in 1 to 3 min depending upon the precision 
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requircd), and much more information from a single analysis (up to 75 elermcnts for a sin@e analysis). With 

the excelllent detection liiica'ats possible, ICP-MS could provide all ten reguiatoi y metals and t h  matability 

mctals in a single analysis, which currently requires thrce separate an&yiial  techniques to comp!cte (IC3, 

GFAA, and mercury CV). Also. thc single analysis woiild drastically redlice the samplc ha riddling arid 

radiation exposare to the analyst Therefore, if the Byeicd support for the chararter kation of iadioactivr 

waste is to contiiuw, it is recommernded that our analytical czpaahilities be upgiaded with aa  ICP-MS. 

'The deteimination of the anionic species in thc waste xaaks is i q o ~  tant to both the treatability 

studies and the iirdersrairiling of the distribution of regulatay rrictals found i o  the waste tanks. The 
measurement of the anions for this project w2s dme ir, a facility not equipped to handlc the dadisactivity 

present and required veny high dilutiorv before analysis by ion chromatography. In many cases this large 

dilution prcveAted the measurement of important spxiies because of insufkient sensiiivity. In addition to 

the measiiremcnt of coinmoil anions, tbc ion chromatograph could be used for the measurement ol cyanide 

and sulfide with good sensitivity and bettcr selectivity than could be achieved for this current project. 

Thcrefare, i t  is recommended that ari ion chroniatograph be obtained for one of the fxilitics cagablc of 

handling the higher levels of radioactivity. 

Just prior to the release of this report some additional data was obtaincd which was needed to 

establish the RCW24 status of several of the inactive avaste tanks. Sulhclent time was not available to 

integrate this information into the body of the report. €Iovmer,  the data had a significant impact on the 

RCRA status of several tanks and was irncluded iin this report so that regu!atoq classification of the waste 

tanks discussed could be concluded. 

In an effort to identify the gross KCRL4 status for the inactive waste tanks it was necessary to 

completc the EP-TOX mCmuetiicnPs on thc sludge from several of the tanks which contained ;r nom-MCWA 
liquid phase and an  apparent RCRA sludge (the a p p a r a t  RCMA clacsifiation is based upon the total metal 

content). Sufficient sample was not available for the waste tanks in question, which included 1'1, T2, and 

7562, and these tanks were re-sampled for the E?-TUX measuremeills. Tine total rnctal conterrt arid llac 

percent extracted, in 'Iable 4.12, arc based upon the original sludge sainplcs Only the metals which had a 

total mctal content that exceeded the EP-TOX equivalent limit (for most siudge samplcs Cr, Pb, and Hg 

exceeded the limits) were measured in the El'-TOX leachate. 

The results of the extraction procedure, which are summarized in I'able 4.12, show that the toxic 

~netals of interesi (Cr, Pb, and Wg) are weak!y extracted h l o  the 0.05 &j a a% bnffm. Althmgh 

approximately 50% of the solid material from the sludges below dksslvet: in the buffer solution, the tnxic 

metals are present as insoluble species. 
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Finall 0.05 Initial Cr Pb r-IE 
Sample Weight volumc NOtW pII Tot21 EP-TOX Ext. Total EP-TOX Fxt. Total EP-TOX Ext 

ID (B (mL) ( I d . )  Olm (PdW (&k) (PB'nlL) (a) Oldg) OldW 

T11F.145~ 10.0574 202 38.4 9.7 134 0.03 0.45 R63 <0.21 <0.5 74. 0.04 1.1 

'T2&147c 10.0680 202 30.8 9.5 184 0.06 0.65 354 ~ 0 . 2 1  <1.2 70. 0.01 0.3 

T4B04h 10.2694 202 39.9 9.8 102 4 . 0 2  <0.39 512 qO.21 ~ 0 . 8  585. 6.4 21.5 

1H4,%058 20.2020 204 250 9.5 72 <0.02 <OS6 38 0.39 20.5 3.6 0.01 4.4 

'IHaiSFS9 10.8130 216 72.0 9.8 290 <0.02 4 . 1 4  99 <0.21 <4.2 4.9 0.01 3.3 

75671I.143~ 9.9141 200 0.5 6.7 uoo 0.02 0.02 3(M <0.21 u0.s 1.8 <0.01 <9.0 

"0.05 ,'va acetic acid. 
bExtractc.d column summarizer, the % cHracted. 
'Tanks T1, K?, and 7562 were resampled for the EP-'I'OX measurements. For the sample 75621Id43, the original sample was labeled 

a5 a sludge, hawever, the sample actually consisted primarily as a liquid with a fine wsyended precipitate 

'ITserefore, supported by the EY-TOX results for thc inorganic metals, the waste tanks T1, T2, and 

7562!, which had won-WCRA liquids with an apparcnt RCRA sludge (based on total metal content), are not 

WCRA according to the inorganic coiiteiits. Several other sludges, listed in Table 4.12, demonstrated a 

similar behavior for the extraction of the toxic metals. 
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5. RCRA STATUS OF INACTIVE LIQUID LOW-LEVEL RADIOACTIW WASTE TANKS 

5.1 DNTRODUrnON 
A suinniary of the Resourcc Conservation and Recovery Act (RCRA) hazardous characteristics and 

listed organic constituents is presented in Table 5.1. A more complete discussion of the inorganic and 

organic species detected, including differences found between the liquid and sludge phases, can be found in 

Sects. 2, 3, and 4 of this report. Table 5.1 is meant to provide only a quick overview of the RCRA status 

of the contents of thosc tanks sampled in this study. 

The first two columns summarize the RCRA hazardous characteristics of the liquid and sludge phases, 

if applicable. It should be notcd that the measurements listcd for the sludge samples are total metal content 

obtained with a nitric acid leach and not the Extraction Procedure (EP) Toxicity' results. Classification as 
EP toxic is based upon an EP Toxicity equivalent; in other words, it is a value which accounts for the 20- 

fold dilution of the EP Toxicity proccdure and represents the concentration that would result in classification 

of the sample as RCRA hamdous if the sludge completely dissolves in the acetate buffer(s) used in the EP 

Toxicity or Toxicity Characteristic Leaching Procedure (TCLP). 

5.2 RCRA EtAZAJiUlOUS CHARACt'ERIalCS 
None of the waste tanks contained a RCRA ignitable waste; only 5 (T3, TH1, TH3, W14, and Wl5) 

were classified as RCRA corrosive. Of the 27 tanks sampled, the liquid contents of 7 (Tl, 'T2, W1, W2, 
W11, T30, and 7862) did not exceed the EP Toxicity regulatory level for at least one of the 8 RCRA 

regulated nictals. In those tanks containing a sludge that could be sampled, all exceeded the EP Toxicity 

equivalent. Until the EP Toxicity (or TCLP) data are completed, the RCRA status of the sludge samples 

based upon content of regulated metals must be considered preliminary. Three tanks (Wl, W2, and 730) 

do not contain any RCRA characteristically ha7ardous material. It can also be seen from Table 5.1 that 

these tanks do not contain any RCRA listed organic constituents. Although methylene chloride and toluene 

were dctected at concentrations ranging from 10-15 ppb, they were also detected in the blanks samples at 

similar concentrations. 

5.3 RCRA ORGANIC CONSTlTUENTS 

Dcterminaaion of the KCRA status of the tank contents based upon the types of organic constituents 

present involves a comparison with the list of RCRA haiardous wastes contained in the Code of Federal 

Regulations (CFR). Thcse are listed at 40 CFR Pts. 261.31, 262.32, and 261.33. Whether wastewater 

containing the listed organic constituents is considered a RCRA hazardous waste depends upon the manner 

in which the waste was generated. For instance, a listed solvent or a discarded commercial chemical product 
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Table 5.1. R a u  tics 4 omstiments e€ imctive m t e  s w  tanks 

Tank Hazardous charactenstic TCkP organic constituents Other organic constituents detected 

NO. 
Liquid Sludge Volatile uglL SemivoIatile (ug/L) Volatiles (DAI-GC)n ug/L Sernivola t i l a b  UglL  

None 

None 

EP-Tm (Cr) 
Corrosive 
(pH= 12.7) 

EP-Toxicifj 
(Cr, Hg) 

EP-Toxicity 
(W 

EP-Tox (Hg) 

(pW=1.8) 
Corrosive 

EP-TOX (Hg) 
Corrosive 
(pH=;.$) 

t Cr) 
EP-Toxicity 

None 

EP-Toxicity Carbon disulfide 
(Cr, Pb, Hg) 

(C:, Pb, Hg) 
EP-Toxicity None 

EP-Toncity Toluene 
(Cr, Pb, Hg) Tnchloroelhylene 

Chlorobenzene 
Methylene calonde 

EP-Tomcity Merhyiene chlonde 
(Pa, S g j  Carbon Bisdfide 

Chlorobemene 
Toluene 
Tnchioroethylene 

NA Methylene chlonde 
Toluene 

NA Chlorobenzene 
Methylene chloride 
Toluene 

EP-Toxicity Toiuene 
(Cr, Hg, Pb) Carbon terrachloride 

Chlorobenzene 
Trichloroethylene 
Methylene chloride 
Methyl etkjl ketone 

NA Methylene chloride 
Toluene 

None None 

2,4,5-Tdchlorophenoi 119 None 

None 

None 

None 

None 

None 

None 

None 

Acetone 
Methanol 
N-Butyl alcohol 

Acetone 
Methanol 
N-Butyl alcohol 
Xylene 

Methanol 

Di-n-butyl phthalate 

Ethyl hay1 phthalate 
Dibutyl phthalate 
Dierhylephjyhalate 
Naphthalene 

4,000 Di-n-butyl phthalate 
28,Wl Diethyl phthalate 
8 0 , m  

8,OOO Dibxtyi phthaiate 
46,000 Diethylphathalate 
6 , W  

170 

17,000 Dibutyl phthalate 
Diethyl phthalate 

None %bone 

None None 

Acetone 
Men tianol 
Methyl isobutyl keron 
n-Butyl alcoho! 

