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REVISION 
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EXHIBIT I 

DOCUMENT (LETTER, DATED 10 MARCH 1995, FROM DOE TO ETEC 
REMOVING RMMA DESIGNATION FOR THE FACILITY) SUPPORTING 

I THE CERTIFICATION FOR THE UNRESTRICTED USE OF FACILITY 
4886 IN AREA IV AT SANTA SUSANA FIELD LABORATORY (SSFL) 



Department of En-ergy 
Oakland - Operations Office 

1301 Cla j Street 
Oakland, Calfiornia 9461 2-5208 

MAR 1 0 1995 

Dr. D.C. Gibbs 
General Manager 
Energy Techpology Engineering Center 
Rocketdyne Division 
Rockwell International Corporation 
P.O. Box 7930 
Canoga Park, CA 91309-7930 

- Subject: Removal of'RMMA ~es i~nst ion  for the Sodium Disposal Facility 
(Reference: 94ETEC-DRF-0048) 

Dear Dr. Gibhs: 

ETBC requested removal of designation of this facility as a Radiological 

Materials Management Area .&.&MA) in the referenced letter. The s w e y  

results of ETEC's post-remediation gamma survey of the Sodium Disposal- 

Facility, B886, show that radioactivity levels are indistina&shable from the 

surrounding area. ETEC is now authorized to remove - the RMMrl- 

. ". . designation for the Sodium Disposd Facility, 

Sincerely, 

/ Assistant Miager 
for Environmental 
'Management and Support 



EXHIBIT I1 

SITEWIDE RELEASE CRITERIA FOR REMEDIATION OF FACILITIES 
AT SSFL AND ASSOCIATED DOCUMENTATION 



memorandum 
R E R I  TO 

~rnr OF: DOE Oakland Operations Office(ER0) 

WM. Radiological Site Release Criteria for ETEC 

10: Sally Robison, EM-44 

I am requesting the approval of the radiation site release criteria for the Energy 
Technology Engineering Center. The release criteria are a critical component in 
the DOE process for releasing facilities for unrestricted use. The California 
Department of Health Services has approved the site release criteria in a letter 
dated August 9 (see attachment 1). 

The proposed limits were developed in the following way: 

1) Annual exposure dose. Rocketdyne proposes to use a dose limit of 15 mremfyr 
to  comply wi th  the 100  mrem plus A L M A  as required by  DOE 5400.5). This 
limit is also consistent wi th the anticipated rules of the NRC and EPA. 

2) Ambient exposure rate. The proposed limit of 5 p R h  above natural background 
complies wi th  the limit of 20pR/hr, plus AURA, as stated in DOE Order 5400.5. 
This proposed limit is consistent with NRC limits for Rocketdyne facilities at the 
Santa Susana Field Laboratory. This limit would be imposed for accessible, or 
potentially accessible, structures and land. 

3) Surface contamination. Surface contamination limits comply wi th  DOE Order 
5400.5 and specify the potential cmtaminants present in the Rocketdyne facili~ies. 

41 Generic Limits for Soil and Waier. Tne generic limits for soil and water were 
es;abIished using the DOE pathway analysis code FiESaAD. 



Ms. Robison 2 

The proposed site release criteria are included in "Proposed Sitewide Release 
Criteria for Rernediation of - Facilities at the SSFLn, Revision A, No01 SRR140127. 

Your approval is requested by September 1 6,1996. 

kachrnents 

cc: R. Liddle, ESO 
M. Lopez, ERD 
.D. Williams, EM-443 

- 
Laurence McEwen 
Acting Director 
f nvironmental 
Restoration Division 



. . 
REPLY TO 
rmw: EM-44 (0. Williams, : .  903-8173): . . 

. . 
-CT: .sitewide Liaits  for ~ e ~ e a s e .  of Faci-lities Without * ~ a d i o l o ~ i c a l -  ~ e s t r i c t i o n  , iy'4T.-- 

' Y  

.. * 

ro: . R. Liddle., Oakland'Operations Office 

. 'We have reviewed Rocketdyne's proposed sitewide limits for release of 
. f ac i l i t i e s  a t  the Santa Susana Field Laboratory (SSFL) without radio1 ogical 

" restr ict ton and are satisfied that our previous concerns and cements have , 

been addressed. 
- 4 

. The proposed 1 imits are consisteht w i t h  the Depirbent of Energy '(DOE) ' 

Order 5400.5 rkquirement for a Total Effective Dose Equivalent 1 imit of 100 . 

mrem/yr plus As low ' As Reasonably Achievable ( A m )  fo r  future occupants, 
the Nuclear Regulatory  commission proposed a radiologicaq guidel ine of 15 . 
mredyr A m ,  and the Environmental Protection Agency proposed a guldel ine ' of 15 nrem/yr for  release of properties. 

Corrective actions taken by Rocketdyne for  the sampling and s ta t i s t i ca l  
approach t o  final survey data valtdatiori .for DOE projects are now 
comparable t o  wethodologies or standard practices used a t  other DOE s t t e s  
and the requirements of Nuclear Regul atory Conqi ssion Nuclear Regulation 
(NUREG)/CR-5489 (Manual .for Conduct !ng Radi 01 ogi cal Surveys i n  Support o f  . 
License Termination). 

' Ve a1 so received a copy of the l e t t e r  from the Cal iforni a ~epartment' of . 
Heal t h  Services stating concurrence w i t h  the proposed release guidel i nes 
and the intent t o  incorporate these guidel ines - into Rocketdyne's California 
Radioactive Materi a1 License. . . 

Based upon the above information, the, proposed' si tewide release c r i t e r i a  
fo r  remediation of fad i l i t i e s  at '  the SSFL are hereby approved for  use. 

-If you have any questions, please call  Mr. Don Williams of my staff  a t  
301-903-8173. , . . 

- .  . . 8 8 . . 
. . . . . . . . .  . . 

. . . . . . . . . .  . -- - .  . . . . . . . . .  \ Office of ~orthwestern Area Programs . 
5 .  

. Environmental Restoration. 



. STAG ff CAUFOUNIA--HEALTH AND WELFARE AGENCY 

DEPARTMENT OF HEALTH SERVICES 
714/7U P STREET 
P.O. WX 942732 

i SACRAMENTO, CA 94234-7320 
96ETEC-DRF-0455 

August 9, 1996 

Ms. Majelle Lee, Program Manager 
Environmental Management 
Rocketdyne Division 
Rockwell International Corparation 
P. 0. Box 7930 
Canoga Park, CA 91309-7930 

Sub j ect : Authorized Sitewide Radiological Guideline* for Release 
of Unrestricted Use . 

Dear Ms. Lee: 

This letter is td acknowledge the receipt of yo& letter dated June . 
28, 1996 requesting concurrence of the above subject. The above 
mentioned letter and its attachments have been .reviewed by the . 

staf f of this off ice. . The RadioldiJic ~ e a l t ~    ranch (RHB) concurs. * 

. i:.,. 
.:+. that ; the prpposed ==lease. guidelines . . ...*=-+ ade&.aterr . . ---.,-. -. as&urFnce~. f .--.. OE - -  . . 5.e .,... - 

the-"relea&$ of th= facilities and properties' .At Rocketdfme s . ~anta . 
hlsana Field Laboratory (SSFL) and ~esoto sites without . further 
radiological restrictions. Your letter dated June 28, 1996 with 
attachments will be incorporated into Rocketdyne8s California 

' 
Radioactive Material License # 0015-70 upon receipt of a commitment 
letter signetl by Mr6 Phil Rutherford. 

If you have 
to call Mr. 

any questions concerning this matter, please feel free 
Stephen Hsu of this office at (916) 322-4797. . ' 

Sincerely, 

~ekard Wong, Ph.D., Chief 
~adioactive Material. Licensing Section 
Radiologic Health Branch 
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ABSTRACT 

This document supersedes revision A of NO0 I SRRI 40 127, 
"Proposed Sitewide Release Criteria for Remedidon of Facilities a1 
the SSFL" issued August 22,1996. N001SRR140127 was 
submitted to the Department of Energy W E )  and the Catifornia 
Department of Health Sewices PHs) who subsequently approved 
the use of these criteria for release of radiological facilities at 
Rocketdyne for unrestricted use. 

A complete set of release criteria for facilities at the SSFL has been 
developed, and are presented in this report. The various categories 
of rdease guidelines include; 1) annual expected dose, 2) soil and 
water concentration guidelines, 3) surface contamination guideline 
and 4) ambient gamma exposure rate. The guidelines were obtainc 
&om regulatory values where available. Where not available, for 
example for' soil, guidelines were calculated by use of the DOE 
computer code, RESRAD. For these calculations, the annual dose 
limit is 15 mrem@ear, which is consistent with proposed EPA and 
NRC guidelines and ALARA principles. 
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1 INTRODUCTION 

This document supersedes revision A of NOOISRR 1401 2 7, "Proposed Sitewide Release 
Criteria for Remediation o ~ c i l i t i e s  at the SSFL" issued August 22, 1996. N001SRR140127 
was submitted to the Department of Energy (DOE) and the California Department of Health 
Services (DHS) who subsequently approved the use of these criteria for release ofradiological 
facilities at Rocketdyne for unrestricted use. Copies ofapproval lettersfiom DOE and DHS are 
included in Appendix B. 

At several locations at the Santa Susana Field Laboratory (SSFL), low levels of 
radiological contamination in buildings and in soil have occurred and have been or will be 
cleaned up for eventual release for use without radiological restrictions. The DOE requirements 
for allowable residual radioactivity in sites suitable for release without radiological restrictions 
("unrestricted release'') are established in DOE Order 5400.5 (Ref. 1). Specific guidelines are 
given in 5400.5 for surface contamination and for direct gamma exposure. However, except for 
radium and thorium in soil, no specific guidelines are provided for residual contamination in soil 
or water. It became clear that a set of DOE-authorized limits for the SSFL would greatly 
facilitate the process of determining that a facility is acceptably clean, and v e r i m  this with a 
codmatory survey. Approval of such a set of authorized limits is provided for in DOE Order 
5400.5, Chapter IV, Section 5, and in ciraf? 10 CFR 834.301(c). 

The purpose of this report is to document the set of approved guideline values for the 
release without radiological restriction of DOE facilities at the SSFL. The various categories of 
release guidelines include; 1) annual expected dose, 2) soil and water concentration guidelines, 3) 
surface contamination guidelines, and 4) ambient gamma exposure rate. The guidelines 
presented in this report are for residual radioactivity above background. When feasible, the local 
background activity of the suspect radionuclides should be determined and these background 
values subtracted h m  the measured release survey data. 

The goal for these limits is to provide assurance that reasonable future uses of the property 
will not result in individual doses exceeding 15 millirem per year. This is consistent with current 
EPA and NRC guidance, and is supported by a generic cost-benefit analysis presented in 
Reference 2. 
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2. ANNUAL DOSE LIMITATION 

DOE Order 5400.5 specifies a base Total Effective Dose Equivalent (TEDE) limit of 100 
millirem per year for any potential future occupant of a remediated site. The Order also requires 
the use of the As Low As Reasonably Achievable (ALARA) principle to establish Authorized 
Limits at a level that is below the base limit. Rocketdyne will apply a value of 15 millirem per 
year for the calculation of derived limits for the cleanup of DOE sites at the SSFL, consistent 
with EPA and NRC guidance. A limit of 15 millirem per year (mredyear) is adopted to assure 
that future uses will contribute small doses compared to natural background doses, which are in 
the range of 250-400 mremlyear (Ref. 3). This limit is considered to be as low as reasonably 
achievable below the basic DOE dose limit of 100 mremlyear. The 15 mremlyear value 
corresponds to a calculated increased lifetime cancer risk to a potential future user of the site of 
3 10-4. 

For any reasonable assigned cost per person-rem, further reduction of anticipated dose due 
to exposure to residual radioactivity at the site is difficult to justifl. For example, the EPA 
proposed TEDE of 15 mredyear was arrived at after extensive ALAlU analysis of cleanup 
costs and benefits at sixteen "Reference Sites" representing a wide range of conditions found at 
contaminated sites throughout the United States. Their analyses assumed a residential use of the 
decontaminated sites, and their conclusions were that the 15 mrem/year limit represented the 
most effective value considering all the technical and socio-political issues involved. 

Furthermore, at the SSFL, conservative choices in the development, measurement, and 
interpretation of limits and final surveys provide a firm bias towards overestimation of the 
remaining risk. These include, 1) a conservative residential scenario for the pathway analyses, 2) 
use of calibration sources Zhat tend to underestimate the detector effciency for the likely 
con taminants, and 3) both qualitative and quantitative tests that provide assurance that the 
decommissioned facility is suitable for release without radiological restrictions. 
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3. SOIL AND WATER GUIDELINES 

Since there are no federal or state regulatory limits for soil contamination for many of the 
potential or actual radionuclides of concern at SSFL, site-specific guidelines must be developed. 
This development is done, as required by the DOE Order, by use of a "pathways" analysis 
program, which estimates the radiological dose (total effective dose equivalent) that a future user 
of the property might receive, considering the residual radioactivity and various conditions of 
use. An effort is made to make these use conditions as reasonable for the use and the local area 
as can be achieved, without greatly over-estimating or under-estimating potential doses. 

To establish these guidelines for cleanup operations at SSFL, the pathways analysis 
program RESRAD (Ref. 4), developed at Argonne National Laboratory (ANL) for use by DOE, 
has been used to calculate single radionuclide guidelines for the radionuclides of potential 
concern at SSFL. 

For soil, a dose limit of 15 millirem per year is used. For consideration of radiological 
contamination in water, which may be collected fiom wells, sumps, below-grade seepage, or 
surface water, concentration guidelines were calculated from the Dose Conversion Factors 
(DCFs) in RESRAD, using the EPA limit of 4 millirem per year for ingested drinking water 
(Ref. 5), and the EPA assumed intake of water, 2 liters per day. These limits are more restrictive 
than those imposed on releases from operating facilities, as provided by DOE Order 5400.5 (Ref. 
I), NRC (Ref. 6), the State of California (Ref. 7), and EPA for uranium mines and mills (Ref. 8). 

3.1 Pathway Analysis 

Pathways analysis involves calculating the doses received by a person through several 
pathways: & i t  radiation exposure; inhalation of airborne radioactivity; drinking water 
containing radioactivity; eating foods that have accumulated radioactivity, through uptake of 
water with radioactivity fiom the soil, or with airborne radioactivity deposited on the foliage; and 
ingestion of small amounts of contaminated soil. 

The pathways analysis program RESRAD, was developed in the late 1980's for DOE by 
Argonne National Laboratory for the purpose of performing pathways analysis for a broad range 
of applications. Considerable flexibility is provided in the program. for representing the site- 
specific conditions of exposure, to permit making the calculation as reasonable for the 
application as is possible. 

Four general types of use may be considered for land for the purpose of calculating dose, 
other than the obvious zero-dose case of non-use. These may be identified as the industrial 
scenario, the wilderness scenario (or recreatio~al, such as a park or golf course), the residential 
scenario, and the family farm scenario. Within these general use scenarios, choices are made for 
occupancy time (indoors and outdoors), water use, and food sources. Further choices are made 
to represent the contamination situation, geology, and hydrology. The program comes with a 
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complete set of generally conservative default values, and these may be changed as appropriate 
to reflect local reality in terms of usage practices and physical conditions, to produce a realistic 
pathways analysis for the specific site. The default values and the values actually used by the 
program in the analysis are listed in the output for each calculation, so departures fiom the 
default set are well recorded. The printed results fiom the calculations described in this report 
are stored in the Radiation Safety library file. 

The family fann, on which family members spend 100% of their time, drinking water fiom 
the surface or fiom wells, eating vegetables and fiuit grown on the land and irrigated with the 
same water, raising their meat, millc, and fish on that land, is not a reasonable scenario for the 
site. Although commercial farming is practiced in low-lying valley and coastal areas west of the 
facility, the rugged nature and topography of the SSFL, combined with poor soil quality, would 
reasonably preclude a family farm activity on the site. Further, recent land use trends in the area 
have been to conversion of previous farming property to other non-farming uses. Thus, the 
industrial, wilderness, and residential scenarios are aIl perhaps equally probable for the future of 
the site, and should be the scenarios considered. 

3.2 Property Usage Scenarios 

The basic usage conditions (per year) modeled in these calculations, for each of the three 
realistic scenarios, are summarized in Table 1. A complkte listing of all RESRAD input data, for 
the three scenarios, is given in Appendix A. Discussion on specific RESRAD input parameters 
is given below in Section 3.3 

Table 1. Property Usage Conditions for Three Realistic Scenarios 

Occupancy, indoors (hourdyear) 
Occupancy, outdoors (hourdyear) 
Occupancy, off site (hodyear) 
Drinking water (liters/year) 
Fruit, vegetables, grain (kg/year) 
Leafy vegetables (kg!y=) 
Cover thickness (meters) 
Contamination anxi (mz) 
Contamination thickness (meters) 
Depth to water table (meters) 

3.3 RESRAD Input Parameters 
)I 

Wilderness 
0 

876 
7890 

0 
1.6 
0 
0 

loo00 
1 
5 

Residential 
4380 
21 90 
2190 
510 
16 
1.4 
0 

10000 
1 
5 

Default values provided in RESRAD are considered to be conservative estimates intended 
for use when no site-specific information is available. Users of the program are encouraged, 
however, to use input data that most closely reflects actual conditions existing on their site. As 
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part of several earlier efforts at the SSFL, a number of screening evaluations were performed 
using the RESRAD code to determine which of the approximately 80 input parameters required 
by RESRAD were of significance to the general SSFL area. These screening evaluations also 
were usefbl in determining conservative site-specific values for input to the code, when the 
default values were not used. In general, changes to most of the parameters were found to have a 
negligible effect on the final results because certain dose pathways were either not applicable or 
negligible for the given scenarios. 

Contaminated Zone Parameters: Default values for the area of contamination (1 0,000 m2) 
and the length parallel to aquifer flow (1 00 m) were assumed. For the depth of contamination, a 
conservative value of 1 meter is assumed. Measurements conducted at the site have indicated 
historical maximum values ranging from about 0.4 to 0.6 m for this parameter. 

Occu~ancv Parameters: The default RESRAD values for occupancy of a residence on an 
&ected site are 50% of the time spent indoors and 25% of the time spent outdoors, on the site. 
Thus, 25% of the time the occupancy is assumed to be off site. For the residential scenario, 
assuming 8,760 hours in a year, this translates into 4,380 hours spent indoors, 2,190 hours spent 
outdoors on the site, and 2,190 hours spent off site. For the industrial scenario, the 
corresponding percentages are assumed to be 20%, 4%, and 76% respectively. For the 
wilderness scenario, the corresponding percentages are 0%, lo%, and 90%. 

Shielding Factors: The annual dose estimates calculated by RESRAD from either direct 
exposure or by inhalation (dust) are functions of two "structural,' shielding parameters and the 
fraction of time an individual is assumed to spend inside a structure built on the site. Both 
shielding factors range from 0 to 1, and may be changed by the user to more appropriately match 
actual site conditions. For inhalation, the RESRAD default is 0.4, and this value is assumed for 
the present evaluations. For direct gamma exposure, the RESRAD default is 0.7, which is a 
rather conservative estimate of gamma shielding by a structure. For the present calculations, this 
latter value was adjusted Erom the default, for both the industrial and residential scenarios, to 
m u n t  for local construction practice which dictate a minimum 4-inch (0.1 m) concrete slab 
under the structure. 

The gamma shielding factor used as input to RESRAD was calculated by modeling a 
typical two-story residential structure, and a single story industrial structure using the computer 
code Microshield'. MicroShield is a point-kernel gamma shielding code developed for IBM- 
compatible personal computers, based on the mainframe code ISOSHLD. For the residential 
structure, a conservative lower bound footprint (area) value of 93 m2 (1,000 ffi was assumed. 
For the industrial structure, a 186 m2 (2,000 A*) area was assumed. A circular area was used with 
MicroShield to obtain maximum code accmy with minimum computational time. Screening 

' MicroShield, Version 4.0, Grove Engineering, Inc., 15215 Shady Grove Road, Suite 200, Rockville, MD 20850. 
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calculations indicated no significant differences between the results for circular and square areas 
of the same volume. 

In all cases the contaminated soil was assumed to have a density of 1.5 g/cd, and a 
thickness of 1 meter. Dose calculations were performed for two vertical distances (lm for the 
ground floor and 3.6 m for the second story) and for three radial distances (center, midpoint, and 
edge of structure). The isotopic mix input to Microshield was the same as that used for the 
present RESRAD calculations, with a concentration of 1 pCVg for each isotope. Resulting 
gamma energy groups for this isotope mix ranged from 0.1 to 1.5 MeV. A factor of 0.89 was 

I used to account for gamma shielding fiom a typical structural wall composed of approximately 1 
inch of stucco and 518 inch of drywall, and a window area of approximately 10% of the wall 
area. 

Effective gamma shielding factors obtained from the Microshield calculations are given in 
Appendix A. For the residential scenario (the most credible), it is assumed that 12 hours are 
spent inside the structure per day. If it is further assumed that 8 of these hours are spent upstairs 
in a bedroom, 4 hours are spent downstairs in a family room, and that a person (on average) is 
located at the midpoint between the center and the edge of the structure, then the effective 
gamma shielding factor would be: (0.67)(0.61) + (O.33xO.3 1) = 0.5 1. For the industrial 
scenario, the value is 0.25, which is the shielding value at the midpoint location for the single 
story structure. 

Table 2. Gamma Shielding Factor Calculations 
for mid SSF'L Structure 

Radial Location 

Gamma Shielding Factor 

1st Floor I 2nd Floor 
Residential Structure (93 ma footprint, two story) 

0.57 
0.61 

0.71 

Center 
Midpointa 
Perimetd 

0.27 
0.3 1 

0.57 

Industrial Structure (186 ma footprint, single story) 
- 
- 
- 

Center 
Midpointa 

Perimetefi 

'Midpoint between the center and the perimeter of the structure 
b ~ d g e  of the structure. - 

0.22 
0.25 

0.58 
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It should be noted, that these values do not take into account any out-structures such as 
garages and patios, both of which would result in additional gamma shielding, and both of which 
would almost certainly be part of any residences built on the site. 

Dietarv Parameters: Default RESRAD input values for food and water consumption are 
based on the family farm scenario, where a significant portion of the diet is grown or raised on 
the site. For the three credible scenarios considered here, these parameters were adjusted as 
follows: for the residential scenario, it is conservatively assumed that a small fraction (1 0% of 
that grown on a family farm) of the fiuit and leafl vegetables consumption would be from 
material grown on site. The values used are 16 kg/year per person and 1.4 kglyear per person, 
respectively. It was further assumed that water for the residence would be obtained fiom a well 
on the site (5 10 liters/year per person). 

For the industrial and wilderness scenarios, it was assumed that no water would be used 
that was taken from the site; thus, all water pathways were suppressed with the exception of a 
secondary pathway via plant ingestion. In the industrial case, bottled drinking water is supplied. 
Since essentially all surface water at present is a result of the current industrial operations, no 
SUrf8ce water would be available in the wilderness scenario. It is also assumed that perhaps 1% 
of the family farm fiuit consumption value might be collected fiom wild sources, thus, 0.14 
kglyear is used for these scenarios. 

Contaminated Zone Hvdrologv Data: The SSFL facility is located in the Simi Hills in 
eastern Ventura County, California The Simi Hills are in the northern part of the Transverse 
Range geomorphic province, and are composed primarily of exposures of the Upper Cretaceous 
Chatsworth Formation. This formation is a marine turbidite sequence of sandstone with 
interbedded siltstone/mudstone and minor conglomeratic lenses. The Chatsworth Formation is at 
least 1,800 m thick in lmtions east and north of the Facility. 

The principal geologic units at the SSFL are the Chatsworth Formation and the shallow 
alluvium which overlies the Chatsworth Formation in some parts of the Facility, notably in Area 
IV of the SSFL where the decommissioning and decontamination of nuclear sites is taking place. 
This layer is Quaternary alluvium consisting of mixtures of unconsolidated sand, silt, and clay, 
and would include the contaminated zone. Drill holes indicate that the layer may be as thick as 6 
meters in some locations. 

The density of this alluvium layer is approximately 1.5 glcm3. The total and effective 
porosity of the contaminated zone are assumed to be 0.43 and 0.20 based on the average of data 
for sand, silt, and clay as given in the RESRAD manual. Precipitation at the facility is measured 
annually by a rain gauge located in the northeastern portion of the SSFL (Ventura County Rain 
Gauge Number 249). Based on measured da6 since 1959, the mean annual precipitation at the 
SSFL is approximately 18.6 inch, or 0.47 meters. In general, the majority of the precipitation 
occurs during the months of January through March. 
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Saturated Zone Hvdrolo~v Data: There are two groundwater systems at the SSFL: 1) a 
shallow system in the surficial alluvium and the underlying zones of wea&ered sandstone and 
siltstone/claystone, and isolated shallow fi-acture systems; and 2) a deeper regional system in the 
fi-actured Chatsworth Formation. The shallow zone is discontinuous, with depths to groundwater 
ranging from land d a c e  to over 9 m. For the present study, we assume that this shallow region 
most conservatively represents the saturated zone, with an average depth to the water table of 
about 5 m. Hydraulic conductivity in the saturated zone generally ranges from about 30 to 3,000 
dyear. Here, the higher value has been assumed. 

Typical pumping rates for deep wells in the Chatsworth Formation (rock) range fiom 60 to 
70 m31year up to a maximum of about 300 m3/year. For the shallow (alluvium) region, however, 
pumping rates are significantly lower, typically about 35 m31year. Further, in the shallow 
region, many wells would be dry for a good fiaction of the year as the replenishment rate is 
generally low. Water table drop rates, therefore, would range up to 10 m as a result of on-site 
pumping. Without pumping, however, no data is available on any inherent lowering of the water 
table. For conservatism, therefore, the default value of 0.001 dyear has been assumed. 

Radon Pathway Two default values were modified for the radon pathway. The thickness 
of the foundation was set at 0.1 rn (4 inches) to correspond to the gamma shielding calculations 
discussed above. Also, the depth below ground surface was also set at 0.1 m, as basement 
structures are not typical for the local area. 

3.4 Calculated Soil and Water Guidelines from RESRAD 

The guidelines calculated from the RESRAD code for various single radionuclides are 
listed in Table 3 for comparison of the three scenarios. Values for each of the scenarios were 
determined from separate RESRAD calculation runs using the input parameters given in 
Appendix A. Water guideline values in Table 3 were calculated fiam the dose conversion factors 
used in RESRAD for ingestion, using an EPA value of 2 litedday total water consumption (per 
person) &om the site, and an EPA dose limit of 4 mmlyear (Ref. 5). 

For radionuclides specifically regulated by the EPA (and the State of California), the Safe 
Drinking Water Act (and CCR Title 22) limits were used. These are (in pCfi): 

H-3 .......................................................................... ..2O,WO 
Combined Ra-226 and Ra-228 .............................................. 5 
Sr-90 ...................................................................................... 8 
Gross alpha (not including radon and uranium) ................. 15 
Gross beta ............................................................................ 50 
Uranium (U-234 + U-235 + U-238) .................................... 20 - 

For U-234, U-235, and U-238, DOE imposes the EPA regulations in 40 CFR 192 (and 
parts 190 and 440). Similarly, for Ra-226, Th-228 and Th-232, DOE imposes the limits in DOE 
Order 5400.5. 
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3.5 Soil and Water Guidelines 

Based on the data in Table 3, conservative guidelines, consistent with the several 
applicable regulations governing residual radioactivity discussed above, are listed in Table 4. 
With the exception of uranium, radium, and tborium, the soil guidelines are those calculated 
from RESRAD for the residential use scenario. For uranium, the guidelines are those adopted by 
the NRC (30,30, and 35 pCi/g for U-234, U-235, and U-238, respectively, see Ref. 9). For 

Table 3. RESRAD-Calculated Single Isotope Guideline Values 

Radionuclide 
Am-24 1 
Co-60 
Cs-134 
CS-1 37 
Eu-1 52 
Eu- 1 54 
Fe-55 
H-3 
K-40 
Mn-54 
Na-22 
Ni-59 
Ni-63 
E'U-238 
Pu-239 
Pu-240 
Pu-24 1 
E'U-242 
Ra-226 
Sr-90 
Th-228 
Th-232 
U-234 
U-23 5 
U-238 

Sc 

Industrial 
120 
10.9 
18.7 
51.9 
25.3 
23 .O 

2,370,000 
129,000 

162 
34.4 
13.0 

1,390,000 
511,000 

140 
127 
127 

4,740 
133 

0.520 
370 
14.8 
7.94 
519 
I63 
399 

I Guidelines (p( 

Wilderness 
1 62 
9.83 
16.9 
46.7 
22.8 
20.7 

4,780,000 
129,000 

147 
30.9 
11.7 

1,560,000 
572,000 

192 
175 
175 

6,430 
183 
13.6 
376 
14.7 
7.98 
647 
160 
445 

BRAD ingestion 

Residential 
5.44 
1.94 
3.33 
9.20 
4.5 1 
4.1 1 

629,000 
3 1,900 
27.6 
6.1 1 
2.3 1 

1 5 1,000 
55,300 
37.2 
33.9 
33.9 
230 
35.5 
0.199 
36.0 
2.8 1 
1.53 
lo6 
32.1 
90.9 

Water 

1 s o  
204 
74.7 
110 
845 
573 

9,020 
~ 5 , 6 0 0 ~  

294 
1,980 
476 

26,100 
9,490 
1.71 
1.55 
1.55 
79.9 
1.63 
4.12~ 
35.gb 
6.78 
2.01 
19.3~ 
20.5~ 
20.4~ 

EPA dose limit of 4 m d y e a r  (see text). 
b For these radionuclides, the EPA Safe Drinking Water Act or the State of California CCR 
Title 22 limits should be used (see Table 4). 
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Table 4. Soil and Water Guidelines for SSFL Facilities 

Radionuclide 
Soil Guidelines 

( P W )  
5.44 
1.94 
3.33 
9.20 
4.51 
4.11 

629,000 
3 1,900 
27.6 
6.11 
2.3 1 

1 5 1,000 
55,300 
37.2 
33.9 
33.9 
230 
35.5 

5" and 15" 
36.0 

5" 15" 
5" and 15" 

30" 
30" 
3Sb 

Gross alpha (not radon and uranium) 
Gross beta 

'State of California Maximum Contaminant Level: 

Water 
(Pew 

1.5 
200 
75 
110 
840 
570 

9,000 
20,00(r 

290 
2 , o  
480 

26,000 
9,500 

total uranium 20" 

15' 
50' 

ZCR Title 22 s, ' 
b Generally more conservative NRC limits for uranium isotopes are 
used. 

'DOE Order 5400.5 limits are used (5 pCi/g averaged over first 15 
cm of soil depth and 15 pCi/g averaged over 15 cm layers below 
the top 15 cm). 

radium and thorium, DOE Order 5400.5 limits are used (5 pCi/g averaged over first 15 cm of soil 
depth and 15 pCYg averaged over 15 cm layers below the top 15 cm, see Ref. 1). Guidelines 
established from the residential use scenario fie the most restrictive of the three scenarios 
considered. 
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The choice of a basic dose limit of 15 mredyear for all pathways combined leads to lower 
limits than would result fiom the use of the dose limits established by the EPA for the uranium 
fuel cycle (Ref. 10) and by DOE for unrestricted release of contaminated property (Ref. 1). The 
water guidelines are those calculated fiom the RESRAD dose conversion factors, using the EPA 
values for the basic dose limit and daily water intake, with the Maximum Contaminant Levels 
(MCL) specified for certain radionuclides by the State of California (Ref. 1 1). 
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4. SURFACE CONTAMINATION GUIDELINES 

Surface contamination limits are specified in Figure IV-1 of Chapter N in DOE Order 
5400.5. For SSFL facilities, these limits have been modified by specifying the potential 
con taminants present in the Rocketdyne facilities, and eliminating those that are not pertinent. 
The proposed guidelines are given in r able 5. As used in this table, dpm (disintegrations per 
minute) means the rate of emission by radioactive material as determined by correcting the 
counts per minute measured by an appropriate detector for background, efficiency, and geometric 
factors associated with the instrumentation. 

Table 5. Surface Contamination Guidelines for SSFL Facilities 

Maximum 
in 100 cm' 

( d p d 0 0  cm3 
300 

3,000 
15,000 
15,000 
15,000 

Radionuclide 
Plutonium, Radium 
Thorium 
Uranium 
Mixed fssion products 
Activation products 
Tritium 

Removable 
(dpdlO0 cm3 

20 
200 
1,000 
1,000 
1,000 

10,ooo 

Average 
over 1 ma 

(dpm/lOO cm3 
100 

1 
%OOo 
5,ooo 
%~ - 

As included in Table 5, Pu, Ra, U, Th, mixed fission products, and activation products, 
refer to those forms of radioactive material that comprise the residual activity at the SSFL. 
Plutonium is predominately Pu-239; Radium is Ra-226. It is assumed that thorium is sufficiently 
aged that all daughters are in equilibrium, Th-natural. Uranium will occur in depleted, normal, 
or enriched forms; U-233 is not present. Mixed fission products include Sr-90 and Cs-137 as 
components of the mixture. Possible activation products include Co-60, Fe-55, Mn-54, Eu-1 52, 
Eu-1 54, A1-26, and similar radionuclides. 

Tritium contamination limits are based on interim guidelines for removable surface 
contamination (Ref. 12). This level of removable contamination insures that any non-removable 
or volumetric contamination will not cause unacceptable exposures. 

These guidelines will be imposed for accessible (or potentially accessible) surfaces and 
structures. 
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5. AMBIENT GAMMA EXPOSURE RATE 

A guideline of 5 pR/hr above natural background, measured at 1 meter above the surface, 
is used. This value has been imposed by the NRC for decommissioning research reactors 
(Ref. 13). It is as low as reasonably measurable, due to variations in background, and is 
significantly lower than the guideline of 20 @h stated in DOE Order 5400.5, Chapter IV, 
Section 4.c. This guideline is imposed for accessible (or potentially accessible) structures and 
land. Our experience has been that this level can be achieved and verified in facilities that would 
be suitable for continued use. 
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6. APPLICATION OF GUIDELINES 

Note: The survey protocols described below were those employed at the time ofissue of 
NOOlSRR140127 and have been in use up until the end of1 998. As ofihe beginning of1999, 
MARSSIMprotocols will be employed (Refrence 19) utilizing the guidelines developed in this 
report as the DCGLws (derived concentration guideline limits). 

The guidelines presented above should be used in planning any decontamination effort at 
the SSFL. Analytical capability for detection of each radionuclide should be, if possible, less 
than one-tenth of the guideline values. That is, the Minimum Detectable Activity (MDA, our 
LLD) should be less than 0.1 x guideline. Field measurements used to direct removal of 
contaminated soil should be capable of practical measurements below the guideline value. 
Survey measurements and sample analyses should be corrected for the local background activity 
of each radionuclide. 

6.1 Soil Guidelines 

Sample analysis is necessary to demonstrate the successll decontamination of soil areas. 
A qualitative scan will be performed using gamma-sensitive andlor beta-sensitive detectors to 
identifjl any significant areas of residual contamination. Soil samples will be taken from 
locations based on a 3x3 meter master grid. One sample will be taken h m  within a 1x1 meter 
grid location in each 3x3-meter section, based either on the qualitative scan survey indications at 
the area of maximum readings or, if no noticeable readings were found, at the location most 
likely to have residual contamination, by the surveyor's judgment. This selection assures a 
reasonably uniform sampling of the ground areas, at a sample density of approximately 1 1 
samples per 100 m2. 

Results from individual samples will be compared with the l i t  for hotspots of 9-m2 area, 
that is, 3.3 x the adopted concentration limit. Averages of adjacent samples, covering 100 m2, 
will be compared with the average limit. The overall average, assuming that the individual and 
1 00-m2 area averages satisfy the applicable limits, will be used for a RESRAD confirmatory 
calculation. This calculation will be performed to demonstrate that the maximum expected 
annual dose for the indicated reasonable use scenario for the facility does not exceed the 
proposed 1 5 mredyear guideline value. 

For mixtures of radionuclides in soil, the "Sum of Fractions" rule is used. The sum of the 
ratios of concentration of each radionuclide to the corresponding guideline must not exceed 1. 
This value must be satisfied when samples are averaged over each 1 00-m2 region. For cases in 
which the relative concentrations are known or assumed, this method is used to generate 
combined radionuclide guidelines for each radionuclide in the mixture. 

The guidelines are not intended to be spot limits, and should not be applied to individual 
measurements. If the specific sampling provides only (or fewer than) one measurement per 100- 
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m2 area, each measurement becomes, by default, the "average" for that 100-m2 area, and the 
guidelines have the effect of acting as spot limits. In cases where an individual sample exceeds 
the guideline value, additional samples should be taken fiom within the ~ a m e  1 00-m2 area, and 
used to define the average contamination in this area. 

The maximum concentrations remaining as "hot spots" must have contamination less than 
that calculated by the hot-spot rule presented in DOE Order 5400.5, Chapter IV, page 4. The 

average contamination within any area not exceeding 25 m2 shall n o t k  greater than 
guideline, where A is the area in m2. Reasonable efforts shall be made to remove any soil with 
contamination that exceeds 30 x guideline (ReL 4). 

6.2 Surface Contamination Guidelines 

The proposed d a c e  contamination guidelines would be applied to all accessible surf8ces 
and structures. This would include ceilings, floors, and walls, and other potentially accessible 
locations such as attics. Where d a c e  contamination by both alpha- and beta-gammaemitting 
radionuclides exists, the guidelines established for alpha- and beta-gammaemitting radionuclides 
should apply independently. Measurements of average contamination are averaged over an area 
of 1 m2. For objects of less surfice area, the average should be derived for each such object. The 
maximum contamination level applies to an area of not more than 100 cm2. Surfaces of facilities 
which are likely to be contaminated, but are inaccessible for purposes of measurement, shall be 
presumed to be contaminated in excess of the applicable limits. 

Following a complete qualitative scan of the facility, quantitative surfice contamination 
measurements will be made over a fiaction of the structural surfaces, as determined by the 
designation of the area as affected or unaffected. Affected areas will be surveyed at a nominal 
fraction of 1 1 %. Unaffected areas will be surveyed at lesser hctions. Locations for the 
quantitative survey measurements will be based on a 3x3 meter master grid. One sample will be 
taken fiom within a 1x1 meter grid location in each 3x3-meter section, based either on the 
qualitative scan survey indications at the area of maximum readings or, if no noticeable readings 
were found, at the location most likely to have residual contamination, by the surveyor's 
judgment. Results fiom individual locations will be compared with the applicable limits. 

