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At specific sites where such a possibility can occur, additional measures
intended to eliminate this possibility will be considered.

6.  WASTE CLASSIFICATION

The waste classification system developed for the Part 61 regulation follows
directly from the performance objectives and technical criteria. It is intended
to ensure as far as possible on a non-site-specific basis that the Part 61
requirements are met. ’

Three classes of waste are established:

1. Wastes for which there are no stability requirements but which must be
disposed of in a segregated manner from other wastes. These wastes,
termed Class A "segregated" wastes, are defined in terms of maximum
allowable concentrations of certain isotopes and certain minimum require-
ments on waste form and packaging that are necessary for safe handling.

2. Wastes which need to be placed in a stable form and disposed in a segre-
gated manner from unstable waste forms. These wastes, termed Class B
"stable" wastes are also defined in terms of allowable concentration of
isotopes and requirements for a stable waste form as well as minimum
handling requirements.

3. Wastes which need to be placed into a stable form, disposed in a segre-
gated manner from nonstable waste forms, and disposed of so that a barrier
is provided against potential inadvertent intrusion after institutional
controls have lapsed. These wastes are termed Class C "intruder pro-
tected" wastes and are also defined in terms of allowable concentrations

of isotopes and requirements for disposal by deeper burial or some other
barrier.

Finally, a "fourth" class of waste is established which is that waste which
exceeds the classification 1imits and is generally considered unacceptable for
near-surface disposal. Disposal of this waste at near-surface disposal facil-
ities would require case-by-case determinations.

A significant number of comments and issues were raised with respect to the
waste classification system. Major issues raised related to:

Calculated waste classification Timits;
Isptopes considered;

Volume reduction;

Compliance;

De minimis levels for waste;
Classification by total hazard; and
Manifest tracking system

C OO0 08L& O0OCO0C

6.1 Calculated Waste Classification Limits

The numeriga] basis for the limits calculated for the three waste classes is
presented in Chapter 7, Volume 2, of the draft EIS. The principal basis used
for setting the classification limits was 1imiting exposures to a potential
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inadvertent intruder, although a number of other considerations went into set-
ting the values--principally long-term environmental concerns, disposal facil-
ity stability, institutional control costs, and financial 1mpacts to small
entities. Waste classification represents a combination of waste form, radio-
isotope characteristics, radioisotope concentrations, the method of emplacement
and to some extent the site characteristics.

A number of comments were received on the calculated l1imits for Class C waste.
NRC staff has evaluated: these comments and has concluded that a rise in the
Class C limits by a factor of 10 is warranted for all radionuclides. This is
due to consideration of (1) the reduced likelihood of significant intruder-
exposures with incorporation of passive warning devices at the disposal facil-
ity, (2) the difficulty of contacting waste disposed of at greater depths,

and (3) average concentrations in waste which would be expected to be con-
siderably less than peak concentrations. The effect-of the change in the
Class C- concentration is analyzed in Chapter 5 and: summarized below '

Two cases are analyzed. In the first case Class C limits are assumed which
correspond to those established for the final Part 61 rule. For example, the
limit for disposal of alpha-emitting (except Cm-242) transuranic radionuclides
by near-surface disposal is set at 100 nCi/gm. The results of this case are
obtained from the "preferred case" (Alternative 3) analysis presented earlier.
The second case corresponds to Class € limits which were proposed for the draft
Part 61 rule.

Only slight differences are observed between the two cases. Most of the

differences in the calculated impact measures appear to be derived from the

slightly reduced volume of waste delivered to the disposal facility for the e
case corresponding to the limits established in the proposed Part 61 rule. A
reduced amount of waste!processing is also projected for the proposed rule case
relative to the final rule case. Unit disposal costs are slightly raised for

the proposed rule case, however, which is due to the reduced volume of waste
delivered to the disposal facility

6.2 Isotopes ConSIdered for Waste ClaSSIfication Purposes -

In the draft EIS, a total of 23 different radionuclides were coné&dered in the
numerical analySis These nuclides were nearly all moderately or Tong-lived
radionuclides. Based upon these 23 radionuclides, concentration limits were
proposed in the draft EIS for 11 individual radionuclides,plus alpha-emitting
transuranics, enriched uranium and depleted uranium. In response to pubtlic
comments, limits for 135Cs, enriched uranium, and depleted uranium have been
eliminated as have been limits for 59Ni and 94Nb except as contained in
activated metal A separate 1imit is.provided for 242Cm, a transuranic
nuclide w1th a 162.9 day half-life.

These changes are principally in response to comments-on proposed Part 61
regarding the costs and impacts of compliance with the waste classification -
requirements. In particular, many commenters were concerned that they would
have to directly measure every isotope in every waste package. This would be
difficult since measurement of many of the listed isotopes--which would usually
be present only in trace quantities--could not be performed except by complex .
radiochemical separation techniques by laboratories. Commenters were concerned .__
that costs and personnel radiation exposures would be significantly increased.
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Thus to ease the burden of compliance, the number of isotopes treated generi-
cally in the waste classification table was reduced.to those judged to be needed
- on a generic basis for waste classification purposes. Other isotopes may be
added later either generically or in spec1f1c waste streams.

6. 3 Volume Reduct1on

Some commenters were concerned that the waste classification requirement would
d1scourage volume reduct1on This con;ern is believed to be 'alleviated by the
increase in the Class C waste disposal limits. As an illustration, the volumes
of waste determined to be unacceptable for near-surface disposal under extreme
volume reduction conditions (waste ‘spectrum 4) may be compared against the
proposed and final Part 61 limits.

These comparative volumes are as follows:

v - e

Percent of Total

Unacceptab1e Volumes (m3) . ‘Generated
“Proposed Part 61 Limits 9.42 E+3 4
: Fina]'Part 61 Limits 1.93 E+3 o : 1

6.4 Compliance with Waste Classification

Many commenters on the draft Part 61 rule were concerned regarding acceptable
procedures -for determining compliance with the waste classification require-
ments. It was recognized in the draft EIS that developing a reasonable
approach to compliance would be an important consideration. A balance is
needed between the need for knowledge of .waste contents and practical limita-
tions in measurement. Based upon discussions with licensees and other
interested parties, and comments on .the draft EIS, a draft techn1ca1 position
paper has been prepared. S -

The staff's position is that all licensees must carry out a compliance program
to assure proper classification of waste. Licensee programs to determine
rad1onuc11de concentrations and waste classes may, depending upon the parti-
cular operat1ons at the licensee's facility, range from simple programs to
very complex ones. In general, more sophisticated programs would.be required
for licensees generat1ng Class B or Class C waste, for licensees generating
waste for which minor process 'variations may cause a change in classification,
or for Ticensees generating waste for which there is a reasonable possibility
of the waste containing concentrations of rad1onuc11des which exceed 1imiting
concentration 1imits for near-surface: d1sposa1 -Some licensees, such as
nuclear power facilities, are expected to emp]oy a comb1nat1on of methods
There are four basic programs,|however, wh1ch may be potentially used either
1ndiv1dua11y or in combination by licensees:

Materials accountab1]1ty, .
- - Classification by source;-
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structural support (e.g., use of a high integrity container), or special
disposal fac111ty design. For this EIS, waste solidification is esti-
mated to cost in the range of $1280 to $1450 per m3 of 1nput waste.