22,000 Vsrious phthalates and polycylic 
27,000 aromatic hydrocarbons (?AH) were 
15,000 detecred in the sludge ranging 
20,0043 from 4 to X; ppm, 

None 



Table 5.1 (mntinued) 

Tank Hazardous characteristic TCLP organic constituents Other organic constituents detected 

No. 
Liquid Sludge Volatile U g L  Semivolatile (ug/L) Volatiles (DAI-GCY ug/L Semivolatilesb ugn. 

W1A 

w2 

w3 

w 4  

w5 

W6 

w7 

W 8  

EP-Toxicity 
(Cii, Hg) 

None 

EP -Toxici ty 
(Cr) 

EP-Toxicity 
tCr) 

EP -Toxici ty 
tHg) 

EP-Toxici ty 
(Cr) 

w- ' r a i c i r j  
t Cr) 

EP-Toxicity 
(Cr) 

NA Toluene 
Trichloroethylene 
Methylene chloride 

NA Methylene chloride 
Tolilene 

EP-Toxicity Toluene 
Trichloroethylene 
Chlorobenzene 
Methylene chloride 
Tetrachloroethylene 
Methyl ethyl ketone 

t Cr) 

EP-Toxicity Trichloroethylene 
(Cd, Cr, Pb) Methylene chloride 

Toluene 

EP-Toxicity Carbon tetrachloride 
(Cr, Pb, Hg) Trichloroethylene 

Methylene chloride 
Tetrachloroethylene 

EP-Toxicity Toluene 
(Cr, Pb, Hg) Carbon tetrachloride 

Trichloroethylene 
Methylene chloride 
Methyl ethyl ketone 
l'etrachloroeihylene 

E?-Toxicity Carbon te:rachloride 
(Cr, Pb, Hg) Toluene 

Methylene chloride 
Tetrachloroethylene 

EP-Toxicity Methyl ethyl keton 
(Cr, Pb, Hg) Methylene chloride 

Toluene 

63 None 
20 

4 (JB) 

Methanol 7,OOO None 

None None 

Acetone 7,000 None 
Methanol 40,000 
n-Butyl alcohol 7,OOo 

Methyl isobutyl ketone 7,000 Ethyl hexyl phthalate 11,OOO 
Dibutyl phthalate 2,100 

None Ethyl hexyl phthalate 28,000 2 

None Ethyl hay1 phthalate 31,OOO 

Me : h an o I 14,000 Ethyl hexyl phthalate 57,000 
Dibutylphthalate 2,200 

Acetone 3,000 Naphthalene 2,600 

nButyl alcohol 2 , m  
Methanol 1 



Table 5.1 (oonrisnedj 

Tank Hazardous characteristic TCLP organic constituents Orher organic mnslituents detected 

No. 
Liquid Sludge Volatile u* Semivolatile (ug/L,) Volatiles (DM-GC)” ug/L Semivolatilesb U k V L  

WI0 EP-Toxicity 
(Cr, Hg) 

W11 None 

W13 

wi4 

W E  

wc17  

EP-Toxicity NA 
(Pb, Hgj 

EP-Toxicity NA 
(Cr, Pbj 
Corrosive 
{p:-I=O.S) 

EP-Toxicity NA 
(Cr, Pb,  Mg) 
Corrosive 
(pH = 0.2) 

5P-Toxicity EP-Toxicity 
(Hg) (a, c:, Pb, 

and Hg) 

Toluene 
Chlorobenzene 
Trichloroethylene 
Melhylene chloride 
Tetrachloroethylece 

Toluene 
Chlorobenzene 
Trrchloroethylene 
Methylene chloride 
Tetrachloroethylene 
Merhyi ethyl ketone 

Chiorobenzene 
Methylene chloride 
Toluene 
T~ChlGrWthyhC 

TOiU€%E 
Chlorownzene 
Methylene chloride 

Toluene 
Chlorobenzene 
Methylene chloride 
Te;rach!oraelhyiene 
Trichloroethylene 

Trichloroethylene 
Cklorokenzene 
Methylene chlonde 
Toluene 

- .  
I nchlioroetfiyiece 
Methylene ciilorkk 

None 

None 

None 

100 
4 (J) 

24 (E) 

21 
6 

5 
6 

23 (B) 

4 (4 

24 fB) 
5 

29 

920 (JS) 
4,603 (JB) 

None 

None 

Nonc 

None 

None 

Acetone 
Methanol 
n-Butyl alcohol 

Xone 

Me:tanoI 

Methanol 

Methanol 

Acetone, xylene, 
styrene vinyl acetate 
in Ooth liquid ar,d 
organic phases (VOA 
anailisis) 

Ethyl hexyl phthalate 160,006J 
Ruoranthene 1,100 

3,000 Ethyl hexyl pli~lialate 130,000 
41,OW Dibutyl phthalate 2,600 

1,000 Floranthene 8,000 
Benyo(a) pyrene 1,900 

Ethyi hexyl phthalate 38,COO 

Benzo(a) anthracene 4 4 , W  
Bcnzo(a) pyrene 44,000 

Fluoranthene 240.000 

Dibutyl phrhalate 17,400 

C h ~ s e i i e  130,W 

ll,ouO None 

1 5 , M  None 

7,000 None 

Dibutyl phthalate -74,000 
PCB-Armlor 1254 20 
’JCB-Aroclor 126G 13 



Table 5.1 (mnrinued) 

Tank Hazardous characteristic TCLP organic constituents Other organic constituents detected 

No' Liquid Sludge Volatile U g i L  Semivolatile (uglL) Volatiles (DAI-GC)" u& ~ e m i v o ~ a t i ~ e s ~  ut& 

T30 None NA Trichloroethylene 4 (J) None 
Methylene chloride 24 (B) 

Toluene 10 
Tetrachloroethylene 9 

7862 None EP-Toxicity Toluene 10 None 
(Cr, Pb) Methylene chloride 18 (3) 

Tetrachloroethylene 4 (4 
7860A EP-Toxiciry NA Methylene chlorideC 170 (JB) None 

TetrachloroethyleneC 40,000 (E) 

TrichloroethyleneC 39,000 (E) 
Methyl ethyl keto& 2,OOO 
Ethyl benzene 450 

TolueneC 85 (J) 
(Hg) 

Methanol 11,ooO None 

Methanol 14,000 None 

Aceton& 2,300 Ethyl hexyl phthalate 630,000 
MethanolC 1,700 Dibutyl phthalate 62,000 
Methyl isobutyl keto& 5 Naphthalene 92,000 
n-Butyl alcoholc 1,200 
Xylene 9,500 

ODAI-GC, Direct Aqueous Injection-Gas Chromalography. 
bFor an explanation of data qualifiers see Chapter 3, Organic Analysis Characterization. 
CCOnceiitrations expressed in mg/L. 
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is an R C M  waste if it meets certain conditims 2s defined in the regulations, but its prescnre in a process 

wastewater does not mean that such wastewaters are automatically classified as RCRA listed waste. Thc 

manner in which the constituents wcre discxded is the so!e determinant. Another method whercby a 

wastewater that contains listed BCRA organic constituents may be classified as RCRA waste is by 

applications of the TCLP. Currently, the I'CEP has riot been approved for any testing outside thc land 

disposal restriction program; nevertheless, the replatory levcls of varied? organic constitiientc can be asct 

as a guide. ' h e  concentration of FOOl-F005 spent solvent wastes trcatnieni standards for wastewater may 

be compared to concentrations found in the content? of the inactive liquid low-lcvel wme (LJ,T,W) tanks. 