Total surface contamination is measured by use of detectors primarily or exclusively 
sensitive to alpha or beta-gamma radiation. Afier a qualitative survey of the surfaces of the 
entire subject area, quantitative measurements are made on 1 -m2 areas selected uniformly 
throughout the area. These measurements are made with the detectors connected to a scaler set 
to accumulate counts for a 5-minute period. The detector is slowly scanned over the 1 -m2 grid 
location and the numerical result, after correction for background, count time, and detector 
efficiency, yields the 1-m2 average surface ach ty .  These detectors are calibrated against Th- 
230 for alpha activity and Tc-99 for beta activity. The emission energies of these radionuclides 
is generally less than those radionuclides found as contamination at SSFL. This results in an 
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underestimate of the efficiency of the detectors for the actud contaminant radioactivity and 
hence an overestimate of the actual measurement. 

The amount of removable activity per 100 cm2 of surface area is determined by wiping an 
area of that size with dry filter or soft absorbent paper, applying moderate pressure, and 
'measuring the amount of radioactive material on the wiping with an appropriate instrument of 
known eficiency. Typically at Rocketdyne, a low background gas flow proportional counter is 
used. When removable contamination on objects of surface area less than 100 cm2 is determined, 
the activity per unit area should be based on the actual area and the entire surface should be 
wiped. It is not necessary to use wiping techniques to measure removable contamination levels if 
direct scan surveys indicate that the total residual surface contamination levels are within the 
guidelines for removable contamination. 

Smear methods for tritium detection are similar to that described above, with the exception 
that a wet swipe or piece of Styrofoam should be used. If the property has been recently 
decontaminated, a follow-up measurement (smears) should be conducted to ensure that there is 
no build-up of contamination with time. 

6 3  Ambient Gamma Exposure 

Measurements of the ambient gamma expostmi rate provides a useM determination of 
residual volumetric radioactivity that may not be as easily detected by surface measurements or 
sampling and analysis. For the purpose of demonstrating suitability for release, this 
measurement provides an additional test. 

The DOE established a limit of 20 CIR/hr above natural background for screening radium- 
contaminated property. The NRC has imposed a 10pRIhr limit on the decommissioning of 
radioactive materials licensees, and a SpR/hr limit on the decommissioning of research reactors. 
The 5 pRIhr limit above natural background is proposed for use at Rocketdyne. Because of the 
variability and differences in natural background, the limit of 5 lr~/hr is about as low as can be 
reasonably implemented. 

Quantitative measurements of the ambient gamma exposure rate.wil1 be made over a 
fraction of the structural surf-, as determined by the designation of the area as affected or 
d e c t e d .  Affected areas will be surveyed at a nominal fraction of 11%. Unaffected areas will 
be surveyed at lesser fractions. Locations for the quantitative survey measurements will be based 
on a 3x3-meter master grid. One measurement, covering one 1-m2 grid location, will be made at 
each grid location chosen for the surface contamination measurements. Results from individual 
locations will be compared with the applicable limits. 

At Rocketdyne, gamma exposure rate is'generally measured by use of a 1x1 inch Nd(Tl) 
detector/photomultiplier probe, connected to a s d e r  to provide objective numerical values. The 
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detector is placed 1 meter above the local (ground or floor) surface. This instrument is calibrated 
by reference to a High Pressure Ion Chamber (HPIC) in a background area. 

6.4 Statistical Validation of Survey Data . 

The statistical approach employed at RocketdyneETEC for establishing that survey data 
meets guideline values is a method referred to as Sampling Inspection by Variables (Ref. 14). 
This method has been widely applied in industry and the military and is essential where the lot 
size is impractically large. Application of this method to the remediation of contaminated sites 
has been discussed in detail elsewhere (see for example, Ref. 15). 

In sampling inspection by variables, the number of data points on which measurements are 
obtained is first chosen to be large so that the parameters of the distribution are likely to have a 

normal distribution (i.e., Gaussian). The mean of the distribution, x, and its standard deviation, 
s, are then related to a "test statisticn, TS, as follows: 

- 
where x = average (arithmetic mean of measured values) 

s = observed sample standard deviation 
k = tolerance factor calculated h m  the number of samples to achieve 

the desired sensitivity for the test 
TS and x then corn@ with an authorized acceptance limit, U, to determine 

acceptance or other plans of action, including rejection of the area as contaminated and requiring 
further remediation. 

The sample mean and standard deviation are easily calculable quantities; the value of k, the 
tolerance factor, bears fiuther discussion. Of the various criteria for selecting plans for 
acceptance sampling by variables, the most appropriate is the method of Lot Tolerance Percent 
Defective (LTPD), also referred to as the Rejectable Quality Level (RQL). The LTPD is defined 
as the poorest quality that should be accepted in an individua1,lot. Associated with the LTPD is a 
parameter referred to as consumer's risk (P), the risk of accepting a lot of quality equal to or 
poorer than the LTPD (or 1W). NRC Regulatory Guide 6.6 (Ref. 16) states that the value for 
the consumer's risk should be 0.10. Conventionally, the value assigned to the LTPD has been 
10%. 

The State of California, Department of Radiological Health Branch, has stated that the 
consumer's risk of acceptance (p) at 10% defective (LTPD) must be 0.1 (Ref. 17). For those 
choices of p and LTPD, I$, = K, = 1.282. The number of samples is n. Values of k for each 
sample size are calculated in accordance with - the following equations: 
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where k = tolerance factor, 
Kp = . the normal deviate exceeded with probability of P, 0.10 (from tables, 

K, = 1.282, see Ref 18), 
K2 = the normal deviate exceeded with probability equal to the LTPD, 

1 O% (from tables, $ = 1.282, see Ref 1 8): and 
n = number of samples. 

The statistical criteria for acceptance of a remediated area are presented below. 

a) Acceptance: If the test statistic (x + ks) is less than or equal to the guideline (U), accept the 
area as clean. If any single measured value exceeds 80% of the limit, decontaminate that 
location to as near background as is possible, but do not change the value in the analysis. 

b) Collect additional measurements: If the test statistic (x + ks) is greater that the limit 0, but - 
x itself is less than U, independently resample and combine a l l  measured values to determine 
if x + ks S = U for the combined set; if so, accept the area as clean. If not, the area is 
contaminated and must be remediated. 

C) Rejection: If the test statistic (x + ks) is greater than the limit (U) and x > = U, the region 
is contaminRted and must be remediated. 

Thus, based on sampling inspeoton, we are willing to accept the hypothesis that the proba- 
bility of accepting an area as not being contaminated which is, in fact, 100h or more 
contaminated is 0.10. Or in other words, the final survey acceptance criteria corresponds to 
assuring with 90% confidence that 90% of an area has residual contamination below 100% (a 
9019011 00 test) of the authorized limit. 
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Appendix A 

Input Parameters for RESRAD Calculations (Shect 1 of 3) 

Parameter 

Area of contaminated zone (m2) 
Thickness of contaminated zone (m) 
Length parallel to aquifer flow (m) 
Basic radiation dose limit (mredyr) 
Time since placement of material (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations Or) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Cover depth (m) 
Density of cover material (g/cm3) 
Cover depth erosion rate (mlyr) 
Density of contaminated zone (glcm3) 
Contaminated zone erosion rate (mlyr) 
Contaminated zone total porosity 
Contaminated zone effective porosity 
Contaminated zone hydraulic conductivity (mlyr) 
Contaminated zone b parameter 
Humidity in air (glcm3) 
Evapotranspiration coefficient 
Precipitation (dyr) 
Irrigation (mlyr) 
Irrigation mode 
Runoff coefficient 
Watershed area for nearby stream or pond (m2) 
Accuracy for waterlsoil computations 
Density of saturated zone (gkm3) 
Saturated zone total porosity 
Saturated zone effective porosity 
Saturated zone hydraulic conductivity (dyr) 
Saturated zone hydraulic gradient 
Saturated zone b parameter 
Water table drop rate (rnlyr) 
Well pump intake depth (m below water table) 

Val 
Industrial 

1 .000E+04 
1 .000E+00 
1.000E+02 
1 .SOOE+0 1 
0.000E+00 
1.000E+Oo 
3.000E+OO 
1 .OOoE+0 1 
3 .OOOE+O 1 
1.000Ei-02 
3 .OOOE+02 
1.000E+03 
3.000Ei-03 
1 .OOOE+04 
O.OOOEi-00 
not used 
not used 

1.500Ei-00 
1 .OOOE-03 
4.300E-01 
2.00oE-0 1 
3 .OOOE+03 
5.300Ei-00 
8.000E+OO 
5 .000E-0 1 
4.700E-01 
2.oooE-01 
overhead 

2.oooE-0 1 
1 .OOOE+06 
1 .OOOE-03 
1.500E+00 
4.300E-01 
2.0ooE-01 
3.000E+03 
2.0ooE-02 
5.300E+00 
1 .OOOE-03 
1 .OOOE+o 1 

Used for Sd 
Wildernes 

1 .OOOE+04 
2.0OOE+OO 
1 .OOOE+02 
1.500E+01 
O.OoOE+00 
1.000E+Oo 
3 .OOOE+00 
1 .OOOE+O 1 
3.OOOE-H) 1 
1 .OOOE+02 
3 .OOOE+02 
1 .OOOE+O3 
0.00OE+Oo 
O.OOOE+00 
O.oooE+00 
not used 
not used 

l.5OOE+OO 
1 .OOOE-03 
4.300E-01 
2.0ooE-01 
3 .OOOE+O3 
5.300E+00 
8.000Ei-00 
5.0OOE-0 1 
4.700E-01 
2.0OOE-0 1 
overhead 

2.000E-0 1 
1 .OOOE+06 
1 .OOOE-03 
lSOOE+OO 
4.300E-01 
2.00oE-01 
3 .OOOE+O3 
2.000E-02 
5.300EMO 
1 .OOOE-03 
1 .OOOE+01 

~ario 
Residentia 

1 .OOOE+O4 
1.000E+Oo 
1 .oOOE+02 
1.500E+01 
0.000E+00 
1.00OE+00 
3 .OOOE+00 
1 .OOOE+0 1 
3 .000E+O 1 
1 .000E+02 
3 .OOOE+02 
1 .000E+03 
3.000E+03 
1.000E+O4 
0.000E+00 
not used 
not used 

1.500E+OO 
1 .000E-03 
4.3OOE-01 
2.ooOE-0 1 
3.000E+03 
5.300E+00 
8.oOOE+00 
5 .000E-0 1 
4.700E-0 1 
2.000E-0 1 
overhead 

2.000E-0 1 
1 .OOOE+06 
1 .OOOE-03 
1.500E+00 
4.300E-0 1 
2.oooE-0 1 
3 .OWE+03 
2.oooE-02 
5.300E+00 
1 .OOOE-03 
1 .OOOE+O 1 

RESRAD 
Default 

1 .OOOE+04 
2.000E+00 
1 .OOOE+02 
~ . O O O E + ~  1 
0.000E+00 
1.000E+00 
3.000Ei-00 
1 .OOOE+01 
3 .OOOE+0 1 
1 .000E+02 
3 .000E+02 
1 .000E+03 
O.OOOE+00 
O.OOOE+Oo 
O.OOOE+00 
1.500E+00 
1 .OWE-03 
1.500E+OO 
1 .OOOE-03 
4.0OOE-01 
2.000E-0 1 
1 .OOOE+O 1 
5.300E.too 
8 . 0 0 0 ~ ~ 0  
5.000E-0 1 
1.000E+00 
2.000E-01 
overhead 

2.000E-01 
1 .OOOE+06 
1 .OWE-03 
1.5OOE+00 
4.000E01 
2.000E-01 
1.000E+02 
2.000E-02 
5.300E+00 
1.000E-03 
I .OOOE+01 
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Input Parameters for RESRAD Calculations (Sheet 2 of 3) 

Parameter 
Model: Nondispersion (ND) or Mass-Balance (M& 
Well pumping rate (m31yr) 
Number of unsaturated zone strata 
Unsat. zone 1, thickness (m) 
Unsat. zone 1, soil density (g'cm3) 
Unsat. zone 1, total porosity 
Unsat. zone 1, effective porosity 
Unsat. zone 1, soil-specific b parameter 
Unsat. zone 1, hydraulic conductivity (m/yr) 
Inhalation rate (m31yr) 
Mass loading for inhalation (g/m3) 
Dilution lengtb for airborne dusf inhalation (m) 
Exposure duration 
Shielding factor, inhalation 
Shielding factor, external gamma 
Fraction of time spent indoors 
Fraction of time spent outdoors (on site) 
Shape factor flag, exteml gamma 
Fruits, vegetables and grain consumption (kglyr) 
Leafy vegetable consumption (kg&) 
Milk consumption (Uyr) 
Meat and poultry consumption (kglyr) 
Fish consumption (lcg/yr) 
Other seafood~consumption (kglyr) 
Soil ingestion rate (glyr) 
Drinking water intake (Uyr) 
Contamination fraction of drinking water 
Contamination fraction of household water 
Contamination fmction of livestock water 
Contamination fraction of irrigation water 
Contamination fraction of aquatic food 
Contamination firaction of plant food 
Contamination fraction of meat 
Contamination fraction of milk 
Livestock fodder intake for meat (kglday) 
Livestock fodder intake for milk (kglday) 
Livestock water intake for meat (Uday) 
Livestock water intake for milk (Uday) 
Livestock soil intake (kg/day) 
Mass loading for foliar deposition (g/m3) 
Depth of soil mixing layer (m) 
Depth of roots (m) 

Val 
Industrial 

ND 
not used 

1 
4.000E+00 
1.500E+00 
4.300E-01 
2.ooOE-01 
5.300E+00 
3.000E+03 
8.400E+03 
2.000E-04 
3.000E+00 
3.000E+01 
4.000E-01 
2.500E-01 
2.000E-0 1 
4.000E-02 
1.000E+00 
1.600E+00 
0.000E+00 
not used 
not used 
not used 
not used 

3.65OEW 1 
not used 
not used 
1.oooE+00 
not used 

1.000E+00 
not used 

- 1 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.000E-04 
1 SOOE-0 1 
9.000E-0 1 

Used for Scenario 
Wilderness 

ND 
not used 

1 
4.000E+OO 
1.500E+00 
4.300E-01 
2.000E-01 
5.300E+00 
3.000E+03 
8.400E4-03 
2.oooE-04 
3.000E+00 
3.000E+01 
4.000E-01 
7.000E-01 
O.oOoE+00 
1 .oooE-0 1 
1 .oooE+00 
1.600E+00 
O.OOOE+00 
not used 
not used 
not used 
not used 

3.6SOE+O 1 
not used 
not used 

0.000E+00 
O.OOOE+OO 
1.000E+00 
not used 

-1 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1 .000E-04 
1.5OOE-01 
9.OOOE-01 

Residential 
ND 

7.000E+01 
1 

4.000E+00 
1.500E+00 
4.3OOE-01 
2.ooOE-01 
5.300Ei-00 
3.000E+03 
8.400E+03 
2.00OE-04 
3 .OOOE+OO 
3 .OOOE+0 1 
4.0OOE-0 1 
5.10oE-01 
5.0ooE-0 1 
2.5OOE-01 
1.000E+00 
l.6OOE+O 1 
1.400E+00 
not used 
not used 
not used 
not used 

3.650E+01 
5.100E+O2 
1 .OOOE+OO 
1.000E+00 
not used 

l.O0OE+00 
not used 

-1 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1 .OOOE-04 
1 SOOE-01 
9.0OOE-01 

RESRAD 
Default 

ND 
2.5OOEM2 

I 
4.000E+00 
1.5 OOE+00 
4.000E-0 1 
2.0ooE-0 1 
5.3OOEMO 
1 .OOOE+O 1 
8.400E+03 
2.000E-04 
3 .OOOE+00 
3 .000E+0 1 
4.000E-01 
7.00OE-01 
5.oooE-01 
2.500E-01 
1.000E+00 
I .600E+02 
1.400E+01 
9.2OOEi-O 1 
6.300E+01 
5.400E+00 
9.000E-01 
3.65OEMl 
5.100Ei-02 
1.00OE+Oo 
1 .OOOE+OO 
1.000E+00 
1 .OOOE+00 
5.00OE-01 

- 1 
- 1 
-1 

6.800E+01 
5.50OE+Ol 
5.000E+0 1 
1.600E+02 
5.OOOE-01 
1 .OOOB04 
1.50OE-0 1 
9.0OOE-01 
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Input Parameters for RESRAD Calculations (Sheet 3 of 3) 

Parameter 
Drinking water fraction from ground water 
Household water fraction from ground water 
Livestock water fraction from ground water 
Irrigation fraction from ground water 
C- 12 concentration in water (g/cm3) 
C-12 concentration in contaminated soil (gig) 
Fraction of vegetation carbon from soil 
Fraction of vegetation carbon from air 
C- 14 evasion layer thickness in soil (m) 
C-14 evasion flux rate from soil (llsec) 
C-12 evasion flux rate from soil (llsec) 
Fraction of grain in beef cattle feed 
Fraction of grain in milk cow feed 
Storage times of contaminated foodstuffs (days): 
Fruits, non-leafy vegetables, and grain 
Lea@ vegetables 
Milk 
Meat and poultry 
Fish 
Crustacea and mollusks 
Well water 
Surface water 
Livestock fodder 

Thickness of building foundation (m) 
Bulk density of building foundation (g/cm) 
Total porosity of the cover material 
Total porosity of the building foundation 
Volumetric water content of the cover material 
Volumetric water content of the foundation 
Diffusion coefficient for radon gas (dsec):  
in cover material 
in foundation material 
in contaminated zone soil 

Radon vertical dimension of mixing (m) 
Average annual wind speed (m/sec) 
Average building air exchange rate (lhr) 
Height of the building (room) (m) 
Building interior area factor 
Building depth below ground surface (m) 
Emanating power of Rn-222 gas 
Emanating power of Rn-220 gas 

not used 
1.oOoE+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.400E4-0 1 
1 .OoOE+OO 
not used 
not used 
not used 
not used 

1 .OOOE+OO 
1.000E+00 
not used 

1 .OWE-0 1 
2.400E+00 
not used 

1.000E-0 1 
not used 

3 .WOE02 

not used 
3.0OOE-07 
2.000E-06 
2.0OOE+OO 
2.0OOE+OO 
5.0ooE-01 
2.500E+00 
0.000E+00 
1 .OOOE-0 1 
2.5OOE-01 
not used 

Used for Sc 
Wildern- 
1.000E+00 
not used 

1.0OOE+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.400Ei-O 1 
1.000E+00 
not used 
not used 
not used 
not used 

1.000E+Oo 
l.oOoE+Oo 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

~a r io  
Residential 
1.0OOE+00 
1.00OE+00 
1.0OOE+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.400Ei-O 1 
1.000E+Oo 
not used 
not used 
not used 
not used 

1.000E+Oo 
1.OOoE+OO 
not used 

1 .OoOE-0 1 
2.4OOE+OO 

not used 
1 .oooE-0 1 
not used 

3 .000E-02 

not used 
3.OOOE-07 
2.000E-06 
2.000E+OQ 
2 .OWE+OO 
5 .oooE-0 1 
2.500E+00 
0.000E+00 
I .000E-0 1 
2.5OOE-01 
not used 

RESRAD 
Default 

1.000E+00 
1.000E+00 
1.00OE+00 
1.000E+00 
2.0OOE-05 
3 .OOOE-02 
2.000E-02 
9.800E-01 
3.00OE-0 1 
7.00OE-07 
1 .oooE- 10 
8.000E-01 
2.OOOE-0 1 

lAOOE+0 1 
1.000E+00 
1.000E+00 
2.000E+01 
7.000E.tOo 
7.000E+00 
1.000E+00 
1.000E+Oo 
4.500E+01 
1.500E-0 1 
2.4WE+00 
4.0OOE-0 1 
1.000E0 1 
5.0OOE-02 
3 .WOE-02 

2.000E-06 
3 .OOOE-07 
2.OOOE-06 
2.000E+00 
2.000E+00 
5.oooE-0 1 
2.500E+00 
0.000E+00 
- 1.000E+00 
2.50OE-01 
1.5ooE-0 1 
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Appendix B 
Agency Approvals 

1. Letter fiom Gerard Wong (DHS) to Majelle Lee (Rocketdyne), "Authorized Sitewide 
Radiological Guidelines for Release for Unrestricted Use", 96ETEC-DRF-0455, August 9, 
1996. 

2. Memorandum fiom Sally A. Robison (DOE-ER) to Roger Liddle (DOE-OAK), Sitewide 
Limits for Release of Facilities Without Radiological Restriction", 007857RC, September 17, 
1996. 



EXHIBIT I11 

DOCUMENT FROM CALIFORNIA DEPARTMENT OF HEALTH 
SERVICES RELEASING THE FORMER SODIUM DISPOSAL FACILITY 

(4886) TO UNRESTRICTED USE 



STATE OF CALIFORNIA--HEALTH A N D  WELFARE AGENCY PETE WILSON, Go=mor 

DEPARTMENT OF HEALTH SERVICES 
714/744 P STREET 
P.O. BOX 942732 
SACRAMENTO, CA 942347320 

(91 6) 445-093 1 May 15,1998 

P.D. Rutherford, Manager 
Radiation Protection & Health Physics Services 
Boeing North AmericaRocketdyne Division 
P.O. BOX 7922, MS-TI00 
6633 Canoga Avenue 
Canoga Park, CA 91 309-7922 

Dear Mr. Rutherford: 

This letter is to confirm the release of Former Sodium Disposal Facility (FSDF) at the 
Rockwell International Santa Susana Field Laboratory. A final gamma radiation survey and a 
sampling of soil and rock demonstrated satisfactory removal of the radioactive contamination. 

Amendment number 98 to California Radioactive Material License Number 0015-19 was 
issued on May 6, 1998 releasing the Former Sodium Disposal Facility (FSDF) to unrestricted 
use. 

Sincerely, 

Gerard Wong, Ph.D., Chief 
Radioactive Material Licensing Section 
Radiologic Health Branch 
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ABSTRACT 

This report documents the environmental remediation of the Former Sodium 
Disposal Facility (FSDF) and its current status. The radiological remediation work is 
complete, but chemical remediation and site restoration remain to be finished. 

The facility was used during the 1960's and 1970's primarily to clean components 
that contained alkali metals. There was some limited disposal of chemical, industrial and 
construction wastes at this site before there were prohibitions in effect. A small amount 
of very low level radioactive waste was inadvertently disposed of at the site as well. 
Concerns about the quality of the groundwater below several facilities led to the selection 
of this site, in April 1991, for immediate remediation that was to be completed by 
December 3 1, 1992. 

Although it was long known that contamination of various types existed at the 
facility, it became necessary to determine the specific nature and extent of all forms of 
contamination, to assure that a credible cleanup plan could be prepared. This involved 
the need for soil and groundwater sampling, geophysical examinations for subterranean 
objects, and surface radiation scanning. Based upon these site characterization efforts, it 
was expected that wastes of various categories would be generated: hazardous 
(chemical), radioactive, mixed (chemical and radiological), and conventional (non- 
hazardous). Each waste stream required identification of methods of classification, 
handling and a disposal destination. The nature of the work required that staff be 
specially trained and equipped with appropriate tools, hazard detection devices and 
personal protective equipment. The imposed schedule required multiple work shifts. The 
outdoor setting presented challenges in the performance of the work, management of the 
site during rain and in packaging of wastes for transportation. 

The fimdamental clean up strategy involved the excavation of contaminated soil, 
down to bedrock in certain areas, with limited excavation in others, demolition of 
unneeded structures, and removal of all objects that were detected below the surface. 
Following achievement of cleanliness levels, the site would be restored to that of the 
surrounding terrain, and a post closure monitoring activity would be conducted. 

The proximity of the site to residential and recreational property heightened the 
public interest in this project, bringing intensive scrutiny and involvement by regulators. 
This participation by regulators has been the prime cause of the protracted schedule. 
Aside fiom procedural regulatory controls, the key issue preventing the project &om 
reaching closure was setting acceptable levels of chemical cleanliness. Success in 
achieving radiological release without restrictions was accomplished in May 1998. 

To date, the project has cost slightly over $ 12,000,000 and has extended over a 
period of nearly eight years. Excavation and disposal of over 12,000 cubic yards of soil 
and 20,000 pounds of debris has been accomplished to date, and more is required. There 
have been no significant injuries, no uncontrolled releases of hazardous substances and 
there were no radioactive exposures of significance to the remediation workers. 
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There is no evidence that the FSDF cleanup project has made a contribution to the 
overall objective of improvement of the degraded groundwater at the laboratory. 
Although the contaminants of concern found in the groundwater (TCE and TCA) were 
found only in the lower pond region of the FSDF, the other contaminants found at the 
FDSF (mercury, PCBs, Cs-137) have not been found in the groundwater. A change in 
the TCE and TCA concentrations in the groundwater has not been detected following the 
FSDF cleanup. Clearly, however, the removal of contaminants fiom the site can only be 
considered a step in the right direction to prevent further potential migration of such 
substances into the environment. 

This report is being issued at this time to support public awareness of the final phase 
of the project; that of removing the remaining contamination found after the prior 
remediation work, to be followed thereafter by site restoration. The cleanup actions at 
this facility are a portion of the remedial actions being carried out for the entire 
laboratory site 
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1.0 INTRODUCTION 

The purpose of this report is to summarize the history, activities, results and current 
status of the Former Sodium Disposal Facility decontamination and decommissioning 
project. 

1.1 GENERAL 

Boeing North American's (BNA ') Rocketdyne Division operates a 2900-acre 
installation, located in the Santa Susana Mountains, approximately 30 miles northwest of 
the city of Los Angeles, in Ventura County. The complex is known as the Santa Susana 
Field Laboratory (SSFL). The Energy Technology Engineering Center (ETEC) is that 
portion of the SSFL operated for the Department of Energy (DOE), which performed 
testing of equipment, materials, and components for nuclear and energy-related 
programs. Contract work for the Atomic Energy Commission (AEC) and the Energy 
Research and Development Administration (ERDA), predecessor agencies to the DOE, 
began in the early 1950's. Specific programs conducted for AECIERDAIDOE involved 
the engineering, development, testing, and manufacturing operations of nuclear reactor 
systems and components *. Some activities were performed under license issued by the 
Nuclear Regulatory Commission (NRC) and the State of California Radiological Health 
Branch of the Department of Health Services. 

Decontamination and decommissioning @&D) of radiologically contaminated 
facilities began in the late 1960's and continues today, as all DOE nuclear program 
operations have been terminated. 

The Former Sodium Disposal Facility (FSDF or 4886, formerly T886) is one of the 
facilities that was radiologically decontaminated and released. This report documents the 
history and operations relating to unrestricted radiological release of the site. However, 
there is ongoing remediation activity at the site directed toward chemical release. 

This report discusses the cleanup of a region at the western edge of the SSFL, 
known as the Former Sodium Disposal Facility (FSDF). The facility was removed fiom 
service in the late 1970s, and had some limited cosmetic cleanup actions prior to this 
project. 

The project was initiated as a result of findings of degraded groundwater on and off 
the premises of Boeing North American's (E3NA)'s field laboratory, located in the Santa 
Susana Mountains. One of the locations at the field laboratory which was suspected to be 
a source of contamination, the Former Sodium Disposal Facility (FSDF) was identified 

' Boeing North American-This name was created in 1996 when the Boeing Company acquired portions of 
the Former Rockwell International Corporation. Those portions were related to the former North American 
Aviation Company. The use of BNA throughout this document includes the entities of Rockwell, 
Rocketdyne, and ETEC (Energy Technology Engineering Center-a subdivision of Rocketdyne). This 
choice avoids the complication of multiple names. References, photos and other documents, however will 
carry the designations given to them at the time of creation. 

An excellent summary of the entire ETEC site history is available for the interested reader in "Technical 
Site Description of the ETEC" GEN-AT-0027, BNA Staff, August 1991 
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. - for immediate remediation by the Regional (Los Angeles Region) Water Quality Control 
Board (RWQCB). 

The DOE (and predecessor agencies) was the primary sponsor of the research which 
utilized the disposal facility, and has accepted financial responsibility for the cleanup 
project. Environmental management of DOE contaminated properties continues under 
the current contract @E-AC03-99SF21530) entered into between DOE and Boeing North 
American effective January 1"' 1999, to complete remediation of all liabilities associated 
with former DOE activities at the site. Adherence to this contract assures compliance 
with federal requirements for protection of the environment, and the health and safety of 
workers and the com~nunity. 

1.2 ARRANGEMENT OF THE REPORT 

This report is intended for a general audience, but attempts to be sufficiently 
complete to enable an understanding of the project in a single document. 

The abstract allows researchers to find this report and understand the nature and 
scope of the project. 

This introduction (Section 1) sets the context of the project and explains what 
information is provided in the report. 

An executive summary (Section 2) is provided for the casual reader, and presents a 
highly condensed summary of the project. 

The background (Section 3) provides the historical context, physical characteristics 
of the site and the prior usage of the facility. 

The chronological summary (Section 4) is the heart of the report. The project 
history is presented by a discussion of the key activities that took place, and makes 
continuous reference to the formal correspondence to explain the then current issues. 

There are a series of topics that are worthy of detailed discussion, which are 
presented in the key tasks and results (Section 5). 

Some major issues are discussed (Section 6), together with lessons learned in regard 
to the issues. 

Schedules and costs are discussed in Section 7. 

The waste volumes that were generated are presented in Section 8. 

Personnel exposure to radiation is summarized in Section 9. 

The current status and planned future actions are discussed briefly in Section 10. 

Section 11 contains two Appendices; a discussion of the nature of and locations of 
formal records, and a listing of formally released documents. 

Section 12 provides a glossary of abbreviations and definitions. 

Section 13 contains all of the figures cited throughout the body of the report. 

Section 14 is a list of references cited throughout the body of the report. 
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2.0 EXECUTIVE SUMMARY 

The Former Sodium Disposal Facility (T886) at Boeing North American's Santa 
Susana Field Laboratory was used primarily for cleaning alkali metal system components 
(e.g. pipes, valves, tanks, instruments) and for disposal of scrap sodium by reaction with 
water. However, during its use from the early 1950's through the late 1 9 7 0 ~ ~  small 
quantities of a variety of other materials were disposed of at the site, at a time when this 
was an acceptable practice. Some radioactive materials were inadvertently placed there. 
As a result, small amounts of radioactive contamination became dispersed in the cleaning 
submergence pit, and in the upper and lower basin areas. 

The finding of chemically contaminated groundwater at some locations led 
regulators to the selection of a portion of this facility, in April 1991, for immediate 
remediation that was required to be completed by December 31, 1992. The designated 
portion of the facility was remediated by the specified date. 

The concrete cleaning pit, related structures, all the soil in the lower basin and a 
considerable amount of soil fkom adjacent areas was removed during a remediation effort 
conducted fiom 1991 through 1994. At the completion of this effort, a final gamma 
radiation survey, and a sampling of soil and rock were performed to demonstrate the 
satisfactory removal of the radioactive contamination. However, the results of soil and 
sediment sampling and analysis showed residual levels of chemical substances that were 
evaluated to pose a threat to the environment. 

Based on six independent rounds of radiological surveys and soil sample 
investigations, the Sodium Disposal Facility has been found to be free of radioactive 
contamination that could result in any exposure or risk to any current or future user. In 
May of 1998 the facility was removed from the list of licensed areas and released for 
(radiologically) unrestricted use. Today there is no requirement to radiologically 
monitor, sample or screen any soil taken fiom the Sodium Disposal Facility during any 
future activity. 

An assessment of the risks of allowing the residual chemical contaminants to remain 
at the site resulted in a plan for additional soil and sediment removal. Obtaining 
regulatory approval for the remaining cleanup and site restoration has consumed all of the 
time from October 1995 to the present. 

Final closure of the facility will not be accomplished individually, as the entire site 
cleanup plan is being finalized. The remaining facility work, defined as an Interim 
Measure published in a public notice dated July 1999, "....entails the following activities: 
1) removal and off-site disposal of approximately 3,200 cubic yards of PCBs, dioxin and 
mercury contaminated soil; 2) the replacement of excavated material with clean soil from 
an on-site source; and 3) the planting of native vegetation where soil has been 
excavated." These actions are planned for late 1999, subject to final approval by the 
California Department of Toxic Substance Control. 

The Former Sodium Disposal Facility cleanup project has had an exceptionally 
large amount of regulatory scrutiny and public involvement, incurring a considerable cost 
and schedule impact. The contribution towards improvement of the degraded 
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groundwater associated with the FDSF cleanup remains to be determined. Clearly, 
however, the removal of contaminants fiom the site can only be considered a step in the 
right direction to prevent further migration of such substances into the environment. 
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3.0 FACILITY BACKGROUND 

3.1 FACILITY LOCATION AND PHYSICAL SETTING 

The facility is located in Southem California, about 30 miles northwest of Los 
Angeles City center, see Figure 1. It is at the western edge of BNAYs laboratory situated 
in the Santa Susana Mountains, just inside of Ventura County. The laboratory is adjacent 
to high value, residential and recreational property. There is a vocal, concerned citizenry 
who are environmentally sensitive. This brought the remediation project into high 
visibility by the public, by regulators and by BNA management. 

The former sodium disposal facility is an outdoor setting, lies on a gentle downslope 
at the western extreme of the SSFL site, Figure 2. It is an approximate 3-acre site, 
characterized by rugged sandstone layers that are overburdened with thin layers of 
alluvial soil. The triangular site shape is defined by the eastern and western exposed rock 
outcroppings as shown in the April 1991 photo of Figure 3. The upslope region to the 
south of the access road is a level, treeless meadow (today) and the area to the north is 
typified by rugged terrain and natural watercourses which drain to neighboring private 
property. Surface water disappears fiom the site quickly as a result of the site slope and 
the percolation that occurs rapidly into the hctured bedrock. 

This region of Southem California receives on average, less than 20 inches of rain 
per year and the depth to groundwater is approximately 250 feet at it shallowest, in the 
vicinity of the FSDF. Details about the geology of the site may be found in Reference 1. 
The upslope region to the south previously had a security department practice shooting 
range and to its west a sodium/water reaction test facility, both of which were demolished 
in the early 1990s. Remaining underground utility features fiom these facilities were 
detected in the geophysical surveys. There was another shooting range, downslope to the 
north that was demolished in the 1960's. 

3.2 FACILITY USAGE 

The site has been used primarily for cleaning and disposal of components containing 
residual alkali metals and their oxides. Alkali metals (predominantly sodium, but 
including potassium and sodiurn/potassiurn mixtures [NaK]) were used as the heat 
transfer media in nuclear reactor systems. These metals and their oxides are not 
radioactive. Since these alkali metals are highly chemically reactive with water and 
steam, the process for cleaning components involved the use of submergence in a water 
filled "pool" andlor a high pressure steam jet. The site was also used for disposal of 
"Santo-wax" which was an organic compound also used as a heat transfer medium in 
nuclear reactors. This non-radioactive material was combusted at the site. The site was 
used for these purposes during the 1960's and 1970's. 

Components to be cleaned were placed on the slab, opened to expose the reactive 
alkali compounds, and then washed off with water and/or steam jet cleaned. The water 
reacted with the alkali metal compounds to generate hydrogen, which often burned in the 
air (hence the name 'burn pit'). The washed items, which were to be scrapped were then 
placed into the pit, where the reaction with water continued, and then removed fiom the 
pit and placed into one of the water filled basins, where they were allowed to remain until 
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any residual material was reacted. They were then retrieved and disposed of off-site as 
solid waste, or in many cases allowed to sink to the bottom. 

It is likely that the site was used for other waste disposal, based upon the findings of 
conventional and construction wastes and debris. Mercury and TCE have been found at 
the facility, but there are no records as to when their disposal occurred. In the early 70s, 
use of the facility as a disposal was terminated and in the late 70's an effort was made to 
clean up the site. Due to fimding limitations, only superficial cleanup activities were 
performed in the 70's and 80's and were comprised of removal of surface (visible) scrap, 
and limited removal of radioactive material was accomplished in the lower pond 
(Reference 2). 

Examination of drawings (Reference 3) made at the time of installation of the 
cleaning pad and concrete submergence pit note the existence of two "earth" pits; one at 
the area defined as the western region and the other south of the access road. 

The submergence pit also was connected to the former ESADA facility (B814, 
located upslope and removed in 1991) by underground piping and presumably received 
wastes fiom sodium/water reaction experiments performed at that facility. 

The existence of both chemical and radiological materials at the site was noted in a 
report, "CERCLA Program Phase II-Site Characterization" May 1987 (Reference 4). 
The source of the chemical materials is a result of the site usage. The source of the 
radiological materials is unknown; but is believed to have occurred by error or oversight- 
-given the extremely low activity level of the materials. It was never a practice to dispose 
of radiological materials on the SSFL site. 

3.3 FACILITY WORK AREAS 

For purposes of site remediation, the FSDF has been subdivided into four work 
areas as depicted in Figure 4. The division of the FSDF into these areas was based upon 
the structures, topography and previous activities at the site. The major characteristics of 
each area, and the future plans are briefly described below: 

FSDF-1 encompasses an area of approximately 40 feet by 250 feet south of the 
access road that traverses the site. There is little information about this region of the site 
beyond a circa 1950's drawing which depicts the area and suggests a burial site for 
wastes. Characterization of the site for radiological, chemical and physical properties 
included this region. No remediation of this area of 5 to 10-foot thick soil overburden 
was found to be necessary, beyond extraction of subterranean objects that were located 
by a geophysical survey conducted in late June of 1995. 

FSDF-2 is located north of the access road, and includes the former cleaning pad 
area, the upper pond and an area to the west of the upper pond. The cleaning area 
included an asphalt pad that contained a small building which housed the steam 
production and handling equipment, and a covered, concrete lined submergence pit. The 
upper pond was a manmade region formed by earthen berms to contain water into which 
scrap components were "tossed" to react and then sink. After the pond dried out, and an 
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excessive amount of scrap was accumulated, the scrap was bulldozed out to the west for 
staging for disposal. When the next cleaning activity was needed, the earthen bermed 
pond was re-recreated. 

These areas were found to be moderately contaminated, and have been partially 
remediated. The majority of the remaining work will be to remove the balance of soils in 
the upper pond, to bedrock, with some scarification of the rock to remove staining and 
accessible contamination. Additional soils will also be removed from the western area to 
achieve the cleanup objectives. 

FSDF-3 is the lower pond, which was also used for disposal of scrap. It is not 
known why two regions were used. The cleanup order for the FSDF site identified the 
lower pond as the target for immediate remediation. The shallow soil depth, small area 
and the nature of the contamination formed the basis for removal of all soils down to 
bedrock. No additional remediation is required for this region. 

FSDF-4 is the region comprised of the two drainage systems. There are two 
naturally occurring drainage channels, designated A (westerly) and B (easterly). The 
terrain slopes downward in a northerly direction to the former BNA property boundary. 
The new boundary is approximately 500 feet north, such that channel C is on BNA 
property. Figure 5 illustrate the channel arrangements and an estimate of the new 
boundary is indicated. The lengths of channels A and B are approximately 400 and 625 
feet, respectively. Channel C has been designated as the continuations of both channels, 
but further subdivided. Channel C1 is the continuation of channel A and channel C2 is 
the continuation of channel B. Channels C1 and C2 converge and continue down slope 
as channel C-3 until another drainage channel enters the path. 

