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Foreword 

The purpose of this docket is to document the successful decontamination and decommissioning 
of Building 028 at the Energy Technology Engineering Center (ETEC) at the Santa Susana Field 
Laboratory, Area IV for unrestricted use. Material in this docket consists of documents 
supporting the DOE certification that conditions at ETEC Building 028 are in compliance with 
applicable DOE and proposed Environmental Protection Agency and Nuclear Regulatory 
Commission standards and criteria established to protect human health, safety, and the 
environment. A notice of certification of the radiological condition of the property was 
published in the Federal Register on April 4, 1997. A copy of the notice, official 
correspondence, release criteria, project report, radiological surveys, and an independent 
verification report are compiled in this docket. 



E IT DOCUMENTS SUPPORTING THE CERTIFICATION FOR THE 
UNRESTRICTED USE OF BUILDING 028 AT THE ENERGY 
TECHNOLOGY ENGINEERING CENTER 

IT I1 SITEWIDE IZELEASE CRITERIA FOR REMEDIATION OF FACILITIES 
AT THE SANTA SUSANNA FIELD LABORATORY 
(INCLUDES ENERGY TECHNOLOGY ENGINEERING CENTER) AND 
ASSOCIATED DOCUMENTATION 

IT 111 INDEPENDENT VERIFICATION DOCUMENTATION OF THE 
RADIOLOGICAL CONDITION OF BUILDING 028 AT ENERGY 
TECHNOLOGY ENGINEERING CENTER AFTER 
DECONTAMINATION AND DECOMMISSIONING 

UILDING 028 AND STIR FACILITY FINAL 

IBIT 111 FINAL DECONTAMINATION AND IOLOGICAL SURVEY 
BUILDING 028 

EXHIBIT VI NATIONAL ENVIRONIL/fENG'?'AL POLICY ACT DOCUMENTATION 
FOR DECONTAMINATION AND DECOMMISSIONING OF BUILDING 
023 AT ENERGY TECI-TNOLOGY ENGINEERING CENTER 



DOCUMENTS SUPPORTING THE CERTIFICATION FOR THE UNRESTRICTED 
USE OF BUILDING 028 AT THE ENERGY TECHNOLOGY ENGINEERING 

CENTER 



DOE F 1325.8 
( 8 - 8 9 )  

United States Government epartment of 

DATE: 

REPLY TO 

ATTN OF: 

SUBJECT: 

TO: 

January 23, 1997  

DOE Oakland Operations OfficeIE 

Release of Decontaminated Building 0 2 8  without adiological Restrictions at the 
Energy Technology Engineering Center. 

Donald Williams, EM-4 

The Oakland Operations Office (OAK) has implemented environmental restoration 
projects at the Energy Technology Engineering Center (ETEC) as part of  the 
Environmental Restoration Program (ERP) per Headquarters Northwestern 
Program Office direction. The objective of the program is t o  identify and cleanup or 
otherwise control facilities where residual radioactive contamination remains from 
activities carried out under contract to  the Atomic Energy Commission and the 

rgy Research and Development Administration during the early years of the 
tion's atomic energy program. 

nergy Technology Engineering Center performed testing of equipment, 
materials, and components for nuclear and energy related programs. These nuclear 
energy research and development programs began in 1946 and ended in  1995. 
Numerous buildings and land areas became radiologically contaminated as a result 
of facility operations and site activities. One such area that has been designated 
for cleanup under the ERP is Building T028. 

uilding TO28 originally housed the Shield Test eactor which was used t o  perform 
tests on space nuclear test shields. This reactor was operated from 1961 t o  1964. 
After modifications it was renamed the Shield Test and Irradiation Reactor and 
operated through 1 72. Following shutdowns of the test program, the reactor was 
removed and the facility was decontaminated. From 1977 t o  1981 experiments 
were conducted in the building t o  investigate the behavior of molten uranium oxide, 
which resulted in recontamination of the decision t o  terminate 
operations at Building 7028  was made in  

econtamination of Building TO28 was performed in 1988. Surplus normal and 
depleted uranium oxide was removed. Equipment, electrical components, and 
ventilation ducting were also removed, and building surfaces were decontaminated. 
The above grade portion of the building was demolished in 1989 leaving only the 
concrete floor, below-grade test vault and stairwell intact. 



DOE F 1326.8 
l8-891 
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DATE: ' " U g  1997 
REPLY TO 
A ~ O F :  EM-44 (D. Williams, 301-903-8173) 

SUBJECT: Recommendation for Certification of Cleanup at Building 028 at the Energy 
Techno1 ogy Engineering Center 

TO: Acting Deputy Assistant Secretary for Environmental Restoration, EM-40 

I am attaching for your signature a Federal Resister Notice concerning the 
cleanup of contamination associated with the former Atomic Energy Commission 
and Energy Research and Development Administration (AEC/ERDA) activities at 
~ u i  1 di ng-028, at the Energy ~echnol ogy Engineering Center (ETEC) near 
Chatsworth, Cal ifornia. 

The Oak1 and Operat ions Office has imp1 emented a decontamination and 
decommissioning project at ETEC as part of the Environmental Restorat 
Program. The objective of the program is to identify and clean up or 
otherwise control sites where residual radioactive contamination rema 
from activities carried out under contract to AEC/ERDA during the ear 

ion 

ins 
1 Y 

years of the Nation's atomic energy program. In October 1987, Building 028 
was formally designated by the Department of Energy (DOE) for cleanup under 
Environmental Restoration. 

ETEC Building 028 was constructed in 1961 to support testing of space 
reactor shields using a fission plate driven by neutrons from the thermal 
column of a 50-kW and a 1-MW reactor designated the Shield Test Reactor and 
Shield Test and Irradiation Reactor, respectively. Space reactor shield 
testing terminated in 1972. In 1977, experiments to investigate the 
behavior of molten uranium oxide, relative to simulated reactor accidents, 
on the reactor floor and structural materials were conducted until 1981. 
The building remained inactive until 1988 when decontamination was 
completed. Final radiol ogi cal and independent verification surveys 
completed in 1993 demonstrated, and DOE'S Oakland Operations Office has 
certified, that the decontamination project resulted in compl iance with DOE 
decontamination criteria and standards established to protect members of the 
general publ ic and occupants of the building. Further, future use of the 
property without radiological restrictions will result in no exposure above 
appl icabl e radiol ogical guide1 ines to the general publ ic and occupants of 
the building. 

This office is preparing the certification docket for the subject property 
uilding 029. The completed docket will be provided to the Oakland 

Operations Office for their use in preparation of similar dockets for future 
property releases. The Federal Resister Notice will.be part of the docket. 



I recommend that you sign the attached Federal Reqister Notice, as well as the 
transmittal memorandum to the Federal Li ai son Officer (Clara Bar1 ey, GC-75). 
The documents transmitted with the certification statement and t 

ocket form by the 
available for pub 

Reading Rooms and l ocaf 1 i brari es. 

ttachment 

Envi ronmental Restoration 
- 



DATE: 3 2 1 !99? 
\ 

REPLY TO 
A ~ O F :  EM-44 ( D .  Williams, 903-8173) 

SUBJECT: Draft Cer t i f ica t ion Docket f o r  Building 028 a t  the  Energy Technology 
Engineering Center 

TO: Assistant  General Counsel f o r  Environment, GC-51 

I  am requesting your review and concurrence of the  attached package 
concerning the cleanup of contamination associated with the former Atomic 
Energy Commi ssion and Energy Research and Development Admi ni s t r a t i  on 
( A E C / E R D A )  a c t i v i t i e s  a t  Building 028 a t  the  Energy Technology Engineering 
Center ( E T E C )  near Chatsworth, Cal i fornia .  

The Office of Northwestern Area Programs has imp1 emented a decontamination 
and decommissioning project  a t  ETEC as pa r t  of the  Environmental Restoration 
Program. The object ive  of the  program i s  t o  iden t i fy  and clean u p  o r  
otherwise control s i t e s  where residual radioact ive  contamination remains 
from a c t i v i t i e s  ca r r i ed  out under contract  t o  AEC/ERDA during the ea r ly  
years of the Nation's atomic energy program. In October 1987, Building 028 
was formally designated by the  Department of Energy ( D O E )  f o r  cleanup. 

E T E C  Building 028 was constructed in 1961 t o  support t e s t ing  of space 
reactor  shie lds  using a f i s s i on  p la te  driven by neutrons from the thermal 
column of a 50-KW and a 1-MW reactor  designated the  Shield Test Reactor and 
Shield Test and I r rad ia t ion  Reactor, respect ively .  Space reactor  shie ld  
t e s t i ng  terminated in 1972. In 1977, experiments t o  invest igate  the  
behavior of rnol ten uranium-oxide, re1 a t i v e  t o  simul ated reactor  accidents,  
on the reactor f l o o r  and s t ruc tu ra l  mater ia ls  were conducted unt i l  1981. The 
building remained inact ive  un t i l  1988 when decontamination was completed. 
Post-decontamination surveys completed in 1993 demonstrated, and DOE'S 
Oak1 and Operations Office has c e r t i f i e d ,  t h a t  the decontamination project  
resul ted  i n  compl iance with DOE decontamination c r i t e r i a  and standards 
established t o  protect  members of the general public and occupants of the 
building.  Further, fu tu re  use of the property wil l  r e su l t  in no 
radiol ogical exposure above appl icable radiol  ogical guide1 ines t o  the  
general public o r  the  building occupants. 

A d r a f t  Federal Resis ter  Notice has been prepared as part  of the  docket and 
wil l  a l so  be transmitted t o  the  Office of Federal Register f o r  approval 
a f t e r  we have received your concurrence on the docket. 



The final Federal Resister Notice and Certification Statement will be compiled 
in final docket form by the Office of Northwestern Area Programs and will be 
made available for public review in DOE Reading Rooms and'local libraries. 

Your review and comments are requested by March 10, 1997. on Williams of 
my staff is the point-of-contact and can be reached at 903-8173. - 

Director -- 
Office of Northwestern Area Programs 
Envi ronmental Restoration 

Attachment 



ATEMENT OF CERTIFICATION: Energy ngineering Center, 

, 

partment of Energy, Oaklan 
ivision, has reviewed and 
ntamination of the Energ 

this analysis of  all data collected, 
following property is i 
ards. This certificatio 

future use o f  the property will result in 
lines established t o  protect memb 

ccordingly, the property specified be1 
estoration Program. 

owned by Rockwell International 

t the Energy Technology nter, located in 
o Simi, in  the County 
Page 7 of Miscellane 

oger ~iddl;, 



OArr: March 27, 1997 

REPLY TO 
(D. Williams, 301-903-8173) 

susncr: Federal Reqister Notice for Certification of Cleanup of uilding 028 at the 
Energy Techno1 ogy Engineering Center 

arley, GC-75 

Attached are the original and three copies of the signed Federal Reaister 
Notice certifying the completion of remedial action at uilding 028 located 
at the Energy Technology Engineering Center. This surplus building was 
decontarni nated by the Department's Environmental Restoration Program. The 
attached Notice has been reviewed by and concurred in by the Office o f  
General Counsel (GC-51), and a copy of that concurrence is also attached for 
your information and use. 

Iso attached. for your signature is a transmittal letter to forward the disk 
containing the Federal Reqister Notice to ffice of the Federal 
Register. 

lease forward the attached Notice to the Federal Resister for publication. 

ttachments 



I 

epartment of 
- I Washington, DC 

I 
I 
1 , 

Mr. Raymond A. Mosley 
irector, Office of the Federa 
at ional Archives and Records 

Washington, D.C. 20408 

Dear Mr. Mosley: 

This letter is to certify that the enclosed isk is a true copy of 

the Certification of the Radiological uilding 028 at 

the Energy Technology Engineering Center located near Chatsworth, 

. California. The disk should be used by the overnment Pri nt i ng 

Office in preparing the document for pub1 ication in the Federal 

Resister. 

Sincerely, 

neg'i Fiore 
Secretary 

torat i on 

Clara Barley 
DOE Federal Register Li ai son 

fficer 

ncl osur 

@ Printed with soy ink on recycled paper 



U. S. Department of Energy 
DOCKET NO. ETEC-028 

. 

Certification of the Radiological Condition of Building 028 at the Energy 
Technol ogy Engineering Center near Chatsworth, Cal i forni a 

AGENCY: U.S. Department of Energy, f Environmental Restoration 

ACTION : Notice of Certification 

SUMMARY: The Department of Ener y (DOE) has completed radio1 ogi cal surveys 

and taken remedial action to decontaminate Building 028 located at 

the Energy Technol ogy Engineering Center (ETEC) near Chatsworth, 

Cal iforni a. This property previously was found to contain 

radioactive materials from activities carried out for the Atomic 

Energy Commission and fhe Energy esearch and Devel opment 

Administration (AEC/ERDA), predecessor agencies to DOE. Although 

DOE owns the majority of the buildings and equipment, a subsidiary 

of Rockwell International , Rocketdyne, owned the 1 and. Rocketdyne ; 

has recently been sold to Boeing North American Incorporated. 

FOR FURTHER INFORMATION CONTACT: 

Don Williams, Program Manager, 
Office of Northwestern Area Programs 
Office of Environmental Restoration (EM-44) - 

. Department of Energy 
Washington, D. C. 20585 

SUPPLEMENTARY INFORMATION: 

DOE has imp1 emented environmental restoration rejects at ETEC (Ventura 

County, Map Book i scell aneous Records) 

nvi ronmental Restoration Program. One objective of the program is 

identify and clean up or otherwise control facilities where residual 

radioactive contamination remains from activities carried out under contract 



t o  AEC/ERDA during the early years of the Nationt$ atomic energy program. .- 

-- 
nd structures located wit 

Administrative 

erformed for  DO a t  ETEC consiste 

materi a1 s, and components nergy related pro -- 

nuclear energy research an ms, conducted 
- 

~nternat ional  under contrac egan in 1946. Several 

nd land areas became radiolo contaminated as resu l t  of f aci l i ty  
- 

operations and s i t e  activi  t i e  028 i s  one ETEC rea tha t  has 

designated fo r  cleanup under t h  Environmental Restoration Program. - 

areas undergoi n decontamination will be r leased as they are completed 

are verified to  meet established c l e  c r i t e r i a  and standards for  release 

i thout radio1 ogical r e s t r i c  l i shed in DOE Order 

-central section of ETEC.  The above- -- 

rea. The below-grade vault m 

ings. Constructi,on c 

concrete wall s and cei 1 i ngs . 
-- 

l l y  constructed o perform t e s t s  of space r - 

iven by neutrons from hermal col umn 

his reactor was designated 

eactor and operate hen i t  was replaced wi 
- 

n t o  operate . . This l a t t e r  configuration was 

Test and I r r a  ) and operated through 1 - 



Following shutdown of the test program and removal of the reactor, the - 

facility was decommissioned and made available for alternate use in March 

1976. 

In 1977, operations were started to inves ehavior of molten 

urani um-oxide re1 at i ve to simul ated react ccidents, in articular, its 

reaction with floor and structural hateri hese experiments resulted in 

some recontamination of various parts of the hat were used for 

preparation and me1 ting of the urani um-oxide. Tests continued intermi ttently 

.into 1981. Some facility modifications were made, and decision to terminate 

operations was made later in 1981. The building remained inactive, under 

periodic surveil lance, until decontamination began in 1 

To allow the release of Building 028 for use without radiological restriction, 

11 detectable radioactive material/contamination was removed from the 

faci 1 i ty. This decontamination and decommi ssioning was performed in two 

phases, starting in 1975 (STIR facility) with the removal of the core tank, 

the activated concrete structures surrounding the core tank, thermal column, 

reactor shield, test vault carriage, water cool ing systems, water shield door, 

and the partially dismantled exhaust system. 

The second and final stage of decontamination of Building 028 began in 1988 

required slightly less than five months to complete. 



riefly, the decontamination steps involved in the second stage: (1) removal 

of surplus normal and depleted uranium oxi decontamination 

of equipment and electrical corn r 

he uranium-oxide 

ucting system; ( 

Rockwel l/Rocketdyne performe 
- 

nvironmental Survey an 

nd Education nt verification - - 

decontamination contamination 
-. 

demonstrated th i s in compl i ance econtaminat i on 

criteria and stand logical restrictions. 
- 

tate of Cal i forni epartment of Healt ervices has concurred that 

roposed re1 eas 

fur-ther radio1 ogi c vent of property transfer, 
- 1 ocal requi rements . 

operations, -- 



None of the engineering or radiation and nuclear safety personnel assigned to 

the Building 028 decommiss-ioning project received any measurable exposure to 

ionizing radiation. 

1 costs for the decontamination of 

1 costs for the decontamination of 

The certification docket will be available for review 

.m., Monday through Friday (except Federal hol idays), in the U.S.  DOE 

Public Reading Room located in Room 1E-190 of the uilding, 1000 

Independence Avenue, S. W . ,  Washington, .C. Copies of the certification 

Document 

Cl ay 

ocket will also be available at the following locations: 

. DOE, Oakland Operations Office, the Federal uilding, 1301 

treet, Oakland, California; Californ 

rchives Center, Oviatt Library, Room 

l ifornia; Simi Val ley Library, 2629 

California; and the Platt Branch, Los 

a State Universit 

Tapo Canyon Road 

Urban 

ictory 

, Wood1 and Hi l l  s, Cal iforni a,. 

has issued the following statement of certification: 



foll owing decontami n 

independent veri 

compl i ance wit 

established in 

ssurance that 

xposure above ppl i'cabl e guide1 

eneral pub1 ic or sit 

decontamination criteri 
--- 

rtification 

property wi 1 l result i - 

nes establ ishe rotect members 

ccordingly, t 4 

is re1 eased from nvi ronmental Restoration Program. 

roperty owned orth American Incorporated: -. 

he Energy Techno1 ogy Engineerin --- 

of the Santa Susana Field Laboratory), located i 
L- 

imi , sin the County o f  entura, State o f  

iscellaneous Records o f  



DOE F 1325.8 
(08-93) I 

nited States Government epartment of 

DATE.' ' i: 9 2 YXJ 

REPLY TO 
A ~ N O F  EM-44 (D. Williams, 903-8173) 

SUBJECT: 

TO: 

Release of Decontaminated Building 028 without Radiological Res t r i c t ions  a t  
the Energy Techno1 ogy Engineering Center 

R .  Liddle, Oak1 and Operations Office 

We have completed our review of a l l  documents re la ted  t o  the remediation, 
f i na l  survey, c e r t i f i c a t i o n ,  re1 ease 1 imi t s ,  and independent ve r i f i c a t i on  
of Building 028 a t  t h e  Energy Technology Engineering Center (ETEC) . We 
have determined t h a t  decontamination of t h i s  property has been completed in 
compliance with the  established c r i t e r i a  and standards as required by the  
Department of Energy (DOE) guidelines and Orders, i s  consis tent  with other  
appropriate Nuclear Regulatory Commission guide1 ines ,  and i s  protect ive  of 
public health and the  environment. Therefore, approval i s  granted t o  
re lease  subject  property t o  Boeing North American Incorporated without 
radiological  controls  pursuant t o  DOE Order 5400.5, Chapter IV. This 
property should be removed from the  DOE Real Property Inventory in 
accordance with DOE Order 4300. 

In accordance with DOE Order 5820.2A, Section V, the  data  package compiled 
fo r  t h i s  project  must be retained permanently in the  Oakland Operations 
Office (OAK) f i l e s .  

We recommend t h a t  a l e t t e r  be forwarded t o  Boeing North American 
Incorporated requiring p r io r  DOE-OAK no t i f i ca t ion  of any a c t i v i t y  which 
could po ten t ia l ly  recontaminate the subject  property unt i l  f ina l  r e lease  of 
the  remaining ETEC propert ies has been completed. Please provide us with a 
copy of t he  l e t t e r ,  as well as the  d i s t r i bu t i on  1 i s t ,  f o r  our f i l e s .  

Y 
Sally A .  Robison, Ph .D .  
Director 
Office of Northwestern Area Programs 
Environmental Restoration 

@ Printed on recycled pap% 



DATES: Written objections must be filed 
not later June 3,1997. 
ADDRESSES: U.S. &my Waterways 
Experiment Station, 3909 Halls Ferry 
Road. Vidcsburg, MS 39180-6199. 
A m :  (xvvE%x. 
fOR FURTHER lNFORWTKm CONTACT: Mr. 
Phil Stewart (601) 634-4113, e-mail 

SUPPLElYEKTARY 
Y 

represented by the Secre 
Anny. The United States of America as 
represented by the Secretary of the 
Army intends to grant an exclusive 
license for all fields of use, in the 
manufacture, use, and sale in the 
territories and possessions, including 
territorial waters of each of the listed 
countries to SOGEI-REGSOGREAN, 8P 
172,38042. Grenoble Cedex 9, France. 
Pursuant to 37 CFlR 404.7(b)(l)(i], any 

interested party may file a written 
o b j j o n  to this prospective exclusive 
lice- agreement 
G w x y  D. Showdtar. 
Army Fadem1 Register Liaison oftsar. 

Doc 97-8803 Fied 4-3-87: 8:45 am] 

EPARTME ENERGY 

AOENCT: Department of 
~m: Subsequent 

Pursuant to Section 131 of the Atomic 
Energy Act of 1954, as amended (42 
U.S.C. 2160),notice is hereby given of 
a proposed "subsequent arrangement" 
under the Agreement for Cooperation 
between the Government of the United 
States of America and the Government 
of the Federative Republic of Brazil 
concerning Givil Uses of Atomic Energy; 

The subsequent arrangement to be 
carried out under the abave-mentioned 
agreement involves approval of the 
following retransfer: RTD/BR@U)-lO, 
for the transfar from the Republic of 
Gennany to Brazil of 54,658 pieces of 
zircaloy-4 cladding tubes, weighing 
42,852 kilograms, to be incorporated 
into uranium fuel assemblies, wftb an 
enrichment level between 1.9% and 
3.2% of uranium-235, for dtimate use 
in the Angra-2 reactor. 

In accordance with Section 131 of the 
Atomic Energy Act ef 1954, as amended, 
it has been determined that these 

/ Voi. 62, No. 65 1 Friday, Apni 

subsequent arrangements wi l l  not be 
inimical to the cornman defense and 
e t y .  ' 

Tbs subsequent anangement wi l l  
take effect no sooner than fiAeen days 
&er the date of publication of this 
notice. 

Issued in Washingpn, D.C. on 
1997. 
Casrh P. Pi-& - 
Ih;redor, International Policy and M y &  
Division, offim of Aims €him1 and , 

N o n p m ~ o n .  
Doc 97-8838 Pibd 

Atomic Energy A 

AGENCY: Department of En 
A c M m :  S ~ b s e q u a  V B r n B n L  

SUMMARY: Pursuant to Section 131 of the 
Atomic Energy Act of 1954, as amended 
(42 U.S.C. 2160). notice is hereby given 

the United States of America and the 
Government of Canada concerning Civil 
Uses of Atomic Energy, as amended. 

The subsequent arrangement to be 
carried out under the above-mentioned 
agreements invoIves appmvd of the 
following retransfer, RTD/EU(CAb13, 
for the transfer of 127.8 L;ilograms of 
unirradiated low d c h e d  uranium fuel 
fabrication scrap, containing 25.241 
kilograms of the isotope uranium-235 
(19.75% enrichment). h I l  in 
Chalk River, Canada, to UI<AEA in 
Dounreay, United Kingdom. for the 
purpose of recovering the uranium for 
return to Canada In the form of uranium 
metal pieces. 