Use of a high integrity container to achieve stabilization is estimated
to cost in the neighborhood of $450 per m3 of waste. For purposes
solely of analysis in this case study, compliance with the waste stabil-
ization requirement for this case is assumed to be principally achieved
by solidification of some waste streams (e.g., LWR concentrated liquids,
isotope production facility waste, some LWR ion exchange resins and
filter sludge). and by emplacement of other waste streams (e.g., most
LWR ion exchange resins and filter sludge) into HICs prior to d1sposa1
A1l things equal, most waste generators would be expected to adopt

the least expensive approach to meeting a particular requirement.

A11 compressible waste streams are compacted, either at the waste
generator's facility or at a centralized processing center.

3. Several 1mprovements are made in the ab111ty of the disposal facility
to minimize contact of waste by water and to 1mprove long-term site
stability. Waste emplaced into the disposal cells is backfilled with
a very permeable material such as sand or gravel. . An improved cover
is placed over the disposal cells. This improved cover may take a
number of forms. For purposes of cost/impact analysis, the improved
cover in this EIS is assumed to consist of a 2 meter thick earthern
cover having a high clay content. The backfill and disposal cell
cover are compacted by improved compaction techniques such as use of
vibratory compactors or sheepsfoot rollers. (The compaction technique
which would be used for an actual site would be dependent upon site
specific soil and environmental conditions.) ~

N

4. There is no segregation of unstable waste streams. However, there
is segregation of waste streams containing chelating or chemical
agents.

" 5. As in Case 1, there is assumed to be operat1ng practices involving
preferential emplacement of waste packages having high surface
radiation levels. However, there is assumed to be no such similar
operating practices for layering of other high activity wastes.

6. . _As in the preceding case, the site is operated for 20 years, followed
by a: two-year. closure per1od prior to transfer of the site license
to the site owner. Again, no observation and maintenance period is
assumed.

4.3.3 Part 61 Requirements (Preferred Alternative)

This case provides a representation of disposal practices which would minimally
meet the requirements of the final Part 61 regulation. In this case, waste

- streams determined to be acceptable for near-surface disposal are c]ass1f1ed
into three waste classes: Class A, Class B, and Class C. A summary of the
classification limits assumed in the ana]ySis for this case is presented as
Table 4.5. This case is summarized below:

1. A1l higher activity (Class B and Class C) waste streams are required
to be stabilized prior to disposal. As the previous case, possible
waste stabilization methods could include processing the waste into .
a stable waste form (solidification), placing the waste into a con- ‘
tainer providing structural support (e.g., an HIC), or by special ~
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Table 4.5 Waste Classification Limits Assumed for
the Part 61 Case

Class Limits (uCi/cm3)

Isotope Class A "Class B Class C
H-3 © 4, 0E+1* *k *k
T-14# 8.0E-1 8.0E-1 8.0E+0
Fe-55 7.0E+2 ' ad x% ..
Ni-59# 2.2E+0 . - 2.2E+0 2.2E+1
Co-60 7.0E+2 *% CORk R
Ni-63# 3.5E+0 7.0E+1 - . 7.0E+2"
Nb-94# 2.0E-3 2.0E-3 7.0E+2
Sr-380 4,0E-2 1.5E+2 7.0E+3
Tc-99 3.0E-1 -3.0E-1 3.0E+0
1-129 8.0E-3 8.0E-3 : 8.0E-2
Cs-135 8.4E+1 8.4E+1 8.4E+2
Cs-137 1.0E+1 4.4E+]1 4.6E+3

- U-235 4.0E-2 4.0E-2 - 4,0E=1
U-238 5.0E-2 5.0E-2 "5.0E-1
TRU 1. OE+1## 1. OE+1## 1. 0E+2##
Pu-241 = 3.5E+2## 3.5E+2## 3.5E+3## _

*The notation 4.0E+1 means 4.0 x 10%.
**%No 1imit is set for these isotopes and classes.’
- #For act1vated metals, the Timits for these
isotopes are raised by a factor of 10.
##The limits for these isotopes are given in units
of nCi/gm rather than pCi/cm3

" disposal facility design. As before, it is -assumed that.some. ‘waste

streams are solidified and other are emplaced into’ high 1ntegr1ty

“containers. This is assumed so]e]y for this_case analysis in order

to achieve a common basis for comparison w1th the prev1ous case (i. e. ,
if different stab111zat1on techniques were assumed for this case: than

for the previous case, then the results of the two cases could not . ,
be conveniently compared and the cost/lmpact attr1butes of the Part 61
rule ‘easily assessed) . S

-Concentration limits for disposal are p]aced upon a ntmber’ of radio-

nuclides. For example, a 1imit of 100 nCi/gm is placed upon alpha-
emitting transuranic elements (except for Cm-242). Concentrations

less than 10 nCi/gm are treated as Class A waste “while concentra-

tions between 10 and 100 nC1/gm are treated as C]ass c waste

Disposal facility design 'is the same as the prev1ous case, with the
exception of segregat1on of compressible waste. That is, compress1b1e
(unstable) Class A waste streams are disposed.in separate d1sposa1
units’ segregated from stable Class A, Class B, and Class C waste
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Limits for Class C Waste Disposal. The second item concerns the limits for
Class C waste disposal. A number of comments were received on the calculated
limits, including the following:

0 Rather than setting restrictive limits based on protection of a poten-
tial inadvertent intruder, NRC should consider requiring warning devices
which would warn an intruder against excavating into the disposal
facility.

o NRC should consider and incorporate a probab1l1ty that intrusion will
occur.

0 NRC should consider that at the end of 500 years, Class C waste dis-
posed under 5 meters of cover would still be difficult to contact;
and that if someone did contact the waste, 1t would be con51derab1y
diluted by lower act1v1ty waste.

o  NRC should .consider that actual waste concentrations will typically
exhibit an activity distribution with average concentrations well
below the maximum permissible concentration.

o The fact that Class C waste will be in an improved waste form will
help to lessen the likelihood that extensive intrusion activities
will occur; and if they do occur, will lessen the potential for air-
borne dispersion or uptake by plant roots.

o Since Class C limits have been raised by a factor of 10 for €s-137,
why not do the same for other radionuclides?

NRC staff has evaluated these comments and has concluded that an increase in
the Class C limits by a factor of 10 is warranted for all radionuclides except
for Cs-137.

It is very difficult to set a numerical value on the probability that an intru-
sion event will occur, and on the probability of the event's extensiveness.

One can say, however, that the probability will probably increase with the
passage of time. Given the uncertainty, some judgment is required as to the
likelihood and extensiveness of intrusion. Based upon. much consideration, the
best approach was judged by NRC staff to first conservatively assume that an
intrusion event occurs, and after that, to try and assume a range of reasonable
activities on the part of the intruder. As commenters have observed, one way
to further reduce the possibility for intrusion is to establish long lasting
warning markers on the disposal site. The staff feels that this is a reason-
able suggestion that can be implemented inexpensively and it has been incor-
porated into the f1na] Part 61 rule.