The history of discharges of chemical constituents into the TLLW collectiorn system is not wcll 

documented; therefore, little can be said conceiraing thc origin of organic comtituerris. H s w i  upon the 

organic analyscs presented in this study, the types of KCWA organic waste prescili in the tank contcnlq 

are primarily various solvents that could have been discxrled as F-iistcd solvents (exceptions are the vai ious 

phthalates and polycyclic aromatic hydrocarbons (PAHs)). In the absence of knowledge czp 

solvcnt content (volume percent) when discarded, the concentralions arc cornpared to regulatnry thresholds 

contained in the 'FCLP. An additional consideration pertaining to FO03-listed wlvents that arc pixed with 

a solid waste i s  describcd in 40 CFR Pt. 261.3 (a)(2)iii. It states that a mixture of a solid w W e  and a 

hairardous waste that is b l e d  solely because it exhibits one or more ha7ardous waste characteristics i s  no 

longer considered RCRA harandous if the mixture docs not exhibit the hazardous waste characteristic. 'Ibis 

exclusion can be applied to the contents of those tanks that contain F003 listcd constituents since they are 

listed because of the ignitability charactcristic. 

Several of the tanks contain one or more organic constituents that are listed as F003. Since these 

solvents are listed under I403 because of ignitabiliry and since i i ~ n e  of the tanks exhibited this RCRA 

characteristic, those tanks containing F003 listed solvents are excluded from RCRA by application of the 

"mixture" rule, 40 CFR Y t .  261.3 (a)(2)iii. 

Application of the treatmerit standards or regulatory thrcsholds for those F001-,"005 constitueiits listed 

in the TCEP and detected in tank samples reveals that most tanks contain trace amourits of RCRA organic 

constituents; however, the concentrations are below regiilatory thresholds. Furthermore, because most are 

also detected in the blank samples, their pre5ena in the analytical sample is probably an artifact. 

Several tanks (TH4, W3, W8, and WlO) contain methyl ethyl ketone (MEK) at concentrations ranging 

from lo00 to 5000 ppb (the 1'CLP regulatory threshold for wastewaters is 50 ppb; for wastes other than 

wastewater the treatment standard i s  750 ppb). In several other tanks (T9, W5, W6, W7, WC17), 

tetrachloroethylene, trichloroethylene, methylene chloride, and/or carbon tetrachloride -me detccred at 

concentrations above TCLP standards for wastewater aradior other wastes (tetrachloroethylene = 73,50 ppb; 
trichloroethylene = 62, 91 ppb; methylene chloride = 200, 360 ppb; carbon tetrachloride = 50, 960 ppb). 



In tank 7860A, mebhylene chloride, tetrachloroethylenc, toluene, triclxioroethylene, ethyl benzene, and methyl 

ethyl ketone wcse derectcd at concentrations ranging from 85 ppm (toluene) to 40,000 ppm 
(tetrachlm octhylcne). 

In summai-y, i t  can he concluded that tcn of the tanks sampled (T9,1w4, W3, WS, W6, W7, W8, WlO, 

WC17, mid 786012) cnnntain volatile orgnnie KCRA constituents above the regulatory thresholds listed in the 

'I C1,P. Akap, several of the tanks contain milligram-per.liter quantities of F003 listed solvents (various 

alcohols and ketoncs) but the contents axe no longer ignitable; thus, they arc not classificd a$ containing 

RCRA w m e  hccausc of the presence of F003-listed solvctits. Slightly greater than one-half (16) of the 

tanks sarnpled containtd concentrations of KCRA list& semivolatile organic constituents at concentrations 

grcatcr than 1 ppm. These consisted primarily of various phthalates and PAX-Is. 'I'he origin of the chemical 

cnnstituents are unknown, honrcvcr, i t  i s  unlikely that they wcre discarded as P- or U-listed R C U  waste. 

' Ianks  that contained no RCKA characteristically ha7ardous (or potential RCRA characteristic as 

detcrmiaed by the EP Toxicity equivalent of total RCKA metal concentration) or R@R,4 listed organic 

constitiicnbs included W1, W2, and T30. At this stage of analysis, the remaining tanks should be considered 

as containing RCRA wastc. 

1. U. S. Environmental Protection Agency, 40 CFR, Pts. 190-299, Office of the Federal Register National 
Archives and Records Administration, Washington, July 1988. 
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Table AI.  Listing of organic an;tlytical data hits fur tank T-1 

Analysis Sample ID Compound Qualifier Result Units 

VOA T-l/L-O35A 
T-l/1,-035A 
T-lL-035A 
T- lL-035A 
T-lL-035A 
T- lL-035A 
T-l/L-O35A 
T-lL-035A 
T-lL-036A 
T-I/L-O36A 
T- 1/L-O36A 
T- l/L-O36A 
T-lL-036A 

ACETONE 
BENZENE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 
TRICHLOROETHENE 
ACETONE 
BENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 

B 

J 
B 
BE 
B 
J 
B 
J 
B 
BE 
B 

51 UG/L 
130 UG/L 
91 UG/L 
2 UG/L 

12 UG/L 
1300 UG/L 

71 UG/L 
4 UG/L 

27 UG/L 
5 UG/L 
6 UGL 

970 UG/L 
12 UG/L 

SVO T-1/L-035 
T- 1/L- 035 
T-1/L-036 
T-l/L-036 
T-l/S-037 

BIS(2-ETHYLHEXYL)PHTWATE 
DI-N-BUTYLPHTHALATE! 
BB(2-ETHYLHEXYL)PlXI'€Q%AE 
DI-N-BUTYLPHTH ALATE 
DI-N-BUTYLPHTHALA'E 

400 U G L  
75 UG/L 

190 UG/L 
76 UGL 

3500 UGKG 
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Qualifier Result Units Analysis Sample ID Compound 

SVO T-2/L-038 
T-2/L-038 
T-2/L-038 
T-2L-038 
T-2/L-039 
'l---2/1,-039 
T-2/L-039 
T-2/e-039 
T-2/L-112 
T-2/L-112 
T-2L-112 
T-2/L-112 
''F-2/S-W0 
T-2/S-040 
T-2fi-040 
T-2jS-040 

ACETONE 
BENZENE 
CHLORQFORM 
METHYLENE CHLORIDE 
TOL,UENE 
ACETONE 
CHL,OROFORM 
METHYLENE CHLORIDE 
TOLUENE 
ACETONE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 

s I S ( a - E T H n W E ~ , ) P ~ 1 ~ ~ ~ 4 ~ ~  
2-NI'IIPQPHENOL 
2,4-DICHLOROPIIENOL 
2,4,5-TRICHLOROPWENOL 
B I s ( 2 - ~ ~ L H E ? c n > P ~ ~ ~ ~ ~ ~ ' ~  

2,4,5-TRI@HLOROP€IENOL 

2-NImCdPHENOL 
2,4-DICHLOROPI33'4OL 

B IS (2- E7lf'SLHEXY L)PHTHBLATE 
DI-N-BUTYLPHI?-IhTE 
2-NITROQHENOL 
2,4,5-TRICgILOROPHENOL 
BIS(2-E"HYL,IIEXY L)PHW&ATE 

DIETHYLPHTHALKE 
NAPMWaENE 

DI-N-BUTYLPHlIIAkATE 

B 
J 
BE 
BE 
Is 
B 
BE 
BE 
B 
B 
BE 
BE 
5 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 

20 
3 

340 

12 
22 

370 
820 

4 
17 

3 10 
860 

8 

1 

200 
170 
100 
99 

308 
200 
140 
110 
280 
24 

180 
120 

24800 
4600 
28m 
23m 

U G L  
UGL 
UGL 
UG/t 
UG/L 
U G L  
UG/L 
UGL 
U G L  
U G L  
UGL 
UG/L 
UG/L 

U G L  
UG/L 
UG/L 
UGL 
UGL 
UCi/L, 
UGIL 
U G L  
UG/I.* 
UG/L 
UGA., 
UG/L 
UGKG 
UGKG 
IJG/KG 
UGKG 
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Table k 3 .  Listing of organic analytical data bits for tank T-3 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC T-3/L-042 
T-3/L-042 
T-3/L-042 

VQA T-3/L-O42A 
T-3L-042A 
T-3b-042A 
T-3/L-Q42A 

SVO T-3/L-042 
T-3B-843 
T-3/S-043 

ACETONE 
METHYJ., ALCOHOL 

ACETONE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 

N-BUTYL ALCOHOL 

BENZYL ALCOHOL 

DIETHYLPI-ITUALATE 
DI-N-BUTYLPHTHALATE 

4 
28 
80 

B 180 
JB 3 
JB 3 
B 9 

J 120 
J 3100 
J 2000 

U G L  
UGKG 
UGKG 
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Analysis Sample lr) CAmpsund Qmlifiicr Mesu I t Units 

D AI- G C T-30/[,- 12 1 M E W L  N ~ C O M ~ k  11 M G L  

VOA T-30L-121A ACETONE 
T-30L-121A BENZENE 
T-30/L-12 1A METHY LCNE Ck fl .OM!DE 
T-'-3OiL-121 R TETRACHLO WOETHEW 
l'-30/L-12lL4 TOLIJENE 
T-30L-121A TWHCHLORQEWENE 