In accordance with Section 131 of the 
~tomic Energy Act of 1954, as amended 
it has been determined that this 
subsequent arrangement will not 
inimical to the common defense 
security. 
This subsequent arrangement will 

take effect no sooner that f h n  days 
after the date of publication of this 
notice. 

Dated: March 31,1997. 
For the Department of 

ChericFftzsar;lld, 
Director, Intematimd P o k y  and Analysis 
Divisjon. office of Arms Conhi  and 
Nonpralifemtim. 

4-3-97; 8:45 am] 

catlon of the Radiohgkd - 
Condition of Bullding 028 at the 

Technology Englnrwwlng 
Naer Che&worOl, Cdtfomia 

fmm activities canied out for the 
Atomic Energy (;oanmiscrion and the 
Energy Research and Owelopmerit - 
Administration (AECIERDA), 

Rockwell Intematid,Rocketdyne, * - 
has - 
North 

FURTHER WFORUATlOW CONTACT: 
Williams, Program Manager, Of6;ce of 
Narthwesbm Area 

Restoretion Rogmn One objective of 
the program is to identify and clean up 
or otherwise control facilities where 
residual radioa6tiv~ contamination 
remains &om activities carried out 
under contract to AEC/ERDA during the 

of the Nation's atomic energy 

comprised of a number of 
es and.struchves located within 

Admininhntive Arm IV of the Santa 
Susana Weld Laboratory. The work 
performed for DOE at EXEC consisted 
primarily of testing of equipment, 
materiala, end components for n d ~ ~ f  
and energy related propams. These 
nuclear energy research and 
development conducted by 
Atomics Intemat~anal under contract to 
AEC/ERDA, begen in 1946. Several 
buiIdings and ld ateas beaune 
radiologically contaminated as a d t  
of facility operations and site activities. 

uilding 028 is one F3EC area that bas 
been designated for cleanup under the 
DOE Environmental Restaration 
Program. areas undergoing 
decontarmnation will be released as 



Federal Register / VoL 62, No. / Friday, April 4, 1 
- 

to deconteminntion and removal of 
and equipment and elecMcal components, 

including the furnace system used ior 
radiological restridons as eatabIished 
in DOE Order 5400.5. 

Building 028 is located in 
central section of EIZC The 
grade concrete slab is approximately 
300 m2 in area. The below-grade vault 
measures approximately BO ma with 6 m 
(20 R) ceilings. Construction consists of 
a concrete slab floor with concrete wails 
and ceilings. 

Building 028 was originally 
constructed to perform tests of spa 
rsactor shields using a fission plate 
driven by neutrons 
column of a 50-kW 
lwlctor. This react0 
Sbield Test Reactor and operated from 
1961 to 1964, when it was replaced with demonstrated that Building 028 is in 

r design to operate at 1 
er configuration was 
eld Test and Irradiation 

Reactor (STIR) and operated through 
1972. 

1976. 
In 1977, operations were started to 

investigate the be 
uraniumsxide re 
reactor accidents, 
reaction with floor aid structural 
materials. These experimants resulted in 
some recontamination of various parts 
of the building that were used for 
preparation and melting of the unanium- 420 mrem. 
oxide. Tests continued intermittently performed with a total &&ation 
into 1981. Some facility rnodificatiab 
were made, and a decision to terminate 
operations was made later in 1981. The 
building remained inactive, under 
periodic surveillance, until 
decontamination began in 1988. 

To allow the release of Building 028 
for use witbout radiol@cal restriction, 
ail detectable radioactive materid 
contamination was removed from the 
facility. This deconteminnt;on and 
decommissioning was performed in two 
phases, starting in 1975 (STIR facility) 

carriage, water cooling systems, water 
shield door, and the partially . 
dismantled exhaust system. 

The second and final stage of 
decontamination of Building 028 began 
in 1988 and required slightly less than 
five months to complete. 

Briefly, the decontamination steps 
involved in the second st 
Removal of surplus norm 
depleted uranium oxide; 

available for review between 9:00 am, 
and 4:00 pm., Monday through Friday 





SITEWIDE RELEASE CRITERIA FOR REMEDIATION OF FACILITIES AT 
THE SANTA SUSANNA FIELD LABORATORY (INCLUDES ENERGY 
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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 
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 has become 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 verifying this with a 
confirmatory survey. Approval of such a set of authorized limits is provided for in DOE Order 
5400.5, Chapter IV, Section 5, and in draft 10 CFR 834.301(c). 

The purpose of this report is to develop a set of proposed guideline values for approval by 
DOE 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. 
feasible, the local background activity of the suspect radionuclides should be determined and 
these background values subtracted from 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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. SO1 WATER GUIDE 

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 (AN-,) 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 millirern per year is used. For consideration of radiological 
contamination in water, which may be collected from wells, sumps, below-grade seepage, or 
surface water, concentration guidelines were calculated from the Dose Conversion Factors 
(DCFs) in RES , 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). 

athway Analysis 

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

The pathways analysis program , now in Version 5.61, 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. 

FOLK 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 recreational, such as a park or golf course), the resibential 
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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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 useful in determining conservative site- s for input to the code, when the 
default values were not used. In general, chan ost of the parameters were found to have a 
negligible effect on the final results because s were either not applicable or 
negligible for the given scenarios. 

P Contaminated Zone Parameters: Default values for the a of contamination (1 0,000 m2) 
and the length parallel to aquifer flow (100 m) were assumed. For the depth of contamination, a 
conservative value of 1 meter is assumed. Me ents conducted at the site have indicated 
historical maximum values ranging from 0.6 m for this parameter. 

- 

Occupancy Parameters: The defaul values for occupancy of a residence on an 
affected 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%. 

Shieldin. 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 d this value is assumed for 
the present evaluations. For direct gamin efault is 0.7, which is a 
rather conservative estimate of gamma shielding by a structure. For the present calculations, this 
latter value was adjusted from the default, for both the industrial and residential scenarios, to 
account 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 RES was calculated by modeling a 
typical two-story residential structure, and a single story industrial structure using the computer 
code ~icroshield ' .  icroshield is a point-kernel gamma shielding code developed for IB 
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 ft2) was assumed. 
For the industrial structure, a 186 m2 (2,000 fi2) area was assumed. A circular area was used 
G t h  MicroShield to obtain maximum code accuracy with minimum computational time. 

I MicroShield, Version 4.0, Grove Engineering, Inc., 1521 5 Shady Grove Road, Suite 200, Rockville, MD 20850. 
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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. 

input values for food and water consumption are 
based 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 &action (10% of 
that grown on a family farm) of the h i t  and leafy vegetables consumption would be from 
material grown on site. The values used are 16 kgiyek per person and 1.4 kdyear per 
respectively. It was further assumed that water for the residence would be obtained from a well 
on the site (5 10 literslyear 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 
surface water would be available in the wilderness scenario. It is also assumed that perh 
of the family farm h i t  consumption value might be collected from wild sources, thus, 0. 
kglyear is used for these scenarios. 

: The SSFL facility is located in the Simi Wills in 
eastern Ventura County, California. The Sirni 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 locations 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 
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. 

e density of this alluvium layer is approximately 1.5 g/cm3. 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 RES manual. Precipitation at the facility is measured 
annually by a rain gauge located in the northeastern portion of the SSFL wentura County 
Gauge Number 249). Based on measured data 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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3.5 Proposed Soil and ater Guidelines 

Based on the data in Table 3, proposed comewative guidelines, consistent with the several 
appIicable regulations governing residual radioactivity discussed above, are listed in Table 
With the exception o adium, and thorium, the proposed soil guidelines are those 
calculated fkom RE§ residential use scenario. For uranium, proposed guidelines 
those adopted by the Cilg for U-234, U-235, and U-238, respectively, see 

P 

culated Single sotope Guidelines Va 

Water guidelines calculated from R1 

162 
9.83 
16.9 
46.7 
22.8 
20.7 

4,780,000 
129,000 

147 
30.9 
11.7 

1,56O,OOO 
572,000 

192 
175 
175 

6,430 
183 
13.6 

7.98 
647 
160 
445 

SRAD ingestion 

Residential 
5.44 
1.94 
3.33 
9.20 
4.5 1 

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

151,000 
55,300 

37.2 
33.9 
33.9 
230 
35.5 

0.199 
36.0 
2.81 
1.53 
lo6 
32.1 
90.9 

ose conversion factors, assuming the 
EPA dose limit of 4 mrerdyear (see text). 

b ~ o r  these radionuclides, the EPA Safe Drinking Water Act or the State of California 
Title 22 limits should be used (see Table 4). 
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Criteria for Remediation of Facilities at the 
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Page 1.1 

SUMMARY OF CHANG 

Section 3.2: Reference to topography of region include 
justiftcation for exclusion of the family farm scenario. 

Section 3.3 - Shielding Parameter: Shi 
residential m c n v e  (of the 
t location midway from the 

sidential occupancy realisrically apportione 
and second stones. 

Sections 3.4 and 3.5: DOE values dium and Thorium are 
iiatcad of the more restrictive RES 

n updated to reflect the new shielding &?lciiIations and the 15 mrcmly 
annual dosc limit. 

Section 6.0: First paragraph revised and combined with second pwagraph. 

Sections 6.1.6.2. and 6.3: Words added to explain th 
Spccificdly, bat sample locations arc biased towards 
rez~dings, or areas of tentid csnammatlon. 

Appendix A: Updat 

APPROVALS AND DATE 



NO0 1 SRRl4O 127 
Page: 3 

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 
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 has become 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 verifying this with a 
confirmatory survey. Approval of such a set of authorized limits is provided for in DOE Order 
5400.5, Chapter IV, Section 5, and in draft 10 CFR 834.301(c). 

The purpose of this report is to develop a set of proposed guideline values for approval by 
DOE 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. 
feasible, the local background activity of the suspect radionuclides should be determined and 
these background values subtracted from 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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. SO1 WATER GUIDE 

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 (AN-,) 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 millirern per year is used. For consideration of radiological 
contamination in water, which may be collected from wells, sumps, below-grade seepage, or 
surface water, concentration guidelines were calculated from the Dose Conversion Factors 
(DCFs) in RES , 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). 

athway Analysis 

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

The pathways analysis program , now in Version 5.61, 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. 

F o u  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 recreational, such as a park or golf course), the resibential 
scenario, and the family fann 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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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 useful in determining conservative site- s for input to the code, when the 
default values were not used. In general, chan ost of the parameters were found to have a 
negligible effect on the final results because s were either not applicable or 
negligible for the given scenarios. 

P Contaminated Zone Parameters: Default values for the a of contamination (1 0,000 m2) 
and the length parallel to aquifer flow (100 m) were assumed. For the depth of contamination, a 
conservative value of 1 meter is assumed. Me ents conducted at the site have indicated 
historical maximum values ranging from 0.6 m for this parameter. 

- 

Occupancy Parameters: The defaul values for occupancy of a residence on an 
affected 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%. 

Shieldin. 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 d this value is assumed for 
the present evaluations. For direct gamin efault is 0.7, which is a 
rather conservative estimate of gamma shielding by a structure. For the present calculations, this 
latter value was adjusted from the default, for both the industrial and residential scenarios, to 
account 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 RES was calculated by modeling a 
typical two-story residential structure, and a single story industrial structure using the computer 
code ~icroshield ' .  icroshield is a point-kernel gamma shielding code developed for IB 
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 ft2) was assumed. 
For the industrial structure, a 186 m2 (2,000 fi2) area was assumed. A circular area was used 
G t h  MicroShield to obtain maximum code accuracy with minimum computational time. 

I MicroShield, Version 4.0, Grove Engineering, Inc., 1521 5 Shady Grove Road, Suite 200, Rockville, MD 20850. 
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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. 

input values for food and water consumption are 
based 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 &action (10% of 
that grown on a family farm) of the h i t  and leafy vegetables consumption would be from 
material grown on site. The values used are 16 kgiyek per person and 1.4 kdyear per 
respectively. It was further assumed that water for the residence would be obtained from a well 
on the site (5 10 literslyear 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 
surface water would be available in the wilderness scenario. It is also assumed that perh 
of the family farm h i t  consumption value might be collected from wild sources, thus, 0. 
kglyear is used for these scenarios. 

: The SSFL facility is located in the Simi Wills in 
eastern Ventura County, California. The Sirni 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 locations 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 
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. 

e density of this alluvium layer is approximately 1.5 g/cm3. 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 RES manual. Precipitation at the facility is measured 
annually by a rain gauge located in the northeastern portion of the SSFL wentura County 
Gauge Number 249). Based on measured data 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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3.5 Proposed Soil and ater Guidelines 

Based on the data in Table 3, proposed comewative guidelines, consistent with the several 
appIicable regulations governing residual radioactivity discussed above, are listed in Table 
With the exception o adium, and thorium, the proposed soil guidelines are those 
calculated fkom RE§ residential use scenario. For uranium, proposed guidelines 
those adopted by the Cilg for U-234, U-235, and U-238, respectively, see 

P 

culated Single sotope Guidelines Va 

Water guidelines calculated from R1 

162 
9.83 
16.9 
46.7 
22.8 
20.7 

4,780,000 
129,000 

147 
30.9 
11.7 

1,56O,OOO 
572,000 

192 
175 
175 

6,430 
183 
13.6 

7.98 
647 
160 
445 

SRAD ingestion 

Residential 
5.44 
1.94 
3.33 
9.20 
4.5 1 

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

151,000 
55,300 

37.2 
33.9 
33.9 
230 
35.5 

0.199 
36.0 
2.81 
1.53 
lo6 
32.1 
90.9 

ose conversion factors, assuming the 
EPA dose limit of 4 mrerdyear (see text). 

b ~ o r  these radionuclides, the EPA Safe Drinking Water Act or the State of California 
Title 22 limits should be used (see Table 4). 
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(08-03) 

United States Government epartment of 

REPLY TO 
ATTNOF EM-44 (D. Will iams, 903-8173) 

SUBJECT Sitewide Limits for Release of Facil i ties Without Radiological Restriction 

TO R. Liddle, Oakland Operations Office 

We have reviewed Rocketdyne's proposed sitewide limits for release of 
facilities at the Santa Susana Field Laboratory (SSFL) without radiological 
restriction and are satisfied that our previous concerns and comments have 
been addressed. 

The proposed limits are consistent with the Department of Energy (DOE) 
Order 5400.5 requirement for a Total Effective Dose Equivalent limit of 100 
mrem/yr plus As low As Reasonably Achievable (ALARA) for future occupants, 
the Nuclear Regulatory Commi ssion proposed a radio1 ogical guide1 ine of 15 
mremlyr ALARA, and the Environmental Protection Agency proposed a guideline 
of 15 mremlyr for release of properties. 

Corrective actions taken by Rocketdyne for the sampling and statistical 
approach to final survey data validation for DOE projects are now 
comparable to methodologies or standard practices used at other DOE sites 
and the requirements of Nuclear Regulatory Commission Nuclear Regulation 
(NUREGj/CR-5489 (Manual for Conducting Radiological Surveys in Support of 
Llcense Termination). 

We also received a copy of the letter from the California Department of 
Health Services stating concurrence with the proposed release guidelines 
and t h e  intent to incorporate these guidelines into Rocketdyne's California 
R a d i o a c t ~ v e  Material License. 

B a s e a  upon the above information, the proposed sitewide release criteria 
for rernedlation of facilities at the SSFL are hereby approved for use. 

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

Director ' 
Office of Northwestern' Area Programs 
Environmental Restoration 

Pnnred on recycled Paper 
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STATE OF CALIFORNIA-AEALTH A N D  WELFARE AGENCY PETE WILSON, Governor 

DEPARTMENT OF HEALTH SERVICES 
714/744 P STREET 

P 0 BOX 942732 

SACRAMENTO CA 94234 7320 

96ETEC-DRF-0455 

( 9 6 )  323-2759 

August 9, 1996 

Ms. Majelle Lee, Program Manager 
Environmental Management 
Zocketdyne Division 
gockwell lnternational Corporation 
P. 0. 2ox 7930 
Canoga Park, CA 91309-7930 

Subject: Authorized Sitewide Radiological Guidelines for Release 
of Unrestricted Use 

Dear Ms. Lee: 

This letter is to acknowledge the receipt of your letter dated June 
28, 1996 requesting concurrence of the above subject. The above 
mentioned letter and its attachments have been reviewed by the 
staff of this office. The ~adiologic Health Branch (RHB) concurs 
that the proposed release guidelines provide adequate assurance for 
the release of the facilities and properties at Rocketdyne's Santa 
Susana Field Laboratory (SSFL) and DeSoto sites without further 
radiological restrictions. Your letter dated June 28, 1996 with 
attachments will be incorporated into Rocketdyne's California 
Radioative Material License # 0015-70 upon receipt of a commitment 
letter signed by Mr. Phil Rutherford. 

If you have any questions concerning this matter, please feel free 
to call Mr. Stephen Hsu of this office at (916) 322-4797. 

Sincerely, 

'. 
Gerard Wong, Ph.D., Chief 
Radioactive Material Licensing Section 
~adiologic Health Branch 
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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 
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 has become 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 verifying this with a 
confirmatory survey. Approval of such a set of authorized limits is provided for in DOE Order 
5400.5, Chapter IV, Section 5, and in draft 10 CFR 834.301(c). 

The purpose of this report is to develop a set of proposed guideline values for approval by 
DOE 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. 
feasible, the local background activity of the suspect radionuclides should be determined and 
these background values subtracted from 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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- 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 is proposing to 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 (mrerdyear) is adopted 
to assure that future uses will contribute small doses compared to natural background doses, 
which are in the range of 250-400 mredyear (Ref. 3). This limit is considered to be as low as 
reasonably achievable below the basic DOE dose limit of 100 rnremlyear. The 15 mredyear 
value corresponds to a calculated increased lifetime cancer risk to a potential future user of the 
site of 3 x lo4. 

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 justify. For example, the EPA 
proposed TEDE of 15 mredyear was arrived at after extensive ALARA 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 mredyear 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 &at tend to underestimate the detector efficiency for the likely 
contaminants, 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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. SO1 WATER GUIDE 

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 (AN-,) 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 millirern per year is used. For consideration of radiological 
contamination in water, which may be collected from wells, sumps, below-grade seepage, or 
surface water, concentration guidelines were calculated from the Dose Conversion Factors 
(DCFs) in RES , 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). 

athway Analysis 

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

The pathways analysis program , now in Version 5.61, 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. 

FOLK 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 recreational, such as a park or golf course), the resibential 
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 from the calculations described in this report 
are stored in the Environmental Remediation (ER) library file. 

The family farm, on which family members spend 100% of their time, drinking water from 
the surface or from wells, eating vegetables and fiuit grown on the land and irrigated with the 
same water, raising their meat, milk, and fish on 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 all perhaps equally probable for the future of 
the site, and should be the scenarios considered. 

Usage Scenarios 

The basic usage conditions @er year) modeled in these calculations, for each of the three 
realistic scenarios, are summarized in Table 1. A complete 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 

Usage Conditions for Three Realistic Scenarios 

Occupancy, indoors (hourslyear) 
Occupancy, outdoors (hourdyear) 
Occupancy, off site (hourdyear) 
Drinking water (literslyear) 
Fruit, vegetables, grain (kglyear) 
Leafy vegetables (kg/year) 
Cover thickness (meters) 
Contamination area (m2) 
Contamination thickness (meters) 
Depth to water table (meters) 

Industrial 
1752 
350 

6664 
0 

1.6 
0 
0 

10000 
1 
5 

Wilderness 
0 

876 
7890 

0 
1.6 
0 
0 

10000 
1 
5 

Residential 
4380 
2190 
2190 
5 10 
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 



NO0 1 SRRl4Ol27 
Page: 7 

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 useful in determining conservative site- s for input to the code, when the 
default values were not used. In general, chan ost of the parameters were found to have a 
negligible effect on the final results because s were either not applicable or 
negligible for the given scenarios. 

P Contaminated Zone Parameters: Default values for the a of contamination (1 0,000 m2) 
and the length parallel to aquifer flow (100 m) were assumed. For the depth of contamination, a 
conservative value of 1 meter is assumed. Me ents conducted at the site have indicated 
historical maximum values ranging from 0.6 m for this parameter. 

- 

Occupancy Parameters: The defaul values for occupancy of a residence on an 
affected 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%. 

Shieldin. 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 d this value is assumed for 
the present evaluations. For direct gamin efault is 0.7, which is a 
rather conservative estimate of gamma shielding by a structure. For the present calculations, this 
latter value was adjusted from the default, for both the industrial and residential scenarios, to 
account 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 RES was calculated by modeling a 
typical two-story residential structure, and a single story industrial structure using the computer 
code ~icroshield ' .  icroshield is a point-kernel gamma shielding code developed for IB 
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 ft2) was assumed. 
For the industrial structure, a 186 m2 (2,000 fi2) area was assumed. A circular area was used 
G t h  MicroShield to obtain maximum code accuracy with minimum computational time. 

I MicroShield, Version 4.0, Grove Engineering, Inc., 1521 5 Shady Grove Road, Suite 200, Rockville, MD 20850. 
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Screening 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/cm2, 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 pCi/g for each isotope. Resulting 
gamma energy groups for this isotope mix ranged fiom 0.1 to 1.5 MeV. A factor of 0.89 was 
used to account for shielding from 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) + (0.33)(0.3 1) = 0.51. 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 
for Typical SSFL S 

I Gamma Shielding Factor 

Center 0.27 0.57 

Midpointa 0.3 1 0.61 

Perimeterb 0.57 0.71 
Industrial Structure (186 m2 footprint, single story) 
Center 0.22 - 
Midpointa 0.25 - 
perimeterb 0.58 - 
aMidpoint between the center and the perimeter of the structure 
bEdge of the stnicture. 
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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. 

input values for food and water consumption are 
based 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 &action (10% of 
that grown on a family farm) of the h i t  and leafy vegetables consumption would be from 
material grown on site. The values used are 16 kgiyek per person and 1.4 kdyear per 
respectively. It was further assumed that water for the residence would be obtained from a well 
on the site (5 10 literslyear 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 
surface water would be available in the wilderness scenario. It is also assumed that perh 
of the family farm h i t  consumption value might be collected from wild sources, thus, 0. 
kglyear is used for these scenarios. 

: The SSFL facility is located in the Simi Wills in 
eastern Ventura County, California. The Sirni 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 locations 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 
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. 

e density of this alluvium layer is approximately 1.5 g/cm3. 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 RES manual. Precipitation at the facility is measured 
annually by a rain gauge located in the northeastern portion of the SSFL wentura County 
Gauge Number 249). Based on measured data 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 Hvdroloxy Data: There are two groundwater systems at the SSFL: 1) a 
shallow system in the surficial alluvium and the underlying zones of weathered sandstone and 
siltstone/claystone, and isolated shallow fracture systems; and 2) a deeper regional system in the 
fractured Chatsworth Formation. The shallow zone is discontinuous, with depths to groundwater 
ranging from land surface 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. 