It is also believed to be true that waste which has been disposed beneath a
cover at least 5 meters thick would be difficult to contact extensively even
after 500 years. In the calculations for the draft EIS, it was assumed that
at the end of 500 years the 5-meter intruder barrier was no longer effective.
The scenario was taken to be the same as that which was used to determine the
Class A waste limits. The only difference was that a 500-year radiocactivity
decay period was used instead of a 100-year decay period. This is believed to
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be very conservative since if Class C waste was brought to the surface it would
probably be cons1derab1y diluted with soil and lower activity waste. The degree.
of dilution is difficult to est1mate but is be11eved to be at Teast an order

of magnltude

It is- a]so true that past data on waste. streams 1nd1cates that the average :
-radioactivity. concentration within waste would be expected to be well below :
peak concentrations. For example, the authors of one reference (Ref. 4) refer
“to survey of .five major Department of Energy disposal sites in which it was
estimated that greater than 97% of the:material disposed at these sites is-
‘either only very slightly radioactive or is suspected of being radioactive -

(due to the place where the waste is generated). The five DOE sites surveyed
cover 86% of the total DOE waste volume.and 99+% of the activity. The .authors
state that if it was assumed that the 3% of .the waste -that is contaminated is

at a maximum-level and 97% of the low activity-or suspect waste was clean,

then a dilution factor on the order of :30-would occur (Ref. 4). The authors
(Ref. 4) also cite data obtained from room trash generated at a p]utonlum
fac111ty at .Los Alamos National Laboratory

The authors suggest caut1on in 1nterpret1ng the data however Theyfnote that
. the data is ‘1imited and that wastes such as sludges or o0ils would probably be -
more uniform than waste such as trash (Ref.' 4). "The use of incineration will:
tend to increase the :uniformity of the:transuranium content of individual pack-
ages, and the sludges from treatment :of wastes have a similar characteristic
of relatively constant concentrations." In conclusion, the authors suggest
that two dilution factors be considered for DOE waste. A dilution factor of
about 20 is suggested for routine trash and decommissioning types of waste,
while a dilution factor of 1 (no dilution) is suggested for ash from oxidized‘
combustibles, 'studges from water treatment, and artifacts (e1ther solid items .
with surface contamination or trash types of waste conta1ned 1n nondegradable-
plastic conta1ners)

Data more- d1rect1y app]1cab1e to waste dlsposed in commercial d1sposa1 fac111t1es
has been obtained and is presented in Appendix C of this final EIS. Table C.35
lists for wet wastes generated by 1ight water power reactor. plants, the vo1ume-
percent distribution of gross concentration (Ci/ft3) as.determined from two "

years (1978 -and 1979) of shipment records to disposal facilities.. Six different.
waste streams are: 'shown: PWR resins, :PWR filter sludge, PWR concentrated liquids,
BWR resins, BWR filter sludge, and BWR concentrated 1iquids. The data from" '
which Table 'C.35 was prepared covers 79% and 77%, respectively; of the total
volume of waste d1sposed in.the country dur1ng the two years (Ref 5) '

The data 111ustrates that most of the LWR waste process waste act1v1ty is well
below the maximum observed. For example, less than 0.1% of the BWR resin volume
would exceed 10 Ci/ft3 (353 Ci/m3), while almost 70% :of the volume is in a range’
of .01 to 0.5 C1/ft3 (.35 .Ci/m3 to 17.7 Ci/m3). The ‘average act1v1ty across

this d1str1but1on is 1n fact about 0 16 C1/ft3 (5 6: C1/m3)

It is apparent that the above cons1derat1ons wou]d tend to reduce’ potent1a1
inadvertent intruder impacts and therefore increase the allowable concentrations.
However, there are other considerations which could also tend to increase poten-
tial inadvertent intruder impacts. ' Some of these include differences in waste
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form characteristics such as waste density or the size and solubility class of

- dispersed respirable particles. Another factor is the observation that the _
average activity across most commercial waste streams has been rising over ~
the past several years. .This is due to the reduced availability of waste

disposal space in conjunction with rising disposal costs, resulting in much

increased use of volume reduction techniques. This phenomenon is expected to

be even more pronounced in the future, since regional disposal facilities (or
disposal facilities serving.a compact) are likely to be small operations

disposing of relatively small volumes of waste. These small operations will

likely need to charge higher disposal fees than larger operatlons The result

will be an incentive for licensees to drive concentrations in waste to the

allowable Timits.

Another factor is the accelerated NRC .program for identifying low activity waste
streams which may disposed by less restrictive means. Such disposal will tend
to reduce dilution of h1gher activity waste streams by lower act1v1ty waste
streams.

Other considerations include the potential for future changes or improvements
in health physics methodologies and consideration of site-specific environ-
mental conditions. For éxample, dispersion of contaminated dust into the air
where it may be inhaled by humans may be expected to be greater at arid sites
than at humid sites. This will probably be counter balanced to some extent
by an expected reduced rate of waste degredation at arid sites in comparison
with humid sites. In addition, wastes can be generally disposed at greater .
depths at arid sites than at humid sites, thus reducing the potential for
human contact.

Finally, there is the potential for localized areas of higher activity ("hot
spots") within waste containers. However, this would tend to be mitigated
through averaging areas of higher concentration over areas of lower concentra-
tion. When concentration limits are calculated using the waste classification
methodology, what is really being established is the average concentration
across the volume of waste contacted. This could be several hundred cubic
meters of soil and waste material. '

In conclusion, the Class C limits have been raised by-a factor of 10. This is
due to.consideration of (1) the reduced likelihood of significant intruder
exposures with incorporation of passive warning devices at the disposal facil-
ity, and (2) the difficulty of contacting waste disposed at greater depths.
Another consideration is that the average concentrations in waste would be
expected to be less than the peak concentrations, although it is difficult to
totally account for this given the other factors discussed above. The effect
of the change in the Class C concentrations is illustrated in Table 5.2.

Two cases are considered in Table 5.2. 1In the first case, Class C limits are
assumed which correspond to those established for the final Part 61 rule.” For
example, the limit for disposal of alpha-emitting (except Cm-242) transuranic
radionuclides are set at 100 nCi/gm. The results of this case are in fact
obtained from the "preferred case" analysis performed in Chapter 4. The second
case corresponds to Class C limits which were proposed for the proposed Part 61
rule. In both cases, a low level of postoperational costs is-projected for '
the stable waste streams while a moderate level of postoperat1ona] costs is
projected for the unstable waste streams.

5-33



As can be seen in Table 5.2, only slight differences are observed between the
two cases. Most of the differences in the calculated impact measures appear
to be directly derived from the slightly reduced volume of waste delivered to
the disposal facility for the case corresponding to the limits proposed in the
proposed Part 61 rule. For-example, groundwater impacts are slightly lower,

- as are impacts to a potential inadvertent 1ntruder and population exposures
-due to waste transportation.

