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1. INTRODUCTION 

This work plan presents absorption procedures for approximately 4,000 gallons (gal.) of low- 
level radioactive waste water and decontaminatiodrain water generated during the 
RadiudStrontium Treatment Systems Area I1 removal action (RaISr Treatment Systems Area I1 RA) 
at the Laboratory for Energy-Related Health Research (LEHR), University of California, Davis 
(Figures 1-1 and 1-2). 

1.1 Objective 

The objective of this work plan is to provide procedures for the safe absorption of free liquids 
in waste scheduled for land disposal at Envirocare of Utah (Envirocare), a low-level radioactive 
waste repository. The approach presented in this plan was verbally approved by Bret Rogers, 
Envirocare Director of Technical Services, during the Envirocare Government Users Conference of 
2002. The work plan is designed to obtain necessary data to satisfy the Envirocare waste acceptance 
criteria (WAC) (Envirocare, 2001). This work plan was prepared according to the LEHR Quality 
Assurance Project Plan (QAPP) (WA, 2000a) and contains the following elements: 

Waste descriptions; 
Bench test results; 
Large-scale demonstration results; 
Post-absorption laboratory verification results (vibration and paint filter tests); 
Determination of required absorbent-to-waste ratios; 
Absorption and absorption verification procedures; 
Health and safety considerations; 
Waste management considerations; 
Environmental protection considerations; 
Quality assurance considerations; and, 
Supporting data and documents. 

1.2 Background 

The following sections describe the waste generation process, selection of absorbent 
materials, bench test, large-scale demonstration and post-absorption verification study (vibration 
test). 
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1.2.1 Waste Generation and Characterization 

Prior to the demolition of Imhoff tanks during the RdSr Area II RA, approximately 
3,000 gal. of waste water were transferred into lined, 55-gal. drums and placed in a secondary 
containment cell in the former Cobalt-60 (Co-60) Field waste storage area (Figure 1-1). A water 
level indicator was used to fill the drums to approximately 76% capacity (325 pounds [lb.] of waste 
water). 

Following completion of the RdSr Area I1 RA, 1,000 gal. of decontaminationhain water 
were transferred into lined, 55-gal. drums, and placed on secondary containment pallets in the 
Geriatrics-1 waste storage area. The decontaminatiodrain water drums were filled to approximately 
80% capacity (45 gal., 380 lb. of water). The decontaminatiodrain water was generated during 
equipment decontamination operations and as a result of rainfall accumulation in the 
decontamination pad during RdSr Area I1 operations. The decontaminatiodrain water was partially 
absorbed using five lb. of Waterworks of America SP-400@ Crystals (SP-400 Crystals) per drum 
prior to placement in storage. An inventory of the waste packages is included in Attachment A. 

Composite waste characterization samples of Imhoff Tank waste water were collected in situ 
prior to removal activities. The contamination concentrations in the decontaminatiodrain water area 
were assumed to be consistent with the Imhoff tank because the decontaminatiodrain water was 
generated while cleaning the equipment used to demolish the Imhoff tanks. The waste water and 
decontaminatiodrain water were designated as low-level radioactive waste with no chemical 
constituents above California or Resource Conservation and Recovery Act (RCRA) hazardous waste 
thresholds. The maximum detected strontium-90 (Sr-90) activity in the waste water is 20,900 
picocuries per liter. The waste characterization data are summarized in Table 1-1. 

1.2.2 Absolption Bench Test 

During the RdSr Area I1 RA, Earthline Technologies of Ashtabula, Ohio and Weiss 
Associates (WA) conducted a bench-scale test to evaluate the use of SP-400 Crystals to eliminate 
free liquids in RA waste (Attachment B). The SP-400 Crystals are a super-polymer that bind free 
liquids in a gel-like matrix. The test was funded by the United States Department of Energy, 
National Nuclear Security Administration's (DOE/NNSA1s) Office of Science and Technology 
(OST, EM-50) in conjunction with the DOE/NNSA Large-Scale Demonstration and Deployment 
Program (LSDDP) at the DOEMNSA-Miamisburg Environmental Management Project (MEMP). 

This bench-scale test was conducted on August 8, 2000, in the Geriatrics-1 waste storage 
building and facilitated by Scott Altmayer of Earthline Technologies. Four tests were performed on 
500-gram waste water samples. Absorbent was added to waste water in 1% (5 grams of absorbent 
added to 500 grams of waste water), 2%, 3%, and 4% proportions. These percentages are the weight 
of absorbent as a percentage of total weight of waste water. The paint filter test (United States 
Environmental Protection Agency [EPA] Method 9095, included in Attachment C) was conducted 
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for each sample to determine if free liquids were sufficiently bound in the absorbent matrix. The 2%, 
3%, and 4% mixtures passed the paint filter test, but the 1 % mixture did not. 

1.2.3 Large Scale Absorption Demonstration 

Earthline Technologies returned to the site on March 22, 2001 for a large-scale absorption 
demonstration (Attachment D). The test was funded by the OST in conjunction with the LSDDP at 
the MEMP. 

Four lined 55-gal. drums of waste water and one partially absorbed, lined 55-gal. drum of 
decontaminatiodrain water were selected for this demonstration. The generation process for the 
waste water and decontaminatiodrain water is described in Section 1.2.1. Results of the bench-scale 
test were used to develop the large-scale demonstration to determine the optimal ratio of absorbent to 
water. Absorbent-to-waste ratios of 2%, 4%, 6%, and 8% were evaluated. A 2% absorbent-to-waste 
ratio was evaluated for the partially absorbed drum of decontaminatiodrain water. All tests passed 
the paint filter test. Detailed test results are presented in Attachment C. 

1.2.4 Post-A bsorption Verification Study 

Following the large-scale demonstration, a sample of the waste water with 2% absorbent was 
collected for a vibration test (modified American Society for Testing and Materials Test D999-96, 
Attachment E). The vibration test was designed and implemented by Earthline Technologies to 
simulate conditions normal and incidental to truck transportation to the disposal facility. The drum 
with 2% absorbent was selected for further evaluation because it was the most economical 
alternative, since it required the least amount of absorbent to absorb free liquids and pass the paint 
filter test. Results of this test conducted on May 14, 2001 show that the sample passed the standard 
paint filter test following the vibration test; no free-liquids were released during a five-minute 
evaluation. 

1.2.5 Selection of Absorbent-to- Waste Ratio 

The bench, large-scale demonstration and vibration tests determined that a 2% by weight 
absorbent-to-water ratio was sufficient to absorb LEHR waste water and decontaminatiodrain water. 
Because the Envirocare WAC requires a quantity of absorbent sufficient to absorb twice the volume 
of liquids expected, a 4% absorbent-to-water ratio was selected. Waste water packages will receive 
13 lbs. of absorbent (325 lbs. of water). Decontaminationhain water waste packages will receive an 
additional 10 lbs. of absorbent because they already contain 5 lbs. of absorbent. The 15 lbs. of 
absorbent is two times the required quantity of absorbent required to absorb 380 lbs. of water. 
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In addition, one Ib. of absorbent will be added to the void space between the drum wall and 
liner to absorb any condensation or free liquids that may be present. 

1.3 Schedule 

The waste water solidification described in this work plan is scheduled for November 2002. 
Shipment and disposal of this waste is scheduled for completion by December 31,2002. 

This task will require approximately five working days. Preparatory activities include 
conducting a pre-phase inspection, completing a hazardous work permit (HWP), establishing the 
work areas, procuring absorbent and staging waste and materials. 
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Table 1 - 1. Characterization Result Summary for Waste Water 

Sample ID PCLASS Laboratory Chemical Concentration Detection Limit Units 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIO01 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO I 

CWRSIOOl 

CWRSIOOI 

CWRSIOO 1 

CWRSIOOl 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIO01 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

GEN 

GEN 

GEN 

GEN 

GEN 

GEN 

GEN 

GEN 

HERB 

HERB 

HERB 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

METAL 

Corrosivity 

Flashpoint-200 

Formaldehyde 

Hexavalent Chromium 

Nitrate 

Reactive Releasable Cyanide 

Reactive Releasable Sulfide 

Total Plate Count 

2,4,5-T 

2,4,5-TP 

2,4-D 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 
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Table 1-1. Characterization Result Summary for Waste Water (continued) 

Sample ID PCLASS Laboratory Chemical Concentration Detection Limit Units 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIO01 

CWRSIOO 1 

CWRSIOO 1 

C WRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO1 

CWRSIOO1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

C WRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO1 

CWRSIOO 1 

METAL 

METAL 

METAL 

METAL 

METAL 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

PES 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Aldrin 

alpha-Chlordane 

Aroclor- 10 1 6 

Aroclor- 122 1 

Aroclor-1232 

Aroclor- 1242 

Aroclor- 1248 

Aroclor- 1254 

Aroclor- 1260 

Chlordane (tech.) 

delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan I1 

Endosulfan sulfate 

Endrin 

Endrin aldehyde 

Endrin ketone 

gamma-BHC (Lindane) 

gamma-Chlordane 

Heptachlor 

Heptachlor epoxide 
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Table 1 - 1. Characterization Result Summary for Waste Water (continued) 

Sample ID PCLASS Laboratory Chemical Concentration Detection Limit Units 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

PES 

PES 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

Methoxychlor 

Toxaphene 

Actinium-228 

Americium-24 1 

Bismuth-2 12 

Bismuth-2 14 

Carbon- 14 

Cesium- 13 7 

Cobalt-60 

Gross Alpha 

Gross Beta 

Lead-2 10 

Lead-2 12 

Lead-2 14 

Plutonium-24 1 

Potassium40 

Radium-226 

Sodium-22 

Strontium-90 

Thallium-208 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-2331234 

Uranium-235 

Uranium-235123 6 

Uranium-23 8 

Uranium-238 

~d1 
 dl 

pcin 

pCi/l 

pcin 

pCiA 

pCi/l 

pCVl 

pCi/l 

pCi/l 

pCi/l 

pCi1l 

pCi/l 

pCi/l 

pCVl 

pCi/l 

pCiA 

pCi/l 

pCi/l 

pCiA 

pCi/l 

pCiA 

pCiA 

pCiA 

pCi/ml 

pCi/l 

pCill 

pCVl 

pCi/l 

pCiA 
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Table 1- 1. Characterization Result Summary for Waste Water (continued) 

Sample ID PCLASS Laboratory Chemical Concentration Detection Limit Units 

CWRSIO01 

CWRSIOO1 

CWRSIOO 1 

CWRSIO01 

CWRSI001 

CWRSIOO 1 

CWRSIOO1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOOl 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIO01 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOOl 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

SVOC 

svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
SVOC 

svoc 
svoc 
svoc 
svoc 

1,2,4-Trichlorobenzene 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2,4-Dinitrophenol 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

2-Chloronaphthalene 

2-Chlorophenol 

2-Methyl-4,6-dinitrophenol 

2-Methylnaphthalene 

2-Nitrophenol 

3,3'-Dichlorobenzidine 

4-Bromophenylphenylether 

4-Chloro-3-methylphenol 

4-Chloroaniline 

4-Chlorophenylphenylether 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(ghi)perylene 

Benzo(k)fluoranthene 
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Table 1 - 1. Characterization Result Summary for Waste Water (continued) 

Sample ID PCLASS Laboratory Chemical Concentration Detection Limit Units 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIO01 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 
svoc 

bis(2-Ch1oroethoxy)methane 

bis(2-Chloroethyl) ether 

bis(2-Chloroisopropy1)ether 

bis(2-Ethylhexy1)phthalate 

Butylbenzylphthalate 

Carbazole 

Chrysene 

Di-n-butylphthalate 

Di-n-octylphthalate 

Dibenzo(a,h)anthracene 

Dibenzofuran 

Diethyl phthalate 

Dimethylphthalate 

Diphenylamine 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

Indeno(l,2,3-cd)pyrene 

Isophorone 

m,p-Cresols 

m-Nitroaniline 

N-Nitrosodipropylarnine 

Naphthalene 

Nitrobenzene 

oCresol 

o-Nitroaniline 

p-Nitroaniline 
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Table 1-1. Characterization Result Summary for Waste Water (continued) 

Sample ID PCLASS Laboratory Chemical Concentration Detection Limit Units 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIO01 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

C WRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOOl 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOO 1 

CWRSIOOl 

CWRSIOO 1 

svoc 
svoc 
svoc 
svoc 
svoc 
VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene 

Pyridine 

1,1,1 -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,l -Dichloroethane 

1,l -Dichloroethylene 

1,2-Dichloroethane 

1,2-Dichloroethylene (total) 

1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,3-Dichloropropylene 

Dibromochloromethane 

Ethylbenzene 
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Table 1 - 1. Characterization Result Summary for Waste Water (continued) 

Sample ID PCLASS Laboratory Chemical Concentration Detection Limit Units 

CWRSIOO 1 VOC Methylene chloride ND 5 Pdl 

CWRSIOO 1 VOC Styrene ND 1 Pdl 

CWRSIOO 1 VOC Tetrachloroethylene ND 1  dl 
CWRSIOO 1 VOC Toluene ND 1 Pg/l 

CWRSIOO 1 VOC trans- 1 J-Dichloropropylene ND 1 ~d1 
CWRSIOO 1 VOC Trichloroethylene ND 1 Pd1 

CWRSIOO 1 VOC Vinyl chloride ND 1 Pg/l 

CWRSIOO 1 VOC Xylenes (total) ND 3 Pdl  

Abbreviations 

CFU colony-forming units 

DDD dichlordiphenyl dichlor 

DDE dichlordiphenyl dichloroethylene 

DDT dichlordiphenyl trichlor 

GED general chemistry 

HERB herbicides 

mg/l milligrams per liter 

ND none detect 

pCiA picocuries per liter 

pCi/ml picocuries per milliliter 

PCLASS physical class 

PES pesticide 

RAD radionuclide 

SVOC semi-volatile organic compound 

VOC volatile organic compound 

&I micrograms per liter 
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2. RESPONSIBILITIES 

2.1 Corporate Responsibilities 

The companies that will implement this work plan are listed below along with their general 
responsibilities. 

WA-Project management and oversight; development of work plan, on-site 
health and safety oversight; on-site task coordination; waste management; and 
record keeping. 

Shaw Environmental and Infrastructure (Shaw E&I)-On-site radiological 
support, equipment operation and field labor. 

Environmental Management Services, Incolporated (EMS)-Waste profile 
preparation and consultation during development of this plan to meet the 
Envirocare WAC and DOEMNSA waste management requirements. 

2.2 Task Staff 

The following project personnel will implement this work plan. Project responsibilities are 
defined in the QAPP, PHSP and the RWMP. 

Project Manager; 

Waste Coordinator; 

Project Quality Assurance Manager; 

Project Health and Safety ManagerIRadiological Control Manager; 

Site Health and Safety Officer; 

Radiation Safety Officer; 

Radiological Control Technician; and, 

Site Records Administrator. 

Task-specific responsibilities not defined in the QAPP, PHSP and RWMP are described 
below. 
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2.2.1 Waste Specialist 

The Waste Specialist (WS) will coordinate with Envirocare to fulfill the WAC requirements 
and provide technical support to implement this work plan, as required. 

2.2.2 waste' packaging Observer 

The Waste Packaging Observer (WPO) will observe the absorption process and is responsible 
for inspection of containers prior to placement into storage. The WPO documents waste package 
contents and will update the WMTS. The WPO will document completion of the absorption and' 
verification process. 

2.2.3 Equipment Operator 

The equipment operator will be certified and experienced in the operation of site equipment 
(i.e., fork truck, lifting tools, etc.), provide logistical support for the absorption activity and be 
responsible for safely transporting waste on site. The equipment operator will conduct daily safety 
inspections on all equipment. 

2.2.4 Laborers 

The laborers are responsible for implementing this work plan and conducting work within the 
prescribed Contamination Area (CA) including, but not limited to, package handling, addition of 
absorbents, and sample collection for absorption verification tests. 

2.3 Delegation of Authority 

Authority and responsibility may be delegated. Persons delegating authority must ensure that 
the delegate is adequately trained and capable of executing the delegated duties. The delegated 
duties and responsibilities that are not defined and approved in this plan must be clearly defined in 
writing. 
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3. PREPARATORY TASKS 

The tasks that will be completed prior to initiating field activities are described below. 

3.1 Contracts 

The PM will ensure that appropriate contractual mechanisms are in place prior to beginning 
work. These contractual mechanisms must address contractor compliance with LEHR program 
requirements, the selected disposal facility (Envirocare), and applicable DOE Orders using the 
graded approach. 