P 

Typical pumping rates for deep wells in the Chatsworth Formation (rock) range from 60 to 
70 m3lYear up to a maximum of about 300 m3/year. For the shallow (alluvium) region, however, 
pumping rates are significantly lower, typically about 35 m3/year. Further, in the shallow 
region, many wells would be dry for a good fraction 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 mlyear has been assumed. 

Radon Pathway: Two default values were modified for the radon pathway. The thickness 
of the foundation was set at 0.1 m (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. 

Calculated Soil and ater Guidelines from 

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 from the dose conversion factors 
used in RESRAD for ingestion, using an EPA value of 2 literslday total water consumption (per 
person) from the site, and an EPA dose limit of 4 mremlyear (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 pCi/l): 

............................................................................ H-3 .20,000 
.............................................. 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 Proposed Soil and ater Guidelines 

Based on the data in Table 3, proposed comewative guidelines, consistent with the several 
appIicable regulations governing residual radioactivity discussed above, are listed in Table 
With the exception o adium, and thorium, the proposed soil guidelines are those 
calculated fkom RE§ residential use scenario. For uranium, proposed guidelines 
those adopted by the Cilg for U-234, U-235, and U-238, respectively, see 

P 

culated Single sotope Guidelines Va 

Water guidelines calculated from R1 

162 
9.83 
16.9 
46.7 
22.8 
20.7 

4,780,000 
129,000 

147 
30.9 
11.7 

1,56O,OOO 
572,000 

192 
175 
175 

6,430 
183 
13.6 

7.98 
647 
160 
445 

SRAD ingestion 

Residential 
5.44 
1.94 
3.33 
9.20 
4.5 1 

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

151,000 
55,300 

37.2 
33.9 
33.9 
230 
35.5 

0.199 
36.0 
2.81 
1.53 
lo6 
32.1 
90.9 

ose conversion factors, assuming the 
EPA dose limit of 4 mrerdyear (see text). 

b ~ o r  these radionuclides, the EPA Safe Drinking Water Act or the State of California 
Title 22 limits should be used (see Table 4). 
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Table 4. Proposed Soil and Water Guidelines for SSFL Facilities 

Radionuclide 
Soil Guidelines 

@wz) 
5. 
1.94 
3.33 
9.20 
4.5 1 
4.1 1 

629,000 
3 1,900 
27.6 
6.11 
2.3 1 

15 1,000 
55,300 
37.2 
33.9 
33.9 
230 
35.5 

5' and 15" 
36.0 

5' and 15" 
5' and 15" 

3ob 
3ob 
35b 

Gross alpha (not including radon and uranium) 
Gross beta 

%ate of California Maximum Contaminant Leve 

total uranium 20a 

CCR Title 22 
b Generally more conservative NRC limits for uranium isotopes 
are proposed. 

'DOE Order 5400.5 limits are proposed (5 pCYg averaged over 
first 15 cm of soil depth and 15 pCYg averaged over 15 cm layers 
below the top 15 cm). 

Ref. 9). For radium and thorium, DOE Order 5400.5 limits are proposed (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 are the most restrictive of the 
three scenarios considered. 
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The choice of a basic dose limit of 15 rnrem/year for all pathways combined leads to lower - 
limits than would result from 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 from the RES 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 I). 
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. SURFACECONT 

Surface contamination limits are specified in Figure IV-1 of Chapter IV in DOE Order 
5400.5. For SSFL facilities, these limits have been modified by specifying the potential 
contaminants present in the Rockwell facilities, and eliminating those that are not pertinent. The 
proposed guidelines are given in Table 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 instnunentation. 

roposed Surface Contamination Guidelines for SSFL Facilities 

Uranium 
Mixed fission products 
Activation products 
Tritium 

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-152, 
Eu-154, Al-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 would be imposed for accessible (or potentially accessible) surfaces and 
structures. 
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A guideline of 5 @/hr above natural background, measured at 1 meter above the surface, - 

is proposed. 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 pR/hr stated in DOE Order 5400.5, Chapter IV, -- 

.c. This guideline would be 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 G 

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. 

Soil Guidelines 

Sample analysis is necessary _to demonstrate the successful decontamination of soil areas. 
A qualitative scan will be performed using gamma-sensitive andlor beta-sensitive detectors to 
identify 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 from 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 limit 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 
100-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 15 mremtyear 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 100-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- 
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 from within the same 100-m2 area, and 
used to define the average contamination in this area. 
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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 not be greater than 
guideline, where A is the area in m2. Reasonable efforts 1 be made to remove any soil with 
contamination that exceeds 30 x guideline (Ref. 

ee Contamination Guidelines 

The proposed surface contamination guidelines would be applied to all accessible surfaces 
and structbres. This would include ceilings, floors, and walls, and other potentially accessible 
locations such as attics. ere surface contamination by both alpha- and beta-gamma-emitting 
radionuclides exists, the guidelines established for alpha- and beta-gamma-emitting radionuclides 
should apply independently. Measurements of average contamination are averaged over an area 
of 1 m2. For objects of less surface 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 bemcontarninated, 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 surface contamination 
measurements will be made over a fraction of the 1 surfaces, as determined by the 
designation of the area as affected or unaffected. areas will be surveyed at a nominal 
fraction of 11%. Unaffected areas will be surveyed at lesser ctions. Locations for the 
quantitative survey measurements will be based on a 3x3 meter master grid. One sample will be 
taken fiorn 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 co ation, by the surveyor's 
judgment. Results from 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. After a q itative 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-rn2 
location and the numerical result, after correction for background, count time, and detector 
efficiency, yields the 1-m2 average surface activity. These detectors are calibrated against 
230 for alpha activity and Tc-99 for beta activity. e emission energies of these radionuclides . 
is generally less than those radionuclides found as contamination at SSFL. This results in an 
underestimate of the efficiency of the detectors for the actual contaminant radioactivity and 
hence an overestimate of the actual measurement. 

The amount of removable activity per 100 crn2 of surface area is determined by wiping an 
area of that size with dry filter or soft absorbent paper, applying moderate pressure, and 
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measuring the amount of radioactive material on the wiping with an appropriate instrument of 
known efficiency. 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 t,ritium detection are similar to that described above, with the exception 
that a wet swipe or piece of ~ t ~ r o f o a m  should be used. If the property has been recently 
decontaminated, a follow-up measurenient (smears) should be conducted to ensure that there is 
no build-up of contamination with time. 

Ambient Gamma Exposure 

Measurements of the ambient gamma exposure rate provides a useful 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 yWhr above natural background for screening radiurn- 
contaminated property. The NRC has imposed a 1 0 p R h  limit on the decommissioning of 
radioactive materials licensees, and a 5 p R h  limit on the decommissioning of research reactors. 
The 5 y R h  limit above natural background is proposed for use at Rocketdyne. Because of the 
variability and differences in natural background, the limit of 5 pWhr is about as low as can be 
reasonably implemented. 

Quantitative measurements of the ambient gamma exposure rate will be made over a 
fraction 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 fractions. Locations for the quantitative survey measurements will be based 
on a 3x3-meter master grid. One measurement, covering one 1-rn2 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 NaI(T1) 
detectorlphotomultiplier probe, connected to a scaler to provide objective numerical values. The 
detector is placed 1 meter above the local (ground or floor) surface. This instrument is calibrated 
by reference to a High Pressure Ion Chamber (HF'IC) in a background area. 
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Statistical Validation of Suwey Data 

The statistical approach employed at RocketdynefETEC for establishing that survey 
meets guideline values is a method referred to as Sampling Inspection by Vaiiables (Ref. 1 
This method has been widely applied in industry and the military and is essential where the lot 
size is impractically large. Application of this meth to the remediation of c o n ~ i n a t e d  sites 
has been discussed in detail elsewhere (see for ex 

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

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

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

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

the desired sensitivity for the test 
TS and x are then compared 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 further 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 L 
as the poorest quality that should be accepted in an individual 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 10%). C 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, = K2 = 1.282. The number of samples is n. Values of k for each 
sample size are calculated in accordance with the following equations: 

where = tolerance factor, 
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K, = the normal deviate exceeded with probability of P, 0.10 (from tables, 
K2 = 1.282, see Ref. 18), 

KZ = the normal deviate exceeded with probability equal to the LTPD, 
10% (from tables, Kg = 1.282, see Ref. IS)', and 

n = number of samples. 

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

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. 

Collect additional measurements: If the test statistic (x + ks) is greater that the limit (U), but - 
x itself is less than U, independently resample and combine all measured values to determine 
if 2 + ks I = U for the combined set; if so, accept the area as clean. If not, the area is 
contaminated and must be remediated. ,? 

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

Thus, based on sampling inspection, we are willing to accept the hypothesis that the proba- 
bility of accepting an area as not being contaminated which is, in fact, 10% 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 
90/90/100 test) of the authorized limit. 
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Appendix A 

arameters for Calculations (S 

Area of contaminated zone (m2) 
Thickness of contaminated zone (m) 
Length parallel to aquifer flow (m) 
Basic radiation dose limit (mremlyr) 
Time since placement of material (yr) 
Times for calculations (yr) 
Times for caiculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
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 (g/cm3) 
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 (g/cm3) 
Evapotranspiration coefficient 
Precipitation (m/yr) 
Irrigation (mlyr) 
Irrigation mode 
Runoff coefficient 
Watershed area for nearby stream or pond (m2) 
Accuracy for waterhoil computations 
Density of saturated zone (g/cm3) 
Saturated zone total porosity 
Saturated zone effective porosity 
Saturated zone hydraulic conductivity (mlyr) 
Saturated zone hydraulic gradient 
Saturated zone b parameter 
Water table drop rate (mlyr) 
Well pump intake depth (m below water table) 

Value Used for Scen 
I 

ndustrial 

1.000E+04 
1.000E+00 
1.000E+02 
1 SOOE+OI 
0.000E+00 
1.000E+00 
3.000E+00 
1.000E+01 
3.000E+01 
1.000E+02 
3.000E+02 
1.000E+03 
3 .OOOE+O? 
1.000E+04 
0.000E+00 

not used 
not used 

1.500E+00 
1.000E-03 
4.300E-01 
2.000E-01 
3.000E4-03 
5.300Ei-00 
8.0OOE+OO 
5.000E-01 
4.700E-0 1 
2.000E-01 
overhead 

2.000E-01 
1.000E+06 
1.000E-03 
1.500E+00 
4.3OOE-01 
2.000E-01 
3 .OOOE+03 
2.000E-02 
5.3 00E+00 
1.000E-03 
1.000E+O It 

Wilderness 

1.000E+04 
2.000E+00 
1.000E+02 
1 .5OOE+O1 
0.000E+00 
1.000E+00 
3.000E+00 
1.000E+01 
3.000E+O 1 
1.000E+02 
3.000E+02 
1.000E+03 
0.000E+00 
0.000E+00 
0.000E+00 

not used 
not used 

1.500E+00 
1.000E-03 
4.300E-0 1 
2.000E-01 
3 .OOOE+O3 
5.3OOE+OO 
8.000E+00 
5.000E-0 1 
4.700E-0 1 
2.000E-01 
overhead 

2.000E-0 1 
1.000E+06 
1.000E-03 
1.500E+00 
4.300E-01 
2.000E-01 
3.000E+03 
2.000E-02 
5.300E+00 
1.000E-03 
1.000E+O 1 

,aria 

Residential 

1.000E+04 
1.000E+00 
1.000E+02 
1 SOOE+O 1 
0.000E+00 
1.000E+00 
3.000E+00 
1.000E+O 1 
3.OOOE+O I 
1.000E+02 
3.000E+02 
1.000E+03 
3 .OOOE+O3 
1.000E+04 
0.000E+00 

not used 
not used 

1.500E+00 
1.000E-03 
4.300E-01 
2.000E-0 1 
3.000E+03 
5.300E+00 

.000E+00 
.000E-0 1 

4.700E-0 1 
.000E-01 

overhead 
2.000E-01 
1.000E+06 
1.000E-03 
1.500E+00 

2.000E-0 1 
3.000E+03 
2.000E-02 
5.300E+00 
1.000E-03 
1.000Ei-0 I 

1.000E+04 
2.000E+00 
1 .OOOE+02 
3.000E+O 1 
0.000E+00 
1.000E+00 
3.000E+00 
1*000E+0 1 
3.OOOE+O 1 
1.000E+02 
3.000E+02 
1.000E+03 
0.000E+00 
0.000E+00 
0.000E+00 
1.5OOE+00 
1.000E-03 
1.500Ei-00 
1.000E-03 
4.000E-01 
2.000E-0 1 
1.000E+O 1 
5.300E+00 

.000E+00 
.000E-0 1 

1.000E+00 
2.000E-0 1 
overhead 
.000E-0 1 

1.000E+06 
1.000E-03 
1.500E+00 
4.000E-01 
2.000E-0 1 
1.000E+02 
2.000E-02 
5.300E+00 
1.000E-03 
1.000E+O 1 
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Input Parameters for RESRAD Calculations (Sheet 2 of 3) 

Parameter 
Model: Nondispersion (ND) or Mass-Balance (MB) 
Well pumping rate (m3lY) 
Number of unsaturated zone strata 
Unsat. zone I ,  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 (mlyr) 
Inhalation rate (m31yr) 
Mass loading for inhalation &/m3) 
Dilution length for airborne dust, 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, external gamma 
Fruits, vegetables and grain consumption (kglyr) 
Leafy vegetable consumption (kglyr) 
Milk consumption (Llyr) 
Meat and poultry consumption (kglyr) 
Fish consumption (kg/yr) 
Other seafood consumption (kg/yr) 
Soil ingestion rate (g/yr) 
Drinking water intake (Llyr) 
Contamination fraction of drinking water 
Contamination fraction of household water 
Contamination fraction of livestock water 
Contamination fraction of irrigation water 
Contamination fraction of aquatic food 
Contamination fraction of plant food 
Contamination fraction of meat 
Contamination fraction of milk 
Livestock fodder intake for meat (kglday) 
Livestock fodder intake for milk (kg/day) 
Livestock water intake for meat (Llday) . 
Livestock water intake for milk (Llday) 
Livestock soil intake (kglday) 
Mass loading for foliar deposition (g/m3) 
Depth of soil mixing layer (m) 
Depth of roots (m) 

Value Used for Scenario 
Industrial 

ND 
not used 

1 
4.000Et-00 
1 SOOE+OO 
4.300E-01 
2.000E-01 
5.3OOE+OO 
3 .OOOE+03 
8.400E+03 
2.000E-04 
3.000E+00 
3.000E+01 
4.000E-0 1 
2.500E-01 
2.000E-0 1 
4.000E-02 
1.000E+00 
1.600E+00 
0.000E+o0 
not used 
not used 
not used 
not used 

3.650E+01 
not used 
not used 

1.00OE+oO 
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 
1.500E-01 
9.000E-01 

Wilderness 
ND 

not used 
1 

4.000E+00 
1.500E+00 
4.300E-01 
2.000E-01 
5.3 00E+00 
3.000E+03 
8.400E+03 
2.000E-04 
3.000E+00 
3.000E+O 1 
4.000E-0 1 
7.000E-01 
0.000E+00 
1.000E-01 
1.000E+00 
1.600E+00 
0.000E+00 

not used 
not used 
not used 
not used 

3.65OE+O 1 
not used 
not used 

0.000E+00 
0.000E+00 
1.000E+00 
not used 

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

1.000E-04 
1.500E-01 
9.000E-0 1 

Residential 
ND 

7.000E+O1 
1 

4.000E+00 
1.500E+00 
4.300E-0 1 
2.000E-0 1 
5.300E+00 
3.000E+03 
8.400E+03 
2.000E-04 
3.000E+00 
3.000E+O 1 
4.000E-0 1 
5.100E-0 1 
5.000E-01 
2.500E-01 
1.000E+00 
1.600E+O I 
1.400E+00 
not used 
not used 
not used 
not used 

3.65OE+Ol 
5.100E+02 
1.000E+00 
1.000E+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 
1.500E-0 1 
9.000E-0 1 

RESRAD 
Default 

2.5OOE+02 
1 

4.000E+00 
1.500E+00 
4.000E-0 1 
2.000E-0 I 
5.3OOE+OO 
1.000E+O 1 
8.400E+03 
2.000E-04 
3.000E+00 
3.000E+O 1 
4.000E-0 1 
7.000E-0 1 
5.000E-0 1 
2.500E-01 
1.000E+00 
1.600E+02 
1.4OOE+O 1 
9.2OOE+O 1 
6.300E+Ol 
5.400Et-00 
9.000E-01 
3.650E+0 1 
5.100E+02 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
5.000E-0 1 

- 1 
- 1 
- 1 

6.800~+0 1 
5SOOE+O 1 
5.OOOE+O 1 
1.600E+02 
5.000E-01 
1.000E-04 
1.500E-0 1 
9.000E-01 
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Input Parameters for RES Calculations (Sheet 3 of 3) 

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 (glg) 
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 
Leafy vegetables 
Milk 

eat 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 
Difhsion coefficient for radon gas (mlsec): 
in cover material 
in foundation material 
in contaminated zone soil 

Radon vertical dimension of mixing (m) 
4verage annual wind speed (mlsec) 
4verage building air exchange rate ( Ihr )  
Height of the building (room) (m) 
3uilding interior area factor 
3uilding depth below ground surface (m) 
3manating power of Rn-222 gas 
Zmanating power of Rn-220 gas 

Industrial 
1.000E+00 
not used 

1.000E+00 
not use 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.4OOE+O 1 
1.000E+00 
not used 
not used 
not used 
not used 

1.000E+00 
1.000E+00 
not used 

1.000E-0 1 
2.400E+00 

not used 
1.000E-0 1 
not used 

3.000E-02 

not used 
3.000E-07 
2.000E-06 
2.000E+00 
2.00OE+OO 
5.OOOE-0 1 
2.500E+00 
0.000E+00 
1.000E-0 1 
2.500E-0 1 
not used 

Used for Sc 
Wilderness 
1.000E+00 
not used 

1.000E+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

l.4OOE+O 1 
1.000E+00 
not used 
not used 
not used 
not used 

1.000E+00 
1.000E+00 
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 

lario 
Residential 
1.000E+00 
1.000E+00 
1.000E+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

lAOOE+O 1 
1.000E+00 
not used 
not used 
not used 
not used 

1.000E+00 
1.000E+00 
not used 

1.000E-0 1 
2.40OE+OO 

not used 
1.000E-0 1 
not used 

3.000E-02 

not used 
3.000E-07 
2.000E-06 
2.000E+00 
2.0OOE+OO 
5.000E-01 
2.500E+00 
0*000E+00 
1.000E-0 1 
2.500E-01 
not used 
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re 1-6 shows the remainin 
-- 

e terrain throughout most o 
- 

prevalent east upslo 

mum distance to A 

- 

OPE 

1977, operations were start to investigate th .-- 

simulated reactor accidents, in articular, its reaction wit 
experiments resulted in some r ontamination of various 

- ation and the meltin 
difications were ma 



in 198 1. The building remained inactive, under periodic surveillance, until 1988 when cleanout 
and decontamination began. 

April 1989, it was determined that there was no remaining radioactive contamination in 
the above-grade portion of the building and that part of the structure was demolished. Only the 
concrete floor and the below-grade test vault and stairway currently remain. 
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removed in 1976 
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Supply 
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Basement \ Uranium melt furnace and vacuum exhaust 
system. High internal contamination contains - 22 kg of Normal U02. 

. Plan View of Buil g TO28 Prior to Decontamination and 
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NO. 028-AR-0001 
Page: 10 
Date: March 18, 1996 

. Above-Grade TO28 After Demolition 



NO. 028-AR-000 1 
Page: 11 
Date: March 18, 1996 

igure 1-6. Existing Below-Grade Portion of Building 



The Shield Test 
proceeded as describe ) of Facilities Program 
Plan," PP-704-990-0 imated to begin on October 1, 
1975 and be complet e actual dismantling of 

and structures asso 

lting fiom the D&D 
ions were filled and covered wit his was required to restore the facility to 



The decontamination and disposition @ 
the activated concrete structures the core tanks, the thermal column, 

the reactor shield, the test vault carriage, the water ms, and the water shield door 
were removed, and the facility exhaust system ismantled. The facilities were 
decontaminated to levels which were as low in all cases to levels below the 
limits described as acceptable for f5ture u ore si@cant I)&D activities are 
summarized, and special techniques are n sults of the radiological 
monitoring in support of the D&D operations and of the final radiological survey are presented in 
(Ref 1) 

The overd schedule for the D&D of Building 8 facility was estimated to require 6 
months, excluding the demolition. The actual time d was slightly less than 5 months (July 
through December 19 ), including disposal of cted amount of oil found within the 
vacuum systems. The molition required 3 mo as completed by mid July 1989. 

Briefly, the D&D steps involved were (1) removal of surplus normal and depleted uranium 
) decontamination and removal of equipment and electric components, including the 
ystem used for the uranium-oxide experiments; (3) remo of the radioactive ducting 

system; (4) building surfaces decontamination, including scabbling of Room 10 lA concrete floor; 
(5) final miscellaneous cleanup operations; and (6) final radiologicdl survey of the TO28 buildi 
facility (above-grade and basement). 

Following analysis of the final radiological su a, which showed no residual 
radionuclide contamination above acceptable levels 

o. for demolition and removal of the ab 
and removal work was compIeted in July 1989. 

1 radioactive waste from the facility D&D was sent to the F for packaging and 
3 shipment to Hanford, Washington. A total of about 1, of waste was shipped to Hanford. 

At the request of the U.S. Department of Energy OE), the Environmental Survey and 
Site Assessment Program (ESSAP) of the Oak Ridge Institute for Science and  duda at ion 
performed a verification survey of Building T028. Activities included document reviews, surface 
scans, surface activity measurements, soil sampling, and sample analyses. 



ESSAP's independent measurement and sampling data for Building TO28 were within the -- 
neric surface contamination DOE 's opinion that these 
et the requirements for release to 

- 



of the activities discus in accordance with approved, ' 

es. The procedures emplo es 4,6 and 10 and presented 
ails of the day-by-day activities, identification of crews, and other infomation are 

contained in the operational log book titled ' 028 Decontamination - August 1988," 
which is located in the Atomics International 10. Copies of the 

Analysis Reports citing the activity 1 3, and 5 prior to 
T028, and electrical equipment p oval are contained in Appendix A, Ref 

8 Decontamination, Decommissionin 

tructural Surfaces Decontamination, Rev New. Revised 81'1 1/88 for 

eas Decontamination, 
Rev New. Revised 8 

00 10P 160007, Decontamination ize Reduction of Low Level aterials, 
proved for use 81'1 1/88. 

4 173DWP000020, radioactive . Revised for use at 
uilding T028, and approved 

N704DWP990082, High Volume Exhaust Removal, Rev A. Revised for use at 
TO28 and approved 811 1/88. 