Tab]e 5.2 Comparlson of Impacts and Costs of the Proposed and
Final Part 61 Waste Classification Requirements

Final ~ " Proposed -
Part 61 Part 61
1. Long-Term Individual
Exposures (mrem/yr):
Intruder - construction '
o 100 yrs - Body 1.84E+2*% 1.84E+2
"Bone - 1.87E+2 1.87E+2
Thyroid 1.84E+2 1.84E+2
o 500 yrs - Body 3.02E+0 2.31E+40
Bone 1.63E+1 1.03E+1
‘ Thyroid 2.42E+40 2.01E+0
Intruder - agriculture
o 100 yrs - Body 2.02E+2 2.02E+2
Bone " 2.08E+2 - 2.08E+2
Thyroid 2.01E+2 - - 2.01E+2
o 500 yrs - Body . 3.04E+0 - 2.47E+0
Bone 9.17E+0 6.46E+0
Thyroid 9.02E+0 7.65E+0
Boundary well : _
o Body 1.11E-1 - 1.11E-1
o Bone 3.70E-2°° - 8.23E-3
‘ o Thyroid- 4,16E+0 = . 4.14E+0
. Population well ] . :
o Body s : 3.33E-3 3.32E-3
o Bone , 8.24E-3 8.23E-3
o Thyroid™ " - 1.32E+0 1.31E40
Surface water , -
‘0 Body I : 1.44E-4 1.43E-4
o Bone ‘ : 3.37E-4 3.36E-4
‘0 Thyroid ‘ 5 5.96E-2

.99E-2

See footnote(s), last oagérof table.
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Table 5.2 (Continued)

2 Final Proposed
» Part 61 Part 61
o II. Other Long-Term Exposures:
¥ Offsite releases from
: intrusion
J o Waterborne (mrem/yr)
e Body 1.16E-2 1.17E-2
b1 Bone 2.42E-2 2.43E-2
. Thyroid 4,78E-4- 4.78E-4
Ot o Airborne (man-mrem/yr) ,
2 Body 2.39E-1 2.39E-1
o Bone 2.25E+0 2.25E+0
2 Thyroid 8.62E-2 - 8.62E-2
B III. Short-Term Whole Body
Exposures (total man-mrem over 20 yrs):
Occupational
0 Process by waste** +4,50E+5 +4.60E+5
generator
0 Process by regional 1.25E+5 1.25E+5
process center
o Waste transport 4. 97E+6 4.92E+6
o Waste disposal 2.14E+6 2.11E+6
To population
o Process by waste** +1.26E+2 +0.
generator
o Process by regional 0. 0.
process center
o Waste transport 4.76E+5 4.72E+5
IV. Costs (total $ over 20 yrs):
Waste generation and
transport \
0o Process by waste** +8, 20E+7 +7.70E+7
generator
o Process by regional 3.63E+7 3.63E+7
process center
o0 Waste transport 1.72E+8 1.71E+8
Waste disposal
o Design & op. 3.50E+8 3.50E+8
o Postoperational
Closure 3.87E+6 3.87E+6
Obs. & maint. 1.13E+6 - 1.13E+6
Inst. control 1.57E+7 1.57E+7
Total post op.  2.07E+7 2.07E+7
o Total disp. cost 3.71E+8 3.71E+8
o Unit cost ($/m3) 5.73E+2 5.76E+2
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Table 5.2 (Continued)

Final Proposed
Part 61 Part 61 -
V. Energy Use (equivalent ‘ -1.42E+6 -1.97E+6.
gallons of fuel o1l)**:
VI. “Land Use (m2): - = 2.25E+5 2.24E+5
VII. Waste Volume (m3): S
o =Vo]ume acceptable ; '
o Class A unstable . 4.23E45 4,23E+5
0 'Class A stable” ‘ 1.61E+5 1.61E+5
o Class'B a 5.95E+4 5.95E+4
vvo Class C o0 3.47E+3 0 B
o HWF- ' 0. ) 0.
o' Total volume - =~ 6.48E+5 - 6.44E+5
' -acceptable - -
Volume not acceptable , 2.20E+4 - 2.74E+4

3 .
, *gThe notation 1.84E+2 means -1.84 x 102.
. In this table, population exposures due to waste processing by
. waste generators, occupational exposures due to waste processing - -
.- by waste generators, and energy use are presented as impacts
' and costs in addition to those assoc1ated with the base case
as set forth in Chapter 4, :

As dlscussed ‘earlier, the ‘calculated increase in 1ntruder exposures at 500 years
for' the final rule case is probably an overestimate, since no credit is taken
for an'‘intruder barrier: after 500 'years. If a.factor of 10 credit at 500 years
is .assumed for 1ayered waste, then individual 1ntruder impacts assoc1ated with
the final rule case wou]d be’ the fO]]OW)ng

'
(SIS}

" Body = Bone  Thyroid |

Intruder-construction . 2.376+6  1.09E+1 -2.G4E+0 -
scenario (mrem/yr) : L
Intruder-agriculture - 'f2ﬁ525+0, 6.70E+0 ' 7.75E+0 -

scgnario (mrem/yr) o S :

As-shown, if such credit is taken, the difference in potential inadvertent
intruder impacts between the final and proposed rule cases is significantly
reduced.
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A reduced amount of waste processing is also projected for the proposed rule .
case relative to the final rule case. This results in somewhat lower population
exposures due to waste incineration for the proposed rule case as well as lower
total waste processing costs and occupational exposures. Most of these dif-
ferences are due to the increased use of volume reduction technology for the
final rule case. Unit disposal costs are slightly raised for the proposed rule
case, however, which is due to the reduced volume of waste delivered to the
disposal facility. :

Overall costs to disposal facility customers, however, would be reduced. Under
the Final Part 61 rule, waste streams having a transuranic content between 10
and 100 nCi/gm must be stabilized and disposed as Class C waste. Approximately
3500 m® of waste (after processing) is estimated to fall within this class.

If the limit were 10 nCi/gm, then this waste would be projected to be unaccept-
able for near-surface disposal. (The difference between the non-acceptable
volumes for the two cases is about 5400 m3, which is about 1900 m® higher than
the Class C waste volume. This increase in volume is due to increased waste
processing by volume reduction assumed for the final rule case. If waste
processing were to result in the waste stream being unacceptable for near-
surface disposal, then the processing would not be performed.) Costs for the
additional processing run at an average of about $1428 per m3 of packaged waste,
much of which is due to increased use of volume reduction technology for the
final rule case. If the waste streams in question were merely stabilized, then
stabilization costs could be as low as $450/m3, although disposal costs (due

to the increased volume) would be somewhat raised. This may be contrasted by
estimated costs for disposal into a geologic repository. Based upon an estimated
$5200 per m3 of waste, which includes costs for retrievable storage, retrieval, ’
processing, transportation, and disposal, costs for geologic disposal of 3500-
5400 m® of waste would run at about $18.2 million to $28.1 million over 20 years.

Isotopes Considered for Waste Classification Purposes

In the draft EIS, a total of 23 different radionuclides were considered in the
numerical analysis. These: nuclides were nearly all moderate- or long-lived.
radionuclides. Based upon these 23 radionuclides, concentration limits were.
proposed in the proposed Part 61 rule for 11 individual radionuclides plus
alpha-emitting transuranics, enriched uranium, and depleted uranium. - The .
individual isotopes included 3H, 14C, 59Ni, 63Ni, 69Co, 94Nb, 99Tc, 1291, 135(s,
137Cs, and 241Pu (a beta emitter). For the final rule, limits for 135Cs,
enriched uranium, and depleted uranium are eliminated, as are limits for 59Ni
and °4Nb except as contained in activated metal. A separate limit for 242Cm,

a transuranic nuclide with a 162.9 day half-life, is provided.