3.2 Materials, Equipment and Tools 

Materials, equipment and tools required to complete the waste packaging will, at a minimum, 
include: 

Hand tools; 
Ground fault current/circuit interrupters; 
Extension cords; 
Absorbent (1,100 Ib. of SP-400 Crystals); 
Certified weigh scale; 
Long-handled, drywall mud masher; 
Spill kit(s); 
Spill pallets; 
Spill containment cell; 
Fuel; 
Health physics supplies; 
Radiological instrumentation; 
Health and safety supplies; 
Digital camera; 
Fork truck with lifting attachments; 
Personal protective equipment (PPE); and, 
Personal dosimetry. 

The SP-400 Crystals will be purchased from Earthline Technologies. WA will provide all 
other tools, equipment and materials. 
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3.3 Personnel Qualifications 

The PMPTL will ensure that all personnel assigned to activities defined in this work plan 
have the appropriate qualifications and training to perform their duties. The PM or PTL will 
coordinate with the SHSO and RSO to verify all personnel involved in this task are trained and 
briefed in accordance with this plan and all applicable project documents prior to commencing work. 

3.4 Pre-Phase Planning Guidance 

A Pre-Phase-Planning Guidance checklist was completed prior to the initiation of this work 
plan in accordance with Section 3.3.3 of the QAPP (WA, 2000a). 

3.5 Pre-Phase Inspection 

As required by the QAPP, appropriate LEHR and contractor staff shall meet prior to 
implementation of this work plan to verify the availability of all required documents, materials, tools, 
personnel and other items necessary to complete the activities described herein. Upon completion of 
this step, the PQAS will authorize this activity to proceed. 
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4. PROCEDURES 

4.1 Absorption Procedures 

The absorption procedures detailed in this work plan are based on procedures in the work 
plan provided by Earthline Technologies that were used for the large-scale demonstration. Work will 
be completed in the Geriatrics-1 building and the former Co-60 Field waste storage areas where the 
drums are stored (Figure 1-2). 

A slip-resistant, plastic-lined work area will be set up in both storage areas where the 
absorption of the waste water will occur. SP-400 Crystals will be pre-weighed and packaged in 
plastic bags and placed on individual drums prior to entry into the CA. Workers will loosen the 
closure ring and bungs of each drum prior to posting the work area as a CA. Workers will don PPE 
before entering the CA. SP-400 Crystals will be added to each drum as. Following complete 
absorption, workers will check visually for free liquid between the drum and the drum liner, and add 
one Ib. of absorbent. Additional absorbent will be added to the annular space as required. 

SP-400 Crystals will be added to each drum through the bung opening. The SP-400 Crystal 
and water reaction does not produce heat or gas and only expands the waste volume by only about 
1%. The lid will only be removed once the absorbent has been added to mitigate the splash hazard 
associated with the liquid waste. Mixing the waste water and absorbent is not required based on the 
manufacturer's instructions and experimental data from the LEHR bench-test and large-scale 
demonstration. The reaction of SP-400 Crystals and water lasts approximately 3 hours, with full 
absorption within 24 hours. 

After complete absorption, the workers will remove the lid carefully to avoid dripping any 
condensate in the work area that may have accumulated on the underside of the lid. A face shield 
and spill apron will be donned during this step. A long-handled, commercial-grade drywall mud 
masher will be used to mix absorbent into the partially absorbed drums of decontaminatiodrain 
water to ensure uniform distribution of absorbent. The WPO will conduct a visual inspection to 
determine if the absorption process is complete and that no free liquids are present. No additional 
vibration or paint filter tests are required based on data from the large-scale demonstration. 

Following completion and verification of the absorption process, the RCT will survey the 
drum for release from the CA and the drum will be weighed. 

The WPO will complete a WMTS sheet for each drum, in accordance with SOP 34.5, Waste 
and Material Tracking System, after each drum has been absorbed and weighed. The WPO will 
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document the absorption process for each drum, package number, date, time, location, and any 
additional information. 

These procedures are summarized as follows: 

Stage package in work area using approved lifting device and fork truck. 

Cover floor/stom drains and utilize secondary containment as a precaution when handling 
the liquid waste. 

Measure and individually bag required absorbents (13 lbs. of SP-400 Crystals for each waste 
water drum and 10 lbs. for each decontaminatiodrain water drum). 

Reconcile waste packages in the work area with an inventory of drums provided in this work 
plan (Attachment A). 

Set up plastic-lined work areas and support zones in Geriatrics-1 and the former Co-60 Field. 

Loosen the closure ring and bungs for each drum in the work area. 

Establish the CA. 

Don PPE and sign the HWP. 

Enter the CA. 

Add absorbent to the appropriate drums through the bung opening. 

Doff PPE, exit the CA, and sign HWP. 

Wait for the waste water to solidify (approximately 3 hours with complete absorption within 
24 hours). No waiting is required for the partially solidified drums; proceed to step #17. 

Don PPE and sign HWP. 

Sign HWP. 

Enter the CA. 

Don a face shield and spill apron with assistance from the RCT. 

Open the drum slowly and check for condensation on the interior of the drum lid. 

Place the drum lid on top of an adjacent drum, taking care not to spill any condensate. 

Manually mix the absorbent with a drywall mud masher as required. 

Check for free liquids between the drum and the drum liner. 

Verify that there are no free liquids in the waste matrix by plunging a wooden rod into the 
absorbed drum. Inspect rod and void created in the waste matrix for free liquids. 

Check visually for free liquid between the drum and the drum liner. 

Add one Ib. of absorbent between the drum liner and the side wall of drum, as required. 
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Conduct visual inspection to determine if the absorption process is complete and no free 
liquids are present. 

Conduct a paint filter test on 4 drums (2 each from tank water and decontaminatiodrain 
water). 

Document results of paint filter test. 

Document the results of the visual inspection on the absorption checklist. 

Seal the drum. 

Doff PPE and exit the CA. 

Sign HWP. 

Survey and release the drum from the CA. 

Weigh the drum and record the weight on the package, absorption checklist and WMTS 
update sheet. 

Return the absorbed drum to the storage location. 

Update the WMTS. 
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5. WASTE MANAGEMENT 

The RWMP and associated SOPs (WA, 2001a) define waste management procedures for all 
waste streams managed at the LEHR site, including the RdSr Area I1 RA waste discussed in this 
work plan. Compliance with the RWMP and associated SOPs ensures compliance with DOE Order 
435.1, Radioactive Waste Management. 

5.1 Waste Minimization 

The LEHR Waste Management Program is committed to minimizing waste volumes at the 
LEHR site by giving preference to source reduction, material substitution, decontamination, and 
recycling. 

To eliminate creating additional waste, care will be exercised during the absorption activities 
to avoid contamination of any additional materials. Waste expected to be generated during this 
activity consists of PPE and the material used to protect the floor(s) in the work area(s). 

Typically, solidification processes (i.e., concrete solidification) can double waste volumes. 
However, the SP-400 Crystals expand the waste volume by only about 1%. Therefore, using the 
SP-400 Crystals will significantly minimize waste volume compared to other approaches. 

5.2 Waste Characterization 

Composite waste characterization samples of Imhoff tank waste water were collected in situ 
prior to removal activities (Table 1-1). The waste was designated as low-level radioactive waste with 

- . no chemical constituents above California or RCRA hazardous waste thresholds. Because the waste 
contains no chemicals at hazardous waste levels, EPA waste treatment approvals and permits are not 
required. 

5.3 Waste Profile 

The WS will ensure that the waste profile generated for the absorbed waste water is reviewed 
and approved by Envirocare prior to waste shipment in accordance with SOP 35.1, Waste 
Certification for Off-Site Disposal (WA, 2001a). 
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5.4 Certification of Compliance with Waste Acceptance Criteria 

All waste shipped off site for disposal must be certified as compliant with the disposal 
facility WAC in accordance with SOP 34.5, waste Certification for Off-Site Disposal (WA, 2001a). 

5.5 Waste'and Material Tracking System 

WMTS sheets are completed whenever the status of a waste package is modified as described 
in SOP 34.5, Waste and Material Tracking System (WA, 2001 a). 

The waste water drums are currently tracked in the WMTS as liquid waste. They will be 
reclassified as solid waste after the contents of each drum have been absorbed. The WPO will 
complete WMTS update sheets immediately following the absorption activities to reflect the change 
from liquid waste to solid waste. 

Updated WMTS sheets will be submitted to the SRA for incorporation into the LEHR 
WMTS database. The WS is responsible for providing WMTS updates to the WC when notification 
andlor certification of treatment or disposal are provided by the disposal facility. The WC will 
review these updates and submit them to the SRA for incorporation into the WMTS database. 
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6. HEALTH AND SAFETY 

Health and safety considerations for the activities described in this work plan are addressed in 
the following documents: 

PHSP (WA, 2001~);  
Health and Safety Procedures (HSPs) (WA, 2001b); 
SOPS (WA, 2001e); 
Contingency Plan and General Emergency Response Procedures (CPGERP) 
(WA, 2000~); 
Activity Hazard Analysis (AHA); 
As-Low-As-Reasonably-Achievable (ALARA) Program (WA, 1999a); and, 
RPP (WA, 1999b). 

The health and safety considerations presented in this section coupled with the foregoing 
listed documents are the safety and health program required by 29 Code of Federal Regulations 
(CFX) 1910.120, Hazardous Waste Operations and Emergency Response, and 10 CFR 835, 
Occupational Radiation Protection, for these work activities. 

6.1 Activity Hazard Analysis 

An AHA identifies potential safety, health and environmental hazards and defines controls 
necessary for the protection of personnel and the environment. Hazard analysis helps to ensure that 
all safety concerns associated with waste handling activities are addressed. An AHA describing 
hazard analysis and hazard controls for this work plan is included as Attachment E. 

During these activities, the SHSO or designee will monitor activities for any changes in 
conditions that would require modification of controls (e.g., PPE). In the event that changes produce 
radiological or industrial health and safety conditions that are not covered by this work plan or 
referenced documents, this work plan and the HWP will be modified in accordance with the 
procedures contained in Standard Quality Procedure (SQP) 1 1.1, Field Work VariancesModification 
(WA, 2000b). 
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6.1.1 Radiological Exposure 

The Imhoff tank waste water drums contain radioactive constituents. Handling and 
absorption activities may result in potential exposure to beta radiation. Samples of tank waste water 
drums contained Sr-90 at 20,900 picocuries per liter. 

6.1.2 Chemical Exposure 

No chemical exposures are anticipated or expected based on review of waste characterization 
data. A Material Safety Data Sheet for the SP-400 Crystals will be reviewed at a safety meeting prior 
to implementing this work plan. 

6.1.3 Heat Stress 

The RdSr Area I1 RA waste water and decontarninationlrain water absorption is scheduled to 
be performed in September when wearing PPE may put workers at risk of heat stress. All workers 
will have medical clearance prior to working on site and will be required to undergo an acclimation 
period. Heat stress prevention will include the following mitigation measures: 

Proper rest prior to work, 
Scheduled breaks, 
Appropriate water intake, 
Shaded worldrest areas when feasible, and 
Rotation of heavy work tasks. 

A workhest regime established in accordance with Section 5 of the PHSP will be 
implemented to prevent heat-related injuries. A Wet Bulb Globe Temperature (WBGT) instrument 
will be used to monitor weather conditions. Estimated employee work loads for each anticipated RA 
activity (expressed in calories expended per hour) are provided in Table 5-2 of the PHSP and will be 
used in conjunction with the WBGT readings to adjust the workhest cycle as required by the PHSP 

. and HSP 3.1, Working in Hot Environments. Integrated heat stress monitoring will be performed 
daily and may require modification of this regimen. Body temperature, heart rate and the physical 
appearance of workers will be monitored as discussed in Section 5 of the PHSP and detailed in 
HSP 3.1, Working in Hot Environments. 

To minimize the effects of heat-related injuries, an area will be established to conduct 
entrancelexit activities, sample preparation and other support functions. This area will be covered 
with a portable tarp, when necessary, to provide the workers with shade. During the TSMs, the 
SHSO will communicate to the workers the signs and symptoms of heat stress, appropriate 
engineering controls, and the need to replenish body fluids. The buddy system will be used to help 
monitor heat stress symptoms. 
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6.2 Hazard Controls 

The control measures that will be implemented during execution of this work plan are 
described below, and will supplement the PHSP and the RPP requirements. 

6.2.1 Radiation Exposure Control 

Radiation exposure rates and radioactive contamination levels will be monitored by the RCT 
according to the RPP (WA, 1999b) and the following procedures 

SOP 25.1, Radiological Surveys and Instrumentation (WA, 2001e); and, 
SOP 37.1, Tennelec Series 5 Low Background Counting System (WA, 2001e). 

Personnel radiological exposure will be maintained ALARA by employing all appropriate 
engineering controls and implementing administrative controls such as the HWP. Work will be 
performed so that no member of the LEHR staff will receive more than 100 millirems of whole body 
dose. ALARA guidelines for this activity are included as Attachment F. 

The following SOPS will be implemented to control radiological exposure and radioactive 
contamination: 

SOP 24.1, Radiological Areas and Postings (WA, 2001e); 
HSP 17.1, Hazardous Work Permits (WA, 2001b); 
HSP 15.1, External Radiation Exposure Control (WA, 2001b); and, 
SOP 32.1, Contamination Control (WA, 2001e). 

6.2.2 Personal Protective Equipment 

Employees will wear Modified Level D PPE in accordance with the PPE selection matrix in 
Section 9 of the PHSP. The task-specific level of protection will be upgraded or downgraded based 
on real-time field measurements, changes in site conditions, or other findings. Changes in the level 

. of protection require approval by the PHSM. 

Modified Level D PPE will consist of the following when no spill hazard exists: 

Steel-toed shoes; 
Tyvek coveralls; 
Nitrile gloves; 
Rubber shoe covers; 
Safety glasses with side shields; and, 
Leather work gloves. 
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If a spill hazard is identified (e.g., when the drums are opened and samples are collected), 
Modified Level D PPE will be worn with the following additions: 

Face shield; and, 
Spill apron. 

6.2.3 Hazardous Work Permit 

An HWP will be used to specify controls for the solidification activities. The HWP will be 
issued in accordance with the procedures specified in the PHSP. All work will be performed 
according to this approved HWP, which will, at a minimum, define the following: 

Scope of work to be performed; 
Anticipated radiological, safety, and industrial hygiene conditions; 
PPE requirements; 
Radiological and industrial hygiene monitoring requirements; 
Dosimetry requirements; 
Reference to the work plan and AHA; 
Period for which the HWP is valid; and, 
Additional requirements for entry. 

The HWP will be revised if radiological conditions exceed the stated action levels. 

6.2.4 Buddy System 

The buddy system is a method of organizing employees into work groups and is designed to 
provide those employees with assistance when needed. Each employee in a work group is designated 
to be observed by at least one other person. At least two persons will be required to be in the work 
area when work is conducted. Assignment of designated partners should take place during the daily 
tailgate safety meeting. 

The responsibility of the buddy is to: 

Provide assistance, if needed; 

Maintain line-of-sight and verbal contact with workers; 

Observe for signs of physical trauma or heat stress such as: 
- Changes in complexion and skin discoloration; 
- Changes in coordination or demeanor; or, 
- Changes in speech pattern; 

Periodically verify the integrity of all protective clothing; and, 

Notify the SHSO and WC if emergency help is needed. 
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6.2.5 Site Emergencies 

All site workers will be trained on the procedures outlined in the CPGERP for responding to 
potential emergency incidents. The SHSO will ensure that all appropriate emergency equipment is 
available and review evacuation procedures with workers. 

6.2.5.1 ~ m e r ' ~ e n c ~  Response Equipment 

The following equipment will be available in the work area: 

First aid kit; 
Portable eyewash station and hand shower; 
Air horn; 
Portable radio for emergency communications; and, 
Fire extinguisher. 

6.2.5.2 Spill Containment 

A spill and discharge control plan has been prepared as part of the PHSP and the CPGERP to 
provide contingency measures for potential spills and discharges of hazardous materials and wastes. 
Spill control kits are located throughout the Geriatrics-I building in sufficient quantity to mitigate any 
potential spills of the subject materials. The work in the former Co-60 Field will be conducted in a 
spill containment cell. In addition, absorbent materials staged in the work area to complete the 
absorption process can be used in an emergency spill situation. 

6.2.5.3 Environmental Occurrence Reporting 

The Occurrence Reporting Plan (ORP) (WA, 2000d) covers all operations and activities at 
LEHR. All incidents requiring emergency response will be reviewed by the Occurrence Reporting 
Coordinator and handled in accordance with the ORP. 

6.3 Training 

Per Section 5.1 of the QAPP, only qualified personnel will be allowed to carry out tasks 
described herein. The PTL will also ensure that all personnel have met the training requirements 
defined in the QAPP (WA, 2000a), PHSP (WA, 2001c), RPP (WA, 1999b) and associated 
procedures. Minimum training requirements for personnel entering controlled work areas will be 
specified in the HWP. Project staff that were qualified to work on the Domestic Septic Systems 3 
and 6 RA of 2002 are qualified to complete tasks described in this work plan. 