The soils and sediments in the drainage channels were found to contain residual 
chemical contamination, and removal of sedimentary material is planned. 
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4.0 CHRONOLOGICAL SUMMARY 

Considering the protracted timespan of this project, a chronological summary is 
offered as a fiamework for presentation. It shows that, in spite of the obstacles, the 
limited objective of compliance with the initial remediation order was achieved on time; 
and the facility was radiologically released for unlimited use. It also shows that the 
greater objective - full remediation of the facility - is not yet achieved due to the 
difficulties of reaching agreement upon what constitutes a satisfactory cleaned up 
chemical condition and delays in the regulatory decision making process. 

4.1 BACKGROUND AND EARLY HISTORY 

The Sodium Disposal Facility (originally called the Sodium Burn Pit) was built in 
the early 1960's to clean alkali metals containing components. It was also used for 
disposal of organic substances. Some disposal of other wastes took place, including 
unintentional disposal of radioactive materials. 

The Sodium Disposal facility was operated fiom 1956 to 1978. In the late 70's a 
concrete channel was installed across the southern edge and extended into the upstream 
end of the western drainage channel to deflect run-on rainfall and minimize erosion and 
possible material dispersion. 

The Sodium Disposal Facility was never intended for use or disposal of radioactive 
materials, however it is clear that controls in place at the time were not adequate to 
prevent some contaminated equipment fkom being taken to the facility and treated as 
described above. 

Following termination of operations at the Sodium Disposal Facility in 1978, when 
new facilities built expressly for that purpose were opened, some limited cleanup and 
removal of equipment and debris was performed (Reference 2) in the late 1970s and 
1980s. 

Periodic radiation surveys and soils sampling performed between 1978 and 1983 
indicated that low levels of radioactive contamination existed principally in the lower 
pond, some in the upper pond, and was principally cesium- 137. No radiological 
contamination was identified in the areas outside the ponds. 

A chemical survey (CERCLA Phase 11) was conducted in March 1987 (Reference 
4). Known areas of radiological contamination were avoided during this survey. An 
aerial view of the site showing the sampling trenches can be seen in Figure 6. 

Following the CERCLA survey, a comprehensive radiological surve was Y performed in 1987-88, in areas surrounding the two open pits (Reference ). Again, no 
evidence of radiological contamination was found in surrounding areas or drainage 
channels. 

4.2 INITIATING ACTIVITIES-1990 & 1991 

The key initiating activity for this project occurred in April 1990 when a directive 
was received from the Regional (Los Angeles) Water Quality Control Board (RWQCB) 
to characterize the lower water impoundment at the T886 facility. This action was taken 
under RWQCB 's authority provided in the California Code of Regulations (Reference 6), 
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as a consequence of findings of halogenated solvents in groundwater at various locations 
of the overall field laboratory. Rocketdyne commissioned a hydrogeological study that 
resulted in a physical characterization of the site that focused upon contamination of the 
soils and groundwater. In June of 1990, the study (Reference 1) concluded that there is 
"a reasonable likelihood that hazardous waste constituents, primarily FOOl [chemical] 
volatile organic constituents, could continue to migrate into the Vadose Zone and the 
underlying groundwater systems", and the study was forwarded to RWQCB. 

Nine months later, in March 199 1, RWQCB provided their comments (Reference 7) 
to the hydrogeological study, requesting that a corrective action (closure) plan be 
prepared for the site. 

On April 30,1991, RWQCB issued "Cleanup and Abatement Order No.91-06 1 " to 
BNA (Reference 8) to close the lower pond impoundment, and to investigate and cleanup 
soil and groundwater contamination resulting fiom activities at the site (FSDF). The 
order called for: 

Completion of the remediation of the lower pond by 3 1 December 1992 
Issuance of quarterly progress reports 
A post closure plan showing this area to be included in a sitewide groundwater clea 
Civil liabilities for failure to comply 

In late May, BNA issued a plan (Reference 9) to DOE for the proposed FSDF 
assessment, (which was the proposed response to the RWQCB Order) and requested that 
DOE funds be used for the activity. 

On July 3 1, 199 1, BNA submitted (Reference 10) a closure plan for the FSDF in 
response to the closure order, and requested a 30-day approval to enable achievement of 
the 3 1 December 1992 schedule. The plan was prepared by EBASCO under contract to 
BNA. The RWQCB order limited itself to remediation of the lower pond because of the 
contamination found at that location. However, on the basis of the prior CERCLA II 
investigations (Reference 4), it was known that there was contamination in the upper 
pond and the western area, and BNA planned the cleanup scope to include the entire 
FSDF facility site. 

Unrelated to the FSDF project, but which had costly ramifications, DOE (in July 
1991) placed a nationwide moratorium on shipping hazardous wastes that originated 
within a radioactive materials area, and set guidelines for release of the moratorium. This 
action was taken because of an erroneous shipment of hazardous waste containing 
radioactive materials was sent to an unlicensed site (not a BNA project). All DOE 
contractors were subsequently required to develop procedures to obtain the lifting of the 
moratorium at their respective sites. 

lnup activity 
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4.3 PROJECT ACTIVITIES - Phase I, August 1991 to June 1993 

In August 1991 BNA assembled a team and began preparations in earnest. A 
budgetary request was submitted to DOE detailing cleanup of the entire site, which 
assumed an optimistic 15-month work schedule and a cost of less than $5M. 

In early September RWQCB informally notified BNA (Reference 11) that the 
closure plan was unacceptable because it proposed unnecessary additional 
characterization but insufficient cleanup activity. RWQCB directed that BNA submit a 
[revised] plan (by May 1, 1992) to remediate the surface impoundment (lower pond), and 
include plans for remediation of the surrounding areas (upper pond and the area to the 
west), and capture and properly dispose of storm runoff which enters the impoundment. 
This response was basically disapproval of the plan. 

Involvement in the project by California-EPA, Department of Toxic Substance 
Control (DTSC) occurred as a result of BNA's intention to consolidate regulatory 
oversight. A sitewide RCRA investigation was in progress, and included the FSDF as an 
area of interest. California DTSC was expected to be involved in the activities sooner or 
later and early coordination with RWQCB was thought to be beneficial, which was the 
reason that all correspondence was distributed to both agencies, although conflicting 
directions were to become an issue. 

To date, all activity related to remediation of the FSDF had been conducted within 
the Environmental Control department of BNA. The application of substantial DOE 
funding required that a formal project be developed. In September 1991, a project 
manager was assigned fkom the ETEC department of BNA. Project management 
planning and procedure preparation got underway; and staffing and training activities 
began. 

DOE was required, in compliance with NEPA, to make an environmental impact 
assessment of all projects-basically to assure that mitigation steps are being taken to 
minimize or avert negative impacts. The analysis is to result in a determination as to 
what actions, if any are required by the project. BNA recommended (Reference 12) to 
DOE, that the FSDF project would have a positive environmental impact, by its very 
nature as a cleanup activity. BNA recommended that a categorical exclusion be applied 
to the activity. This classification precluded the need for preparation of separate 
environmental impact analysis and documentation, noting that the closure plan, when 
approved, would address the issues. 

By mid-September BNA defined (Reference 13) the criteria and locations at the 
SSFL laboratory to which the waste disposal moratorium applied, and the FSDF facility 
was included. Of specific concern to DOE was the assurance that any hazardous wastes 
removed fkom the area were adequately shown (documented) to be fkee of radioactive 
components before shipment to a non-radioactive hazardous waste disposal site. 

In late October 1991, DOE informed BNA (Reference 14) that the waste shipping 
moratorium was still in effect, and the guidelines for approval were now more advanced. 
Administrative controls would have to be developed before any wastes would be 
approved for shipment if they originated within a radioactive materials area. The impact 
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of this reminder was not fully appreciated until later, when the delay in approval of the 
procedures by DOE precluded shipping the accumulated wastes, in conflict with other 
regulations that required that the wastes be shipped within 90 days of generation. 

On November 1,1991, a combined (RWQCB and DTSC) formal response to the 
Closure plan was received (Reference 15) which provided that if the list of 38 identified 
items was complied with, approval would be granted. The items requested ranged fkom 
providing detailed plans and procedures, to performing remedial actions themselves. 
BNA launched an intensive effort to prepare the documents requested and develop 
appropriate detail plans for the other actions. Most of what was requested is standard 
operating practice to produce, but is generally not available at the planning stages. 

The first issue of a project management plan (Reference 16) was released in 
November 1991. The plan identified the project objectives, general work scope, 
organizational responsibilities, schedules, a budgetary cost estimate and the governing 
rules and regulations to which the project must comply. It further defined, in general 
terms, the need for preparation of subtier documents including a Health and Safety Plan, 
a Quality Assurance Plan, process procedures, procurement plans etc. 

By mid-November, site mobilization activities began. Temporary buildings were 
identified, weeds cleared, utilities ordered, roads graded and fencing was repaired. 
Training of approximately 30 future field workers began, which required completion of a 
40-hour hazardous waste worker class and a 24-hour on the job training, including 
facility and project familiarization. Supervisory staff also completed this training plus an 
8-hour supplement. Baseline medical examinations of all site workers were conducted. 
Purchase orders for materials, waste handling and storage containers were issued, leases 
for rental machinery were placed and specifications for competitive bidding for support 
services (waste hauling, laboratories, etc.) were initiated. 

BNA issued the first release of the project Health and Safety Plan (Reference 17) in 
early December 1991, and forwarded it to DOE and to RWQCBDTSC. 

By mid-December, specifications and requirements were completed for key 
subcontracts: groundwater monitoring and installation of new wells, geophysical survey 
of the site, a chemistry lab for analysis of non-radioactive wastes (soil, debris, water) and 
a radio-chemistry lab for analysis of radioactive wastes (soil, debris, water). 

Site development was completed by 15 December. This included; installing 
temporary buildings for office space and decontamination facilities for workers (Figure 
7) radiological equipment storage, fencing, utilities and establishment of a 10 foot 
coordinate grid system for location and control. The grid system was documented on 
maps (Figure 8 from Reference 18) to which all fbture fieldwork was referenced. Figure 
9 shows the site prior to the beginning of excavation, and rainwater has accumulated in 
the upper pond. A careful examination of the photograph will show the grid markers. 

Top level plans and policies were completed by 1 Jan 1992. This included 
compliance with California regulations, DOE Orders, ETEC requirements, and BNA 
requirements. Detailed management plans, staff training plans, health and safety plans, 
waste handling plans, quality assurance plans were in production as were procedures for 
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radiation surveying, soil and object excavation, waste classification, handling, storage 
and disposal. 

On 3 January 1992, BNA submitted (Reference 19) responses to each of the 38 
items specified in the RWQCBDTSC closure plan approval. In many cases, documents 
requested were included, in others, discussions of what was to be prepared was given. 
BNA requested an expedited review and meeting to enhance the approvals to proceed. 

On January 7, 1992, rain began at the site, and pumping of water accumulation into 
storage tanks was accomplished as required in the closure order. This was the beginning 
of what turned out to be some of the heaviest recorded storms of the century. 

A routine analysis of rain runoff fiom the site showed 2.4 ppb of Hg, compared to 
the drinking water standard of 2.0 ppb. Monitoring of off site drainage is conducted under 
the site wide NPDES permit. This was the first finding of a contaminant and an 
unplanned occurrence report was written. 

On February 2,1992, an updated revision to the Health and Safety plan was issued 
(Reference 17), and the site work procedures were ready. Fieldwork could have begun, 
weather permitting, had all approvals been in place. 

The staff completed an informal geophysical examination of the facility, in an 
attempt to accomplish some productive work while waiting for weather and approvals. 
There were sufficient findings to justifl a specialist's investigation. Further, regions 
could not be claimed to be fiee of subterranean objects without a more sophisticated 
survey. 

A meeting with RWQCBDTSC on February srn resulted in conditional agreement 
to proceed with limited cleanup, concurrent with issuance of additional material fiom 
BNA. The buried object removal procedure was forwarded to RWQCBIDTSC on 
February 7& (Reference 20). 

On February 11, 1992 DTSC sent (Reference 21) additional requirements necessary 
to obtain agency approval of the closure plan. Some of the new items included: 

Implement a characterization plan (recall RWQCB's opposition to further 
characterization) 

Develop and initiate a public participation plan 

Set preliminary cleanup targets for each hazardous constituent 

The other items requested were already planned in one form or another. DTSC 
approval was issued conditioned upon implementation of the actions specified. 

On the same day, RWQCB provided (Reference 22) its approval of the closure plan, 
with some additional new requirements. The key items were: 

A pilot demonstration of the effectiveness of the planned remediation process will 
be conducted in a region of the lower pond specified by RWQCB. This was 
intended to expedite the start of field cleanup. 

Verification of cleanliness would take place prior to backfilling. 
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Fieldwork may not begin until the DTSC public participation fact sheet is issued 
and the pilot region defined. 

RWQCB noted that the completion date specified in the closure order (issued almost 
a year ago) remains unchanged. The involvement by DTSC imposing new and 
sometimes conflicting requirements, the addition of new requirements by RWQCB, and 
the delays in arriving at a fieldwork go ahead did not warrant a completion schedule 
delay in the view of the RWQCB. 

February 15 Heavy rainfall was falling and threatened to delay start of field work 
(surveys and excavation). Staff and procedures were ready and conditional approval to 
proceed was in place. 

BNA accepted (References. 23 and 24) the companion DTSCIRWQCB conditional 
approval letters as notices to proceed, subject to the identification of the pilot 
demonstration zone in the lower pond. A request was made that the zone be the entire 
pond in order to enhance schedules, but was subsequently denied. 

On February 20'" DOE disapproved of BNA's method for confirmation that 
hazardous (chemically) wastes are fkee of radioactivity (concerned about sending 
radioactive material to hazardous waste sites). Additional administrative detail was 
required to be included. This presented the first impediment to excavation because there 
was a 90-day limit (EPA regulation) in effect for on-site storage of hazardous wastes. 

On February 24, 1992 RWQCB visited the site and defined (Reference 25) the pilot 
excavation demonstration area in the lower pond to be about one-third of the total volume 
(about 550 cubic yards) encompassing the region identified as being the most chemically 
and radiologically contaminated. The only constraints to proceeding with excavation 
were the weather and the notice required to be given to the RWQCB representative who 
wanted to be on site for the start of work, verbal approval of the DOE NEPA 
determination had been provided. 

On February 26, 1992 - The pre-remediation site gamma survey was started. This 
was intended to confirm that the radioactively contaminated areas have not changed. 

On March 4, 1992 DTSC issues the project fact sheet (that was drafted by BNA) for 
public information. 

DOE issued (Reference 26) its NEPA determination and authorized BNA to proceed 
with the project. A categorical exclusion was granted because the project is a positive 
impact environmental action. 

On March 9, 1992 - The first soil is excavated (manually, due to wet conditions) and 
placed in barrels, awaiting delivery of larger waste containers. Figure 10 shows this first 
excavation activity being conducted with shovels. Note the presence of health and safety 
representatives who are monitoring the soil for hazardous vapors. Visible elemental 
mercury was found in the soil, as can be seen in Figure 11. 

On March 10, 1992, DTSC issued a letter (Reference 27) reiterating its prior 
conditions, but emphasized its insistence upon soil removal in layers. This was neither 
feasible, nor practical with the relatively small pilot area surface and shallow depth. 
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March 10, 1992 - Excavation of subterranean objects was begun using informal data 
from in-house scanning, while awaiting the results of commercial geophysical survey. 
Examples of some of the exhumed debris are shown in Figure 13 and Figure 14. 

At the first shovel full of hazardous wastes, which started a 90-day on-site storage 
limit clock, and the DOE moratorium on shipping of hazardous, BNA was placed in a 
potentially non-compliant position. The option of not extracting the waste was in 
violation of the cleanup order, while storage (beyond 90 days) of the wastes produced 
would violate EPA regulations, and shipping of the wastes would violate DOE'S orders. 
BNA, (Reference 28) requested relief from the 90 day storage limit on the basis that this 
was a cleanup project, and not a continuous waste generating operation and that the DOE 
moratorium issue was being aggressively worked, but may not meet the current schedule 
needs. 

March 14, 1992 - The baseline radiation survey of the site was completed. The 
findings confirmed the prior knowledge base. There was no migration of contamination 
and there were no unexpected findings. Elevated radiation levels were found in the lower 
pond (the highest being 27.5 pRh,  or approximately twice natural background levels), 
and the upper pond slightly above background. This examination included measurement 
of ambient gamma radiation at a distance of 1 meter from the surface, using sodium 
iodide detectors as shown in Figure 15; and at the ground surface with "pancakeyy beta- 
gamma detectors as shown in Figure 16. The results of the survey were factored into the 
site cleanup strategy and procedures. The formal report was issued later (Reference 29) 

On March 27 and 3 1, 1992 TCE was reported in storm water runoff from rainfall 
events. Findings of 6 and 18 ppb (reporting threshold is 5 ppb) required an occurrence 
report to be issued. Additionally, this sampling gave the first detection of mercury at this 
location and was assumed to be a result of the disturbed earth f?om excavations. 

On April 6, DTSC approved (Reference 30) BNA's request for a storage extension 
of hazardous wastes, beyond the 90 statutory limit. No explicit limit was identified, but 
was tied to DOE'S lifting of the shipping moratorium. 

April 15 - Heavy rains continue to prevent site remediation. Attempts were made to 
capture and divert shallow groundwater which was flowing downslope and onto the site. 
Diversion trenches dug to the south of the access road exposed a strong odor of kerosene 
in the southeast region, prompting extension of this area for examination and remediation 
if required. 

April 22 - Excavation at the site resumed (manually, while awaiting receipt of a soil 
handling machine which was late in delivery) in the designated area of the lower pond, 
while extraction of subterranean objects proceeded sitewide. Two crews were put on to 
enhance schedule compliance. 

On April 24,1992 DTSC issued a comprehensive review and critique (Reference 
31) of the project Health and Safety Plan document (Reference 17). DTSC requested 
numerous changes, substantially intending the document to be a stand alone project plan. 
DTSC ignored the existence of the companion documents that provided the information 
requested. The issuance of the critique occurred six weeks after approvals to start work 
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were received, however no requirement to stop work or to resubmit revised documents 
was imposed. 

On April 27,1992, the initial geophysical survey was completed and an advance 
map issued (see Figure 17) for buried object removal. The survey was conducted by ICF 
Kaiser (Reference 32) over the entire site north of the access road, except for both ponds 
which was going to be excavated to bedrock and the information would be of little value. 
This survey formed the plan for object removal and the basis for improved volumetric 
estimation of excavation quantities. The site was generally found to contain buried 
objects in the expected areas, and the soil thickness ranged from 0 to 15 feet. The results 
identified objects throughout the site. It is known that scrap was abandoned and, over the 
course of time, become covered by the effects of weather, and that scrap was buried in 
trenches north of the lower pond (Reference 33). Figure 18 shows technicians 
performing the geophysical survey. 

On May 6,1992 BNA was informed (Reference 34) of DOE'S policy regarding the 
generation of regulated wastes for which land disposal was no longer acceptable. BNA 
was directed to cease generation by May 8, 1992. This was an entirely new restriction, 
not related to the hazardous waste shipping moratorium. Another impediment to 
remediation of the site was now identified. This order applied to both hazardous and 
mixed wastes, both of which are produced in the lower pond cleanup zone. The presence 
of mercury in the soil rendered it hazardous. The order basically prohibits the generation 
of wastes that cannot be land disposed, or for which there is no known treatment that 
complied with the disposal restriction requirements. AII excavation, which potentially 
would generate wastes with RCRA hazardous components, was stopped. Meanwhile, 
excavation of buried objects in non-radioactive areas was continued. 

On May 10,1992 it was determined that hand screening of soils to remove the 
radioactive components was not sufficiently effective to enable classification of the 
remaining soil as non-radioactive. There were dispersed radionuclides that were not 
physically separable by sorting techniques. Development of an alternate method became 
the top priority task. 

On May 1 1, 1992 DTSC clarified (Reference 35) its position on the issue of waste 
storage beyond the 90-day limit. It was not clear whether the prior approval was reversed 
or not! DTSC reiterated the need for closed containers (no soil piles) and no excavation 
in areas other than those specified by RWQCB. DTSC added two new requirements: 
screening (no specification for size or what is wanted) and examination of the ground 
where storage containers would be located. 

At this point, BNA responded (Reference 36) to the DTSC review of the HASP by 
pointing out where the information requested was currently available, and agreeing to 
improve the HASP in areas suggested by DTSC. 

On May 22,1992 DTSC revised and approved (Reference 37) the public 
participation document by imposing more new requirements; chief among them was that 
areas surrounding the ponds would be characterized and if they are above cleanup levels, 
they will also be excavated. This commitment for BNA was made unilaterally by DTSC 
and had not been agreed to by BNA or by DOE, the funding agency. 
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On May 22,1992 BNA issued a letter (Reference 38) to DOE/RWQCB/DTSC 
stating that the excavation work has been stopped at the FSDF due to the conflict of 
regulations and that a joint meeting should be held to seek methods to resolve the 
impasse. 

On June 5,1992 DTSC issued a letter (Reference 39) summarizing a series of 
documentary exchanges pertaining to the cleanup plan. The letter explicitly provided 
approval to proceed with site cleanup outside of the RWQCB designated zones, 
conditioned upon BNA implementing the requirements contained in the series of 
referenced documents. The letter fiuther went on to require that BNA demonstrate, via a 
health based risk assessment (HBRA), that all clean up standards have been met. It 
should be noted that a single, stand-alone document defining the cleanup plan had not 
been prepared, issued and approved. The continuing discussions, negotiations, exchanges 
and urgency of fieldwork precluded the preparation of such a document. 

On June 11, 1992, BNA issued a letter (Reference 40) summarizing agreements that 
had been reached at a joint meeting of federal and state regulators convened to review the 
issues of conflicting requirements, concluding that no excavation would be performed 
until a federal agency authorized work. Mixed waste generation had been suspended 
since May 7,1992. 

BNA received a letter (Reference 41) fiom EPA which agreed that BNA is caught in 
a regulatory conflict, and offered to set low priority on civil enforcement of regulations 
[by EPA], given that certain actions are taken. The requested actions were well within 
the planned management procedures already in effect, thereby imposing no new 
requirements. The key feature of the correspondence was that if a method for mixed 
waste treatment were shown to be available and effective, the creation of mixed wastes 
would no longer be a violation. BNA chose to avoid the specter of federal prosecution by 
placing a stop on the excavation of mixed wastes and aggressively began a search for 
mixed waste treatments. 

On June 30, BNA (Reference 42) requested RWQCB to extend the time for 
compliance with the closure order, given the federal and state legal "catch 22" that 
precludes continued excavation. 

On August 2, 1992, after considerable investigations into alternative approaches and 
an industry survey, astudy effort was initiated at Clemson Technical Center to treat 
mixed waste soils. The treatment would produce two waste streams, neither of which are 
restricted wastes. Successful demonstration of such a technique would allow site 
remediation to resume in the radioactive area. 

In response to BNA's informal submittal (in early August 1992) of a sampling plan 
for verifying site cleanliness, DTSC responded (Reference 43) by proposing criteria that 
require that the site be at the prevailing background levels (for metals, volatile organic 
compounds and petroleum hydrocarbons). If the findings are above background (or the 
limits of detection), that further excavation~disposal be accomplished until such limits are 
achieved. 

Since the excavation had been suspended in areas where hazardous waste generation 
was possible, the only productive use of the staff was to demolish the non-hazardous 
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structures and equipment, and dispose of the conventional wastes. Demolition of the 
asphalt pad, concrete pit and scrap hardware was used for fill-in work until the lower 
pond work could be resumed. Figure 19 shows the pit before demolition began and 
Figure 20 shows it during demolition. 

On September 1,1992, a key breakthrough occurred when a successful 
demonstration was conducted showing that mixed wastes could be treated to produce 
non-mixed waste streams (Reference 44) in a commercial process. This enabled the 
moratorium to be lifted fiom excavation in radioactive areas. See the key tasks and 
results section for a discussion about the treatment process. 

In early September 1992, a site restoration-grading permit was issued (Reference 
45) by Ventura County. It has been renewed annually ever since. 

On September 3,1992, excavation of soils in the radioactive areas was resumed on a 
multiple crew, multiple shift basis. Four calendar months remained to remove the 
contaminated soil fiom the lower pond to comply with the closure order. 

Aggressive pursuit of the implementation of the mixed waste treatment system was 
initiated in early September. Transport of mixed wastes to an off site location for 
treatment was determined to be non-feasible (costs, permits, risks and approvals). 
Purchase or lease of the waste treatment equipment system to be located at an on site 
location was selected, and aggressive contracting and permitting actions were initiated. 

As of September 14,1992, no wastes fiom the FSDF project had left the site, 
because of the shipping restrictions. The cost of waste container demurrage was 
considerable. The waste inventory included: 

450 cubic yards of non-radioactive soil (chemical content not yet determined). 
Figure 21 illustrates the accumulation of covered roll-onlroll-off containers. 

83 cubic yards of radioactive soil (chemical content not yet determined). Figure 22 
illustrates the accumulation of radioactive wastes in B- 12 containers. 

Many pallets of exhumed debris (conventional wastes) see Figure 13 and Figure 14. 

On September 20, 1992 the first shipment of wastes left the site -approximately 40 
tons of conventional concrete, asphalt and debris were sent to a class 3 landfill. Waste 
disposal costs were determined by weight and transport vehicles were weighed coming in 
and going out. Some of the transportation elements are shown in Figure 23, Figure 24, 
and Figure 25. 

On October 2, 1992, BNA requested (Reference 46) RWQCB to accept the methods 
and procedures used to date in the pilot study zone of the lower pond, and release the 
balance of the site for cleanup. This would enable more crews to be put to work to 
achieve the closure order. 

RWQCB approved (Reference 47) the plan for closure of the balance of the lower 
pond only! Backfilling is to be held pending verification of site cleanliness. Agreements 
were reached on the sampling and analysis verification plan intended to be performed 
after cleanup is completed 
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On October 10,1992, the first shipment of hazardous soil wastes were sent to a 
Class 1 site-Chemical Waste Management's Kettleman City, CA. These were soils 
verified to contain RCRA constituents, but which did not originate in a radioactive 
materials management area. 

In early November, DOE'S Hanford waste disposal site agreed to accept the low- 
level radioactive wastes fiom the project. The radioactive wastes can be fiom treated 
mixed wastes (radioactive components only) or as classified as radioactive only. The 
costs to the project were projected to be very high. 

On November 10,1992 the first shipment of hazardous wastes which originated in 
an RMMA (and verified to be non-radioactive) were shipped to the Kettleman City 
disposal site. DOE provided an exception (Reference 48) to the moratorium on RMMA 
wastes because of the 90-day limit for on site storage, and their confidence in BNA's 
methods of verification of the absence of added radioactivity. The approval was 
conditioned upon future receipt of certifications of cleanliness, and will continue on a 
case-by-case basis 

By December 1, 1992 the excavation of all soils down to bedrock was completed in 
the lower pond. Approximately 6500 cubic-yards of soil were excavated compared with 
original estimate of 1830 cubic-yards. Figure 26 shows the as cleaned condition of the 
lower pond. The photo was taken after the wells were installed however. 

On December 7th, rain begins-excavations have been covered with tarps, storage 
tanks and pumps mobilized to capture water that appears below t a p .  Figure 27 
illustrates the site prepared for rain, and Figure 28 shows the water accumulation during 
rain. 

On December 8th, the k t  samples of candidate mixed wastes were taken for 
analysis. Delay in sampling had been caused by difficulty in securing a chemistry lab 
licensed to handle radioactive materials. 

In mid-December 1992, RWQCB verbally declared that BNA has complied with the 
order to remove the contaminated soil and debris, and that upon submission of data and a 
satisfactory post-closure plan document, RWQCB would issue a notice of compliance. 
Figure 29 shows the RWQCB representative (Mr. Ross in the vest) on site. 

On December 20th, results of soils in crevices and bedrock samples fiom the lower 
pond indicated residual chemical contamination at 50% of the sample sites. Found PCBs, 
hydrocarbons, VOCs and Mercury. This condition has been assessed to be acceptable 
and the pond will be backfilled when the other portions of the site are backfilled. 

On December 22, BNA submitted (Reference 49) its interim plan for activities to be 
conducted after site closure (post-closure). A post-closure plan was required by the 
cleanup order. 

On December 29, 1992 RWQCB issued a letter (Reference 50) stating that "...all 
Board requirements have been met for closure of this facility". It confirmed the 
requirement to manage water that enters the site and stated that it had no further 
regulatory interest in this site, deferring to DTSC for future guidance. 
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By January 1993, the excavations at the site included the entire lower pond, a 
substantial portion of the upper pond, the submergence pit and associated structures; and 
a good deal of the soil due west of the lower pond, as shown in Figure 30. 

In mid-January, 1993, DTSC asserts its authority over the mixed waste treatment 
that BNA has proposed to perform at its on-site radioactive materials disposal facility 
(RMDF, subsequently renamed to RMHF-handling versus disposal). A request for 
information, potentially leading to a permitting action was requested in the 
communication (Reference 5 1). Although the RMHF was currently licensed to store and 
treat radioactive wastes, this issue promised to further complicate and delay the project 
completion. By default, DTSC also became the sole regulatory agency for the site 
cleanup, except that radioactive materials control and radioactive release of the site 
remained the purview of the DHS. 

Another breakthrough occurred on January 19,1993 when DOE lifted the 
moratorium on shipment of hazardous wastes from the RMMA at the FSDF (Reference 
52). The appropriate documentation is still required, but individual shipment approvals 
were no longer required. Sitewide lifting of the moratorium was not to be granted until 
August of 1993. 

BNA issued a letter to DTSC on February 17,1993 (Reference 53), which requested 
an extension of the period for storage of mixed wastes. The wastes were being stored at 
the permitted RMDF facility as shown in Figure 3 1. 

Pursuant to DTSC's request for information about mixed waste treatment at the 
RMDF, BNA provided (Reference 54) some information and stated its belief that the 
Federal EPA permit was in effect and that it governed the planned work. 

On February 24,1993, BNA furnished (Reference 55) more of the information 
requested by DTSC, believing that DTSC's concerns were more than adequately 
addressed in DOE'S requirements for control of hazardous wastes. Additional 
information was sent on March 3,1993 (Reference 56). 

On March 24, RWQCB sampled the lower pond to determine the post-remediation 
conditions of contamination. Traces of chemical contamination was confirmed, and 
agreed to be below concern. No additional remediation is required in the lower pond. 
Further, all sample analyses indicated that only background levels of radioisotopes 
remained (Reference 57), also below regulatory concern. 

On April 1, 1993, DTSC notified BNA of its determination that a separate permit 
would be required to be issued by DTSC for the mixed waste treatment at the Radioactive 
Materials Handling Facility (RMDH, formerly the RMDF). Further, demonstration of the 
adequacy (repeatability, reliability, scalability, maintainability and other features) of the 
treatment process shall be provided as part of the permit application. DTSC also 
provided a list of [out of state] locations where mixed wastes might be sent, as an 
alternative to treatment at the RMHF. DTSC's resistance to mixed waste treatment 
motivated BNA to aggressively seek other solutions. BNA began to lobby DOE strongly 



ED-04628 
Page 24 

for its receptivity to off site disposal, irrespective of the costs. Investigations into 
locations where mixed wastes could be sent were initiated. 

In early May, the treatment and disposal of objects removed fiom the FSDF that 
were likely to contain alkali components began at the Hazardous Waste Treatment 
Facility (T133). All materials were verified to be non-radioactive prior to removal fiom 
the FSDF perimeter. 

On May 19,1993, BNA documented (Reference 58) its perspectives on the permit 
issues raised by DTSC and questioned the nature of, and who should be the applicant for 
the permit (facility owner or treatment process equipment owner). DTSC was also 
reminded about responding to the storage extension request made 4 months previously. 

DTSC granted (Reference 59) BNA a one-year extension of the storage period for 
mixed wastes, detailing the storage conditions-all of which were already in effect. 

On June 10, 1993, the DHS took eight additional soil samples fiom the lower pond 
and the recently excavated upper pond (Reference 60). Again, no radioactive 
contamination above background was found. 

By the end of June 1993, BNA determined that no further excavation was to be 
undertaken, pending the results of the site cleanliness verification study. It was known 
that some residual contamination was present, but its potential for migration was 
unknown, pending the health based risk assessment to be performed at the completion of 
the cleanliness verification study. 

In late June, construction of the wells in the lower pond commenced. Figure 32 
shows well cluster RD-54 being drilled in the lower pond. Note the capture of the well 
tailings, which were disposed of as waste to an off site disposal. 

4.4 PROJECT ACTMTIES - Phase 11, June 1993 to October 1995 

No additional site remediation had been performed since June 1993, except for 
some limited excavations of subterranean objects in August 1996. The next phase of the 
project was occupied with establishing the requirements for site closure, and the disposal 
of accumulated wastes. 

On June 22, 1993, the California Department of Health Services DHS) notified 
(Reference 61) BNA of its investigation into an alleged violation of its radioactive 
materials license. The matter related to controls that assure that no radioactive materials 
enter a non-radioactive licensed disposal site. The DHS findings denied the allegation, 
but requested that BNA issue new documentation to support the methods used. This was 
identical to DOE'S original concerns about the same potential problem, which caused the 
moratorium to be placed, then lifted when the assurances were put into place. On the 
same date, DHS issued a letter to DOE stating that had DOE submitted documents to 
DHS prior to allowing BNA to make shipments of wastes, that DHS would have avoided 
the effort and expense of investigating the allegations. 

On July 12,1993 BNA issued a response (Reference 62) to DHS' letters about the 
soil shipments, and their not being sufficiently informed about them. The response 
stated BNA's belief that DHS' involvement in cleanup plan reviews, participation in joint 
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agency status meetings and site visits was sufficient to keep DHS informed of the 
activities. Further, the controls upon waste shipments imposed by DOE are more 
restrictive than the DHS cited regulations, and that DHS was in possession of the 
procedures. The response agreed with DHS that the allegations are false, and that W e r  
action by BNA is neither planned nor necessary. 

On July 30, 1993 BNA requested that EPA acknowledge that the RMHF permit 
allows storage and treatment of mixed wastes; referring to a permit modification 
processed in July 1992 (in anticipation of mixed waste treatment). 

On 6 August 1993, BNA requested (Reference 63) that senior management at DTSC 
provide assistance in resolving the oversight controversy of the mixed waste treatment 
process. A companion letter (Reference 64) which detailed the legal basis for Federal 
EPA jurisdiction, and the applicability of the current permit, was sent a week later 
supporting the position taken by BNA. 

In September 1993, the selection of an independent contractor to perform the site 
cleanliness verification program was made, anticipating that the work would be 
completed early next spring. The scope included sampling, analysis and interpretation of 
results, and an assessment of the need for additional remediation. 

In mid-September 1993, a contract was placed with Rust Remedial Services for 
lease of the "X-TRAXWY equipment for the treatment of mixed wastes. The plan was to 
operate the thermal separation process at the RWHF. This was the process previously 
shown to successfully demonstrate the effectiveness of waste separation. 

In October 1993, DOE agreed (Reference 65) to pursue the disposal of mixed 
wastes off site. Other DOE contractors were doing it, it is considerably less costly than 
projected and then currently identified waste treatment process being developed, and it 
avoided the entire regulatory approvals for treatment permits, storage time extensions and 
many other complications. This was a key DOE decision. 

In early December 1993, DHS issued its review comments (Reference 66) to the 
plan for verification of radioactivity removal fiom the FSDF. The review accepted the 
survey plan as adequate subject to review of some companion information and 
documents. 

In January 1994, a second geophysical survey was conducted at the FSDF (Norcal, 
Reference 67). The survey examined the unexcavated portion of the upper pond and the 
regions previously beneath the work pad and pit area. BNA anticipated that no W e r  
excavations would be needed, and determined that an object survey would be needed in 
unexcavated areas to verifL freedom fiom subterranean objects. Some limited clusters of 
objects were detected, unearthed and disposed. 

On January 27, 1994 BNA informed (Reference 68) DOE that the draft plan for site 
cleanliness verification (to be done by an independent contractor) was being distributed 
to a predetermined multi-agency review team. 
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In February 1994, DHS provided (Reference 69) the laboratory results of soil and 
rock sampling done in June and November of 1993. DHS observed that the results of the 
analysis "indicated insignificant concentrations of radioactive materials." 

On April 15, 1994 a hydrogeological conditions report for the site was issued 
(Reference 70, which included information about the 4 wells that were newly installed 
(RS54 and RD 54abc) and summarized the data characterizing the groundwater following 
site remediation. See the tasks and results section of the report for the findings. 

Decontamination of debris fiom the FSDF containing chemically reactive (but non- 
radioactive) material began at the T133 facility, and was completed by early May 1994. 

On May 10,1994, DOE approved a waiver to DOE Orders enabling the project to 
ship mixed wastes to a commercial (DOE Approved) site. All planning, preparations and 
contracts for on-site treatment were terminated. 

Beginning on May 24,1994 (and ending August 23,1994) the shipment of mixed 
wastes commenced to the Envirocare facility in Tooele County, Utah. This shipment 
campaign involved 238 boxes of soil, which weighed approximately 775,000 lb. (net), 
equal to 425 cubic yards. Twenty-two truckloads carrying ten or eleven boxes per load 
were accomplished. 

In July 1994, well after completion of all excavation, Rocketdyne performed a 
radiation exposure (ambient gamma) survey of the entire FSDF area, including all the 
drainage channels. This survey was documented (Reference 71) and submitted to the 
California DHS. Again no radiation anomalies were detected, showing that no residual 
radioactivity above prevailing background exists at the site. BNA submitted a request to 
DOE to remove the FSDF fiom the RMMA designation list, as a result of no detectable 
radioactivity above background. 

In October 1994, a contractual issue arose with the contractor selected to perform 
the independent verification program. The issue related to increased costs for work not 
previously defined. BNA determined that rebid of the contract was the appropriate 
resolution. The efforts to develop better descriptions of the work of sampling, analysis, 
risk assessments and corrective measures plans consumed approximately 9 months. 

On March 15, 1995 DOE declared (Reference 72) the FSDF site non-radioactive 
and the RMMA designation was removed. 

On June 7,1995 BNA requested that DTSC assign review priority to the FSDF site 
cleanliness sampling workplan, over other BNA projects. This was primarily due to 
fimding availability issues at BNA for the FSDF project. 

In June 1995, the (newly awarded) independent verification contractor (ICF Kaiser) 
issued a workplan for the site verification sampling and analysis (Reference 73). The 
prime objectives of the workplan were: 

To characterize the site in its current remediated condition by evaluation of the 
concentrations of chemical contaminants, if any. 
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Assess the potential risk to human health and the environment associated with 
residual chemical concentrations, and finally 

To define health-based cleanup level for additional work if necessary. Residual 
radiological contamination was to be investigated by others, with a similar objective. 