The isotope deletions came about principally in response to commenters on the’
proposed Part 61 who were concerned regarding the costs.and impacts of compliance
with the waste classification requirements. In particular, many commenters

were concerned that they would have to directly measure every isotope in every
waste package. This would be difficult since measurement of many of the listed
isotopes--which would usually be present only in trace quantities--could not

be performed except by complex radiochemical separation techniques by labora-
tories. (Isotopes which are pure beta emitters, for example.) Commenters were
concerned that costs and personnel radiation exposures would be significantly
increased.
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Development of a workable approach to compliance with the waste classification
requirement received much attention between the time of preparation of the draft
EIS-and preparation of the final EIS. A preliminary-draft of a technical posi-
tion paper on compliance was prepared iand forwarded to a number of interested -
parties. (Ref. 6) - This technical position:is discussed further below. To
further ease the burden of compliance, the number of isotopes listed in the
waste classification table were reduced to those judged to be needed on a generic
basis for waste classification purposes, as well as those judged to be most"
needed for assessment of potential impacts from groundwater migration. Other
isotopes may be added later either gener1ca1]y or in spec1f1c waste streams.

Cesium-135 was removed because it 15 present in wastes in very small concentra-
tions, . and because Cs-135 is a pure beta emitter which is very difficult to
measure.  Waste classification for waste containing Cs-135 will be determined
by the’ presence of other isotopes such as Cs-137. Similarly, the radionuclides
Ni-59 and Nb-94 have been removed except as they may .be contained in activated
metals. Based ‘upon’examination of. the waste source data. used for the EIS, these
nuclides are) at this time, believed to be present in reactor wastes (other

than act1vated metals) in such small concentrations as to be insignificant.
Again, other than the possible case of activated metals, waste classification

of waste containing: Ni- 59 and Nb-94 will be determined by other isotopes.

Uran1um has also been removed as a limiting element for waste c]ass1f1cat1on
Analysis of the data base for the Part 61 EIS indicates that the types of uranium-
bearing wastes being typically disposed of by NRC licensees do not present a
sufficient hazard to warrant limitation on the concentration of this naturally
occurring material. - Both depleted and enriched uranium typically do.not contain
daughter products in-any quantity because of the relatively short time since the
uranium was refined from ore, compared to the half-lives of the uranium. isotopes.
The daughter products are dlsposed of primarily as uranium mill tailings.

However, NRC is aware of some uran1um-daughter-contam1nated material which is
typ1ca11y being stored today and which may in the future be disposed as low-level
waste. In add1t1on there are quantities of low activity waste material which
also may be sent to disposal sites and which are not covered under the Atomic .
Energy Act.and are not subject to NRC Ticense. Such material may be generated
by rare earth process1ng facilities, for.example. -This material, which is pri-
marily contaminated soil, has characterlst1cs sufficiently different from other
low-level waste streams that separate treatment is warranted. NRC:staff.intends
to examine specific disposal guidance for such material in the near future.

The remaining isotopes in the waste classification table are included due to
(1) their presence in a wide variety of waste types, (2) concern due to their '
radiotoxicity, .or (3) their importance in the groundwater migration pathway.

The radionuclide curium-242 was deleted.from the overall combined transuranic
limit and is considered separately for waste.classification purposes. While
Cm-242 is a relatively short-lived nuclide (163 days), it decays to plutonium-
238, an a]pha emitting transuranic nuclide with a half-1ife of -nearly 90 years.
A concentrat1on of 20,000 nanocuries per gram for Cm-242 will result in a
concentration of 100 nanocuries per gram of Pu-238.

Several commenters on the proposed rule 1nqu1red about the disposal of waste
containing radium-226, a radioisotope which is not currently listed. It appears
that there are two types of radium wastes to be considered: (1) small concen-
trated sources of radium such‘as radiation sources or luminescent dials, and

- (2) wastes which contain small amounts of radium incidental to other radio-
isotopes, such as radium contained in wastes from uranium separation processes.
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The former is not subject to regulation by the Commission, since radium is a
naturally-occurring isotope and is not included in the provisions of the. Atomic
Energy Act of 1954, as amended. The Environmental Protection Agency has a . L
program for collection of radium sources. This program may be phased out in’ ~
the next few years. Such sources are expected to be transferred to the Depart-

ment of Energy for storage and disposal.

As for radium 1nc1denta1 to other types of waste, the Commission has made provi- -
sions for disposal of small quantities of uranium tailings as Class A waste.

For purposes of this provision, a small quantity is defined as 10,000 kilograms
containing not more than 5 millicuries of radium-226. This concentration is
typical of uranium mill ta1]1ngs (0.5 nanocuries per gram). - The quantity of
radium-226 is that contained in 150 pounds of natural uranium at equ111br1um
with its daughter products. 10 CFR Part 40 permits some persons to possess '

and use under general license 150 pounds of source material per year. Permitting
the disposal of such a quantity in a near-surface disposal facility is judged to
be -acceptable. For large quantities, 'an additional evaluation would be appro-
priate. As discussed above, NRC staff plans to further examine guidance for
disposal of such waste: mater1al in the future.

For the final Part 61 rule, limits for alpha-emitting transuranic radionu-

clides are given not in terms of individual radionuclides, but in terms of -

combined concentration 1imits for all alpha-emitting radionuclides having half

lives greater than five years. This approach is believed to be the easiest to

comply with by most licensees, although NRC recognizes that there may be excep-

tions to this based upon the part1cu1ar distribution of transuranic isotopes

within a particular licensee's waste. A discussion of the process by which NRC
converted from individual transuranic radionuclide limits to a single combined

limit is included in Appendix C. ~

Volume Reduction

Some commenters were concerned that the waste classification requirement would
discourage volume reduction. This concern is believed to be alleviated by the
increase in the Class C waste disposal limits. As an illustration, the volumes
of waste determined to be unacceptable for near-surface disposal under extreme
volume reduction conditions (waste spectrum 4) may be compared aga1nst the
proposed and final Part 61 limits.

These comparative volumes are as follows: : \

Percent of Total

Unacceptable Volumes (m?3) Generated'
Proposed Part 61 Limits 9.42 E+3 : 4
Final Part 61 Limits 1.93 E+3 , 1

Compliance with Waste Classification

As discussed above, many commenters on the draft Part 61 rule were concerned
regarding acceptable procedures for determining compliance with the waste
classification requirements. The concern focused on how one estimates and o«
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' EXECUTIVE SUMMARY

The Utah Department of Health Bureau of Radiation Control (UDH/BRC) regu]ates

a'radicactive waste dxsposal facility near Clive, Utah that is cun'ently hoensed to receive and

“dispose of naturally occurring radioactive material (NORM) wastes. UDH/BRC anticipates

‘the possibility that the licensee may apply to the state to allow the dxsposal of other large

" volume wastes (e.g., contaminated soil and contammated stmctural matenals) with low
concent.rabons of other Lhan N ORM radxoactxve conshtuents '

This report documents an assessment of the potential pLiBlié health i‘m;')’écts associated
‘with radioactive waste disposal at the Clive facility. The purpose of this report is to identify
limits on radionuclide concentrations in the wastes proposed for disposal to ensure that

radiological doses to persons who xmght be exposed do not exceed prescnbed xwegulatory
limits.