SVO T-30/L-122 BHS(ZETKYLI1EXYL)PH liIAI[,A'TB J 3'7 UG/L 
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Table A.5. Listing of organic analytica1 dala hits for tank T-4 

Analysis Sample ID Compound Qualifier Result Units 

DAI-G C T-4/L-044 
T-4/L-044 
T-4/L-044 
T-4~-044 
T-4/L-044 
T-4/L-045 
T-4/L-045 
T-4/L-045 
T-4/L-045 
T-4/L-045 
T-4/L-111 
T-4L-111 
T-4/L- 1 1 1 
T-d/L-lll 
T-4/L- 11 1 

VOA T-4/L-O44A 
T-4/L-O44A 
T-4/L-O44A 
T-4/L-044A 
T-4/L-044A 
T-4/L-044A 
T-4/L-O44A 
~ - 4 / ~ - 0 4 4 ~  

T - ~ / L - o ~ ~ A  
T-4/L-045A 

T-4/L-O45A 
T-4/L-045A 
T-4/L-045A 
T-4/L-045A 
T-4/L-045A 
T-4/L-O45A 
T-4/L-045A 
T-4/L-045A 
T-4/L-045A 
T-4L111A 
T-4b-lllA 
T-4L-111A 
T-4/L-l11A 
T-4/L- 11 1A 
T-4/L- 1 1 1A 
T-4,L-lllA 

SVO T-4JS-046 
T-4,'S-W 

ACETONE 
ETI-IYL ALCOHOL 

METHYL AI.,COHOL 

ACETONE 
E m  ALCOHOL 

METHYL ALCOHOL 

ACETONE 
ETHYL ALCOHOL 

METHYL ALCOHOL 

I-PROPYL ALCOHOL 

N-BUTYL ALCOHOL 

I-PROPYL ALCOHOL 

N-BUTYL ALCOHOL 

I-PROPYL ALCOHOL 

N-BUTYL ALCOHOL 

ACETONE 
BENZENE 
BROMODICE-ILOROMETHANE 
CHLOROFORM 
ETHYLBENZENE 
METHYLENE CHLORIDE 
TOLUENE 

ACETONE 
BENZENE 
CHLOROBENZENE 
CHLOROFORM 
ETHPBENZENE 
METHYLENE CHLORIDE 
TOLUENE 
TRICHLOROETHENE 
XYLENE (TOTAL) 

4-METHYL-2-PENTANONE 

2-HEXANONE 
4-METHYL-ZPENTANONE 
ACETONE 
BENZENE 
CHLOROFORM 
ETHYLBENZENE 
METHYLENE CHLORIDE 
TOLUENE 
XYLENE (TOTAL) 

DI-N-BUTYLPHTHALATE 
DIETHYLPHTHALATE 

BE 

B 
B 

B 
B 

BE 

J 
B 

B 
B 
J 

B 

B 

B 
B 

J 
J 

7 
37 
3 

46 
3 
8 

37 
3 

27 
6 
7 

37 
3 

42 
3 

400 
7 
7 

170 
20 
12 
78 
11 

220 
10 
4 

160 
20 
14 
98 
3 

170 
20 
10 
72 
7 

120 
5 

12 
60 
36 

3400 
2400 
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Analysis Sample ID Compound Q11allfiier Restilt Uniis 

DAI-GC T-9/L-047 

VOA T-9/L-M7A 
T-9,’L-M’lA 
T-9/L-Q4?A 
T-9/L-Q47A 
T-9/L-M?A 
T-9/L-Q4?A 
T-9/L-Q47A 
T-9L -047A 
T-9/L-Q47A 

SVO T-9/L-Q47 
T-9/L-047 
T-9/S-Q48 
T-9/S -W8 

ACETONE 
BENZENE 
CARBON DISULFIDE 
CWEOMOBENZENE 
CHLOROFORM 
METIIIKENE CHLOKllDE 
TOH”UEFt‘E 
TRICI HLOROETWFNE 
1,l- DICI PEOROEXFENR 

BENZOIC ACID 
BENZYL ALCOHOL 

D 1EP-r-IYLPHWALAT‘E 
DI-N-HU?’YLPIHWAI A T B  

B 

J 

B 
BE 
1B 
J 
J 

17 

23 
11 
4 
G 

13 
600 
19 
5 
z 

MGrL 

UGX, 
U G L  
UGKG 
UGKG 
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Table A”” Listing of organic analytica! data hits €or tank 171-2 
m__.._ 

Analysis Sample 1D Compound Qualifier Result Units 

VOA TU-l/L-049 ACETONE 
Tlt-I-IL.,-O49 METI-IYLEN E CHLORTDE 
TH-l/L-Q49 TOLlJENE 
TH- 1 /L-OSO ACETONE 
I’lH-l/L-OSO METHYLENE CHLORIDE 
TH-I/L-050 TOLUENE 

B 18 UG/L 
B 6 UGL 
13 44 UG/L 
B 15 UG/L 
B 6 UG/L 
B 45 UG/L 
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Analysis Sample ID CQIllp0llnd Qualifier Result Units 

VOA TH-3/L-052 
TH-3/L-O52 
TH-3/L-052 
TH-3/L.-Q53 
TH-3/L-053 
TH-3/L-053 
TH-3/L-113 
TH-3/L-113 
TH-3/12-113 

ACETONE 
METHYLENE CHLORIDE 
TOLUENE 
ACETONE 
METECIII,ENE CHLORIDE 
TOI..UENE 
ACETONE 
CHLOROBENZENE 
METHYLENE CWL,ORIDE 

B 
B 
B 
B 
B 
B 
w 
J 
JB 

16 U G L  
8 UG/L 
7 UGD, 

14 UG/L 
6 U G L  

65 U G L  
45 U G F  
2 U G F  
4 UGL 

svo TH-3F-053 BIS(2-ETHVLHEXY L)PHTHALATE J 79 UG/L 
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Table A.9. Listing of organic analytical data hits for tank TH-4 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC Tw-4/L-055 
TH-4/L-O56 
TH-4/L-056 
TH-4/L-056 
TH-4L-056 
TH-4/L-056 
TH-4/L-057 
TH-4/L-117 

VOA TH-4/L-OSSA 
TH-4L-055A 
TH-4/L-O55A 
TH-4/L-O55A 
TH-4L-05SA 
TH-4/L-O56A 
TH-4/L-056A 
TH-4/L-O56A 
TH-4L-056A 
TH-4L-056A 
TH-4/L-O56A 
TH -4L-05 6A 
TII-4/L-O56A 
TH-4/L-O57A 
TH-4/L-O57A 
TH-4L-057A 
TH-4L-057A 
TH-4/L-O57A 
TH-4L-057A 
TH-4/L-O57A 
TH-4L-057B 
TI-I-4/L-O57B 
TH-4/L-O57B 
W-4/L-057B 
TH-4L-057B 
TH-4/L-O57B 
TM-4/L-O57B 
TH-4L-116A 
TH-4L-116A 
TH-4/L- 11SA 
TH-4/L-l16A 
TH-4L- 116A 
TH-4L-116A 
TH-4/L-l36A 
TH-4L-117A 
TH4/L-l17A 
TH-4L-117A 
TH-4L-117A 

METHYL ALCOHOL 
ACETONE 
METHYL, ALCOHOL 
METHYL ETHYL KETONE 
METHYL 1-BUTYL KETONE 
N-BUTYL ALCOHOL 
METHYL ALCOHOL 
METHYL ALCOHOL 

ACETONE 
BENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 
ACETONE 
BENZENE 
CARBON TETRACHLORIDE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 
2-BUTANONE 
4-METHYL-2-PENTANONE 
ACETONE 
BENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 
XYLENE (TOTAL) 

ACETONE 
BENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
TOLUENE 
XYLENE (TOTAL) 

ACETONE 
BENZENE 
CHLOROBENZENE 
METHYLENE CHLORIDE 
TOLUENE 
TRICHLOROETHENE 

ACETONE 
BENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 

4-METHYL-ZPENTANONE 

4-METHYL-ZPENTANONE 

4-METHYL-ZPENTANONE 

B 

B 
B 
BE 

B 
B 

BE 
B 

B 
B 

BE 
B 

B 
B 

B 
B 

B 
B 

B 
B 

B 

13 MGL 
22 MGIL 
27 MGL 
2 MGL 

15 MG/L 
20 MG/L 
12 MG/L 
20 MGL 

22 UG/L 
3 UG/L 
6 UGL 
8 UG/L 
4 UGL 

630 UG/L 
149 UGL 
11 UG/L 
11 UGIL 
8 UG/L 

18 UG/L 
85 UGL 

2682 UG/L 
71 UGL 

115 UG/L 
7 UG/L 
7 UG/L 

21 UG/L 
10 UGL 

397 UGL 
54 UGIL 

118 UG/L 
5 UG/L 
6 UG/L 

23 UG/L 
22 UGL 

179 UGL 
150 UG/L 
10 UG/L 
8 UGL 
6 UGL 

13 UGL 
5 UG/L 

298 UGIL 
16 UG/L 
21 UG/L 
4 UG/L 

210 UG/L 
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Compound Qualifier Result Units 
. . . . . . . . Analysis Sample ID ... I._ 

