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. I .  

DERIVATION OF A URANIUM RESIDUAL RADIOACTIVITY 
GUIDELINE FOR THE NATIONAL GUARD ARMORY 

IN CHICAGO, ILLINOIS 

Charley Yu and John M. Peterson 

ABSTRACT 

A uranium residual radioactivity guideline for the National 
Guard Armory in Chicago, Illinois, was derived using data from radio- 
logical surveys carried out in 1977 and 1978 by Argonne National 
Laboratory and in 1987 by Bechtel National, Inc. The derived 
guideline is based on the requirement that the 50-year committed 
effective dose equivalent to an individual who lives in the Armory 
should not exceed a dose of 100 mrem/yr following decontamination 
of the Armory. Procedures specified in the U.S. Department of 
Energy manual for implementing residual radioactivity guidelines 
were used in this evaluation. The results of the evaluation indicate 
that the basic dose limit of 100 mrem/yr will not be exceeded in the 
foreseeable future, provided that the concentration of uranium-238 
within the Armory does not exceed 150 pCi/g following decontami- 
nation. This guideline applies to the activity concentration of 
uranium-238, with uranium-234 and uranium-235 present in the sam$: 
activity ratio as in natural uranium (the activity ratio of uranium-238, 
uranium-234, and uranium-235 in natural uranium is 1:1:0.046). 

1 HISTORY AND SUMMARY OF EXISTING CONDITIONS 

The National Guard Armory is located in the northeast section of Washington 
Park at 52nd Street and Cottage Grove Avenue in Chicago, Illinois (Fig. 1). The Armory 
building, constructed in 1924, is a 71-m (230-ft) by 200-m (650-ft) concrete building with 
a facade of Indiana limestone. An arena occupies the center of the building, and offices 
are located on four floors at the north and south ends. The arena is 68 m (220 ft) by 
100 m (350 ft) and has a ceiling over 30 m (100 ft) high of clear span (steel truss) 
Construction. Stadium bleachers are located on the east and west sides of the arena. 
The arena was formerly used by a horse Calvary and later for horse polo games played on 
a dirt floor (U.S. Dept. Energy 1983; Jones 1986). 

..I 
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FIGURE 1 Location of the Illinois National Guard Armory, Chicago, Illinois 
(Source: Modified from U.S. Department of Energy 1983) 
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The Armory was leased from the state of Illinois 124th Field Artillery by the 
Manhattan Engineer District (MED) during World War II to support activities associated 
with development of the atomic bomb. Beginning in 1942, the building was used jointly 
by the MED Metallurgical Laboratory and the University of Chicago in support of federal 
programs involving nuclear materials. When use of this facility in support of nuclear 
programs was terminated in 1951, the property was returned to the state of Illinois for 
use by the National Guard (U.S. Dept. Energy 1980a, 1980b). 

Various types of uranium processing activities were conducted in the Armory in 
support of nuclear activities. The arena was probably used for chemical processing and 
metal casting of uranium; the bleachers surrounding the arena were used for storage of 
radioactive materials. After MED stopped using the Armory, contaminated sediment 
from the arena dirt floor was removed and efforts were made to decontaminate some of 
the bleachers around the arena. A concrete slab was later poured over the dirt floor to 
facilitate use of the arena for maintenance of military vehicles (U.S. Dept. Energy 1983). 

The principal radioactive contaminant in the Armory is processed natural 
uranium. The contamination is generally limited to relatively small areas (less than 
300 cm2), and the radiation level resulting from the contamination is quite low. In a 
radiological survey conducted in 1977 and 1978 (U.S. Dept. Energy 1983), no exposure 
rates in excess of background levels were detected at 1 m from the surface. The 
maximum contact exposure rate measured was 3 mR/h on a catch basin manhole cover in 
Room 1. The concentrations of radon-222 and its decay products In air in the building 
were within the range of values normally expected for background concentrations. The 
concentrations of long-lived radionuclides in air samples and the concentrations of radio- 
nuclides in soil samples collected around the facility were also essentially at background 
levels. These results indicate that the primary radioactive contaminant in the Armory is 
processed natural uranium, with minimal amounts of any decay products (i.e., 
thorium-230 and radium-226). A radiological survey was carried out by Bechtel 
National, Inc., in 1987 to more accurately delineate the extent of the contamination. 
TMA Eberline (1987) data from that survey are in general agreement with the results of 
the previous radiological survey conducted by Argonne National Laboratory in 1977 and 
1978 (U.S. Dept. Energy 1983); the results from both surveys were used in this analysis. 

A site-specific pathway analysis was carried out to establish the residual 
radioactivity guideline for the Armory, i.e., the residual rsdionuclide concentration that 
must not be exceeded if the Armory is to be released for unrestricted use. In this 
analysis, it was assumed that the three long-lived uranium isotopes -- uranium-238, 
uranium-234, and uranium-235 -- are in equilibrium, with an activity ratio of 1:1:0.046 
(as in natural uranium). The derivation of the uranium guideline is based on procedures 
described in the U.S. Department of Energy (DOE) manual for implementing residual 
radioactivity guidelines (Gilbert et al. 1985 -- hereafter referred to as “the Manual”); the 
guidelines are presented in App. A. The derivation is Iimited to uranium-238, with 
uranium-234 and uranium-235 in equilibrium, because these are the only radionuclides 
that were detected in elevated concentrations in the areas surveyed. 