All personnel performing activities associated with this work plan are responsible for 
understanding the contents of this plan. As specified in the PHSP, daily tailgate safety meetings will 
be conducted to supplement required training. Prior to commencing work and entering the work 
area, all workers will review the information provided and sign the tailgate safety meeting form. 

WEISS ASSOCIATES Project Number: 128-4 106 



Work Plan for the Absorption of RadiundStrontium Treatment Systems Area II 
Liquid Waste and Decontamination Water Section 7 
LEHR Environmental Restoration / Waste Management Rev. 0 9/4/02 
DOE Contract No. DE-AC03-96SF20686 Page 7-1 of 7-1 

7. REGULATORY COMPLIANCE 

7.1 National Environmental Policy Act Compliance 

The National Environmental Policy Act (NEPA) requires that actions taken by federal 
agencies include the analysis of potential effects of the proposed actions on the environment. Such 
environmental evaluation may define mitigation measures to prevent significant environmental 
impacts or may recommend preparation of an environmental impact report if a significant impact is 
expected. The NEPA requirement was satisfied through the Comprehensive Environmental 
Response, Compensation, and Liability Act/NEPA integration process as presented in the 
Engineering EvaluatiodCost Analysis (WA, 1998). 

7.2 Resource Conservation and Recovery Act and California Hazardous Waste 
Regulations Compliance 

The waste water does not contain hazardous constituents per the State of California andlor 
the RCRA. 
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8. QUALITY ASSURANCE 

This section addresses quality assurance for the scope of work described in this document. 
This section provides a framework to ensure that quality is integrated in every aspect of the 
project work. 

All quality-affecting records generated as a result of these activities will be managed in 
accordance with Sections 4 and 8.2 of the QAPP (WA, 2000a); SQP 4.1, Document Control; and 
SQP 4.2, Records Management (WA, 2000b). Quality-affecting documents include, but are not 
limited to, personal field logs, calibration records, monitoring data, inspection checklists, sampling 
documentation, and procurement records. 

All records generated by project personnel must be complete, legible and written in blue or 
black ink. Corrections must be made with a single line, and documented with the initials of the 
person making the correction and the date the correction was made. 

Field documentation will be collected and compiled on a daily basis.by the SC or designee. 
Personal field logs will be submitted on a daily basis by the WC, SHSO and WPO. Completed 
packages will be submitted to the SRA within three working days for a quality review, copying and 
filing. If a package is deemed unacceptable by the SRA during the quality review, it will be returned 
to the SC (or designee) for prompt correction prior to copying and filing. After records have been 
copied and filed in the project record, the originals will be forwarded to the Project Records 
Administrator for inclusion in the project file. 

Other quality assurance requirements applicable to this work plan are detailed in the QAPP 
(WA, 2000a). 
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Drum Inventory and Absorption Verification Checklist 

Package 
Number 

LEHR1566I Geri-1 1 semi-absorbed 1 I I I I I 

LEHR1564 

LEHR1565 

LEHR1567I Geri-1 I semi-absorbed I I I I I I 

Storage 
Location 

LEHR1568 I Geri-1 I semi-absorbed I I I I I I 

Geri-1 

Geri-1 

Waste Description 
(aqueous Or 

semi-absorbed) 

semi-absorbed 

semi-absorbed 

LEHR1573 I Geri-1 1 semi-absorbed I I I I I I 

LEHR1569 

LEHR1570 

LEHR1571 

LEHR1572 

sp-400 
Added to Water 

Geri-1 

Geri-1 

Geri-1 

Geri-1 

LEHR1574 

LEHR 1575 

LEHR1576 

LEHR 1577 

LEHR1578 

LEHR1579 

LEHR1584 I Geri-1 I semi-absorbed I I I I I I 

SP-400 Added to 
Void between Liner 

and Drum 

LEHR1580 

LEHR1581 

LEHR1582 

LEHR1583 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

Geri-1 

Geri- 1 

Geri- 1 

Geri- 1 

Geri-1 

Geri-1 

J:WOM006Gl lOWZO-SOUD\ATACHMENT-A.DOC WEISS ASSOCIATES Project Number: 128-4106 

visual ~nspection 
@ass or fail) 

Geri-1 

Geri-1 

Geri-1 

Geri-1 

LEHR1585 

- 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

semi-absorbed 

Date 

-- 

- - 

Geri-1 semi-absorbed 

Total Package Weight 
(Ibs./kg) Comments 
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Drum Inventory and Absorption Verification Checklist 

Abbreviations 
Co-60 Cobalt-60 
Geri-I Geriatrics4 Building 
Ibs./kg pounds per kilogram 
SP-400 SP-400 Crystals 
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SP-400 CRYSTALS BENCH TEST RESULTS 
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1.0 In t roduc t ion  

The Large Scale Demonstration and Deploymenr Program (LSDDP) is coordinriled m d  funci:i 
through DOE's Office of Science and Technology (OST, EM-SO). In 1999, successful 
demonstrations using the SP-100 1VaterI~'orks ~ ~ - s t a l s @  (SP-400 Crystals) aqueous supcrahsorbent 
polymer solidifier were completed at the DOE h4iamisburg En\'ironmental h ~ l a n a p n r n r  Prolccr 
(MEMP) to cost-effectively m d  safely solidify tritium-contaminated wastelvater and sludge. Based 
on these successes and 3 reviels cf probable waste forms that are emerging during DOE demnl~tion 
and remediation tasks, the LSDDP IS pcrfoming follow-on dcplo~~menls for other interested 
contractors/DOE sites havins apj~ropriate DOE waste forms: 

DOE's Laboratory for Enerzy-relared Meallh Research (LEHR) sire is locared on the ljnivcrsity of 
California - Davis Campus at the opcr~tional Institute of Toxicology and En\*ironrnenraI Hcal111. 
I-Iistoncally, DOE supported animal research at the laboratory which has been completed. 
However, a legacy of radioactive \\later and soil from daily maintenance of the research kenncls has 
resided in several rectangular underground concrete holding tanks for many years. P m s  of the 
facility are presently undergoing a CERCLA closure action. Selected rank sections (A - H) are 
scheduled for remediation and demolition in fall 2000. 

Recent tank inspections and characterization indicate some additional scope chalIenges. There are 
several sections to some tanks, multiphasic aqueous sludge, potential water in-leakage, and a wider 

d range of contamination than originally planned. Appendix 1 is the LEHR request to participate in 
the LSDDP program. Appendix 2 is the LEHR Site Project Plan. Appendix 3 is an esecuted copy 
of the LEHR site-specific "LENR Field Procedure" which describes the project and governs safe 
field operations to support solidification tests and processes. 

2.0 Background 

For several years the waste mmagemcnt group at the LEI-IR Site has been involved \i:itli espcdited 
disposition of numerous tvasre strcans. Tlro y e m  ago the site participated in a DOE-sponsored 
Pollution Prevention Opponunit): Assessment (PPOA) that identified potential ~nerhods to optimize 
several remediation and waste mrm3gement tasks. Since then, the site has continued such 

- in~proven~ents.  For esarnpli., they sivitchsd from using solely metal waste containers (i.e. B25's), to 
@ using supersacks, 'and have recently added the parented Lifi-Liner system. 

- 

Due to site-specific limitations regarding accessibility, waste treatment, and schedule for the ta lk  
sludges, the ability for LEHR Site to participate in the LSDDP provided a potentially safer, faster, 
and more cost-effective solurion to properly disposition this waste to meet site milestones. 



The kcy objective at LEHR Site was to determine a formula and  mixing tcchniquz I I S ~ I : ~  S I I I S I I  
benchtests in a representative fashion so that an ac~ual  full-sci~le solidific~lion projzc~ could I K  
conlpleted immediately. Bench-scale tests were performed on nominal 500 rnl. samples, as 
specified, to confirm acceptability, proper ratios. and blending techniques psior to solidif>ling a 
larger quant i ty  of waste for a selectcd waste fos~n. 

4.0 Waste Characterization 

Process knowledge, visual inspections, and analytic data indicated the tanks had multiphasic 
aqueous sludges: gray water, slurry/sludpe, and d<xk  ivnter. T h e  was no information on the . total 
suspended or dissolved solids content. Analytic resul~s for the tank sludges are as  follows: 

LEI-IR Sitc: T:ink Sludge A n a l ~ . t i c  Data 

\Vastc Namcl  

Description 

This analytic data, verbal prc 

Waste IVastc RAI) 
For  rn Vol. Dnta (mas)  

Tanks B tlm I1 
Septic/Storase 
G r - a l e "  

Sr-90 < I S.600 pCi;g 

(Incidental H-3. Th- 
732, Cs- 137) 

Tank / I  1000 Sr-90 < 1 S,6OO pC1:~  
Seplic/Storo;e 1 :Zi:i~st- c a ~ ~ o n s  
Sludse and like sludge (Inciden~al  tl-3, 1'11- 
"Dark-Water" 732, Cs- 137) 

I 

1 " - 6" 

liquid and 
(w/ 
underlyinz 
fine silt 
layer) 

:ess knowledge, and technic 1 attachments to the project plan 

RC it,\ 
D:ita (n iax)  
Dctccrable 
< RCIW LDR's 

Dctect;iblc 
< RCRA LDR's 

- - 

(Appendix 2) ufere key characterization inputs used to evaluate applicability of SP-400 Crystals to 
solidify this waste form. 

--- 
C o n ~ ~ n c n t s  

Deprh of 2 '  - 4.' of origin:il 
sludge. Dry on top and 
slurriable on borrom. Mars 
than expecred due lo 
potential tank in-leakage. 
Use o f  biocidcs, lime, 3rd 

arc  u n k n o w .  
Tanks had been originally 
cleaned out. More water than 
expected due to potential 
tank in-leakage. Use of  
biocides, lime, and pi4 are 
unknown. 



6.0 Test I 'erformancc 

.:I11 solidification tests \vi.re s c h ~ 2 i ; l ~ d  for Auuyusr 3012 1 .  2000 a1 LEHR Sitc. I'rcparations 2nd 
setup lvere complered success full^. on Aci=l_ust 20 :I; ' successful solidification of 3 buckcr ol'sludgc 
\vas completed by 4:00 PM on Augusl 3 I ,  2000. Due to site-specific schedule and technical 
limitations, the full-scale solidific~tion test on a large container of sludge was delayed and \vill bc 
perfonned in the future, as applicable. 

The Project Supervisor coordinarcd sile [raining. work permit approval, facility walkthrou~ll. tank 
sludge drawing technical overvieiv, and rest area ser-up. 'Tank A had never been cleaned and \ifas 
contained "original" slud2e of \tarious consistencies that lvas relatively high in rad content. 
Alternately, Tanks B - F had bccn cleaned and contained different amounts of gray-water suspected 
to be essentially clean ground\\.atcr or rainwater in-leakage. The field procedure was modified to 
accommodate specific t e ~ t i * ~  objectives and additional testing materials were procured. At 8:30 
.AM on August 3 1 ,  the day began with final review of the procedure and final set-up of the test area 
(Photo 1). Minor delays occurred due to other work on asbestos-containing materials in the tank 
arm. By late morning, various sludge and water smp le s  had been removed from Tanks A and B. 
respectively. The team took 311 ex ly  lunch and reconvened for a prejob safety and operational 
briefing \vhich began at lT>:3O I'b1 10 overvicw the ficld operarions steps (Appendix 3). I t  \ V ~ S  \\:ell 
attended and went smoothly. I t  \vas very hot and due to the P P E  in use and the \lfastc operator \+.as 
limited to a 45 rninutc work dur;:rion n.ith 3 15 minure rest break 

At  1 :00 P1M, Tank B gray-water \vas transferred into jars. Radioactivity levels were er:scntially non- 
delect. Several samples were solidified (Photos 2, 3 )  prior to the first break and passed the film 
test. At 2:00 PM the Tank A sludge sample li-as opened. I t  u.as very moist, with a peat-like texture. 
and read ;00,000 dpm on contact (Photos 4, 5). .4 saniplc was placed into a paint filter and passed. 
The Project Supervisor requested that a sludge-slum bi. -'n~anufactured7' and tested to replicate [hc 
slurry waste form known to esisr at the bot-tom of the Tank A (Photo 6). This test inferred two key 
physical parameters: I )  the "peat-like" sludge contained over 20 wt% water, 2) the sludge particles 
were denser than water as evidenced by immediate settling when slurried with water. By 3:30 PM 
the test on a two-gallon bucket of slurry-sludge was successfully completed (Photo 7, 8). 

- 

Key success factors were the interfaces and preparatory work completed by the waste management 
and safety staff personnel. Staging of this test project in an open area with easy ingresslegress 
control points allowed the LSDDP project to stay clean, orderly, and progress smoothly. 



7.0 Test  Results 

'The resulrj of the LSDDP test at LEHR Site were succcssful and are dsiailed in the executed copy 
of the field procedure (Attachment 9.3) as well as photographs taken by the LEKR Project 
Supen*isor (Attachment 9.4). In summary, a bucket of slur~ylsludge solidified immediately upon 
addition of the SP-400 Crystals. No additional blending \$.as required. The result was a spongy 
waste fornl that readily passed the PFT (Photos 7, 8). 

There \vere seven benchscale tests performed ranging from 1.0 \+I% - 4.0 wt% of SP-400 Crysrals. 
b r i n g  benchscale solidification tests, passive ble~ding techniques \\ere preferred where the SP- 
400 Crysrals were placed into the waste and minimal agitation or mising was used. The 2031 was to 
observe the limiting capability of the SP-400 Crystals to move and expand throughout the waste - .  

volume. Six tests passed and one test failed,-as outlined below: 

LEI-IR Site: 
SP-400 Waterworks crystals0 Solidification Tests on Tank Sludge/Watcr 

Wnstc Stre;\ni 

Tank B 
"Gray-water" 

rank A 
;ludge and 
'Dark-wa~cr" 

Test N u m b e r  LVastc SP-400 wt% 
Weight (\Vastc: SP-100) Added i sP-400 I 

B 1 500 grams 1 ~ % ( 1 0 0 : 1 )  5 g m  I 
500 grams 3 XI% (23: I) i I5 gm 

1 1 

0 4  500 grams 1 4 \VIOL (25: I) i 20 grn 

I 

A? (dark-water) 500 grams 1 4 \YI% (25: I )  20 g m  

I I 

A3 (pre-test) 4 10 grams nonc I 
I i I 

A4 (sludge/wa~er blend) 1980 grams 4 WIYO (25: I) 80 gm ! 

Paint  Filter 
Test (PIT) 

Fail 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

Using hightr ratios of SP-400 Crystals to pass the PFT test indicates there may be potentially higher 
.dissolved mineral content or higldlow pH in  the waste. This \\.as qualiratively confirmed based on 
recent analytic data that is still out for verification. - 
The hll-scale test could not be run due to site-specific technical and schedule conditions. The 
LEHR Site personnel intend to perform this test in the furure with guidance from the LSDDP after 
additional analytic data are gathered and additional testing requirements are identified. The issue 
here deals more with options regarding handling, moisture capacity, sorting/separa'tion, andfor 
commingling of the higher-rad moist sludge and the lower-rad gray-water. These issues will be 
discussed and evaluated throughout September 2000. 



8.0 Conclusions 

The success of t l~is rzst 21 LI,HI< conlirmcd the porential use oi'S1'-400 Cr-ysrals to s;lfeIy and  cc~sr- 
effectively bind \\.arcr and clirnimrc free-liquids during rank sludge semo\:nl. handl ing.  nnci!or 
shipping. 

9.0 Appendices 

Appendix 1 LEHR S ~ t e  "Rcqucst ro I'artlciparc" in LSDDI' 

Appcndis  2 LEHR S ~ t e  Projzct I'lan 

Appcndis  3 Esecutcd Copy of LEHR Sire Field Proccdurc. August 3 1, 2000 

Appendis  4 Solidification Photos 



LEHR Site "Request to 1';irricipatc" in LSDDP 
(see attached e-rnzil, S/25/00) 



,xchcr: S c o ~ t  Altmayer at XMIES 
=Z';L; : 5 / 2 5 / S 3  1O:CO >J-"! 

?ricrl:y: Kornal 
-0 : kraud:-@2oe - nd . gov at I ~ < T C ~ ~ ~ . ? E T - ~ . ' I ~ . I L ,  rgovers8com2cs er;.e. com at I N T C ~ J ~ T - K ~ I ~  

CC:  J e f f  Kulpa 
~ ~ S j s c t :  "e: DCZ-MCL~~ Lar~e Scale 3eno 

I-~ess~ge ConEents - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

-ere is tke LEHR site's response/rec_uest to 2~rticisa~e in the LSDD?. 
u? talked about details by phone. H2 called yesterday and wants us 
riere next ~ed/Thurs for demo . . .  lots more watery sludge when they 

- breached rke UST4s. I ' n  goins out. ze's revsing.2 filed procedure for 
7.y r e v l e i J .  