'E.1' METHODOLOGY

- The PATHRAE computer model was used to estimate potentla] radxologmal doses
'4effecuve whole-body dose eqmvalenu to workers and the general pubhc from radxoacuve
© waste dxsposal at the Clive facility. PATHRAE was developed for the U.S. Environmental
‘Protection Agency (EPA) to ass:st in the development of generally apphmble environmental

standards for the land disposal of low-level radioactive waste (LLW). PATHRAE models both -

ofl-site and on-site pathways through whxch persons may come in contact with eontamxnated :
waste materials. The off-site paLhwavs inciude gmundwater transport to a rwer or a well,
" surface wind or water) erosion, facility overflow, and atmosphenc tr:mspon The on-site
pathways include direct gamma exposure, dusi mhalanon food grown on the waste site,

biointrusion. and 'amoacmc gas inhalaton.
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For this assessment of the radiological risks from waste disposal at the Clive facilir~.
potential exposures to on-site workers, off-site members of the general public, and pu_./
closure site reclaimers were evaluated. Three reclaimer scenarios -- intruder explorer,
intruder-construction, and intruder-agriculture were modeled.

Expocures to individuals were calculated based on unit concentrations(1 pCi/g) ofeach
radionuclide postulated to be present in waste disposed at the Clive facility. The unit
concentration dose cesults were then combined with applicable dose criteria to infer proposed
concentration limits for the safe disposal of waste at the Clive facility. The quotients of the
applicable dose criteria divided by the unit concentration dose results provided scaling factors
by which the unit concentrations were multiplied to determine the maximum permissible
concentrations of radionuclides in the waste.

E2 REGULATORY ASSESSMENT

State and federal regulations were reviewed to identify requirements that may%e/
applicable te waste disposal at the Clive facility and to identify dose criteria to be used in this
risk assessment. State of Utah regulations for the land disposal of radioactive waste, which
~are modeled after and closely parallel the NRC's Hcehsing requirements in 10 CFR 61, were
found to be generally applicable to the regulation of the Clive disposal facility. Dose criteria
tin terms of effective whole-body dose equivalent) adopted for this analysis include:

\

s 25 mrem/yr to any maxinially exposed off-site individual and to the
intruder-explorer.

100 mrem/yr for chronic exposure to a reclaimer after site closure (the
- intruder-agnculture scenario).

500 mrem for acute exposure to a reclaimer after site closure (the intruder-
construction scenano).

1,250 mreovquarter to an on-site worker dunag disposal operations.



E.3 DISPOSAL SYSTEM CHARACTERISTICS

The Clive disposal site is located in Tooele County approxunately 140 km (85 road
miles) west of Salt Lake City along Interstate 80. The facﬂxty is dxrectly south of and
adjacent to the cell used for the dxsposal of mill tailings that were temoved from the former
Vitro Chemical company site in South Salt Lake City between 1984 and 1988.

‘The cﬁxﬁate at the Clive site is erid'desert with an average anr.ual rainfall of about

13 em (5 in) per year. The water in the gmundwater system beneath the 51te is briny and

contains high total d:ssolved sohds and certam naturally-occun'mg radxonuchdes that make

it unfit for huma.n consumphon There are no pevenma] surf'ace water bodxes within 3 2 kan
(2 mi) of the sxte nor éven gulhes that would indicate mtermltbent channehzed flow.

_ Most of the land within a 16 km (10 mi) radius of the site is public domain
administered by the Bureau of Land Management. There are no industrial, commemal or
residential activities within at least 10 miles of the site, and the lack of potable water makes
~tHe surrounding area an improbable lqcatxon for any future develop;nents, altbough the Clive
* . area has recently been zoned for hezerde_ixe waste dispesal by Tooele Couefy.

' The material proposed for (iisposal at the Clive fac{lity will be placed into a disposal
cell constructed partly above grade and pe&ly below grade which is cux;rently used for the
disposal of NORM waste. The bottom of the cell consists of a scarified and re-compacted clay '
liner to retard seepage ﬁdrﬂ the'celi into \ixidistuibed soil. ‘The cell cover consists of 2 2.30 m

(7.5 ft) thick compacted clay lmer wluch serves as a radon bemer. a 0 15 m (0.5 ft) thick

~ -+ layer of sand, and a 0.45 m (1.5 ft) tluck layer of np—rap The top of the cell is sloped to
' facxhtate runoff of rainwater,

" Wastes being considered 'fei disposal 'ixiclude contaminated soil and structural debris
~ with very low concentrations of radxonuchdes Radxonuchdes assumed to be present include
" nuclides common]y encountered in radxoactxve matenals and trzmsuramcs _For this analysis
. -the radionuclides are conslxdered tobe d}epexeed more or less un;formly throughout the waste.
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E.4 RISK ASSESSMENT
— "
The exposure scenarios evaluated for this risk assessment of waste disposal at the

Clive facility and the exposure pathways inc'IuAded in the characterization of each exposure
scenario are shown in Table E-1.

Exposure pathways evaluated for on-site workers included dust inhalation and direct
gé.mma exposure. These same exposure pathways were evaluated for an off-site individual
during facility operahons For an oﬂ'-sxte 1nd1v1dual after site closure, the patential exposure
pathways include gmundwater. surface water, and surface erosion pathways Doses to an
off-site individual from each of these pathways were all estimated to be zero for the 1,000-
year period of the evaluation. -

Sir~e the intruder-explorer does not disturb the disposed waste, the only exposure
pathway evaluated for this reclaimer was direct gamma exposure. Pathways evaluated for
the construction intruder were direct gamma exposure snd dust inhalation. Expasure
pathways evaluated for the agricultural intruder included direct gamma exposure, d‘\/
inhalation, food consumption, and groundwater to a well. For the intruder-construction and
intruder-agriculture scendrios, dose assessments were made at the end of the 30-yr custodial
period and 1,000 years after site closure.

The assumed exposure scenanos for the off-site individual and the agricultural
intruder are standard risk assessment scenanos However, they are cortamly conservative,
and possibly unreahshc. for the Clive facility. No off-site individual currently lives within
24 km (15 mi) of the site. Because of the arid climate, briny quality of the groundwater that
niakes it unfit for human consumption, and lack of perennial surface water, it is very unlikely
that anyone would choose to live near or engage in ‘agriculture on the Clive site.

Exposure pathway doses, b.ased on assumed 1 pCi/g radionuclide concentrations in the
waste, were calculated for each of the exposure pathways shown in Table E-1. The exposure
pathway doses were then summed to obtain projec‘.ed doses to individuals for each exposure

scenario. Siace, in evaluating pathway doses, the entire radionuclide inventory -
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Exposure Pathways

" EXPOSURE PATHWAYS USED IN DOSE ASSESSMENTS
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 TABLEE.

Exposurs Scem-rl'o

Intruder Comtr.ucllo;l

Inirudor Agriculture

30 yrs

1000 yra

30 yre

1000 yre

Intruder

" Explorer

Maximum
Off-alte
~ Individual

On-Bite
Worker

Groundwater to Surface Digd\ir'g‘e -
Groundwater to 1 m Well at 30 yoars.
Groundwuter to 1 m Well ll lOf)f) yrurs
Erosion to River T

Site Overflow to Surfsce Water. .