-- 
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2 SCENARIO DEFINITIONS 

The potential exposure scenario considered in this evaluation assumes 
unrestricted use of the site at some time in the future. A hypothetical person is assumed 
to take up residence in the Armory building, drink water from a well adjacent to the 
Armory, and ingest plant foods grown In a garden adjacent to the Armory. The four 
pathways analyzed in this scenario are (1) external radiation from the contaminated 
materials, (2) internal radiation from inhalation of dust, (3) internal radiation from 
ingestion of plant foods grown in the uncontaminated soil outside the Armory but 
irrigated with potentially contaminated water, and (4) internal radiation from drinking 
water from a hypothetical shallow well adjacent to the Armory on the downgradient 
side. The livestock (meat and milk) and aquatic food (fish) pathways described in the 
Manual were eliminated from consideration based on the relatively small size of the 
Armory site. 

The radiation dose to this potential future resident was calculated according to 
the method described in the Manual, based on the following specific assumptions: 

l The individual lives in the ‘most extensively contaminated room of 
the Armory building. 

l Ten percent (10%) of the plant-food diet consumed by the individual 
is raised in the garden outside the Armory and is irrigated with 
potentially contaminated water. 

l Wastewater collected in catch basins and sewer line eventually 
reaches the groundwater. 

l The hydrogeologic and geochemical parameters for the Armory site 
are similar to those for the city of West Chicago, for which data are 
available. West Chicago is located about 40 km (25 mi) from the 
Armory site. 
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3 DOSE-TO-SOURCE RATIOS 
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The dose-to-source (D/S) ratios were calculated using the method described in 
the Manual. The summation of Dip/Si for each radionuclide i over the pathway p is the 
total D/S ratio that will be used to determine the allowable residual radioactivity for the 
Armory site, i.e., 

Total D/S = C 1 ‘ip”i 
Pl 

The derivation of Dip/Si for uranium-238 for the four pathways applicable to the 
Armory site is presented in Sections 3.1-3.4. The various parameters used for this 
analysis are defined in App. B. 

3.1 EXTERNAL GAMMA RADLATION PATHWAY 

The formula for the D/S ratio for the external radiation pathway (p = 1) is: 

Dil/si= (D/E)il x pb x Fol x FA1 X FDil 

Substituting the parameter values listed in Table B.l, App. B, one obtains:* 

D1/S = f Dil/Si = 0.087 x 1.5 x 1.0 x 0.61 x 0.45 
i=l 

+ 9.5 x 10 -4 x 1.5 x 1.0 x 0.61 x 0.63 

= 3.6 x 10 -2 (mrem/yr)/(pCi/g) 

3.2 DUST INHALATION PATHWAY 

The D/S ratio for internal exposure from inhalation of dust ,b = 2) was calculated 
using the following equation: 

Di2/Si = (D/E)~~ x (E/A)~ x F02 x FS2 x (A/S)2 

*The summation is carried out for uranium-238 and uranium-234 (uranium-234 is assumed 
to be present in secular equilibrium with uranium-238). The dose contribution from 
uranium-235 is not included in this evaluation because it will be much lower than that 
for either uranium-238 or uranium-234, due to the much lower activity concentration of 
uranium-235. 
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The mass loading factor (A/S)3, i.e., the mass of airborne dust per unit volume of 
air, was assumed to be 2.0 x 10m4 g/m’. This value is conservative for normal indoor 
activities, i.e., it results in a higher inhalation dose (Gilbert et al. 1983). Because horse 
polo games were previously played in the arena of the Armory (Argonne Natl. Lab 19871, 
such an indoor mass loading factor at the Armory cbuld occur in the future. Using the 
parameters listed in Table B.l, App. B, one obtains: 

-4 D2/S = Diz/Si = 0.12 x 8400 x 1.0 x 1.0 x 2.0 x 10 
i=l 

+ 0.13 x 8400 x 1.0 x 1.0 x 2.0 x 10 -4 

= 4.2 x 10 -’ (mrem/yr)/(pCi/g) 

3.3 PLANT-FOOD INGESTION PATHWAY 

For the plant-food ingestion pathway (p = 3), the plant food was assumed to be 
raised in a garden adjacent to the Armory in an uncontaminated area. Thus, the root 
uptake and foliar deposition pathways were not considered in this analysis. However, the 
irrigation pathway, assuming use of potentially contaminated water, was evaluated. The 
D/S ratio for internal exposure from ingestion of the hypothetical plant-food diet was 
calculated using the following equation: 

Dishi = (D/E)~~ x (Ei3/si) x FAN x FD3 

The environmental transport factors in the above equation, El3/Si, was 
calculated as 

Ei3f Si = (Ei3/Wi) ’ (Wi/Si) 

using the conversion factors, Ei3/Wi, listed in Table 4.5 of the Manual. The water-to- 
source concentration ratios, Wi/Si’ were obtained from the drinking water pathway 
discussed in Section 3.4. 

Using parameter values listed in Table B.l, App. B, and the Wi/Si value 
calculated in Section 3.4, one obtains: 

D3/S = f (Di3/Si) = 2.6 x 1O-4 x 7.7 x lo* x 0.76 x 0.10 x 1.0 
i=l 

+ 2.8 x 10 -4 x 7.7 x lo* x 0.76 x 0.10 x 1.0 

- 3.2 x 10 -* (mrem/yr)/(pCi/g) 

II-52 



_ __ _- .----.---.--__---. _.- - _. 