Between June 26 and July 5,1995 ICF Kaiser performed a limited geophysical 
survey (the third and last) in the region south of the road and reported (Reference 74) that 
some of the objects identified are known structures (Monitoring well RD-21 and former 
underground utility conduits), and several others may be subterranean objects. The 
balance of the site had been previously examined. Removal of the objects identified by 
the survey was delayed until late summer 1996 due to the availability of staff. 

On June 29,1995, the formal issuance of the sampling and analysis worlcplan 
document was accomplished (Reference 75). 

On July 13,1995 DTSC provided (Reference 76) its approval of the formal soil- 
sampling plan that had been prepared by ICF Kaiser, the independent examiner. 
Technical corrections and modifications were included in the review, and were to be 
incorporated as conditions for the approval. 

The soil and bedrock sampling tasks were conducted in July 1995 by ICF Kaiser 
focusing on the FSDF on BNA property; while another contractor--McLaren-Hart 
Environmental Engineering Company - performed sampling adjacent to the FSDF, but 
off-site on private property. The specific locations, depths, sampling and analysis 
methods, parameters of interest and detailed results are presented in reports (References. 
77,78 and 79). The general findings of the on-site chemical samples were: 

No volatile organic compounds (VOCs) were found, except for naturally 
occurring chemical fiom native plant species. 

High boiling point petroleum hydrocarbons were detected in all regions of the 
site. No low boiling hydrocarbons were found. 

Semi-volatile organic compounds were found only in the FSDF-2 area (upper 
pond and western area) which had received partial remediation prior to the 
sampling. 

Dioxin compounds (Total OCDD) were found in all regions 

The highest concentrations of PCBs were found in the upper region of channel B 
(nearest the lower pond) 

Metals found were comparable to naturally occurring backgrounds, except for 
mercury that was found in all regions, but does not occur naturally. 

PCBs were found in all regions. 

Results by regions, including the off-site findings: 

FSDF Area 1 (south of the access road) gave evidence of residual contamination 
with mercury, PCBs and dioxinslfurans. This was somewhat unexpected, as the area was 
not known to have been used for waste storage or disposal. 
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FSDF Area 2 (upper pond and area to the west) gave evidence of residual 
contamination with mercury, PCBs and dioxinslfurans. Most of the findings were in the 
western area, in shallow samples, not unexpected given the site history. 

FSDF Area 3 (lower pond) gave evidence of residual contamination with mercury, 
PCBs and dioxins/furans. Most of the findings were in the area north of the excavated 
pond, although some bedrock samples showed residual contamination. This was not 
unexpected. 

FSDF Area 4 (drainage channels A to the north and west of the lower pond, and 
channel B to the north and east of the lower pond) gave evidence of residual 
contamination with mercury, PCBs and dioxindfurans. The PCBs and dioxinslfurans had 
not been previously observed in the drainage channels, and were suspected to have been 
liberated by the excavations. 

Of the many samples taken by ICF Kaiser, the Oak Ridge Institute of Science and 
Education (ORISE) analyzed 78 samples for radioisotopes. The majority of the samples 
were determined to be at or below background levels. In the case where elevated levels 
were found, they were determined to be well below regulatory agency approved 
residential cleanup standards. A soil sample report (Reference 80) was subsequently 
prepared (April 1997) and submitted to the California DHS, with a request to release the 
facility for (radiologically) unrestricted use. 

Beginning on August 29,1995 (and ending September 19,1995) the shipment of 
low level radioactive wastes commenced to the Envirocare facility in Tooele County, 
Utah. This shipment campaign involved 200 boxes of soil, which weighed 
approximately 555,000 lb. (net), equal to 300 cubic yards. Eighteen truckloads carrying 
ten or eleven boxes per load were accomplished, although there were a few loads 
involving larger containers and more volume, but fewer containers were shipped. 

By early October 1995, the culmination of the site cleanliness verification activity 
resulted in the issuance of three draft documents relating to residual chemical 
contamination: 

The on-site and off-site chemical survey results (Characterization) report (Reference 
77) as summarized above. 

An outline (Reference 81) of the methodology to be used to assess the impacts of 
the residual chemicals found (health based risk assessment-HBRA). The results of the 
assessment will be the cleanup levels to be achieved. 

A plan for final closure of the site (Reference 82) which, at this time, merely 
discussed interim site management actions, awaiting the establishment of agreed upon 
cleanup levels. The document later came to be known as the interim remedial measures 
(IRM) workplan. 

4.5 PROJECT ACTIVITIES - Phase 111, October 1995 to June 1999 

The finalization and acceptance of the cleanup levels for chemical contamination 
was the main activity during this phase. Radiological closure (release) of the project was 
accomplished during this period. 
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In mid-October 1995, BNA received the results of the chemical analyses performed 
by DTSC. The results were consistent with prior findings. 

On December 1, 1995, DTSC issued a letter (Reference 83) acknowIedging receipt 
of several documents (Draft Interim Remedial Measures Workplan, Draft Health Based 
Risk Assessment and the McLaren Hart off site sampling results). On the basis of the 
findings, DTSC directed that interim measures be taken which included tarping of the 
excavation zones, and the installation of sediment collection devices, both actions to 
prevent or mitigate contamination migration. DTSC further asserted its authority to 
regulate the site activities under the existing permit (under Reference 84) granted to BNA 
for hazardous waste treatment and storage [at another facility-- building 41333. 

On December 20,1995, BNA proposed (Reference 85) some interim actions to be 
carried out during the winter, to prevent or mitigate the effects of rain while the final 
remediation plans were being worked out. It was clear that no work would be completed 
before the winter. These actions included: 

A diversion ditch, similar to that previously installed, to prevent entry of water 
into the excavations 

Continuation of the tarping of excavated areas 

Weirs to capture migrant solids 

On January 1 7th, 1996, DTSC (Reference 86) acknowledged receipt of the BNA 
recommendations for site protection, and requested additional information and changes to 
the plan. 

By midJanuary 1996, New tarps and pumps were in place, and the sediment 
collection weirs were completed for the coming rainy season. 

On January 3 1, 1996, BNA provided (Reference 87) the information requested by 
DTSC regarding the interim measures for site protection and presented the details and 
plans for monitoring of weirs, and agreed to all of the changes requested. 

On February 10,1996, a DTSC memo (Reference 88) was received that cited the 
unacceptable features of the HBRA outline. The general objections related to: selection 
of chemicals of concern, risks and hazards to all possible receptors, improper 
terminology, ambiguous nomenclature, models and criteria issues, and the plan should 
conform to DTSC and USEPA guidelines 

On February 28,1996, DTSC responded (Reference 89) to issues regarding the 
interim protective measures for the site. The letter acknowledged that most of the work 
had been completed, but additional conditions were now identified: 

Areas containing hazardous constituents must be tarped 

Preventive measures to prevent storm water run-on fiom upslope must be taken 

DTSC approval must be provided for reuse of excavated material 
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Analysis of surface water (run-off and captured) shall include all contaminants 
detected at the site 

On February 29, BNA forwarded (Reference 90) a response to each of DTSC's 
comments about the HBRA Workplan, defending the basis for the draft plan. Agreement 
to correct ambiguities and terminology was made. Agreement to furnish additional 
explanations and information was made. This letter began a stream of correspondence 
(verbal, written, meetings, etc.) which effectively precluded any further fieldwork from 
being performed. Repeated reviews, staff changes and the delays in reaching decisions 
by DTSC has substantially delayed the project and increased the costs, as can be seen by 
the following activities. 

On March 20, 1996, DOE was informed (Reference 9 1) of the ongoing discussions 
between BNA and DTSC about the statistical methods used as the basis for completed 
sampling program. The validity of the conclusions, and their use in the draft Health 
Based Risk Assessment was at issue. 

On April 23, 1996, DTSC (Reference 92) stated that there were only two 
outstanding issues (soil vapor sampling in unconsolidated materials and in bedrock) 
which impacted approvals of the HBRA. DTSC took the position that the conclusions 
about the absence of VOCs were not valid, because the methods of sampling were 
defective. DTSC asked that additional sampling be done, and the results included in the 
HBRA. Since this issue affected remediation plans, the matter had to be resolved prior to 
fieldwork. DTSC expressed its desire to resolve the issues and complete the site work 
before the next rainy season (winter 96). Ultimately, sampling for VOCs was agreed not 
to be meaningful and was not done. 

Over known opposition by DTSC (to portions of the plan), BNA directed (in mid- 
May 1996) ICF Kaiser to proceed with the Health Based Risk Assessment (HBRA) task. 
This was intended to yield the cleanup target cleanup levels for residential and 
recreational use of the site, and set the basis for the remaining excavations. The issues of 
disagreement between BNA and DTSC were minor and further delays to the assessment 
task were not warranted, as shown by DTSC's subsequent acceptance. 

On May 6, 1996 BNA forwarded (Reference 93) to DHS the results of radiological 
surveys, in support of an upcoming request for site release and removal from the 
radioactive materials license. 

On May 16,1996, BNA requested (Reference 94) DHS to release the FSDF for 
unrestricted use and to remove it &om BNA's radioactive material license. Support data 
and analyses were furnished. 

In June 26,1996, DOE informed DTSC (Reference 95) that it had directed BNA to 
proceed with the HBRA workplan, soon to be followed by implementation of the 
remediation efforts resulting from the assessment. 

On July 29, 1996, the California DHS visited SSFL and took soil samples from the 
Sodium Disposal Facility lower pond and drainage channels for radiological analysis. 
Results from this round of sampling again showed no radiological contamination above 
background (Reference 96). 
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In August 1996, the objects located in FSDF-1, as identified by the geophysical 
survey, were extracted and placed in storage containers for future decontamination and 
disposal. 

In September 1996, preliminary results fiom the health based risk assessment 
indicated that a scope of excavation of approximately 3000 cubic yards of soils would be 
needed to remediate the PCB contaminants. Bids for the excavation and site restoration 
were under concurrent review. 

On October 10, 1996, BNA summarized (Reference 97) in a letter to DTSC, the 
major accomplishments toward the [chemical] closure of the FSDF site, and requested a 
meeting to present the final closure action plan. 

The results of the chemical sampling and analyses were evaluated using the outlines 
and review comments in the first HBRA, and in early November 1996, the draft 
assessment document (Reference 98) was submitted to DTSC. The risk assessment 
showed that although total cancer and non-cancer risks are within acceptable ranges, 
further risk reduction and elimination of potential "downstream" impacts can be achieved 
by removing PCBs and dioxinhran contaminated soils and sediments fiom the FSDF 
and channels. 

On November 18,1996, BNA submitted (Reference 99) to DTSC a summary of the 
final interim measures proposed for closure of the FSDF site. It included excavation and 
removal of soils and sediments (approximately 3350 cubic yards) to achieve the cleanup 
levels derived fiom the health based risk assessment. It presented the risks computed for 
the various contaminants and briefly discussed methods used. It requested approval of 
the risk assessment, excavation plan and backfilling. 

On December 1 1,1996, DTSC responded (Reference 100) to both of the BNA 
submittals (Oct 10 and Nov 18) with the view that the plans were technically incomplete, 
inadequately described and do not conform to standards for closure. Further, DTSC 
requires that "an adequate cap must be designed with appropriate run-off and erosion 
control provisions and that vadose [geologically shallow-above the water table] zone 
monitoring for residual contaminants be performed ...as a final remedy for the FSDF." 
The requests for approvals to perform excavations were denied. 

In mid-March 1997, DTSC provided (Reference 101) its review of the draft risk 
assessment document. Its general conclusion was "since risk and hazard estimates may 
be underestimated, this risk assessment must be resubmitted after all comments in this 
and previous memoranda have been adequately addressed". 

On April 8,1997, BNA issued the final soil sampling and analysis report (Reference 
102) certifjmg that radiological cleanup standards have been met and that the site is 
suitable for release for unrestricted use. 

On April 1 1, 1997, the installation, checkout and initiation of pumping wells RD-2 1 
and RS-54 were accomplished. Pumping of less than 2 gpm is possible due to low 
infiltration rates which will not sustain a yield. The effluent is passed through activated 
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charcoal canisters, monitored for quality and then pumped into the site surface drainage 
system. 

On April 1 1,1997, BNA requested (Reference 103) DTSC assistance in resolving 
the issues cited in the rejection of the health based risk assessment. Responses to the 
issues were provided as attachments to the request. 

At the end of April, BNA summarized (Reference 104) agreements reached 
regarding the risk assessment. The key points were that: 

0 Groundwater issues could be removed fiom the FSDF closure plan and included 
in the sitewide RFI program. 

DTSC will expedite its review of the other items 

In May 1997, the objects exhumed fiom FSDF-1 in August 1996 were verified to be 
fiee of chemical contamination (and free of radioactivity) and released for size reduction 
and disposal as conventional wastes. 

May 9, 1997-DTSC provided (Reference 105) its review of some risk assessment 
issues. Of concern was the basis for the development of the PCBldioxin cleanup levels. 

In later May, BNA provided (References. 106 and 107) DTSC with additional 
information relative to risk assessment issues. A key point of the response was that the 
planned excavations remove contaminants avoiding the need for or benefit of further 
characterization of the site, and noting that confirmatory samples will show that cleanup 
targets have been met. 

On June 2, 1997, DTSC provided (Reference 108) a review of the ERA (ecological 
risk assessment) portion of the I-IBRA. The review indicated many deficiencies, but 
agreed with the conclusions that further exposure pathways should be examined and 
DTSC requested rework and resubmittal. 

A BNNDTSC meeting was held on July 24, 1997 (Reference 109) wherein several 
agreements were made: 

The ERA will be reworked and scope added 

The risk assessment document will only address PCBs and dioxins, omitting 
mercury fiom cleanup levels. 

Revised documents will be submitted no later than 1012197. 

On August 7, 1997 DOE informed DTSC (Reference 110) of its intention to proceed 
with excavation and backfilling and directed BNA (Reference 11 1) to proceed because 
further delays are unacceptable. 

On August 15, 1997, the fhdings of the on site chemical sampling and analysis 
activity were formally reported (Reference 112). The results were as stated above. These 
results were the same as those previously reported to DOE (Reference 113). 

In late August 1997, it was reported (Reference 114) that DTSC issued a Cease and 
Desist order to DOE regarding DOE'S instructions to BNA to proceed with cleanup. 
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On September 8, 1997, BNA submitted (Reference 1 15) a stand-alone, new version 
of an Interim Remedial Measures workplan to DTSC, and requesting an expedited review 
and approval. The characterization portion of the report had been removed and released 
independently. 

On September 10, DOE withdrew its letter of intention to proceed, and committed 
(Reference 1 16) BNA to another submittal of an interim remedial measures (IRM) 
workplan document to DTSC. BNA had made the submittal a week prior. DOE 
requested that DTSC review and provide its approval to enable work to occur prior to the 
winter rainy season. 

On September 16, 1997, DHS.revisited the FSDF and took 25 soil samples at nine 
locations fiom the upper pond and western area. Both surface and sub-surface core 
samples to bedrock were taken. Results fiom this round of sampling again showed no 
radiological contamination above background (References. 117 and 1 18). 

In a letter dated September 22,1997 (Reference 1 19), DTSC explained that the prior 
approval given (Reference 39) to the site cleanup plan was invalid because it didn't 
(doesn't) meet current requirements. The approvals inferred fiom subsequent agreements 
relating to additional work at the site are non-existent. DTSC has rescinded all approvals 
and seeks to define an acceptable interim measures work plan. No work will be allowed 
until such a plan has been approved. 

On October 3, 1997, DTSC (in a letter to DOE, Reference 120) stated that the 
remedial actions planned for the FSDF are subject to the public review aspects of the 
California Environmental Quality Act (CEQA), and that an assessment of the project is 
required. Further, DOE shall h d  the costs of the actions, and the total cost will be 
determined when the actions are completed. 

On February 2,1998, BNA received the results of sampling and analysis of soils 
and sediments collected during the prior winter months to evaluate rain induced 
migration. The results showed elevated (above background) concentrations of certain 
metals (as seen previously) but no evidence of PCBs. The proposed excavation plan 
includes collection of sediments fiom drainage channels. 

Later in February, BNA sent (Reference 12 1) several reports to a contractor 
engaged by DTSC. The material related to the chemicals identified in the drainage 
channels fiom the FSDF site. 

On May 6,1998, the DHS removed the Sodium Disposal Facility fiom BNA's 
California Radioactive Materials License 0015-19 (Reference 122), and formally released 
the facility for (radiological) unrestricted use (Reference 123). These actions were based 
upon sampling and analysis data summarized thoroughly in a DHS memorandum 
(Reference 124). This action was the culmination of six independent investigations into 
the radiological condition of the site. 

On May 15,1998 BNA received a letter fiom DHS (Reference 125) which released 
the FSDF for unrestricted use, and referred to amendment #98 (Reference 126) to the 
license, wherein the FSDF was removed. 
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On May 18,1998, a revised Interim Measures Workplan was submitted (Reference 
127) to DTSC, incorporating the reviews and agreements since the submittal of the plan 
in September 1997 (Reference 1 15), eight months prior. This submittal removes the need 
for radiological screening because of the radiological site release. This submittal also 
committed to removing as much material as is necessary to achieve the cleanup levels. 
Finally, the issue of a "cap" was discussed and rejected by BNA on the basis that 
backfilling is satisfactory as an interim measure, and that the sitewide RCRA actions will 
address future groundwater issues. 

On July 16,1998, DTSC conditionally approved (Reference 128) the interim 
remedial measure workplan, subject to minor revisions to the transportation section and 
specifics regarding the backfill material quality. DTSC will be preparing an Initial Study 
document, required by CEQA. When the revised IMR workplan and the Initial study are 
complete, DTSC will place them into the public review process. 

On July 23,1998 BNA submitted (Reference 129) what it believed was the final 
Interim Measures Workplan, incorporating all comments received to date. 

On October 5,1998, DTSC (Reference 130) invited BNA to meet and finalize the 
IRM workplan, in an effort to expedite final approval and public review. 

On October 26, 1998, more comments from DTSC were received, but determined to 
be minor. The CEQA public review period of 30 days cannot begin until DTSC accepts 
the Workplan. 

A "Proposed Interim Measure and CEQA Negative Declaration for FSDF" fact 
sheet and the draft of the declaration were issued for Public Review and Comment during 
the period of October 20 through November 20,1998 with a public hearing scheduled for 
November 7,1998. 

On October 23, DTSC forwarded (Reference 13 1) review comments that are still 
necessary for incorporation. 

On November 2, 1998, DOE directed (Reference 132) BNA to cease all work on the 
FSDF project (except for precipitation controls at the site) until a solution to the DTSC 
approval process is in place. 

On January 27,1999, DOE authorized (Reference 133) BNA to resume activity on 
the FSDF interim remedial measures workplan preparation. DOE directed that the funds 
be used for planning only, not fieldwork. 

On January 29, 1999 a new, dedicated staff was assigned to SSFL projects, and 
assurances given that the FSDF project would be a high priority. 

On February 1 8 and 23, 1 999, following inquiries by DTSC and DHS on the 
radiological status of the FSDF, DHS issued letters to DTSC (References 134 and 135) 
clarifling that the facility was released for unrestricted use, which meant that DHS does 
not require any monitoring of the soil that is removed fiom the FSDF. 
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On March 18, 1999, another revision to the interim measures remedial actions 
workplan for the site was issued (Reference 136). It reflected the continuing DTSC 
reviews. 

On July 9, 1999 both the Draft Final interim remedial measures workplan 
(Reference 137) for site closure and the Draft Final Interim Measures Risk Assessment 
(Reference 138) documents were issued for approval. 

On July 1 5, 1 999 DTSC (Reference 139) approved the FSDF Interim Measures 
Workplan as complete and acceptable for public notice and review. 

On July 15, 1999 DTSC (Reference 140) approved the FSDF Final Interim 
Measures Risk Assessment. The cleanup levels identified herein will be used for site 
remediation. 



EID-04628 
Page 36 

5.0 KEY TASKS AND RESULTS 

The following discussions provide an assessment of the utility and effectiveness of 
selected tasks and the results of their use for this project. 

5.1 SITE PRE-CHARACTERIZATION MAP 

The data collected fiom several different chemical and radiological surveys of the 
site were composited onto a map (see Figure 36 taken from Reference 10) which gave a 
spatial indication of the types of contaminants to be expected in the wastes, and provided 
a logical pattern for excavation. The vertical concentrations were not defined. An 
excavation strategy, which would be likely to minimize the amount of material to be 
removed, would proceed from the most contaminated zones towards the least. The 
composite map showed regions where soils might be expected to be "mixed" (i.e. 
radioactive and chemically contaminated), hazardous only (chemical), radioactive only, 
and non-hazardous. At the beginning of the project, there was considerable discussion 
concerning the value of better defining the nature and the extent of contamination by 
performing more characterization. In retrospect, more characterization would have been 
quite costly and would not likely have had any beneficial affect upon the work done. It is 
not likely that any less material would have had to be removed. The use of the pre- 
characterization map proved to a useful tool for the development of strategies, but rather 
ineffitive for quantitative assessments. 

The map proved to be effective for understanding the work to be done, except it 
tended to convey the idea that the boundaries of contamination shown were the limits of 
excavation. In fact, the boundaries are yet to be determined and will be based on the 
cleanup levels to be achieved. The ongoing discussions with regulators relate to how 
much excavation will be required to reach the cleanup levels. 

5.2 SITE COORDINATE GRID 

The composite contamination map suggested that a coordinate grid system be 
established over the site, and used as a reference system. The use of a grid system is 
commonplace in radioactive decontamination projects. Its application to a large site 
proved to be very useful as all activity was referenced to a common system and 
definitions of locations was easily and precisely achieved. All contractors working on the 
site were required to utilize the grid system. The 10-ft by 1 0 4  grid system was surveyed 
onto the site and referenced to benchmarks established by the California Coordinate 
System. Figure 8 illustrates the grid system, taken fiom Ref 141. The grid subdivision 
size was easily emplaced, referenced and restored when needed. There was no need for 
any higher resolution (smaller grid elements) for the work being done. 

5.3 BURIED OBJECT LOCATION 

Subterranean objects were expected throughout the site as a result of the usage 
history of burial of waste and scrap, and the natural sinking of objects more dense than 
soil. It was obvious that in order to claim that the site was free of contaminants, 
confirmation was needed that no residual objects existed. Geophysical surveys were 
performed over the areas that were not going to be excavated. The site was highly 
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amenable to the standard geophysical techniques because the soil was shallow and the 
expected objects were metallic. The results of the surveys were maps that enabled 
unknown objects to be extracted with precision. An example of such a map is shown in 
Figure 17, taken fiom Reference 32. It M e r  confirmed the existence of known objects, 
including underground utility conduits and well features. 

The use of geophysical techniques was very effective for this project. The results 
were shown to be excellent tools for selected excavations, and for validating that a region 
was fiee of "significant" subterranean objects. 

5.4 RADIOLOGICAL CRITERIA FOR SEGREGATION OF EXCAVATED 
SOILS 

Two sets of radiological criteria were relevant to the project. One pertains to the 
release of land for unrestricted use and the other pertains to disposal of wastes (were they 
radioactive or not?). 

The release of land is based upon the potential for exposure to occupants that may 
use the site in the future. The criteria are prescribed in the regulations promulgated by 
both federal and state agencies. These criteria are shown in Table 1 below, while the 
details of the methods and basis for the criteria are presented in Reference 142. The 
values were applied to multiple surveys of the site leading to its radiological release for 
unrestricted use. 

For materials to be disposed of as non-radioactive wastes, the DOE criterion of "no 
detectable activity above background" was applied. This provides the assurance that 
radioactive materials will not pose a future risk. The issue here is subtle, in that soil 
which is a waste fiom this project and removed as such, could be reused in the future 
should the receiving waste site be reclaimed (similarly for waste water or other wastes). 
Additionally, therewas the need to assure that objects and containers leaving the site did 
not have surface contamination, hence the surface cleanliness criteria. 

- 

Table 1 Radioactivity Criteria 
Criteria for releasing land for use without radiological restriction 

The ambient gamma field limit is based on NRC and State of California guidelines: 
5 5 pR51 (gamma) above background at 1 meter fiom the surface, and 

The annual dose limit is based on DOE Order 5400.5, Chapter IV, release limits: 
5 15 rnremlyr. based on RESRAD code and identified radionuclide constituents 
Criteria for characterizing material as not radioactive (or mixed) waste 

The following are based on DOE performance objectives for identification of mixed wastes 

1. Surface contamination 5400.5 surface contamination limit (with in-house limits for 
A L A W  

Alpha Beta 
In-house limits 2- ( dpm4 00 rm ) 

Removable S 20 5 100 
Total bkgd bkgd 

2. Volumetric contamination Less than detectable levels above background activity inherent 
in the material 
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The volumetric criteria were developed from measurements of background soils. 
The background samples were collected fiom sites geologically similar to the FSDF but 
uncontaminated by research and development activities. The soils were placed in a 
special container equipped with a central hollow tube, Figure 38, and a sodium iodide 
detector was lowered into the tube (Figure 40), and the output "counted" for one minute 
(Figure 41). Sufficient data was collected to establish the background soil statistics. 
Gamma spectroscopic and other isotope specific soil samples from the background soil 
verified that only primordial isotopes and typical fallout levels existed. A 95% 
confidence level was applied to the background data against which an excavated soil 
sample's count could be compared. If an excavated sample exceeded the statistically 
significant activity level, it was deemed radioactive. 

These waste classification criteria were established before excavations began and 
applied to each and every increment (approximately 1 cubic-yard) of soil excavated. 

The California Department of Heath Services (DHS) which is responsible for 
radiological oversight, and which released the site for unrestricted use accepted these 
methods, procedures and the criteria established for the remediation. 

5.5 WASTE SEGREGATION 

The single most important field task of this project was the proper classification of 
wastes. This bore directly upon the final disposal destination of the wastes, but was 
important to field worker safety, waste packaging, labeling, storage and shipping. 
Compliance with DOE'S mandate for waste volume minimization was also achieved 
through the process that was developed. The known presence of hazardous (RCRA) 
constituents, radioactivity, unreacted materials, and hidden objects created a need for a 
rigorously controlled process. There was also a requirement that all potentially 
hazardous wastes be placed into containers (vs. creating piles) immediately upon 
excavation, which placed emphasis upon successfully segregating wastes of like type into 
the containers. Reference 143 was the procedure developed for this purpose, and a 
schematic diagram of the process in presented in Figure 39. The details of this procedure 
follow: 

It was intended that the excavation processes move fiom the most contaminated area 
to the least. Figure 39 shows a small figure in the upper left, which shows the pre- 
established contamination zones at the site, which were derived fiom the sampling 
studies conducted in years past. 

Zone 1, in the lower pond was where the most severe chemical contamination was 
collocated with radioactivity, potentially yielding a mixed waste stream. 

Zone 2, in both the upper and lower ponds was the region of radioactivity only, 
potentially yielding a low-level radioactive waste stream. 

Zone 3, in both the upper and lower ponds was the region of neither hazardous, nor 
radioactive soil, potentially yielding conventional wastes 

Zone 4, to the west of the ponds was a region of only chemical contamination, 
potentially yielding a hazardous waste stream. 
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Using these zones for a preliminary classification, soils were first excavated from 
zone 1. A complicating factor was the potential presence of hazardous substances that 
posed a risk for field workers. Technicians were assigned the task of monitoring the 
excavation site for hazardous chemical vapors or liquids using special instrumentation, 
and for radioactivity using gamma-beta detectors. Further, the presence of subterranean 
objects (which could contain hazardous or reactive substances) had to be anticipated with 
each "shovel-full". These precautions prevented the use of large, bulk handling 
excavation equipment and slowed the process to a maximum of about 75 cubic yards per 
day. 

Therefore, the first excavation step was the determination whether the quantity 
excavated was indeed hazardous or not. Note that this was only a preliminary 
categorization, as all soils would be sampled and analyzed for chemical contamination. 
The objective was to avoid placing a shovel-full of definitely contaminated soil into a 
container of possibly uncontaminated soil and contaminating it. Keep in mind the 
principle that a small amount of contaminant added to clean material will render the 
whole quantity as hazardous, whereas a small amount of clean soil will not change the 
classification of a batch of hazardous waste-the idea was to minimize the amount of 
hazardous waste. 

If the soil was definitely hazardous (or very likely to be, based on vapors, color or 
texture), it was passed through a coarse then finer screen to remove objects. The soil was 
then placed into a one-yard container (Intermediate transfer container-ITC) and evaluated 
for radioactivity. See the discussion above. 

If the soil was determined to be radioactive (and likely hazardous), it was placed 
into an approved radioactive storage container (2 cubic-yard B-12 box) and classified as 
"mixed" waste, pending analysis and labeled accordingly. 

If the soil was not believed to be hazardous, and was determined to be radioactive, it 
was also placed in a B-12 box but classified as "low-level radwaste", pending analysis, 
and labeled accordingly. 

If the soil was definitely hazardous (or very likely to be), it was processed as above, 
and if not radioactive, placed into a DOT approved storage container (1 5 cubic yard roll- 
odroll-off (R/O)) and marked as "hazardous", pending analysis and labeled accordingly. 

If the soil was neither hazardous, nor radioactive, it was placed in a roll-odroll-off 
container and labeled as "conventional", pending analysis. 

The results of these field segregation processes were 4 distinct waste streams: 1) 
mixed, 2) low-level radwaste 3) hazardous and 4) conventional. These were preliminary 
classifications in respect to chemical contamination only. The radioactivity 
determination was made once, at this time, and not repeated. 

To determine the final waste category, a sampling and chemical analysis program 
was performed, as discussed below. 

Objects that were screened out of the soil were essentially classified the same way, 
except the possibility existed that closed containers held unreacted or harmful substances. 
After determining that the containers were free of radioactivity, they were sent to a 
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specialized facility (T133) designed for treatment of hazardous wastes. Following the 
cleaning, the debris was disposed of as conventional waste and the hazardous waste 
products disposed of accordingly. 

The process involved a crew of about 8 persons to perform the excavation, 
transporting, sorting, classifying and packaging tasks. The area of excavation was 
selected, cordoned off and identified as an exclusion zone, with access limited to certified 
hazardous waste workers. The backhoe operator would excavate a scoop of soil and the 
health and safety technicians would examine the material, and the excavation cavity for 
evidence of hazardous materials, objects or radioactivity. The scoop of soil was taken to 
the soil sorting and handling machine (see Figure 34) and dumped onto the coarse (4") 
grid. The hopper with the coarse grating was where excavated materials entered the 
machine. Large objects (>4") were removed by hand at this location. Soil fell into the 
hopper and onto the belt that conveyed it to the elevated end. At this location was a 
screen (%') which allowed the fines to fall through into an intermediate transfer container 
(ITC). The remaining coarse soils passed into another ITC. Note the plastic coverings, 
which limited dust migration. Any objects found during excavation or removed at the 
screen were placed in storage receptacles for later examination in detail. The fine screen 
was sized at %" in order to enable removal of what was originally expected to be the 
discrete radioactive wastes. Although removal of the radioactivity was not possible by 
this method, the screening process did effectively enable removal of most non-soil debris. 

The finer soils fell through the screen into a one-yard container (ITC), Figure 41, 
which was equipped to enable the radioactivity evaluation to be performed. The soil was 
"counted" for activity and placed into the appropriate storage container as discussed 
above. Soils that did not pass through the fine screen (clods) moved across the screen 
and dropped into other ITCs, and were similarly counted. When it was apparent that the 
fine screen was not effective for the purpose intended, the screen was removed and soils 
were sent to two ITCs simultaneously, somewhat improving the material flowrate. 

Figure 35 shows the soil segregation in process. Note the operators examining the 
soil with the hazardous vapor detection devices. The photo was taken at a time when 
soils were being extracted fiom a radioactive zone; hence the radioactive waste container 
standing ready. 

This overall process was found to be effective in assuring that all of the necessary 
aspects of the work were accomplished and documented. See the section titled Wastes 
Generated in this report for specific details concerning the wastes. This procedure, 
though tedious and time consuming, achieved the waste minimization objectives defined 
by DOE. 

5.6 FINAL WASTE CLASSIFICATION 

A requirement of all waste disposal sites is the certification by the originator of the 
wastes as to their content. A chemical analysis was required to both classifjr the waste 
and establish the contaminant content (species and concentration). Each of the waste 
streams was analyzed accordingly. A tradeoff study was performed to optimize the 
amount of waste to be collectivized for classification. Classifying each B-12 box or RIO 
bin would be prohibitively expensive, while sampling too few risked sending larger 



EID-04628 
Page 41 

quantities of wastes to potentially the "wrong" site. A procedure for sampling the wastes 
was prepared (Ref. 144) and featured the following: 

For the radioactive wastes, a random sample was taken fiom each of six (a batch) B- 
12 boxes and the samples composited to form a single sample. Since the samples were 
radioactive, only a licensed radiochemistry laboratory could be used for the analysis. The 
analysis of this sample formed the basis for the batch characterization. Both radionuclide 
and hazardous constituents were determined, and the results of this analysis established 
the 12 cubic-yard batch to be either 

Low-level radioactive waste (LSA-low specific activity), or 

Mixed wastes. 

The containers were then documented and labeled accordingly, and stored properly 
awaiting shipment to the disposal site. 

For the non-radioactive wastes, random samples were taken from each R/O bin and 
the samples fiom 5 bins composited to form a single sample. The analysis of these 
samples were performed by a conventional chemistry laboratory, and formed the basis for 
the final batch characterization. Only hazardous constituents were determined. The 
results of this analysis specified the 75 cubic-yard batch to be either: 

RCRA hazardous waste or some lesser category for controlled constituents, or 

Conventional waste. 

The containers were then documented and labeled accordingly, and stored properly 
awaiting shipment to the disposal site. 

A similar procedure was applied to the evaluation of debris and wastewater. 

This process was found to be costly and time consuming as well, but complemented 
the waste minimization objectives and provided reasonable assurance of the correct final 
disposition of the wastes generated. Additional details concerning the waste specifics can 
be found the Wastes Generated section. 

5.7 RADIOACTIVE MATERIALS MANAGEMENT AREA (RMMA) 

As a result of issues at other DOE sites, a nationwide moratorium was placed upon 
the shipment of wastes to a hazardous disposal site, if the wastes originated fieom a 
location that could have radiologically contaminated the wastes. Such locations were 
identified as Radioactive Material Management Areas (RMMA). The FSDF was one of a 
series of facilities at SSFL placed upon a list of RMMAs, which then required special 
identification of the work areas and the imposition of special administrative controls, as 
detailed in reference 145. 

A special administrative procedure was then developed (Ref. 146) for the FSDF 
wastes that satisfied DOE that the hazardous wastes contained "no DOE-added 
radioactivity." The FSDF project was the first project to have the moratorium lifted. The 
procedure controls how the absence of radioactive content was ascertained. 
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DOE'S objectives, which mandated the RMMA process, were successfully 
accomplished on the FSDF project, which set the pattern for disposal of DOE wastes at 
other projects at the SSFL site. 

The implementation of the RMMA program imposed by DOE required formulation 
for some procedures that were standard practice, but not fully documented. 

5.8 RADIOLOGICAL REMEDIATION 

As a result of removal of the soils fiom the lower pond, and portions of the upper 
pond, all detectable radioactive materials have been removed fiom the site. Based upon 
six independent rounds of surveys and soil sample investigations, the FSDF has been 
found to be free of radioactive contamination that could result in any exposure or risk to 
any current or future user. The FSDF has been removed fiom the requirements of the 
license [to possess radioactive materials] and released for unrestricted use. 

The final survey report (Ref.71) concluded: "the rernediated areas are statistically 
indistinguishable from background readings elsewhere in SSFL Area IV. The entire site 
averaged 15.6 pR/hr with maximum readings up to 21.4 pR/hr occurring next to or on the 
surrounding rock formations, which is consistent wi th...[ data fiom the balance of the 
site]". 

Any future work or usage at the site need not consider its radiological history. 
There is no requirement for radiological examination of any materials; and no 
requirement for posting or monitoring. 

The result of this task was the successful, if protracted, release of the site for 
unrestricted use. 

5.9 CHEMICAL REMEDIATION 

As a result of removal of soils fiom the lower pond, portions of the upper pond and 
portions of the western area, it has been determined by DTSC that additional remediation 
is required to reduce the potential for health risks. The chemical results of the ICF Kaiser 
on site soil sampling and analysis task (Ref.78) and the McLaren-Hart off site sampling 
and analysis task (Ref.79) conducted in June/July 1995 were: 

"The statistical analysis of the FSDF chemical analytical results identified that 
concentrations of mercury and dioxin/kan compounds are present at levels 
greater than background concentrations". 

"The statistical analysis of the FSDF chemical analytical results also supports the 
conclusion that detections of mercury and dioxinlfuran compounds are elevated in 
regions FSDF-2 (partially excavated upper pond and area to the west), and FSDF- 
4 (drainage channels); relative to regions FSDF-1 (south of the access road) and 
FSDF-3 (excavated lower pond). 

The results by regions, including the off-site areas: 

FSDF-1 (south of the access road) gave evidence of residual contamination with 
mercury, PCBs and dioxins/furans. This was somewhat unexpected, as the area was not 
known to be used for waste storage or disposal. 
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FSDF-2 (upper pond and area to the west) gave evidence of residual contamination 
with mercury, PCBs and dioxins/furans. Most of the findings were in the western area, in 
shallow samples, not unexpected given the site history. 

FSDF-3 (lower pond) gave evidence of residual contamination with mercury, PCBs 
and dioxins/furans. Most of the findings were in the area north of the excavated pond, 
although some bedrock samples showed residual contamination. This was not 
unexpected. 

FSDF-4 (drainage channels A to the north and west of the lower pond, and channel 
B to the north and east of the lower pond, see Figure 5) gave evidence of residual 
contamination in the sediments with mercury, PCBs and dioxins/kans. These 
substances had not been observed before the major excavations occurred at the site, very 
likely liberating them. 

Since the site has not yet been fully chemically remediated, the only comment that 
can be made is that the process for chemical remediation needs to be improved. 

5.10 GROUNDWATER REMEDIATION 

The origin of this project arose from a finding of degraded groundwater. Although 
the ultimate objective is the remediation of groundwater, a specific effort to achieve this 
was beyond the scope of the FSDF cleanup project, except for the limited ongoing 
treatment of water being pumped at two wells that are on the site proper. Obviously, 
removal of the source of contaminants is a necessary step toward final remediation. 

A hydrogeological assessment (Ref.70) was made following the remediation efforts 
of 1992 and 1993, and reported: 

"Analytical data indicates that much of the SSFL Facility, including the B/886 
[FSDF] area is [still] underlain by degraded groundwater. The most prevalent 
contaminant is TCE." 