0000 19, Size Reduction and Remov of Vacuum Furnace 
Approved for use 813 

-00, Inspection Requirements for the Shipment of 

LUS URANIUM OXIDE DISPOS 

he surplus uranium oxide was assembled, packaged and palletized for disposal. The total 
inventory remove was 278,671 gm of normal uranium oxide and 22,405 m of depleted uranium 



oxide as detailed in as performed fiom Jul 
1, 1988. This mate 

s scabbled and the walls were 

R SYS 

r 1, 1988, before a 2-week 

he filter box. Del 

1988, surveys were co 
e %mace placed on a pallet and its exterior %mace was loaded 

and diatomaceous earth, sealed and prepared 



od of October 31,198 mber 22, 1988, miscellaneous cleanup 
one. The prefilter, the ponents and the stack was removed 

om the building exterior, the sump was he furnace power transformer 
ce of cleanup, decont osal activities were conducted at the 
ed by December 7, 1988. 

ioactive survey was conducted , 1988, and the 
portions of the above ground 

survey overchecks were 
ns met the criteria for release for 

unrestricted use, and remain in place. A si was done on September 15, 
d detedned that there was no detect 0, Appendix E) 

olition specification that was used by 
e-ground portions of the building, un 

work was perform 



1 radioaaive waste result 
and shipment, and 

- 
for the arc furnace, 6 

facility 
-. 

wo separate waste , Nevada (1976), 
ashington (1988), as not 



onitoring of internal and external radiation exposu 
Safety Plan, was conducted throughout the S 

ersonnel were periodically evaluated, r internal exposure to mixed fission 
products, activation products, and nonspecific results were at or below 
the appropriate minimum detection limits for t 

The external radiation exposure of the ni iated with the dismantling 
operations, during the period of September 23, 976, when the reactor 
vessel internals, and reactor shielding were removed, with a maximum 
individual exposure of 420 rnrem. The entire operation was performed with a total radiation 
exposure of 1.7 man-rem (Ref. 1). 

nitoring of internal and external radiation exposure to ersonnel, as prescribed in the 
e Health & Safety manual, was conducted through0 uilding TO28 D&D 

operations. 

Film badges were worn by all persons entering the radiologically posted areas. These 
badges, which contained beta-garnma-sensitive ackets with the appropriate shields for 
radiation quality assessment, were processed q independent laboratory and provid 
the legally documented record of external exposure. 

None of the Engineering or Radiation and Nuclear afety personnel assigned to the TO28 
ecommissioning activity received any measurable exposure to ionizin radiation during the 

decommissioning 
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ABSTRACT 
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surveys or resurveys of selected sites were initiated in 1985. ites surveyed in these recent 

investigations included the Old Conservation Yard TO64 Side Yard, and 

Building T028. . 

ment some of which 

confirming documentation, the source of the con-tion is 

contamination. This investi 

measurements and sampling were performed and documented. 

, which was formerly known as the 

for the storage of packaged items of source and special nuclear materials prior 

1980; it is currently used to store non-nuclear mponents and ment and metal boxes 

containing low-level contaminated soil. Site history indicates t the area around the building 

and the side yard was occasionally used for storage of recoverable uranium scrap, irradiated fuel 

elements, and misce11aneous radioactive was 

cask containing irradiated "Seawolf" fuel and con 

failed, allowing the water to leak onto the S 

following the incident; however, a 1988 

elevated soil concentrations of 6s-137 (assumed equivalent amount of 

ations determined that tion was located within 

ce line over an 

additional area of 370 m2. A Cs-137 guid d the top 41 cm of soil was 

subsequently excavated from the area urvey performed and 
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hatswo s of southeastern Ventu 
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in area. The belo 
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d survey methods u 
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limits were met. 
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to determine if surveys 

contamination were identified and 
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uilding 028 originally housed the Shi 
reactor was also used for neutron radio 
decontaminated in late March 1976, as rep 
experiment was conducted in the fa 
by Department of Energy. Normal an 
under controlled conditions. Following 
the equipment was sealed, the buildi 
performed awaiting DOE funding for D 

-- 
The uranium oxide melting elqperimental 

furnace, the vacuum equipment, the associated ele 
system. A plan view of the facility is presented 

the experimental equ 
uranium which 
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Package and ship the surplus normal 

Remove, size reduce, and package 



NO0 1T3000322 - 
Page 4 

GENE 

e facility is thorou 1 and not repeated here. 
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All of the activities discussed below were performed in accordance with ;pproproved, 
written p;ocedures. The procedures employed are cited in references 4 ,6  and 10 and 
presented in Table III-1. The details of the day-by-day activities, identification of crews 
and other information are contained in the operational log book titled "Building TO28 
Decontamination-Auguq 1988", which is located in the Atomics International Library as 
R001410. Copies of the Health and Safely Analysis Reports citing the activiry levels of 
pallets 1, 2, 3, and 5 prior to shipment from building T028, and electrical equipment prior 

173DWP000010, Structural Surfaces Decontamination, Rev New. Revised 
8/11/88 for use at ~028-: 

173DWP000019, own and Suspect Contaminated Support Areas Decon- 
tamination, Rev New. Revised 8/11/88 for use at T028. 

160007, Decontamination and Size Reduction of Low Level RIA 
aterials, Rev New. Approved for use 811 1/88 

4173DWP000020, RIA ocedure, Rev New. Revised for 
use at Building T028, and approved 8/11/88. 

N704DWP990082, High Volume Exhaust Removal, ev A. Revised for use 
at Building TO28 and approved 8/11/88. 

N001DWP000019, Size Reduction and Removal of Vacuum Furnace 
tern, Rev New. Approved for use 8/3/88. 

173DWP000021, Bldg TO28 Radiological 
vised for use at TO28 and approved 81111 

094QAP-00, Inspection Requirements for the Shipment of Radioactive 
Materials, Rev E, Approved 8/11/88. 

089QPP000001, Radioactiv a1 Packaging and Shipping Quality As- 
surance Program Plan, Rev oved 811 1/88. 

N704DWP990094, Solidification of ontaminated Oil, Rev New, 
Approved 10/4/88. 

Vacuum Furnace Packaging (procedure), Created new within reference 10. 

Procedures for Removing Residual Oil . . . from Exhaust System . . . from 
the Vacuum System. Created new within reference 6. 
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ventilation ducting was removed. This activity was performed over the period of October 
10,1988 through October 20, 1988. 

cuum pump flushing was completed on September 1,1988, before a 
for other site work. Decontamination, onitonng, appurtenance removal 

and sealing of the arc furnace was performed over the period of October 10, 1 
through October 13, 1988 during which an oily substance was found ,to be leaking from 

e shipment of the furnace to F until November 
rn the resolution of s problem. A speci 
reference 6.). The oil was solidifie 

17,1988 through October 18, 9988, surveys were con- 
a pallet and its exterior cleaned. e furnace was loaded 

ed for shipment. furnace 
d the equipment struck 

r the period of October 31,1988 8, miscellaneous 
were done. The prefilter, the nents and the stack 
e building exterior, the sump d the furnace pow- 

d. The balance of clean n and disposal activities 
F and complete 

structure may be dispose portions meet the crite- 
ria for release for unre 

is the demolition specification that 
ompany, who demolished the above ground portions of the structure, under purchase 



order number R 95NJZ8Y-09-6030. 

17, 1988 through July 26, 1989. 1 

0 DOS 

a1 radiation exposure to personn 
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t 

j 
0s 

was the funding source for the entire costs of decontamination, decommis- 
sioning and demolition. The project was identified as S 1-89-1405 (reference 3) and 

the total cost at $241,000 to be available in 

e actual total costs of the project were 39,970 as recorded under E 
Order number 95943 (reference 7). It was comprised of approximately $150,000 for 

in-house labor of disassembly, decontamination, cleaning and packaging; $52,000 for 
emolition of the building above ground structure by a contractor; $28,000 for off-site 

disposal costs of contaminated materials; d the balance (approximately 
10,000) was for miscellaneous items (crane rental, materials, etc.). 
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TYPE OF ANALYSIS: 
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TYPE OF SAMPLE: SOIL - W A T E R  AIR - 

RADIOMETRIC 
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FROM 
Address . 

Phone , 

S > ~ S J X :  ad ia t ion  Survey - Buil 

A f i n a l  r ad ia t ion  survey has been conducted a t  $he T-028 complex, t o  
include a l l  i n t e r i o r  spaces and external  a reas  (Figure I ) ,  w i  t5 the 
Technical Associates PUG-1 and Eberline E-510 wlth the  7 mg/cm absorber 
probe. A f i n a l  r ad ia t ion  survey summary j s  a t tached and the  maximum 
rad i a t i on  level  detected w i t h  the 7 mg/cm absorber probe was 0.08 mrad/hr 
a t  1 cm. (General background was 9.02-0.04 mr/hr. ) The 2aximum removable 
contamination level  i~ 0 dpm/100cm a a n d ~ 6 0  dpm/100 cm 6 - Y .  

The T-028 complex i s  hereby c e r t i f i e d  t o  be clean of a l l  contamination 
and ac t i va t i on  as  s e t  f o r t h  by D&D Program Document SRR-704-900-001 of 
December 9, 1974, Revision B and re1 eased f o r  un re s t r i c t ed  use. 

& 
L. Johnson 
Radiation and Nuclear Safety 

nht: 1/2 

Enclosures 

c c  W/O enclosures: 
-- 

J. M. Harris  TO34 
W. R. McCurnin TO20 

L. Johnson TI43 
R. K. Owen TI43 

B. F. Ureda NB02 



Change Rooa 

Darkroom. 

Reactor Room 

1 

Stairway & Tunnel AEScB 

eter (-1) 

ekground level - 0.02-0. 



ckground - 0.02 - 0.04 rnrad/hr, 
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Atomics International Division 
8900 DeSoto Avenue 
Canoga Park, Cali fornia 91304  



or t  has been distribute according to the category 
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The decontamination and disposit ion (D&D) of Building 028 ,  

Shield Tes t  I r radiat ion Reactor (STIR) faci l i t ies ,  a r e  complete.  

The co re  tank, the activated concrete  s t ruc tu re s  surrounding the 

c o r e  tanks,  the thermal  column, the r eac to r  shield, the t e s t  

vault ca r r i age ,  the water  cooling sys t ems ,  and the water  shield 

door w e r e  removed,  and the facil i ty exhaust sys t em was  par t ia l ly  

dismantled.  The facil i t ies were  decontaminated to levels  which 

w e r e  a s  low a s  pract icable ,  but in a l l  c a s e s  to levels  below the 

l imi t s  descr ibed a s  acceptable for  future  unres t r ic ted  use .  The 

m o r e  significant D&D activit ies a r e  summar ized ,  and special  

techniques a r e  noted. Resul ts  of the radiological  monitoring in 

support  of the D & D  operations and of the finai radiological  s u r -  

vey a r e  presented.  
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i ne Shield Testaand I r radiat ion Reactor (STIR) located a t  the A1 Santa Susana 

i ' i e i d  l abora tc r ies  was a l -  wt pool-type r eac to r ,  used p r imar i ly to  conduct basic 

shielding experiments. The reac tor  was  operated with a 50-kwt capability be- 

~wtd;l~::n 1961 and 19 4, and with a I-Mwt capability between 1964 and 1972, The 

"Hazards S t ~ r n ~ ~ a i - y  Report" and "Startup and Operation" r epo r t s  ( provide ad-  

ditional detail  of the facil i ty his tory.  The fuel  e lements  w e r e  removed and the 

er was  drained in June 1973. The STIR facil i t ies were  declared excess ,  

arid the di smaatlfng roc eeded a s  descr ibed in the "Decontamination and Dispo - 

sition (DlkD) of Fac i l i t i es  P r o g r a m  Plan ,  ' '  PP-704-990-002, The actual  d i sman-  

ternber 24, 975, and was completed March  26, 

ontaminateci and i r radiated components and s t ruc tu re s  associated with the r e a c  - 

t o r ,  water  cooling sys tem,  t he rma l  column, t e s t  ca r r i age ,  and facil i ty exhaust 

system w e r e  removed,  packaged, and shipped to Beatty,Nevada for  disposal by 

land buria l ,  Nonradioactive per iphera l  equipment such a s  the cooling tower, 

ield door ,  and f i lm  conveyor w e r e  removed a s  salvage. Floor  and wall open- 

ultfng f r o m  the D&D operations were  filled and covered with concrete  a s  

-required to r e s t o r e  the facil i ty to a safe condition. 

mantling activit ies w e r e  conducted with a min imum of exposure to 

pel. sonnel , in eeping with "a s  low a s  pract icable"  (ALAP) pr inciples .  Upon com-  

plc'i io n of the fac i l i ty  decontamination and disposition, a radiological  survey 

verified that the facil i ty had been decontaminated to levels a s  low a s  pract icable  

below the linrlit ) descr ibed a s  acceptable for  future  unres t r ic ted  use .  

C ON T ON LI FOR DECONTAMINATION AND 
D O F  B ING 028, STIR FACILITIES 

Total 

Beta-Gamma Emitters 0.1 rnrad/hr at 1 c m  
with 7 mg/crn2 ab- 
sorber  

Alpha Emitters 100 dprn/100 crn 
2 

Removable 

This  report summar izes  the m o r e  per t inent  decontamination and disposition 

t i e s ,  d i s cusses  special  techniques used,  and reviews ma jo r  problems and 

9 





The STIR facility, shown in  Figures , consisted es sentia 

reactor core  tank, control room, cooling system, tes t  vault, graphite thermal 

column, fission plate, test  carr iage,  and radiological shielding. The facility 

was deactivated in  973, a t  which time the fuel and fission plate were  removed 

and the reactor  control room was dismantled. 

A, COOLING SYSTEM 

The reactor was cooled by natural convection flow of the pool water,  There 

were two separate cooling systems for the pool water,  The 50 -kw auxiliary 

system consisted of a 5 -ton capacity water ref rigeration installation (Figure 5) 

and an airblast  heat exchanger. Fo r  operations above 50 kw, a -Mw cooling 

system was used (Figure 6) .  The 1 -Mw system consisted of a heat exchanger 

and a one-cell induced draft counterflow cooling tower. The water purification 

loop consisted of a particulate fil ter,  a mixed-bed demineralizer,  pumps, and 

control valves. 

B, REACTOR 

The reactor core  was located a t  the bottom of a 5-ft diameter by 20-ft 

deep water -filled aluminum tank (Figure 4). Although the fuel e 

been removed in  1973, the grid plate and support s tructure remained in  place. 

The tank s a t  in  a concrete well, with a 6-in, annu us of pea gravel  between the 

vessel  and the concrete, The lower end of the tank mated with the thermal 

column which led to the test  vault. A 7-in. lead shutdown shield filled with 

ead shot was located a t  the thermal column and tank interface. The center of 

the shield contained a 0 by 16 in. bismuth window. The therm column was a 

5 -ft by 5 -ft by 4-ft aluminum box, fille with 4-in, by 4 -in, by 

graphite logs. Figure 7 shows the thermal column a s  viewed f rom the test  

vault. The wall immediately surrounding the thermal column was constructed 

of dense magnetite concrete, 

6 .  TEST VAULT 

The tes t  vault contained a tes t  car r iage  (Figure 8),  upon which was mounted 

a concrete auxiliary shield also referred to as  the "donut." A f ission plate 
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assembly, located i n  the pit directly below the thermal column a rea ,  provi 

a fission spectrum neutron flux source for shie ding and irradiation expe r i  - 
rnents. A movable, water -filled steel  tank (Figure rovided shielding a t  the 

overhead door of the test  vault. 

Figure 8, Test  Carriage 
With "Donut" Positioned 

Against Thermal 
C o lumn 

Figure 9, Movable Water-Fille Shield Door 



ismantling i ty  began on 5, a 

ocumentation 

dismantling activit ies was as  follows: 

1)  Faci l i t ies  Dismantling P an fo r  STIR, Bui 

) Building TO28 (STIR), Activity Re  

active Components and Mater ia  Concrete Structure,  

3 )  Dismantling of P e r i  nt f o r  STIR, Bui 

tailed Working P roc  

4)  Radiologica 

Building T 0 2 8 (STIR) , 
5)  Detailed Working Procedure  f o r  

Shield Tes t  Irradiation Reactor ding Gonc r et e 
S t ruc tures ,  N704-DWP- 990-006 

6)  Building TO28 (STIR) Activity Re of Activated 

Concrete, N704-ACR-900-002 

7 )  Detailed Working Procedure  f o r  Remo an 
As s ociat ed Materials F r o m  Building T 0- 

The documents w e r e  reviewed and a roved by Quality 

ing Groups, Health, Safety, and Ra iation Services  

Office, and the Isotopes Committee of the  A1 Nuclear S Review Panel. 

The work was performed by the A1 Remote Techno 

personnel t ra ined t o  handle radioactive 

and safety support. Industrial Engineering coor  

contractors '  work  and arranged fo r  aintenance ass i s tance  

connections. The demo ition contractors '  

of the activated concrete ,  and bac 

salvage c ont r ac  emoved periphera 

was  continuous . radioactive w 

active Mater ial  



TABLE 2 

RADIOLOGICAL SURVEY OF BUILDING 0 2 8  FACILITIES BEFORE DISMANTLING 

Fac i l i ty  

F loo r  A r e a s  

Reac tor  Control  Room 
Office A r e a  
Change Room 
Labora tory  

Six F u e l  S torage  Cel ls  

Reac tor  Coolant i n  P u m p  P i t  

Leg of Cooling Tower  

Cooling Sys t em P ipe  

T e s t  C a r r i a g e  

Tank-Concre te  Enc losure  Annulus 

C o r e  Tank Walls 

Manipulator 

Reac to r  Grid P l a t e  

Bismuth Window 

Sample  Type 

2 
S m e a r  (100 c m  ) 

2 
S m e a r  (100 c m  ) 

Water  

Fi l ings  

Fil ing s 

Fil ing s 

P e a  Grave l  
(top sur face)  

Pa in t  

2 
S m e a r  (100 c m  ) 

Survey Meter  
( Jo rdan  with Remote 

Detec tor )  
Survey Meter  
(Juno) 

Maximum Specific Radiation 

<5 d p m  a, 50 d p m P - Y  

<20 d p m  a, 60 d p m  P-y 

4.2 x 1 0 - ~ ~ C i / c c  

No activity detected 

No activity detected 

25.0 Ci  / g m p  

24.1 p C i / g m P  



The existing personnel change room in Building 028 was  reactivated and r e -  

supplied, An HSRS work station was established in the office a r e a ,  and equipped 

with radiation detection instrumentation. P e r  sonnel dosimeter s , portable rad i -  

ation survey instruments ,  resp i ra tory  protective devices,  a i rborne  particulate 

radioactivity sample r s ,  and protective clothing were  provided. A radiological 

survey of the facil i ty was conducted before work was begun. The survey resu l t s  

(Table 2)  show that the radiation sources were  essentially confined to the r e a c -  

to r  vesse l  internals  and surrounding ma te r i a l s ,  thermal  column, and t e s t  

car r iage .  

Before beginning the dismantling, a l l  personnel who were  to be associated 

with the work were  fully briefed by the unit manager on the scope of the work, 

the radiation hazards  expected, and the precautions necessa ry  to safely accom- 

plish the dismantling tasks.  A familiarization review of the etailed Working 

Procedures ,  and the requirements for  keeping the personnel radiation exposure 

levels a s  low a s  practicable,  a s  defined in Reference 3 ,  w e r e  also presented to 

the operating personnel by the unit manager .  

A contract  was  issued to a salvage contractor  for  the removal  of the periph- 

e r a l  nonradioactive equipment and mater ia l s  which included the coo ling tower,  

heat exchanger, water  shield door,  portions of the tes t  ca r r i age  and associated 

piping . 

B. PROCEDURES 

The Detailed Working Procedures  described the dismantling steps and de- 

lineated the activity sequence. When changes to the procedure w e r e  necessary ,  

they were  noted on the work copy of the procedure,  and were  instituted af ter  r e -  

view and approval. Separate procedures  were  prepared  for removal of t 

equipment, the reac tor  sys tems,  and the activated concrete.  

A major  activity in the STIR facility decontamination and disposition was the 

radiological monitoring and surveying of the total operation. Smear  surveys,  

portable instrument surveys,  a i r  sampling, an ioanalyses of wa te r ,  soi 

and concrete w e r e  conducted, 



a t e r  -Cooling Tower  
and Heat  Exchanger Dismantling 



ing system a imary  (reactor  side 

-Mw reactor  a ter  cooling systems were dis d, The secondary 

-Mw system was removed by the s a  e contractor. The 

radioactive , a r e  disposed of as  

efrigeration water cooler was found to contain low levels of radioactivity 

i n  the water t rap  ed inside the unit. The unit was removed f rom the facility 

and transferred to storage for ossible reuse. 

The water demineralizer and f i l ters  were cut out, packaged a s  radioactive 

waste, and sent  to the RMDF for s ment to off-site burial. The nonradioactive 

-Mw water cooling tower and the changer and associated piping 

were dismantled and removed f rom the site by the s a  vage contractor. Fig- 

show stages of dismantling. 

Reactor Vessel 

The concrete shield blocks over the top of the reactor opening shown in  

2 were removed. These b ocks were nonradioactive and were  se t  

aside for  eventual burial in the reactor cavity. 

Samples of the aluminum core tank walls were  taken using a drill  to produce 

metal shavings. Analysis of these samples revealed that the upper portion (11 f t )  

was not radioactive and that the radioactivity in the lower portion resulted mainly 

f rom neutron activation of the paint on the inside surface. Figure 13 shows the 

arrangement of the core tank internals: the grid plate a t  the right, six storage 

thimbles - three on each side, and coolant piping. The flexible duct a t  the right 

provided f resh  a i r  and a i r  movement for personnel working in the tank. 

The ins t r u m e n t a ~ o n  thimbles, grid p o r t  s t ructure 

e r e  removed f rom the tank. These c o q o n e n t s  a s  radioactive 

sent to the RMDF for  shi ment to off-si 

sent to the RMDF for  

and the concrete 

acuurning and 

ctivity in  the 



2 .  Shield Blocks and Upper Reactor Opening 



Figure 14. Saw Holes in  Shield for  Lead Shot Removal 

Figure 15. 
Pea Gravel Removal 

From Annulus 
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pea gravel in the annulus for the f i r s t  0 ft below the tank top was limited to 

natural radioactivity: 2 pCi/gm. The gravel below 0 ft  was determined to 

be neutron activated and was handled a s  radioactive waste. Radiation levels of 

5 mrad /hr  were  measured at the surface of the drums of activated gravel. 

To minimize the technician's working time inside the core tank, where 

n was highest, and to facilitate the r e  vessel  cutting opera- 

lasma torch cutting fixture, Fig 

assembled to cut the u per  nonactivated ortion of the core  tank 

a schematic showing the general arrangement and operation of the special 

ture. Figure I shows the plasma torch mounted on the radial a r m  inside 

the core  tank. Figure 8 shows the su  port and drive structure a t  the top of 

the tank, Figure 9 shows the plasma torch power supply. Once the torch 

was set  up,the /2 -in, thick a uminum tank wa 1 was cut in  approximately 

5 min for  each circurnferential cut. Three cuts were  made. The three 

vessel  sections shown in  Figure 20 were disposed of a s  nonradioactive scrap. 

The lower 9-ft radioactive portion of the tank was cut into two sections. 

The bottom section i s  shown in  Figure 2 resting on the top of the reactor 

enclosure where i t  was placed after hoisting f rom below. A longitudinal cut 

of the section was made to facilitate packaging. Figure 22 shows the sections 

in  the shipping box. The shutdown shield with the bismuth windows a t  the 

center was an integral part  of the lower section of the tank. The radiation 

level a t  the bismuth window was 600 mrad/hr .  In packaging the lower section 

of the tank for  shipment, special shielding was placed over the bismuth window. 