7 

- 

-_ 

.- 

- 

/- 

- 

,-._ 

: 

3.4 DRINKING WATER PATHWAY 

The D/S ratio for internal exposure from drinking water (p = 4) was calculated 
using the equation: 

Di4/ Si = (D’E)i4 x (Ei4/Wi) x (Wi/Si) 

The water-to-source concentration factor, Wi/Si’ was calculated as 

Wi/Si = (looo,,~;) x FUZi x PSZi 

where Ki” is the ith radionuclide distribution coefficient in the contaminated (source) . 
materials: The Fuz and Fst factors were caIculated using the method described in the 

i i 
Manual, except the retardation factor, Rd, was modified so that the radionuclide 
migration velocity is more conservatively estimated. The retardation factor defined in 
the Manual (p. 4-70) reads: 

Rd = 1 + ob Kd/Be 

where Be is the effective water content. It was modified to read: 

Rd = 1 + cb Kd/6, 

where et is the total water content. The rationale for this modification can be found in 
reports of the U.S. Department of Energy (1987) and Yu (1987). 

Using the parameters listed in Table B.l, App. B,‘it was calculated that: 

F = 1.0 UZ. 1 
and 

F = 3.8 x 10 -2 
IL. 1 

Hence, 

‘i/‘i = (1000/50) x 1.0 x 3.8 x 10 -2 = 0.76 (pCi/L)/(pCi/g) 

Therefore, 

D4/S - E Di4/Si = 2.6 x 10 -4 x 410 x 0.76 
i=l 

+ 2.8 -4 x 10 x 410 x 0.76 

= 1.7 -’ x 10 (mrem/yr)/(pCi/g) 
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4 RESIDUAL RADIOACTMTY GUiDELINE 

Based on the dose-to-source ratios derived in the previous section for each 
pathway applicable to the Armory site, the total D/S ratio was calculated as follows: 

4 
Total D/S * f 1 

i=l p=l 
Dip/Si 

= ; (Dp/S) 
P=l 

= 3.6 x 10 -* + 4.2 x 10 -1 + 3.2 x 10 -2 + 1.7 x 10 -1 

= 6.6 x 10 -’ (mrem/yr)/(pCi/g) 

The residual radioactivity guideline is defined as the concentration of residual 
radioactivity that can remain in the Armory and still allow for unrestricted use of the 
site. Using the annual radiation dose limit of 100 mrem/yr (App. A), the residual 
radioactivity guideline for the Armory site is 150 pCi/g (i.e., 100 + 0.66 = 150) for 
uranium-238, with uranium-234 and uranium-235 present in naturally occurring 
concentrations. 
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APPENDIX A. DOE GUIDELINES FOR RESlDUAL RADIOACTMTY 

U.S. DEPARTMENT OF ENERGY GUIDELINES 
FOR RESIDUAL RADIOACTIVITY AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(Rev. 1, July 1985) 

A. INTRODUCTION 

This document presents U.S. Department of Energy (DOE) radiological 
protection guidelines for cleanup of residual radioactive materials and 
management of the resulting wastes and residues. It is applicable to sites 
identified by the Formerly Utilized Sites Remedial Action Program (FUSRAP) and 
remote sites identified by the Surplus Facilities Management Program (SFMP).* 
The topics covered are basic dose limits , guidelines and authorized limits for 
allowable levels of residual radioactivity, 
the radioactive wastes and residues. 

and requirements for control of 

sites 
Protocols for identification, characterization, and designation of FUSRAP 

for remedial action; for implementation of the remedial action; and for 
certification of a FUSRAP site for release for unrestricted use are given in a 
separate document (U.S. Dept. Energy 1984). 
applications 

More detailed information on 

deriving 
of the guidelines presented herein, 

site-specific guidelines 
including procedures for 

for allowable levels of residual radio- 
activity from basic dose limits, is contained in a supplementary document-- 
referred to herein as the “supplement” (U.S. Dept. Energy 1985). 

“Residual radioactivity” includes: 
nuclides in soil material,** 

(1) residual concentrations of radio- 

products, (3) 
(2) concentrations of airborne radon decay 

external gamma radiation level, 
A “basic dose limit” 

and (4) surface contamination. 
is a prescribed standard from which limits for quantities 

that can be monitored and controlled are derived; it is specified in terms of 
the effective dose equivalent as defined by the International Commission on 
Radiological Protection (ICRP 1977, 1978). 
explicitly for deriving guidelines 

Basic doses limits are used 

nuclides in soil material, 
for residual concentrations of radio- 

except for thorium and radium. Guidelines for 

*A remote SFHP site is one that is excess to DOE programmatic needs and is 
located outside a major operating DOE research and development or production 
area. 

**The term “soil material” refers to all material below grade level after 
remedial action is completed. 
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residual concentrations of thorium and radium and for the other three quanti- 
ties (airborne radon decay products , external gamma radiation level, and 
surface contamination) are based on existing radiological protection standards 
(U.S. Environ. Prot. Agency 1983; U.S. Nucl. Reg. Comm. 1982). These 
standards are assumed to be consistent with basic dose limits within the 
uncertainty of derivations of levels of residual radioactivity from basic 
limits. 

A “guideline” for residual radioactivity is a level of residual radio- 
activity that is acceptable if the use of the site is to be unrestricted. 
Guidelines for residual radioactivity presented herein. are of two kinds: 
(1) generic, site-independent guidelines taken from existing radiation 
protection standards, and (2) site-specific guidelines derived from basic dose 
limits using site-specific models and data. Generic guideline values art 
presented in this document. Procedures and data for deriving site-specific 
guideline values are given in the supplement. 