"Degraded groundwater is present in both the Shallow Zone and Chatsworth 
Formation (upper zone) under the Bl886 area." 

"However, degraded groundwater has not been detected in [recently installed] 
deeper wells RD54b [379 to 437 ft] or RD54c [558 to 638 ft]...." 

"At the B/886 site, primary drinking water limits were exceeded for a series of 
..... [ volatile organic compounds] ". 
"Data indicates that degraded groundwater beneath the B/886 is limited to the 
upper 100 feet of the saturated portion of the Chatsworth Formation. Beneath the 
immediate Bl886 site, degraded groundwater appears to be limited to a depth of 
about 300 to 350 feet." 

The conditions reported above are similar to those reported prior to the remediation 
(Reference I), except for the data from the wells installed after the remediation work was 
completed. 

The effectiveness of the FSDF remediation upon groundwater quality will probably 
not be known until long-term quality trends are observed. 
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5.11 CLEANUP AND ABATEMENT ORDER 

Although the specific order was limited to abating only the lower pond by 3 1 
December 1992, it was intended during the planning stages that all contamination sources 
would be removed flom the facility. The order was complied with by an intensive effort 
that focused only upon the lower pond. 

Although the milestone was achieved, considerable work remained to be done after 
that date, considerable work remains to be done today. 

5.12 WASTE MINIMIZATION 

A key DOE objective for remediation projects was waste minimization. 
Development of a method for measuring radioactivity in small batches resulted in 
producing the least amount of radioactive wastes. It may have less costly to combine all 
wastes fiom the radioactive areas and send them to a mixed waste site, however, this 
would have been contrary to DOE's waste minimization objectives. Analysis of batches 
of non-radioactive soils for chemical content resulted in higher costs than might have 
occurred had they all been classified as hazardous wastes and disposed of accordingly, 
however, again counter to DOE's objectives. Minimization of waste quantities was 
accomplished. 

5.13 MIXED WASTE DISPOSAL 

At the beginning of the project, an assumption was made that the radioactive 
components were discrete objects that could be "screened" out of the excavated soil, 
yielding small quantities of only low level radioactive wastes and non-radioactive wastes. 
This assumption led to the purchase of the soil handling (and screening) machine and the 
omission of plans for disposal of mixed waste soils. The regulatory issues of hazardous 
waste generation restrictions, restricted land disposal, moratoria on shipping, storage and 
treatment permitdapprovals and RMMA matters notwithstanding, the disposal of the 
mixed wastes became a major technical problem. 

The primary approach was treatment of the wastes that would yield waste streams 
that could be handled by conventional procedures at practical costs. This was pursued in 
order to overcome the other restrictions in effect at the time when compliance with the 
cleanup and abatement order was considered inviolate. Some of the aspects of this 
approach included: 

The volatile nature of the hazardous constituents of the mixed waste was found to 
be amenable to a commercially available thermal treatment. A process, X- 
TRAXB, was shown to be able to remove the mercury and organics fiom the soil, 
leaving the soil as low level waste and the condensate, which was removed fiom 
the soil, flee of radioactivity. A pilot level demonstration was successfully 
performed by the vendor of the equipment, enabling the site excavations to 
resume. This was followed by placement of a contract for lease of the equipment 
and an operating staff to set up a processing system at BNA's radioactive 
materials handling facility. 
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BNA believed that the EPA permit for the facility was licensed to perform such 
tasks, but after considerable discussion, DTSC mandated that a new permit would 
be required. Actions to secure the new permit were initiated. 

The cost of this method was comparatively high, due to the multiple handling of 
the wastes, the fuel costs for the thermal treatment, and the fees for the leased 
services. And, following the treatments, the residual waste stream disposal costs 
still applied. 

The next solution was bulk disposal at DOE'S Hanford site. Some of the factors to 
this approach were: 

The costs were very high (Upwards of $75 per cubic foot for the buried volume 
of the container)-Potentially a burial cost of $ 1 M, excluding the costs of 
containers, shipping and analysis. 

The concentration of hazardous constituents could not exceed Washington State 
regulations. 

The solution that was chosen was bulk disposal at a commercial site (Envirocare 
Inc.) in Utah. 

DOE had standing orders that DOE wastes could only be disposed of at DOE site, 
which required that DOE waive its own requirements (which was done). 

Other DOE laboratories were found to be using the site. 

DOE agreed that FSDF mixed wastes could be sent to Envirocare under the 
auspices of the DOE-Oak Ridge commercial contract with Envirocare. 

This option has the least costs, and was the most palatable to California 
regulators. 

Parenthetically, the low-level radwaste was sent to Envirocare also, because of the 
low disposal costs. 

Mixed waste disposal was the most difficult task of the project. It was not 
adequately anticipated at the beginning, and it seemed to be adversely afTected by every 
rule and regulation change. 
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6.0 ISSUES and LESSONS LEARNED 

6.1 DO IT INHOUSE OR OUTSOURCE? 

It was determined that the project would be planned, staffed and executed utilizing 
in house staff, for the most part, versus subcontracting the work. This determination was 
based upon the following factors: 

The professional staff was technically competent and could be made available for 
the work, and re-assigned during periods of inactivity. The work was within the scope of 
the bargaining unit's contracts. 

Definition of the work scope to permit competitive bidding would have been 
unfeasible given the approval process by regulatory bodies. Long periods of inactivity 
awaiting approvals would have been extremely costly, and non-productive. 

Costs of execution were estimated to be 100% greater if subcontracted due to labor 
rates, mobilization/demobilization costs and field construction rates. 

Management of radioactive materials requires licensing and specialty staffing; and a 
limited field of bidders was available. 

The imposed schedule for implementation had no slack tirne for 
bidawardlnegotiation and contract approvals. 

At the tirne of the presumed completion of the fieldwork (1 994), the decision to 
perform the work in-house was well founded. Instances of weather delays, waste 
shipping delays due to uncontrollable causes, changes in direction, and holds by agencies 
for approvals would have caused exorbitant cost adds, had a contractor been doing the 
work. A down side aspect of "doing it ourselves" was the need for special hazardous 
waste worker training (HAZWOPER), to which no regular staff workers had been 
qualified. This presumes, of course, that contractors have staffs hlly trained and 
available for the job, which is speculative. 

Performance of some tasks for which in-house capability existed (chemistry) were 
out-sourced due to public perceptions relating to conflicts of interest and independence of 
bias fiom the analysis results. 

Performance of the site cleanliness verification was mandated to be by independent 
investigators. Upon release of the investigation results, a decision was taken to utilize the 
independent verification investigator to complete the work at the site. That decision was 
based upon: 

The contractor's having a thorough knowledge of the site, regulatory environment, 
and ability to perform the work. In some cases, the tasks require skills not available in 
house (e.g. risk assessments, impact studies). 

In house staff reductions reduced the available labor pool 
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The lesson learned is that a project which has substantial uncertainties of scope, 
schedule and weather can be accomplished at a reduced cost by in-house forces provided 
alternate assignments can be made during unscheduled interruptions. 

6.2 MAKE SURE IT WORKS BEFORE YOU ARE COMMITTED TO IT ! 

The initial strategy for the project was based upon the belief that the significant 
radioactive components were discrete objects that could be detected and removed from 
the excavated soils, and the balance was of sufficiently low activity as to be of no 
concern. Several zirconium-hydride "slugs" had been found at the site and were easily 
identified as radioactive, and would be reasonably easy to segregate during excavation. 
This strategy proved ineffective as the soils were subsequently found to have elevated (by 
DOE criteria) radioactivity caused by radionuclides dispersed in the soil, without the 
presence of discrete objects. 

The failure of this initial strategy resulted in the generation of mixed wastes, which 
became a complex issue, as discussed in section 5 

The lesson learned is to demonstrate (on a pilot scale) that the planned process 
achieves the results needed. Further, it should be accomplished before the budgets, 
schedules, training and mobilization activity has progressed to a point where major 
impacts will result. 

6.3 PACKAGE THE WASTE DISPOSAL FUNCTIONS 

It was recognized early in the project that various elements associated with waste 
disposal were needed (containers, transportation, treatment, and disposal). The approach 
taken was to contract for rental of containers, contract for transportation, and pay posted 
prices for treatment and disposal. Functionally, this gave the most flexibility to the 
project, but was considerably more expensive and complex than necessary. It was later 
learned that private arrangements are often made by waste disposal site operators with 
transporters, container suppliers and related hctions, to provide a fully packaged service 
to the client. 

Allowing vendors to bid on packaged work (properly defined) enables much better 
prices and schedules to result. A contract to dispose of - cubic yards of type 
wastes over a period of months, at a price of $ 1 cubic yard enables the 
vendors to assemble packages that are less costly and less complex than coordinating the 
details on a day to day basis. This lesson may be applicable to other contracted efforts 
where there may be economies of packaging. 

6.4 DEFINE THE CLEANLINESS CRITERIA (IF YOU CAN) 

The imposition of the cleanup and abatement order to this site was presumably 
within the regulatory agency's authority. The order explicitly stated that "verification 
sampling shall be conducted to ensure all contaminated soil and debris is removed". The 
order required that a [closure] plan for accomplishing the decontamination be provided 
for approval. The plan that was approved, called for removal of all soil to bedrock- 
followed by sampling of the exposed surfaces. The absence of the criteria for what the 
sampling was to show has prevented constructive site work from October 1995 to the 
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present. A denial by the governing regulator (DTSC) in September 1997, that it had 
previously approved a closure plan, brought the basic problem into sharp focus-perhaps 
agreement cannot be reached! 

The question of "how clean is clean" cannot be asked too soon on a remediation 
project. Notably, the standards and guidelines for declaring this formerly radioactively 
contaminated site to be clean were not difficult to define, to veri@ against, to demonstrate 
compliance and to obtain agreement for closure. The chemical cleanliness target is 
believed to be in hand, but approval to proceed with final remediation has not been 
provided. 

The lesson to be learned is that asking how "clean is clean?' before starting the 
work, is not sufficient. Getting an agreed upon target may be the best strategy to take 
before committing to the activity, if this is possible. It is likely that an attempt to 
establish agreed-upon standards at the outset of this project would have been highly 
contentious, but may have significantly limited activities that continue to the present. 
The existence of Federal and State standards for radiological release made it possible to 
achieve that objective in a straightforward, although lengthy, way. 

6.5 WORRY ABOUT THE WEATHER 

It is obvious in retrospect that rain would be a factor to contend with, both as a 
medium for transporting and spreading contamination, and a physical impediment to 
excavation. Consideration was given to tenting the site to minimize interruptions due to 
rain. Wet soil (mud) cannot be examined and classified. Design and availability of a 
wind resistant covering for a large site was determined to be not feasible, plus the 
complications of managing vehicular exhaust, The application of taps was necessary, as 
was the management of the water that collected on top and below the tarps. 

Advance detailed planning is required to anticipate the effects of weather at all 
stages of an outdoor remediation project. To the extent schedules can be made amenable 
to seasons, they should be. 

6.6 WHO ARE YOUR REGULATORS & WHO IS IN CHARGE? 

The original agency that ordered the site cleanup was the Regional Water Quality 
Control Board (RWQCB). It specified what was to be done and required pre-approval 
for the implementation plan. Other portions of the laboratory site were being examined 
by California EPA (DTSC) and Federal EPA. Soon DTSC became the governing 
regulator when RWQCB declared itself satisfied with the excavation of the lower pond. 
Interactions with DOE (as the cleanup project sponsor), California Department of Health 
Services (for radiological issues) and other agencies for various activities became more 
and more complex. A joint activity was achieved for part of the project through an AIP 
(agreement in principle) involving some agencies, but not all, and not consistently 
throughout the project. 

The concept of a lead agency for a particular activity has an attractive ring to it, but 
the rehquishing of authority by one regulator to another is unlikely to take place. 

A strategy to consider is the convening of a committee of the regulatory agencies. 
To the extent that a coordinated overview by all of the pertinent authorities can be 
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accomplished in joint meetings or committees, a major administrative gain will result. 
Identification of and contact with all of the appropriate regulatory hctions is 
recommended as early in the project cycle as possible. 



EID-04628 
Page 50 

7.0 SCHEDULE AND COST SUMMARY 

7.1 SCHEDULE 
The FSDF project had originally been projected to be performed during the 15- 

month period of October 1991 through December 1992. This optimistic plan was based 
upon the arbitrary completion date imposed by the RWQCB closure order. It further, 
naively, assumed all necessary approvals, permits and funding would be obtained in a 
timely fashion, and that weather would not be a limiting factor. The key milestones are 
listed on Table 2. A detailed discussion of schedule is not provided because Section 4.0 
of this report is a chronological summary. 

Table 2 Key Milestones 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

April 1990 
June 1990 
April1991 
July 1991 
September 1991 
November 1991 
December 199 1 
February 1992 
March 9,1992 
March 14,1992 
May 7,1992 
September 1, 1992 
September 20, 1992 
October 10,1992 
November 10,1992 
October 9,1992 
December 1. 1992 
December 29, 1992 
January 19, 1993 
March 24,1993 
June 10,1993 
September 1993 
February 1994 
May 10, 1994 
Mav 24.1994 

29 
30 
3 1 
32 
33 
34 
35 
36 
37 

BNA ordered to characterize the lower impoundment at building 4886 
Found that impoundment may be a source of groundwater contamination 
BNA ordered to remediate the lower impoundment, be done 1213 1/92 
DOE issues nationwide moratorium on disposal of wastes from radioactive areas 
DOE accepts the responsibility for cleanup, creates and funds project. 
RWQCBIDTSC rejects cleanup plan 
Mobilization of remediation facilities begins at the site 
RWQCBlDTSC issue conditional approval to demonstrate remedial actions 
First shovel full of contaminated soil excavated, began extraction of buried objects 
Ambient gamma survey complete, no new fmdings 
DOE stops cleanup, prohibits generating wastes from radioactive area. 
BNA demonstrates that mixed wastes can be treated-overcomes DOE ban 
First shipment of wastes left the site (conventional debris) 
First shipment of hazardous wastes (not from radioactive area) 
First shipment of hazardous wastes (from rad area) DOE case exception granted 
RWQCB approves remediation process for balance of lower impoundment 
Lower irmoundment excavated to bedrock 
RWQCB declares that closure order has been complied with. 
DOE lifts shipping moratorium from project 
RWQCB confirmed lower impoundment to be at radiological background 
DHS c o d m  lower impoundment is at radiological background 
Independent site cleanliness verification contractor selected 
DHS summarizes results of radiological sampling-fmdings are negative 
DOE approves dmposal of mixed wastes at Utah commercial site. 
Mixed waste shi~ments to Utah beain 

June 24,1994 
July 1994 
March 15.1995 

Site excaiations, demolitions and buried object removal completed. 
Site gamma survey shows site is free of radioactivity above background 
DOE removes facilitv from list of radioloaicallv controlled areas for wastes 

July 1995' 
August 15, 1995 
September 1995 
August 29,1995 
December 1, 1995 
July 29,1996 
Aprils. 1997 
September, 16,1997 
Mav6.1998 

On and off site c leakess  verification sa&ing completed 
Residual chemical contamination found (PCBs, dioxins, Mercury) 
No radioactivity in samples above background 
Low level radioactive wastes shipped to Utah (begin) 
Proposed plan for risk assessment and limited additional cleanup 
DHS samples in lower pond and drainage channels-negative fmdings. 
BNA issues final radiological survey report-site is suitable for release 
DHS samples upper pond and western area-confltms absence of rad contamination 
DHS removes the facilitv from the radioactive materials license-full site release. 
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The dominant schedule problem has been and continues to be obtaining approvals 
fiom regulators. Whether it was for excavation plans and procedures, sampling plans, 
analysis results or anything that affected performance of a subsequent task, the times 
have been extremely long. Close examination of the chronology in Section 4 will clearly 
show how long specific issues and approvals took to be accomplished. An early warning 
of these problems should have been sensed in the arbitrary imposition of the [short] 
fieldwork completion schedule by a regulator, who immediately failed to respond to the 
workplan submittals in a timely fashion. 

Weather was a problem to which any outdoor activity is subject. The low 
productivity of filly suited up hazardous.waste workers in mid-summer was not filly 
appreciated, nor was the loss of time due to rain anticipated. The winters of 199111992 
and 1992/1993 were record breakers (El Nino conditions) for the site. 

Another schedule factor that was unanticipated was the imposition of moratoria 
upon waste generation, storage, shipping and disposal. The DOE restriction upon 
shipping hazardous wastes fiom a radioactive management area would not have been 
especially difficult had there not been a restriction on the amount of time the wastes can 
be stored. Further, EPA imposed a requirement that generation of certain hazardous 
wastes (for which there was no available land disposal capacity) was illegal. BNA 
imposed its own excavation schedule interruption, choosing to violate the closure order 
(and not remediate the site on the imposed schedule) rather than risk federal civil law 
violations by illegally generating and storing banned wastes. 

Finally, funding fiom DOE generally needed to be identified two years in advance, 
and often was not capable of being carried over to another year if not used. Accurately 
projecting how much and when funds would be used was not possible with the regulatory 
review processes discussed above, and some years had insufficient funds to be fully 
productive. 

As of this writing, the entire period from August 1995 until the present has been 
occupied with attempting to reach agreement with DTSC on what work shall be 
conducted to close the site. The results of the cleanliness verification task were presented 
in August 1995, and showed some residual contamination. Only two choices were 
possible--clean up some more or leave the residual contamination in place. The decision 
for the action to be taken has not been made. 

7.2 COSTS 

The FSDF project had originally been projected to be performed during the 15- 
month period of October 1991 through December 1992 and was estimated to cost 
approximately $8,275,000. This estimate was for the complete project including site 
restoration. The major area where the estimate was inadequate was the quantities of 
waste to be excavated and disposed of, especially the mixed wastes. 

There was six times as much soil removed as estimated; the amount of radioactive 
waste was twice, and the unit costs of disposal were nowhere near the original estimates. 
The overall project schedule will likely be eight (plus) years, but not due to the 
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excavation quantities. The costs associated with obtaining regulator approval for the 
closure actions are continuing to mount, and the scope of restoration will of course be 
much greater than originally estimated. 

The current accumulated cost, fiom inception through 30 June 1999 (94 months), is 
$12,040,284. Not all of these costs were paid through BNA. In some cases, DOE h d e d  
other entities directly for support to this project and those costs have been included. 
There are substantial costs yet to be expended (roughly estimated to be $ 2  M): for 
additional site remediation, for sampling and analysis to veri@ cleanliness, and for 
restoration of the site terrain. Although the project will be completed when the site is 
restored, the ongoing general sitewide environmental monitoring program will continue 
and will include this region. 

The following discussion provides an overview of the costs accumulated by work 
task categories, including some generalized cost parameters derived fiom detailed costs. 
Table 3 presents the overall costs, which are briefly discussed below. 

Table 3 Summary of Costs 

Task 

Site preparation & maintenance 

Project management 

Engineering & technical support 

Assessments 

Groundwater work 

Site restoration 

Site Preparation and Maintenance 

Cost $ (000) 

$ 211 

Waste disposal 

Excavation 

Total 

This task included the establishment of offices, fences, roads, surveying and related 
efforts needed to support the on-site work.. Following the majority of the on-site work, 
continuing site maintenance costs were incurred for coverage tarpaulins, site 
housekeeping and management of rainwater. This activity was mostly an in-house staff 
effort and site maintenance continues. Costs allocated to this category are $2 1 1 K ( -2% 
of the total). Of this amount, $ 172K was for maintenance materials and supplies over 
the duration of the project, about $ 2  K per month. 

Percent 

2 %  

$ 1,491 

$ 522 

$2,110 

$ 650 

$ 50 

The site mobilization costs were minimal due to the availability of portable 
structures at no cost. The protracted schedule incurred the annual costs of purchasing and 
installing tarps, and rainfall management. The temporary facilities were demobilized in 
1995 when the site work was thought to be complete. 

I 

12 % 

4 %  

18 % 

5 %  

Nil 

$3,842 

$ 3,164 

$12,040 

32 % 

26 % 
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Project Management 
This task included the preparation of top level plans, coordination with regulators, 

project controls, procurement actions, and administrative functions, prior to active 
remediation. During site cleanup, direction and control of all activities was performed. 
Following the completion of the excavation, a low level continuing management effort 
was required for coordination with contractors, regulators and staff. Project management 
actions continue. This activity is entirely an in-house staff effort. Costs allocated to this 
category are $1,491 K ( -12% of the total). Of this amount, $200K was for fees charged 
by regulators for their work. 

Typical construction projects can be expected to cost about 10% for management, 
which is borne out here. Fees by regulatory agencies began to be applied late in the 
program (beginning in GFY97) and are significant enough to warrant budgeting for them. 

Engineering and Technical Support 

This task included the development of technical approaches, preparation of detailed 
procedures, evaluation of work strategies and technical management of subcontractor 
efforts. This task was performed before and during the excavation work, and performed 
by in house staff. Any further required technical work will be performed by 
subcontractors. Costs allocated to this category are $522 K ( -4% of the total). 

It is difficult to define a rule of thumb for technical costs for a project because it 
varies according to the technical challenges. A conventional cleanup/demolition project 
can be expected to be very low (3% or less), assuming the technology and procedures are 
well defined prior to the start of work. Due to the very high total costs, the technical 
work represented a small cost percentage, but the absolute costs of $500 K plus are 
significant. For this project, considerable effort was expended towards developing 
(unsuccessfully) in house treatment of mixed wastes, development (unsuccessfully) of 
rapid, reliable chemical analysis of soils in the field. A key successful technical 
development was the process for surveying small batches of soil for radioactivity, 
discussed elsewhere. 

The continuing costs of development of risk assessments, and site remediation 
plandprocedures are not being accumulated in this category. There was a decision taken 
to have such work performed by contractors, and the costs are included in the assessment 
category below. 

Assessments 

This broad category included all characterization efforts for the project. It included 
the initial site cleanup plan (which was predominately a characterization plan), site 
geophysical surveys both before and after cleanup, radiological surveying of the site, 
sampling and (laboratory) analyses for waste characterization and post cleanup 
assessments of the site for cleanliness. This work was performed by in house staff and 
subcontractors. As a result of findings of residual contaminants, further cleanup will be 
required (in the cleanup category), but final verification assessments will be very likely 
be conducted by subcontractors. Costs allocated to this category are $2,110 K ( -1 8% 
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of the total). Of this amount, $ 1,162 K was for examination and evaluation of the site 
after the FY92193 cleanup campaign, and for preparation of additional work plans. 

The major costs for the project since 1995 (Approximately $1,450,000) have been 
for the preparation of assessments and remediation plans ( $665 K) and regulatory fees 
($200 K). The balance has been spent for site maintenance and in house project 
management. 

Some of the key unit costs derived fkom the assessment task area were: 

0 Chemical analyses of (non-radioactive) soils for hazardous constituents cost $ 
1,200 each (1 75 samples). The use of impartial, certified laboratories is discussed 
in the lessons learned. The costs are a direct fimction of the number, species, 
methods selected and detection levels of the constituents of interest. 

0 Standard chemical analysis of radioactive soils for hazardous constituents cost $ 
2,900 each (75 samples). The limited availability of certified chemistry labs with 
radiological licenses contributed to this high cost. Similarly, these costs were 
driven by the constituents sought. 

Sampling of soils fkom waste containers and fkom the site: 5.5 person hours 
(approximately $320 per sample, for several hundred samples). The need for 
special equipment, procedural controls and personnel protection issues contribute 
to this figure. 

Groundwater 

All work related to monitoring of groundwater, installation of wells and related 
subjects is included in this category, and was performed by specialist subcontractors. 
This work continues for surveillance. Costs allocated to this category are $650 K (-5% 
of the total). Of this amount, $230 K was for installation of monitoring wells. The use of 
a single contractor (Groundwater Resources Consultants) at the SSFL had the advantages 
of historical knowledge and on-site presence; however the inability to competitively bid 
the work may have resulted in higher costs. The unit costs to this project were the 
contractor's standard pricing. 

Site Restoration 

This task is self-explanatory. Definition of the requirements for site restoration 
(backfilling, grading and revegetation) has been accomplished. The costs to date are $ 50 
K (less than 1 % of the total). The implementation will follow the acceptance of the site 
as clean. 

Waste Disposal 

This category included the costs of rental of waste storage containers, purchase of 
radioactive waste shipping and burial containers, waste transportation, waste site 
treatment and disposal cost. There was considerable labor effort in waste manifesting, 
labeling, handling, classification and sampling. Costs allocated to this category are $ 
3,842 K ( -32% of the total). Of this amount, $2,590 K was for disposal of non- 
radioactive wastes and $ 1,120 K was for disposal of radioactive (mixed and non-mixed) 
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wastes. The balance of the costs was for disposal of conventional wastes (solid and 
liquid), and for associated labor. 

Some of the key unit costs derived fiom the disposal task area were: 

Hazardous (RCRA) waste (not requiring treatment at the disposal site) cost about 
$200 per ton for 8,460 tons. This included rental of storagelshipping containers, 
transportation and disposal fees. The fees at the disposal site were $ 134lton 
(111193). 

0 Radioactive (mixed and low-level) waste cost about $ 1,700 per ton for 660 tons. 
This included purchase of storage boxes, transportation and disposal at DOE'S 
contracted site in Utah. This is to be compared with a projected cost of $2,750 
per ton to perform the treatment of mixed wastes to yield two waste streams, 
which would then have to be disposed of. The fee for the mixed waste was 
$1,280 per ton at the Tooele County, Utah site. The balance of costs was for 
containers and shipping. 

0 Conventional wastes (debris and non-hazardous soil excavated) cost about $65 
per ton for 1750 tons. This included storage containers, transportation and 
disposal to approved landfills. 

0 Non-hazardous liquid wastes (primarily water pumped fiom the excavation areas) 
cost about 25 cents per gallon for 46,000 gallons including transportation and 
disposal. 

Excavation 

This category includes the costs of the site crew labor for excavation and waste 
handling. Costs of health and safety staff, health physics staff, quality assurance, field 
supervision and leased earth handling equipment were included. It is emphasized that the 
excavation was very labor intensive due to the small quantities being extracted for 
radioactive surveying, and the crew suit-up requirements. To date, this work was 
performed by in house s t a e  but all of the planned future work will be done by 
subcontract. Costs allocated to this category are $3,164 K (-26% of the total). Of this 
amount, $2,794 K was for crew labor and $380 K was for supporting equipment and 
supplies. The quantities of waste generated yielded the following experience: 

A cost indicator (although skewed to the high side) was that excavation, 
surveying, documenting and packaging waste soils cost approximately $265 per 
cubic yard. Excavation of buried objects, demolition of the concrete pit and other 
structures inflated this cost indicator. The activity included excavation, sorting, 
radioactivity surveying (1 cubic yard at a time), documenting, packaging and 
labeling of wastes. Excluding the effects of the demolition tasks, an indicator of 
$200 per cubic yard is offered. 

A production indicator, when the equipment and staff were fully trained and 
efficient, is about 75 cubic yards per 8-hour shift. Wet weather and buried objects 
affect this figure dramatically. 
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There were a series of costs incurred by DOE to support the project, but which were 
not h d e d  through the BNA contract with DOE. These costs have been distributed into 
the appropriate categories above, but are not observable in the BNA code of accounts. 

BNA Capital Funds-purchase of the soil handling machine $ 85,456 

DOE Direct Funding to Oak Ridge National Laboratory, for disposal of mixed 
radioactive wastes at Envirocare-Utah $ 500,000 

DOE Direct Funding to Oak Ridge National Laboratory for disposal of low-level 
radioactive wastes at Envirocare-Utah $ 358,600 

DOE Direct Funding to Oak Ridge National Laboratory for ORISE analysis of soil 
samples $ 40,600 
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8.0 WASTE VOLUMES GENERATED 

8.1 GENERAL 

The cleanup of the FSDF involved the generation of wastes fiom several activities. 
Of particular concern were wastes that required special handling due to their hazardous 
content. These "regulated" wastes contained RCRA listed chemical substances andlor 
radioactivity in varying quantities. The fundamental objective of this project was to 
remove these materials from the site. 

Classification of wastes, as they were generated, was a regulatory requirement 
involving categorization, labeling, packaging and storing. A detailed procedure for 
classification of wastes was developed and implemented to assure compliance with these 
regulatory requirements. 

Figure 42 illustrates the various solid waste streams as discussed in detail below. 

8.2 WASTE SOURCES 

Contaminated soils and sediments 

Excavation of contaminated soils in the lower pond and portions of the upper pond 
were expected to result in wastes containing chemical and radionuclide substances. The 
species, concentrations and volumes were not well predicted. Most of the wastes 
generated originated fiom this activity, because this was the purpose of the project. The 
total excavated soil wastes generated were 11,876 cubic yards (10,864 tons) prior to the 
site cleanliness verification activities conducted in 1995. Additional excavation of soils 
and sediments fiom the drainage channels is planned for final remediation. 

Subterranean objects 

The past burial of scrap materials and abandonment of scrap objects at the site was 
known to be the cause of subterranean objects. The possibility that these objects were 
sources of contamination or hazards to the workers during soil excavation deemed it 
necessary to remove them. Since not all of the soils were intended to be removed, a 
method for locating such objects was employed. Geophysical surveying was found to be 
effective because the soils were shallow and the objects of concern likely to be metal. An 
exhumation of objects defined by the geophysical maps yielded a considerable mass of 
scrap. 

The objects that were determined to be potentially hazardous (chemically) were sent 
to the Hazardous Waste Treatment Facility (building 4133) for decontamination. Since 
the cleaned objects were confirmed to not be regulated wastes, no effort was made to 
quantify and further characterize it. This material and the non-hazardous material h m  
structures and equipment demolition yielded approximately 5 tons of scrap metal, all 
conventional wastes. 

Structures, building and equipment 

The site was used for cleaning of alkali bearing components. The process involved 
steam cleaning and submergence of the components in a concrete pit, and was performed 
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at an asphalt work pad near the entrance to the site. The cleaning equipment, storage and 
operating buildings, the pit and the asphalt pad were filly demolished yielding 
conventional wastes. It was later determined that an existing runoff diversion channel 
needed to be removed, also yielding conventional steel and concrete wastes. These 
wastes together with the cleaned scrap objects mentioned above, were approximately 240 
tons of concrete and asphalt and 5 tons of scrap metal. 

Rinsewater from equipment and personnel decontamination 

Water was used to decontaminate equipment and for personnel hygiene. The 
wastewater was collected, analyzed and classified according to content. Most of the 
water collected was determined not to require hazardous disposal. All of the wastewater 
was transported off site for disposal. 

Water collected from contaminated regions 

A condition of the site remediation order was to collect and remove water which 
may have become contaminated or which could percolate through contaminated soils and 
reach groundwater. The excavations were covered by taps and water collected from 
beneath the tarps was pumped into contains. Similarly, most of the water collected was 
found to not require hazardous disposal, but was transported off-site. The water that was 
found to be hazardous was disposed of at a commercial regulated treatment facility. 
None was radioactive. Most of the water was from rainfall that penetrated the taps or 
which flowed underground from upslope. Water was collected over seven rainy seasons, 
and collection continues. 

Well construction wastes 

Cluster well number 54 was drilled at the low point of the lower pond. It was 
determined that since the area was contaminated, the well drilling wastes should be 
collected, classified and disposed of accordingly. Less than 5 cubic yards of non- 
hazardous cuttings were accumulated, and sent for off site disposal. 

Well water wastes 

Two wells (RD-21 just south of the access road, and RS-54c in the lower pond) are 
being operated in an extraction mode, pumping less than 5 gpm each. The discharge 
wastewater is routed through activated charcoal filter canisters, then piped into sitewide 
surface drains. Analysis of the extraction pump discharge is regularly performed, as is 
the total site drainage. The low extraction capacity of the wells and the solar driven 
pumps, limit the total amount of waste water generated to less than 5000 gallons since 
pumping began in April 1997. 

8.3 WASTE STREAMS 

Radioactive Wastes 

In all, only about 720 cubic yards (6% of the soil excavated) was found to be 
radioactive waste. All radioactive soil was sampled and analyzed for radiological and 
chemical constituents. Eighty composite soil samples were taken from the 720 cubic 
yards of soil and analyzed by an independent laboratory for gamma emitters (gamma 
spectroscopy), Sr-90, H-3, isotopic uranium, isotopic thorium and isotopic plutonium. 
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Based on the concentration results, a total quantity of 6 millicuries of Cs-137 and 1 
millicurie of Sr-90 was identified as contamination. 

Cs-137 concentrations ranged from 0.09 to 52 picocuries per gram of soil (pCi/gm) 
with an average of 8 pCi/gm, while Sr-90 concentrations ranged from 0.1 1 to 38 pCi/gm 
with an average of 1.6 pCi/gm. Quantities of all other isotopes including uranium and 
thorium and their decay products were equal or less than that expected in clean soil. 

All of the radiologically contaminated soil was sent to Envirocare Inc., Utah, a 
licensed, commercial low level radioactive waste site approved by DOE, and by state and 
federal regulating agencies. 

Although the soils were shipped to a radioactive waste disposal facility, the level of 
contamination in the soil was so low that Department of Transportation (DOT) 
regulations did not require the shipments to be classified as a radioactive waste shipment, 
and did not require the shipping trucks to be placarded with "radioactive material" signs. 

The radionuclide composition of the radioactive wastes are shown in Figure 43. 

Mixed Wastes 

The waste stream of greatest concern was material containing both radioactivity and 
RCR4 listed chemicals. It was a DOE objective to minimize wastes in general and 
minimize wastes for which treatment and disposal options were limited. Mixed wastes 
fell into this category. During the course of the project, there was a prohibition placed 
upon the generation of mixed wastes because there were no disposal processes available 
or acceptable disposal sites. Ultimately, a specific treatment was developed and 
demonstrated which enabled the remediation project to continue, but was not used when a 
DOE approved commercial disposal site became available. 

The excavation strategy involved small batches of soil which were examined for 
radioactivity. This check determined once and for all whether the batch was radioactive 
or not. Had this not been done and wholesale excavation performed, the quantity of 
radioactively classified (mixed and low-level) soil would have been substantially greater. 
The details of the soil classification process are discussed in Section 5. 

The mixed waste generated on the project was all in the form of soil. A few 
radioactively contaminated objects were found but they did not also contain hazardous 
constituents. Following chemical sampling and analysis of the waste soils (previously 
determined to be radioactive) that soil which contained RCR4 constituents above 
regulated levels was classified as mixed. Mercury was the driving hazardous constituent 
(> 8 ppm) found at regulatory levels, although some samples showed PCBs. Mercury 
ranged from 8 ppm to a maximum of 126 ppm, while PCBs occurred infrequently fiom 
detection level up to 5.3 ppm. The elevated radionuclides were cesium-137 and 
strontium-90. 

All of the mixed wastes were placed in steel boxes approved for storage, shipping 
and disposal. The details of the container sizes, weights, serial numbers and radioactive 
content are in the files maintained at the Radioactive Materials Handling Facility 
(RMHF). 
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All of the waste classification data (sampling procedures, measurements, laboratory 
analysis and interpretations) are stored in project records. 

There were 238 boxes of mixed soil wastes shipped to Envirocare Inc., located in 
Tooele County, Utah. The soils were shipped under mixed waste profile number EC- 
6005, during the period of May 24,1994 through August 23,1994. A total of 773,480 
pounds of soils (422.6 cubic yards) was shipped. This quantity was approximately 60 % 
of the radioactive soil excavated. 

Hazardous waste soils 

The next waste stream of concern was soils containing RCRA listed chemicals 
above regulated concentrations. The list of contaminants can be found in the RCRA 
legislation documents, and was used as the laboratory analysis screen. The groupings 
are: volatile organic compounds (VOCs), semi volatile organics, (SVOCs), heavy metals, 
PCBs, and dioxins. Soils extracted h m  areas previously known to be contaminated 
were immediately classified as hazardous, pending analysis. Following analysis, a final 
classification was made. Several categories were possible, each of which had different 
costs for disposal. 

There were no significant quantities of soils that required treatment prior to 
disposal. Most of the wastes were determined to be California regulated (more stringent) 
than Federally regulated. The results of the chemical analyses of the wastes fiom the 
lower pond are shown in Figure 44 through Figure 49. 

During the course of the project, a DOE prohibition was placed upon the shipping of 
hazardous wastes that originated in an area where radioactive contamination of the wastes 
was possible. This area was designated as a Radioactive Materials Management Area 
(RMMA). DOE required that an administrative control process be imposed to preclude 
hazardous wastes fiom being sent to non-radiologically licensed disposal sites with 
radioactive components in it. Ultimately, the verification process was satisfactory to 
DOE and shipping was allowed. 

The hazardous wastes generated by the project were primarily in the form of soil 
(except for a small amount of rinse water that was found to be hazardous). The few 
objects that contained hazardous reactive materials were treated, rendering them non- 
hazardous. The hazardous waste soils were placed in steel roll-on, roll-off containers 
approved for storage, shipping and disposal. The details of the container sizes, weights, 
serial numbers and chemical content (manifests) are in the files maintained by the Safety, 
Health and Environmental staff. Following chemical sampling and analysis of the waste 
soils, final classifications were applied. Two categories of hazardous wastes resulted: 

Wastes containing hazardous components at a level below RCRA concern, but 
which were California regulated and requiring disposal at a class 1 site. The waste was 
profiled as BF 6840, requiring EPA manifests (see Figure 50) for administrative control 
and payment of state disposal taxes. 

Wastes containing hazardous components below California regulatory attention, but 
above sanitary land fill standards. The waste was profiled as AM 7335. These wastes 
were sent to a Class 1 site because there were no approved Class 2 sites available at the 
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time. Subsequently, a Class 2 site was found and the remaining wastes were routed there 
at a lesser cost. Administrative control data was collected for this waste stream also 
(Figure 5 1). 

Due to the various constraints placed upon shipping of wastes, many filled 
containers were accumulated and were stored near the site. When the shipping releases 
finally occurred, an intensive shipping campaign was accomplished as follows: 

Approximately 90 containers (1 100 tons, 1202 cubic yards) of hazardous wastes 
were disposed of as class 1 waste at Chemical Waste Management's, Kettleman City, 
California facility. The soils were shipped under hazardous waste profile number KHF- 
BF 6840, during the period of November 3, 1992 through February 2, 1993. 

Approximately 600 containers (7360 tons, 8042 cubic yards) of non-hazardous 
wastes were disposed of at Chemical Waste Management's, Kettleman City, California 
facility. The soils were shipped under waste profile number KHF-AM 7335, during the 
period of September 28, 1992 through June 17, 1993. 

Approximately 140 containers (1 749 tons, 19 1 1 cubic yards) of non-hazardous 
wastes were disposed of at TPS Technology's, Class 2 waste disposal facility at 
Adelanto, California. The soils were shipped under waste profile number TPS 01 122, 
during the period of October 15, 1993 through January 15, 1994. This was the same 
classification of wastes as KHF-AM7335 but the costs were 40% less for site disposal 
and shipping to a closer site, but which was not available prior to late 1993. 