SVO '17 I-$/L-056 
TH-4L-856 
m-4L-056 
'11 I-41s-058 
"H-4/S-O5S 
TH-4/s-058 
TH4/S -05 8 
TH -4/S-058 
1'H-4/S-058 

Th-4/S-058 
TH-%./S-Q58 
TH-4/S-058 
Ts%-4/S-058 
TI1-4//s-@58 
l'f -1-4/S-O58 
TH-4/§-058 
TI-I-L%/S-O58 

TH-4/S-058 

'174-4/S-Q53 
'TI I-4/S-Q59 
TM-/d/S-059 
~ - 4 / S - 0 5 9  
TH-4/S-059 
'111-4/S-059 

TH-4/S-059 
'11 I-4/5-059 
TH-4/S-059 
'TTI-4/S-O59 
TM-4/s-053 

'r~-1-4/~-059 

B 
13 

J 
J 
J 
J 

J 

J 

J 
J 

J 

J 

79 
9 

42 
110 
56 

4600 
26000 

6300 
4300 
5600 
34m 
2oooo 
6800 
17OOO 
23000 

2800 
3600 
8400 

25000 
18ooO 
67700 
5800 
81W 

26000 
6200 

13000 
4100 
zoo00 
37700 

17000 
3 m  
21OOo 

UGfl . 
UG/L 

UWL 
UG/T.. 
1 JG/L 
UO/JSG 
UG/;!G 
1 JG/MG 
UGKG 
IJGKG 
UGKG 
UGKG 
UGKG 
UGKG 
IJGKG 
IJGKG 
UGKG 
UGKG 
UGKG 
U C K O  
UGKG 
UGKG 
1JGKG 
1JGK.G 
IJGKG 
UGKG 
UGKG 
UGKG 
UGKG 
UGKG 
IJG/KG 
UGKG 
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Listing of organic analytical data hits for lank W-8 

Analysis Sample Tl3 Compound Qualifier Result Units 

VOA W-I/L-o07I3 ME'rHY1,ENE CHLORIDE 
W-lL-CHI7B TOLUENE 
W-l/k-C@8A ME'T'HY LENE CHLORTDE 
W-llbrCW38A TOLUENE 

B 10 UG/L 
€3 5 U@/L 
B 11 U G F  
B 11 UG/L 

J 9 UG/L 
J 8 UG/L 
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Analysis Sample ID Cornpound Qualifier Result Units 

DAI-GC W-lA/L-001 

VOA W-lA/L-CNlA 
W-lA/L-OOlA 
W-lA/L-OOlA 
W-lA/L-OOlA 
W - 1A/L-001A 
W - 1AL-CNlA 
W-lA/L-CNlA 
W-lAL-OQlA 

svo w - 1 m - 0 0 1  

METHYL ALCOHOL 

ACETONE 
BENZENE 
CHLOROBENZENE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
TOLUENE 
TRICHLOROE’THEIVE 
XYLENE (TOTAL) 

DIETHYLPHTHALATE 

B 
JB 
J 
J 
JU 
R 
€3 

J 

7 MG/L 

1’7 UG/L 
3 UG/L 
3 u o / L  
4 I.JG/L 
4 UG/L 

63 UG/L 
20 IJGL 
13 UG/L 

24 IJGL 
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Table A12 Listing of organic analytical data hits for tank W-10 

Analysis Sample ID Compound Qualifier Result Units 

DAI-GC W-lO/L-093 
W-lO/L-094 
W- lO/L-O95 
W-lO/L-O9S 
W-lO/L-Q95 
W-lO/L-095 
W-lO/L-095 

VOA W- 10fL-W4A 
W-lO/L-O94A 
W-lO/L-W4A 
W-lO/L-O94A 
W-lO/L-094A 
W- 10/L-W4A 
W- 1 O/L-W4B 
W-lO/L-W4B 
W-lO/L-O95A 
W-lO/L-W5A 
W-lO/L-W5A 
W-lO/L-O95A 
W-lO/L-WSA 
W-lO/L-095A 
W-lO/L-095A 
W-lO/L-095A 
W-lO/L-095A 
W- 10/L095A 

svo W-lO/H-120 
w- low- 120 
W-lO/H-120 
W-lO/H-120 
W-lO/H-120 
W-lO/H-120 
W-lO/H-120 
W-1O/H-120 
W-lO/L-O94 
W-lO/L-O95 
W-lO/L-095 
W- 10/S-O96 
W- 101s -096 
W-lO/S-096 
W-lO/S-096 
W - 10/S-O96 
W- 101s-096 
W-lO/S-096 

METHYL, ALCOHOL 
METHYL ALCOHOL 
ACETONE 
ETHYL ALCOHOL 
METHYL ALCOHOL 
METHYL ETHYL KETONE 
N-BUTYL ALCOHOL 

BENZENE 
METHYLENE CHLORIDE 
TETR ACHLOROETHENE 
TOLUENE 
TRICHLOROETHENE 

BENZENE 
METHYLENE CHLORIDE 
ACETONE 
BENZENE 
CHLOROBENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
TETRACHLOROETHENE 
TOLUENE 
TRICHLOROETHENE 

1,2-D ICHLORO ETHENE (TOTAL) 

1,ZDICHLOROETHENE (TOTAL) 
4-METHYL-ZPENTANONE 

BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
BENZO( G,H,I)PERYLENE 

FLUORANTHENE 
NAPHTHALENE 
PHENANTHRENE 
PYRENE 
BENZOIC ACID 
BENZOIC ACID 
NAPHTHALENE 
BENZO(A)ANTHRACENE 

CHRYSENE 

FL,UORANTHENE 
PHENANTHRENE 
PYRENE 

DI-N-BU'T"YLPHTJ3ALAE 

B IS (2-ET€€YLHEXYL)PHTHALAE 

DI-N-BUTYLPHTHALATE 

B 
B 

BM 
B 
B 
B 
B 

B 

B 

B 

J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 

J 
J 
J 
J 
J 

27 MG/L 
37 MGL 
3 MG/L 
1 MGiL 

41 MGL 
1 MG/L 
1 MGL. 

6 UGL 
13 UGL 
21 UG/L 
12 U G L  
27 UGL 
11 UG/L 
38 UG/L 
19 UGL 
97 UG/L 
22 UGL 
5 UGL 

16 UG/L 
12 U G L  
48 UGL 
26 UGL 
81 UGL 
31 UG/L 
23 UGL 

1900 UGKG 
2200 UGKG 
870 UGKG 
770 UGKG 

8OOO UGKG 
270 UGKG 

5100 UGKG 
8100 UGKG 
400 UG/L 

2900 UG/L 
20 UGL 
660 UG/KG 

13oooO UGKG 
760 UGKG 

2600 UGKG 
1800 UGKG 
1700 UGKG 
1400 UGKG 
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8 
J 
13 
H 
J 
u 
J 
3 
B 

J 
B 
R 

27 l.!G,C, 
5 UG/L 
7 UG/J, 

23 IJGD, 
4 UCrL 

21 UGfl., 
3 l.JG/I. 
8 UG/L 

24 IJG,/'T., 
15 Uti/l, 
2 UGfl, 

13 UGD, 
13 UG/L 



Table A.14 Listing of Q bib fm lank W-13 

VOA W-13fl.427A ACETONE 
W-13fld-027A BENZENE 
W-13/Lg-O27.4 CH1,ORQBENZENE 
W-P3fi.,-027A METHXENE CHLORIDE 
W-13/L-O27A STYRENE 
W-13/J-A27A TOLUENE 
W-13/L-O)288 MElXYL,ENE CHI.,ORTDE 

B 15 U G L  
JB 3 U G L  
J 4 UGfL 
B 24 UG/L 
J 3 UC/n." 
B 100 UGL 
B 14 UGL 
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Analysis Sample ID Compound QuaIifiier Result Units 

DAI-GC W-l4/L,-O30 
W-14/L-030 
W- 14/L-Q30 
W- l m - 0 3 1  
W-14L-031 

VOA W-14L-030A 
W- 14fL-03OA 
W- 14/L-O30A 
W- 14/1,-030A 
W-14/L-031A 
W-l4/Lr031A 
W - 14L-03 1A 
W-14L-031A 
W-14&-03 1 A 4  