An “authorized limit” is a level of residual radioactivity that must not 
be exceeded if the remedial action is to be considered completed. Under . normal circumstances, expected to occur at most sites, authorized limits for 
residual radioactivity are set equal to guideline values. Exceptional 
conditions for which authorized limits might differ from guideline values art 
specified in Sections D and F. A site may be released for unrestricted use 
only if the residual radioactivity does not exceed guideline values at the 
time remedial action is completed. Restrictions and controls on use of the 
site must be established and enforced if the residual radioactivity exceeds 
guideline values. The applicable controls and restrictions are specified in 
Section E. 

WE policy requires that all exposures to radiation be limited to levels 
that are as low as reasonably achievable (ALARA). Implementat ion of ALARA 
policy is specified as procedures to be applied after authorized limits have 
been set. For sites to be released for unrestricted use, the intent is to 
reduce residual radioactivity to levels that are as far below authorized 
limits as reasonable considering technical, economic, and social factors. At 
sites where the residual radioactivity is not reduced to levels that permit 
release for unrestricted use, ALARA policy is implemented by establishing 
controls to reduce exposure to levels that are as low as is reasonably 
achievable. Procedures for implementing ALARA policy are described in the 
supplement. ALARA policies, procedures, and actions must be documented and 
filed as a permanent record upon completion of remedial action at a site. 

B. BASIC DOSE LIMITS 

The basic limit for the annual radiation dose received by an individual 
member of the general public is 500 mrtm/yr for a period of exposure not t0 
exceed 5 years and an average of 100 mremfyr over a lifetime. The committed 
effective dose equivalent, as defined in ICRP Publication 26 (ICRP 1977) and 
calculated by dosimetry models described in ICRP Publication 30 (ICRP 1978)’ 
shall be used for determining the dose. 
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GUIDELINES FOR RESTDlJAL IUDIOACTIVITY ._ .- --- 

Residual Radionuclider in Soil Material 

Residual concentrations of radionuclides in soil material shall be speci- 
fied as above-background concentrations averaged over an area of 100 III*. If 
the concentration in any area is found to exceed the average by a factor 
greater than 3, guidelines for local concentrations shall also be applicable. 
These “hot spot” guidelines depend on the extent of the elevated local concen- 
trations and are given in the supplement. 

“- 

,s- 

,- 

The generic guidelines for residual concentrations of Th-232, Th-230, 
Ra-228, and Ra-226 art: 

- S pCi/g, averaged over the first 15 cm of soil below the surface 

- 1S pCi/g, averaged over lS-cm-thick layers of soil more than 15 cm 
below the surface 

These guidelines take into account ingrowth of Ra-226 from Th-230 and of 
Ra-228 from Th-232, and assume secular equilibrium. If either Th-230 and 
Ra-226 or Th-232 and Ra-228 are both present, not in secular equilibrium, the 
guidelines apply to the higher concentration. If other m ixtures of radio- 
nucl ides occur, the concentrations of individual radionuclides shall be 
reduced so that the dose for the m ixtures will not exceed the basic dose 
lim it. Explicit formulas for calculating residual concentration guidelines 
for m ixtures are given in the supplement. 

The guidelines for residual concentrations in soil material of all other 
radionuclides shall be derived from basic dose lim its by means of an environ- 
mental pathway analysis using site-specific data. Procedures for deriving 
these guidelines are given in the supplement. 

C.2 Airborne Radon Decay Products 

Generic guidelines for concentrations of airborne radon decay products 
shall apply to existing occupied or habitable structures on private property 
that are intended for unrestricted use; structures that will be demolished or 
buried are excluded. The applicable generic guideline (40 CFR 192) is: In 
any occupied or habitable building, the objective of remedial action shall be, 
and reasonable effort shall be made to achieve, an annual average (or 
equivalent) radon decay product concentration (including background) not to 
exceed 0.02 WL.* In any cast, the radon decay product concentration 
(including background) shall not exceed 0.03 WL. Remedial actions are not 
required in order to comply with this guideline when there is reasonable 
assurance that residual radioactive materials are not the cause. 

C.3 External Gamma Radiation 

The average level of gamma radiation inside a building or habitable 
structure on a site to be released for unrestricted use shall not exceed tht 
background level by more than 20 uR/h. 

*A working level (WL) is any combination of short-lived radon decay 
products in one liter of air that will result in the ultimate emission 
of 1.3 x 105 MeV of potential alpha energy. 

; - 
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C.4 Surface Contamination 

The following generic guidelines, adapted from standards of the 
U.S. Nuclear Regulatory Commission (1982), are applicable only to existing 
structures and equipment that will not be demolished and buried. They apply 
to both interior and exterior surfaces. If a building is demolished and 
buried, the guidelines in Section C.l are applicable to the resulting 
contamination in the ground. 