Forward Zeader 

Subject: Re: DOE-Mound Large Scale Demo 
Author : "John !iolf " <JcJ@&eiss. corn> at INTERNST-!Lz.IL 

Date: 6/12/00 9:46 AM 

Xi Scott, received your information. I am attempting to 
gain access to the tanks and sludge in advance. We are 
going to have to sample the tanks b/f the start of work ro 
determine if we have mixed waste issues. Because we are 
~opping the tanks for characterization purposes, we will be 

able to collect a sludge sample as well. I will contact you 
with additional details as they become available. 
-m 

john Kolf, R . E . A .  
~ l S t  ?reject Environmental Scienc' 

Keiss Associates 
5801 Christie Ave, Suite 600 - ~rnerpille CA 94608 
510-450-6112 

> > >  cscott~altmayer@rmies.com> 06/C8/00 05:38Al.1 > > >  

Thanks for taking my call last w e ~ k .  As discussed, 
attached is 

cetailed information (i.e. fact sheet, report) on the 
WATERiiORKS 

CRYSTALS solidification technology which is ~resently 
being sponsored 

through EM-50 and the DOE-Mound Large Scale Demo and 
, '  Deployment (LSDD) 

Project. They are also sponsoring oil solidification 
with NOCHAR. 

-- We are actively seeking other deployment sites with 
appropriate 

aqueous sludge/wastewater streams for demonstration 
The 

m demonstrations have been successful at all previous 
sites 

CL 



1.0 Introduction 

The LSDDP is coordinated and funded through DOE'S Office of Science and l 'cchnolo~y 
(OST, EM-50). In 1999, successful benchscale and full-scale solidification demonsrrarions uslnc - 
Waterworks crystalso (WWC) aqueous superabsorbent polymsr tvere completed at rhe DOE 
Miamisburg Environmental Managanent Project (MEMP). They showed a cost-ef'fectivc 2nd safc 
solidification of tritium-contaminated wastewater and sludge to meet the waste acccprance cr~reria 
at the final disposal facilities. 

Based on these successes, the LSDDP is perfom~ing follow-on voluntary deployments ar 
other sites nationwide that have similar waste forms. The intent is to accomplish additional 
deployments at DOE sites that have immediate need for solidification treatment, shipping, and/or 
disposal of applicable aqueous wastes. 

2.0 LSDDP Organization 

Positiotz A1~r72e Tmks  
Project h4anager (PM) I Don Krause ovcrall project management, contracting 
PM Tech Support 1 Dick Govcrs overall project management 
LSDD Project Team Assigned by I'M review wasre characteristics for reclmology 

I 1 spp~icarion 
Technical Rcpsesentati\:e I Scon Altmayer ) provide solidifying agent, work on-site \r.ilh 

I _ I receiving sire to accomplish training and 1 

I 1 sununar>r report 
Receiving Site j John Wolf I provide lvaste characterization information, 

obtain samples, prepare facilities, safety 
evaluations and procedures, conduct 
deployment in conjunction with the technical 

I I I representative, evaluate/test results, provide 1 
I I summary of concIusions 



< 1 8,600 pCi/z Non-RCRA residue, 
solidify for 
transportation 
to TSDF 

i 1.0 LSDDP 0bjectit7cs 

1 Assi'st the LEHR project .tc solidib a volume of aqueous waste sludge to meet site-specific 
technical specifications for disposal at DOE Hanford or Envirocare. Perform demonstration 
in a representative fashion so lhat full-scale solidification operations can be directly 
implemented, as appropriate. Bench-scale tests will be performed, as specified, to confirm 
proper ratios and blending techniques prior to soiidifiing a l a r ~ e r  qu<mtity of \iaste. 

2. I'crform a field verification tcst on the final \vastefom~(s) using the general guidance from 
the USEPA Paint Filter Test (SI'+'-S36. Method 9095). 

3. Develop final report and conclusions for. 

5.0 Technical Specifications 

The LEHR project has identified DOE-Hanford as a probable disposal location. Review of 
the Hanford website confirms that SP-400 WaterVVorks Crystals0 are an appropriate and 
approved solidifier. This includes items such as, but not limited to, treatment, storage, 

''7 - .  disposal (TSD) facility waste acceptance criteria (WAC), transportation requirements and 

.... mode (i.e. drum, box, supersack, bulk container), final waste form testing (see Attachment 
A), sampling plans, or data quality objectives (DQOZs). They may also prescribe best 

" ' management practices for the given wasteform. In  any case, the LSDDP testing is limited to 

< .. -. a Paint Filter Test of the benchscale and fill-scale wasteforms (typically within one hour of 
solidification). 

F-. 

5: 



The scope of the LSDDP at the LEHR project will screen candidate wastes, rei4e\v 
characterization information, develop a draft operatins field document, train personnel, test 
the final wasteform, s u p p l ~  solidification media for a single container o f  ste, and s e n d a  
final report. The LSDDP provides iunding and resources for these tasks direct to Earthline 
Teclmologies. 

-- 
The LEHR project "host" site proirides the following: infrastructure support, if needed 
(training, regulatory permits, etc.), procedure authorization (work request, radiation work 
permit; safety permit), test area setup (containers, mixers, transfer equipment), and 
management ofjob control waste and final wasteform. The site provides fundin: and 
resources for these tasks which are estimated to cost between S5,000 and $50,000 depending 
on the site-specific controls, readiness evaluations, and integrated safety management 
protocol required. 

The schedule for deployment of the LSDDP at the LEHR project includes no pre-job visits, 
several telecons, and a two-day site visit by September I ,  2000. 

7.0 Reporting Requirements 

A draft report will be issued within two weeks of project completion. 

8.0 References 

I .  Sludge Initiative Approach by LSDDPDOE Ohio, 3/29/00 
2. Waterworks ~ r y s t a l s ~  Application Charts (attached, for reference only) 

9.0 Attachments 

Attachment A: Example Teclmical References on L L W M W  Wasteform Durability 

Anachrnent B: SP-400 WaterWorks ~ r y s t a l s @ ~ ~ ~ i c a l  Application Methods 

Attachment C: SP-400 WaterWorks ~ r y s t a l s ~ ~ ~ i c a l  Application Rates to Pass USEPA 
Paint Filter Test 

Attachment D: SP-400 Waterworks ~ r ~ s t ~ l s "  Solidification of "Brackish Gray-Water" 



Attachment A 

Example Technical References on LLWfMW Wastefornr Dur ; rh i l ih ;  
f o r  reference 017ly) 

REGULA TIONS 

10 CFR 61 
49 CFR 173 
DOE Order 435.1 
ANS/ANSI N 16.1, Leaching 
ANS/ANSI N55.1, LLW Process 

MOISTURE 

ASTiM D22 16-92 
ASTM D2974-57(95) 

FREE-LIQ UXDS 

EPA Method 9095, PFT (@ 0 psig) 
EPA Method 9096, LRT (@ 50 psig) 
ASTM D4359-90, Liquid'Solid Pourabiliry 
EPA Series 600, Method 160.3 

VIBRA TIONS 

L 

ASTM D999-96, Shipping 
ASTM D472S-95, Random 
Burrell Wrist-Shaker @ 3cps 

SOIL TESTS 

ASTM ~ 6 9 ~ - 9  1, Procror Density 
ASTM D2S50-95, Compression 
ASTM D2 166-9 1, Compression 
ASTM D4253-93(96), Vibration Density 

FREEZE- THA IV RESISTANCE 

ASTM D590-96, SoiKement  Resistance 
ASTM D4842-90, Resistance 
ASTIM D590-96, Waste Freeze/Thaw 
EDF WGS-005 (INEEL-specific) 

INCINERA TION 

4STM D240, BTU 
4STM D482, Ash Content 

.O CFR 264.3 14(e) (non-biodegradable) 
ISTM G2 1-70, Fungi 
tSTM G22-76, Bacteria 



SP-100 Waterworks  ~ r ~ s t a l s ~  
Tvpical  ..\pplication Methods 

fir refcrz~ic? only) 

I I 
Coirtu~zlinated N'oler High / Bulk Additive 

(>95%) 

Layered, Top and Bottom 
of Waste 

Wet Debris, 
Bagged Asbestos 

Average 
(>20%) 

Layered, Top and Bottom 
of Waste 

Damp Soil 
(near optimum 
nzoislure) 
Condensaliorz 

None 

Low 
(<20%) 

Low ( Top, bottom, and 

probe, or 
PugrnilWpaddle miser 

perimeter of waste 
container and liner 

(all wastes) 

Broadcast P 

- 
(4%) 

Broadcast = 



Attachment C 

St'-400 Waterworks  ~ r y s t a l s @  
Typical Application Rates to Pass USEPA Paint Filter Test 

,$or reference only) 

(1 bs.) 

D r u m  800 Ib 7.3 cf 

Supcrsack 3,000 Ib 

SP-400 Crystals Needed (lbs.) 

I 

B12 Box 4,000 Ib 1 44 cf 

, "Soil" tVei,n/zf Volrtrne 
Maximunt Confaitler Tvpe 

Liftliner-,, 24,000 lb 260 cf 
j 

Tjp  ical ~ W a u  

Intermodal 42,000 Ib 675 cf 
(= 25 cy) 

Gondola 200,000 Ib 1,890 cf 
(= 70 cy) 

Notes: 

* Soil w/ 10% 
extra wafer 

* *  Typical D6.D Confaminuted JVatcr (pH = 7) @ 50:I ralio ( / / 3  design capucify) 1 

I 

- 



SP-400 WaterIVorks ~ryst:ils" Solidific;ition 
of "Brackish Grav-Water" 

, I .  Approximate rninirnum applicatiorz ratios to  pass USEPA Painf Filter T ~ S L  Use of additional 
absorbent will increase the safety margin by tnaking a j i rmer f i r~al  wasteform 

2. Brackis/~ inland comtal waterways and the Great Salt Lake are approxirnafely 6% Total 
Dissolved Solids (TDS) as  "salts" based on empirical evaporation tests. S i t ~ c e  res1t1t.y will vary 
based on  actual type of salt and wasteform, a sit?rpIe freatabilipstudy is always reqrrircci f o  confirtl~ 
tuastc-specific performance. 

SP-100 Cq.stals  
.4bsorI1cnt 

( I  11s.) 

1 

1 
- 

1 

1 

1 

Total "Mineral Salts" 
Concentration 

2,000 pprn (= 0.2 wt%) 

10,000 ppm (= 1.0 ~ 7 % )  

15,000 ppm (= 1.5 wt%) 

30,000 ppm (= 3.0 wt%) 

65,000 ppm (= 6.5 wt%) 

Notes: 

Contarnin:ited Aqueous Liquid 
(lbs.) . 

9 0 

5 0 

3 0 

20 

10 



Executed Cop, of LEI-111 Site Field Procedut-c. u ~ u s t  31, 2000 
(at~ached) 



LEHR Field DepIovrncnt Procedure 
( f ina l  Draji, 8/3O/O/l) P 

LOJV-Level Waste (LLW) Aqueous Septic Sludae Solidification a t  the  LEHR Proiect  

The DOE-Mound Large Scale Demonstration and Deployment Pr-ojecr (LSDDP) 1s coordinated 2nd 
funded through DOE's Office of Science and Technology (OST. EM-50). In 1999, successful 
denlonstrations using the SP-400 WaterWorks crystalsG (SP-400 Cpstals) aqueous superabsorbent 
polymer solidifier were completed at the DOE Miamisburg Environmental Management Project (MEMP) 
to cost-effectively and safely solidify tritium contanlinated ivaste\s.ater, and sludge. 

Based on these successes, the LSDDP is performing follo\v-on deployments at other sites nationwide and 
\vith other waste fonns. 

2.0 Deplovment Team 

The follo\ving personnel are the proposed contacts who will be involved with staging and performance of 
the deployment at AEMP: 

I Title Name 

Project Supervisor 

1 .  The objective of deploynlent at LEHR is to solidify a volume of aqueous waste and sludge that is 
representative of actual full-scale soljdification opcrarions for low-level waste liquids. Bench-scale 
tests will be performed, as specified, to confirm proper ratios and blending techniques prior to 
solidifying larger quantities of waste. 

LSDDP Tesr Engineer 

2. Perform a field verification of the final waste forrn(s) using the general guidance from the USEPA 
Paint Filter Test (SW-846, Method 9095) (Attachment B). (Nore: This is not required to be a 
cerrrfied EPA rest.) 

John Wolf 

3.  Develop feedback and lessons-learned that will aid the LSDDP in h ture  deployments, and in meeting 
the LEHR project waste disposal milestones in a cost-effective fashion. 

Weiss Associates 

Scott Altnnyer Earthline Technologies 



.As summarized by the Project Supervisor, based on appropriale wasteform consisrency and successful 7 , 

results of  this demonstration, the LEI-IR project may be able ro consider directly solidifiiing the 1 ' - J 

Iaycr of sludoe in-situ for removal as a solid low-level waste debris during lnnk demolition; in addition to 
the baseline technolo~y of sludge pumpingldewatering. 

i 
1 Tank B ' Septic1Stora:e / ',Gray-Water.' 
I 

8 
1 

The data and analysis has been revie~ved by thc site as accurately describing these liquid Xvastes. 
Quantitative mescurements on rad and R C M  content are available. Information on tots1 dissolved solids. 
pl-I, total suspended solids, moisture content; andor  viscosity is no[ available. Typical application of SP- 
100 Crystals at othcr sites are consistent with its usc at LEHR. 

6.0 Operations 

I I I i 

6-1 Prerequisites 

Perform a pie-job briefing for the warn to clnrifr LSDDP and LEHR objcc~i\.es and discuss tbc folloa-ills: 

facility location 
Re~view field documents and pem~its  
potential hazards of wastes (i.e. ~hysical ,  rad, chemical) 
Review MSDS's for SP-400 WaterWorks ~rystals"  
equipment and tools (i.e. scale, colliwasa, test beakers, spill pads) 
residuelwaste management, storage, and disposal 
spill control and emergency response actions 
Stop Work issues 
Questions and answers 

' Sr-90 < 
i ~,600 
pCi/g 

"Gray 
water" , 

Dctccrable I Mort-. l u d 2 e  rhan espccted ; 

I 

' 1 i100 
gallons I i n  due to potential in-leakaye. 

Use of biocidcs or lime and I 
p1-I value arc unkno~~~,ll .  

I j 1 



6.2 EquipmentjSupplies 

TIls Solloi\~inp equipment needs to be prepared and staged in the work area(s): 

a lnec r  !y: LSDDP Tes t  En,' 

VaterWorks Crystalsu SP-400 
12 ea., 55 Ib. bag) 

'aint Fillers (Mesh ?GO, 4 3  micron, fine-mesh) 

3y: LEHR Project Supervisor 

.acilities (wirh ventilation hoods, as neededj 

:acility h.1SDS Approvals 

:amera (by engineering) 

'ID/HNU Volatiles Detector (as needed) 

'lat SurfacdTable (for bench tcsts) 
'ewer Cords (optional) 
vliser1Blender (optional) 

laper Towels 
Iisposable glovesRPE 

Lab Scale (5 kg 2 5 grams) 
Drum scale (500 Ib. 2 1 Ib.) 
Plastic cups 
> j00  ml. Sample Jars wflids (5 ea.) 
Containers: 2. gal., 5 gal. (2 ea.) 

LitmusfpH paper (optional) 
Colliwasa (optional) 
Transfer Ladel (optional) 
Hzl.nd/air oil transfer pump (optional) 

Empty Containers (bucket, bag, drum, box) 
Plastic liners (optional) 
Wrench (for lid and bung removal) 
Forklift (ufl drum rotator) 



6-3 Solidification Secruence 

Note: Solidification here means to process the watdsludge to pass rhe Paint Filter Test. 

I .  VerifyITransfer buckets/drum(s) of sludge and water to work area. 

7 -. Verihnrmsfer  empty containers andlor liner to work area. 

BENCH SCALE DEMONST.RATION 

Note: The LSDDP Test Engineer may select or modify appropriate test ratios from Attachment A- 1 to 
meet field conditions. 

Use a ladlz, scoop, pump, or colliwasa to fill several jars each with approximately 500 gm. of 
selected waste per Attachment A- I .  

Record % moisture, TSS, pH, andfor bulk density for a representative sample of waste and SP-400 
Crystals, as applicable. (hrote: For test on sludge, perform initial Paint Filter Test (Art. B), as 
needed, to assist in defermining density ancUorfi-action of releasable water). 