The hazardous wastes were the stream commanding the most attention due to 
regulatory concerns. To illustrate the matter, the following process had to be 
implemented before release of the waste load (the documents are extracted fiom various 
procedures governing the work execution): 

A checklist of all documents had to be completed and bought off (see Figure 52). 

A form certifLing conformance to DOE objectives (see Figure 53). 

A form documenting the basis for the waste chemical classification (see Figure 
54). 

A shipping data form (Figure 5 1) documenting the load, carrier and destination. 

A Radioactive survey report (Figure 55) recording the gamma spectrometer 
readings of each "scoop" of soil, and also used for clearing objects. 

A departing vehicle inspection report (Figure 56) recording the vehicle and driver 
identifications and safety features. 

An Intermediate Lot Follower (Figure 57) recording the details of each scoopful 
of soil and receiving container. 

A California land disposal restriction form (Figure 58) certifying that wastes 
conforms to regulations. 



EID-04628 
Page 62 

A waste profile (Figure 59) certifying the maximum concentration of 
contaminants in waste stream. Profile BF6840 shown for hazardous wastes for 
illustration. 

A copy of the DOE approval (Figure 60) to make the shipment, issued on a case- 
by-case exception to the shipment moratorium. 

A typical container label (Figure 61) required by law to show contents. 

Supporting information was needed to make waste classification determinations. 
These included: 

Sampling Guide (Figure 62) which randomly determined the locations for the 
samples to be used to characterize the shipment batch. The locations fiom 5 roll- 
odroll-off bins are shown. 

Chemical sample analysis request forms (Figure 63-side one and Figure 64-side 
two) define sample information and analytical methods to be performed, and is a 
part of the chain of custody process. 

Chemical sample analysis reports (Figure 65 through Figure 68) show the results 
of the analyses. These are illustrative examples only. 

A similar process, but involving somewhat less documentation, was followed for all 
waste streams. The documents generated are stored in project files. 

Other Hazardous Wastes 

A considerable quantity of elemental mercury was found during the excavations of 
the lower pond and the western areas. Approximately 650 pounds of mercury saturated 
soils were sent to Bethlehem Apparatus Co., in Pennsylvania for recycling. 

Some water was collected fiom equipment rinsing and from beneath the tarps that 
covered excavated areas. A small amount was found to contain regulated contaminants 
and shipped off site for treatment and disposal. The quantity was less than 1000 gallons. 

Low Level Radioactive Wastes 

The soils that were found to be radioactive upon excavation, then subsequently 
determined to not be mixed (below hazardous chemical action levels) were classified as 
low level wastes (LLW). It was planned that they be shipped to DOE'S Hanford, 
Washington site, but DOE'S acceptance of the Envirocare, Inc. Utah site for mixed 
wastes, and the associated lower cost changed the plan for the LLW wastes. 

There were 202 boxes of low level radioactive soil wastes shipped to Envirocare 
Inc., located in Tooele County, Utah. The soils were shipped under LLW profile number 
EC-203 1, during the period of August 29,1995 through September 19,1995. A total of 
554,740 pounds of soils (303 cubic yards) was shipped. This quantity was 
approximately 40 % of the total radioactive soil excavated; while the total radioactive soil 
was approximately 6% of the total soil excavated. 
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Conventional Wastes 

The conventional debris (concrete fiom the pit and asphalt fkom the pad) was sent to 
the Chiquita Canyon, Valencia California Class 3 disposal facility. It was estimated that 
there was 240 tons of this material. 

Unearthed objects (mostly metallic scrap) were confirmed to be non-hazardous 
when found, or sent to building 4133 for cleaning. An estimated 5 tons of this type of 
conventional scrap was shipped off site. 

A considerable quantity of water was pumped fiom beneath the tarps over the 
course of seven winters. It is roughly estimated to have exceeded 400,000 gallons. This 
water has never been found to meet the definition of hazardous waste. It is sent off site 
because the water is not clean enough to manage through the SSFL surface water system. 
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9.0 PERSONNEL RADIATION EXPOSURES 

Approximately seventy persons were authorized entry into the controlled work area 
at the FSDF during the cleanup associated with potential radioactive exposure. All of 
these persons, including personnel fiom third-party contractors, were issued film badges, 
given the appropriate training and issued personnel protective equipment. Additionally, 
specialist radiation technicians were part of the excavation crew and they were 
responsible for radiation surveys of all materials and for radiation safety of all persons. 
The site was fenced and posted in accordance with regulations, and procedures for 
control of contamination were imposed. 

Personnel exposure to radioactivity was related to the nature and duration of the 
work assignments at the site. The tasks discussed below collectively occurred during the 
period of October 1991 through March of 1993, when the last load of radioactive waste 
was shipped fiom the site to the Radioactive Waste Handling Facility. 

Four personnel fiom the Radiation Safety department participated in the project as 
follows: 

Surveys of the site for activity levels 

Collection of samples and laboratory analysis for species detection and activity 
levels 

Survey of individual lots of soil during excavation for activity levels. 

Survey of waste containers and transport vehicles. 

Seven personnel fiom the Health and Safety department participated in the project 
as follows: 

Survey of individual lots of soil during excavation for hazardous chemical levels. 

Surveillance of the work site. 

Forty-six personnel fiom the DOE Site Restoration department participated in the 
project as follows: 

Excavation of objects, demolition of structures, sorting and handling of all wastes 

Packaging and handling of waste containers 

Site housekeeping and maintenance 

Personnel fiom other departments, or fiom contractor organizations were involved 
to various extents, as follows: 

Four quality assurance department employees for oversight and inspection 

One employee fiom facilities engineering to perform the grid survey 

Three persons fiom contracted organizations for health and safety officer duties 
and a geophysical surveying task. 
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Many of the staff personnel were assigned to other projects during the course of the 
FSDF cleanup, and detailed data records of their exposures specifically received at the 
FSDF were not made. Examination of film badges occurred quarterly, and any 
indications of cumulative exposure (above the detection sensitivity) would be cause for a 
graded investigation and, where indicated, corrective action. There were no instances of 
exposures greater than 50 mrem to any person as a consequence of working at the FSDF 
cleanup project. In addition, quarterly bioassay was conducted on the participating 
personnel. No significant intakes of radioactive material were noted. 
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10.0 CURRENT STATUS AND FUTURE WORK 

10.1 CURRENT PHYSICAL STATUS 

The following activities are being conducted in compliance with direction fiom 
regulators: 

The excavated areas are covered with nylon reinforced, polyvinyl taps to limit 
water percolation into the ground and minimize fugitive migration of loose 
materials. Water above the taps is diverted into the site drainage channels, while 
water collected beneath the tarps is pumped into containers for off site disposal, 
after analysis for contaminants. 

Two wells (RD-21 just south of the access road, and RS-54c in the lower pond) 
are being operated in an extraction mode, pumping less than 5 gpm each. The 
purpose of the pumping is to mitigate, if possible, further migration of 
contaminants and to monitor changes in the groundwater adjacent to the 
remediated site. The discharge water is routed through activated charcoal filter 
canisters and into surface drainages. Analysis of the discharge is regularly ' 

performed. 

Sampling and analysis of site drainage fiom rainfall events is accomplished at 
water sampling stations and weir stations located in both of the drainage channels. 
The purpose of this activity is to determine if any residual contamination may be 
migrating. 

Sitewide quarterly monitoring of groundwater wells is being conducted, and 
includes wells in the vicinity of FSDF. Four additional wells were installed in the 
FSDF area as a part of the site remediation project and continue to serve as 
monitoring stations, or extraction pumps as discussed above. 

10.2 PLANNED REMAINING WORK 

Contamination Remediation Targets and Cleanup Plan 

The scope of the remaining site remediation effort is based upon regulatory 
acceptance of the levels of cleanliness to be achieved. 

As a result of findings of residual chemical contaminants, a health based risk 
assessment (reference 147) was performed to evaluate the consequences of taking no 
further action at the site. The conclusions were that additional remedial cleanup is 
required to reduce the potential health risks due to contact with PCBs and dioxins, all 
other species of contaminants were evaluated to be within acceptable risk ranges. The 
risk-based cleanup levels were developed for PCBs and dioxins based on residential and 
recreational exposures and are 600 pg/kg and 13.1 pg/g respectively. The residual 
mercury was not found to be a health risk. 
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IT Corporation has prepared an interim remediation workplan document, reference 
148, and submitted it to DTSC for review and approval. This plan specifies in detail the 
planned remaining work, as discussed below. 

Excavation and Waste Disposal: 

Excavation and disposal of soil to bedrock in the upper pond and western areas will 
take place as necessary to achieve projected residual levels 600 pgkg for PCBs or 13.1 
pglg dioxins. Sampling and analysis data will be collected following the excavations. 

Excavation and disposal of sediments from drainage channels A and B, above the 
weirs, will be performed as necessary to achieve the above levels. 

Excavation and disposal of all soils and sediments in channels A, B & C 
downstream of the weirs will be performed. 

It is expected that the presence of mercury in some of the excavations will require 
disposal of those wastes as hazardous, even though the mercury concentrations 
themselves are not at sufficient levels to pose a health risk if left in place. 

The estimated quantity of wastes is 3140 cy (4710 tons) of which: 325 cy are 
expected to contain mercury, requiring disposal as hazardous waste, and 2800 cy are 
expected to contain low levels of contaminants allowing disposal as conventional wastes. 

Radiological release of the site for unrestricted use occurred in May 1998, therefore 
radiological monitoring of the site, or of wastes or samples taken from it, is not required. 

Backfilling and Contouring 

Clean soil will be imported (source location has not yet been finalized) and placed 
in the excavations of the lower pond, upper pond, western area and channel B. The 
backfilling incorporates the requirements of the Ventura County grading permit 
(reference 45) for compaction and final contouring for erosion control. Storm water 
control features will be installed. 

Revegetation and irrigation. 

A specific requirement of the abatement and cleanup order was to restore the site to 
prevailing conditions. This was interpreted to mean restoring the site to natural contours, 
thereby limiting erosion, and revegetation to native species. A study performed by 
Envicom (reference 149) characterized the surrounding terrain and recommended 
restorative measures. The workplan has incorporated the recommendations for import 
soils and revegetation, the type and source of vegetative materials and the application of 
special features (irrigation), and an erosion control plan that incorporates drainage 
channels and swales. 

Revegetation consists of placing retentive material into drainage swale(s) and 
planting of container plants. Seeding of the entire site and installation of drip irrigation 
will then be accomplished. 
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Groundwater Monitoring 

The sitewide quarterly groundwater monitoring program includes the four newly 
installed wells at the Former Sodium Disposal Facility, satisfying a portion of the "post- 
closure" monitoring plan. 

Site Closure 

It is not clear how formal release (closure) of the FSDF site for unrestricted use 
(fiom a chemical perspective) will occur. The original closure order (reference 8) 
specified a series of actions, which presumably when taken and accepted by regulators 
constitutes closure, but no procedural mechanisms are known to exist. The current 
understanding is that the RCRA corrective actions that are underway for the entire 
laboratory will include the FSDF. 

Post-Closure Monitoring 

Remediation of the FSDF requires a "post-closure" monitoring plan. That plan 
includes continuous monitoring of surface and groundwater, physical verification of 
erosion controls, and support for revegetation. The Interim Measures Workplan 
discusses the annual operation and maintenance of the site, which addresses drainage 
channel weirs, the vegetation condition and irrigation, and the monitoring wells. 

Post closure maintenance planning includes analysis of sediments collected behind 
weirs to support collection and disposal. This will occur at least annually, but as 
frequently as necessary to prevent overflow. Regular examination of the general site for 
evidence of soil erosion or material migration is performed, and repairs effected as 
necessary. The plan also includes maintenance and repair of the revegetation and 
associated irrigation systems. 
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10.3 CURRENT ADMINISTRATIVE STATUS 

The Interim Measure Workplan (reference 148) has been through many review 
actions and is currently under final review by the State of California, Environmental 
Protection Agency (CAL-EPA), Department of Toxic Substance Control (DTSC), which 
has jurisdiction over the site cleanup. 

DTSC has issued (reference 150) a draft of a Negative Declaration for the Interim 
Measure Workplan, meaning that an environmental impact analysis of the cleanup project 
is not needed. Final issuance of the Negative Declaration constitutes approval to proceed 
with the interim measure workplan. 

The current plan is to continue with IT Corporation (formerly ICF Kaiser) acting as 
the general contractor for the balance of the project, with the exception of the 
groundwater monitoring activity, currently contracted to Groundwater Resources 
Consultants, Inc. 

The workplan has been placed into the public domain for review and comment, 
under the requirements of CEQA. 

Implementation of the plan will achieve closure of the site provided the cleanup 
criteria have been met. Start of site work is planned for the fall of 1999. 

A large-scale groundwater cleanup and monitoring effort continues at the field 
laboratory site, of which the FSDF is a small part. A comprehensive RCRA corrective 
action process is ongoing for the field laboratory site and includes the FSDF. 
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APPENDIX A - FORMAL RECORDS 
The following items are groups of data collected during the course of the project. 

As of this writing, the data and records are stored in file cabinets and boxes located in 
building 4057 at the Santa Susana facility site. 

Data & Records 

A considerable amount of data and records were accumulated during this project. The 
following discussion is provided to familiarize the reader with the nature of and the 
content of the data and records. 

Personnel Training Records 
All personnel who were authorized to work in the controlled areas were required (by 
reference 886-AN-0001) to have specific training. The records contain the evidence of 
that training. 

Sign-InlSign-out Logs 
All personnel who entered the work site, but who were not authorized workers were 
required to sign-in and sign out. This provided a means of control and coverage for 
identification of personnel in the event of an emergency evacuation. Site supervisory 
staff was responsible for the safety of sign-in visitors. 

Site Logbooks 
All projects are required to maintain activity logs, in addition to any forms required by 
procedures. These are intended to inform readers about unusual occurrences, general 
activity. It is also a means to inform the subsequent shifts about the activities of prior 
ones. 

Industrial Hygienists Records 
The health and safety plan (886-ZR-00010) required the use of specific devices for 
monitoring the safety of the workplace and for collection of data about the devices and 
personnel. 

Radiation Survey Records 
In addition to the data collected for determination of the ambient radiation fields, each 
and every item which was intended to leave the controlled work area was surveyed and a 
record made. This included debris, waste in containers, equipment and instruments and 
wastes that were not in containers. This is part and parcel of contamination control. Soil 
lots and water survey records are discussed below. 
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Sample Analysis Log 
Upon the identification of material as a waste, a sample was needed for confirmation. A 
log was kept which recorded the taking of the sample and the final classification of the 
waste. This assured that wastes were not released fiom the site until the final 
determination was made and recorded. 

Hazardous Waste Shipping Documents 
Wastes containing RCRA designated constituents were classified as hazardous wastes. 
Internal procedures required the preparation of shipping documents. Additionally, 
wastes were manifested on forms required by the state where the wastes were to be 
disposed of .  These records were created at the time of waste dispatch. Subsequently, 
after the wastes were disposed of at the disposal site, a certification of disposal was 
provided to the sender. These records are on hand. 

Non-hazardous Waste Shipping Documents 
Wastes containing RCRA designated constituents but below levels of concern, were 
classified as non-hazardous wastes. Internal procedures required the preparation of 
shipping documents. These records were created at the time of waste dispatch. 
Subsequently, after the wastes were disposed of at the disposal site, a certification of 
disposal was provided to the sender. These records are on hand. 

Conventional Waste Shipping Documents 
Wastes not containing RCRA designated constituents were classified as conventional. 
Internal procedures required the preparation of shipping documents. These records were 
created at the time of waste dispatch. These records are on hand. 

Soil Analysis Documents 
Soils, collected in one cubic yard lots, were surveyed for radioactivity and visual 
indications of chemical content. The results of the survey, and data concerning the 
location of origin of the soil were recorded as part of the pre-classification of waste 
category. The pre-classification determined which primary container in which to place 
the soil. These records, known as intermediate lot followers, are preserved. 

Containers that held larger quantities of soils were sampled and the results analyzed by 
contracted laboratories. The results and the associated classifications of wastes were 
recorded and preserved. 

Water Analysis Documents 
Waste water, collected from beneath the protective tarps and from 
decontamination/cleaning containers and sanitary wastes were analysis for waste disposal 
categorization also. These records are preserved. 
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Waste Profiles 
Disposal sites typically require the shipper to characterize the waste stream. This 
requires the specification of the maximum concentrations of constituents and other 
features of the wastes. It forms the basis of how and where the disposal site will handle 
the waste and is the basis for setting the disposal price. A series of waste profiles were 
generated and referred to in each shipment. These profiles are recorded as records. 

Injury Reports 
Personnel injury reports were issued in accordance with procedures. The records of these 
reports are preserved. There were twenty reports issued; they ranged in severity from a 
wrenched shoulder to a heat rash There were no serious traumas, no broken bones, and 
no emergency evacuations. 

Tailgate Meeting Notes 
Shift workers attended regular meetings to learn about work assignments, project status, 
safety information and general infonnation. Records of these meetings were preserved. 
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APPENDIX B - FORMALLY RELEASED DOCUMENTS 

The following documents were formally released for use on this project. Original copies of the documents may be found in 
the BNA documents vault. 
Document 
Number 

originator 

ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
ETEC 
m c  
ETEC 
ETEC 
ETEC 

Issue 
Date 

12/3/92 
9/8/92 
2/15/93 
12/3/92 
4/2/93 
1/20/93 
1/20/93 
8/ 10/92 
1m1 
m0/92 
3/9/92 
3/6/92 
7/30/93 
1/5/95 
10/30/95 
4 m 7  
2/1/93 
12/3/92 
7/8/94 
1/10/92 
4/23/92 

Title 

SDFC-Excavation, sorting, segregation and classification of soils 
SDFC-Locating & excavating buried objects 
SDFC-Sampling of soils for analysis 
SDFC-Packaging, labeling, classification & disposal of wastes 
SDFC-Groundwater & surface water sampling 
SDFC-Asphalt pad, concrete pit & concrete drainage ditch demolition 
SDFC-Instructions for relocating waste containers outside of site 
SDFC-Health & Safety Plan 
Assessment Plan for SDF 
Preliminary betalgamma radiologic survey procedure 
Safety analysis for SDF closure 
Independent review of safety analysis 
Final radiologic sampling and gamma survey pracedure 
Post remedial ambient gamma survey report 
Bio-geochemical probe study 
Post remediation soil sampling and analysisarnbient gamma survey report 
Radiological acceptance criteria for soil segregation 
Bases for determination of no DOE added radioactivity 
SDFC-Closure 
Sodium Burn Pit Grid layout 
FSDF-Remediation site layout 
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886-AN-000 1 ETEC 
886-AN-0002 ETEC 
886-AN-0003 ETEC 
886-AN-0004 ETEC 
03.060 1846.00 1.001 McLaren-Hart 
none EBASCO 
8640M-174 GWRC 
8640M-176 GWRC 
8640M-2 16 GWRC 
8640M-186 GWRC 
04994-001-00 ICF-Kaiser 
none ICF-Kaiser 
SSFL-95-0 1 ICF-Kaiser 
SSFL-95-02 ICF-Kaiser 
none NORCAL 
92-003 Clemson 
ER-SP-000 1 ETEC 
M000-80599 ETEC 
089QPPOOOOOl ETEC 
094QAP-00 ETEC 
GEN-QAP-000 1 ETEC 
NO0 1D WP00009 ETEC 
N704SRR990034 ETEC 
1730P000002 ETEC 
NO0 lOP000034 ETEC 
NOOlSRR140119 ETEC 
NO0 1TI000343 ETEC 
NO0 lTI000339 ETEC 
NO0 10P000002 ETEC 
8664 Ventura 
552621 OSHA 
00 15-70 California 
CA000629972 EPA 
CA389009000 1 EPA 

SDFC-Project Managment plan 
SDFC-Training plan 
SDFC-Familiarization training 
Interim post-closure plan for lower pond 
FSD-Draft offsite drainage characterization work plan, and HASP 
FSD-Closure Plan (July 199 1) 
Health and Safety Plan 
Resultslcomparisons of geophysical and video camera logging of RD-21,-22 & -23 
Hydrogeological conditions 
Groundwater monitoring plan 
Geophysical survey report 
Health & Safety plan(geophysica1) 
Sampling and Analysis work plan 
Health & Safety plan 
Geophysic survey report 
Mixed waste tteatability study 
Control of wastes from RMMA 
SDFC-Grading plan 
RIA mat1 pkglship QA plan 
Insp. Reqts-RIA materials 
QAP for hazwaste shipping 
FUA enviro monitoring program QA plan 
Baseline rad survey of SDF 
On-site RIA transport procedure 
SurvIRelease of non-RIA wastes 
Anal of hazwaste for RIA 
Rad swey/release criteria 
Def & Designation of RMMAs 
RIA Material, pkg,ship and transport plan 
County grading permit 
Excavationftrenching permit 
FUA Material License 
Haz Waste Dispos Facility 
RCRA treatment/store permit 
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12.0 ABBREVIATIONS AND DEFINITIONS 

886 
4057 
4133 
4886 
AEC 
ALARA 
Bl886 
B-12 
BNA 
CEQA 
CERCLA 
CS-137 
CWM 

CY 

D&D 
DHS 
DOE 
dpm 
DTSC 
EBASCO 
El Nino 
EPA 
ERA 
ERDA 
ESADA 
ETEC 
FSDF 
H-3 
hazardous (waste) 

HAZWOPER 
HBRA 
ILF 
IMPACTS-BRC 
IT 
ITC 
LLW 
LS A 
mcl 

Building 886-Former Sodium Disposal Facility 
Building 057-Temporary document warehouse 
Building 13 3-Hazardous waste treatment facility 
Area IV, Building 886-same as 886 
Atomic Energy Commission 
As low as reasonable achievable 
Building 886-same as 886 
Approved container for radioactive materials 
Boeing North American 
California Environmental Quality Act 
Comprehensive Environmental Response, Compensation and Liability Act 
cesium-1 37, a radionuclide 
Chemical Waste Management Inc. 
Cubic yards 
Decontamination and decommissioning 
California Department of Health Services 
United States Department of Energy 
Disintegrations per minute 
Department of Toxic Substance Control-California 
A commercial architect-engineering fm 
A periodic weather condition producing heavy rains 
Environmental Protection Agency (Federal) 
Ecological risk assessment 
Energy Research and Development Administration 
Empire State Atomic Development Agency 
Energy Technology Engineering Center 
Former Sodium Disposal Facility 
Tritium, a radionuclide 
Waste which is corrosive (pH <2 or >12.25), ignitable (Flashpoint ,l40F), reactive 
(explosive or chemically active), or toxic LD5O < 5,000mgkg; or listed in the 
California Administrative Code, Title 22, Article 9, Section 66680. 
hazardous waste worker training, an OSHA requirement 
Health based risk assessment 
Intermediate lot follower-waste identification document 
An NRC computer code for dosage analysis 
A commercial architect-engineering fm-fonnerly ICF-Kaiser 
Intermediate transfer container 
Low level waste 
Low specific activity 
Maximum contaminant level 
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mixed (waste) 

mrem 
NaK 
NEPA 
NPDES 
NRC 
OCDD 
ORISE 
OSHA 
PCB 
pCi/gm 
pgk 
PPb 
PPm 
R 
radionuclide 
RCRA 
RD 
RESRAD 
RFI 
RMDF 
RMMA 
ROIRO 
RS 
RWHF 
RWQCB 
Sr-90 
SSFL 
svoc 
T133 
T886 
TCA 
TCE 
TPCA 
TPS 
USEPA 
voc 
X-TRAX 

Waste that contains both a RCRA hazardous waste component, regulated under 
subtitle C or RCRA, and a radioactive component consisting of source, special 
nuclear, or by-product material regulated under the AEA. 
Millirern 
Sodium and potassium mixture 
National Environmental Policy Act 
National Pollutant Discharge Elimination System 
Nuclear Regulatory Commission 
Dioxins 
Oak Ridge Institute of Science and Education 
Occupational safety and health act-Federal 
Polychlorinated Biphenyls 
Pico-curies per gram, an amount of radioactivity 
Pico-gram/gram, 1 x E-12, or ppt, parts per trillion 
Parts per billion 
Parts per million 
Roentgen 
A radioactive substance 
Resource Conservation and Recovery Act 
Rocketdynedeep 
A DOE computer code for pathway analysis 
RCRA Field Investigation 
Radioactive Materials Disposal Facility 
Radioactive Materials Management Area 
Roll-on, roll-off containers 
Rocketdyne-shallow 
Radioactive waste handling facility - Fonner RMDF 
Regional (Los Angeles Region) Water Quality Control Board 
strontium90, a radionuclide 
Santa Susana Field Laboratory 
Semi-volatile organic compounds 
Building 133-Hazardous waste treatment facility 
Building 886-same as 886 
Trichloroethane 
Trichloroethylene 
Toxic Pits Cleanup Act-California 
A commercial waste disposal site 
Same as EPA 
Volatile Organic Compounds 
Trade name for thermal extraction process 
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Figure 3-Former Sodium Disposal Facility (1991) 
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Figure 4-Designated Remediation Areas 
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Figure 5-Off-site drainage channels 
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Figure 6-Trenching for the CERCLA I1 study (3187) 



Figure 7-Office and personnel hygiene trailers 
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Figure 8-Site coordinate grid 
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Figure 9 -Pre-remediation site condition (2192) 
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Figure 10-Excavation begins (3192) 



Figure 11-Elemental mercury is found 
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Figure 12-Excavation of subterranean objects 
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Figure 13-Exhumed debris 
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Figure 14-More exhumed debris 
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Figure 15-NaI Gamma detector instrument 
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Figure 16 - Beta-gamma detector 
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Figure 18-Geophysical surveying 
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Figure 19-Submergence pit 
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Figure 21-Filled hazardous containers (awaiting shipment) 
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Figure 22-Radioactive waste containers (filled) 





Figure 24-Shipping of f'ull containers 



Figure 25-Vehicle weigh station 
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Figure 2dBedrock exposed in lower pond 
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Figure 30-Site in February 1993 
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Figure 31-Radioactive waste containers at RMDF 
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Figure 3ZDrilling well cluster BD-54 in lower pond 
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Figure 33-Sorting and segregating non-hazardous soils 
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Figure 34-Soil sorting and handling machine 
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Figure 36-Composite view of contamination types 
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Figure 38-ITC with NaI probe receptacle 
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Figure 39-Excavation, segregation and classification process 
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Figure 40-NaI probe insertion into receptacle 
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Figure 41-ITC filled with soil being counted for radioactivity 



FORMER SODIUM DISPOSAL FACILITY SOLID WASTES 

SCRAP & DEBRIS EXCAVATED SOILS 
5 tons & 240 tons 10,864 tons (1 1,876 cy) 

NON-RADIOACIVE 
10,204 tons (1 1,155 cy) I 

1 1744 tons (191 1 cy) I 1 7360 tons (8042 cy) I I 
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NO Non-Detectable 

Attachment 1. 

- 

Figure 43-Radionuclide content of radioactive and mixed wastes 
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B/886 Former Sodium Disposal facility 
Anaiytfcal Result Summary 

Lower Pond Excavated Soils 
&mi Volatile Organic Compounds 

Pagelof2 

02 
0 2  

t 
02 
0.2 
02  
0.7 
0 2  

2 6  333 nc 
0.4 
0.4 
1.0 
0.2 
0 2  
0.7 
0.4 

1.01 1 -67 TIC 
2.58 3.33 TIC 

0.7 
0.7 
0.2 
20 
0.4 
0.4 
0.4 
0.2 
0.2 

.0.4 
02 
0 2  
0.7 
0.7 
0.2 
0.2 

Aniline 44 0 0-4 

See page 2 for explanations. 

Figure 45-SVOCs from lower pond (1 of 2) 
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W886 Former Sodium Disposal Facility 
Analytical Result Summary 
Lower Pond Excavated Soils 

Semi Varatlle CIrganic Compounds (mnt) 
Page 2 af 2 

AMfvtical Methad SW 846 8270 
Result Rwge Typn,lcal 

Waste Co~#luent Low H$h MDC - 
44 1 ND 0.65 0.2 

Figure 46-SVOCs from lower pond (2 of 2) 
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81886 Foner Sodium Disposal Facility 
Analytical Result Summary 
L ~ w r  Pond Excavated Soils 
VolaUIe brggnlc Compounds 

Poimudear ammatic hxWarban 75 4 6.5 42 TIC 

See Page 2 for explanations 

Paae 1 af 

Figure 47-VOCs from lower pond (1 of 2) 

Waste Constituent 

Anahdeal Method W 846 0240 
-Range 
LCMl Hi$ MDL 

Warts F m  -W 
1,1'.oxyb'imene 75 5 n 62a TIC 
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B/886 Former Sodium Disposal Facility 
Analyti.cal Result Summary 
Lower Pond Excavated W t s  
Volatile Organic Compounds (cont.) 

I Efforts Findinas 
Sahuafed a i i i  hydmabn 75 7 5.5 200 TIC 
~etrachkm&ene 75 10 41 610 0 8  
Tetrachbmhexafhrmbutane 75 1 ND 70 TIC 
TetramettyIbemene isomer 75 1 Nq 6 TIC 
'Sobef'e 75 5 5.7 41 0.7 

75 1 ND 18 TIC 
Trlchlomethykne WE) 75 46 3A 17Ml 0.6 
TrlcM0rof)urpmethanB 75 1 ND 1.4 0.0 
 ridec cane 75 I rn 8s nc 
Trirnethy0enzw lsamer 73 5 7 42 TIC 
Ttin&hyk@hexa~ isomer 75 1 ND 40 nc 
Unjecane 75 1 ND 110 nc 
UT1IQyMmmatichybOcarbon 75 2 7 63 TIC 
Unlaxrwnhydmabn . 75 37 9.7 490 TIC 
Vinyl Chloride 75 0 0.4 
Xylem notall 75 9 3.9 97 1 A 

Note: M M  Minimum Detediarl Wit. Waste constituents identified by the labratory as a "Tentafbely 
Mentifled Corrpouncf are hbeled VOinthe MDL alum. The TIC'S millimum detedhn 6mits are 
unavaaabk. 

- 

Figure 48-VOCs from lower pond (2 of 2) 
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81886 Former Sodium Disposal Facility 
Analytical Result Summary 

Lower Pand Excavated Wls 
Miscellaneous WMM Constttuents 

TCLP Organics 
Vinyl CMride 
1,l-Dkhbmethylene 
Chbmfm 
I ,2-Dichkroetharw 
2-8utanone 
Cartan tetrachloride 
Trichlbmthylene 
Ghbrobenrene 
TCLP Semi Volatile Orgaaics 
WcWol 
m+p Cresol 
1 , 4 - D ~ t t ~ l e n e  
PA~DinItrow!luane 
Hexachbrobereene 
Hexackror-l34x&che 
He- 
NiWbemene 
Pentachlompheclal 
Pyridine 
2,4,5-TrlcNoropherrol 
2,4,6Trkhkropheml 
TCLP Pestlcldes 
Undane 
Heptachbr 
Heptachbr epcrxide 
Endin 
M- 
Chbrodane 
Toxaphene 
2.4-0 

Waste Constftuenl 

Figure 49-Miscellaneous compounds from the lower pond 

-D+iUnitS- 

Resub Range 
Efforts Fudinos LON Hoh MDL 

- 

Analytical 
Method 
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I 
Figure 50-Hazardous waste manifest 
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Figure 51-Conventional waste shipper 
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I Shipment Date: 

No. (ti +le) + 

 nito or^^ Baaartbw Waste Wanifeat 
Cerf erf No Deteeahle A e i v i W  
War Datatdinatian Regart bY EP 
Shfpoinq  eta ram far 4az Wastes 
Radiation Survey Recort 
Inspectian checklist for  Vehicle 
Lcq ~htrims 
Intermadfato ut FdllowerS 
Federal Natice L&?C Disposal 
Restrictlcn 
California ~ o t i c e  & Cart Land 
D i W s a l  R & s ~ i c % i o n  
DOE Approval 
WasCw PxcP$.le r Eaz Labla 

I Zfrspectbn 
Verification 

VESIFICATICON KEY 
1 >!I Required Line Entries C a ~ l e t e d .  If er~tZy i s  net r&qlired, 

enter NR. i 
t Entry Infaramtion Oegible 

3 Required Signatures and Date 

4 Copy of Compleked fora for QA Records 

OA Reco* 

All operations on this c&~cklht have been verified. mterial i s  
acceptable fur transport. *- 

This checklist and a eapy of completed f o r @ ~  ( A  thm X) are ta be 
retained i n  the fac i l i ty  file an& ane forwarded to PA ~nginqering. 

Figure 52-Waste data checklist 
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(Health Physicist) 

Figure 53-Certificate of compliance with DOE objectives 
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Figure 54-Waste classification determination 



EID-04628 
Page 133 

r 

0 
,Do rn 
4 

Q 
br 

I 
: 

. . 

- 

- - 
d 

4-6 ... 
. I  

3 
4 

\ 

a 

Figure 55-Radioactivity survey report 
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ACCEPTED BY 

Figure 56-VehicIe inspection report 
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s ign]l)ate 
Grid Lacation Lowah pa-- 
Material frmn RMMA? Yes NO 

Hazardous I :-. 

Visual ~ e s  , . V 

m No - 
Yes Plo .. . .-- .c 

. *WP -. Yes L PO ,.*- . 
; .i- * . i " . . r .  

itadidact ivity; / 
' .- . 

Backgrpund Reading 4 8  1 0 CPm 
X p 6 ' . 0 1 f l =  ,5227 

Direct Counts . '. .. . 
Less Background I .  

Reading . 5 - 

radioactive? A/& .. . 
Compare to X: < .  

Transfer eo: 
Clean container No. 
~ a d i o a c t i v e  container No. 
Bazardous container N'c. 
Mixed Haz container No. w,m 

. - 
puality Assurance V e r i f  i ca f  ion: 
,!=;. QA -ThSpectcr .. 8. s  tam^ ' - .  -!iww@& 

Figure 57-Intermediate lot follower 
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Figure 58-California land disposal restriction form 
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@ Chemical Waste Management; ltic. 8~ f5eio 
w m  P R C ~ L E  R o n .  

Figure 59-Regulated waste profile 
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Unlted States Government Depanmeht of E ~ M Q Y  
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nonradiorctlve. The moratorium rmalns In effet) far a l l  R C M S C A  wrrtta 
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cc: Joe Bodr, M422 . 
bardon Ltngl lt , - El4422 
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Jonathan Kang, EM-3n 

Figure 60-Case exception for DOE approval for shipment 
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I 886 Random sample generator (I sample, 5 bins) 

( ,, NO. 1 CONTAINER SERIAL NO, .lo29 

I BIH NO. 2 CONPAINER SERUL NO. 5942 

I BIN NO. 3 CONTAINER SERIAL NO. 5700 

I BXN NO. 4 CONTAINER SERIAL NO. 0220 

I 81. NO. 5 CONTAINER SERIAL NO. 0216 

- - 

Figure 62-Random sampling of 5 R/O bins 
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C 

 AMPLE ANALYSIS REQUEST FORM 
7 - (Side '1) 

.c , 0 . 
To which agency are the'reault~ being reported? - . .._.  . 

. . _ . .  . 
I MATRIX C-chack one) . + .  . . .  

Drinkfng Watet: .0,1: , /10 a l l #  

Ground W a t e r :  6luOge: solvent: 

Waste W a t e r :  f ~ t a z d c u s  Wascer Ocher: 

Figure 63-Chemical sample request- @age 1 of 2) 
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SAMPLE ANALYSIS REQUEST FORM - (~idd.zj- ' . 

Figure 64-Chemical sample request @age 2 of 2) 
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.,. .* ANALYTICAL REPORT 

LOG WO: 692-11-276 

I Received: 20 NOV '92 

Ms. Nancy McHillan, SS21 
Rockwell International Corporation Purchase Order: 1248 JZ92033545 
6633 Canoga Avenue 
Canoga Park, California 91303 

I REPORT OF ARALYTICM RESULTS 

LOG NO SAMPLE DESCRIPTIOH, SOIL S W L U  

Page 1 

OATE SAMPLED 

Nitric Acid Uigestian with 11123/92 
Htl, Date 

GFA Digest (€PA 30SO), Date 11/23/92 
Arsenic by Graphite Furnace, alg/kg 2.3 
Antimony, mg/kg * 4 0  
Barium, ng/kg 80 
Bery 11 ium, @/kg 0.49 
Cadmium, q / k g  e0-4 
Chromium, aglkg 25 
Coba 1 t , mglkg 6.8 
Copper. 7th I? 
Lead , mg/ g 8.9 
Hercury, q / k g  22 
Mol bdenm, mgjkg Z <4 
Nic el, aglkg 25 
Selenium by Graphfte Furnace, mglkg <0.4 
Silver, &/kg 0.69 
Thallium, ag/kg 4 
Vanadium, mg/kg 30 
Zinc, mglkg 99 
--------------------------*cc- --------- 

I 

Figure 65-Chemical analysis results (metals) 
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SSFL ANALYTICAL CHEMISTRY 
Rockwmll Intematfon.1, Rocketdyne Dfv. 
(arrj sss-snt D / ~ S S  ssti 

ma #odf ua Disposal Nc. 
Dept/Oroupr 025400 LUILr T886 
PtrOwt a J#2-$922 

mmL8 URORBmTION 
1029, 5912, 5700, 0220, 10216 

Requesbed Analysis: BOB0 R a c r i d r  l l f i 9 P 2  
E a p l e r r  E. Sujata Sampler IDIS 82-866-1608 b&npldc 11/18/92 16r29:OO 

Figure 66-Chemical analysis results (PCBs) 
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SSFL ANALmiCAL CHEMISTRY i AocEnnll raternationel,  Rockotdyae niv.  
( B J B J  586-J(n7 0/392 SS21 

92210470 

To; Rock8tdyne E11~frornr8nt.f P r o t o c C f o ~  
Requecterr Sabium Disposal Fac. 