Allowable Total Residual Surface 
Contamination (dpm/lOO cm*)’ 

Radionuclidesb Average cod Maximumd’e Removabled pf 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, AC-227, 
I-12s, I-129 

Th-Natural, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, I-126, I-131, I-133 

U-Natural, U-235, U-238, and 
associated decay products 

Beta-gamma emitters (radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) 

100 

1,000 

S ,000a 

300 

3,000 

15 ,OOOa 

20 

200 

1 ,OOOa 

except St-90 and others noted above S,OOOB-y lS,0006-y 1,0006-y 

a As used in this table, dpm (disintegrations per minute) means the rate of 
emission by radioactive material as determined by correcting the counts 
per minute measured by an appropriate detector for background, efficiency, 
and geometric factors associated with the instrumentation. 

b Where surface contamination by both alpha- and beta-gamma-emitting radio- 
nuclides exists, the limits established for alpha- and beta-gamma-emitting 
radionuclides should apply independently. 

’ Measurements of average contamination should not be averaged over an area 
of more than 1 m*. For objects of less surface area, the average should 
be derived for each such object. 

d The average and maximum dose rates associated with surface contamination 
resulting from beta-gamma emitters should not exceed 0.2 mrad/h and 
1.0 mrad/h, respectively, at 1 cm. 

’ The maximum contamination level applies to an area of not more than 
100 cm*. 

f The amount of removable radioactive material per 100 cm* of surface area 
should be determined by wiping that area with dry filter or soft absorbent 
paper, applying moderate pressure, and measuring the amount of radioactive 
material on the wipe with an appropriate instrument of known efficiency. 
When removable contamination on objects of surface area less than 100 cm* 
is determined, the activity per unit area should be based on the actual 
area and the entire surface should be wiped. The numbers in this CO~UIIKI 
art maximum amountr. 
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D. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVITY 

The remedial action shall not be considered complete unless the residual ~. _ 
radioactivity is below authorized limits. Authorized limits shall be set 
equal to guidelines for residual radioactivity unless: (1) exceptions 
specified in Section F of this document are applicable, in which case an 
authorized limit may be set above the guideline value for the specific 
location or condition to which the exception is applicable; or (2) on the 
basis of site-specific data not used in establishing the guidelines, it can be 
clearly established that limits below the guidelines art reasonable and can be 
achieved without appreciable increase in cost of the remedial action. 
Authorized limits that differ from guidelines must be justified and estab- 
lished on a site-specific basis, with documentation that must be filed as a 
permanent record upon completion of remedial action at a site. Authorized 
limits differing from the guidelines must be approved by the Director, 
Oak Ridge Technical Services Division, for FUSRAP and by the Director, 
Richland Surplus Facilities Management Program Office, for remote SFMP--with 
concurrence by the Director of Remedial Action Projects for both programs. 

E. CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

Residual radioactivity above the guidelines at FUSRAP and remote SFMP 
sites must be managed in accordance with applicable DOE Orders. The DOE 
Order S480,lA requires compliance with applicable federal, state, and local 
environmental protection standards. 

The operational and control requirements specified in the following DOE 
Orders shall apply to interim storage, interim management, and long-term 
management. 

a. S440.1B, Implementation of the National Environmental Policy Act 

b. S480.1A, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations 

c. 5480.2, Hazardous and Radioactive Hixed Waste Hanagemtnt 

d. 5480.4, Environmental Protection, Safety, and Health Protection 
Standards 

e. 5482.1A, Environmental, Safety, and Health Appraisal Program 

f. 5483.1, Occupational Safety and Health Program for Covernment- 
Owned Contractor-Operated Facilities 

8* 5484.1, Environmental Protection, Safety, and Health Protection 
Xnformation Reporting Requirement@ 

h. 5484.2, Unusual Occurrence Reporting System 
. l= S820.2, Radioactive Waste Management 

E.1 Interim Storage 

8, Control and stabilization features shall be designed to ensure, to 
the extent reasonably achievable, an effective lift of SO years and, 
in any case, at least 2S years. 
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b. Above-background Rn-222 concentrations in the atmosphere above 
facility surfaces or openings shall not exceed: (1) 100 pCi/L at 
any given point, (2) an annual average concentration of 30 pCi/L 
over the facility site, and (3) an annual average concentration of 
3 pCi/L at or above any location outside the facility site (DOE 
Order 5480.1A, Attachment X1-1). 

c. Concentrations of radionuclides in the groundwater or quantities of 
residual radioactive materials shall not exceed existing federal, 
state, or local standards. 

d. Access to a site shall be controlled and misuse of onsite material 
contam:i?ated by residual radioactivity shall be prevented through 
appropriate administrative controls and physical barriers--active 
and passive controls as described by the U.S. Environmental 
Protection Agency (1983--p. 595). These control features should be 
designed to ensure, to the extent reasonable, an effective life of 
at least 25 years. The federal government shall have title to the 
property. 

E.2 Interim Management 

a. A site may be released under interim management when the residual 
radioactivity exceeds guideline values if the residual radioactivity 
is in inaccessible locations and would be unreasonably costly to 
remove, provided that administrative controls are established to 
ensure that no member of the public shall receive a radiation dose 
exceeding the basic dose limit. 

b. The administrative controls, as approved by DOE, shall include but 
not be limited to periodic monitoring, appropriate shielding, 
physical barriers to prevent access, and appropriate radiological 
safety measures during maintenance, renovation, demolition, or other 
activities that might disturb the residual radioactivity or cause it 
to migrate. 

c. The owner of the site or appropriate federal, state, or local 
authorities shall be responsible for enforcing the administrative 
controls. 