The thermal column - core  tank interface plate was sawed, removed, and 

ing box. The tan o r t  s tructure a t  the bottom of the 

e and the remaining pea gravel  were  removed. Figure 

s the reactor  enclosure after the tan t s t ructure and therma 

column interface plate were remove shows the thermal co 

t dismantling began with the rernova of the test  carr iage,  The test  

carr iage concrete " onut" was remove he carr iage  and stored i 

r ea r  of the vau t. The test  car r iage  (Figure 8) was disassemble and removed 



asma Torch Cutting Fixture 



9. Plasma Torch Power Supply and Gas Supply 

Figure 20-  STIR Reactor Vessel Sections Cut With P asrna T o l d 3  



. STIR-Longitudinal Cut of Reactor 
Vessel After  Removal From Pit  

STIR-Bottom. P o r t i o n  of R e a c t o r  Vesse 
m e n t  t o  Buria 

AI-ERDA- 

28 



Figure 23. STIR-Reactor Concrete Enclosure 
After Removal of Vessel,  Shield and 

Bis rnuth Window 



f r o m  the t e s t  vault. The salvage contractor cut up the noncontaminated por  - 

tions of the test  ca r r i age ,  and removed them f r o m  the site. A radiological s u r -  

vey of the t e s t  ca r r i age  sc rap  ma te r i a l  was  made pr ior  to re lease  f r o m  the site.  

The forward end of the ca r r i age  that supported the "donut" was  found to be neu- 

t ron  activated. This  section was  cut off, disassembled, and placed in boxes for  

shipmc"t tc~ the laid hi lr ia l  si te ,  The t e s t  car r iage  r a i l s  on the tes t  vault w e r e  

removed and disposed of a s  scrap .  

The fission plate pit  was  opened, radiologically surveyed, and found to be 

f r e e  of radioactivity. The r a i l s  and s t ructural  support hardware were  removed 

f r o m  the pit. The s teel  cover plates were  disposed of a s  radioactive waste .  

Plast ic  sheeting was spread over the floor a r e a ,  direct ly  in front of the 

thermal  column, in preparat ion fo r  disassembly of the thermal  column. The 

lead shielding was  removed f r o m  the thermal  column front face (F igure  7 ) .  The 

boral  sheet, which was  nonradioactive, was  then removed, expo sing the graphite 

logs.  Radiation levels associated with the graphite logs ranged f r o m  15 m r a d / h r  

a t  the ends exposed to the t e s t  vault  to 50 mrad /h r  a t  the ends neares t  to the 

reac tor .  The graphite logs were  removed, placed in shipping containers and 

sent to the RlVlDF fo r  subsequent shipment to Beatty, Nevada for burial. Six 

thousand pounds of graphite logs were  removed. The thermal  column liner (F ig -  

u r e  25) was  wiped down to remove loose contamination. The radiation level,  

af ter  wiping, at  the the rma l  column back wall was  500 m r a d / h r  in the center and 

200 m r a d / h r  a t  the edges. The plastic sheeting on the floor was  picked up and 

placed in the shipping boxes. The t e s t  vault a r e a  was then vacuumed. 

urvey of Tes t  Vault Before Activated Concrete Removal 

A radiation survey of the t e s t  vault a rea ,  including the thermal  column, 

reactor  enclosure floor and walls,  and the "donut" was performed pr ior  to r e -  

moval of the activated concrete.  The survey was  conducted using a Nuclear 

Chicago 2650 GM-type survey instrument with the beta shield open and readings 

en a t  waist  level, Radiation levels a r e  shown in Tables 3 through 7 .  F ig-  

u r e s  26 through 30 a r e  schematics which show the locations in the STIR facility 

a t  which the radiation measurements  were  taken. All readings a r e  total rad ia-  

tion readings including background radiation levels. 



Figure 25, Therrna umn Liner After Remova 



TABLE 3 

RADUTION SURVEY O F  TEST VAULT AREA 
(Relating to F igu re  26) 

Radiation 

/ 
FRONT O F  THERMAL COLUMN 

DOOR 

OVERHEAD DOOR 

1 16 

DONUT 

18 

Figu re  26, Radioactive Su rv  Locations in Tes t  Vau 



RADIATION SURVEY OF 

- 
Survey Locati  

(mrad /hr)  

0,10 

0.10 

0 .05 

0.05 

.05 

.0 

Note: Reading 1 - 8  taken 1 / 2  in. 
from surface. Reading 9 
taken inside donut 
opening. 
a 

Donut Survey Locations 
(Table 4) 



TABLE 5 

RADIATION SURVEY OF THERMAL COLUMN WALLS 
(Relating to Figure 2 8 )  

Location Location 
Radlat~on 

Level 
(mrad /hr )  

Location Level 
(mrad /hr )  

Note: Readings in 28a. and 2 8 c .  taken /2  in, f r o m  surface. Reading in 28b. 
taken a t  center.  

6. OPENING C. R IGHT  S IDE 

VIEW FROM TEST VAULT S IDE 

Figure 28 .  Reactor Thermal Column Survey Locations 
(Table 5 



T A B L E  6 

R E A C T O R  CAVITY F L O O R  RADIATION SURVEY 
(Relating to Figure 29) 

9, Reactor Cavi y Floor Survey Locations 



TABLE 

W E R  REACTOR CONCRETE WALL 

surface 

CONCRETE CORING HOLES 

. Lower Reac- 



of the concrete s t ruc tures  which were  neutron i r radiated durin 

reac tor  operat i  was  a p r ime  project requirement .  Because of the accessibi l i ty  

of the activated c re t e  in the shield and the reac tor  enclosure s t ruc ture ,  r e -  

moval of a l l  concrete  containing statist ically signific nt activity in e 

natural radioac ivity in the concrete was deemed practicable by the 

L A P  principles.  

Before the extent of the concrete removal could be defined, i t  was  necessary  

to determine the leve of natural background radioactivity in the concrete  s t ruc-  

tures .  Nine concrete core  samples ( 1  in. diameter  by 8 in. long) w e r e  collected 

concrete s t ruc tures  of the STIR facility for  use a s  natura 

vity s tandards,  The 8-in. long c o r e s  were  crushed and 

possible the col ection of aliquots for  radiometr ic  analysis.  Table 8 and the 

sample-identifying Figure  3 1 descr ibe the resu l t s  of this  analysis.  The mean 

concentration of the samples  and the observed standard deviation of the data w e r e  

calculated, to make sible an overal l  standard for the natural  radioactivity in 

the concrete,  sequent concrete samples  were  considered f r e e  of statist ically 

significant activity, in excess  of natural radioactivity, if they contained no radio - 
activity in exees s of three  t imes the standard deviation of the mean  background 

radioactivity evel, a s  established in the following listing. 

16.8 pCi/g 

.4 pCi/g 

4.2 pCi/g 

table upper l imit  2 1.0 pCi/g 

Concrete core  amples  were  taken f r o m  the i r radiated concrete  

tiating concrete demolition, Table 9 and the sample-identifying F igures  32, 33, 

and 34 descr ibe the radiometr ic  analyses  of c o r e  samples  taken f r o  

ated concrete s t ruc tures .  Note that the samples  were  of various lengths, ref lect-  

ing the thicknes e concrete a t  the sample location. Note also that the analy- 

s e s  were performed on segments of the samples ,  so that the depth of the i r r ad ia -  

tion could be a s s  The radioactivity level in the high-density (magnetite) 

thermal  column (Sample ) was  lower than the leve 

ivity standard for  the ordinary concrete.  



TABLE 8 

STIR REACTOR CONCRETE ANALYSIS DATA 
(Related to Figure 3 

Core 
Sample No. 

Total 
Core Length 

(in. ) 

Sampled Core 
Segment Depth 

(in,) 

Cornposited 

Cornposited 

Cornposited 

Cornposited 

Cornposited 

Cornposited 

Cornposited 

Cornposited 

Cornposited 

Analysis 

OFFICE 
CONTROL 

LABORATORY 

. STIR Reactor Site Map Showing 
le Locations 

(Table 8) 



T A B L E  9 

STIR IRRADIATED CONCRETE ANALYSIS DATA 
Rela ted  to  F ig  

C o r e  
T o t a  

C o r e  Length 
(in. (in. ) 

Analys i s  



T A B L E  9 

STIR IRRADIATED CONCRETE ANALYSIS DATA 
to F i g u r e s  3 2 ,  33, 34) 
(Sheet 2 of 3 )  

Core  
T o t a  

C o r e  Length  
(in. 1 (in. ) 

Analys i s  



T A B L E  

RADIATED C ONCRETE ANALYSIS 
to Figures 3 
(Sheet 3 of 3) 

Gore 

(in.) 



Figure 33, Core Sample Locations 
Floor of Reactor Enc 

(Table 9) b- 

. Thermal Go urnn Gore Sam- 
le Locations 

--z (Table 9) 

THERMAL 
COLUMN 
LINER 



c ,  

was  

was  

ctivated Concrete 

pecification defining the extent of the required activated concrete  removal 

prepared,  Bids f r o m  demolition contractors  were  obtained and the contract 

awarded to the lowest bidder. The activated concrete was  broken out using 

an a i r  driven, hydraulically positioned Hoe-Ram. The Hoe-Ram i s  a la rge  jack 

hammer  with a 4-in,  diameter  bit. Figure 35 shows the Hoe-Ram in action. 

Water was sprayed on the rubble to decrease  the amount of a irborne dust,  Fig-  

u r e  36 highlights the personnel protective clothing and equipment required dur-  

ing the concrete removal.  The concrete rubble was  placed in boxes and sent to 

the RMDF for  shipment to off-site burial. Sealed boxes of radioactive concrete 

rubble a r e  shown in F igure  37. These boxes were  la ter  steel-banded p r io r  to 

shipment. F igures  38,39,40,4 1, and 42 a r e  closeup views of the activated con- 

c r e t e  excavation. 

After removal  of the thermal  column l iner ,  which was  embedded 4 to 6 in. 

in the magnetite concrete,  the side walls of the reac tor  enclosure w e r e  broken 

out. A wall a r e a  of 7 f t  high and 3 ft wide was removed f r o m  each side. A radio-  

logical survey of the remaining exposed concrete and r eba r  revealed radiation 

levels in excess  of 0.1 m r a d / h r .  Radiometric analysis of concrete samples  

f r o m  the remaining concrete indicated specific activit ies which w e r e  grea ter  

than the established l imits ,  On the basis  of the survey and sample analyses ,  the 

a r e a  of concrete excavation was  widened an  additional 2 ft ,  leaving a concrete 

wall 3 f t  wide a t  the r e a r  of the enclosure. The activity in this wall  was  below 

the established l imits .  The ent i re  floor a r e a  of the reactor  enclosure and the 

concrete pad direct ly  below the floor a r e a  w e r e  removed. In addition, the con- 

c r e t e  s t ruc ture  wh ch supported the thermal  column shielding and extended under 

the floor a r e a  was  removed to a depth of .5 ft. Excavation of the floor a r e a  ex- 

tended to a depth of 3 ft  below the original floor level a t  the r e a r  of the reac  

cavity and 4.5 ft  a t  the front .  Radioana ys is  of concrete  samples  taken f r o m  the 

concrete remaining in the wall and below the floor indicated a maximum specific 

emoval of the concrete wal ls  and floor exposed the surrounding f i l l  soi 

Results of the analysis  of soil samples taken f r o m  this a r e a  a r e  reported in 



Figure 35, STIR-Excavation of 
Activated Concrete Near 

Thermal  Liner and 
Reactor Enclosure 



Figure  37. 

Rubble Containers for 
Activated Concrete 

F igu re  38. 



Figure 40. E cavation of Activated Con- 
cre te  N o r t h  Side of Enclosure 



Enclosure 

cavation of Activate 
Concrete at  Lo 

of Enclosure 



T A B L E  

LATION L E V E L S  O F  S IL SURROUN INC R E A C T O R  CAVITY 

S a m p l e  
N u m b e r  D e s c r i p t i o n  a n d  L o c a t i o n  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soil ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soil ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  N o r t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  F l o o r  o f  R e a c t o r  C a v i t y  

Soi l ,  F l o o r  of R e a c t o r  C a v i t y  

Soi l ,  F l o o r  of  R e a c t o r  C a v i t y  

Soi l ,  F l o o r  of R e a c t o r  C a v i t y  

Soil ,  F l o o r  o r  R e a c t o r  C a v i t y  

Soi l ,  Sou th  W a l l  R e a c t o r  C a v i t y  

Soi l ,  Sou th  W a l l  R e a c t o r  C a v i t y  

Soi l ,  S o u t h  W a l l  R e a c t o r  C a v i t y  

Soi l ,  Sou th  W a l l  R e a c t o r  C a v i t y  

Soi l ,  South  W a l l  R e a c t o r  C a v i t y  

Soi l ,  Sou th  W a l l  R e a c t o r  C a v i t y  

Soi l ,  Sou th  W a l l  R e a c t o r  C a v i t y  

Soi l ,  Sou th  W a l l  R e a c t o r  C a v i t y  

W e s t  E n d  

W e s t  E n d  

We s t  E n d  

W e s t  E n d  

C e n t e r  

C e n t e r  

C e n t e r  

C e n t e r  

E a s t  E n d  

E a s t  E n d  

E a s t  E n d  

E a s t  E n d  

N o r t h  S i d e  

N o r t h  C e n t e r  

C e n t e r  

S o u t h  C e n t e r  

S o u t h  S i d e  

W e s t  

W e s t  

We  s t  

C e n t e r  

C e n t e r  

C e n t e r  

E a s t  

E a s t  

Samp 1 e 
W e i g h t  



ckground radioactivity levels of soil  in the general 

usana site have historically measured  f r o m  2 

ta  in this table show that the soil surrounding 

nd radioactivity levels. r face  radiation levels  associate  

f r o m  the remaining concrete in all  c a s e s  w e r e  below 

lished limit. 

e resu l t s  of radiolog cal  survey of the t e s t  vault a r e a  

upon completion of the activated concrete removal.  

d, 

Continuous a i r  sampling was  conducted by HSRS whenever the potential for 

a i rborne  radioactivity existed, e ,  g . ,  when using the Hoe-Ram for  removing the 

activated concrete ,  which generated considerable dust. Control of the dust was  

effected by u s e  of a water  spray and by sealing the tes t  vault a r e a  with plastic 

sheeting, taped a t  a l l  openings, i. e. , the stairway opening, the upper end of the 

reac tor  enclosure,  and the rol l - t  e door, Two a i r  samplers  were  operated 

continuously during these operations and no significant a irborne contamination 

was  found. T e data obtained f rom these samplers  a r e  reported in Table 12, 

A contamination survey of the cont rac tor ' s  equipment following decontami- 

nation revealed that the e uipment was  not contaminated and could be released.  

l e  contamination levels on a l l  equipment released were  < 3 0  dpm 
2 

100 c m  . 
4. Faci l i ty  Exhaust System 

Upon completion of the concrete removal,  the faci  ity exhaust sys tem was 

radiologically surveyed. Only in one location, the gr i l le  opening direct ly  over 

e thermal  column a r e a  in the t e s t  vault, wa measurable  radioactivity detected. 

The  exhaust sys tem y associated with the  g r i l  

and sent t o  the  R gical surveys the  en t i re  r 

sys tem w e r e  perforrned,and no radioactivity levels above the 

w e r e  found. Table 3 presents  the survey data for  the e haust system. The 

f i l t e r s  in the exhaust system were  removed and pac o s d  a s  radio- 

active waste.  



Sample 
Number 

TABLE 

SMEAR SURVEY OF TEST VAULT 
AFTERCONCRETEREMOVAL 

(Sheet 1 of 3 )  

Description and Location 

Floor Area - T - 28 Test  Vau 

Floor Area - T-028 Test  Vau 

Floor Area - T -  28 Tes t  Vau 

Floor Area - T -028 Tes t  Vault 

Floor Area - T-028 Test  Vau 

Floor Area - T-028 Tes t  Vau 

Floor Area - T -028 Test  Vault 

Floor Area - T -028 Tes t  Vau 

Floor Area - T-028 Test  Vau 

Floor Area - T -028 Test  Vau 

Floor Area - T-028 Tes t  Vau 

Floor Area - T-028 Test  Vault 

Floor Area -- T-028 Tes t  Vau 

Floor Area - T-028 Test  Vau 

Floor Area -- T -028 Test  Vault 

Floor Area - T-028 Tes t  Vault 

Floor Area - T -028 Test  Vault 

oor Area -- T 

Floor Area -- T 

Floor Area - T 

Floor Area - T 

oor Area - T 

oor Area - T 

oor Area - T 

Floor Area - T - 



T A B L E  

S M E A R  S U R V E Y  O F  TEST V A U L T  
A F T E R  C O N C R E T E  REMOVAL. 

( S h e e t  2  of 3 )  

S a m p l e  
N u m b e r  

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

F l o o r  A r e a  - T - 0 2 8  T e s t  V a u l t  
( C h a n g e  A r e a  T e m p o r a r y )  

S t a i r  W e l l  t o  T  -028  T e s t  V a u l t  

Stair W e l l  t o  T - 0 2 8  T e s t  V a u l t  

S t a i r  W e l l  t o  T - 0 2 8  T e s t  V a u l t  

Stair W e l l  t o  T - 0 2 8  T e s t  V a u l t  

T - 0 2 8  Test V a u l t  W a l l s  - S o u t h  
W a l l  - East C o r n e r  

T -028  T e s t  V a u l t  W a l l s  - S o u t h  
W a l l  - East C o r n e r  

T -028  Test  V a u l t  W a l l s  - S o u t h  
W a l l  - East C o r n e r  

T -02% T e s t  V a u l t  W a l l s  - S o u t h  
W a l l  - East C o r n e r  

T -028  T e s t  V a u l t  W a l l s  - S o u t h  
W a l l  - East C o r n e r  

T - 0 2 8  Test  V a u l t  W a l l s  - S o u t h  
W a l l  - East C o r n e r  

T  - 0 2 8  Test  V a u l t  W a l l s  - S o u t h  
W a l l  

T  -028  T e s t  V a u l t  W a l l s  - S o u t h  
W a l l  

T - 0 2 8  Test  V a u l t  W a l l s  - S o u t h  
W a l l  

T - 0 2 8  Test V a u l t  W a l l s  - S o u t h  
W a  11 

T - 0 2 8  T e s t  V a u l t  W a  
W a l l  

T - 0 2 8  Tes t  V a u l t  W a  
W a l l  

T - 0 2 8  Tes t  V a u l t  W a l  
W a l l  

8 Test  V a u l t  W a l l s  - W e s t  
W a l l  



T A B L E  

Sample 
N u m b e r  

S M E A R  S U R V E Y  OF T E S T  V A U L T  
A F T E R  C O N C R E T E  R E M O V A L  

(Shee t  3 c 

D e s c r i p t i o n  an 

T - 0 2 8  T e s t  V a u  
W a l l  

T - 0 2 8  T e s t  V a u  
W a l l  

T - 0 2 8  T e s t  V a u  
W a l l  

T - 0 2 8  T e s t  V a u  
W a l l  

D o o r  - N o r t h  W a  

R o l l - U p  D o o r  - N o r t h  W a l l  

N o r t h  W a l l  

N o r t h  W a l l  

N o r t h  W a l l  

N o r t h  W a l l  

N o r t h  W a l l  

N o r t h  W a l l  

T - 0 2 8  T e s t  V a u  
W a l l  

T - 0 2 8  T e s t  V a u  

8 T e s t  V a u l t  East W a l l  



TABLE 1 2  

AIR SAMPLING DURING CONCRETE REMOVAL 

Sample No. 

1 (Background) 

2 (Background) 

3 (Max for  Date) 

4 (Max fo r  Date) 

5 (Max fo r  Date) 

6 (Max fo r  Date) 

7 (Max fo r  Date) 

8 (Max fo r  Date) 

9 (Max fo r  Date) 

0 (Max fo r  Date) 

(Max fo r  Date) 

2 (Max fo r  Date) 

3 (Max f o r  Date) 

4 (Max fo r  Date) 

1 5 (Max fo r  Date) 

6 (Max fo r  Date) 

7 (Max f o r  Date) 

8 (Max for  Date) 

9 (Max fo r  Date) 

20 (Max for  Date) 

Sampler  
Location 

.b 

No, "' 

Date of 
Sample 

1-14-76 

1-14-76 

1-15-76 

1-16-76 

1-16-76 

1-19-76 

1-19-76 

1-20-76 

-20-76 

1-21-76 

1-22-76 

1-22-76 

1-23-76 

1-23-76 

1-26-76 

1-26-76 

1-27-76 

1-27-76 

Immediate  
Count 

( p ~ i l c r n 3  /13) 

Delay 
Count 
Date 

Delay 
Count 

- Tes t  Vault Exi t  Door 
Location 2 - Near The rma l  Column Opening 



EXHAUST SYSTEM RADIOLOGICAL SURVEY REPORT 

Sample 
Number Description and Location 

-- 

e of Fume Hood Inside Panel (R) Side 

Back Side of Fume Hood Inside Panel  (R) Side 

e of Fume Hood Inside Panel (R) Side 

Back Side of Fume Hood Inside Panel  (L) Side 

Back Side of Fume Hood Inside Panel  (L) Side 

Back Side of Fume Hood Inside Panel (L) Side 

Back Side of Fume Hood Inside Panel  Top 
(Exhaust Opening) 

Back Side of Fume Hood Inside Panel Top 
(Exhaust Opening) 

Back Side of Fume Hood Inside Panel Top 
(Exhaust Opening) 

Back Side of Fume Hood Inside Panel Top (R) Side 

Back Side of Fume Hood Inside Panel Top (L) Side 

Test  Vault (L) Wall Exhaust Opening 

Tes t  Vault (L) Wa Exhaus t Opening 

Exhaust Opening 

Duct/Exhaust Reactor Room 

Duct/Exhaust Reactor Room 

Duct/Exhaust Reactor Room 

~ u c t / E k h a u s t  Reactor Room 

Facility Exhaust Stack (Top End of Stack) 

ity Exhaust Stack (Top End of Stack) 

Analysis 
dpm B - y  / 100 cm ) 

Analysis 
dpm a/ 100 cm ) 

<5 

55 

<5 

<5 

<5 

<5 

<5 



5.  Fac i l i ty  Repai rs  

The demolition contractor  f i  led the reac tor  cavity with fill  d i r t  and non- 

radioactive rubble. The opening in the tes t  vault  was  sealed with 

concre te -  s tee l  reinforced wall. The reac tor  cavity opening in the reac tor  r o o m  

was  paved with concrete .  Other p i t s  and t renches  deemed unsafe w e r e  also 

fi l led and paved. Included w e r e  the s torage pit in the labora tory  room,  the 

shield door r a i l  excavations,  and the pipe p i t s  near  the reac tor  cavity, Fig-  

u r e  43 shows the concrete  forming for  the tes t  vault wall r epa i r .  F igu re  44 

shows the completed wall. F igure  45 shows the reac tor  room floor a f te r  

paving. 