B 
Dept/Groupt 025-000 XAXga f886 PEORE: 382J922 REPORT Dam: 11/30/92 

DATB OF ANALYSIS: 11/25/92 
S A H P U  INPORnATIm 

Sample Demcrptln8 8011, Sinrr 1029, S94?, 5700, 0220, 0216 
Requested hna'lysi.8: 8240 Received: 11/19/92 
Suaplera P. Pollock S-hr ID#: 92-886-168C Sampledr 11/19/92 C 8:20:00 

U L l t C  pr 01-w, 8 w O  -1, uons #L n u  
........................................... ...-..-L-----.-..- ---.--- ----..-.- 
bat* E x t r u t n l  

1.1,l-Trlehl#onbu* (fix] 
1,1.2,2-lrtrrehlor~thw 
1.1.2-Trldrloraetkm 
1.1-Dlehlorwthuu 
7.1-OlchloroNhylaw 
1,z-OichlorQnua 
1,2-Dkhloroeth~e 
1.2-0lchl~roc~.ylmm tcis) 
1.2-Olchloroehylmc ( t ~ n r )  
1 -2-Olehlor- 
1.3-Olchloroknrene 
1.3-Olhloropropam Cde 
4.3-Oihloropropnc fvra3 
1.4-Dlchlorokruw 
ACIt(IU 
nen2.n 
I r ~ i c h I o r o r r t h * w  
nrDllOf0rm 
n ro ru thme 
Carban t * t r u h l o r l k  
Chlor#tharw 
Chlorolom 
C h l o r ~ t h w *  
Dlbroackl w w t h r *  
Ethylbrnram 
Irm 113 
k t h y l m r  Chloride 
Ilonoshloroberua, 
le t rachlorathy lm 
l0 tuoe 
l r l e h l o r c e t h y l ~  (RE) 
l r lchlorof luorcr thnc 
Ultnan llydrocarbm 
v i v t  Chl0~id8 

1 1 m m  
1.0. 
#.D. 
1.0. 
1.D. 
LD. 
1.0. 
1s. 
1.D. 
1.0. 
M.O. 

19. 
N.D. 
19. 
1.0. 
1.D. 
1.0. 
M.O. 

1.). 
1.0. 
1.0. 
n.0. 
Y.D. 
1.0. 
1.0. 
1.D. 
1.0. 
#.D. 
1.0. 
1.0. 
1.0. 
1.0- 
l.0. 
IS 

1.0. 

Figure 67-Chemical analysis results (VOCs) 
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MZa OR ANAtYSIS: 11/2Sj92 
SAMPLE I N F 9 ~ T I O U  
1039, 5962, S700, 022b, 0216 

R.qurmt.cl Analysirx 8110 Received: 11/19/92 
Smler; P.  Pollock Sampler IDft 92-886-168C . Suap1.d: ll/19192.@ 8:20:00 

cOnnEliTst * * g n t a t i v d y  f d m t i f i r d  cmpaund. s d - q u a n t i t a a t r d  from nrarr8t  in ternal  s t d .  

APPROVED r sIaNmt 
R o c k e t d p  SSFL An~&'fcal Ched$str: 

Figure 68-Chemical analysis results (SVOCs) 
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1.  Introduction 
The Former Sodium Disposal Facility (T886) at the Rockwell International Santa Susana Field 
Laboratory was used primarily for cleaning sodium heat transfer system components (pipes, 
valves, tanks) and for disposal of scrap sodium by reaction with water. However, during its use, 
small quantities of a variety of other materials were disposed of there, including radioactively 
contaminated components and material. As a result, small amounts of radioactive contamination 
became dispersed in the T886 pool, and in the lower basin and adjacent areas. The pool and 
related structure, and all the soil in the lower basin, were removed during a remediation project 
lasting fiom 199 1 through 1994. At the completion of the radiological remediation, a final 
gamma radiation survey and a sampling of soil and rock were performed to demonstrate the 
satisfactory removal of the radioactive contamination. The gamma radiation survey was 
summarized in ETEC document number 886-ZR-0007 (Ref. 1). 

Following removal of all potentially radioactively contaminated soil fiom the former Sodium 
Disposal Facility, the soil and rock samples were independently taken by ICF-Kaiser 
Environment and Energy Group. These samples were analyzed by Oak Ridge Institute for 
Science and Education (ORISE), and the results reported to the Radiation Protection and Health 
Physics Services Group (now Environmental Remediation) at Rocketdyne. This report 
summarizes those results and presents comparisons with local background values. 

2. Summary and Conclusions 
To confirm the satisfactory radiological remediation of this area, a sampling and analysis plan 
was developed by the Environment and Energy Group of ICF Kaiser Engineers (Ref. 2) . ICF 
Kaiser personnel collected 63 soil samples and 15 rock samples for analysis according to this 
plan. Figure 1 shows the layout of the Former Sodium Disposal Facility and its subdivision into 
grids to provide a basis for the sampling. (Figures and Tables follow the text of this report.) 

The ICF Kaiser samples were sent to ORISE where they were individually analyzed by gamma 
spectrometry, and analyzed by various radiochemistry procedures in composited groups. Sample 
material is available for confirmatory analyses by the State of California Department of Health 
Services - Radiologic Health Branch. 

The gamma spectrometry showed low concentrations of Cs- 137, the primary radioactive 
contaminant at the Former Sodium Disposal Facility, and normal amounts of natural K-40, and 
the thorium and uranium decay chains. The Cs-137 concentrations are similar to, though in some 
instances somewhat greater than, local background surface soil concentrations due to global 
fallout fiom nuclear weapon testing. The radiochemistry showed low concentrations of Sr-90, 
similar to the Cs- 137 concentrations, and somewhat higher than local background surface soil 
concentrations. Radiochemistry with alpha spectrometry for thorium and uranium showed 
concentrations that agreed well with values expected for naturally occurring minerals, and in 
agreement with the daughter activities found by gamma spectrometry. This comparison shows 
that the thorium and uranium activities are a natural occurrence. 

Gamma spectrometry of the rock samples showed natural concentrations of K-40 and the 
thorium and uranium decay chains, in agreement with the concentrations found in the soil, but no 
Cs-137. Radiochemistry showed natural equilibrium in the thorium chain but some 
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disequilibrium in the uranium chain, with the Th-230 activity (and its daughters) exceeding that 
expected from the parent uranium activities. This is commonly found in geological materials. 

Radiochemistry with alpha spectrometry for plutonium (Pu-238, Pu-2391240) showed no 
concentrations in soil or in rock that differed statistically from zero. 

The small amounts of Sr-90 and Cs-137, which may represent residue from the contaminated soil 
that was removed, are well below proposed guidelines for residual radioactivity in soil, for 
release without radiological restrictions (Ref. 3). No other indications of possible remaining 
contamination were found. 

No samples indicated the presence of significant levels of radioactive contaminants. All results 
were well below proposed acceptable limits for radioactive contamination in soil. The results of 
this sampling and analysis program confirm that the area is acceptable for release for use without 
radiological restriction. 

3. Sampling 
For the purpose of providing a uniform basis for sampling the Former Sodium Disposal Facility 
area, four regions were established, relating to the history of the facility. These regions were 
subdivided into 50-foot square grids, and sample locations were selected within the grids by use 
of random numbers. 

Surface soil samples were collected by hand, with a trowel, providing somewhat more than 1 kg 
of soil for each sample. Soil samples were placed in jars for transport to the ORISE laboratory. 
Subsurface samples were collected at a depth of about 4 feet below the surface by use of a hand 
auger. Bedrock samples were broken after core-drilling fiom the local rock. 

Sample locations were identified, relative to the grid shown in Figure 1, by use of a 12-character 
code. The first digit indicates the region (1-4), the next 2 digits indicate the block number for 
that region, the next 2 digits give the distance in feet to the north from the southeast corner of the 
block, the next 2 digits give the distance in feet to the west fiom the same comer, and the next 
digit (0 or 1) indicates a surface sample (0) or a 4-foot subsurface sample (1). The type of 
sample is indicated by S for soil and B for bedrock. The samples taken for radionuclide analysis 
were further identified by RN. Scheduled samples, as distinct fiom QC samples, were identified 
by a final 0. 

After the initial gamma spectrometry had been reported for all the individual samples, portions of 
selected samples were grouped together at the ORISE laboratory to form composite samples for 
the radiochemistry analyses. This was done to use the analytical funding as effectively as 
possible, since gamma spectrometry is relatively inexpensive, compared to analyses requiring 
chemical separation. 

The composite groups were selected by fust associating the gamma spectrometry results for each 
sample with the region, and then combining nearby samples with similar radiological 
characteristics, as determined from the gamma spectrometry. Some samples were kept separate 
for individual analysis. The sample groupings are shown on the layout map of the area in Figure 
2. 
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4. Analysis 
Samples were analyzed at ORISE in Oak Ridge, Tennessee, under contract to DOE/OAK. The 
gamma spectrometry used a high-purity germanium detector with a computer based multichannel 
analyzer. The standard Canberra software for interpretation of photopeaks was used. The 
uncertainties reported with the results are determined by the computer processing and are 
specified at the 2-sigma level. 

Radiochemistry was done to quantify Sr-90 and the requested alpha emitters. Chemical 
separation provides a strontium precipitate, beta counting serves as the determination of the 
activity. Similarly chemical separation provides separate deposits for thorium, uranium, and 
plutonium. Alpha spectrometry is used to determine the individual isotopic activity for each 
element. Uncertainties for the radiochemical results are also reported at the 2-sigma level. 

5. Results 
The results of the ORISE analyses are listed in Tables 1 A, 1 B, and 1 C. These tables provide the 
sample location code number, as described above, and the activity concentration and 2-sigma 
uncertainty, in pCi/g. All scheduled samples are included here, with the results for 3 field 
duplicate soil samples. Blank entries in the uncertainty (unc) column indicate that the activity 
for that radionuclide was not detected, and so one-half of the Minimum Detectable Activity 
(MDA) has been entered as the result for that sample. Table 1A lists all sample results obtained 
by gamma spectrometry. Table 1B lists the results obtained by radiochemistry. Table 1 C lists 
the MDA values for all the radionuclide analyses that were performed. 

The groups of individual samples that were composited for the radiochemistry analyses are listed 
in Table 2, with the associated Lab ID, Lab composite ID, and the designated composite number. 

6. Interpretation 
Individual results from the analysis of soil and rock are presented as cumulative probability plots 
in Figures 3a through 3q. In these plots, measured values are shown with a small or large error 
bar associated with the data symbol. The error bars indicate the 2-sigma uncertainty estimated 
for the result. Non-detected results, set to one-half the MDA, are shown without an error bar. In 
a cumulative probability plot, data with a normal (or Gaussian) distribution fall along a straight 
line. The plot shows, as a diagonal line, the theoretical Gaussian distribution calculated from the 
arithmetic mean and standard deviation of the dataset. 

Most of the radionuclides detected show a distribution that is close to Gaussian. The distribution 
for Cs-137 in soil (Figure 3b) shows several values that are somewhat higher than expected, but 
not entirely outside the range of environmental fallout activity in surface soil. Only 3 samples, at 
0.57,0.30, and 0.30 pCiJg, are above the upper 95% bound for local background of 0.27 pCiIg. 
The highest value, 0.57, corresponded to the sample with the highest Sr-90 result. All results are 
well below the proposed SSFL site limit for Cs-137 in soil, 8.6 pCiIg (Ref. 3). This limit was 
determined by a pathways analysis using the DOE code RESRAD Version 5.61, for a maximum 
annual dose of 10 rnrem in a residential setting. 

The results for Sr-90 in soil (Figure 3i) also show some elevated values. Of the 19 composite 
sample analyses performed, 14 were reported at levels that were below the MDA. Only 4 
composite soil samples, at 0.57,0.49,0.40, and 0.26 pCi/g, are above MDA for this analysis. The 
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highest value, 0.57, corresponded to the sample with the highest Cs-137 result, also 0.57 pCi/g. 
One composite rock sample, at 0.28 pCi/g, was above the MDA of 0.27. All results are well 
below the proposed SSFL site limit for Sr-90 in soil, 24 pCi/g. This limit was determined by the 
same pathways analysis. 

The distribution for U-235, in both soil and rock (Figure 3h), as determined by gamma 
spectrometry, is distorted by the many non-detected values. There is no indication of 
contamination in these results, and higher quality values determined by radiochemistry with 
alpha spectrometry (Figure 3n) confirm this conclusion. 

The analyses for plutonium, both Pu-238 and Pu-239 (including Pu-240), show no results that 
indicate contamination. While the analyses for Pu-238, which is found in global fallout, showed 
6 (out of 19) results above the MDA, none of the analyses for Pu-239, a suspect SSFL 
contaminant, were above the MDA. The reported values result from random variability in the 
background of the analyses. 

The determination of background distributions of the radionuclides reported here, for soil, is 
based on two sets of data covering large local areas. One collection is from the McLaren-Hart 
Multimedia Study of the Brandeis-Bardin Institute and Santa Monica Mountains Conservancy 
properties near SSFL (Ref. 4), as supplemented by some recent samples collected offsite by 
Rocketdyne. (This set is identified as "... in Background Soil".) The other consists of results 
from the Rocketdyne Area IV Radiological Characterization Study (Ref. 3), using only those 
results that are clearly unaffected by contamination. (This set is identified as "... in Area IV Soil 
(background)".) These measured background distributions, representative of the local area, are 
shown in Figures 4a through 4k. 

For comparison, the average value and 2-sigma uncertainty for each radionuclide measured in 
soil from the Former Sodium Disposal Facility are listed below, with the corresponding values 
from the two background sets. 

Radionuclide Former Sodium 
Disposal Facility 
21.7 + 3.14 
0.13 f 0.29 
0.069 + 0.1 89 
1.43 f 0.35 
1.21 f 0.26 
1.34 + 0.35 
0.96 f 0.27 
0.044 f 0.024 
0.95 f 0.26 
0.027 f 0.040 
0.009 f 0.043 

Background 
Soil 

21.9 f 3.44 
0.047 f 0.080 
0.103 f 0.166 
0.98 f 0.95 
0.28 f 0.57 
0.37 f 0.83 
0.35 f 0.84 
0.01 8 f 0.045 
0.36 f 0.79 

Area IV 
Soil 

19.0 f 4.72 
0.040 f 0.080 
0.079 f 0.141 
1 .OO f 0.53 
0.82 f 0.46 
0.99 + 0.5 1 
0.77 + 0.35 
0.042 + 0.022 
0.78 f 0.33 
0.0006 f 0.0052 
0.003 f 0.007 

While there are some variations from background, some above, some below, the averages look 
quite similar. 
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Further evidence that the thorium and uranium activity detected in the Former Sodium Disposal 
Facility soil is natural, can be seen in comparisons of the daughter activities. Thorium and 
uranium are naturally occurring radioactive elements that slowly decay to stable isotopes of lead. 
The sequence of radionuclides in the major decay chains is shown below, with those 
radionuclides that were detected by the present analyses shown in boldface: 

thorium 
chain 

Th-232 
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
PO-2 1 6 
Pb-212 
Bi-2 12 
Po-2 12 
Pb-208 (stable) 

---- uranium chain ---- 
(U-238) (U-235) 

U-238 
Th-234 
Pa-234 
U-234 
Th-230 
Ra-226 
Rn-222 
PO-2 1 8 
Pb-214 
Bi-214 
PO-2 14 
Pb-2 1 0 
Bi-210 
Po-2 10 
Pb-206 (stable) 

U-235 
Th-23 1 
Pa-23 1 
Ac-227 
Th-227 
Ra-223 
Rn-2 1 9 
Po-2 15 
Pb-211 
Bi-211 
Po-2 1 1 
Pb-207 (stable) . 

In each chain, one longer-lived radionuclide acts as a "bottleneck" to the development of 
equilibrium activity after chemical purification of the element. Ra-228, with a half-life of 5.76 
years, delays full development of equilibrium activity in the thorium chain by about 25 years. 
Th-230, with a half-life of 75,000 years, delays development of the uranium chain by 300,000 
years. Several of these daughters (and the U-235 "cousin" to U-238) were measured in the soil 
from the Former Sodium Disposal Facility. The activities detected are shown in Figure 5. The 
straight diagonal lines show the theoretical variation of the daughter activity with the parent. 
The good agreement of the measured values with the theoretical variation shows that these 
activities are natural. 

7. Quality Assurance 
Several sets of measurements were done to provide quality control checks on the analytical 
procedure. These measurements were directed towards demonstrating the precision and accuracy 
of the analytical results. The QC samples consisted of field duplicates (which were reported in 
the main section of this report, but are also discussed here), laboratory replicate analyses, matrix 
spikes (laboratory control samples), and blind spikes. The Data Quality Objectives are 
considered to be satisfied if the observed differences are less than 3 times the estimated standard 
deviation of the difference (Ref. 4). (Standard laboratory reporting provides the uncertainties 
(unc) as 2 times the estimated standard deviation of the result. For the QC comparisons, the 
derived uncertainty must be multiplied by 1.5 to obtain the 3-sigma value.) 

Duplicate soil samples were made from 3 original samples: 2 1346220,301 13 170, and 
42455090. The original samples were individually mixed, and "split" samples were taken from 
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the bulk material. These samples then proceeded through the balance of the sampling and 
analysis as though they were independent samples. The results are compared in Table 3. These 
results show good agreement, with the differences between separate paired soil samples generally 
being less than the estimated uncertainty. Of 3 1 comparisons, 5 failed to satisfy the 3-sigma test. 
Of these, 4 were among the alpha spectrometry analyses, which are sensitive to non-uniformity 
in the soil. 

Laboratory duplicate analyses were done extensively for the gamma spectrometry, less so for the 
more complicated radiochemistry analyses. These results are shown in Table 4. The comparison 
is made by calculating the relative difference between the results of the two analyses, and the 
estimated uncertainty for this relative difference. For a perfect comparison, the relative 
difference would be zero. Because of random variations, some deviations from zero will occur. 
These should generally be less than the uncertainty. Of 79 comparisons, 15 failed the 3-sigma 
test. Two of these failures were for uranium in one of the blind laboratory spike samples, and 
may have resulted from lack of homogeneity. 

Laboratory matrix spikes were prepared for gamma spectrometry by adding a calibrated solution 
of Cs-137 to selected soil samples. These results are shown as the first 9 entries in Table 5A. A 
"recovery" value of 1.000 indicates perfect detection of the added spike activity. Of the 9 
ORISE-spiked samples, all results are within the required range of 3 times the estimated standard 
deviation of the difference. 

Blind spikes were obtained through a commercial laboratory, by adding calibrated solutions of 
Sr-90, Cs-137, Th, U, and Pu-239 to 3 seIected soil samples. These results are shown as the last 
3 entries for Table 5A and all the entries in Table 5B. (The calibration sheets for these blind 
spikes are presented in the Appendix.) Gamma spectrometry showed the required agreement for 
2 of the 3 comparisons. The radiochemistry showed disagreement for 14 of the 32 comparisons. 
In some of these cases, the differences may reflect the difficulty in making a bulk sample that is 
adequately homogeneous on the small scale of the analytical aliquots. (Gamma spectrometry 
measures the radioactivity in a large sample, 600-1000 grams, averaging throughout its volume, 
while the radiochemical procedures use relatively small aliquots, 3-5 grams, for processing and 
analysis.) 

The results of the QC tests are summarized below as percentages of comparisons satisfying the 
3-sigma test. 

Field 
Duplicates 

313 
111 
313 
313 
313 
313 
213 
011 
1 I3 
01 1 
313 
01 1 
111 
011 
111 
111 

Lab 
Duplicates 

9110 
111 

10110 
6110 
3110 

10110 
10110 

111 
111 
111 

9110 
011 
111 
011 
111 
111 

Blind 
Spikes -- 

214 
213 -- 
-- 
--- 
-- 
214 --- 
214 --- 
014 
414 
1 I4 
414 
314 

Agmgate 
Total 
12113 

416 
24/25 
9113 
6113 

13113 
12113 

316 
2l4 
316 

I2113 
016 
416 
1 I6 
616 
516 
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The overall score for these comparisons is 74%. 

8. Documentation 
Backup documentation for this sampling and analysis project is stored in the Former Sodium 
Disposal Facility (T886) decommissioning file. 
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Figure 3n. Distribution of U-235 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 30. Distribution of U-238 in Soil and Rock at the Former Sodium Disposal Facility. 



Pu-238 in Soil from Sodium Disposal Facility 886-ZR-0009 
Page 27 

Cumulative Probability 

C:\CUMPLOT\T886S16.WP 

Pu-238 in Rock from Sodium Disposal Facility 

RISE, MDA ranged 

Cumulative Probability w) 
C:UWMPLOT\T886R16.CMP 

Figure 3p. Distribution of Pu-238 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 3q. Distribution of Pu-239 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 4a. Distribution of K-40 in Background Soil. 
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Figure 4b. Distribution of Sr-90 in Background Soil. 
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Figure 4c. Distribution of Cs-137 in Background Soil. 
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Figure 4d. Distribution of Th-228 in Background Soil. 
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Figure 4e. Distribution of Th-230 in Background Soil. 
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Figure 4f. Distribution of Th-232 in Background Soil. 
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Figure 4g. Distribution of U-234 in Background Soil. 
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Figure 4h. Distribution of U-235 in Background Soil. 
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Figure 4i. Distribution of U-238 in Background Soil. 
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Figure 4j. Distribution of Pu-238 in Background Soil. 
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Figure 4k. Distribution of Pu-239 in Background Soil. 
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Figure 5. Decay chain daughter activities for soil fiom the Former Sodium Disposal Facility 
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Table 1A. Results of pamna apectr-try analyses of soil and rock sacplea. 

1 K40 
Location 

aoa JpCi/g unc 
10130331~RN0119.66 0.58 

I I I I I 

pCi/g unc IpCi/g unc JpCi/g unc JpCi/g unc JpCi/g unc JpCi/g unc I p ~ i / g  unc 
0.009 11.377 0.035l0.169 0.04710.885 0.14911.524 0.10110.963 0.319)0.005 

3.072 0.016 1.078 0.028 0.732 0.039 0.645 0.155 1.142 0.082 0.701 0.231 0.048 0.006 
CS137 PB212 PB214 81214 AC228 TH234 U235 

>Ci/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc 
63 63 63 63 63 ( 63 63 
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I I 

jpCi/g unc IpCi/g unc 
30511230BRNO122.39 0.55 10.009 

maximum 23.91 0.013 
mean 22.09 2.09 0.010 0.004 

minimum 20.04 0.008 

p ~ i / g  unc 
1.314 0.033 

2.068 0.044 
PB212 

pCi/g unc 
15 

I I I I 
pCi/g unc IpCi/g unc IpCilg unc IpCi/g unc IpCUg unc 
0.895 o.orelo.920 o.lsi]1.392 0.08911.159 0.343(0.005 

1.493 0.058 1.532 0.227 2.082 0.116 1.387 0.343 0.009 
PB214 BI214 AC228 TH234 U235 

pCi/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc ' 
15 15 ' 15 15 15 
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Table 1B. Results of radiochemistry analyse8 of s o i l  and rock samples. 

- - 

Sample 
Locauon 

12559090SRNO 
S O I L  

nunber 
maximum 

m a n  
minimum 

pCi/g unc pCi/g unc 
0.402 0.189 1.506 0.186 * 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
-0.05 0.124 1.549 0.191 
0.051 0.140 1.380 0.184 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.051 0.140 1.380 0.184 
-0.05 0.124 1.549 0.191 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.051 0.140 1.380 0.184 
-0.05 0.124 1.549 0.191 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.493 0.192 1.473 0.153 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.512 0.193 
-0.02 0.130 1.572 0.193 
0.569 0.188 1.512 0.155 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.188 0.156 1.219 0.141 
0.188 0.156 1.219 0.141 
0.188 0.156 1.279 0.141 
0.188 0.156 1.279 0.141 
0.188 0.156 1.279 0.141 
0.188 0.156 1.279 0.141 
0.096 0.168 0.782 0.108 
0.188 0.156 1.219 0.141 
0.086 0.150 1.182 0.213 
0.086 0.150 1.782 0.213 
0.086 0.150 1.782 0.213 
0.258 0.164 1.347 0.141 
0.004 0.135 1.614 0.634 
0.004 0.135 1.614 0.634 
0.161 0.145 1.414 0.142 
0.1'61 0.145 1.411 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.207 0.156 1.301 0.189 
0.201 0.156 1.307 0.189 
0.207 0.156 1.307 0.189 
0.207 0.156 1.307 0.189 
0.166 0.176 0.752 0.106 
0.207 0.156 1.307 0.189 
0.201 0.156 1.307 0.189 

SR90 TH228 
pCi/g unc pCi/g unc 
63 63 

pCi/g unc 
1.257 0.16: F 1.257 0.16: 

1.257 0.16: 
1.257 0.16: 
1.257 0.16: 
1.257 0.16: 
1.149 0.16; 
1.149 0.16; 
1.149 0.162 
1.149 0.162 
1.149 0.16; 
1.149 0.16i 
1.149 0.16i 
1.149 0.16i 
1.262 0.164 
1.149 0.165 
1.272 0.162 
1.272 0.162 
1.149 0.16i 
1.262 0.164 
1.272 0.162 
1.272 0.162 
1.149 0.162 
1.262 0.164 
1.272 0.163 
1.272 0.163 
1.263 0.135 
1.272 0.163 
1.272 0.163 
1.212 0.163 
1.364 0.142 
1.272 0.163 
1.272 0.163 
1.149 0.162 
1.149 0.162 
1.106 0.125 
1.106 0.125 
1.106 0.125 
1.106 0.125 
1.106 0.125 
1.106 0.125 
0.718 0.102 
1.106 0.125 
1.387 0.172 
1.387 0.172 
1.387 0.172 
1.066 0.117 
1.343 0.546 
1.343 0.546 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.330 0.191 
1.330 0.191 
1.330 0.191 
1.330 0.191 
0.574 0.090 
1.330 0.191 
1.330 0.191 

'IU230 
pCi/g unc 
62 

1.387 
1.206 0.134 

pCi/g unc 
1.420 0.111 
1.420 0.171 
1.420 0.171 
1.420 0.171 
1.420 o.nc 
1.420 o.nc 
1.222 0.161 
1.222 0.166 
1.222 0.161 
1.222 0.166 
1.222 0.166 
1.222 0.161 
1.222 0.166 
1.222 0.166 
1.391 0.174 
1.222 0.166 
1.511 0.186 
1.511 0.186 
1.222 0.166 
1.391 0.174 
1.511 0.186 
1.511 0.186 
1.222 0.166 
1.391 0.174 
1.511 0.186 
1.511 0.186 
1.391 0.146 
1.511 0.186 
1.511 0.186 
1.511 0.186 
1.422 0.147 
1.511 0.186 
1.511 0.186 
1.222 0.166 
1.222 0.166 
1.230 0.136 
1.230 0.136 
1.230 0.136 
1.230 0.136 
1.230 0.136 
1.230 0.136 
0.672 0.097 
1.230 0.136 
1.667 0.201 
1.667 0.201 
1.667 0.201 
1.201 0.128 
1.356 0.538 
1.356 0.538 
1.377 0.139 
1.377 0.139 
1.377 0.139 
1.317 0.139 
1.377 0.139 
1.377 0.139 
1.377 0.139 
1.312 0.188 
1.312 0.188 
1.312 0.188 
1.312 0.188 
0.682 0.099 
1.312 0.188 
1.312 0.188 

TH232 
pCi/q unc 
63 

1.667 
1.340 0.114 

W i / q  unc IpCi/g unc JpCi/q unc 
0.841 0.09810.032 0.02110.923 0.10: 

0.019 0.020 
PU238 

pCi/g unc 
63 
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Tli228 TH230 TH232 

pCi/g unc pCi/g unc pCi/g unc 
1.452 0.155 1.205 0.135 1.361 0.147 
1.452 0.155 1.205 0.135 1.361 0.147 
1.452 0.155 1.205 0.135 1.361 0.147 
1.452 0.155 1.205 0.135 1.361 0.147 
1.728 0.229 1.236 0.178 1.255 0.178 
1.555 0.204 1.172 0.165 1.385 0.186 
1.555 0.204 1.172 0.165 1.385 0.186 
1.555 0.204 1.172 0.165 1.385 0.186 
1.555 0.204 1.172 0.165 1.385 0.186 
1.254 0.139 0.679 0.087 1.246 0.138 
1.728 0.229 1.236 0.178 1.255 0.178 
1.728 0.229 1.236 0.178 1.255 0.178 
1.555 0.204 1.172 0.165 1.385 0.186 
1.728 0.229 1.236 0.178 1.255 0.178 

s m 1 e  
Location 

30511230BRNO 
30515270BRNO 
30530340BRNO 
30540490BRNO 
30547080BRNO 
30604500BRNO 
30630280BRNO 
30648280BRNO 
3 0 6 4 8 3 9 0 ~ ~ ~ 0  
30724500BRNO 
30940300BRNO 
3095043OBRNO 
31027430BRNO 
31044050BRNO 

U234 

pCi/g unc 
0.981 0.110 
0.981 0.110 
0.981 0.110 
0.981 0.110 
0.596 0.081 
0.681 0.090 
0.681 0.090 
0.681 0.090 
0.681 0.090 
0.567 0.063 
0.596 0.081 
0.596 0.081 
0.681 0.090 
0.596 0.001 

SR90 

pCi/q unc 
0.211 0.166 
0.211 0.166 
0.211 0.166 
0.211 0.166 
0.206 0.159 
0.280 0.168 
0.280 0.168 
0.280 0.168 
0.280 0.168 
0.227 0.167 
0.206 0.159 
0.206 0.159 
0.280 0.168 
0.206 0.159 

lpci/g unc 
0.885 0.102 

maximum 0.280 
r a n  10.238 0.071 

minimum 0.206 

31111220BRNO 
.LDIoQI 

rider 

unc pCi/g unc 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.014 0.00 0.008 
0.015 0.004 0.013 
0.015 0.004 0.013 
0.015 0.004 0.013 
0.015 0.004 0.013 
0.006 0.000 0.000 
0.014 0.00 0.008 
0.014 0.00 0.008 
0.015 0.004 0.013 
0.014 0.00 0.008 

0.280 0.168 
SR90 

pCi/g unc 
15 

1.555 0.204 1.172 0.165 1.385 0.186 0.681 0.090 0.036 0.019 0.711 0.091 
TH228 TH230 TH232 U234 U235 U238 

pCi/g unc pCi/g unc pcilg unc pCi/g unc pCi/g unc pCi/g unc 
15 15 15 15 ( 15 15 
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Table 1 C .  Uinimum Detectable Act iv i ty  

Location 
.om 

10130331SRNO 
1024 6220SRNO 
1034 6220SRNO 
10430331SRNO 
10530331SRNO 
10530331SRN2 
20130331SRNO 
2024 6220SRNO 
20346310SRNO 
2044 637OSRNO 
2064 622OSRNO 
20730331SRNO 
2094 6220SRNO 
21030331SRNO 
21120331SRNO 
21230331SRNO 
2134 6220SRNO 
2134 6220SRN2 
21 64 6220SRNO 
21736220SRNO 
2194 6220SRNO 
22046220SRNO 
2214 6220SRNO 
22236220SRNO 
30113170SRNO 
30113170SRN2 
30123080SRNO 
30123380SRNO 
30139040SRNO 
30219160SRNO 
3030904OSRNO 
30315160SRNO 
3034511osRNo 
30413170SRNO 
30427300SRNO 
10102080SRNO 
10208080SRNO 
10310080SRNO 
lO41408OSRNO 
10518080SRNO 
10620580SRNO 
10728080SRNO 
10832080SRNO 
10933580SRNO 
11038580SRNO 
11047580SRNO 
11049080SRNO 
11102090SRNO 
11206390SRNO 
11310090SRNO 
11414090SRNO 
11430090SRNO 
1151809OSRNO 
11622090SRNO 
11726090SRNO 
11 934090SRNO 
12038090SRNO 
12142090SRNO 
1224 6090SRNO 
12351990SRNO 
12455090SRN2 
12455090SRNO 

number 
maximum 
mean 

minimum 
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tpCi/gl pCi/gl pCi/glpci/g 
number I 15 I 15 1 15 1 15 
maximum 0.035 0.067 0.269' 0.069 
mean 0.027 0.051 0.260 0.050 

minimum 0.022 0.041 0.206 0.041 
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Table -2. G r o a m i n a  of saamlcs for c-osik analyses. - 
Sanple 
Locution 

40310080SRNO 
40208080SRNO 
40102080SRNO 
40728080SRNO 
40414080SRNO 
40620580SRNO 
40518080SRNO 

22286 
22301 
22328 
22358 

18 22343 
19 22359 
end 

Sanple 
Locution 

30113170SRN2 
30113170SRNO 
21946220SRNO 
21346220SRN2 
2134622OSRNO 
30139040SRNO 
30219160SRNO 
22046220SRNO 
30123380SRNO 
30345110SRNO 
30315160SRNO 
10130331SRNO 
10246220SRNO 
10346220SRNO 
10530331SRN2 
10430331SRNO 
10530331SRNO 
3053034OBRNO 
305404 9OBRNO 
30511230BRNO 
3051027OBRNO 
31027430BRNO 
30604500BRNO 
30648280BRNO 
30630280BRNO 
30648390BRNO 
31111220BRNO 
30940300BRNO 
31044050BRNO 
309504 30BRNO 
30547080BRNO 
10546220WRNl 
21431330WRNl 
40414080WRNl 
30543090WRNl 
30123080SRNO 
30724500BRNO 
3030904 OSRNO 
41049080SRNO 
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Tablo 3A. Conparimon of Field Duplicate Srmples for Radionuclidu, (i.lmn mcttormrtry 

Comparison, relative difforonce socor 
10530331SRN 0.040 0.038 0.000 1.414 

S ~ l l p l e  
-on 
SOIL 

10530331SRNO 

30113170SRN 0.040 0.045 0.062 1.415 

4245509OSRN 0.015 0.035 -0.29 0.910 

diff unc diff unc 
numbor 

aaximum 0.040 0.045 0.062 0.910 
0.032 0.029 -0.08 0.910 

minimum 0.015 0.035 -0.29 0.910 

-0.08 0.411 

-0.13 0.375 

-0.31 0.619 

TH234 
diff unc 

3 
-0.08 0.411 
-0.17 0.243 
-0.31 0.619 

K4 0 

P C ~ ~ Z I  unc 

Table 3B.  Comprison o f  mold  Duplicate S m p l u  for R.dtonuali&s, Skdiochemistry 

Comparison, rolstive difforenc* socond/first 
142455090S~~0[-0.22 1.2611-0.54 0.2101-0.79 0.222)-0.63 0.2131-0.76 0.1801-0.66 0.898)-0.81 0.1871-0.32 1.5491-3.62 I 7.087 

a137 

pCi/g unc 
21.51 0.58 10.010 0.010 

PB212 

pCi/g unc 
1.648 0.037 

PB214 

pCi/g unc 
1.069 0.048 

01214 

pCi/g unc 
1.083 0.209 

&a28 

pCi/g unc 
1.662 0.099 

TH234 

pCi/g unc 

U235 

pCi/g unc 
1.082 0.291 0.073 0.009' 
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I I 

Ipci/q unc IpCi/g unc 
10346220SRN0121.37 0.62 10.052 0.014 

Comparison, relative difference second/first 
10346220SRNO 0.012 0.039 -0.11 0.416 0.014 0.037 0.311 0.077 0.333 0.32E 

2194622OSRNO -0.02 0.041 0.257 0.289 -0.02 0.037 0.213 0.066 0.101 0.274 

2214622OSRNO 0.015 0.039 0.373 1.439 0.071 0.038 0.179 0.075 0.297 0.313 

3030904OSRNO 0.034 0.037 -0.01 0.066 0.105 0.034 0.193 0.068 0.086 0.229 

30315160SRNO 0.019 0.036 0.019 0.514 0.013 0.034 0.143 0.064 0.102 0.258 

r 
PB212 

I 

pCi/g unc 
1.381 0.038 
1.400 0.034 
1.541 0.042 
1.509 0.038 
1.380 0.036 
1.481 0.041 
1.314 0.032 
1.460 0.035 
1.469 0.035 
1.488 0.036 
1.822 0.043 
1.865 0.039 
1.680 0.037 
1.797 0.038 
'1.413 0.034 
1.381 0.037 
1.393 0.036 
1.362 0.036 
1.426 0.033 
1.436 0.033 

I 
AC228 

pCi/g unc 
1.383. 0.111 
1.373'0.100 
1.613 0.114 
1.514 0.097 
1.486 0.101 
1.466 0.120 
1.342 0.086 
1.369 0.099 
1.504 0.107 
1.446 0.107 
1.663 0.107 
1.818 0.110 
1.701 0.105 
1.671 0.104 
1.416 0.099 
1.249 0.098 
1.335 0.097 
1.399 0.101 
1.453 0.093 
1.484 0.096 

PB214 

pCi/g unc 
0.763 0.052 
1.043 0.047 
1.029 0.053 
1.274 0.055 
0.984 0.051 
1.178 0.063 
0.905 0.047 
1.098 0.049 
1.010 0.047 
1.165 0.051 
1.259 0.055 
1.373 0.051 
1.032 0.050 
1.104 0.051 
0.715 0.043 
0.676 0.045 
0.882 0.051 
0.990 0.050 
0.926 0.044 
0.947 0.044 

l W 3 4  

pCi/g unc 
0.800 0.325 
0.748 0.271 
1.316 0.394 
1.255 0.342 
0.850 0.330 
0.205 0.205 
1.088 0.284 
1.275 0.276 
1.371 0.336 
1.426 0.380 
1.626 0.432 
1.576 0.366 
1.009 0.335 
1.023 0.317 
0.937 0.26! 
0.984 0.34; 
1.035 0.316 
1.553 0.394 
1.215 0.35: 
1.003 0.321 

BIZ14 

pCi/g unc 
0.778 0.241 
1.089 0.188 
1.067 0.232 
1.180 0.202 
0.820 0.212 
1.106 0.214 
1.071 0.176 
1.167 0.187 
1.041 0.210 
1.153 0.190 
1.196 0.184 
1.500 0.216 
1.054 0.175 
1.067 0.201 
0.833 0.14: 
0.680 0.18; 
0.908 0.201 
1.006 0.20: 
0.906 0.19; 
0.985 0.15: 

U235 

pCi/g unc 
0.007 0.007 
0.005 0.005 
0.064 0.010 
0.068 0.009 
0.055 0.009 
0.010 0.010 
0.059 0.008 
0.005 0.005 
0.006 0.006 
0.005 0.005 
0.069 0.011 
0.070 0.009 
0.005 0.005 
0.005 0.00s 
0.005 0.005 
0.005 0.005 
0.007 0.007 
0.060 0.010 
0.005 0.005 
0.005 0.005 

Table 48 .  Comparison of  Laboratory Duplicate Analyses for Radlonuclidu, Radiochamistry 

. 