W-14/L-O31A 
W- l4L-03 1A 
W-14/L-031A 

SVO W-14L-030 

ETHYL ALCOHOL 
I-PROPYL ALCOHOL 
ME'= ALCOHOL 
ETHYL ALCOHOL 
METHYL, ALCOHOL 

ACETONE 
BENZENE 
METHKENE CHLORIDE 
TOLUENE 
ACETONE 
BENZENE 
CHLOROBENZENE 
METHYLENE CHLORIDE 
TETRACHLOROETHENE 
TO1,UENE 
TRICHLOROE'L'I-1ENE 
XYLENE (TOTAL) 

B 
JB 
B 
B 
B 
JB 

B 

3 
2 

17 
2 

15 

20 
3 

22 
14 
25 
4 
6 

23 
5 

21 
6 
4 

12 U G L  
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Table h16. Listing of organic analytical data hits for tank W-15 

Analysis Sample ID Compound Qualifier Result Units 

DAT-GC W-15L-032 
W-15/L-033 

METHYL, ALCOHOL 
METHYL ALCOHOL 

7 M G L  
7 MG/L 

VOA W - 25/L-U32A 
W- 15/L-O32A 
W- ISL-032A 
W- 15/L032A 
W- l5/L-O32A 
W- I5/L-U32A 
W- 15/L-O32A 
W-15L-032A 
W-15/L-O33A 
W-15fL-033A 
W- 15/L-O33A 
W- 15/L-O33A 
W- 15L-033A 
W-15/L-O33A 
W-15L-033~4 

ACETONE 
BENZENE 
CHLOROBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TOLUENE 
TRICHLOROETHENE 
XYLENE (TOTAL) 
ACETONE 
BENZENE 
CHLOROBENZENE 
METHYLENE CHLORIDE 
TOLUENE 
TRICHLOROETHENE 
XYLENE (TOTAL) 

B 
JB 

B 
J 
B 
JB 
J 
B 
JB 
J 
B 
B 
JB 
J 

24 UG/L 
4 UGL 
5 UGL 

21 UGL 
2 UGL 

29 UG/L 
4 UG/L 
5 UG/L 

26 UG/L 
3 UGL 
2 UGL 

24 UG/L 
26 UGL 

1 UG/L 
4 UG/L 
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svo W-2/k-O!1 D1-N-BU'l'YLPH'll lAL4 1E J 10 Ucm, 
. ...... _____~~... . ... ..__..I- __y____ _____ ....... 



SVQ W-3/L-O16 
Vd-3/L-O16 
W -3 f l .A 17 
W-3LO17 
W-3/1_,-018 
W-3/TAlS 
w-3/L-01s 
W-3@-018 
W-3/L-O18 

DI-N-BUTYLP HW1,ATE 
DI-N-OCTYIJPHTHALATE 
DI-N-B UTYLPHTHAT.,A'X'E 
DI-N-QCTYLPHTHI-IALATE 
DI-1V-BU'I'YL,PNTHALATE 
FEUOKANTHENE 
PHENANTHRENE 
BYRENE 
2-NITROPHENClL 

JB 
JR 
u 
JR 
s 
B 
J 
JB 
B 
B 
B 
JB 
J 

JB 
B 
B 

J 
J 
J 
J 
J 
J 
J 
J 
J 

38 
40 
7 

'20 
5 
7 

2 
4 
6 
5 

11 
26 

1 
4 
8 

14 
14 
5 
4 
8 
3 

37 
11 
18 

60 
49 
48 
,833 

230 
56 
33 
60 
53 
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Table AX9. Lis 
--.- 

Analysis Sample ID a m  pound Qualifier Result Units 

DAI-GC W-4/L-023 

VOA W-4&-022A 
W-4/L-O22A 
W-4/L-O23A 
W-4L-023A 
W-4L-023A 
W-4fL-023A 
W-4JL-023A 
W-4/L-O23A 
W-4/L-l19A 
W-4JL-119A 
W-4/L-l19A 
W-4/L-119A 
W4L-119A 

SVO W-4/H-026 
W-4/H-025 
W-4/H-Q26 
W-4/H-026 
W-4/w-026 
W-4/H-026 
w-4/L-022 
W-4/L-023 
W-4/L-119 
W-41s-024 
W-41s-024 
W -4 jS-024 
W -4jS-024 
W-4/S-024 
W-41s-024 
W-4jS-024 
W-4/S-024 

METHYL m u m  KETONE 

METHYLENE CHLORIDE 
TOLUENE 
ACETONE 
BENZENE 
ME-ENE CHLORIDE 
TOLUENE 
TEaICHLOROETMENE 
4-MEWL-2-PENTANONE 
BENZENE 
METHYLENE CHLORIDE 
TOLUENE 
TRICHLOKQETHENE 
4-METHYL-2-PEWTANONE 

IBIS (2-ETHYLHEXYL)PHTHALXl'E 
DI-N-BUTY L P H T W A I E  
D I E m P H W A E  
FLUORAN'THENE 
PHENANTHRENE 
PYRENE 

NAPHTIQAZ,ENE 
NAPHTHALENE 
BIS(2-ETHYLHEXY L)PHTHALA"E 
CHRYSENE 
DI-N-BUTYLPlIRWLATE! 
DI-N-OCTYLPHTHAL~A~ 
D I E T H Y L P H ' I ' E  
KUORANTHENE 
PHENANTHRENE 
PYRENE 

DI-N-BUTYLPHI'HALAE 

€3 
B 

J 
B 
M 

JB 
R 
B 

J 

J 
J 
J 
5 
J 
J 
J 

J 

J 
J 
J 
J 
J 

7 M G L  

10 UG/L 
13 IJGL 
55 U@/L 
3 UG/L 

10 UG/L, 
14 U@/L 
49 UGn, 

1102 U G L  
2 UG/L 

10 U G L  
46 UG/L 
14 UGfL 
3 U G L  

5700 IJG/KG 
1480 UGKG 

49 UGKG 
140 UGKG 
110 UGKG 
130 UGKG 
11 UGL 

160 UG/L 
35 IJGII, 

11ooO UGKG 
69 UGKG 

2100 UGKG 
51 UG/KG 
33 UGKG 

220 UGJKG 
170 UGKG 
170 UGKG 
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nic analytical data hits for tank W-5 

Analysis Sample ID Compaund Qualifier Result Units 

VOh W-§/1.,-073A 
w-5 Jk-073A 
W-5/L-073A 
W-5/I.,-07JA 
w- 5/L-073A 
W-,5/1.,-073A 

ACBI'ONE: 
CARBON TETRACI-ROKIDE 
CHLOROFORM 
METHYLENE CHLORIDE 
'rEmcHLOROETHENE 
TRICMLOROEWENE 

B 
B 

B 
B 

19 UGL 
68 UGL 
6 UG/L 
6 UG/L 

267 UGL 
138 UG/L 

SVCI w .5/[,-073 
W-5 1s-075 
W-S/S-075 
W-S/S-075 
W-5JS-07S 
W-SJS -075 
W-51s-075 

J 18 UG/L 
2 UGfKG 

350 UGKG 
230 IJG/KG 
230 UGKG 
4440 IJGIKG 
230 UCKG 
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DAI-GC W-6/L-079 

VOA W-6L-077A 
W-6/L-077*4 
W-S/L-O77A 
W-6/L-077A 
W-G/L-U77A 
W-6L-017A 
W-6/L-O77A 
W-6/L-O78A 
W -6L-078A 
W-6L-078A 
W-S/L-O78A 
W-6L-078A 
W-6/L-O78A 
W-6/L-O78A 
W-6/L-078A 
W-6L-019A 
W-6/L-079A 
W-6/L-O79A 
W-6/L-019A 
W-6L-019A 
W-6/L-O79A 
W-G/L-Q79A 
W-6/L-O79A 
W-6L-0'79A 
W-6/L-O79A 

svo w-6/L-079 
W-61s-OS0 
W-6/S-OSO 
w-as-os0 
W-61s-OS0 
W-61s-080 
w-61s-080 

I-PROPYL ALCOHOL 

ACETONE 
CARBON 1'ETXaACMLORIDE 
CHLOROFORM 
METHYLENE CHLORIDE 
PlXTIRA<:HLQROET€fENE 
TOLUENE 
'RICH LOR OETHENE 
ACETONE 
BENZENE 
CHLOROFORM 
METIWLENE CHLORIDE 
TETRACHLORBETI E N E  
TOLIJEWE 
'ITRICH1 OROETHENE 
4-METHYL.-2-PENTONE 
ACETONE 
BENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
'TETMACHLOROETI3ENE 
TOLUENE 
TRICHLQRBEMENIE 
2-BUTANONE 
2-HEXANONE 
4-METPQK-2-PENTMONE 
BENZOIC ACID 
B I S ( 2 - E T H Y L M E ) P H  I'HALATE 
D I - N - B U T Y L P H A T E  
DTETHY L P H n W A m  
KUORANTHENE 
PHENANTI IRENE 
P'SEaENE 