6. Disposal of Radioactive Waste 

All radioactive waste  generated f r o m  the STIR D&D act ivi t ies  w a s  sent to 

the RMDF. Contaminated water  f r o m  the concre te  coring and Hoe-Ram ope ra -  

t ions was  evaporated,  Solid was te  was  packaged in containers  and shipped in 
3 t h r e e  shipments to Beatty, Nevada for  land burial .  A total  of 1500 f t  of was te  

was  shipped. 

7. Personnel  Dosimetry 

Monitoring of internal and external radiation expo s u r e  to personnel,  a s  p r e -  

sc r ibed  in the opera t iona l  Safety P lan ,  was  conducted throughout the STIR d is -  

mantling operat ions .  

Personnel  w e r e  periodically evaluated, by ur ina lys i s ,  f o r  internal  exposure 

to mixed f i s s ion  products ,  activation products ,  and nonspecific g r o s s  alpha 

emi t t e r s .  All r e su l t s  w e r e  a t  o r  below the appropria te  min imum detection l imi t s  

f o r  the analysis  per formed.  

The external  radiation exposure  of the nine persons  d i rec t ly  associated with 

the dismantling operat ions ,  during the per iod of September 24, 1975 through 

January  31, 1976, when the reac tor  internals ,  r eac to r  vesse l ,  and r eac to r  

shielding w e r e  removed,  averaged 93 m r e m ,  with a maximum individual expo- 

s u r e  of 420 m r e m .  The en t i re  operat ion w a s  pe r fo rmed  with a total radiation 

exposure  of 1.7 m a n - r e m .  

I-E 
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Figure 43. STIR-Concrete  Forming in Repair  of  

Excavation in T e s t  Vault 
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Repaired Wall in  Test  Vault 

Floor i n  Reactor Room 



8 .  Final Survey of the STIR Faci l i ty  

A final survey of the total facil i ty was  conducted to verify that the radiation 

levels  in the facility have been reduced to c0 .1  m r a d l h r .  The radiation survey 

was  conducted in the interior spaces of Building T028, with a Technical Asso-  

c ia tes  P U G -  1 thin-window GM survey instrument and an  Eberl ine E - 5  
2 

survey instrument equipped with a 7 mg / c m  absorber  over the detector window. 
2 

The radiation levels measured  throughout the building with the 7 rng/cm ab-  

sorber  detector ranged f r o m  0.02 to 0.05 m r a d / h r  above background. The maxi- 

m u m  level measured  with the 7 m g / c m 2  absorber  detector was 0.07 rnrad/hr  

a t  the west  end of the thermal  column in the tes t  vault. The radiation levels 

on the reactor  cavity excavation ranged f rom 0.02 to 0.04 m r a d l h r .  The radia-  

tion levels in the fission plate s torage pit direct ly  below the thermal  column 

ranged f r o m  0.02 to 0.05 m r a d l h r  above background. The surveys were  con- 

ducted throughout the interior of Building 028 and throughout the fenced-in a r e a  

surrounding the building. 

Tables  14 and 15 descr ibe the final radiation survey me te r  measurements  

a t  specific inter ior  and exter ior  locations shown in F igures  46 and 47 respec-  

tively. Table 26 summarizes  the final radiological survey, including radiation 

and removable contamination measurements .  
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(Refer to F igure  

(mrad  /h r )  

NOTE: Background of 0.03 - 0.04 rn rad lh r  included 
i n  radiation measurements .  
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Figure 46. STIR - TO28 Interio r Radiation Survey 
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NOTE: Backgroun /hr included 
in radiation measurements 





Location 

Office Area 

Control Room 

3. Change Room 

5, Laboratory 

6. Reactor Room 

7. Stairway and 
Tunnel 

8. Tes t  Vault 

9. Ekhaust System 

0. Cooling System 
Area 

. Blacktop 
Surfaces 

. North Per imeter  
Stairway 

3. Reactor Cavity 
and Thermal 
Go lumn 

FINAL I 

Survey 

A&B 

A&B 

A&B 

A&B 

A&B 

A&B 

A&B 

A&B 

A&B 

B 

B 

B 

C 

TABLE 16 

ADIOLOGICAL SURVEY SUMMARY 

Total 
Smears  Contamination 

Leve 

B - Survey Meter (PUG- 
C - Radiometric 
::: - Total radiation reading 

L 
/em absorber detector 

NOTE: General background mrad lh r  included in  r a  
measurements,  



costs for the STIR D&D a r e  7. The major 

Nuclear Engineering Co the contractor for burial of the radio- 

active waste material. Lester loyed as the dernoli - 
tion contractor and United Scrap Meta vage contractor, 

TABLE 17 

STIR FACILITY D&D COSTS 

Subcontracted Costs 

Nuclear Engineering Gorp, 

Lester Gushing 

Other Costs 

Materials 

Miscellaneous 

a, G&A 

b, Fee 

I-E 

64 



. "Startup and Megawatt STIR," NAA-SR- 
66) 

3,  erational Safety Plan for the A1 Decontamination and Disposition of 
i t ies  Program, SRR- Rev, B (October 2 





APPENDIX 

d Disposition of 

F a c i l i t i e s  Dismantling Plan f o r  STIR, 
Building 028 

PREPARED BYJDATE DE PT M A I L  ADDR 

DISTRIBUTION 

W .  Heneveld TO09 

FORM 734-C R E V .  2 - 7 4  

NUMBER / R E V  LTHICHG N(  

DOCUMENT TYPE 

KEY NOUNS 

Dismantling Plan 
3 R I G I N A L  ISSUE DATE 

SECURITY CLASSIFICATION 

(CHECK ONE BOX O N L Y )  I (CHECK ONE BOX O N L Y  

;;;; D[ 1 z;;rD 
SECRET 

AUTHORIZED DATE 

The Shield Test I r r ad ia t ion  Reactor (STIR) wi l l  
be dismantled, and mater ia ls  and components disposed 
of t o  the  extent  necessary t o  allow unres t r ic ted  
use of the remaining f a c i l i t i e s .  All contaminated 
or  radioact ive  mater ia ls ,  equipment, and f a c i l i t y  
s t ruc tu res  will  be decontaminated or  removed, 
packaged and shipped f o r  bu r i a l .  U t i l i t i e s ,  vent i la-  
t i on  systems, ho i s t ,  and other items which would 
have fu tu re  general use wi l l  not be removed. Items 
t h a t  will  be removed include: the  reactor  tank, 
thermal column, ac t ivated  concrete,  cooling systems, 
water pu r i f i ca t ion  system, water door, and t e s t  
carr iages .  The reactor  tank cavity wi l l  be f i l l e d  
with sand and topped with concrete f lush  with the  
reactor  f l o o r .  

E S t R V E L I  F O R  P R O P R I E T A R Y  L t G A l .  N O T I C E S  

THIS REPORT MAY NOT BE PUBLISHED WITHOUT THQ 
APPROVAL OF THE PATENT BRANCH, ERDA 

rhis report was prepared as an account of work sponsored b y  the Unite 
States Government. Neither the U. S. Government, nor any of its employees 
l o r  any of its contractors, subcontractors, or their employees, makes any 
warranty, express or implied, or assumes any legal liability or respond 

ribility for the accuracy, completeness or usefulness of any information 
sed, or represents that its u 



PAGE . 2 

I .  OBJECTIVE 

The Shield Test  and I r r ad ia t ion  Reactor (STIR) f a c i l i t y  i s  shown in 

Figures 1-3. The reactor  was operated with a 50 k w t  c apab i l i ty  between 

1961 and 1964 and with a 1 M w t  capab i l i ty  between 1964 and 1972. The 

MTR type fuel  elements were removed and the  pool water drained in June 

1973. The maximum radia t ion level  observed in the  f a c i l i t y  in a 

February 1975 survey was-800 mR/hr on the core grid p la t e  next to  the  

lead gamma sh ie ld .  

A.  DESCRIPTION OF THE STIR FACILITY 

1. Reactor 

The reactor  core was located a t  the  bottom of a 5 f t  diameter x 

20 f t  deep, water- f i l led  aluminum tank. The fuel  elements have been 

removed but the  gr id  p la t e  and support s t ruc tu re  a r e  s t i l l  i n  place. 

The tank s i t s  i n  a concrete well with a 6-inch annulus of pea gravel 

between the  concrete and the  tank. The west s ide  of the  tank near the  

bottom was modified t o  mate t o  the  thermal column leading to  the  t e s t  

vau l t  and t o  provide a lead and bismuth gamma shie ld  between the  core 

and the  thermal column. The control  rods and dr ives ,  and the  exposure 

thimbles and neutron detec tors  have already been removed. A 2000-lb 

capacity,  manually operated chain ho i s t  i s  provided in the  reactor  room. 

2. Thermal Column and Test  Vault 

The 5 f t  x 5 f t  x 4 f t  thermal column in ter faces  with the  reactor  

tank on the  e a s t  s ide  and with the  t e s t  vaul t  on the west s ide .  I t  

cons i s t s  of an aluminum box f i l l e d  with graphite logs of 4-in. x 4-in. 

c ross  sec t ion.  The wall immediately around the  thermal column i s  dense 

concrete.  

The t e s t  vau l t  i s  20 f t  x 33 f t  x 17 f t  - 8 i n .  high. A 7 . 5  ton bridge 

crane with a remotely operated manipulator at tached to  i t  services  the  

area .  Access t o  the  t e s t  vaul t  i s  through a 9 f t  x 10 f t  f r e i g h t  door 

o r  through a s ta i rwel l  leading t o  the  main f loo r  of the building. An 

>RM 719-P REV. 3-75 
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e l e c t r i c a l l y  driven,  5 f t  th ick ,  water- f i l led  tank can be moved in to  

a posit ion j u s t  outs ide  the  f r e i g h t  door f o r  radia t ion shie ld ing.  An 

e l e c t r i c a l l y  driven t e s t  carr iage  runs on r a i l s  in an east-west d i r ec t ion  

ins ide  t h e  vau l t .  A 5 f t  x 10-1/2 f t  x 6 f t  - 10 i n .  deep p i t  in the  f l o o r  

of the  vaul t  served to hold a f i s s i o n  p la t e  and i t s  sh ie ld  cask. The 

p la t e  and cask have been removed. 

3. Cooling System 

Cooling f o r  the  reactor  was provided by two systems; a 50 kw r e f r i g -  

e ra t ion  un i t  and a 1 Mw cooling tower. The r e f r ige ra t ion  system cons i s t s  

of a freon-to-water heat exchanger in the  reactor  room, an a i r b l a s t  heat 

exchanger outs ide  the reactor  room, and the  associated pump and plumbing. 

The 1 Mw cooling system cons i s t s  of a cooling tower, on the  secondary 

s ide ,  and a 4-pass, tube and shel l  type heat exchanger located on the  

roof of the  t e s t  vaul t .  Two pumps a r e  used t o  c i r c u l a t e  water through 

the  cooling tower and a s ing le  pump, located in  a trench outs ide  the  

reactor  room on the  south s ide ,  i s  used t o  c i r c u l a t e  water through the  

primary s ide .  The water pur i f ica t ion system, valves and piping a r e  a l so  

located in  the  trench outs ide  the  reactor  room. A 1000 gal d i s t i l l e d  

water make-up tank i s  located j u s t  south of the  building.  

4. Support Faci 1 i  t i e s  

Located on the  same level  as the  reactor  room a re  the  control  room, 

o f f i c e  area ,  change room and laboratory a s  shown i n  Figure 2. The lab- 

ora tory  has been extended 12 f t  t o  the  south s ince  the  f igures  were 

drawn. A fume hood i s  provided in  the  laboratory area .  

The ven t i l a t ion  system maintains the  reactor  room and t e s t  vau l t  

a t  a negative pressure r e l a t i v e  to  surrounding areas .  Exhausted a i r  

passes through a pa r t i cu la t e  a i r  f i l t e r  bank before being released 

through the  building ven t i l a t ion  s tack.  

B. DISMANTLING A N D  DISPOSITION 

All contam 

s t ruc tu res  wi 11 

inated o r  radioact ive  mater ia ls ,  equipment, and f a c i l i t y  

be decontaminated or  removed, packaged and shipped f o r  



PAGE . 4 

bur i a l .  All a reas  of the  f a c i l i t y  and a l l  material and equipment released 

f o r  unres t r ic ted  use will  be decontaminated t o  levels  which a r e  a s  low 

a s  pract icable  but in a l l  cases to  l eve l s  below those in Table 1. Acceptabll 

spec i f i c  a c t i v i t y  l eve1 s f o r  the  concrete biological  shielding remaining 

in  place following completion of the  dismantling operations will  be 

developed in the  Act iv i ty  Requirements f o r  the  concrete removal. 

TABLE 1 

Contamination Limits f o r  Decontamination and 

Disposition of the  STIR F a c i l i t y  

Total Removable 

Beta-Gamma Emitters 0.1 mrad a t  1 cm with 100 dpm/100 cm2 
2 7 mg/cm absorber 

Alpha Emitters 100 dpm/100 cm2 20 dpm/100 cm2 

The f a c i l i t y  will  not be completely dismantled. U t i l i t i e s ,  vent i -  

l a t i o n  system, hois ts ,  and other  items t h a t  might be of genera1 use t o  

some fu tu re  projec t  will  not be removed. Items t h a t  will  be removed 

include the  r eac to r  tank, the  thermal column, the  two cooling systems, 

the  water pur i f ica t ion system, the  water shie ld  f o r  the  t e s t  vau l t  

f r e i g h t  door, the  t e s t  ca r r i age  and miscellaneous items which a r e  not 

genera l ly  useful .  The control  room instrumentation and equipment, most 

of the  laboratory equipment, and miscellaneous hardware were removed 

in  June 1973. 

I I .  SCOPE OF PLAN 

The Dismantling Plan de l inea tes  the  a c t i v i t i e s  necessary to  

r e a l i z e  the  object ives  s t a t ed  above. These a c t i v i t i e s  have been cate- 

gorized a s  follows: 

1. Planning, monitoring, and control 

2 .  Radiological survey 

3. Tooling and support equipment procurement 

4. Dismantling and disposal  

5. Documentation 



PAGE . 5 

A schedule l i s t i n g  the  deta i led  tasks  and the  sequence of performance 

has been prepared (see  Figure 4 ) .  The level  of manpower requirements f o r  

these  a c t i v i t i e s  a r e  a l so  shown i n  Figure 4. 

Speci f ic  tasks wil l  be i n i t i a t e d  and monitored by the  Program Office.  

The work author iza t ions ,  work re leases ,  and progress repor t  issuance will  

genera l ly  follow the  format and guidelines s e t  out  i n  the  Decontamination 

and Disposition of F a c i l i t i e s  Program Plan. Quality Assurance and Health 

Safety and Radiation Services ac t ions  wi l l  be governed by the  Quality 

Assurance Plan and the Operational Safety Plan, respect ively .  The 

schedule and manpower loading char ts  and the  cos t  records will  serve a s  

the  overa l l  c r i t e r i a  to  measure progress and accumulated cos ts .  

IV. RADIOLOGICAL SURVEY 

An i n i t i a l  radiological  survey wi l l  be made t o  determine the  extent  

of r ad ioac t iv i ty  present in the  f a c i l i t y .  A n  assessment of the  probable 

l eve l s  of r ad ioac t iv i ty  a r e  a s  follows: 

A .  REACTOR TANK 

The highest observed radia t ion level  as of February 1975 was 800 m R / h r  

measured a t  t he  top of the  core grid p la t e  next t o  the lead gamma sh ie ld .  

Most of t h i s  radia t ion i s  due to  ac t ivated  impurit ies i n  t he  6061 T6 

aluminum s t ruc tu re  bu-t some i s  probably due to  Po-210 generated in the  

bismuth shie ld  and ac t iva t ion  of the  gravel and concrete around the  

pool tank. 

The maximum radia t ion level  a t  t he  t e s t  vau l t  s ide  of the  thermal 

column i s  about 3 mR/h r .  This i s  probably due to  a combination of 

ac t ivated  s t ruc tu ra l  material and ac t ivated  samarium oxide contamination 

in  the  graphi te .  



C. TEST VAULT 

The concre te  around t h e  thermal  column i s  p robab ly  a c t i v a t e d .  The 

r e s t  o f  t h e  v a u l t  s t r u c t u r e  i n d i c a t e s  accep tab le  r a d i a t i o n  l e v e l s .  P a r t s  

o f  t h e  t e s t  c a r r i a g e  s t r u c t u r e  and t h e  s h i e l d  mounted on i t  i n d i c a t e  

r a d i a t i o n  l e v e l s  as h i g h  as 1 mR/hr. 

D. COOLING SYSTEM 

No r a d i a t i o n  was d e t e c t e d  e x t e r n a l  t o  t h e  c o o l i n g  system p i p i n g ,  hea t  

exchangers, pumps, e t c .  T h i s  was t r u e  o f  t h e  wa te r  p u r i f i c a t i o n  system 

a l s o .  There may be some low l e v e l  i n t e r n a l  contaminat ion.  

V .  TOOLING AND SUPPORT EQUIPMENT PROCUREMENT 

No s p e c i a l  t o o l i n g  requi rements a r e  a n t i c i p a t e d .  Handl ing equipment, 

c o n t a i n e r s  and packaging m a t e r i a l s  r e q u i r e d  f o r  r a d i o a c t i v e  waste w i l l  

be p rocured  f rom t h e  R a d i o a c t i v e  M a t e r i a l s  Disposal  Fac i  1 i t y  (RMDF) a t  

A I .  Cranes and r i g g i n g  needed f o r  l i f t i n g  and moving heavy equipment 

w i l l  be p r o v i d e d  by A1 Maintenance o r  an o u t s i d e  c o n t r a c t o r .  

V I .  DISMANTLING AND DISPOSAL 

A c t i v i t y  Requirements and d e t a i l e d  Working Procedures w i l l  be w r i t t e n  

t o  gu ide  t h e  d i s m a n t l i n g  and d i s p o s a l  opera t ions .  A b r i e f  d e s c r i p t i o n  

o f  t h e  p r i n c i p a l  tasks  a r e  as f o l l o w s .  

A. PREPARATION FOR DISMANTLING AND DISPOSITION 

A  change area and a  r a d i o l o g i c a l  survey s t a t i o n  w i l l  be s e t  up. 

H e a l t h  and S a f e t y  equipment, i n s t r u m e n t a t i o n ,  and m a t e r i a l s  w i l l  be made 

a v a i l a b l e .  A  r a d i o l o g i c a l  survey w i l l  be made o f  a l l  areas. 

B. PERIPHERAL SYSTEMS REMOVAL 

A  Salvage C o n t r a c t o r  w i l l  be used t o  remove n o n - r a d i o a c t i v e  equipment. 

I tems such as t h e  water  door, c o o l i n g  tower, and assoc ia ted  p i p i n g  w i l l  be 

removed by t h e  c o n t r a c t o r .  To f a c i l i t a t e  h i s  removal o f  t h e  n o n - r a d i o a c t i v e  

equipment, p o s s i b l y  contaminated equipment p h y s i c a l l y  near w i l l  be removed 

e a r l y  i n  t h e  STIR d i s m a n t l i n g .  

FORM 719-P REV. 3-75 



NO FDP-704-990-004 

PAGE 7 

and disposed of accordingly. The 50 Kw cooling system will likewise 

be checked fo r  contamination and removed and disposed of accordingly. 

All signal cables will be removed and a l l  e lectr ical  wiring will be 

removed back t o  the c i r cu i t  breakers. 

C .  DISMANTLING OF TEST VAULT AREA 

The water tank shield outside the freight  door and the r a i l s  on 

which i t  runs wit1 be removed. The channels provided for  the r a i l s  in 

the concrete will be f i l l e d  w i t h  concrete. 

The concrete shield will be removed from the t e s t  carriage and 

broken up into pieces of manageable s ize  fo r  disposal. The t e s t  carriage 

and r a i l s  will be dismantled and disposed of as necessary. The drive 

mechanism and coolant hoses for  the f iss ion plate  will be removed. The 

conveyor system in the stairwell and vault will be dismantled and removed. 

Miscellaneous hardware and equipment will be disposed of. The r a i l s  in 

the f iss ion plate  p i t  will be removed, but cleanup of the p i t  will be 

deferred until  a f t e r  the thermal column and pool tank have been removed. 

D .  REACTOR TANK - THERMAL COLUMN DISMANTLING 

The grid plate,  detector thimbles and internal piping will be 

removed from the reactor tank. The gravel in the annulus between the 

tank and the concrete l iner  will be taken out.  The lead shot and 

bismuth "window" in the gamma shield will be removed. The aluminum tank 

will be cut into small sections and removed. The I-beam supports for  the 

tank will be removed. 

The cover plate  on the t e s t  vault  side of the thermal column will be 

taken off and the graphite logs removed. The aluminum l iner  will be 

removed. 

The concrete around the reactor tank and around the thermal column 

will  be checked fo r  radioactivity and will be jackhammered or blasted out 

where necessary and disposed of. The concrete tank l iner  extending above 

f loor  1 eve1 in the reactor room will be removed down to floor level . 
The storage wells in the reactor room floor  will  be decontaminated or removed 

for  disposal. The gamma counter p i t  will be surveyed and decontaminated i f  

radioactive. 

RM 719-P REV 3-75 



PAGE . 8 

E .  FINAL CLEANUP 

All debris from the dismantling work will be cleaned up and disposed 

of. A radiological survey will be made of a l l  areas and a f inal  cleanup 

will be done in those areas which are  above permissible levels.  

The f i l t e r s  in the building exhaust system will be removed and 

disposed of and ducting and stack checked for  contamination. Any part of 

the exhaust system which i s  contaminated will e i ther  be cleaned or disposed 

of. 

The thermal column will be plugged with concrete on the t e s t  vault 

side flush with the eas t  wall of the t e s t  vault. The reactor tank cavity 

will be f i l l e d  with sand and the top capped with concrete, flush with 

the reactor room floor .  

VII. DOCUMENTATION 

A. PROCEDURES 

As indicated above, Activity Requirements and Detailed Working 

Procedures will be written t o  guide the decontamination and dismantling 

operations. Specific radiological and industrial safety hazards and the 

means for  working with and elminating these hazards will be identified. 

The procedures will be consistent with the requirements of the Operational 

Safety Plan, and compliance with these requirements will be monitored by 

Quality Assurance and Health,Safety and Radiation Services. Detailed 

procedures will be released and controlled by the A1 Engineering Data 

Release System, 

6. REPORTING 

Progress on the STIR D&D a c t i v i t i e s  will be reported to  ERDA in the 

Decontamination and Disposition of Fac i l i t i es  Program Monthly Report. 

C. RECORD INFORMATION 

The resu l t s  of radiological surveys of the areas, materials, and 

equipment will  be recorded. A complete accounting of a l l  radioactivity 

I R M  719-P REV. 3-75 
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disposed of by RMDF will be maintained. Photographic coverage of the 

more significant phases of dismantling will be obtained in still photos. 

D. FINAL REPORT 
The final report will describe the dismantling an decontamination 

activities. Problem areas and the subsequent solutions will be highlighted. 