E.3 Long-Term Management 

Uranium, Thorium, and Their Decay Products 

a. Control and stabilization features shall be designed to ensure, to 
the extent reasonably achievable, an effective life of 1,000 years 
and, in any case, at least 200 yearn. 

b. Control and stabilization features shall be designed to ensure that 
Rn-222 emanation to the atmosphere from the waste shall not: 
(1) exceed an annual average release rate of 20 pCi/m*/s, and 
(2) increase the annual average k-222 concentration at or above any 
location outside the boundary of the contaminated area by more than 
0.5 pCi/L. Field verification of emanation rates is not required. 
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e . P r io r  to  p l a c e m e n t of a n y  p o te n tial ly b i o d e g r a d a b l e  con ta m ina ted  
wastes in  a  l ong - te r m  m a n a g e m e n t facility, such  wastes shal l  b e  
p rope r l y  cond i t i oned  to  e n s u r e  th a t (1 )  th e  g e n e r a tio n  a n d  e scape  o f 
b i ogen i c  gases  wil l n o t cause  th e  r e q u i r e m e n t in  p a r a g r a p h  b  o f th is  
sect ion ( E .3 )  to  b e  exceeded ,  a n d  (2 )  b i o d e g r a d a tio n  wi th in th e  
facility wil l n o t resul t  in  p r e m a tu r e  structural  fa i l u re  in  v io la-  
tio n  o f th e  r e q u i r e m e n ts in  p a r a g r a p h  a  of th is  sect ion ( E .3 ) . 

d . C r o u n d w a te r  shal l  b e  p r o tec ted  in  a cco rdance  vi th  4 0  CFR  
1 9 2 .20 (a ) ( 2 )  a n d  1 9 2 .20 (a ) ( 3 ) , as  app l i cab le  to  F U S R A P  a n d  r e m o te  
S F W P  sites. 

e . Access  to  a  site  shou l d  b e  con tro l led a n d  m isuse of ons i te  m a ter ia l  
c on ta m ina ted  by  res idua l  radioact iv i ty shou l d  b e  p r e v e n te d  th r o u g h  
a p p r o p r i a te  a d m inistrat ive con trols a n d  phys ica l  bar r iers- -act ive 
a n d  pass ive  con trols as  desc r i bed  by  th e  U .S . E n v i r o n m e n ta l  
P r o tec t ion A g e n c y  ( 1 9 8 3 - - p . 5 9 5 ) . T h e s e  con trols shou l d  b e  d e s i g n e d  
to  b e  e ffect ive to  th e  extent  r e a s o n a b l e  fo r  a t least  2 0 0  years.  
T h e  fede ra l  g o v e r n m e n t shal l  h a v e  title  to  th e  p r o p e r ty. 

O th e r  Rad ionuc l i de r  

f. L o n g - te r m  m a n a g e m e n t o f o th e r  rad ionuc l i des  shal l  b e  in  a cco rdance  
with C h a p te rs  2 , 3 , a n d  5  o f D O E  O rde r  5 8 2 0 .2 , as  app l i cab le .  

F. E X C E P T IO N S  

Excep tions  to  th e  r e q u i r e m e n t th a t a u tho r i zed  lim its b e  set e q u a l  to  th e  
gu ide l i nes  m a y  b e  m a d e  o n  th e  bas is  o f a n  analys is  o f site-speci f ic  a spec ts o f 
a  des i gna te d  site  th a t w e r e  n o t ta k e n  into a c coun t in  de r i v ing  th e  gu i de -  
l ines. Excep tions  r equ i r e  app rova l s  as  sta te d  in  S e c tio n  D . Speci f ic  
situ a tio ns  th a t w a r r a n t excep tions  a r e : 

a . W h e r e  r emed i a l  act ions w o u l d  p o s e  a  c lear  a n d  p r e s e n t risk o f in jury  
to  worke rs  o r  m e m b e r s  o f th e  g e n e r a l  publ ic ,  n o twi thstanding 
r e a s o n a b l e  m e a s u r e s  to  avo id  o r  r e d u c e  risk. 

b . W h e r e  r emed i a l  ac t ions - -even  a fte r  al l  r e a s o n a b l e  m itig a tive  
m e a s u r e s  h a v e  b e e n  ta k e n  - -wou ld  p r o d u c e  e n v i r o n m e n ta l  h a r m  th a t is 
c lear ly  excess ive c o m p a r e d  to  th e  hea l th  b e n e fits to  pe r sons  l iv ing 
o n  o r  n e a r  a ffec ted  sites, n o w  o r  in  th e  fu tu r e . A  c lear  excess of 
e n v i r o n m e n ta l  h a r m  is h a r m  th a t is l ong - te r m , m a n ifest, a n d  gross ly  
d i sp ropor t i ona te  to  hea l th  b e n e fits th a t m a y  r easonab l y  b e  
a n t ic ipated. 