B 
JB 
J 
B 
R 
B 

B 
J 

B 
B 
B 

J 
B 

J 
B 
BE 
B 

J 

5 
J 
5 
J 
J 

3 

67 
4 
5 
9 

47 
4 

13 
44 
2 
9 
8 

158 
10 
24 
9 

111 
10 
3 
7 

507 
10 
82. 
75 
9 

91 
290 

31000 
210 
150 
340 
680 
350 
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Tablc A22 Listing of organic analytical data hits for tank W-7 

Analysis Sample ID 

DAT-CC W-'?/L-082 

VOA W-7/L-082A 
W-7/L-082A 
W-7/L-O82A 
W-7/L-O82A 
W-7/L-082A 
W -7/L-O82A 
W-7/L-0828 
W-'J/L-O82B 
W-I/L-082B 
W-7/L-082R 
W-7/L-O82R 
W-7/Id-0112B 
W-7/L-O82B 
W-7/L-082B 

SVO W-7/E-I-085 
W-7iH-085 
W-7/L-082 
w-7fS-084 
w -7is-0% 
w-7/s-o84 
w -1js -084 

Compound Qualifier Result 

METHYL ALCOHOL 14 

ACETONE 
CARBON TETRACHLORIDE 
CHLOROFORM 
METHYLENE CHLORIDE 
TETRACHLORQETHENE 
TOLUENE 

ACETONE 
CARBON TETRACHLORIDE 
CHLOROFORM 
METHYLENE CHLORIDE 
TETRACHLOROETHENE 
TOLUENE 

4-METHYL-2-PENTANONE 

4-ME'IEi L-2-PENTANONE 

R 
BE 
J 
B 
B 
B 

B 
BE 
J 
B 
B 
B 

26 
1088 

3 
7 

24 
14 
7 

31 
1021 

3 
4 

39 
9 
7 

DI-N-BUTYLPHTHALATE J 2200 
DIETHYLPHTHALATE J 510 
BENZOIC ACID J 1900 
B IS (2-ETHY LHEXYL) PHTHALATE 57000 
DI-N-BUTYLPHTHALATE J 300 
DIETHYLPHTHALATE J 200 
FLUBRANTHENE J 260 

Units 

MGL 

UGKG 
UGKG 
UG/L 
UGKG 
IJGKG 
UGKG 
UGKG 
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27- Listingolo ita1 data bits for ta 
-.-- ___ ,_.-___ _I_.- 

Analysis Sample ID Coinpound -.- Qualifier Result Units 

DAI-GC W-SL-0% ACETBNE 1 MGJL, 

-.--.._-- 

VOA 

svo 

W-8L-087 
W-8/L-087 
w-8nJ-087 
W-S&-087 

W-8L-086A 
W-8L-086A 
W-8L-086A 
W-8L-086 A 
W-SAA86A 
W-SJL-086A 
W-8/L-O87A 
W-8JL-083A 
W-S/L-O87A 
W-8/TA-087A 

W-8/I..,-OSS 
W-8/L-OS7 
W-8JS-088 
w-81s-088 
w-8/s-088 
w-81s-088 
w -81s-088 
W-8JS-08S 
w-8tS-088 

ACETONE 
ME'lKYL ALCOHOL 
ME'I'HYL ETIIYL KETONE 
N-RUTYL ALCOHOL 

ACETONE 
BENZENE 
MEWVLENE CHLORIDE 
TOLUENE 
2-I - IEWONE 
4-MEWYL-2-PEN1;4NONE 
ACETONE 
BENZENE 
METHYLENE CHLORlDE 
TOLUENE 

DI-N-B'IJTYLPI ITHALATE 
NAPHTHALENE 
DI-N-BUTYLPI IL'I'HALAE 
D I E ~ P I - ~ T H L 4 L A ~  
RLJOKANWEPJE 
NAPHTHALENE 
YHENANTI-IRENE 
PYRENE 
2-METHYLNAPHTI IALENE 

R 
J 
B 
535 

B 

B 
BJ 

J 
J 
J 
J 
J 
J 
J 
J 
J 

3 
1 
1 
2 

$4 
3 

12 
3 

41 
15 
45 

6 
7 
4 

17 
28 

630 
430 
740 

2600 
1300 
850 

1300 
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Table A24. Listing of organic analytical data birs for tank W-9 

Analysis Sample ID Compound Qualifier Result Units 

VOA 

SVO 

W-9/L-090 A 
W-9/L-O90A 
W-9/L-O!30A 
W-9L-090A 
W-9/TJ-090A 
W-9L-090.A 
W-9IL-090A 
W-9/L-o90A 
W-9/L-WOA 

w-9lL-090 
W-91s-092 
w-91s-092 
W-915 -092 
W-91s-092 
W-9/S-092 
W-9jS-092 
W-91s-092 

ACETONE 
BENZENE 
CHLOROBENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
'I'EmCHLOROETHENE 
TOLUENE 
TRICHLOROE'IHENE 
4-METHYL-2-PENTANONE 

DI-N-BUTYLPHTHALATE 
BIS (2-ETHYLHEXYL) PHTHALATE 
DI-N-BUTYLPHTHALATE 
DIETHYLPHTHALATE 
FLUORANTHENE 
NAF'HTHALENE 
PHENANTHRENE 
PYRENE 

€3 
J 

B 
J 
B 

J 

J 
J 
J 
J 
J 
J 

70 
2 
5 

44 
13 
4 
9 
5 

11 

20 
16ooQo 

760 
450 
1100 
370 
1300 
850 

UGL 
UGL 
UGL 
UGL 
UG/L 
UG/L 
UGL 
UGL 
UG/L 

UG/L 
UGKG 
UGjKG 
UGKG 
UGIKG 
U G K 6  
UGIK6 
UGKG 



A-28 

VOA WC-17/L-103 AQ 
WC-l7L-103 AQ 
WC-17flr103 AQ 
WC-17/L-103 AQ 
WC-17Ar103 ORG 
WC-17/L-103 ORG 
WC-17/L-103 ORG 
WC-17/L-103 ORG 
WC-14/L-103 OWG 
WC-17/rd-104 AQ 
WC-17L-I 04 AQ 
WC-17/L-104 AQ 
WC-17/L-104 AQ 
WC-17/IA-105 AQ 
WC-17/L-185 AQ 
WC-17/iA-105 AQ 
WC-17/L-105 AQ 
WC-l7/O- 101 AQ 
WC-17/0-101 AQ 
WC-17/0-101 AQ 
WC-17/0-101 AQ 
WC-17/0-101 OR6 
WC-17/0-101 ORG 
WC-17/0-401 0RG 
WC-17/0-101 ORG 
WC-17/0-101 OWG 
WC-17/0-101 ORG 
WC-17/0-101 ORG 
WC-17/0-181 ORG 
WC-17/0-101 ORG 
wc-17/0-101 O R 6  
WC-17/0- LO1 O R 6  
wc-17/0-101 OWG 
WC-17/0-102 AQ 
WC-17/O-102 AQ 
WC-17/0-102 AQ 
WC-17/0-102 AQ 
WC-17/0-102 OWG 
WC-17/0-102 ORG 
WC-17/0-102 ORG 
WC-17/0-102 ORG 
WC-17/0-102 ORG 

ACE'T'ONE 
BENZENE 
ME'!WYLENE CHI DRIDE 
XYLENE (TO'I'AL) 
ACETONE 
BENZENE 
METHYLENE CHI DRXDE 
STYRENE 
XYLENE (TO?'&) 
ACETONE 
BENZENE 
ME'I'HYLENE CHI .ORIDE 
XYLENE (TOTAL) 
ACETONE 
BENZENE 
METHYLENE CHI ,ORIDE 
XYLENE (TOTAL) 
ACETONE 
BENZENE 
METHYLENE CHLORIDE 
XYLENE (TOTAL) 
ACETONE 
ACETONE 
BENZENE 
BENZENE 
MEWYL,ENE CHJXIRIDE 
MErI  WLENE CIILORIDE 
STYRENE 
STYaaENE 
TRICHLOROETHENH 
VINYL ACETATE 
XYLENE (TOTAT.) 
XYLENE (TOTAL) 
ACETONE 
BENZENE 
MKT'IWENE CHLORIDE 
XYLENE (TOTAL) 
ACETONE 
BENZENE 
MB'I'HYLENE CHLORIDE 
STYRENE 
XYLENE (TOTAL) 