Shipping records, showing quantities of material and the level of associated 

radioactivity, will be included. The report will contain the Q 
records certifying the reported status of the STIR area upon completion. 
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ABSTRACT 

SSFL Building a028 originally housed the SrZR test reactor. The reactor 
was removed, and the facility was decontaminated and decommissioned for 
release for unrestricted use in 1976. Subsequent uranium-oxide melting 
experiments conducted in the facility resulted in some recontamination of 
equipment and localized areas. Following completion of the uranium ex- 
periments, the facility underwent additional decontamination and decom- 
missioning operations in 1988, and the above-grade structures were demol- 
ished and removed in 1989. As part of this effort, a frnal radiological sur- 
vey was conducted (prior to demolition), which included both indication- 
only surveys, and detailed grid surveys of total and removable alphatbeta 
activity, and ambient gamma exposure rate. 

The results and statistical analysis of the final radiological survey data are 
presented in this report, The data show very small levels of residual radio- 
active contamination oust above background) in isolated areas of the facil- 
ity, but at levels that are far below any regulatory limits. Ambient gamma 
exposure rates were observed to be slightly higher in the basement area, 
but still at levels below allowable limits. Some evidence of residual activa- 
tion in the concrete wall adjacent to the removed STIR reactor was noted, 
but also at levels below the allowable limits. Based on the present results, 
it is concluded that residual radioactivity in all areas of Building T028 is 
below applicable limits. Therefore, these areas meet the requirements of 
DOE Order 5400.5, "Radiation Protection of the Public and Environment" 
(February 1990), and are suitable for release without radiological restric- 
tions. 
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.O INTRODUCTION 

Decontamination and decommissioning (D&D) of a number of formerly used nu- 
clear facilities and sites is underway at Rockwell International's Santa Susana Field Labo- 
ratories (SSFL). During D&D of these facilities, reasonable efforts are being made to 
eliminate radioactive contamination or to reduce residual contamination to levels that are 
as low as reasonably achievable (ALARA). Upon completion of D&D, radiological sur- 
veys are performed, using formal procedures, to determine that any remaining radioactiv- 
ity does not exceed applicable regulatory limits. The scope of these surveys includes both 
known and suspected areas of contamination. 

To promote efficient use of the facilities at  SS buildings are often decontami- 
nated and decommissioned following one use with radioactive materials and then reused 
in new projects that may or may not involve radioactive materials. Building TO28 has 
been recycled in this manner, starting as a research reactor facility which was decommis- 
sioned, and then reused for research on simulated accident conditions involving molten 
uranium oxide. Following completion of this latter project, it was determined that there 
would be no future need for the building and so the subsequent decontamination was fol- 
lowed by demolition of the above-grade structures. 

Prior to demolition, the building was completely surveyed for detectable radioactive 
contamination. Small areas that indicated some contamination were completely decon- 
taminated before releasing the above-grade structure to contractors for demolition. All 
contaminated material was sent to the RMDF for eventual disposal at an authorized site. 
After the sections of the building that were to remain in place were decontaminated, a 
final radiological survey was performed. The results of the final radiological survey are 
described in this report. 

The findings presented in this SRR include a statistical treatment of measured gam- 
ma radiation exposure rates and surface contamination from sections of the above-grade 
structure prior to demolition, and the present below-grade portion of Building T028. The 
gamma exposure rates and the surface contamination are compared with regulatory ac- 
ceptance limits. These comparisons show that residual radioactivity is well below accept- 
able levels and that the remaining structure is suitable for release without radiological 
restrictions. 

This report is organized as follows: A background on Building TO28 that includes its 
location and operating history is provided in the next section (Section 2). The scope of 
the survey and applicable regulatory limits are given in Section 3. Section 4 summarizes 
the statistical techniques used to interpret the survey data. Section 5 summarizes the sur- 
vey methods and procedures. Results are provided and discussed in Section 6, and Sec- 
tion 7 states the conclusions drawn from the review. 
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Additional data and information pertaining to Building TO28 are provided in Ap- 
pendices A through E. Appendix A describes the method used to determine the applica- 
ble regulatory limit for ambient gamma exposure rate above background in a concrete 
vauIt area; Appendices C9 and D list the various radiolodical data obtained during the 
final release survey; and Appendix E provides a list of items collected during the decon- 
tamination and decommissioning operation which are archived at Rockwell. 
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2.0 BACKGROUND 

Building TO28 is located within Rockwell International's Santa Susana Field Labo- 
ratory (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. Location of the SSFL relative to Los Angeles and vicinity is shown in Figure 1. 
An enlarged map of neighboring SSFL communities is shown in Figure 2. Figure 3 is a 
plot plan of the western portion of SSFL, known as area IV where Building TO28 is lo- 
cated. A drawing @Ian view) of Building T028, as it existed prior to above-grade demoli- 
tion, is shown in Figure 4. 

Figure 5 shows the relevant portion of a 1967 edition of the U.S. Geological Survey 
(USGS) topographic map of the Calabasas Quadrangle where the SSFL is located. Using 
USGS terminology, the description for Building TO28 is: Section 25 of Township T2N: 
Range R18W Calabasas Quadrangle. 

AREA CHARACTERISTICS 

Figures 6 and 7 are photographs of Building TO28 taken from the west end of the 
facility. Figure 6 shows the remaining slab floor after demolition and removal of the 
above-grade structures. Figure 7 shows the remaining below-grade structure, consisting 
of the original test vault area. 

The terrain throughout most of the SSFL areas is uneven due to rock outcroppings. 
Rock outcroppings exist upslope from the facility to the north, and to the south and west. 
Water runoff is primarily to the west at the western end of the facility. Surrounding the 
facility in all directions is asphalt paving. The minimum distance to the SSFL boundary is 
approximately 300 ft. This boundary lies in a northeasterly direction (Simi Valley direc- 
tion). Grade floor elevation is approximately 1,800 ft  above sea level. 

2 3  OPERATING HISTORY 

Building TO28 was originally constructed to perform tests of space reactor shields 
using a fission plate driven by neutrons from the thermal column of a SO-kW swimming 
pool-type reactor. This reactor was designated the Shield Test Reactor (STR) and oper- 
ated from 1961 to 1964, when it was modified to operate at 1 MW. This latter configura- 
tion was renamed the Shield Test and Irradiation Reactor (STIR) and operated through 
1972. Following shutdown of the test program and removal of the reactor. the facility was 
decommissioned and made available for alternate use in March 1976 (Ref. 1). 

In 1977, operations were started to investigate the behavior of molten UO-, relative 
t o  simulated reactor accidents; in particular, its reaction with tloor and structural 
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6239-17 

Figure 1, Map of os Angeles Area 
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6239-2 

Figure 2. Map of Neighboring SSFL Communities 
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First Floor 

Master power 
switch for RA 
exhaust system. 

Reactor Pool, 
removed in 1976 

/ 

Fuel storage 
vault -300 kg 
normal and 
depleted uranium 
(1977-1 988). 

Uranium melt furnace and vacuum exhaust 
system. High internal contamination contains - 22 kg of Normal U02. 

Figure 4. Plan View of Building TO28 Prior to Decontamination 
and Above-Grade emolition (1977-1988) 
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materials . These experiments resulted in some recontamination of various parts of the 
building that were used for the preparation and the melting of the U02 .  Tests continued 
intermittently through 1981. Some facility modifications were done after that. and a deci- 
sion to terminate operations was made in 1984. The building remained inactive, under 
periodic surveillance, until 1988 when cleanout and decontamination began. 

In April 1989 it was determined that there was no remaining radioactive contamina- 
tion in the above-grade portion of the building and that part of the structure was demol- 
ished. Only the concrete floor and the below-grade test vault and stairway currently 
remain. 

SUM OF DECONTAMINATION A 

Decontamination and decommissioning (D&D) of the Building TO28 facility oc- 
curred from about July through December 1988. All work was done following approved 
written procedures. Details of the work are discussed in Ref. 2. 

Briefly, the D&D steps involved were (1) removal of surplus normal and depleted 
uranium oxide; (2) decontamination and removal of equipment and electrical compo- 
nents, including the furnace system used for the uranium-oxide experiments; (3) removal 
of the RIA ducting system; (4) building surfaces decontamination, including scabbling of 
Room lOlA concrete floor; (5) final miscellaneous cleanup operations; and (6) final ra- 
diological survey of the TO28 building facility (above-grade and basement). 

Following qualitative analysis of the final radiological survey data, which showed no 
residual radionuclide contamination above acceptable levels (Ref. 3), the building was re- 
leased to Taylor Wrecking Co. for demolition and removal of the above-grade structures. 
The structure demolition and removal work was completed in July 1989. 

All radioactive waste from the facility D&D was sent to the RMDF for packaging 
and shipment to anford, Washington. A total of about 1,200 ft3 of waste was shipped to 
Hanford. 
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SCOPE OF SURVEY 

The scope of the decontamination and decommissioning (D&D) survey included ra- [ 
dialogical inspections of the interior above-grade building areas and the basement area i 

which had been used previously for uranium-olride melting experiments. 
tion of Rooms 102 and 102A, all above-grade interior rooms were inspected by indica- 
tion-only surveys with a 0 survey meter and with a thin-window pancake GM survey 
meter. No activity above background levels was observed in these areas. 

Rooms 102,1024 and the basement (Room 101), which had potential for ura- 
nium and activation product contamination, were antitatively characterized by measur- 
ing total and removable alphalbeta activity on surfaces, and ambient gamma exposure 
rates 1 m above the floor. Total and removable alphalbeta activi was measured in 67, 
1 m2 wall, floor, and ceiling locations, and in 30 selected areas c ring several structural 
features remaining in B101. Gamma exposure rates were measured in 29 floor 
ranging in size from - 1 m to 2.4 m in size. 

Total and removable alphabeta surface contamination is reported in disintegrations 
per minute per 100 cm2 area (dpm1100 an2). Indication-only alphaheta measurements 
are reported as No Detectable Activity ( , or less than 20 or 50 dpm1100 cm2, re- 
spectively. Ambient gamma e osure rates are reported in micrcp-roentgens per 

1 quantitative data were statistically analyzed against appropriate residual con- 
tamination acceptance limits. 

3. ES D-US 

omparison of the survey data with unrestricted-use acceptance limits was 
formed using a tical sampling inspection by variables. This approach is disc 
ther in Section ceptance limits for conta ination and gamma exposure rates are 
those prescribed in DOE guidelines (Ref. 4), gulatory Guide 1.86, NRC license 

other references. 

Typically, the lowest (most conservative) limits are chosen. n b l e  1 shows the com- 
posite of conservative limits derived from the aforementioned references and adopted 
Rocketdyne with respect to Building T028. 

Two limits are indicated for ambient gamma exposure rate. The first, 5p 
pen areas outside buildings or to the interior o 
or and standard above-grade construction. Fo 

largely or totally surrounded by concrete, such as shielded basement rooms, a somewhat 
modified approach can be taken, and this is discussed below. 
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Radiation Exposure Limit in Concrete Vaults 

The State of California Radiologic Health Branch has recognized the difficulty in 
determining the exposure rate corresponding to "natural" background in a concrete vault. 

approximate estimate has been developed by the State, as described in Appendix A, 
that permits estimation of the interior background as being 3 @/h greater than the out- 
side background. This discussion also presents the consideration that because of the all- 
encompassing nature of a concrete vault, 10 pR/h at one meter from a surface closely 
corresponds to 5 pR/h from a single plane area, and states that a limit of 10 pR/h may be 
applied in such circumstances. 

eceptable Conliamination Limits 

bient gamma exposure rate (at 1 rn) 5 kR/h above backgrounda 

10 pR/h above backgroundb 

mit applicable for outside areas or building interiors with standard slab 
oor and standard above-grade construction. The average background 
amma exposure rate at the SSFL has a value of about 15 pR/h with a 

range (mAmum-minimum) of ab 4 pR/h. Although DOE guidelines 
(Ref. 5) recommend a value of 20 lh above background for gamma ex- 
posure rate, the NRC Dismantlin der for the G 8 5  reactor decommis- 

g (Ref. 6 )  required 5 p R h  above background. For conservatism, 
above background is used at Rocketdyne to compare survey results. 

mit applicable for areas such as concrete shielded vaults. For this case, 
the ambient gamma rate background to be applied is the average outside 
ambient gamma rate increased by 3 pR/h (see text and Appendix A). 

ION 

ree specific action levels were established for the survey. If the surveyor detected 
radiation, action was initiated according to the following criteria: 

haracterization vel. That level of exposure rate which is less than 50% of 
the maldmum acceptable limit. This level encompasses the range of natural 
background levels at the SSFL and requires no further action. 

2. Reinspection Level. That level of exposure rate which is between 50% and 
90% of the maximum acceptable limit. A general survey of the area and a re- 
sampling of the area are required in this case. 
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3. Investigation Level. That level of exposure rate which exceeds 90% of the - 
maximum acceptable limit. Specific investigation of the occurrence is required 
in this case. 
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4.0 STATISTICAL ANALYSIS 

A statistical procedure is required to validate the applicability of radiological survey 
data collected at selected locations to an entire area or region. A statistical method 
known as "sampling inspection by variables" (Ref. 7) was used to analyze the data from 
the present survey. This method has been widely applied in industry and the military and 
it is both effective and efficient for cases where destructive tests must be performed (e.g., 
in quality control) or for cases where the lot size is impractically Iarge. A detailed descrip- 
tion of this method is given in Ref. 8. For completeness, however, the technique is sum- 
marized below. 

In sampling inspections by variables, the number of data points on which rneasure- 
rnents are obtained is first chosen to be sufficiently large (greater than -30) so that the 
distribution of the data should be normal (i.e., Gaussian). The mean of the distribution, 
x,, and its standard deviation, s, then determine a "test statistic," TS, as follows: 

TS = x, + ks. 

TS and x, are compared with an acceptance limit, U, to determine acceptance or 
other plans of action, including rejection of the area. In the above expression k is known 
as the tolerance factor. The value of k is determined from the sample size and two other 
statistical sampling coefficients that are related to the "consumer's risk" of accepting a 
lot, given that a fraction of the lot has rejectable items in it. The values chosen for these 
coeffjcjents for the survey correspond to assuring with 90% confidence, that 90% of the 
area has residual contamination below 100% of the applicable limit (a 90/90/100 test). 
The choice of values for the two coefficients is consistent with industrial sampling practic- 
es and State of California guidelines (Ref. 9). 

Data from the present survey are treated using this statistical approach. The reduced 
data are plotted against the cumulative Gaussian probability on a probability-grade scale. 
Display of data in this manner permits clear identification of values with significantly 
greater exposure rates than expected for the lot, based on a Gaussian distribution. 
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ETNOD D PROCEDURES 

A detailed working procedure was developed and used for the final radiological sur- 
vey of Building TO28 (Ref. 10). Relevant details from this procedure are repeated below. 

SAM G N 

For the final radiologi 28 was divided into 
ese areas were th ave potential for radionucli 

tion based on the previou ilding. The selected areas 
above-grade rooms 1 ment test vault, 
the sampling plan for 

urvey report, total 
phaheta contamination m as were treated t 
vidual lots for comparison 
exposure rate in a concret 
surements for t 

asement measu 

en an indication 

the ambient gamma exposure rate measurements. 

oors, and ceilings. 
1 indicates the nu 

was made of each area to clearly show the location of each survey grid. 
rangement resulted in obtaining 67 total and removable alphaheta measurements and 29 
ambient gamma exposure-rate measurements for the TO28 facility. 
basement vault Room B101, with some of the I-m square survey g 



101) After Decon 
ids used in the fi gical survey. 
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5.1.2 Structural Surfaces 

Structural surfaces consisted of beams, pipes, conduits, and other surfaces that were 
not amenable to large surface measurements. Except as otherwise noted, for these sur- 
faces, 20% of the surface area was surveyed. Structural surfaces surveyed included the 
overhead bridge crane and rails, and light fixtures, all in Room B101. 

5.2 DATA ACQUISITION 

In each selected survey area, total and removable alphaibeta contamination and 
ambient gamma exposure rates were measured. The exact location within the survey area 
where the measurements were made was left to the surveyor's judgment; it was to be the 
area that was most likely to have retained the greatest amount of contamination. This de- 
cision was based on surface discoloration, stains, or chemical residues, debris, and crev- 
ices or cracks in tile and concrete. This procedure provides a uniform survey biased to- 
ward the high end of the distribution. Locations of noticeably greater radioactivity were 
to be noted. Upon any indication, surrounding locations were to be surveyed. 

ATA REDUCTION 

Each radiological measurement data value was input into a spreadsheet code devel- 
oped at Rocketdyne. This code allows multiple computations to be performed on raw 
data values. Columns were established to calculate the total, maximum, and removable 
alphaibeta contamination per 1 m2 in dpmI100 cm2 and surface ambient gamma exposure 
rate in ~ R l h .  The standard deviation of each measurement was also calculated. Software 
was developed in Microsoft Quick~AS1C@ to read data from the spreadsheet file and 
then plot the radiological measurements against the Gaussian cumulative distribution 
function. For convenience, the distribution function, G(x), is plotted as the abscissa (prob- 
ability grades), and x, the measurement value, is plotted as the ordinate (linear grades). 

Input for this data reduction was: 

Room number 

Grid location; e.g., W-1 west wall, grid 1 

Alpha total activity, averaged over 1 m2 (counts in 5 min) 

Alpha maximum activity for hot spot, if present (counts in 5 min) 

Alpha removable activity from 100 cm2 smear (counts in 5 min) 

Beta total activity, averaged over 1 m2 (counts in 5 min) 

Beta maximum activity for hot spot, if present (counts in 5 min) 

Beta removable activity from 100 em2 smear (counts in 5 min) 
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Alpha survey instrument background (5  min), efficiency factor (dpmlcpm), 
and area factor 

Alpha gas-proportional detector background (5 min) and efficiency factor 
(dpmlcpm) 

Beta survey instrument background (5  min), efficiency factor (dpmlcpm), and 
area factor 

Beta gas-proportional detector background (5 min) and efficiency factor 
(dpmlcpm) 

Ambient gamma exposure rate (counts in 5 min, cpm) 

Gamma survey instrument background (5 min) 

Gamma survey instrument efficiency factor (p.R/h/cpm) 

Output for the Gaussian plots was: 

1. Alpha total activity averaged over 1 m2 and standard deviation (dpm1100 cm2) 

2. Alpha maximum activity and standard deviation (dpm/100 cm2), only if ob- 
served 

3. Alpha removable activity and standard deviation (dpmi100 em2) 

4. Beta total activity averaged over 1 m2 and standard deviation (dpml100 cm2) 

5. Beta maximum activity and standard deviation (dpm1100 cm2), only if ob- 
served 

6. Beta removable activity and standard deviation (dpm/100 cm2) 

7. Ambient gamma exposure rate and standard deviation (pR1h) 

DATA ANALYSIS 

An arithmetic mean and standard deviation of the radiological measurement values 
is calculated for each data set. The test statistic, x, + ks, is also calculated for each dis- 
tribution. The acceptance criteria presented in Section 3.2 is applied to each sampling dis- 
tribution using the acceptance limits given in Table 1. 

From the plot of measurement values vs cumulative probability, and assuming a 
Gaussian distribution of data, the mean radiological value of.the lot is the point on the 
ordinate axis where the distribution intersects the 50% cumulative probability. When an 
acceptance limit is applied to a test case, a horizontal line is displayed on the graph at the 
acceptance limit for comparison with the calculated test statistic, TS. 
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5.5 DIRECT ALPHAIBETA CONTAMINATION MEASUREMENTS 

Direct alphalbeta contamination measurements were made using Ludlum model 
2220-ESG portable scalers to detect pulses from a Ludlum 43-1 alpha scintillation probe 
and a Ludlum 44-9 thin-window pancake G beta probe, respectively. 

Instrument Calibration 

Each detector was calibrated two or three times daily by the operator (see Ref. 10). 
e alpha detector was calibrated with e beta detector with q c .  

levels were determined by 5-min measuremen& on a representative area 
cility survey plan. 

cquisition and Reduction 

Each location where a measurement was made was identified on a map and in ma- 
trix notation. The gross number of alpha counts recorded in 5 min along with 
the matrix notation location was input in eadsheet code. Columns were estab- 
lished to calculate total-average alpha a and the standard devi- 
ation (in dpm/100 cm2) according to Eq . Conversion from gross counts ob- 
served to dpm1100 ern2 is given b 

= surface activity 
= total counts in 5 min 
= count time, min 
= background coun 5 for alpha an 

beta) 
= Efficiency factor, dp es about 4.8 for alpha and about 3. 

beta) 
100 = 100 cm2 standard are 

= probe sensitive area (71 cm2 lum model 43-1 circular alpha 
scintillator; 20 cm2 for Ludlu I 44-9 pancake G 

Note that the analysis is er than count rates. The standar 
viation of the measurement in dpm/100 cm2 is given by: 
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Data Analysis 

t Total-average alphalbeta radioactivity in dpm/100 cm2 per square meter were 
I 

1 plotted, in order of magnitude from left to right, against the cumulative probability. The 
test statistic, x, + ks, was also calculated for the lot, and compared against the accep- 
tance limits in Table 1. Criteria for accepting the area as uncontaminated are presented in 
Section 3.2. 

If the measurements taken are represented by a Gaussian distribution, the data will 
fall along a straight line. Large breaks or changes in slope in the distribution will indicate 
some specific areas are contaminated to differing levels. 

REMOVABLE A L P W E T A  CONTA EASUREMENTS 

A 100 cm2 area of each square meter surveyed for fixed alphaheta contamination 
was sampled for removable alphaheta contamination. ach smear sample was placed in 
a gas-flow proportional counter for analysis. 

nstrument Calibration 

The Canberra Model 2201 gas-flow proportional counter was calibrated twice daily 
by the operator (Ref. 10). Alpha efficiencies were determined by using a % calibration 
source. Beta efficiencies were determined by using a calibration source. A "clean" 
smear-paper was used to determine background radiation levels. 

Data Acquisition and Reduction 

Gross alpha and beta counts for each sample location were entered into the spread- 
sheet code. Columns were established for input of instrument efficiency and background. 
Removable surface activity is converted to dpm/100 an2 by the expression: 

where the appropriate alpha and beta backgrounds and efficiency factors were used. 
Backgrounds (B) are typically 0-2 counts for alpha an 40-50 counts for beta in a 5-min 
time period. Efficiency factors (EF) are about 3.5 for alpha and 3.9 for beta. 

The standard deviation, s, of this measurement (in dpm1100 cm2) is: 
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5.63 Data Analysis 

Removable alphalbeta radioactivity in dpm1100 cm2 per square meter were plotted, 
in order of magnitude from left to right, against the cumulative probability. The same 
analytical criteria apply here as those presented in Section 5.5.3. 

5.7 AMBIENT GAMMA EXPOSU TE 

Measurements of ambient gamma exposure rate were made by using a 1 in. by 1 in. 
Nal scintillation crystal coupled to a Ludlum Model 2220-ESG portable scaler. This de- 
vice was mounted on a tripod so that the sensitive crystal was 1 m from the floor. The de- 
tector is nearly equally sensitive in all directions, i.e., 477 geometry, and can detect varia- 
tions in exposure rate down to about 0.5 pRIh, using the digital scaler for a 1-min count 
time. Because of the natural variability of ambient radiation @articuIarIy outdoors), a 3 
to 5 @Ph exposure rate above "background" is considered the practical instrument sensi- 
tivity in terms of identifymg increased exposure values. At this level, a surveyor would de- 
cide to collect additional measurements. 