C . W h e r e  th e  cost o f r emed i a l  act ions fo r  c on ta m ina ted  soi l  is 
un r easonab l y  h i gh  re lat ive to  l ong - te r m  b e n e fits a n d  w h e r e  th e  
res idua l  rad ioac t ive  m a ter ia ls  d o  n o t p o s e  a  c lear  p r e s e n t o r  fu tu r e  
risk a fte r  tak i ng  necessary  con trol m e a s u r e r . T h e  l i ke l ihood th a t 
bu i l d ings  wil l b e  e rec ted  or  th a t p e o p l e  wil l s p e n d  l o ng  pe r i ods  of 
tim e  a t such  a  site  shou l d  b e  cons i de red  in  e va l ua tin g  th is  risk. 
Remed i a l  act ions wil l gene ra l l y  n o t b e  necessary  whe re  on ly  m ino r  
q u a n tities  o f res idua l  rad ioac t ive  m a ter ia ls  a r e  invo lved  o r  w h e r e  
res idua l  rad ioac t ive  m a ter ia ls  occur  in  a n  inaccess ib le  locat ion  at 
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which site-specific factors limit their hazard and from which they 
are costly or difficult to remove* Examples are residual radio- 
active materials under hard-surface public roads and sidewalks, 
around public sewer lines, or in fence-post foundations. In order 
to invoke this exception, a site-specific analysis must be provided 
to establish that it would not cause an individual to receive a 
radiation dose in excess of the basic dose limits stated in 
Section B, and a statement specifying the residual radioactivity 
must be included in the appropriate state and local records. 

d. mere the cost of cleanup of a contaminated building is clearly 
unreasonably high relative to the benefits. Factors that shall be 
included in this judgment are the anticipated period of occupancy, 
the incremental radiation level that would be effected by remedial 
action, the residual useful lifetime of the building, the potential 
for future construction at the site, and the applicability of 
remedial actions that would be less costly than removal of the 
residual radioactive materials. A statement specifying the residual 
radioactivity must be included in the appropriate state and local 
records. 

e. Where there is no feasible remedial action. 

C. SOURCES 

Limit or Guideline Source 

Basic Dose Limits 

Dosimetry Model and Dose International Commission on Radiological 
Limits Protection (1977, 1978) 

Generic Guidelines for Residual Radioactivity 

Residual Concentrations 40 CFR 192 
of Radium and Thorium 
in Soil Haterial 

Airborne Radon Decay 
Products 40 CFR 192 

External Gamma Radiation 40 CFR 192 

Surface Contamination Adapted from U.S. Nuclear Regulatory 
Conxnission (1982) 

Control of Radioactive Wastes and Residues 

Interim Storage DOE Order 5480.M 

Long-Term Management DOE Order 5480.1A; 40 CFR 192 
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In te r n a tio na l  C o m m ission o n  Rad io log ica l  P r o tect ion.  1 9 7 7 . R e c o m m e n d a tions  
o f th e  In te r n a tio na l  C o m m ission o n  Rad io log ica l  P r o tec t ion ( A d o p te d  
Janua r y  1 7 , 1 9 7 7 ) . ICRP P u b 1  icat i on  2 6 . P e r g e m o n  Press,  O xfo rd . (As  
m o d ifie d  by  “S ta te m e n t fro m  th e  1 9 7 8  S tockho lm  H e e tin g  o f th e  ICRP.” 
Anna l s  o f th e  ICRP, V o l. 2 , N O . 1 , 1 9 7 8 .) 

In te r n a tio na l  C o m m ission o n  Rad io log ica l  P r o tect ion.  1 9 7 8 . Limits fo r  
In takes  o f Rad ionuc l i des  by  Workers .  A  R e p o r t o f C o m m itte e  2  o f th e  
In te r n a tio na l  C o m m ission o n  Rad io log ica l  P r o tect ion.  
C o m m ission in  July 1 9 7 8 . 

A d o p te d  by  th e  
ICRP Pub l i ca t ion  3 0 . 

P a r t 2  ( a n d  S u p p l e m e n t), 
P a r t 1  ( a n d  S u p p l e m e n t), 

P a r t 3  ( a n d  S u p p l e m e n ts A  a n d  B ) , a n d  In d e x . 
P e r g a m o n  Press,  O xfo r d . 

U .S . E n v i r o n m e n ta l  P r o tec t ion A g e n c y . 1 9 8 3 . S ta n d a r d s  fo r  Remed i a l  Ac tio ns  
a t In ac tive  U r a n i u m  Process ing  S ites; F ina l  Ru l e  ( 4 0  CFR  P a r t 1 9 2 ) . F e d . 
Regist .  4 8 ( 3 ) :5 9 0 - 6 0 4  ( Janua ry  5 , 1 9 8 3 ) . 

U .S . D e p a r tm e n t o f E n e r g y . 1 9 8 4 . Former ly  U ti l ized-Sites Remed i a l  Ac tio n  
P r o g r a m . S u m m a r y  P r o tocol :  Id e n tifica tio n  -  Cha rac ter iza t ion -  
Des i gna tio n  -  Remed i a l  Ac tio n  -  Ce r tifica tio n . O ffice  o f Nuc lea r  E n e r g y , 
O ffice  o f Te rm ina l  W a s te  D isposa l  a n d  Remed i a l  Ac tio n , Div is ion o f 
Remed i a l  Ac tio n  Projects.  Apr i l  1 9 8 4 . 

U .S . D e p a r tm e n t of E n e r g y . 1 9 8 5 . S u p p l e m e n t to  U .S . D e p a r tm e n t of E n e r g y  
G u ide l ines  fo r  Res idua l  Rad i oac tivity a t Fo rmer l y  U ti l ized S ites  Remed i a l  
Ac tio n  P r o g r a m  a n d  R e m o te  Su rp l us  Faci l i t ies M a n a g e m e n t P r o g r a m  S ites. A  
M a n u a l  fo r  Im p l e m e n tin g  Res idua l  Rad i oac tivity G u idel ines.  
‘A r g o n n e  N a tio na l  L a b o r a tory, 

P r e p a r e d  by  

N a t i ona l  
Los  A lamos  N a tio na l  L a b o r a tory, O a k R i d g e  

L a b o r a tory, a n d  Pacif ic No r thwes t L a b o r a to ry  fo r  th e  
U .S . D e p a r tm e n t o f E n e r g y . ( In p r e p a r a tio n .) 