. . 

number 
maximum 
mean 

minimum 

Comparison. relative difference second/first 
1PL-506-2-3 (0.076 0.08710.183 0.15610.026 0.23010.192 0.15610.653 0.136)0.254 0.495(0.597 0.1341-1.49 1.4411-0.07 0.246 

srnple 
Location 

IPL-506-2-3 
IPL-506-2-3D 

K4 0 
diff unc 

10 
0.052 0.038 
0.005 0.065 
-0.06 0.036 

SR90 

pCi/g unc 
6.248 0.389 
6.743 0.408 

CS137 
diff unc 

10 
0.373 0.289 
0.064 0.398 
-0.24 0.284 

TN228 

pCi/g unc 
7.716 0.801 
9.266 1.054 

U235 
diff unc 

10 
1.573 0.210 
-0.19 1.767 
-1.69 0.205 

P8212 
diff unc 

10 
0.105 0.034 
0.023 0.088 
-0.02 0.036 

U238 

pCi/g unc 
3.839 0.375 
7-103 0.621 

V234 

pCi/g unc 
3.594 0.359 
7.082 0.629 

THZ30 

pCi/g unc 
1.696 0.258 
1.741 0.299 

PB214 
diff unc 

10 
0.311 0.077 
0.127 0.209 
-0.06 0.089 

U235 

pCi/g unc 
0.241 0.085 
0.311 0.107 

?HZ32 

pCi/q une 
7.519 0.782 
9.116 1.037 

61214 
diff unc 

10 
0.333 0.328 
0.114 0.303 
-0.20 0.308 

AC228 
diff unc 

10 
0.089 0.088 
-0.01 0.119 
-0.13 0.105 

TH234 
diff unc 

10 
0.400 0.392 
-0.09 0.856 
-1.22 0.430 
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10. Appendix A 
The Certificates of  Calibration for the blind spike samples prepared by Isotope Product 
Laboratories are presented here. The activity values, uncertainties, and isotopic fractions stated 
on these sheets have been used in the intercomparisons discussed in this report. 
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CERTIFICATE OF CALIBRATION 
MULTINUCLIDE STANDARD SOURCE 

Curlomet: ROCKWELL I N W  ROCKE7DYNE P.0.No.r R54PJO-95162004 
Catalog Na: EG-007s Reference Date: hptambar 1 199s 1 ~ : 0 0  mr. 
Soum N w  506-2-1 Total hdioacttvft).: 28.9 nci. 

Total Radloactivlty: 1,068 Bq. 
Ilcrcrlptlon of Saulrr 

4. C~prulc typo: Customer supplied bottle 
b. Nsturo o f ~ ~ t i v a  doporit: SrC12, CrU, Th(N03)4. UOt<NO3)2. and Pu(N03)3 dirpcrrod in a sand luafrix 
c. Active di8metertv01umt: ApproximawJy 1.0 L(Mur ofmandm 1.125.60g) 
d. Bbckitig: Olmr 
e. Cover: Olus 

Nuclldc Half-Uh Adfvlty. Concentntbn Syrtcmatk Random Tu)d 
CnCn Wvt,  .- U m t r t  Unccrt l l n ~ r ~  

Th-232 (1.405 t 0.006) x 9.05 8.04 3. OW 2.0% 3.6% 
1OA1O ycms 

U-238 (4.468 t 0.005) x 7.87 6.99 3.0% 2.0% 3.6% 
lo* years 

Pu-239 24.1 10 t 30 years 2.90 2.1Ya 0 3% 2.1% 

MrchuJ et Crtlbraclun 
n a r  s o w  was prep of solutions wlmce concentrntions. in nCi/g, wvcro 
detenninod as follows: 1) for Sf-90 ud Pu-239 by a liquid scintillation oountur. 2) for Cs-137 by n \vcll 

ionization chamber, and 3) for 7%-232 and U-231 by rpaciflc activity md mms cnlcttlntton~. Sr-90 
ha8 4 &ught&Y-YO) in equilibrium U-Zttl ud Pu-239 lave attached techniod data sheets for 
impuritior nnd daughters. 

Dm~mhtrr decay scheme for Th-232 
lb-228 -* Ao-228 -* Th-228 -> Rn-t24 Rn.220 + Po-216 -> Pb-212 -> Bi-212 -> Po-21 2 -* TI-208 -a Pb-208 

NLCT TraunbLlIty - 
This cnlibrrtion in  implicitly wnccablc ro the Nnlional Inrtirpfc of Stand& a d  Tdtriolol~.. - - 

IrmkTert(m) ' 

Sm mvme side fbr Leak Tert(s) applied to lhir r e w e .  

IPL Ref No. 506-2- 1 
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CERTIFICATE OF CALIBRATION
MULTINUCLIDE STANDARD SOURC E

Customer; ROCKWELL INTL/ ROCKETDYNE P.O.No. : RS4P)0-95162004

Catalog No. : EO-0073 Reference Date : September 1 1995 12 :00 PST.
source No . : 506.2 .2 Total Radioactivity: 28 .3 nCl .

Total Radioactivity : 1,048 )Sq .
Description of Source

A . Capsule typo:
b . Nature of active deposit :
e. Active diameter/volume :
d . Backing:
e. Cover :

Customer supplied bottle
SrC12, CaCl . Th(N03)4, U02(N03) 2. and Pu(NO3)3 dispersed in a sand matrix

Approximately 1 .0 L(Maas of sand - 1,283 .96 g)
Glass
Glas s

Nuclide Half-life Activity.
(nCp

Concentration Systematic Random
(pCV g) r_ Uncert. , Unce rt.

Tota l
Uncert .

Sr-90 28 . 5 d" 0 .2 ye ars 2 .88 2 . 24 2 .0% 0.9% 2 .2%

Cs-137 30 . 17 0 . 16 years 3 . 86 4 .56 1 .0% 0.7% 1 .2 %

Th-232 ( 1 .405 t 0 .006) x
10^10 years

8 .95 6 . 97 3 .0°/a 2 ( % 3 .6 %

U-238 ( 4 .468 s 0 .005 ) x
10"9 years

7 .81 6 .09 3 .0% 2.0% 3 .6%

Pu-2.39 24,1 10 * 30 years 2 .83 2 . 26 2.1% 0 . 3% 2 .1 %

Method of Calibratio n
This source was prepared from weighed aliquots of solutions whose concentrations , in nCi/g . were

determined as follows ; 1) for Sr-90 and Pu-239 by a liquid scintillation counter. 2) for Cs-137 by a well

typo ionization chamber, and 3) for Th-232 and U-238 by specific activity and mass calculations . Sr-90

has a daughter(Y-90) in equilibrium. U-233 and Pu-239 have attached technical data sheets for

impu rities and daughters .

Daughter decay scheme forTh-232 -

Ra-228 -> Ao-228 -> Th-228 -> Ra-224 ->`iitt tC>.pot216 -> PbrI12 -> Hi-212 -> Po-212 -> 71-208 -> Pb-208

NIST Traceability -1
This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)
See reverse side for Leak Test(s) applied to this source.

Notes
1 . IPL participates in an MIST measurement assurance program to establish and maintain implicit uscoabilitylor a

number of nuclides. based on the blind assay (and later KIST certification ) of Standard Reference Materials (As in NRC

Regulatory Ouide 4 .13).
2. Overall uncertainty is calculated at the 93 .5% act-didsnus level .

QUALITY CONTROL

/ 11 1955'
ISOTOPE PROD CTS LARORATORIL' S
301 ", N . SAN PF.KAANUU Hi tar .

11umsANK . CALIFORNIA 91504

818-811 .1-7000 FAX 818-843-004

Date Signe d

IPL Ref No. 506-2-2
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CERTIFICATE OF CALIBRATION 
MULTINUCLIDE STANDARD SOURCE 

Curtomen ROCKWELL INTU ROCKETDYNE P.0340.: IU4PJO-9s 162004 
Catalog No.: EO-0075 Rdcrr~ce Date: Soptombcr I 1995 12.* ,.sr 
Eouree No.: SO6-2-3 Total R u d W l ~ l t y :  2s .3 net. 

Total R.dkwtIvhy 938 Hq. 
Drrcrlptlon o t  S o u m  

a. Capsule t)p: Cuetomor ruppliod W e  
b. Nature of active deposit: SrC12. CICI, Th(N03)4, UO2(N03)2. and Pu0403)3 disporsod m a rand matrix 
c. Acttvo dirunttorhrolrune: Approximately 1.0 L (Mass of rand - 995.76g) 
d. Bucking: Glass 
c. Cover: Glass 

h'uclldc HnU-life Adirlty. Cuncmtratlon Syrtc~aatlc Random Total 
(nC1) @CYO) -. Uncrtt. . Uoeen. Unccn. 

Cs-137 30.17 *!.I6 your  5.41 5.46 1 .0?4 0.7% 1.2% .. 
7%-232 (1.405 * 0.006) x 9.0s 9.09 3.0% 2.0% 3.1Y/b 

I 0") 0 years .- 

U-238 (4.468 t 0.005) x 5.22 5.24 3 . W  2.0% 3.6% 
- 1 0 9  YOU8 

Pu-239 24.1 10 t 30 years 2.81 2.82 2.1% 0.3% 2.J% 

Mclhnd of Callbrntlon 
l l ~ i s  source war pprvcd from weighed aliquota of solution8 whore ooncontrationr. in nCi/g. \*re 
detcnuhrod as follows: 1) for Sr-90 md Pu-239 by n liquid scintillution oountcr. 2) for 0 - 1 3 7  by n well 
type ionization chamber. and 3) for 73-232 and U-238 by r p i f r o  activity and rnnrr cmlculntioru. Sr-90 
har r dauglrtu(Y-90) in cq~~ilibrium. U-238 md Pu-239 haw attached technical data shcclr for 
impurities and daughters. 

D a u ~ h t t r  decry ~chcrnc for Th-232 - 

NlST Tracenbillty 
This calibration ir irnp&citly traceable to the National Inrtituto of S 

Ltwk Trat(r) . 
@pEg. . * 

Soo revere ride for Leak Test(s) applid to this wurce. . - 
Noter 

1. TP1. pnicipcm in an NLST mustllomcnt r r r w n w  -ram IO ea.ub1i.h and mstruin implieit u*uubil~~y lii 
numbrr of nuclides, b u d  a rht b h d  army (AM! Inla NIST cmlfiorllon) d Sundud Koforcnec Mulerulc (Ar in NRC 
Rcgulntcny Oui& 4.19). 
2. Overall u n m i n t y  i s  wlcuhod rt (h. 9S.S% d 6 a r f C  Itvcl. 

14 L f 5 / 9 ? 5  
Date Signcd 

IPL Ref No. 506-2-3 
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U-238 TECHNICAL DATA 

- - 
The U-238 used to prepare your order was taken from 
Isotope Products Laboratories Lot 56794 and had the  
following composition as  of June 1, 1994.  . - 

Rurhank. California 

91504 

" 
lsbtopic composition provided by Oak Ridge National - 
Laboratory. 

SIR* 843-7000 - 
Fax 818*843.6168 I f  you have any questions, please contact Technical 

Service. 
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34airr lahnrnrary 

I800 N. Kcyslane SIICCI 

Durbank. (ilik~rnia 

9 1504 

SIRb 843.7000 

Fax 818*843.6168 

. 
Pu-239 TECIIBVICAL DATA 

The Pu-239 used to prepare your order was' taken -from Isotope 
Products Laboratories tat 1 6 6 1 7 - 1  and had t h e  following 
composition a s  of October 1, 1 9 9 4 .  

- " 
NUCLIDE ATOMS ACTIVITY* TOTAL Q ACTIVITY 1 

hm-2 4 1 ----- 0-  582 

Note: Pu-241 is beta a c t i v e .  
-. 

. . .  . . . .  . 
  so topic compositi.Cn provided by ~ e w  Brunswick ~ a b o r a t o r y .  

If you have any questions, please contact  Technical  Service, 
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11. Appendix B - Interpretation of Results 
All soil sample analytical results are well below the approved limits for release of land areas for 
use without radiological restrictions (see "Proposed Sitewide Release Criteria for Remediation of 
Facilities at the SSFL,", B. M. Oliver and R. J. Tuttle, Rocketdyne Document NO0 1 SRRl4O 127, 
8/22/96). That document provided single-isotope limits for all radionuclides that are possible 
contaminants at SSFL, and those limits were approved by the Department of Energy, Oakland 
Operations Offiice, and by the State of California Department of Health Services, Radiologic 
Health Branch. Potential doses to future users of the site, for residential, industrial, and 
wilderness use situations were considered, and concentrations were calculated that provided a 
Total Effective Dose Equivalent (TEDE) equal to the limit of 15 mremlyear recommended by the 
EPA. For the two radionuclides detected in the soil sampling survey, Sr-90 and Cs-137, the limits 
are 36.0 and 9.2 pCi/g, respectively. All analytical results were well below these limits. The 
maximum value for Sr-90 was 0.569 pCi/g, or 1.58% of the single-isotope limit. The maximum 
value for Cs-137 was 0.567 pCi/g, or 6.16% of the single-isotope limit. Combining these two 
percentages to test for the combined sum of &actions rule, results in a percentage of 7.74%, far 
below the allowable 100%. 

To demonstrate the satisfactory condition of the radiologically remediated Former Sodium 
Disposal Facility, a pathways analysis was performed to estimate potential dose to a hypothetical 
resident of the area. This analysis used the pathways code, RESRAD (version 5.61), with the 
same parameters that were used in establishing the generic limits on radioactivity in soil at SSFL. 
The Former Sodium Disposal Facility was represented as a slightly smaller area, 8,200 m2, than 
the generic reference case, 10,000 m2. 

The residual contamination of the site was assumed to be equal to the average of the measured 
values, for Sr-90 and Cs-137, the only contaminants detected in the radiometric analyses. These 
values were, respectively, 0.13 1 pCVg for Sr-90 and 0.069 pCi/g for Cs-137. Residual 
contamination was assumed to be uniformly distributed through the upper 1 meter of the soil. 
(This is a conservative assumption, since much of the area was excavated down to bedrock and 
only a very thin residual layer of soil remains. For this calculation the top 1 meter of the site is 
considered to be soil. Studies of the depth distribution of the original contamination showed that 
the radioactivity, which had initially been deposited on the surface of the soil, had not penetrated 
beyond about 18 inches.) 

RESRAD calculates the dose from a variety of exposure pathways. The only significant pathways 
were direct radiation from the ground for the Cs-137, and plant uptake (in vegetables) for the Sr- 
90. If the Former Sodium Disposal Facility had been occupied in a residential manner 
immediately after completion of the soil sampling, that is, in August 1995, the first-year dose is 
calculated to be 0.166 mrem. This is small compared to the recommended S i t  of 15 mrem per 
year, established by the EPA, and trivial compared to the natural dose from "clean" soil 
approximately 80 mremlyear. The estimated dose declines with time into the future. This is 
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shown Figure A. 1, where the dose becomes essentially zero after 100 years. 

TOTAL DOSE: All Isotopes and Pathways Summed 

0.20 

0.15 
A - CS-137 

k 
\ E 0.10 
aJ 

2 
0.05 

0.00 
1 10 100 1000 10000 

Years 
01/06/97 14:43 

Figure A-1. Calculated potential dose to resident of remediated Former Sodium Disposal 
Facility. 

The average values assumed for contamination are comparable to the fallout background found in 
surface soil in this region. Subtraction of background activities is not suitable in this case, 
however, because many of the samples are fiom deep below the original surface of the soil where 
the background activity of these radionuclides is essentially zero. Therefore, a comparison 
calculation was performed, representing an undisturbed plot of land with the same characteristics 
and usage as proposed for the Former Sodium Disposal Facility, except that the residual 
contamination was replaced by the values of activity found for the surrounding, unaffected, 
terrain. These background values were derived fiom the Area IV Characterization Survey results, 
by excluding all samples that were suggestive of possible contamination, and the deliberately 
selected offsite (background) soil sample results. (See "Area IV Radiological Characterization 
Survey - Final Report", ETEC Document A4CM-ZR-0011, Revision 4 Volumes I-IV, August 
15, 1996.) For unaffected soil, contaminated only by fallout activity, the activity was assumed to 
be limited to the upper 10 cm of the soil (4 inches). This calculation shows that the dose on 
unaffected, and unremediated, land would be 0.171 mrem in the first year, slightly more than for 
the remediated Former Sodium Disposal Facility. When naturally occurring concentrations of 
potassium-40, uranium (plus daughters) and thorium (plus daughters) are included in the "clean" 
soil, a similar RESRAD calculation yields 8 1.74 mremlyear, as an additional, natural dose fiom 
the natural radioactivity alone. 

As a fhther demonstration of the conservatism in the cleanup conducted here, a RESRAD 
calculation was also done with the assumption that the entire site was contaminated at the level 
found in the single most contaminated sample, that is, the sample taken at location 3030904, in 
the former Lower Pond. (All soil had been removed fiom the Lower Pond, so that only bedrock 
remains.) This calculation showed that these greater amounts of Sr-90 (0.569 pCilg) and Cs-137 
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(0.567 pCi/g) would produce only 1.157 mredyear in the first year, still far below the limit of 15 
rnremlyear and the natural dose of 81.74 mremlyear. 

This study shows that the Former Sodium Disposal Facility is in compliance with the 
recommended acceptance limit of 15 mrem per year for radiological exposure, and is essentially 
no different, radiologically, fiom any similar unaffected plot of land. 
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ABSTRACT 

A comprehensive baseline radiological survey for ambient gamma 
exposure rate was conducted in 1991 (Reference 3) just prior to 
the site remediation of the former sodium Disposal Facility (SDF) 
(T886). That survey covered the lower and upper pond areas of 
the SDF and was used as a vide in beginning remediation (i.e., 
excavation). After the remedial efforts were completed (which 
included numerous operational gamma surveys) the stage was set 
for the post-remedial ambient gamma exposure survey. This survey 
covered the lower and upper pond areas as well as adjacent land. 

Results of this survey show the ambient gamma exposure rates of 
the former SDF and surrounding land to be indistinguishable from 
each other. These results presented here along with the planned 
soil sampling by an outside contractor will serve as a basis to 
release the SDF for use without radiological controls, This 
document represents the ambient gamma survey as performed. in 
accordance with Reference 1, 
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INTRODUCTION 

This report documents the post-remediation radiological 
ambient gamma survey of the former Sodium Disposal 
Facility (SDF) (T886) and subsequent data analyses. 
The post-remediation ambient gamma survey was 
undertaken to evaluate the radiological conditions 
after the completion of the site remediation. The 
surveyed areas included the remediated lower and upper 
pond basins, the surrounding land, and the site 
drainage pathways. The ambient gamma exposure rate 
results used in conjunction with the soil sampling 
analyses as outlined in Reference 1 will serve as a 
basis to quantitatively release the SDF from 
radiological controls. This document represents the 
gamma survey as performed in accordance with 
Reference 1. 
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SUMMARY AND CONCLUSIONS 

Analyses of the ambient gamma exposure rates show the 
remediated areas are statistically indistinguishable 
from background readings elsewhere in SSFL Area IV. 
The entire site averaged 15.6 pR/hr with maximum 
readings up to 21.4 pR/hr.occurring next to or on the 
surrounding rock formations, which is consistent with 
data and results from References 2 and 3, data being 
accumulated in the Area IV radiological 
characterization survey (References 5 and 6) and EPA 
measurements taken during the off-site multimedia 
sampling program (Reference 7). Table 1 provides the 
summarized data from the survey. 

Table 1. Data Analysis Results Summary 

Grid #7 

Grid #8 

Grid #9 

Grid #10 

Grid #ll 

Grid #13 

Grid X14 

Grid 1415 

Grid #16 

Grid #17 

Location 

All areas 

Lower & upper pond 
basins 

Lower t upper pond 
basins excluded. 

Upper pond basin 

Lower pond basin 

Grid #1 

Grid #2 

Grid #4 

Grid #5 

Grid #6 

No. of 
Data 
Points 

2316 

419 

1897 

244 

175 

16 

17 

51 

112 

70 

Mean 
(~tR/hr) 

15.6 

14.6 

15.7 

14.2 

15.3 

17.0 

17.0 

16.7 

16.6 

17.2 

Inaccessible or not in survey scope 

Std. 
Dev. 

(uR/hrl 

1.5 

0.9 

1.5 

0.7 

0.7 

0.6 

0.4 

0.8 

0.6 

0.4 

18 

19 

2C 

21 

22 

23 

24 

25 

26 

27 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

5C 

82 

103 

37 

20 

61 

110 

113 

31 

17.2 

15.1 

11.3 

14.9 

17.8 

15.2 

14.9 

15.5 

15.3 

~R/hr . 

21.4 

21.4 

16.8 

16.8 

19.6 

19.6 

19.7 

17.2 

16.9 

18.7 

16.6 

15.2 

16.0 

18.4 

17.0 

17.1 

16.3 

16 

Ref. 
Fig. 
No. 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

Min 

10.4 

12.2 

10.4 

12.2 

13.2 

16.3 

16.2 

15.2 

15.5 

16.1 

0.9 

0.9 

0.8 

0.4 

0.7 

1.1 

1.1 

0.4 

0.4 

Pagc 
No. 

21 

22 

23 

24 

25 

27 

28 

29 

30 

31 

Max 

21.0 

17.2 

21.0 

15.8 

17.2 

18.6 

17.6 

19.0 

18.6 

18.2 
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rid #3, 12, 18, 
19, 20, 25, 
26, 27, 28, 
34, 35, 42, 
49, 50, 51, 

Table 

Location 

Grid #21 

Grid #22 

Grid $23 

Grid #24 

Grid 129 

Grid #30 

Grid X31 

Grid X32 

Grid X33 - 
Grid $36 

Grid f37 

Grid #38 

Grid /39 

Grid #40 

Grid /41 

Grid X43 

Grid #44 

Grid X45 

Grid f46 

Grid #47 

Grid #48 

Grid #52 

Grid #53 

Grid #54 

Grid f55 

Inaccessible areas or outside the 
survey scope 

1. Data 

No. of 
Data 
Points 

13 

118 

115 

61 

90 

121 

96 

1C 

33 

75 

121 

121 

86 

48 

22 

64 

120 

121 

121 

104 

40 

14 

44 

66 

66 

Analysis 

. 
Mean 

(PR/hr) 

17.2 

15.6 

14.7 

16.0 

16.1 

15.2 

14.3 

16.2 

16.8 

16.4 

15.6 

14.6 

14.2 

17.3 

17.0 

16.8 

15.1 

14.4 

13.8 

13.2 

16.5 

14.7 

14.0 

14.3 

13.7 

Results 

Std. 
Dev. 

(~Rlhr) 

1.0 

0.7 

0.7 

0.3 

0.9 

0.6 

0.7 

0.4 

0.4 

1.1 

0.6 

0.7 

0.7 

0.7 

0.6 

1.2 

1.0 

0.6 

0.5 

1.1 

0.8 

0.2 

0.9 

0.6 

1.0 

Summary 

Mi" 

15.8 

13.9 

13.3 

15.1 

14.9 

13.7 

12.0 

15.7 

16.2 

14.5 

14.5 

13.2 

12.5 

16.2 

15.2 

14.7 

13.5 

13.0 

12.6 

10.4 

15.1 

14.1 

10.4 

13.1 

10.9 

PR/hr 

Max 

18.6 

18.4 

16.6 

16.7 

19.4 

17.6 

15.6 

16.8 

18.1 

19.8 

17.4 

17.2 

15.4 

18.8 

18.4 

19.9 

17.9 

15.6 

15.5 

15.4 

18.7 

15.0 

15.3 

16.1 

15.0 
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Figure 1 demonstrates the homogeneity of the results from 
the survey. The remediated areas averaged lower exposure 
rate readings than the rock formations as expected and the. 
standard deviation of the entire data set was only 
1.5 pR/hr 

In conclusion, the post-remediation ambient gamma exposure 
rate survey results show that the SDF site and surroundings 
to be indistinguishable from one another and from other 
referenced gamma survey reports. 

Data Analysis Summary Results :, 
i 
f' 

I Mean dxposure Rates Circled 1 
1 ~ a r  Indicates 2. sigma Tolerance I 

I I I 1 
I I I I 

All Areas Ruacdiated Excluding Upper Pond Lower Pond 
Areas Remediated Basin Basin 

Areas 

Figure 1. Data Analysis Summary Results 
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BACKGROUND 

Location 

The Sodium Disposal Facility (SDF) is located within 
Rockwell International's Santa Susana Field Laboratory . 
(SSFL) in the Simi Hills of southeastern Ventura County, 
California, adjacent to the Los Angeles County line and 
approximately 29 miles northwest of downtown Los Angeles, 
directly south of the City of Simi Valley. Location of the 
SSFL relative to the Los Angeles and vicinities in shown in 
Figure 1. An enlarged map of neighboring SSFL communicate 
is shown in Figure 2. Figure 3 is a plot plan of the 
western portion of SSFL known as Area IV, where the SDF is 
located. A drawing (plan view) of the SDF and its 
adjoining areas is shown in Figure 4. The SDF is located 
on Rockwell-owned land. 

Topography and Site Characteristics 

The SDF is located at the west end .of Rockwell 
International's SSFL. The SDF is oqonly called the lVOld 
Sodium Burn Pit," and is desig d a ed as SSFL.site Tw6. The 
facility occupies the high ground of an alluvial flat that 
is roughly triangular in shape, and about'two acres in 
area. The site is bordered by siltstone rock formations on 
two sides, which come together at the north end of the 
site to form a blunted apex to the triangle. Site drainage 
is through the siltstone narrows to the northwest. 

The SDF was once used as a disposal site for sodium and 
sodium-potassium alloys, and combustible materials from US 
DOE/AEC nuclear programs. The disposal activity was mostly 
confined to a concrete pool, and two open-field pits that 
are referred to as the Upper Pond Basin and the Lower Pond 
Basin. Previous radiological survey and decontamination 
work have been done at the site. A more detailed 
description of the site's physical location, its relevant 
operational history, and a discussion of previous survey 
and decontamination efforts can be found in Reference 2. 

~emediation' Activities 

A total of 12,000 cubic yards of soil were excavated from 
the lower pond basin and portions of the upper pond basin. 
Field gamma surveys of each cubic yard of soil resulted in 
approximately 750 cubic yards (-6%) being declared 
radioactively contaminated. Eighty composite soil samples 
were taken from the 750 cubic yards of soil and analyzed by 
an independent laboratory for gamma emitters (gamma 
spectroscopy), sr-90, H-3, isotbpic uranium, isotopic 
thorium and isotopic plutonium. Based on the concentration 
results, a total quantity of 6 millicuries of Cs-137 and 



886-ZR-0007 
Page 13 
12/13/94 

Figure 2 .  Location of SSE'L i n  Ralation t o  Los Angeles and Vicinity 
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Figure 3. Map of Neighboring SSFL Communities 
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1 millicurie of Sr-90 was identified as contamination. 
Cs-137 concentrations ranged from 0.09 - 52 picocuries per 
gram of soil (pCi/gm) with an average of 8 pCi/gm, while 
Sr-90 concentrations ranged from 0.11 to 38 pCi/gm with an 
average of 1.6 pCi/gm. Of this radiologically contaminated 
soil, the mixed waste portion was disposed of to Envirocare 
in Utah while the radwaste portion is to be shipped to 
Hanford, Washington. 

4.0 SURVEY RESULTS 

4.1 Overview 

The radiological survey of this report was performed to 
establish a post-remedial ambient gamma exposure rate 
comparison between the remedial areas (Upper and Lower 
Basins, see Figure 5) and the surrounding adjacent land. 
The previous baseline survey of Reference 3 had clearly 
shown residual radioactivity present in an enclosed 
10' x 10' area. Subsequent soil excavation and removal 
along with numerous operational surveys indicated 
remediation was complete. This document will serve as one 
of the checks for completeness (soil sampling and RESRAD 
analyses will be documented in Reference 4). 

4.2 Survey Procedures 

The survey procedures are detailed in Reference 1 and are 
essentially the same as the survey of Reference 3.. The 
zero-zero (0,O) coordinate for both surveys is the same, 
however, and the SDF site was again overlaid by a 10-ft 
(spacing intervals) north/south, eastlwest grid. Wood 
stakes were placed at the intersection of the 200-ft grid 
lines and survey measurement taken every 10-ft intersection 
at 1-meter height. For data analyses and interpretation, 
100-ft by 100-ft grid squares were analyzed as one 
statistical distribution. Additional analyses of the site 
compared the affected areas (Upper and Lower Pond Basins) 
separately and together. Figure 6 shows the pond basins 
and locations of the grid squares. 

/ 

The survey consisted of measurements of detected activity 
counts during a 1-minute time interval. All measurements 
were made with paired sets of independent survey 
instruments--two 1-inch NaI gamma detectors at 1-meter 
height. To insure precision in reproducing the 1-meter 
height at each location, the two gamma detectors were 
mounted on a fixture made from a PVC pole and assorted PVC 
fittings. Details about the fixtures can be found in 
Reference 1. 
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Figure  5 .  Sodium Disposal F a c i l i - t y  Plan View 
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Figure 6. Sodium Disposal Facility Post-remediation 
Survey G r i d  Map 
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During the survey, the readings from the independent 
instrument pairs were compared for consistency and 
reasonableness. Anomalous or disparate readings at any 
time caused the survey team to interrupt the survey to 
check for instrument malfunctions and to retake the 
measurements if needed. All of the data (2 instruments 
averaged) from each location were ultimately used in 
analyses. Some data points are missing from the location 
plots of the data; however, the missing plots correspond to 
inaccessible locations (e.g., rock, heavy growth, poison 
oak, etc. ) . 
Instrument performance was monitored throughout the survey 
by regular checks at a designated location which remained 
unchanged throughout the survey. The performance checks 
included measuring the instrument response to the ambient 
background radiation level, as read from a calibrated 
Reuter-Stokes meter, and measuring the instrument and 
Reuter-Stokes response to a 5 pCi Cs-137 check source at 
1 meter. The performance checks for the instruments were 
recorded three times daily. The 3-point average 
Reuter-Stokes information was used to determine the 
efficiency conversion factor to convert the recorded counts 
per minute (cpm) to pR/hr for dzta comparison. Specific 
details about the instrument check sources, and the 
hardware used for the performance checks are given in 
Reference 1. 

4.3 Data Analyses and Results 

All of the raw data were entered into a Microsoft Excel 
spreadsheet as counts per minute (cpm) along with-the grid 
coordinates and calibration factors from the survey data 
sheets. The data was then converted into exposure rate 
(pR/hr) from the daily Reuter-Stokes calibration data. 
Since each 10-ft grid point measurement was performed by an 
instrument pair, the exposure rate analyses on the 
following plots and graphs are for the average of the 
paired data. Statistical analyses of the data to determine 
the mean exposure rate and standard deviation was plotted 
on a cumulative probability distribution graph. When this 

t 

type of graph is used, the x-axis is a Gaussian 
distribution function, so that a perfect fit of the data 
set to a Gaussian (bell) curve would plot along a straight 
line and the slope of the line would be greater for a 
larger standard deviation value of the data set. 

The survey data was analyzed in several ways. First, the 
entire site with all areas combined was graphed. Figure 7 
represents the 2316 data points for each separate 10-ft 
grid point surveyed. The mean site exposure rate which 
included the remediated areas and surrounding land was 15.6 
pR/hr with a standard deviation of 1.46 pR/hr (9%). 
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Second, the remediated areas (the lower and upper pond 
basins) data was compared separately from the entire area 
surveyed. The results are shown in Figure 8. The 
remediated areas show a mean exposure rate of 14.6 pR/hr 
(std. dev. = 0.897 pR/hr) for 419 grid points. Figure 9 
represents the mean exposure rate excluding the upper and 
lower pond basins. Figure 10 shows the upper pond basin 
mean exposure rate analysis and Figure 11 shows the lower 
pond basin mean exposure rate analysis. Lastly, each 
100-ft by 100-ft grid square was given a numbering system 
to locate the data as shown in Figure 12. Each grid 
square's data is shown along with the resulting statistical 
analysis graph and is given in Figures 13-52. These 
figures also show the minimum and maximum exposure rate 
(used in Table 1) in larger typeface. 
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Figure 7. All Areas. Combined Ambient Gamma Exposure Rate. 
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Cumulative Probability (%) 

Figure 9. Ambient Gamma Exposure Rate Excluding the 
Lower and Upper Pond Basins. 
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Figure 10. Upper Pond Basin Ambient Gamma Exposure Rate. 
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Figure 12. G r i d  Locator Map for Survey Results 
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Grid #I 
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F i g u r e  13. G r i d  # 1  A m b i e n t  Gamma E x p o s u r e  R a t e .  
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Cumulative Probability (%) 
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Figure 14. Grid #2 Ambient Gamma Exposure Rate. 
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Figure 15. Grid #4 Ambient Gamma Exposure Rate. 
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Figure  1 6 .  Grid #5 Ambient Gamma Exposure R a t e .  
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Figure  17. Grid #6 Ambient Gamma '~xposure Rate. 
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Grid #7 

Figure 18. Grid #7 Plotview - Inaccessible area 
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Figure 19.. Grid #8 Ambient Gamma Exposure Rate. 
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Figure 20. Grid #9 Ambient Gamma Exposure Rate. 
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Figure 21. Grid 110 Ambient Gamma Exposure Rate. 
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Figure 22.. Grid #11 Ambient Gamma Exposure Rate. 
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Grid #I 3 
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Figure  2 3 .  G r i d  #13 Ambient Gamma Exposure Rate. 
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F i g u r e  2 4 .  G r i d  # 1 4  Ambient Gamma E x p o s u r e  R a t e .  
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Figure 25. Grid 115 Ambient Gamma Exposure Rate. 
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Figure 26 .  Grid #16 Ambient Gamma Exposure Rate. 
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Figure 27 . Grid #17 Ambient Gamma Exposure Rate. 
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Figure 28. Grid #2'1 Ambient Gamma Exposure Rate. 
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Figure 29. Grid #22 Ambient Gamma Exposure Rate. 
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Figure 30. Grid #23 Ambient Gamma Exposure Rate. 
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Figure 31 - Grid #24 Ambient Gamma Exposure Rate. 
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F i g u r e  32. Grid #29.Ambient Gamma Exposure Rate. 
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Figure 33. Grid #30 Ambient Gamma Exposure Rate. 
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F i g u r e  34 . Grid #3 1 Ambient Gamma Exposure Rate. 
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Figure 35 Grid #32 Ambient Gamma Exposure Rate. 
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Figure 36 - Grid #33 Ambient Gamma Exposure Rate. 
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Figure 37 Grid #36 Ambient Gamma Exposure Rate. 



Grid #37 
S Oft- 100ft 

886-ZR-0007 
Page  52 
12/13/94 

u - 
0.1 1 10 50 90 99 99.9 

Cumulative Probability (%) 

C:\8886\SlW3.CMP 11 -28-94 

Figure 38. Grid #37 Ambient Gamma Exposure Rate. 
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Figure 39. Grid #38 Ambient Gamma Exposure Rate. 
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Figure 4 0 .  Grid #39 Ambient Gamma Exposure Rate. 
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Figure 4 1. Grid #40 Ambient Gamma Exposure Rate. 
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Figure 4 2 .  Grid #41 Ambient Gamma Exposure Rate. 
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F i ~ u r e  4 3 .  Grid #43 Ambient Gamma Exposure Rate. 
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Filqure 4 4  . Grid #44 Ambient Gamma Exposure Rate. 
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Figure 4 5 .  Grid #45 Ambient Gamma Exposure Rate. 
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F i g u r e  4 6  Grid #46 Ambient Gamma Exposure Rate. 
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Figure  47 . Grid #47 Ambient Gamma Exposure Rate. 
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Figure 4 8 . Grid #48 Ambient Gamma Exposure Rate. 
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Figure 4 9 , Grid #52 Ambient Gamma Exposure Rate. 
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Figure 50 Grid #53 Ambient Gamma Exposure Rate. 
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Figure 51. Grid #54 Ambient Gamma Exposure Rate. 
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Figure 52. Grid #55 Ambient Gamma Exposure Rate. 



EXHIBIT VI 

NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) 
DOCUMENTATION FOR DECONTAMINATION AND 

DECOMMISSIONING OF FACILITY 4886 





. . . . 
Proposed Action: Assessment of  Sodium Disposal Facil i t'; Contarnlnation 

Location: Santa Susana Field Laboratory, Venturz County, Cal Ifornia . 
. . 

Description Of Proposed Action: ~snessment ;nd chiract&tzrtlon i f  1611 
contamination from a possible release at the Sodium Disposal Facill ty 
according to the requirements of Comprehensive Environmental Response, 
Compensation and Liabflity Act (CERCLA). Activities will include soil 
borfng, sampling , and analyses, a detafled radiologtcal survey, and a 
geophysical survey. The total land area involved 1s  approximately 4 
acres. - .  

. .- - 

APPROVAL: 

and Waste Hanagement, EM-l 

CONCURRENCE: 

DATE : 



Department of Energy 
San Francisco Field Office 

1333 Broadway 
Oakland, California 94612 

March 5 ,  1992 

MAR 0 3 1992 
D R F  0390 

TO: G.G. Gaylord, ETEC 

RE: NEPA Approval for Sodium Disposal Facility Remediation 
. 4  ' 

This memo is to confirm that it is my understanding that EM-1 has 
approved the Categorical Exclusion for the Sodium Disposal 
Facility Remediation Project, and the proscribed time for EH 
comments has been made available. I will provide a copy of the - 
approval to the site as soon as possible. 

This memo authorizes you to proceed with the project. 

Roger H. Liddle 
DOE/SAN/ERWM 

CC: Bob Le~hevaliar, ETEC-SO 
Manny Tessier, ETEC 



Internal Letter 
Date: . August 19, 1992 

Rockwell International 

NO: . 92-021-01-100 

TO : (Name, Organnarron, Internal Address) FROM: (Name. Organizatron, I n t ~ ~ l  Address, Phone) 

Alex Klein L. R. Stone 
ETEC ETEC 
Dl026 055-TO09 Dl021 055-TO39 

X5497 
Subject: . NEPA Status: Former B1886 Sodium Bum Pit 

Reference 1: 

2: 

91ETEC-DRF-2192, L. Stone (ETEC) to R. Liddle (DOE), "Sodium Disposal 
Facility Closure: National Environmental Policy Act (NEPA) Determination," 
dated September 28, 1991 

DOE Letter R. H. Liddle (DOWSANIERWM) to G. Gaylord (ETEC), 
"NEPA Approval for Sodium Disposal Facility Remediation," dated March 5, 
1992 (DRF-0390) 

A meeting was held on August 10, 1992 between R. Liddle (DOEISFFO), G. Gaylord and 
the undersigned for the purpose of reviewing NEPA compliance status with regard to the 
proposed expanded earth excavation and replacement in the former B/886 Sodium Bum Pit. 
The NEPA submittal includes the California Regional Water Quality Control Board - Los 
Angeles Region Clean-Up and Abatement Order No. 91-061 dated April 30, 1991. There-in 
is the requirement to " . . .clean-up any soil and/or groundwater contamination.. . " This 
requirement provides sufficient latitude to increase the earth removal and replacement from 
an initial 4,000 Cu. Yards to a current 28,500 Cu. Yards. 

It is not necessary to request any addition NEPA compliance reviews from the DOE at this 
time. 

Loren /Stone 
ES&H Coordinator 
Energy Technology Engineering Center 

Roger iiddle 
~n&onmental Restoration 
U. S. Department of Energy 

LRS :05dg65 

CC: R. Le Chevalier, DOWETEC 
D. Spencer, DOWETEC 
G. Gaylord, 622-TO38 

M. Tessier, 021-TO38 
T. Venable, 453-TO39 