Weighlmeasure SP-400 Crystals and place into separare containers (i.e. plastic cups, small 
beakers). Record actual weight. 

Blend/add SP-400 Crystals to waste per Attachment A-1. Mix or layer per waste form 
consistency. (Note: For thicker slrrdgse use the "layering technique ": layer 5 of sorbent on 
bottom, addfirst X of waste, layer !4 of sorbent, add second $4 of waste, layer '/r of sorbent. For 
very thick sludge minor mixing/siirring is appropriate to optimize absorbtion and speed reaction). 

Record observations for at least fifteen minutes (photos, PIDIHNU, as needed). 

Perform a visual check to see that waste appears solidified with no free-liquids. If so, perform an 
informational Paint Filter Test (ref. Att. B) on a nominal 100 - 200 gram sarnpIe and iecord 
results. 

After completion of final test. dzcon tools and place all job control waste in proper receptacles per 
direction of Project Supervisor. ., 



LARGE SCALE IlEMOSSTR4TION 

, s h w ~ ~ * * * x . . * v ~ * * ~ v * * * * * * * F p F ~ * * x * x F * ~ * ~ x * x - ~ A F - v F = ~ - - ~ * * * * * * * * * * * * * * * * ~ x * * * v ~ * * * * . ~  

B:lsed on results of benchscale tests, and input from LEI-IR persomcl, a recomniended ra~lolmisture wll] 
bs sslecred for use on one or more containers of u x r e  Perfomi solldlfication test in a controlled area 10 

pie\ cnt sp~ l lmg  and as d~rected by Project Sopcn isor Rc:ard rczo!ts in table 
f * L * * _ * * f * * * * * * * * * * * * * * ~ * * f * * * * * * : * * * ~ * x * * * * * * ~ * ~ z x * * = x * * * * * * * * * * * * * * * * * ~ ~ * * * * f * * z ~ ~ h  

Use the plant scale to measure gross. [arc. and net \:sizli~ of waste. 

ldentlfy the solidification container (i.e. drum, supersack-i:;side-lined B 12V box) and iveigh-ou~ 
dic zippropriare amount of SP-400 Cqstals. as nccdcd. 

Blenditransfer the SP-400 Crystals and waste slon.l:* inlo 2 container as directed by safety, 
operations, and Technical Representative. 

Record observations for at least fifieen minutes (photos, i n U ,  as needed). 

Perfonn informational Paint Filter Test (ref. An. U) on a nominal 100 - 200 oram grab sample. 

'arc  \\It. I 

t a s te form 

; rcss  Wt- 

I 
4et Wt .  

Sludge 
(thick) 

I 

JNUIPID a n d / o r  p1-i Readings I 
t lcfore solidification) I 

I 
;P-400 l i ; ~ t i o  (wt  %) 
waste : SP-400 polymer) 

j I '400 weight 1 
I 
I 

Blending C o m m e n t s  1 Lnyc'Fed 
(layered, blend)  1 

I 
l-iI\;U/PID a n d / o r  pH Readings 
(a f te r  solidification) I 

I 

In format iona l  PFT (PassIFail) 

N a t e r  
liquid) 

I 
Blend ! 

j 



RESIDUE MANAGEMENT 

] 5 .  Xficr cornplciion of fuilsc3le rcsisl d tcon tools and place 311 job control n x t e  (i.e. dccon, rags, 
pads, containers) in proper I-eseptac1c.s per direction of  Project Supenkor .  

16. Use SP-100 Crystals. or equivzlent. ro complete solidific3rion on any urasres t11;ir \\:ere not 
completely solidified durins these demonstrations, as requested by Project Supenvisor. 

17.  Place all demonstrsrion s;~mplc.s ( lxncl~scale,  fullscale) in a segre2atcd arc3 per dircction of the 
I'roject Supervisor for ongoin% inspsciiodsvaluation, as required. (A'otc; J;e,-r/il son~ples ore 
l ~ r o p ~ - l y  lebclcd.) 

1s. Project Supervisor ivill perforin a waste evaluation on the demonstration s m ~ p l c s  (benchscale, 
full-scale) bcfore final disposirion, processing, and disposnl. 

7.0 References 

P 

8.0 At tachments  

Attachment A-1 - Bench Scale Test Plan Outline 

Attachment A-2 - Bench Scale Test Data Sheer 

Arrach~nent B - Pnin~ Filter Test 



At t achmen t  A-1 
I3ench Sc3le Test Plan O r ~ t l i r ~ c  

Absorbent  (\\to/o, \ \ c y h t )  , 

( \ V X ~ C  : SP-100 1t:irm) 

Blend 
(add sorbsnt to \vaierj 

4 1 
Dark Water i( 

Blend 
(add sorucnt ro \ilalcrj Dark Water 

U! & 
.- 

Layered - 
Sludge 

(assumes 100% 

w?, 0.4 Ib. A 4 
Sludge 

I/ Layered 

(SP-400 Cys ta l s  on 
borroni) ---- ~ 

(assum& 100% moistu 

4 wt%, 0.8 Ib. / 2 , . ~ ~ t  Layered A 5 
Sludge X (SP-400 Ciystals: 

'h boltom. 41 i 
'/2 middle, jm 
'A top) U15" 

(assumes 100% moisture) 
- 

Absorbent  (wt%, \wi",lt) 
(Waste  r SP-400 Ratio) 

Notes Tcst 
Number  

Blend 
(add sorben1 to \rar-r) 

a 

- 

Blend 
(3dd sorbent ro wa1.r) 

Blend 
(add sorbent to water) 

Blend 
(add sorbent to water) 

500 grn. 



Bench Scale Tcst 1)3t:1 Sheet  

Test :: Date Test Starred: I I' 

Tank Number: Wastc Description: 

Waste Bulk Specific Gravity: ( gm) I ( cc) = c'c c 
Mass (gm) Volume (cc) 

Waste "% moisture" or '.Total Suspended Solids": % moisture = %, TSS = % 

SP-400 Bulk Specific Gravity: ( gm) 1 ( C C ) =  g/cc 
Mass (gm) Volume (cc) 

Sample Blending: 

.Actual SP-400 Crystals Weight 

INSPECTION LOG I 
PFT or Photos 1 

I 
Date I Time 1 Name 

I 
I I 

I 

(attach additional sheets as needed) 

Observations' 



Attachment B 

USEPA Paint Filter Test (hlerhod 9095) 



PAi!iT - FILTER LIQUIDS TEST 

1.0 SCOPE AND A?PLICAT?OS 

1.1 T h i s  nechod 1s used :c l e ~ e r n l f i e  :he p resence  o f  f r e e  1  iqu 
r e p r e s e n t a t i v e  sample of w a s t e .  

1 .2  The method 1s ;  uzed t o  d e t e r n i n e  corripl l ance  w i t h  40  C F R  254 

2.1 A predetermin,ed a m u n t  o f  m z t e r l a l  
any p o r t l o n  of  t h e  r n a t e r l a l  pzsses -  th rough  
t h e  5 - m i n  t e s t  p e r l o d ,  . t h e  m t e r l a l  i s  deernec 

! C s  In a  

- 3 1 4  and 

i s  p laced  In  a  p a l n t  f i l t e r .  I f  
2nd drops  from t h e  f l l t e r  w l l h l n  
t o  c c z t a l n  f r e e  I l q u j d s .  

3 .0  INTERFERENCES 

3.1 Fi1  t e r  media :were  cbse rved  t o  s e p a r a t e  from t h e  f l l  t e r  cone on 
expos l i r e  t o  a1 kal ~ n e : r n d t t r t  a l s .  Th i s  development c a u s e s  no problem I f  t h e  
sa r rp le  I s  n o t  d l s t u r b e d .  

4 .0  APPARATUS AND MATERIALS 

4.1 Conlca l  p a i n ?  f l l t e r :  flesh number 60 ( f f n z  meshed s i z e ) ,  ~ v a i l a b l e  
a t  l oca l  ~ a l n t  s t o r e s  suck  a s  Shewin-Wl l  l lams and G l  idden f o r ,  an a ~ ~ r o x l r n a t e  r 0 

c o s t  o f  $0 .07  each .  

4 .2  G l a s s  funne l  ; I f  t h e  p a i n t  f l l  t e r ,  wi th  t h e  w a s t e ,  c a n n o t  s u s t a f n  
I t s  w e i g h t  on t h e  r i n g  ! s t a n d ,  then a  f l u t e d  g l z s s  funnel  o r  g l a s s  funnel  w i t h  
a m o u t h  l a r g e  enough t o  a l l o w  a t  l e a s t  1 I n .  o f  t h e  f i l t e r  mesh t o  p r o t r u d e  
s h o u l d  b e  used t o  supp r t  t h e  f i l t e r .  3 The funnel  i s  t o  b e  f l u t e d  o r  have a 
l a r g e  open m u t h  i n  o r  e r  t o  s u p p o r t  t h e  padn t  f l l t e r  y e t  n o t  I n t e r f e r e  wi th  
t h e  movement, t o  t h e  g $ a d u a t e d  c y l i n d e r ,  o f  t h e  I t q u i d  t h a t  p a s s e s  t h ~ u g h  t h e  
f i l t e r  mesh. 

4.3 Rinq s t a n d  and  r i n g ,  o r  t r i p o d .  

4 . 4  Graduated c v l i n d e r  o r  bezker :  100-mL. 

5 .0  REAGENTS 

5.1 None. 

Rev1 s i o n  0 
Date  September 1986 



6 . 0  SAHPLE COLLECTION, PRESERVATION, A N D  HANDLING : 

6 . 1  A l l  samples must  be c o l l e c t e d  according t o  t h e  d i r e c t i o n s  : n  Chap te r  
N!ne of  t h l s  manual. 

6 . 2  A 100-mL o r  100-9  represen:a:Ive sample  1;s r e q u i r e d  f o r  t h e  t e s t .  
I f  I t  I s  n o t  p o s s l b l e  t o  o b t a i n  a  sample  o f  100 m L  o r  100 g t h a t  I s  

I s u f f i c i e n i l y  r e p r e s e n t a t j v e  o f  t h e  w a s t e ,  t h e  a n z l y s t  nay use  l a r g e r  s l z e  
samples  I n  r n u l t l p l e s  o f  100 m L  o r  100 g ,  I . e . ,  j200, 500, 400mL c r g .  
However, when l a r g e r  s a m p l e s  a r s  used ,  a n a l y s t s  shalil d l v l d e  t h e  sample l n t o  
100-mL o r  100-9 p o r t i o n s  and t e s t  each p o r t l o n  s e p a r a t e l y ,  I f  any p o r t j o n  
c o n t a i n s  f r e e  l l q u i d s ,  t h e  e n t i r e  sample I s  c o n s i d e r e d  t o  hzve f r e e  i l q u l d s .  

7 .0  PROCEDURE 

7.1 Assemble t e s t  a p p a r a t u s  2s  shown i n  F i g u r e  7 .  

7.2 P lace  sample i n  rhe f i l t e r .  A f u n n e l  may b e  used t o  p r o v i d e  s u p p o r t  
f o r  t h e  p a l n t  f l l t e r .  I 

7 .3  Allow sample  t o  d r a l n  f o r  5 n I n  I n t o  t h e  g r d d u a t e d  cylinder. 

cy l  1 
1 l q u  

7 .4  I f  any ' p o r t l o n  o f  t h e  test m a t e r i a l  c 1 1 e c t s  I n  t h e  g r a d u a t e d  
n d e r  i n  t h e  5 - m i n  p e r l o d ,  then  the material ? s deemed t o  c o n t a i n  f r e e  
i d s  f o r  purposes  o f  40 CFR 264.314 and 265.314. ; 

8 . 0  QUALITY CONTROL 
! 

8.1 Duplicate s a m p l e s  shou ld  be a n a l y z e d  on a rbutine b a s l s .  

9 .0  METHOD PERFORMANCE 

9.1  No d a t a  provided. 
I 

10.0 REFERENCES 

10.1 None requl r e d .  

: Revls lon  0 
Date September  1986 
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Attachment  A-2 
(su2;;csted foi-rnzt) 

Waste ' %  moisture" or "Total Suspended Solids": % moisture = /& %, TSS =&f % 

SF-400 Bulk Spccific Gravity: 
M a 5 5  Ly. mt', mp ~ a r s  (Lm) Volume (cc) 

ISSI'ECTION LOG I 
Date Time Name Obsematims 
-- 

- 3 3  4df 

PFT or Photos j 
i 
I 

(attach additional sheets as needed) 



Attachment  A-2 
(suggested format) 

I3ench Scale 'I'est Dzlta Sheet 

- 7  d$1 Number: @ 
S /  > i /  60 Date Test S m x d :  

0 Grr, I& Waste Description: 
- / 

Ts j~ Personnel: -LC 5-7 
_ _ _ * * l * * * * * * * * * _ * * * * * * * * * * i - i - * ~ * ~ 1 * * * * * * * * A * * ~ * ~ * * * * z z ~ * * * * * * * * ~ * * * * * * * * * * * * * * * * * * *  

1;?11131 Drum HNU' 0 r 3 ppm PI-I. 
,'- 

\\;asle Bulk Specific Gravity: 

%, TSS = Yo 

SP-400 Bulk Specific glcc 
Mass (gm) Volume (cc) 

Sxnple Blending: 
CONTAINER I VALUE 
Actual Vdastc Weight 

( SP-400 Rmio (\r.t%) 
I P O 7  

1 I 

Actual SP-400 Crystals 'Weight 

INSPECTION LOG 
I 

I 

Observations 

-=%flcC_c/ 
k r 7 ; d ~ d 3 i . i  /c -c //F 

4fc.'i7+$- 1 1 ,  3x'/g~.d / /:'57 

PFT or Photos ! I ! 
ye  5 i 

VP r \ 
4~7- /&k 1 I 

1 
(attach additional sheets as needed) I 



Test Personnel : --' --- 

\V:iste "% moisture" or "Total u/a mois~ure  = %, I'SS = % 

SP-400 Bulk Specific 
h h s s  (gm) 

S;iniplc Blending: 

SI'-400 Ratio (\\<%) 

( cc) = g/cc 
\Iolume (cc) 



Ilcnch Scale Test Data Sheet  

\Vaste Description: *- 
Waste Bulk Spccific Gravity: ( gm) / ( cc) = 

Mass (s-4 Volume (cc) 

Waste ''% moisture" o r  "Total S 

SP-400 Bulk Specific Gravity: 
Mass (gm) Volume (cc) 

I 

Actual SP-400 Crystals Weight 

LNSPECTION LOG I 
I - - - -  

/ Date I Time / Name ( Observatims I PFT or ~ h o t ~ ~  1 

I I I I I 
(attach additional sheets as needed) 



At t achmen t  A-2 
(sugges~ed fom~rlt) 

Dcnch Sc:ilc 'I'cst Data Sheet 

- I . ,  . " 

1 ~ 5 1  : Dzte Tesr S~nncd: 3 / 3 1  1 06 

/4 ~ h u i n b c r :  W:GSC Descriprion: 5$ki+Z-@J-k 1 ~ote_ 

-rest l'crsonncl: $4 A/~LI-~-=, 33ih LU~JLP 
, * * * t t * * * * * * c f x ~ * * * * * * * * * * * ? * * + , t * * ? * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ? * * * t c  

InirialDrnFIl ' i 'G: ppm P' pH: 

Waste Bulk Spzcific Gravity: g/cc 
Mass (gm) 

\ i laste moisture" or "Total Suspznded 

I 
So1 s": O niol ture = i " i \  %, 

S1'-400 Bulk Specific 

Samplc Blending: 

INSPECTION LOG i 
Dnte / Time / Nnmc ( Obsenlntions PFT or Photos 1 

I I I 

I 
i 

I I 
I I 

(attach additional sheets as needed) 

I 
I j 



A t t ~ c h n l e n t  A-2 
(sugsestcd format) 

D 1 Humber \Vmc Desci-i pan 

Test Personnel ---- 

x x * r * r * * * * * * , ~ l ' * ; , * * f * f . T * . 1 * t * t * * 4 r * r t * * * * * * * * * t * * * * = * x = ~ * * ~ * ~ ' ~ = * = = * * * * * ~ ' * * * = + *  

Waste "% moisture" or "Total moisture = %, TSS = Yo 

S1)-400 Bulk Specific gm) / ( cc) = -- ~ / C C  
blass (gm) Volume (cc) 

Sample Blending: 
CONTAINER VALUE 
Actual Waste Weight 







At t achmen t  -4-2 
(su~gcsted fo rn~a t j  

Bench Sc:llc Test D:3ta Sheet 

\\'asre Dcscripiion: 5/&d7L 7 4 b 4  

Initial Q-6 ImU: p p m  pH: 

Volume (cc) 
Waste Bulk Specific Gravity: 

\\;asre "% moisture" or "Total Suspended Solids": O/ 

SP-400 

Sample 

Bulk Specific 

Blending: 

Gravity: gm) I ( c c > =  
Mass (gm) Volume (cc) 

CONTAINER 1 VALUE 
Actual Waste Weight I Y/o 
SP-400 Ratio (\\I%) 



Attachment  A-2 
(suggcsted format) 

I3cnch Scale Test Da t :~  Sheet  

Waste Description: 
- 1 

Initi31 Drum I W G :  ppn  pH: 

%, TSS = Yo 

g/cc 
Volume (cc) 

Sample I3lending: 
CONTAINER VALUE 
Actual Waste Weight 

SP-40 Ratio wt%) %- i 

4 ~ 1 ~ 3 1  SP-300 Crystals Weight I 
! I 



Attachment A-2 
(suz:cstcd - - fomnr) 

INSI)ECrI'ION LOG 
Obsenlations I PFT or Photos 

I ! I 

I I 
(attach additional sheets as needed) 
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Appendis  4 

Benchscnle Solidificntion Photos for  LEHR T a n k  SludgeAVztel- 



Photo 1 

Test Ar-ea Setup 



Photo 2 

Tank B Gray-Water Benchtest 



Photo 3 

Tank B Gray-Water Benchtest Passing PFT 



Photo 4 

Tank  A "Peat" Sludge 



Photo 5 

Tank A "Peat" Sludge Passing PFT 



Photo 6 

Tank A Dark-Water Passing PFT 



Photo 7 

Tank A Wet-Sludge 



Photo 8 

Tank A Wet-Sludge Passing PFT 
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1.0 Introduction 

The Large Scale Demonstration and Deployment Program (LSDDP) is coordinated and 
funded through DOE'S Office of Science and Technology (OST, EM-50). Throughout 
2000, successful demonstrations were conducted on various using the SP-400 
Waterworks ~rystals' (SP-400 Crystals) validate safe, cost-effective solidification 
processes for radioactively-contaminated wastewaters and sludge. 