Foud Grawn on Site at 30 Yeors

Food Grown on Site st 1000 Years

Direct Gamma - Maximum Explorer -
Direct Gamma - Agricultural at 30 years
Direct Gamma « Agricultural at 1000 years
Direct Gumma - Censtruction st 30 yesrs
Mircct Gamina « Construction at 1000 years
Direct Gamma - Operrtional On-site
Direct Cumma - Operationa] Off-uite

Dust - Agricultural at 30 years

Dust - Agricultural at 1000 years

Dust  Construction at 30 years

Dust - Construction st 1000 years

{lust « Operutions! On.ate

Atmosphicric Transport of ust O.site




postulated to be available for producing exposure via that pathway, summing the pathw~+
doses results in conservatively high estimates of total doces to puteatially expos—s
individuals. '

E.5 RADIONUCLIDE CONCENTRATION LIMITS

A scenario concentration limit for each nuclide postulated to be present in the waste
was calculated for each exposure scenario on the basm of the calculated 1 pCi/g dose and the
dose limit for that scenario. A proposed overall concentratxon limit for each nuclide was then
obtained by using the most restrictive (smallest) of the exposure scenario concentration
limits, Proposed radionuclide conceﬁtration limits for waste disposal at the Clive facility, and
the exposure scenarios that provide the bases for these limits, are shown in Table E-2.

In the vast majority of instances, when all exposure scenarios are considered, the
scenario that results in the limiting radionuclide concentration is the maximum exposed
site individual scenario. For three nuclides the limiting concentration is determined by tEeJ
on-site worker scenario, and for three nuclides the limiting concentration is determined by
the intruder-agriculture scenario. However, as already noted, neither the maximum off-site -
individual scenario nor the intruder-agriculture scenario may be realistic for tbe Clive

’ facility. If these scenarios are exclude;l, then the on-site worker scenario becomes the
limiting scenario for ail radionuclides. The corresponding radionuclide concentration limits
increase by factors ranging from a few percent to several orders of magmitude.

As shown in Table E-2, some of the suggested limiting concentrations in Clive wastes
exceed the 2,000 pCi/g limit used by the U.S. Department of Transportation (DOT) to
determine if a waste shipment is considered radioactive material and should be labeled and
placarded as radioactive material during transport. Suggested limiting concentrations in
Clive wastes are generally either smaller or almost the same as limitine concentrations in
10 CFR 61 Class A wastes.



TAB(.E E3

SUGGESTED RAD!ONUCUDE CONCENTRATION LIMITS

All Scanarios Conaldarcd .. Uaresllatic Scenarion Eacluded®
Does Allowable . . Doee Allowable
. ‘ ' . Cancentration Concentration
Unitng Expossrs  Concentration . Exceed DOT Umiting Expossre  Concentrstion Exceed DOT
. Nuclide .- -Scepario -~ LimitipClg  2.000 pClg Limic? " Bcenarie Umit (pCVp 2,000 pCi/g Limit?
Am-241  Ofaite Indwndusl LTE.02 : D Maxmum warkee . 2.3E.02
"Am-243  OMiie Indindual 1.TE.02 Manmum worker 1.7E.03 !
Ca4 Iatruder Ag (1000) _ 1.5E.02 Maximum sworker 24E.09 - Yes
Cd.109 Maomam worker 4.6E.04 Yo Maxmum worker 4.6E+04 Yea
Cm-242 Offnte lndinndual 1.6E+.08 Yes Maximum worker 1.4E.00 Yoo
 Cm242* . Ofite lndividual 148802 . Maximam worker B.1E.0) Yes
Cm263  Ofhite Indindual 1.1E.02 Maximam worker 1.5C003
Cm-243% - Offsite Individual 8.BE.01 - " © Maximum worker 13E.03
Cm244 . Ofinte Indindosl 45E.02 . _ . Maximam worker . 2.TE04 Yea
- Cor244®  OfBite Individual 12802 Meximom worker 7.4E.03 Yo
Co-87 - Oflta Individusl 1.TE«02 o R Manmim worker . . - L. 9E+0d P Yo
Co60  Offite Indindusl 83Es00 - . Maximom worker, . 3.6E+02 _
Ceadd om.u Individual - 1aEs0l " Maximom worker 12E.03°
Ce-137  Ofmsite fndivdual 288,00 .. . Maximum worker 6.6E402 .
FeSS 7 Maxmum worker 1.8£.06 You " Manmum worker 18Es08 Yea
H3 . OfMuw ladmdual 23E.08 : You Madmam worker ©  14Eel1 Yoo
129 Tocrudar Ag (1000} 2.3E.03 Yea Maxitnum worker - 3.1E.03 " Yes
Mn-54 Oftnte tndividual 2.3E.01 Maxmum worker 5.6E+03 Yo
N-r OfGita Indimidual 8.4E.00 Maamum worker 7.8E+02
N4 Oftnta Individual 1.1E+01 Maamum worker 1.8E+02
Ni-58 Manmum werker S.0E.(¢ Yeos Maximum worker 6.9E+04¢ Yo
Ni-a Oftaite [odividual - -1.EE«07 ) Yoo Maximum worker 8.8E.08 - - Ywu
Np237  Ofhite Indindual L7E.32 o Maximum worker 2.0E+03 Y=
Pu238  Offite Indindusl 21E.02 Maximum worker 11E+04 Ye
Pu238°  Ofbite ladivdusl 1.6E-02 ) Maximam worker 8.2E+03 Ye
¢ oPu2)9 Ot lndndwl . G- LTEWZ : Maxinmm worker 9.9E.03 Yo
Pu240  Ofiite Individusl 17E.02 ' Maximum worker 1.0E+04 You
" Pu241 - Offsite Indindual 13E.04 " Yes Manmum worker 86E.08 Yea
mur:OMqunu 8.6E4I1 : Mexmum worker - 1.1EeQ3
Pu-242  Ofsite Indimdusl 18E.02 Maximum worker 1.0Ee0L Yes
Ra-226 - Ofntafadmdusl . 2.3E-00 " Ye - - Meomumworker  L8EJO4 Yo
Ra226*  OfGue Indindual 1.3 S . Manmum worker . 1.5EBe02 . -
Ro-106 - ‘Oﬁiurlﬁdiﬁaﬁl 2.TE+06 " Yes " Manmum worker l‘IEoOG o Yo
Ro-106*  Ofisite Indindual . 80E01 - - .0 S Menmumworker. = L9E.O4 . Yo
Sr-113  Ofhite Indindual 3.25.03 Ye- Maximum worker 73E.08 Yos
Sr-20 .Cflsiwe Individusl * 8IE04 - You ‘Maximum worker " 8.8E+08 Yea
Se-90° Ofhita Indindual B.3E.04 Yo Maxmum worker 3.4E.08 T Y
Te09 Intruder Ag (1000 17E.01 . Maximum worker 8.7E408 © Yea
TH230 . - Ofbuelndivdwl - - 23Ee02: - . . 7 Maomem worker 15E404 Yea
Th-232 Ofsica Indindusl S.4E.01 L o Manmum worker J3E.Q3 " Yea
TA-DIZe.  Offite Indindual 7100 - Maxmum worker 1.0E.02
U234 Offte ladindual 8.6E.02 .07 Maomumworker . 3TE.O4 . Yeu
U235 Oftarte Indindual UIE.02 ) Mamimum worker TIE.m
U236 Offara 'ndividual - - T3Ee02 - " Manmumworker 3 8E.O4 g Yoo
U-238°*  Offasta Indindual TaBe0z . Moumum sorker 28E.04 . Yes
U-Net'©  Ofntd Indindual  *  6.8E+03 R " Maxmum worker 18EsD4 You
2065 OfGite {ndwidus! " 34E.01 Maxirouin worker t 1E.04 You