U .S . Nuc lea r  R e g u l a to ry  C o m m ission. 1 9 8 2 . G u ide l ines  fo r  D e c o n ta m inat ion  of 
Facil i t ies a n d  E q u i p m e n t Pr io r  to  Re l ease  fo r  Un res tr icted Use  o r  Te rm i -  
n a tio n  o f L i censes  fo r  Byp r oduc t, S o u r c e , o r  Spec ia l  Nuc lea r  M a ter ial .  
Div is ion o f Fue l  Cyc le  a n d  M a ter ia l  S a fe ty, W a s h i n g to n , D C . July 1 9 8 2 . 
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APPENDIX B. PARAMETERS USED IN THE PATHWAY ANALYSIS 

The parameter values used in the pathways analysis and their sources are listed in 
Table B.l. All parameter values are reported to two significant digits. 

Parameter Unit Value Reference 

I -  

. - 

External Radiation Pathway (p = 1) 

(D'E)U-238,1 (mrem/yr)/(pCi/cm') 

(D'E)U-234,1 (mremlyr)l(pCi/cm3) 

FA1 
-8 

FO1 
-8 

FDU-238,1 
-8 

FDU-234, 1 
,a 

A . m2 

T m 

'b g/cm3 

Dust Inhalation Pathway (p = 2) 

(E/Al2 m3/yr 

F"2 
,a 

FS2 
,a 

(A/S)2 g/m3 

(D'E'U-238,2 mrem/pCi 

(D'E)U-234,2 mrem/pCi 

0.087 

9.5 x 10 -4 

0.61 

1.0 

0.45 

0.63 

200 

0.05 

1.5 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (198S) 

,b 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Argonne Natl. Lab (1987) 

Argonne Natl. Lab (1987) 

,b 

8400 Gilbert et al. (1985) 

1.0 ,b 

1.0 Gilbert et al. (1985) 

2.0 x 10 -4 ,b 

0.12 Gilbert et al. (1985) 

0.13 Gilbert et al; (1985) 
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TABLE B.l Continued 

Parameter Unit Value Reference 

Ingestion Pathway (p = 3 and 4) . 

FA3 
FD3 

(D’Eb238,3&4 

(D’E)LJ-234 ,364 

(E/WI3 

(E/W)4 

1 

d 

K:; 

";; 

UZ 

@e 

UZ 

et 

eat 
e 

IL 

% 

mrem/pCi 

mrem/pCi 

L/yr 

L/yr - 

m 

al 

mL/g 

mL/g 

mL/g 

3 

3 

,a 

0.10 

1.0 

2.6 x 10 -4 

2.8 x 10 -4 

770 

410 

10 

5 

SO 

SO 

4 

0.03 

0.21 

0.25 

0.40 

,b 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

Gilbert et al. (1985) 

,‘b 

Gilbert et al. (1985) 

3 

U.S. Nucl. Reg. Corm. 
(1987) 

U.S. Nucl. Reg. Comm. 
(1987) 

U.S. Nucl. Reg. Comm. 
(1987) 

U.S. Nucl. Reg. Conun. 
(1987) 

U.S. Nucl. Reg. Cormn. 
(1987) 

U.S. Nucl. Reg. Com~ 
(1987) 

. 
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TABLE B.l Continued 

. 
..- 

Parameter 

KCI 

Unit 

m/p 

Value Reference 

2.1 x 10 4 U.S. Nucl. Reg. Comm. 
(1987) 

g/cm3 1.8 U.S. ‘Nucl. Reg. comm. 
(1987) 

-. Pp g/cm3 1.5 U.S. Nucl. Reg. Comm. 
(1987) 

3 ,a 0.01 U.S. Nucl. Reg. Comm. 
(1987) 

h m 1.0 U.S. Nucl. Reg. Conun. 
(1987) 

*. u mlyr 1.0 ,b 

“A hyphen means the parameter is dimensionless. 

%I o data are available; conservative values are used in this analysis. 

- 
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E xhibi t  II (2 )  -  Des igna tio n  o r  A u thor izat ion D o c u m e n ta tio n  

The  fo l low ing  d o c u m e n t a u tho r i zed  O K  des igna te d  th e  subject  site fo r  
r emed ia l  ac tio n . A  copy  o f th is  d o c u m e n t fo l lows.  

P a g e . 

M e m o r a n d u m , W il l iam  R . V o igt, Jr., Director,  
O ffice o f Remed ia l  A ct ion a n d  W a s te  Techno logy , 
O ffice o f Nuc lea r  Ene rgy , Depa r tm e n t o f Ene rgy  
H e a d q u a r ters, to  Joe  L a G r o n e , M a n a g e r , O a k  R idge  
O p e r a tions  O ffice. *'Des igna tio n  o f S ites  fo r  
Remed ia l  A ct ion -  M e ta l  Hydr ides,  Bever l y , M A : 
B r idgepor t B rass: Ad r i an , M I a n d  S e y m o u r , CT ; 
N a tiona l  G u a r d  A rmory , Ch i cago , IL ," N E - 2 0 , 
Wash i ng to n , D .C., D e c e m b e r  1 7 , 1 9 8 5 . 
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