Instrument Calibration 

The gamma detection system is calibrated quarterly using U 7 ~ s  as the calibration 
source. A voltage plateau is plotted and the voltage is set a t  a nominal 800 V. The detec- 
tor is placed on a calibration range and readings taken at 5, 2, 1, 0.9, 0.5, 0.4, 0.3, and 0.2 
m l h .  A detector efficiency plot as a function of exposure rate is then generated. 

Because of an exposure rate-dependent effect and because the calibration range 
does not read less than 200 pRIh, this instrument was cross-calibrated against a Reuter 
Stokes High Pressure Ion Chamber (HPIC). Count rates were converted to exposure rates 
using the relationship that 215 cpm = 1 /h, at background exposure rates. 

Instrument response was checked three times a day using a 2 2 6 ~ a  source. The source 
was placed 1 ft from the detector and counted for 5 min. If the scaler reading fell within 
115% of the nominal value, then the instrument was qualified as operable for the day, 
under the calibration conditions previously described. Recalibration because of "instru- 
ment out of tolerance" was not necessary during the period this survey took place. 

ata Acquisition and 

Each location where a gamma measurement was made was identified on a map and 
in matrix notation. The gross number of counts recorded in 5 min along with the matrix 
location was put into the spreadsheet code. Columns were established to calculate the to- 
tal exposure rate (pR/h) and its standard deviation according to Eq. 5-5 and 5-6. Gamma 
scintillations produced by a NaI  detector were converted from gross counts to exposure 
rate R (pR/h) by: 



No.: N704SRR990033 
Page: 27 

where ' 

C = gross counts in 5 min (cpm) 
EF = efficiency factor (0.00465 @/h/cpm) based on cross calibration with the 

HPIC. 

The standard deviation, s, of a single measurement then becomes Eq. 5-6: 

5.73 Data Analysis 

Analysis and interpretation of gamma exposure rate data is a five-step process: 

Plot, in order of magnitude from left to right, total-gross exposure rates in 
pR/h against cumulative probability for at least three independent areas con- 
sidered to be "natural background" at SSFL. These survey locations should be 
from areas where no radioactive material has ever been used, handled, stored, 
or disposed. If available, these areas should be of similar geologic characteris- 
tics to those of the inspected areas. Calculate the average, standard deviation, 
and range for each distribution. These distributions give the baseline for "nat- 
ural" variability of exposure rate as a function of SSFL terrain. 

2 .  Plot total-gross exposure rates in pR/h against the cumulative probability for 
each subject sampling lot. Calculate the average, standard deviation, and 
range for each distribution. Compare these statistics and probability distribu- 
tions against "natural background" distributions. 

3. Determine if there are any trends indicated by the probability plots of each 
subject sampling lot which show a potentially contaminated area. If necessary, 
investigate elevated measurements andlor trends in the distribution. 

4. Determine whether the "natural background" distributions adequately repre- 
sent "ambient background" for the tested areas. Determine if any nuclear-re- 
lated operations in the local area are influencing "ambient background" in 
the test area. If so, make corrections. 

5. Subtract the estimated "natural background" from each test-area measure- 
ment and compare the results against the acceptance criteria listed in Table 1. 
Use inspection by variables techniques to test for acceptance. Calculate the 
average, standard deviation, and test statistic, x, + ks, for each test-area dis- 
tribution. If "ambient background" in the test areas differs from "natural 
background," correct the data accordingly and retest. Often, "ambient back- 
ground" is less than "natural background." When this is the case, a better 
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estimate of "ambient background" is the median gross-total exposure rate 
value from the same uncorrected data set. The median is an unbiased estima- 
tor of "ambient background." - 

The most critical step in the analysis of gamma exposure rate measurements is as- 
sessing what true "ambient background9' radiation is for a test area. "Ambient back- - .  

ground" accounts for three effects which result in the production of an electronic pulse 
from the gamma instrument (a count), which under ideal measurement conditions would 
not occur: - 

1. "Natural background9' radiation from outer space, primordial radionuclides, 
and global fallout - 

. Secondary influence of gamma exposure rate due to nearby facilities which 
handle radioactive materials or radiation producing machines 

- 
3. Instrument noise. 

ese individual contributions to "ambient background" complicate data interpreta- 
tion against acceptable limits because both the NRC and DOE criteria for acceptance for 
unrestricted use are given in a l h  above background. In natural-terrain areas, significant 
deviations in "natural background" radi ction of landscape geometry. 
For example, when the detector i one outcropping, the expo- 
sure rate may increase by almost . This increase is due to naturally occurring ra- 
dionuclides in the sandstone, and a change in source geometry, from a planar 
dian surface to a rocky 3~-steradian surface. "Natural background" is also more variable 
when measurements are made over, at, or near large metal pieces, scrap components, and 
other objects. "Natural backgroun lso different indoors and varies with construction 
materials, particularly concrete, a lly is higher in concrete-lined rooms. 

st conections for "ambient background" have b 
distributions are compared against the appropriate acceptance limit. 

- - s9 is calculated for each distribution. Statistical acceptance criteria presented in 
Section 3.2 then apply. 
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6.0 SURVEY RESULTS D DISCUSSION 

A radiological burvey of Building TO28 was performed using the survey plan de- 
scribed in Ref. 10, and outlined in Section 5. Three sample lots were established for ana- 
lyzing and interpreting radiological data: (1) total and removable alphalbeta activity mea- 
surements for the whole facility, (2) ambient gamma exposure rate measurements for the 
above-grade section of T028, and (3) ambient gamma exposure rate measurements for 
the basement section of T028. 

Analytical interpretation using Gaussian statistics of gamma exposure rate measure- 
ments and total and removable alpha/beta contamination measurements show slight con- 
tamination in some areas, but at levels far below acceptance limits. Further investigation 
is not required in any location. 

INDICATION-ONLY S YS 

As part of the final release survey, indication-only surveys were first conducted us- 
ing a pR survey meter and a pancake GM survey meter to search for contamination in 
those areas not specifically selected for grid measurements in the survey plan. No detect- 
able activity (NDA) was observed in any of these areas. 

ENTS 

Total and removable alphalbeta activity was measured in 67 tloor, wall, and ceiling 
locations in Rooms 102, 1 0 2 4  and B101. Ambient gamma exposure rates were measured 
in 29 floor locations in the same areas. The results of all these measurements are listed in 
Appendixes B and C and summarized in Table 2. The table shows four parameters for 
each of the three data sets: average value, maximum value, standard deviation of the dis- 
tribution, and the test statistic TS (TS = x, + ks). 

Total alphalbeta measurements were made in all of the 67 survey grid locations, in- 
cluding 14 locations in Room 102, 16 locations in Room 102A, and 37 locations in the 
basement room B101. These data are shown plotted vs the cumulative probability in 
Figures 9 and 10 (negative values occur when the observed count is less than the value 
adopted for background). As is evident in Figure 9, there is some deviation from a Gaus- 
sian distribution, with a few possible outliers. No outliers are evident in the total beta 
data set in Figure 10. 

These same two data sets are shown on reduced scales in Figures 11 and 12 to more 
clearly display the survey results relative to the acceptance limits. Here, the appropriate 
acceptance limit of 5,000 dpmt100 cm2 is shown as the top limit of each graph. As is 
clear, both data sets show TS values which are well below the acceptance limit. and 
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Table 2. Summary of Survey Results for Building TO28 

Data Set Data Average Maximum Standard 
IPointsI Value I Value I beviation1 

Test / Acceptance 
Statistic Limit 

Total alpha  grid^)^ 

Total beta  grid^)^ 

Removable alpha   grid^)^ 

Removable beta   grid^)^ 

Ambient gamma (102, 1 0 2 ~ ) ~  

Ambient gamma (BIOl)C 

Removable alpha (~ t ruc tures)~  

Removable beta ( s t r~c tu re s )~  

aTotal and removable alphatbeta measurements on 67 grid locations in Rooms 102, 102A, 
and B101. 

b~ackground subtracted ambient gamma exposure rates in the above-grade Rooms 102 
and 102A. The ambient background gamma rate subtraction was 11.2 @/h, which is the 
median of the data set (see text). 
Background subtracted ambient gamma exposure rate in basement room B101. The am- 
bient background gamma rate subtraction was 17.9 ~ R l h  (see text). 

dRemovable alphalbeta measurements on various structures remaining at the facility. 

Cumulative Probability (%) 
5788-5 

. Total Alpha Activity in TO28 Survey Grids 
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\ 
Gaussian distribution calculated from data 

Cumulative Probability (%) 
5788-6 

Figure 10. Total Beta Activity in 
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Figure 11. Total Alpha Activity in TO28 Survey Crids-Reduced Scale 
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\ I 

Gaussian distribution calculated from data I 
I 

5 98 9, 
Cumulative Probability (%) 5788-8 

indicate no need for further action. The reduced-scale plot of the data in Figure 11 clear- 
ly show that the few potential alpha outliers indicated in Figure 9 are of no regulatory 
concern. 

emovable (smear) alpha/beta measurements were also conducted in all 67 survey 
grid locations. These data are shown plotted vs the cumulative probability in Figures 13 

was the case in Figure 9, there is some deviation from a Gaussian distribution 
in both data sets, with several outliers. 

The removable alpha and beta data sets are shown on reduced scales in Figures 15 
and 16. Here, the appropriate acceptance limit of 1,000 dpm/100 cm2 is shown as the top 
limit of each graph. Again, both data sets show TS values well below the acceptance limit, 
and indicate no need for further action. The few potential outliers, indicated in Figures 
13 and 14, are far below levels that are of regulatory concern. 

3 AMBIENTGA EASUREMENTS 

Ambient gamma exposure rate measurements were made in 29 grid locations, in- 
cluding 16 locations in Rooms 102 and 102A, and 13 locations in Room B101. Because of 
expected differences in natural background gamma e,xposure rates in the above-grade vs 
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Figure 14. Removal Beta Activity for TO28 Survey Grids 



No.: N704SRR990033 
Page: 34 

Acceptance Limit 1 

I 

! 

A 

N 

6 
0 
0 
v- \ 

5 
9 
h 
C - > - - 
0 
a 
m TS = 33.3 dpmI100 cm2 .c 
a 
3 

TS 

.9 

Cumulative Probability (%) 
5788-3 

lQ00 

Acceptance Limit 

- 
..-. - > - - 
..- 

0 

Gaussian distribution calculated from data 
-2@Q 

Cumulative Probability (%) 
5788-4 

eta Activity in TO28 Survey Grids - 



No.: N704SRR990033 
Page: 35 

the basement area, the two areas were treated as separate data sets for statistical analysis. 
Treatment of the data and determination of gamma background levels appropriate to 
each data set are discussed below. 

Background Gamma Exposure Rate at the SS 

Because the variability in the background gamma exposure rate at the SSFL ap- 
proaches 3 to 4 kR/h, the choice of a suitable value to use for the background exposure 
rate is critically important. Ideally, the best approach is to choose an area whose charac- 
teristics (geographic, location, etc.) are identical to the area under study. For the present 
survey, where the two areas of interest included a bare concrete slab floor and a concrete 
vault, no genuinely suitable "background7' area was readily available. Therefore, the ap- 
proach that was taken here was to average the available background gamma exposure 
rate data from a variety of areas at the SSFL. The five areas considered and summary 
data for each are listed in Bble 3. All five area data sets have been used in previous ra- 
diological surveys at the SSFL and are outdoor areas where no radioactive materials have 
ever been used, stored, or disposed of. 

The first three data sets were from areas specifically chosen based on their known 
history of use at the SSFL, which effectively precluded the possibility of there ever having 
been radioactive materials present at the sites. e latter two data sets, on the other 
hand, were established and used separately during the final radiological surveys of the 

Conservation Yard (a portion of the old Rocketdyne Barrel Storage Yard) (Ref. 11) 
and the Building TO64 Sideyard (Ref. 12). Each of these latter data sets were subsets of 
gamma survey data taken in 1988 in the immediate vicinity of these two SSFL sites. The 
data points included in the subsets were taken from a single contiguous area within each 

. Background Gamma Exposure Rates ( 

Welt No. 13 Road 

Incinerator Road 

Old Conservation Yard 

Average: 14.9 2.8 .7 
t la 1.3 1.1 0.2 
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of the larger data sets, where it could be reasonably ascertained that no previous use of 
radioactive materials had ever taken place. 

The combined data in Table 3 give an average outdoor gamma exposure rate back- 
ground at  the SSFL of 14.9 sfr 1.3 pR/h (lo). The range (maximum minus minimum) of 
measured data from the five data sets varied from 1.4 for the Incinerator Road, to 4.2 for 
the area east and adjacent to Building T064. 

Gamma Exposure ates for Rooms 10 

Ambient gamma exposure rates 16 floor grid locations in Rooms 
102 and 102A are presented in Figure e plotted vs the cumulative Gaus- 
'an probability. The mean measured /h, with a range of 
7 pR/h. Comparison with the data i value is signifi- 

cantly lower than generally observed ugh individual data values in the 9 
to 10 pR/h range have been observed. 

Following the procedure guidelines given in Section 5.7.3, therefore, the median of 
the data set (11.2 ~iR/h)  was used for a representative (unbiased) background estimate. 
The resulting background-subtracted gamma e osure rates above-grade in TO28 are 
shown in Figure 18, compared against the appropriate acceptance limit of 5 

Gaussian distribution calculated from data 

Cumulative Probability (%) 5788-5 

amma Exposure Suhvey Grids (Rooms - 
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Figure 18. Gamma Exposure ates for TO28 Survey 
(Rooms 102 and 102A)- 

at the top of the graph. The test statistic for the distribution is 1.3 pR/h, well below the 
acceptance limit. 

Gamma Exposure Rates for 

The second set of gamma exposure rates measured, that for the basement of Build- 
ing T028, is shown in Figure 19. As expected for a concrete vault, the data set shows val- 
ues higher than observed above grade. For this distribution, i t  was appropriate to use an 
adjusted background level following the method described earlier in Section 3.1.1. This 
method specifies adding 3 kR/h to the natural ambient gamma exposure rate for the 
SSEL of 14.9 pR/h, resulting in a background gamma exposure rate of 17.9 pR/h. The 
method also specifies using the higher acceptance limit of 10 pR/h given in Table 1. The 
resulting background-subtracted Room BlOl data is shown in Figure 20. The test statistic 
for the distribution is 3.4 kR/h, which is well below the applicable 10 pR/h acceptance 
limit. Correlation of the measured gamma data with corresponding survey location, 
however, does indicate a gradient across the room of -4.7 pR/h. This result is also below 
the 10 pR/h limit, but, as expected, does indicate some remaining low-level residual acti- 
vation in the concrete wall section that was adjacent to the previously decommissioned 
STIR reactor. 
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0.1 90 99 99.9 

5788-1 1 

Survey Grids (Room B101) 

ADDITIONAL SU 

Several additional nongridded areas of TO28 were surveyed as part of the final ra- 
diological release survey. These data are discussed below. 

Removable alphalbeta surveys were conducted on several special structural surfaces 
oom B101. These included the 7-112 ton bridge crane and rails (20 smears, 90% sur- 

vey), and the ceiling light fixtures (10 locations). Results of the smear surveys are shown 
in Figures 21 and 22 plotted vs the cumulative Gaussian probability and are listed in Ap- 
pendix C .  Figures 23 and 24 show the same data plotted on a reduced scale for compari- 
son with the acceptance limit of 1,000 dpm1100 cm2. Test statistic values for both data 
sets are well below the acceptance limit. 

6.4.2 WEPA Filter Plenum Foundation 

Ground-level surveys were conducted on the concrete foundation beneath the RIA 
exhaust HEPA filter plenum after removal of the plenum. The survey encompassed 17 
grid locations. Survey results were reported as  NDA for total alphaibeta, and as <20 and 
< 50 dpml100 cm2 for removable alphalbeta. indicating no observable residual radionu- 
clide activity. These results are well below the acceptance limits of 5,000 and 1.000 
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Figure 20. Gamma E sure Rates for TO28 Survey Grids 
1)-Reduced Scale 

dpm1100 cm2, respectively, and therefore, no further statistical analysis of these data was 
performed. 

The above-grade concrete slab floor and the test vault (Room 8101) are the only 
remaining features of TO28 still intact. The basement room is currently inactive. 

A decommissioning file for Building TO28 has been established and is currently ar- 
chived at Rockwell's SSFL Building T100. Appendix D contains a list of items archived in 
this file. 



No.: N704SRR990033 
Page: 40 

90 
Cumulative Probability (%) 

5788-1 6 
101 Structures 

Cumulative Probability (%) 
5788-17 

eta Activity for BlOl Structures 
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7. ONCLUSIONS - 

Specific and overall conclusions relating to the current radiological status of TO28 
- - 

are given below. 

SPECIFIC CONCLUSION 

1. Indication-only radiological survey data on nongridded areas of TO28 indi- 
cated no detectable residual radioactivity. 

- - 
2. Total alphalbeta measurements made in 67 grid locations in TO28 

102A, and BlOl showed test statistic (TS) values of 36.2 and 1,148 dpml 
100 cm2, respectively. Both values are well below the acceptance limit for sur- - 
face contamination of 5,000 dpm1100 cm2. 

3. Removable alphalbeta measurements made in the same 67 grid locations 
showed TS values of 33.3 and 89.9 dpm/100 cm2, respectively. Removable al- 
phalbeta measurements on various remaining structures located at the facility 
showed TS values of 6.2 and 31.8 dpm1100 cm2. A11 values are well below the 
acceptance limit for removable contamination of 1,000 dpml100 cm2. 

ackground-subtracted ambient gamma exposure rate measurements made in 
16 grid locations in Rooms 102 and 1 0 2 4  and 13 grid locations in B101, 
showed TS values of 1.3 and 3.4 a l h ,  both below the applicable acceptance 
limits of 5 and 10 pRIh, respectively. Some slight residual gamma activity, less 
than the 10 pR/h limit, was observed near the north wall of B101, presumably 
from residual activation from the previously removed STIR reactor. 

1. Based on the results of the final radiological survey reported here, the re- 
maining structures at SSFL Building TO28 may be released for use without 
.radiological restrictions. 
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ND 

UILDING TO28 DECOM 
I 

The following is a list of the documents on the decommissio 
T028. The documents are archived in SS 

ing TO28 Radi cal Survey Plan," Rockwell Interna- 
cument N704D 0095, to be released in 1991. 

uilding TO28 Decontamination and Demolition Fi 
ernational Supporting Document N001T1000322, 

uilding TO28 radiological su ey and other supporting data, including 
ment Qualification ey location maps and diagrams, and H 
and Safety Analysis 

readsheet data on measurements of total and removable alphalbeta activ- 
and ambient gamma exposure rate data, measured at TO28 as 

final radiological survey. 

a1 Decontamination and diological Survey of 
ational Supporting ment N704SRR99 





NATIONAL ENVIRONMENTAL POLICY ACT 
DOCUMENTATION FOR DECONTAMINATION 
DECOMMISSIONING OF 28 AT ENERGY 
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DOE San Francisco Field Office (ERWIM) 
A8EAS 

Categorical Exdusion (CX) Determination for Environmental Remediation of DAViS 7 
Building and Work Areas by Decontamination and Removal and DisposaI of 4 / / 1  / 9 2  

Hazardous and Radioactive Waste 

Susan Brechbill, Acting AMEL;MS b / w 9 2  

In accordance with DOE NEPA Guidebnes, Section D, and SEX-15-90, I have 
determined that the subject project satisfies the requirements for exclusion from h /  ZV92 
further NEPA review based on the following: 

CX DETEK;MLNATION 

NEP A Document Number: ET-EM-92-72 

Prouosed A d o n :  E n ~ i r o n m ~ i a i  Renediation of Buildings and Work Areas 
by Decontamination and R m v d t  a d  Disposal of 
Hazardous and Radioactive Was& 

Location: Energy Technology Engineering Center (ETEC), Sank Susana 
Field Laboratory, V e n t u , ~  County, CA 

Description: Remove stored equipment, dmntaminate facilities and 
adjacent grounds to remove low level rakoactivity contamination, and restore 
them to conditions suitable for use without radiologi-4 restrictions. Also, 
excavate, as needed, adjacent grounds to remove huardous and radioactively 
contaminated mil and debris. Package the hazardous and radioactively 
contaminated fixtures, surplus equipmat  and debris, and ship it to an approved 
radioactive waste dispsal facility. 

Buildinqs and Work Areas to be Remediated 

Radioactive Materials Disposal Fadity (ADS 4005-AO: 
Building 077, FL4 iMaterials Storage Vauit 
Building 021, Decontamination and Packaging 
Building 034, Offices 
Building 044, Health-Physics Services 
Four peripheral storage structures & the storage yard 

Building 073, Liquid Me&& Chemistry Laboratory (ADS 5002-AC) 



SSFL Work Areas Decontamination (ADS 4006-WC): 
Sodium Reactor Experimcqt (SRE) Moderator Shipping Cask stored in: 
Building 012, SNAP Gitical Facility 
Building 100 Area, Construction Work Trench6 
Old Conservation Yard Packaged Waste Disposal 

C X  To B e  Auulied (from Section D, D O E  NFPA Guidelines): 

CX as identified in Federal Register Vofume 55, Number 174, dated September 7, 
1990, for "I. The removal actions and other actions desaibed below, if it is 
determined that such an action would not threaten a violation of applicable 
statutory, regulatory or permit requii-ements, induding requirements of DOE 
Orders; would not require siting and construction or major expansion of waste 
disposal, recovery, or beatment facilities (induding incinerators and fadlities for 
treating waste water, surface water, or ground water); and would not adversely 
affect environmentrily sensitive areas .... c. Removal actions under the Compre- 
hensive Environmental Response, Compensation, and Liability Act (CERCLA) 
(induding those t ~ k w  as  final response actions and those taken before remedid 
action) and actions similar in scope under the Resource Conservation and 
Recovery Act (RCR.4) and other authorities (induding the Atomic Energy 
amended) and thos2 taken as partial dosure actions and those talken before 
corrective action .... (12) Ux of chemicds and other materials to retard the 
of the release or to mitigate its efiect5, where the IW of such chemicals would 
reduce the spread of, or direct mntact with, the contamination; (and} .... (16) 
Treatment (induding incineration), recovery, storage or disposal of waster at  
existing fadlities permitted for the type of waste r e d f i n ,  0 from the removal 
action, where needed, to reduce the likelihood of human, animal, or food chain 
exposure." 

The project will not aifect historic, archaeoiogical, or ar~i i tectmalIy si,pifimt 
properties; will not impzct environmentally sas i t ive  areas or critical hzbitats; is 
not located in a floodplain, wetland, or prime agricultural land; and will not 
u d i z e  s j e d a l  sources of wrter, sole source aquifers, well heads, or  other resources 
vital to the region. 



I have determined that the proposed a t ion meets the requirements for the CX 
referenced above.  heref fore, I have determined that the proposed action may be 
categorically excluded from further NEPA review and documentation 

James T. Davis 
Acting Manager 

c D. WiILiams, E M 4  
- . A Mak, EM443 

C. Borgstrom, EH-25 
. . 