DOE'S ~ a b o r a t o r ~  for Energy-related Health Research (LEHR) site is located on the 
University of California - Davis Campus at the operational Institute of Toxicology and 
Environmental Health. Historically, DOE supported animal research at the laboratory 
which has been completed. However, a legacy of radioactive water and sludge from 
daily maintenance of the research kennels has resided in several rectangular underground 
concrete holding tanks for many years. In late 200 these tanks were emptied and 
demolished. The residues require some type of dewatering, solidification, blending. or 
thermal treatment prior to ultimate disposal. 

This report summarizes the results of the full-scale solidification deployment on four 
drums of aqueous waste sludge that have been stored in drums since the underground 
concrete tanks were emptied in fall 2000. Appendix 1 is a series of field photographs 
during deployment. Appendix 2 is an executed copy of the field procedure used. 

2.0 Background 

Based on successful benchscale testing with Waterworks Crystals@ solidification of tank 
sludges and wastewater, the LEHR site has endorsed validation and deployment of full- 
scale solidification for several drums of waste. The full-scale solidification processes and 
recipes are based on successful completion of these benchscale tests. 

In addition, this demonstration aided LEHR to perform an additional waste form 
evaluation and solidification validation test on a drum of partially-solidified 
decontamination waste water that represents 90 drums of decon water andlor higher- 
mineral CaCOz waste water that was generated during tank demolition in fall 2000. 
Preliminary information indicates that inadequate quantities of absorbent were used 
during a rain storm event. 

Finally, LEHR may also perform independent durability and vibratory testing of selected 
samples from this full-scale demonstration to validate the safety margins for these waste 
forms in storage andlor transit. 



3.0 Technical Approach 

LEHR personnel provided input to the field procedure (Appendix 2) based on site- 
specific needs. The basic approach was to select up to four drums of waste and solidify 
them for disposal (or follow-on durability testing, as required). The goal was to validate 
different blending techniques and variable ratios of Waterworks Crystals@ under actual 
field conditions that would be controlled by Integrated Safety Management System 
(ISMS) guidelines applied at the LEHR site. 

4.0 Waste Characterization 

Process knowledge, visual inspections, and analytic data from the tanks were used to 
infer drum contents. The drums contained a brownish water with less than 5 vol% solids 
at the bottom. Analytic results for the tank sludges are as follows: 

Waste Name/ 
Description 

LEHR Site: Tank Sludge Analytic Data 

Tanks A 
through I-I 

SepticIStorage 
"Gray-Water" 

Waste 
Form 

1" - 6" 
liquid and 
underlying 
fine silt 
layer) 

Waste 
Vol. 

1000 
gallons 

RAD Data 

(ma4  

Sr-90 < 
18,600 
pCiIg 

(Incidental 
H-3, 
Th-232, 
Cs- 137) 

5.0 Test Acceptance Criteria 

RCRA Data 

(maa) 

Detectable 

< RCRA LDR's 

Comments 

Tankshadbeen 
originally cleaned 
out. More water than 
expected due to 
potential tank in- 
leakage. Use of 
biocides, lime, and 
pH are unknown. 

The LEHR Site requirements were to solidify several drums of contaminated water to 
pass the USEPA ~ g i n t  Filter Test (PFT), ~ e t h o d  9095. The typical "2x" safety margin 
requirement to use sufficient absorbent to handle twice the free-liquid was also invoked 
as a typical LEHR Site requirement and incorporated as part of this test. The key 
objective at LEHR Site was to solidify waste so it is acceptable for transport and burial. 

Benchtesting showed that for the Tank A -H sludges 2 wt% - 4 wt% Waterworks 
Crystals@ was required to pass the Paint Filter Test. These higher ratios are indicators 



that lime, biocides, or other chemical stressors are present in the watery sludge. The 
typical "2x" DOT and disposal site safety margin (which can account for transitory 
vibration or chemical stressors) was not explicitly included in these benchtests. It is 
included in the full-scale deployment validation. Five drums of wastewater were staged 
and Waterworks Crystals@ were added in ratios of 2 wt% - 8 wt%. 

6.0 ~ e s t  Performance 

The full-scale solidification tests were scheduled and performed on March 22, 2001. The 
key project personnel were John Wolf (supervisor), Ed Chun (field engineer), Steve 
Sorrel1 (field support), and Kimberly Warren (safety oversight). The Project Supervisor 
coordinated site training, work permit approval, and a facility walkthrough in compliance 
with the ISMS requirements at the site. The test engineer (Scoitt Altmayer) identified the 
key potential hazards per the vendor MSDS as nuisance dust issues and potential slippery 
areas if absorbent is wetted on a smooth hard surface. 

The preparations, tailgate safety meeting, and setup started at 9:30 AM on March 22. 
Radiological conditions for the waste were as follows: 50 u rh r  betdgamma, 30 u r h  
betalgamma at 30 cm, loose contamination at 10,000 dprn/100 cm2 betdgamma inside 
the drums. The outside temperature was moderate so that personnel heat stress issues 
were unlikely. 

At 10:OO AM the workers donned PPE, entered the work zone, and prepared the work 
area while the absorbent was premeasured in a clean area and containerized. At 1 1 :00 
AM the first drum was opened, inspected, photographed. The internal drum lid was 
covered with condensate droplets (estimated 50 ml.) that condensed and dripped back 
into the drum. Between 1 1 :00 and I2:00 the four drums were solidified in sequence. 
Sometimes a rotary paint-stirrer was used to evaluate the potential process risks (i.e. 
electric exposure, contamination spread, airborne contamination) and improvements. 

An unexpected occurrence was that most of the lined drums contained water between the 
stiff plastic liner and the drum i ~ e  condensation andlor leakage through liner failures. 
The liners were pulled back at four radial locations (i.e. 0°, 90°, 1 80°, 270") to expose the 
water at the drum base and approximately one pound of absorbent was placed around the 
perimeter of the liner to solidify this water or future water that could accumulate. 

At 12:20, the partially-solidified drum was evaluated. A preliminary paint filter test 
failed and indicated that 5 cc of liquid was quickly released. Based on successes in the 
previous hour, we calculated that at the minimum 2 wt% ratio, approximately 3 Ibs. of 
additional absorbent was needed to pass the paint filter test. This material was added, 
blended with a stirrer, and a grab sample subsequently passed the paint filter test. 

Successfid solidification on all five drums of wastewater and a project debriefing were 
completed by 12:30 PM the same day. The process went smoothly and safely. 



7.0 Test Results 

The results of the full-scale testing on LEHR waste water were successful and are 
detailed in the executed copy of the field procedure (Appendix I )  along with photographs 
taken by the LEHR Project Supervisor (Appendix 2). In summary, all the drums 
solidified within 15 minutes of adding the Waterworks Crystals@. Additional blending 
with a paint blender on a drill helped speed the process. The result was a spongy waste 
form that readily passed the PFT. 

There were five tests performed ranging from 2 wt% - 8 wt% of Waterworks Crystals@ 
All five tests passed, as outlined below: 

LEHR Site: 
SP-400 Waterworks ~rys ta l s"  Solidification Tests on Tank Sludge/Water 

300 Ib. 'r 

(partial 
solidified) 

SP-400 wt% 
(Waste: SP-400) 

12 Ib. 

I8 Ib. 

24 Ib. 

5 Ib+  
3 Ib 

extra 

SP-400 
Added 

3 Ib. 

Key Field Notes Paint Filter 
Test (PFT) 

I 

No mix. PASS 
3 min. top center solid, 
8 min. complete 
vibe samples: 1 @ 1000 ml. 

I 

Power mix 30 sec. PASS 
2 min. top center solid, 
8 min. complete 
vibe samples: 1 @ I000 ml. 

<I min. top center solid, 
2 min. complete 
vibe samples: 2 @ 500 ml. 

I 
Power mix I0  seconds, PASS 
<30 sec. top center solid, 
45 seconds complete 
vibe samples: 2 @ 500 ml. 

and it solidified to prevent 
further mixing 



8.0 Conclusions 

LEHR Site waste management personnel coordinated a short closeout meeting to 
summarize the success of the LSDDP full-scale testing. The success of this full-scale test 
at LEHR confirmed the use of direct solidification using Waterworks Crystals8 as a safe 
and cost-effective method to directly bind wastewater and eliminate free-liquids during 
handling, shipping, and disposal. 

In surnrnary,,wastes from the LEHR tanks (i.e. water or sludge) will require at least 2 
wt% Waterworks Crystals@ (or approximately 9 lbs. for each filled 55-gallon drum of 
waste). Passive solidification will occur with no mixing in less than fifteen minutes. 
Mixing can speed the solidificatiodset-up process down to 2 minutes and requires a more 
personnel exposure. 

Many containers have water trapped between the liner and the drum. Care should be 
taken to manage, transfer, and solidify this residual along with the waste inside the liner. 
If wastes must be transferred to new shippinghurial containers, consider using larger 
ones (i.e. B12, B25, or new waterproof Lift-Liner 8 ) .  

9.0 Appendices 

Appendix 1 Solidification Photos 

Appendix 2 LEHR Site Full-Scale Field Deployment Procedure, (executed copy) 



Appendix 1 

Full-Scale Solidification Photos for LEHR Tank SludgelWater 

Photo 
Number 

I I 
2 ( LEHR Test Area Setup Saa002 

I 

Photo 
Description 

Photo 
File Name 

SaaOOl 1 

3 

LEHR Test Area Setup with Field Crew 

Staged Absorbent 

Saa004 4 

5 

Saa003 

Staged Absorbent (with lot number) 

1 

Drum #I452 - Wastewater 

7 

SaaOO5 

Saa006 6 

8 

Drum # 145 1 - Rotary Stirrer and PPE 

Drum #I451 - **PFT and Jar Sampling 

9 

Saa009 

Drum #I450 - Solidified 

I 

Saa008 

Drum #I450 - Solidified (with scoop stuck vertical) Saa009 

SaaO 10 10 

SaaOl 1 1 1 
I I 

Drum # 1450 - PFT 

Drum #I450 - PFT and Jar Sampling 

12 

13 

Drum #I566 - Partially-solidified Saa0 12 

I 

16 Drum # 1 566 - Solidified to Pass Saa0 16 

Drum #I 566 - PFT Failure (> 5 cc liquid) 

, 

**PFT = USEPA Paint Filter Test 

Saa0 13 

Saa0 14 14 Drum #I566 - PFT Failure (running liquid) 

SaaOl5 I5 Drum # 1566 - Rotary Stirrer 



Photo 1 

LEHR Test Area Setup with Field Crew 



Photo 2 

LEHR Test Area Setup 



Photo 3 

Staged Absorbent 



Photo 4 

Staged Absorbent (with lot number) 



Photo 5 

Drum #I452 - Wastewater 



Photo 6 

Drum #I451 - Rotary Stirrer and PPE 



i.. 

I C Y  

I 

g;; 

Photo 7 

Drum #I451 - PFT and Jar Sampling 



Photo 8 

Drum #I450 - Solidified 



Photo 9 

Drum #I450 - Solidified (with scoop stuck vertical) 



Photo 10 

Drum #I450 - PFT 



Photo 11 

Drum #I450 - PFT and Jar Sampling 



Photo 12 

Drum #I566 - Partially-solidified 



Photo 13 

Drum #I566 - PFT Failure (>5 cc liquid) 



Photo 14 

Drum #I566 - PFT Failure (running liquid) 



Photo 15 

Drum #I566 - Rotary Stirrer 



Photo 16 

Drum #I566 - Solidified to Pass 



Appendix 2 

LEHR Site Field Procedure (Executed Copy, March 22,2001) 
(attached) 



LEHR Site Full-Scale Field Deplovment Procedure 

Low-Level Waste (LLW) Aqueous Septic S l u d ~ e  Solidification at the LEHR Proiect 

The DOE-Mound Large Scale Demonstration and Deploymen-t Project (LSDDP) is coordinated and 
funded through DOE's Office of Science and Technology (OST, EM-50). In CY 2000, successful 
benchtop testing was completed at DOE's Laboratory for Energy-related Health Research (LEHR) facility 
usinp the SP-400 Waterworks crystalsC (SP-400 Crystals) aqueous superabsorbent polymer solidifier. 
The results validated the probable cost-savings and safety improvements that could be realized by directly 
and safely solidifying contaminated wastewater and sludge for direct disposal. Based on these successes, 
the LSDDP is performing a full-scale deployment on several drums of waste water at LEHR. 

2.0 Deployment Team 

The following personnel are the proposed contacts who will be involved with staging and performance of 
the deployment at LEHR: 

Title 

Project Supervisor 

LSDDP Test Engineer 

Name Company 

John Wolf Weiss Associates 
Ed Chun 
Scott Altmayer Earthline Technologies 

3.0 Obiectives 

1 .  The objective of deployment at LEHR is to soliCify several drums of aqueous waste at LEHR to 
. determine the appropriate blending techniques, safety margin, and costs associated with different 

ratios of SP-400 Crystals. 

2. Perform a field verification of the final waste form(s) using the general guidance from the USEPA 
Paint Filter Test (SW-846, Method 9095) (Attachment B). (Note: This is not required to be n 
certzfied EPA test.) 

2. Send verification samples of solidified sludge and solidified waste water to a laboratory to evaluate 
vibratory release of solidified wastes. 



The LEHR waste inventory includes tank sludges and water contaminated with Sr-90 to approximately 
20.000 pCi/g as outlined below: 

Waste Name/ 
Description 
Tank A 
SepridStorage 
Sludge and 
"Dark-Water" 

Comments 

I 

Tank B 
Septic/S torage 
'-Gray- Water" 

More sludge than espected 
due to potential in-leakage. 
Use of biocides or lime and 
pH value are unknown. 

Waste 
Form 
Thick 
compost- 
like sludge 

More water than expected 
due to potential in-leakage. 
Use of biocides or lime and 
pH value are unknown. 

3,000 Sr-90 < 
gallons 1 15,600 

pCi/g 

As summarized by the Project Supervisor, the LEHR project has many drums of watery sludge stored in 
drums that were pumped from a former septic storage tank. The intent of this LSDDP demonstration is to 
directly solidify at least two of these drums by direct addition of SP-400 Crystals. The final wasteform 
should be suitable to allow for either transfer to other larger containers and/or direct follow-on shipment 
and burial as a solid low-level waste to Envirocare of Utah. 

Size/ 
Net Wt. 

Detectable 
< RCRA limits 

The data and analysis has been reviewed by the site as accurately describing these liquid wastes. 
Quantitative measurements on rad and RCRA content are available. Information on total dissolved solids. 
pH. total suspended solids, moisture content, andlor viscosity is not available. Typical application of SP- 
400 Crystals at other sites are consistent with its use at LEHR. 