SVO WC-17/L-103 AQ 
WC-17/La-103 AQ 
WC-14/L-103 AQ 
WC-17/L-103 ORG 

E3 
JB 
JB 
J 
R 
JB 
l3 

B 
B 
JB 
JB 

B 
JB 
JB 
J 
B 
JB 
JB 
J 
B 
B 
JR 
JB 
B 
B 

J 
J 
JB 
JR 
D 
JB 
JB 

I3 
JB 
B 

B 

J 
JB 
JR 
JB 

170 UG/L 
10 UG/L 
38 UG/L 
50 UG/I, 

6400 UG/L 
420 UG/J. 

5300 UG/L 
19500 U G L  
2.500 UG/L 

150 UG/L 
10 UG/L 
44 UG/L 
59 UG/L 

130 UG/L 
10 UG/L 
40 UG/L 
50 U G L  

150 UG/L 
7 UG/L 

39 UG/J. 
46 UG/L 

6700 UGL 
6700 UG/L 
4.50 UG/L 
410 UG/L 

6500 UG/L 
4 m  U G L  
'7100 UG/L 
8200 UG/L 
920 UG/L 

12OQ UG/L 
2200 UGfl, 
2300 UG/L 

140 UG/L 
9 UGA, 

3'7 U G L  
'76 UG/L 

7400 UG/L 
4083 UG/L 
m UG/L 
47W UG/L 
2788 UGfl., 

38 UG/L 
56 U@/L 
93 UGfl., 

68W UGKG 
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Table A25 (continued) 

Analysis Sample 1D Compound Qualifier Result Units 

SVO WC-17/L-104 AQ 
WC-17/0-101 AQ 
WC-17/0-101 ORC 
WC-17/0-101 ORG 
WC-1710-102 AQ 
WC-17/0- 102 ORG 

PCB UrC-17/L-103 ORG 
WC-17/L103 ORG 
WC-17/0-101 ORC 
WC-17/0- 101 ORG 
WC-17/0-101 ORG 
WG17/O-101 ORG 
WC-17/0-102 ORG 
WC-17/0-.102 ORG 

DI-N-OCTYLPHTHALATE 
DI-N-OCTYLPHTH&AlT 
DI-N-BUTYLPHTHALATE 
DI-N-BUTnPHTEWATlZ 
DI-N-OCTYLPHTH ALATE 
DI-N-RUTYLPHT€IALATlZ 

PCB (AROCLOR-1254) 

PCB (AROCLOR-1254) 
PCB (AROCLOR-1254) 
PCB (AROCLOR-1260) 
PCB (AROCLOR-1260) 
PCR (AROCLOR-1254) 
PCB (AROCLOR-1260) 

PCB (AROCLOR- 1260) 

JB 33 
JB 40 
JB 74000 
JB 57000 
JB 24 
JB 44wQ 

20 
13 
18 
16 
10 
11 
20 
1.3 

UGL 
UG/L 
UGKG 
UGKG 
UG/L 
UGKG 

MGKG 
MGKG 
MGKG 
UG/G 
MGKG 
MGKG 
MGKG 
MGKG 
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Table A.26 Listing of srgamic analytical dam. hits for tank 7562 
l.l..-lll_l. ,___l_ .....- __II__. _I 

Analysis Sample ID Compound Qualifier Rcsnlt Units -_ ............ - -..... 

DAI-GC 7562/1,-097 ME'I'HYL ALCOHOL 14 MCm, 

VOA 7562/1.,-097~ ACE?'ONE 13 15 UG/L 
7562/L-W37A BENZENE J 3 U G L  
7562;/1,-#7A ME'T'MYI,ENE CHLORIDE B 18 UG/L 
7562/L-Q97A ETRACHLOWOETENE .J 4 UCr/L 

TOLUENE 10 UG/E 
. . . . . . . . .- ~ . . . . . , .. .- ___ _._ ll_l_ 

7562L-097A 
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Tablc AZ7. Listing of organic analytical data hits for tank 7&3A 

Analysis Sample ID Compound Oualifiier Result Units 

ACETONE 
ETHYL ALCOHOL 
I-PROPYL ALCOHOL 
METIIn" AL,COHOL 
ME'I'HYL ETHYL KETONE 
N-BURL Az,COIIIOL 
ACETONE 
ETHYL ALCOHOL 
I-PROPYL ALCOHOL 
MET1 IYT., ALCOHOL 
MEITH?& ETHYI, KETONE 
N-BUrn., ALCOHOL 
ACETONE 
E 13 IYL ALCOHOL 
I-PROPYL &GOHOL 
METHYL ALCOHOL 
METHYI. ETHYL KETONE 
N-BI J'T"yE ALCOHOL 

ACETONE 
EI'HYLRENZENE 
MEI'HYLENE CHLORIDE 
TEmCI-ILOROETHEN E 
TOLUENE 
TRICFILOROETI-IENE 
XYLENE (TOTAL) 

ACETONE 
Eff1TYLRENZENE 
METHYLENE CH1,ORIDE 
TE'rRACHLOROETHENE 
TOLUENE 
TRICI ILOROETHENE 
XYLENE (TOTAL) 

ACETONE 
METHKENE CHLORIDE 
WIRACHI,OROETHENE 
TOLUENE 
TRICHLOROETHENE 
XYLENE (TOTAL) 

ACETONE 
ETHYLBENZENE 
MEMYL,ENE CHLORIDE 
TETRACHLOROETHENE 
TRTCHLOROETHENE 

2-BUTANONE 

2-BUTANONE 

2-BUTANONE 

I? 

JB 
E 
J 
E 
E 

B 

JB 
E 
J 
E 

B 
JB 
E 
J 
E 
E 

€3 

JB 
E 
E 

UG/L 
UG& 

61OOO UG/L 
39000000 U G L  

UGIL 
3 UGL 

UG/L 
4100000 UG/L 
1100000 UG/L 
4 2 W l  UG/L 
97000 UGL 

35000000 UGL 
NO00 UGL 

3600(M00 UGL 
8900000 UGL 
1400000 UG/L 
1- UGL 

64000 UG/L 
36000000 UGL 

90000 UGL 
35oooo() UG/L 
9 UGL 
1 UGL 
1 UG/L 
45oooO UG/L 

U G L  
4 UG/L 
35XlOWOO UG/L 
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Table: A27 (wwtin 
~ - -  -- 

Analysis Sample ID COn?mpClund Qualifier Result Units 
._ - 

XYLENE (TOTAL) 
2-BUTANONE 
ACETONE 
M E m E N E  CHLORIDE 
'ITXRACWEORQEIWENE 
TRICHXAOROETHENE 
V I N K  ACETAR 
XYLENE (TOTAL) 
2-BUTANQNE 
4-ME'TWYL%-PENTANONE 
ACETONE 
ETHYLBENZENE 
ME'INYkENE CHLORIID E 
TETRACHLOROETHENE 
TOLUENE 
TRICHLdORQE7'HENE 
XYIXNE (TOTAL,) 
2-BU'rANONE 
ACET'ONE 
METHYLENE CHL,QRIDF, 
TETRACHLOROEWENE 
TRICHLOROEWENE 
V I N K  ACETATE 
XYIENE (TOTAL,) 
2-BUTANONE 
4-METHYL-2-PENTMONE 
ACETONE 
METHYLENE CHLORIDE 
TE'TKACHLOROETHENE 
TRICI-ILOROETHENE 
VINYL ACETATE 
XYLENE (TOTAL) 
2-BUTANCSNE 
4-METHYk-2-PENrANONE 

E 

BE 
JB 

J 

E 
J 
R 

JB 
E 
J 
E 
E 

RE 
JU 
J 

J 

E 
J 
WE 
JB 

J 

E 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

1 1 m  
1 3 m  
1 3 m  

1600 
19OOO 
65W 
2300 

14000 
1800000 

3100 
1000000 
4 3 m  
81oQo 

35- 
94000 

36008000 
9500800 
17CHXM 
1300000 

1600 
3900 

15000 
1600 
$800 

1700000 
5000 

1400000 
1200 
8500 

41000 
2 Loo 

1 ZOO0 
21xx)(H>o 

5300 

600000 
41000 
82000 
71000 

5 3 m  
5 3 m  
6ZWN 
92000 
86m 

5 m  
59OOo 
89ooo 
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Table A27 (continued) 

Analysis SampIe ID Compound Qualifier Result Units 

svo 786aA/L-066 
7tWOA/I;-(xi7 AQ 
786OAIL-067 AQ 
7WAlL-067 AQ 
78M3AIL-067 AQ 
7WA/L-o67 ORG 

7860A/L-067 ORG 
7860A/L-067 ORG 

786oA/L-Q67 ORG 

7860A/L-Q69 AQ 

2-METHYLNAPHTHALENE 
BIS (2-ETHY LHEXYL)PHTHALATE 
DI-N-BUTYLPHTHALATE 
NAPHTHALENE 
2-METHYLNAPHTHALENE 
B IS {2-E"LHEXYL)PHTHALATE 
DI-N-BUTYLPHTHALATE 
NAPHTHALENE 
2-METHnNAPHTHALENE 
NAPHTHALENE 

J 74000 UGKG 
Zoo00 UG/L 
1760 UGIL 
3200 UG/L 
3200 UG/L 

490000 UGKG 
60000 UGKG 
91OOO UGKG 
79009 UGKG 

240 UGL 
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