6.0 Operations 

+ A ~ D  

Data (max) 

6.1 Prerequisites 

RCRA 
Data (mas) 

1,000 Sr-90 < 
gallons 1 15,600 1 p ~ i l g  

I 

Perform a pre-job briefing for the team to clarify LSDDP and LEHR objectives and discuss the following: 
hazardous work permit 
facility location 
Review field documents, project HASP, ALARA plan, and applicable SOP'S 
potential hazards of wastes (i.e. physical, rad, chemical) 
Review MSDS's for SP-400 Waterworks ~ r ~ s t a l s "  
equipment and tools (i.e. scale, colliwasa, test beakers, spill pads) 

Detectable 
< RCRA limits 

residuelwaste management, storage, and disposal t ra i  . ? 
I - -'I L 

spill control and emergency response actions 
Stop Work issues 

&(?a ~ 3 %  



6 Equipment/Supplies 

The following equipment needs to be prepared and staged in the work area(s): 

By: LSDDP Test Engineer 

Waterworks CrystalsU SP-400 ,/ 
/ 

(2 ea., 55  Ib. bag) 

Paint Filters (Mesh X60,423 micron, fine-mesh) 

By: LEHR Project Supervisor 

Facilities (with ventilation hoods, as  needed) 

Facility MSDS Approvals L/ 
Camera (by engineering) / 
Flat SurfacefTable (for bench tests) / '  

Power Cords (optional) &f / 
MixerIBlender (optional) / 
Paper Towels 4 
Disposable gloves1PPE i/ 

Lab Scale (5 ho 2 5 grams) ,fid 
Drum scale (500 lb. 2 I Ib.) /I/A 
Plastic cups 
> 500 ml, Sample Jars w lids 

/&$if;. i s  !& 
LitmusfpH paper (optional) 

Empty Containers (bucket, bag, drum, box) / 
Plastic liners (optional) v 

Wrench (for lid and bung removal) 

6.3 Solidification Sequence 

Note: Solidification here means to process the waterlsludge to pass the Paint Filter Test. 

1 .  VerifyITransfer drum(s) of watery sludge to work area. /' 
2. Benchtests B2, B3, and B4 showed that 2 wt% - 4 wt% SP-400 Crystals was required to pass the 

Paint Filter Test. These high ratios are indicators that lime, biocides, or other chemical stressors 
are present in the watery sludge. The typical "2x" DOT and disposal site safety margin (which 
can account for transitory vibration or chemical stressors) was not explicitly included in the 
benchtests. It is included in the full-scale deployment validation. 



LARGE SCALE DEMONSTRATION TT( ( 

Based on res~~l rs  of benchscale tests, and input from LEHR personnel. a set of recommended r a t i o / m M e  
will be selected for use on one or more containers of waste. Perform solidification test in a controlled 
area to prevent spilling and as directed by Project Supervisor. Record results in table. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 

J. Use the plant scale to measure gross, tare, and net weiz!~t of waste. Record below. 

4. Identify rhe solidification container (i.e. drum, supersack-inside-lined B 12V box) and weigh-out 
the appropriate amounts of SP-400 Crystals, as needed. .. 

5 .  Blendltransfer the SP-400 Crystals and/or waste into each container as directed by safety, 
operations, and LSDDP Test Engineer. r;S-Ltk 

Record observations and wait at least fifteen minutes before performing the Paint Filter Test. 
~ - y - )  

6. 

7. Perform informational Paint Filter Test (ref. Att. B) on a nominal 200 gm. grab sample. 
(!Vote: .4[retnpt to get a non-surface "at-depfI7" snn7plej.orn the containers.) 

Drum 3 

Y/43'-a 

I Drum Identification 
Wasteform 1 

i 

Drum 4 

# / y y ?  

Drum 1 ' Drum 2 

Or-- 
*5 # / Y S L -  "457 



Questions and answers 



LEHR Integrated safety ~ a n a ~ e d e n t  

ISMS Principles and Functions 



RESIDUE MANAGEMENT $4 
will be returned to drum of origin. / 

all job control waste (i.e. decon, rags, 
pads, containers) in proper receptacles per direction of Project Supervisor. / 

Use SP-400 Crystals, or equivalent, to complete solidification on ar?y wastes that were not 
completely solidified during these demonstrations, as requested by Project Supervisor. 4 0 4  

- he&& 
Placelretum all demonstration sanlples (benchscale, fullscale) in a segregated area per direction of 
the Project Supervisor for ongoing inspection/evaluation or off-site analysis, as required. / 

Project Supervisor will perform a waste evaluation on the demonstration samples (benchscale, 
full-scale) befcre final disposition. processing, and disposal. J 

7.0 References 

Project Report, "WaterWorks ~ r ~ s t a l s "  Solidification Technoiogy Deployment 
011 Aqueous Low-Level Waste Sludges at the DOE LEHR Site", September 15,2000 

8.0 Attachments 

Attachment A - [reserved] ( k o  f &?e J) 

Attachment B - Paint Filter Test 



Attachment B 

USEPA Paint Filter Test (Method 9095) 



METHOD 9095 

PAINT FILTER LIQUIDS TEST 

1.0 SCOPE AND APPLICATTON 

1.1 This method 1p  used to  determlne the presence of f r ee  l iquids in a 
representat1 ve sample o$ waste. 

1.2 The method 14 used t o  determlne ' compliance wlth 40 CFR 264.314 and 
265.314. 

2.0 S U W R Y  OF HETHOO 

2.1 A predeternlr(ed amount of material i s  placed in  a palnt  f i l t e r .  If  
any portlon of the matdrial passes through and drops fmm the f l  l t e r  wl thln 
the  5-mln t e s t  perlod, . the material i s  deemed t o  contaln f r e e  l lquids.  

3.1 F l l t e r  media iwere observed to  separate  from the  f l l  t e r  cone on . . 
exposum to  alkal ine rndterials. This development causes no problem i f  the 
sample I s  not disturbed. 

4.0 APPARATUS AND HATERIALS 

4.1 Con'lcal palnd f i l t e r :  Mesh number 60 (ffne meshed s ize) .  Airailable ' 

a t  local palnt stores such as Shemtn-Will lams and Glldden f o r  an approximate 
cost  of $0.07 each. 

4.2 Glass funnel 4 I f  the pa ln t  f i l t e r ,  with the waste, cannot sustain 
i t s  weight on the ring ;stand, then a f luted g la s s  funnel o r  g lass  funnel with 
a m o u t h  large enough t d  allow a t  l e a s t  1 in. of the f l l t e r  mesh to  protrude 
s h o u l d b e u s e d t o s u p p r t  t h e f l l t e r .  The funnel l s  t o b e f l u t e d o r h a v e a  
large open mouth I n  o e r  t o  support the palnt  f i l  t e r  ye t  not in t e r f e re  wfth 
the movement, t o  the g aduated cyl inder ,  of the l iquid t h a t  passes through the 
f f l t e r  mesh. 

4 
4.3 RInq stand aid rlnq, o r  t r ipod.  

4.4 Graduated cylinder o r  beaker: 100-rnL. 

5.0 REAGENTS 

5.1 None. 

0 Revi slon 
Date September 1986 



6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING , 

6.1 ~ 1 1  samples must be co l l e c t ed  according t o  the  d l r ec t l ons  fn Chapter 
NI ne of t h i  s  manual. 

6.2 A 100-mL o r  100-g r ep re sen t a t l ve  sample 11s required f o r  the test. 
I f  i t  I s  not pos s ib l e  t o  ob t a in  a sample o f  1 0 mL o r  100 g t h a t  Is 4 s u f f l c l e n t l y  r ep r e sen t a t l ve  of t he  waste, t h e  anal, s t  may use l a r g e r  s i z e  
samples In m l t l p l e s  of 100 mL o r  100 g, 1.e.. [OO, 300, 400 mL o r  g. 
However, when l a r g e r  samples a r e  used, a n a l y s t s  shalil d l v lde  the sample l n t o  
100-mL o r  100-g po r t l ons  and t e s t  each po r t i on  s e  a r a t e ly .  If any por t lon 
con ta fns  free l l q u l d s ,  t h e  e n t i r e  sample I s  cons idere  1 t o  have f r e e  l i qu id s .  

7.1 Assemble t e s t  apparatus  as shown i n  Flgure 1. 
7.2 Place sample i n  t he  f l l  t e r .  A funnel may b4 used t o  provlde support  

f o r  t h e  pa ln t  f l l t e r .  

7 . 3  Allow sample t o  d r a ln  f o r  5 mln l n t o  t he  grdduated cyl inder .  
I 

7.4 I f  any por t lon  o f  t he  t e s t  mate r la l  c l l e c t s  In t h e  graduated- 
cy l l nde r  i n  the  5-mln per lod.  then t he  mate r la l  f s  deemed t o  conta ln  f r e e  
l l q u l d s  f o r  purposes of  40 CFR 264.314 and 265.314. 

8.0 QUALITY CONTROL ! I 

8.1 Duplicate samples should be analyzed on a r b u t ~ n e  bas is .  

9.0 METHOD PERFORMANCE 

9.1 Ho da t a  provlded. - I 

10.0 REFERENCES 

1 0 .  None requlred.  

Rev1 s 1 on 0 
Date September 1986 



Attachment B 

USEPA Paint Filter Test (Method 9095) 



1.0 SCG?E hK3 APPL!CA 

1 . 1  Th i s  ce:hod 
r e p r e s e n t a t j v e  shrriple 

1 . 2  The merhod i 
265.314.  

METHOD 9095 

P A I N T  F I L T E R  L I Q U I D S  T E S T  

i s  used  t o  d e t e m l n e  t h e  p resence  o f  f r e e  l l q u l d s  
cf w a s t e .  

si used t o  d e t e m l n e  corr;?liance ~ i i h  40  C F R  264.314 and 

2 . 0  SUHMA2Y Oi HETHOD 

2.1 A amount o f  m a t e r i a l  i s  p laced  jn a  p a i n t  f i l t e r .  I f  
any  p o r t i o n  of t h e  rna tk r l a l  p a s s e s -  through and drops from t h e  f i l t e r  w i t h i n  
t h e  5-min t e s t  p e r i o d ,  . t h e  m z t e r l a l  Is deemed t o  c o n t a i n  f r e e  l i q u i d s .  

3 .0  I N T E R F E R E N C E S  

3.1 F I l t e r  medla lue re  obse rved  t o  s e p a r a t e  from t h e  f l l t e r  cone on 
expost i re  t o .  a1 kal lne:  m d t e r l a l s .  Th j s  development c a u s e s  no problem i f  t h e  
s a m l e  I s  n o t  d i s t u r b e d .  

4 .0  APPARATUS AND M A T E R I A L S  

4 - 1  Conical  p a i n 3  f l l t e r :  Mesh number 60 ( f f n :  meshed s l z e ) .  A v a i l a b l e  ' 

a t  l o c a l  p a i n t  s t o r e s  s u c h  a s  Sherwin-Will iams and Gl idden f o r  an approximate  
c o s t  o f  $0.07 each.  

. . . 4.2 G l a s s  funnel  ; I f  t h e  p a i n t  f l l t e r ,  wi th  t h e  w a s t e ,  c a n n o t  s u s t a i n  
I t s  weigh t  on t h e  rdng ' s t a n d ,  t h e n  a  f l u t e d  g l z s s  funnel  o r  g l a s s  funne l  w i t h  
a m o u t h  l a r g e  enough t d  a l l o w  a t  l e a s t  1 i n .  o f  the  f i l t e r  mesh t o  p r o t r u d e  
s h o u l d  be  used t o  supp r t  t h e  f j l t e r .  i The funnel i s  t o  b e  f l u t e d  o r  have a 
l a r g e  open mouth i n  o r  , e r  t o  s u p p o r t  t h e  p a i n t  f i l t e r  y e t  n o t  i n t e r f e r e  w i t h  
t h e  m v e m e n t ,  t o  t h e  g r a d u a t e d  cylinder, of  t h e  l i q u i d  t h a t  p a s s e s  through t h e  
f i l t e r  mesh. 

4 . 3  Rinq s t a n d  arid r i n q ,  o r  t r i p o d .  

4 . 4  Graduzted c y l i n d e r  o r  bezker :  100-mL. 

5 .0 '  R E A G E N T S  

5 . 1  None. 

Revlslon 0 
D a t e  September 1986 



6 .0  SAMPLE COLLECTION, PRESERVATION, AKD HANDLING 1 

6.1 All samples must  be c o l l e c t e d  a c c o r d i n g  t o  t h e  d i r  
t i !  ne o f  t h l  s  m ~ n u a l  . 

e c t i o n s  I a p t e r  

6 .2  A 100-rnL o r  100-g r e p r e s e n i a t l v e  sam?le i!s r e q u i r e d  f o r  t h e  t e s t .  
I f  I t  1 s  n o t  p o s s l b l e  t o  o b t a l n  a  sample  o f  10'9 mL o r  100 g t h a t  I S  

I s u f f i c t e n t l y  r e p r e s e n t a t l v e  o f  t h e  was te ,  t h e  a n z l y s t  nay use  l a r g e r  s i z e  
samples  i n m u l t l p l e s  o f  100  m i  o r  100 g ,  4 - e . ,  j200, 300,  4 0 0 m L o r g .  
However, when l a r g e r  s a m p l e s  a r e  used ,  a n a l y s t s  shal .1 d i v i d e  t h e  sample l n t o  
100-mL o r  100-g p o r t i o n s  and t e s t  each p o r t i o n  s e # a r a t e l y .  I f  afiy p o r t i o n  
c o n t a i n s  f r e e  l i q u i d s ,  t h e  e n t i r e  sample 1 s  c o n s i d e r e d  t o  hzve f r e e  l i q u i d s .  

7.1 Assemble t e s t  a p p a r a t u s  2 s  shoun i n  F i g u r e  I .  

7 .2  P lace  sample i n  t h e  f l l t e r .  A f u n n e l  may b6 used t o  p r o v i d e  s u p p o r t  
f o r  t h e  p a l n t  f l l t e r .  I 

7.3 Allow sample t o  d r a i n  f o r  5 mln I n t o  t h e  g r d d u a t e d  c y l l n d e r .  

7 .4  I f  any ' p o r t l o n  of t h e  t e s t  m a t e r j a l  c ~ l  l e c t s  i n  t h e  g r a d u a t e d  
c y l l n d e r  i n  t h e  5-mln p e r l o d ,  then  t h e  m a t e r t a l  1 s  deemed t o  c o n t a i n  f r e e  
1  i q u i d s  f o r  purposes  o f  4 0  C F R  264.314 and 265.314.  ; 

8 . 0  QUALITY CONTROL , 

8.1 Duplicate s a m p l e s  shou ld  be ang lyzed  on a  r b u t i n e  b a s l s -  

9 - 0  METHOD PERFORMANCE 

9.1  No d a t a  provided. I 

10 .0  REFERENCES 

1 0 . 1  None required- 

I Revlsfon 0 
Date  September  1986 
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P.0. Bux 579 
hsll~al)ul;i, Ol~io 44005-0579 
(440) 332-7442 
Fax (440) 993-1995 

July 20,2001 

Mr. J o h ~  Wolf 
Weiss Associates - .  

. C'nrjdie Ave, Suite 600 
Emeryville, CA 94608 

5iii33fiC'S: Sample Analysis of' Solidified Radioactive Waste 

Dear Mr, Wolf 

Xcfcr to tllc attachment please find the final report, which indicate the findings on the 
water and sluclgc s,mplcs. This completes the work under Contract No. 1284006-01-P- 
006. 

!.f you have any questions or concerns, please contact me at (440) 993-2082. 

John Hughes 
!cf'Kulpa 
Scott A1 tlnayer 

EN v I IWNMEN'~'AL S l i l i ~  l(;l:,'j AND SOLUTIONS 



!EL-29-01 FRI 03: 12 PI EARTHLINE FAX NO, 9932046 

Final Report 

P.O. Box 579 
Asllrabula, Ohio 440054579 
(440) 992-7342 
F:w (440) 993-1995 

Pourability, Vibration, and Paint Filtcr Tcsts have been performed and gathered the 
following findings: 

1. Both the sludge and water samples FAILED the ASTM D4359 Pourability test. Whcn 
the can was inverted onto the ring stand in a vertical position over thc tared watchglass, 
there was an appreciable flow from thc car) before the 3 minutes wcre up, immediately 
stopped thc test and placed the can in an upright position (the same sccnario in both 
samples). 

2. In the Vibration Tcst, a custom fabricated horizontal vibration table was used to 
providc rcpctitive shocks to the spccimen. PIaced the test spccimen on the test machine 
;-.:?.:L.7~xm a11d started the vibration on the platform, and steadily incrcased the frequency 
by increaing the air prcssure up to 26 psi (to providc a continuos repetitivc shocks), until 
. . ..- 
.. . . - - v  

e ,,-.,,,, .. .A : ,- + of Lhe test specimcn rcpeatedly leaved thc test surhce. To ensurc that the 
test spccimcn received a continuing series of repetitive shocks, a shim with a 1/16" 
Lhickness and a width of 2" was uscd to determine when the test specimen is leaving the 
test platform by inserting it under thc package, a minimum of 4", and moving it 
intermittently along one entire length of thc package, The test continued at a constant 
ficqucncy Ibr three hours. A mass of 100 g or 100 ml was needed to pcrform the test. 

100 ml of the water sample has been used for the vibration/Mcthod 9095-paint filter test. 
After tluce hours of vibration at 16 psi, providcd approximately 100 Hz. Upon the 
conpletion of the vibration test, a standard paint filtcr tcst has been performed, This 
water samplc PASSED the test aftcr 5 minutes, but FAILED afier 10 minutes because 
the sample relcascd 1/2 ml of water in between 5-10 minutcs. The sample was allowed to 
s(md in the filtcr an additional of 15 minutes, one drop was released only. Again, the 
sample was allowed to stand in the paint filter Tor another additional 15 minutcs, but 
1:othing was released at this time. Free watcr percentage was 0.55% by volume. 

100 g ol'the sludge sample has been uscd for the vibrationhicthod 9095-paint filter test. 
The sample was vibrated for three hours at 26 psi to provide continuos repetitive shocks. 
Then the samplc placed in the paint filter and PASSED the test aftcr 5 ,  10, and 15 .- :...,t . . .... es. 
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ACTIVITY HAZARD ANALYSIS 

ACTIVITY: Absorption of Irnhoff wastewater and ANALYZED John Wolf, August 28,2002 REVIEWED Agata Sulczynski by September 4, 
decontaminationhain water in 55 gal. drums BYIDATE: Kim Warren, August 28,2002 BYIDATE: 20002 

Removing drums from Co60 
secondary containment and 
transporting drums to designated 
area. 
A backhoe or bobcat with drum 
lifting device will be used to 
remove the drums from secondary 
containment. 

A forklift will be used to transport 
drums to designated area. 

lamage from ripping secondary 
:ontainment 

3verhead obstructions 

Crushing 

Traffic issues 

Heavy equipment failure 

Pinch points 

2aution will be used to remove drums from secondary containment. 

Spotter and other ground crew will wear hard hats 

Operators must be trained and experienced in use of forklift operation. 
Backhoe or bobcat operator must have past experience with heavy equipment 
operation. Spotter will always be on hand to help direct heavy equipment 
operator. 

All vehicle movements shall be monitored for location of obstacles. 

Daily vehicle safety inspection is required prior to use. All equipment will have 
seat and seat belts for all riders, and operational back-up alarms. Load ratings 
will be adhered to for all equipment. 

Spotter shall be aware of possible pinch points associated with the operation of 
the drum lifting equipment and shall wear work gloves when loading drums on 
the pallet. Emergency equipment will include portable radio, first aid kit, fire 
extinguisher and air horn at designated area and Co60. 

J \DOE\4006\41OWZO~Sol1d\AHA~absorpr1on doc Page 1 of 4 - 



ACTIVITY HAZARD ANALYSIS 

ACTIVITY: Absorption of Imhoff wastewater and ANALYZED John Wolf, August 28,2002 REVIEWED Agata Sulczynski by September 4, 

decontaminatiordrain water in 55 gal. drums BYIDATE: Kim Warren, August 28,2002 BYIDATE: 20002 

Absorption and Sampling of 
Absorbed Waste Water and 
DecontarninationIRain Water 

Irums falling 
)ff drum spill-containment pallets 
)r coming loose from lifting device 
looks. 

Spills 

Exposure to Radioactive 
Contamination 

Slips, Trips and Falls 

Drums to be securely strapped together, to a spill pallet and to the forklift for 
:ransportation. 
Spotter must accompany drum transport at all times 
Lifting hooks will be securely attached to the drums when lifting individual 
drums using bobcat or backhoe drum lifting device. 
Spotter will be on hand to help load the drums onto the spill pallet with a drum 
lifter. Hard hats, safety vests and steel-toed boots in required in work area. 
Spotter shall stay clear of working equipment during drum loading. 

Haul route will avoid storm drains. Wastewater absorbent, Waterworks, 
Absorbent material (SP-400 Crystals), and MSDS will be staged in the work area 
for carrying out task. The same absorbent will be used for clean up along with a 
spill kit to abate potential spills. 

Personnel must be trained in accordance with the LEHR PHSP, RPP, SOPS, 
HSPs, ALARA program and other supporting documents such as the MSDS for 
SP-400 Absorbent before conducting activity, and the HWP. 
Personnel will wear splash apron and a face shield (when splash issues are of 
concern) to avoid skin contact with any form of contaminant. 
Absorbent will be added through bung of drum prior to removing the lid closure 
ring and lid to mitigate splash hazard. 
Pull dry topside of lid towards you when removing lid fiom drum to avoid contact 
with condensation. 
Place lid dry side down until re attaching to drum. 
A spill kit will be available at all times. 

Workers will clean up any absorbent that spills in the work area to prevent 
slippery surfaces to avoid potential slips/falls. 
Workers will maintain a neatttidy work area to eliminate any unnecessary tripping 
hazards 

1 \DOE\4006\4 IOW?O-Solld\AHA-abwrpt~on doc Page 2 of 4 



ACTIVITY HAZARD ANALYSIS 

ACTIVITY: Absorption of Irnhoff wastewater and ANALYZED John Wolf, August 28,2002 R E V I M D  Agata Sulczynski by September 4, 
decontaminationhain water in 55 gal. drums BYIDATE: Kim Warren, August 28,2002 BYIDATE: 20002 

Pinch points 

Heat Stress 

Personnel shall be careful when removing and replacing the drum lid and ring 
while opening and closing the drum. Personnel shall wear work gloves while 
performing this activity. 

Personnel shall be properly trained to identify signs and symptoms of heat stress. 
Drinking water will be available. Work shifts will be designed appropriately for 
environmental conditions. 

I \DOR4006\4 1O\HZO-Solid\AHA-ab10rption doc Page 3 of 4 



ACTIVITY HAZARD ANALYSIS 

ACTIVITY: Absorption of Imhoff wastewater and ANALYZED John Wolf, August 28,2002 REVlMlED Agata Sulczynski by September 4, 

decontaminationlrain water in 55 gal. drums BYIDATE: Kim Warren, August 28,2002 BYIDATE: 20002 

Forklift with drum lifting device Heavy equipment operator shall Only a certified forklift operator may operate heavy equipment. 
complete a heavy equipment safety 
inspection before each use. 

Backhoe Or Bobcat with drum Heavy equipment operator shall Heavy equipment operators must be experienced in operating heavy equipment. 
lifting device complete an initial onsite heavy 

equipment safety inspection and a 
daily inspection there after before 
each use 

Page 4 of 4 



Work Plan for the Absorption of RadiumlStrontium Treatment Systems Area II 
Liquid Waste and Decontamination Water 
LEHR Environmental Restoration / Waste Management Rev. 0 9/4/02 
DOE Contract No. DE-AC03-96SF20686 

ATTACHMENT F 

ALARA GUIDELINES FOR THE ABSORPTION OF 
AREA I1 WATER DRUMS 

WEISS ASSOCIATES Project Number: 128-4 106 



U.S. Department of Energy 
Oakland Operations Office, Oakland. California 

. . . . . . . . . - - . - - - . . - . . - 

ALARA GUIDELINES FOR ABSORPTION OF AREA I1 
WATER DRUMS 

For the: 

LABORATORY FOR ENERGY-RELATED HEALTH RESEARCH 
UNIVERSITY OF CALIFORNIA, DAVIS 

United States Department of Energy 
Oakland Operations Office 

1 30 1 Clay Street 
Oakland, California 946 12-5208 

Prepared by: 

Weiss Associates 
580 1 Christie Avenue 

Emeryville, California 94605-241 1 

March 2 1, 200 1 
Rev. 1 

DOE Oakland Operations Contract DE-AC03-96SF20686 

Weiss Associates 
Envlronrnental Sclence, Englneerlng and Menagemenl 



ALARA GUIDELINES FOR ABSORPTION OF AREA II 
WATER DRUMS 

For the: 

LABORATORY FOR ENERGY-RELATED HEALTH RESEARCH 
UNIVERSITY OF CALIFORNIA, DAVIS 

Prepared for: 

United States Department of Energy 
Oakland Operations Office 

1301 Clay Street 
Oakland, California 9461 2-5208 

Prepared by: 

Weiss Associates 
5801 Christie Avenue 

Emeryville, California 94608-24 1 1 

March 2 1,200 1 
Rev. 1 

DOE Oakland Operations Contract DE-AC03-96SF20686 

Issued To: Date: 

Copy No.: 0 Controlled Uncontrolled 

J IDOE\4004'254\ALARA\ALAR.4EVALI doc WEISS ASSOCIATES Prqject Number: 128-4006 



; e n t  By: Weiss  ~ s s ' o c i a t e s  ; 51 04506000; Mar-22-01 10:51AM; Page 212  

83/22/2801 11 : 15 5307526918 LEHRSITE DAVISCA PAGE 02/11 

ALARA GUIDELINES FOR ABSORPTION OF AREA 11 
WATER DRUMS 

For the: 

LABORATORY FORENERGY-RELATED HEALTH RESEARCH 
UNIVERSITY OF CALIFORNIA, DAVIS 

Prepared fir: 

United Statrr Depwrtrneot of Esetcy 
Oakland Operntions Office 

13g1 Clay Street 
~ a k l a n d .  Californja 9461 2-5208 

Weiw Assodater! 
580 1 C.hrisria Avellue 

EmtryvilIer California 34608-24 I. 1 
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CONTENTS 

I .  INTRODUCTION 

2. ALARA PROCEDURES 
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ABBREVIATIONS AND ACRONYMS 

ALARA As-Low-As-Reasonably-Achievable 

C A Contamination Area 

LEHR Laboratory for Energy-Related Health Research 

PPE personal protective equipment 

RCM Radiological Control Manager 

RCT Radiological Control Technician 

RSO Radiological Safety Officer 

SHSO Site Health and Safety Officer 
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1. INTRODUCTION 

As-Low-As-Reasonably-Achievable (ALARA) consideration is required for work involving 
the absorption of the Imhoff Tank Liquid drums and decor1 arid rain water drums collected during 
RdSr  Area I1 Removal Action. Specifically, these procedures pertain to the test and large scale 
action of adding SP-400 Absorbent, provided by Earthline, to determine the correct consistency of 
the waste for disposal off-site. This activity is described in detail in the work plan provided by 
Earthline. These ALARA procedures may benefit by change (addition, deletion, or re .rision) as the 
activity progresses. Any change shall be approved by the Radiological Safety Officer (RSO) or 
Radiological Control Manager (RCM) and appropriately documented. These procedures are not 
necessarily inclusive of all procedures required for either worker protection or preservation of the 
environment. 
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2. ALARA PROCEDURES 

There is no anticipated significant known measurable dose (either external or internal) 
associated with the tasks required by this Work Plan. Therefore, a graded approach was made to 
evaluate and implement ALARA procedures. In accordance with tlie LEHR ALARA Program, every 
effort sliould be made to maintain doses at ALARA levels. The following'precautionary procedures 
sliould be thus implemented. New or revised ALARA procedures should be added to this list as 
identified througho~t  the task. Any changes should be discussed during tailgate safety meetings 
with site workers. 

ADMINISTRATIVE CONTROLS 

Training: 

Each worker entering the radiological areas shall be instructed on these ALARA 
provisions (either as on-the-job training or at a tailgate safety meeting). Tailgate safety 
meetings will be used to document instructions and topics discussed. 

Reinforcement of Rad Worker training sliall be periodically conducted during tailgate 
safety meetings and on-the-job instruction to demonstrate how ALARA can be achieved 
by use of appropriate work procedures and practices. 

Workers shall be instructed in the proper use of tools and methods that result in the 
generating as little splash as possible. 

Workers shall be instructed in methods of keeping personal protective equipment (PPE) 
intact to reduce personal contamination, including methods to reduce likeliliood of cuts, 
tears, rips, etc. (creating potential route for contamination to reach an unprotected area on 
a person), from waste (including sharps) and equipment. 

Personnel shall be instructed on the proper means of egress from contamination areas 
(CAs) to reduce exposure and possibility of spreading contamination. 

Workers shall be advised of areas or surfaces that are known to contain appreciable levels 
of removable surface contamination. 

All Personnel: 

7. ,Workers shall follow all applicable project procedures, practices, and work plan 
instructions as advised by tlie Radiological Control Technician (RCT), RSO, Site Health 
and Safety Officer (SHSO), and Supervisory personnel. 
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8. Workers shall not follow procedures that tlie RCT, RSO, SHSO, or Supervisory 
personnel deems non-ALARA. 

9. Workers shall optimize all work and operations to maintain dose at ALARA, when and 
where practical. 

10. Workers shall not bring colistruction materia!s, tools, and equipment not required for 
worJ< in the CA into the CA, where practical. 

I I .  Workers or supervisors shall ensure equipment is operational and functional prior to 
bringing it in to radiation areas or CA. 

12. Workers shall maintain a distance between themselves and tlie work task if their duties do 
not require their immediate presence at the task site. 

13. Workers shall keep the elevation of their head above that elevation where a dust 
generating activity may be ongoing, when practical. 

14. All waste handling shall be done in a safe, expedient and planned manner 

15. Workers shall ensure that they are wearing appropriate PPE and have sufficient skin 
protection (including facelhands) when handling radioactive sludge or other wet 
radioactive material that may splash or otherwise come into contact with worker. 

16. Supervisory personnel shall optimize all work and operations to maintain dose at 
ALARA, when and where practical. 

17. Only workers that have a need to be within the CA (exclusion zone) shall be permitted to 
enter the CA (exclusion zone). 

18. Supervisors shall attempt to eliminate any unnecessary work or rework. 

19. Supervisors shall ensure use of a trained work force. 

20. Supervisors shall sequence tasks to reduce exposure, schedule work in an efficient 
manner, and identifylcoordinate necessary resource requirements. 

21. Supervisor shall control and minimize the number of workers in a radiation area or CA. 

22. Any construction materials, tools, or equipment required for work in the CA shall be 
evaluated by a RCT for ease of decontamination prior to bringing this equipment into the 
CA. Equipment shall be covered if needed. 

23. Equipment shall not be knowingly exposed to contamination that can be avoided. 
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24. When practical, extension tools sliall be used to eliminate or minimize personnel entry 
into tlie CA. 

25. Supervisors sliall ensure equipment is operational and functional prior to bringing it into 
tlie radiation area or CA. 

2G. Workers shall be supervised and monitored to ~nininiize exposure to airborne 
contamination. 

27. Mock up shall be staged for difficult or complicated work to reduce time spent exposed 
to known sources of ionizing radiation, or where a large amount of contamination is 
likely. 

28. Work shall begin witli the least contaminated area and finish with the most contaminated 
area, when practical. 

29. Provisions for dealing with wet or liquid radioactive waste sliall be used in accordance 
with HWP and best management practice. 

ENGINEERING CONTROLS 

30. Use of portable air conditioning units andlor fans shall be considered for worker cooling, 
where practical. 

3 1 .  All work areas, including lay down and waste storage areas, sliall be chosen with 
ALARA considerations in mind. 

32. Traffic patterns and pathways sliall be chosen to niinimize the potential spread of 
contamination and cross contamination. 

33. Precautions shall be taken to prevent and to mitigate any waste spills, especially to 
drainage pathways, and to prevent the off-site release of airborne contaminants. 

34. Direct contact witli objects containing known and nieasurable radiological contamination 
shall be avoided by placement of barriers, such as plastic, between the workers and these 
objects, when practical. 

35. Precautionary ALARA measures shall be implemented during disconnection and 
subsequent handling of pipes and structures. 

MONITORING 

36. Every effort shall be made to keep all doses at ALARA and less than 100 ~ni l l i re~ns  Total 
Effective Dose Equivalent. 
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37. Monitoring sliall be conducted and consideration of meawred levels shall be utilized i l l  

ALARA procedures review and revision. Waste containers sliall be surveyed prior to 
renioval from tlie CA. 

38. RCTs shall incorporate radiological hold points into ~nonitoring and evaluation. 

39. Waste containers shall be swipe sariipled and.anal).zed, when directed by tlie RSO, prior 
to CA renioval or excessive handling. 

40. Unkno\vn waste materials sliall not initially be approached by anyone other than an RCT. 
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