* Ownotes dons rewre gonerawd by nuchde ples 1w mgmficant daughters 1n eqwhbnum
** Unreslistic scensnos arw off site Inuinidual snd intrder-agneviture
*** Apprupnata for depletad uramium provnided the waite furm 18 emiler 10 unly o loamy sl
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E.6 POTENTIAL FOR WATER ACCUMULATION IN CLIVE DISPOSAL UNITS

Because the soil at the Clive site ha.s low permeabxht.y. the potential exists for 1'
.accumulation of water that infiltrates into the disposal units through the engineered cover”
system. If sufScient water percolates into the dxsposal units and accumulatcs. the water

might eventually overflow the units and spdl onto the ground, posing a radiological hazard
to site intruders.

Two computer models, the HELP model and the UNSAT-H model, were used to
evaluate the po‘ential for water accumulation in the Clxve disposal units. The results of the
computer simulations shawed that it is unlikely that water will accumulate in these disposal
units, However. the potential for water accumulauon depends on the hydrauhc conductivity
of the native soil 1mmedmtely below the units. If the hydrauhc conductivity of this material
is significantly reduced through compaction of the Asonl during disposal unit construction,
water might accumulate in the units after they are filled with waste and capped.

E.7 IMPLEMENTATION CONSIDERATIONS - L

The concentration' limits in Table E-2 can be implemented by applying them to
individual shipping vehicles (e.g., individual trucks or rail cars), to entire shipments (e.g., to
a trainload of waste comprising several rail cars), or to all of the wasta shipped to the site -
by a particular generator during a year. The most conservative and straightforward approach
is to apply these limits to each individual shipping vehicle bringing waste to the disposal
facility. This approach should generally yield annual average concentrations at the disposal
facility that are much smaller than the concentration limits of Table E-2.

The least conservative approach is to allow each waste generator L conform to the
concentration lumts on an annual basis. This approach would be the most difficult to control
in terms of assuring concentration limit compliahce. Furthermore, this approach could result
in some shipments being received at the disposal site with very high radionuclide
concentrations that could pose waste handling and exposure problems to on-site workers.

N
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The limiting concentrations in Table E-2 are for individual radionuclides in the waste.
For a waste shipment containing mixtures of radionuclides, the allowable total concentration
would be determined by the sum-of-fractions rule.

The waste concentration limits pmsented in this document are based on analyses that
- assume the waste to be contaminated soil or construction debris with radxonuchdes dispersed
'more or less umfor;nly thmughout the material. If waste is received that is substantially
more ﬁ#ely diirideil. and therefore more dispersible, additional limitaﬁons on concentration
‘ or handling pxbcedures may be required to assure adequate protection. If some construction -
debris is received which has only surface contamination, disposal operations will tend to
break up the méterial and mix it with other was;tc disposed at the facility Therefore, it is
'probably not necessary toi unpose restrictions on the recexpt of surface contaxmnated material -

, 'whxch are dxﬂ'erent. fmm those imposed on material for whxch the radxonuclxdes are dispersed
throughout the waste.
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1. INTRODUCTION

This mpért. documents an assessment of the potential pubiic health impacts aséociated
with radioactive waste disposal at a facility near Clive, Utah. The assessment includes
evaluations of potzntial radiological doses’ from wastes disposed at a facility near Clive,
Utah and suggested limits on radionuclide concentrations to ensure that these doses do not
exceed prescribed regulatory limits.

The Utah Department of Health, Bureau of ‘Radiation Control (UDH/BRC) is
responsxble for regu'ating certain activities involving the disposal of radicactive wastes.
Rogers and Associates Engineering Corporation (RAE) is providing technical assistance to
UDH/BRC to determir . ‘ts on the radionuclide concentrations that might apply to the
disposal of radioactive wastes at a facility near Clive, Utah. The facility is currently licensed
to receive and dispose of naturally occurring radioactive material (NORM) wastes. UDH/BRC
anticipates the possibility that the licensee may apply to the state to allow the dxspos, €
other large-volume wastes with low concentrations of other than NORM radicacuvé
constituents. Wastes being considered for disposal include contaminated soil, and
contaminated structural materials. While these wastes might require disposal at a regulated
facility, the large volumes and low specific activities have precluded their acceptance for -
disposal at currently licensed low-level radioactive waste (LLW) disposal faciliies. The
radionuclide concentration limits to be determined for the disposal of these wastes are those

that should be imposed to assure protection of the public health and the environment.

This assessment involves the characterization of the natural site, the disposal facility,
and the waste to be disposed. Based on this system characterization, the potential release
and migration of radioactivity from the (ac_ilify and the impacts in terms of radiatioﬁ
exposures to humans are conservatively evaluated. The PATHRAE computer model is used
to estimate potential radiological doses to workers and the general public from unit
radionuclide concentrations in wastes disposed at the Clive facility. Applicable dose and risk

Throughout this report the term “dose” refers to the effective whole-body dose

equivalent measured in mrem.
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criteria are identified to provide a basis for inferring limits on the radionuclide
_concentrations. The radionuclide concentration limits are then calculated on the basis of the

doses for unit radionuclide concentrations, and the applicable dose criteria.

‘ Chapter 2 of thxs report pmwdes a descnptxon of the methodology used for this
"assessment “This includes an overview of risk assessment methodology and a brief

o descnptmn of the PA’I’HIRAE computer model used to project potentxal doses from waste .

dxsposal operat.xons

Chapter 3 is a review of federal and state radxoactxve waste dxsposal standards and
requirements that could provxde gmdance for regulatmg the dxsposal facility near Chve.
~_primary objective of this review is the identification of applicable or relevant dose criteria to
" "be used in establishing radionuclide concentration limits.

“ Chapter 4isa presentahon of t.he information and assumphons used to simulate the

; dxsposal system at the Clive sxte and to perform the risk assessment. The site, the disposal
cell, and the waste are all charactenzed in sufficient detail to provide the information
necessary for the dose calculations.

Chapter 5 presents the results of the risk assessment and the radionudlide
concentration limits derived on the basis of this assessment and the dose criteria identified
in Chapter 3. The proposed radxonuclxde concentratxon limits for Clive disposal are compared
| 7 with concentration lu:mts for 10 CFR 61 Class A LLW and tvpxcal LLW with low levels of

radxoactnve content . L e
Chapter 6 presents the basxc reqmnements ot‘ an 1mplementatxon plan to ensure
'comphance with the radxonuclxde concentratlon limits proposed in Chapter 5.



2. METHODJOLOGY

The cbjective of this investigation is to determine limits for radionuclides in wastes
that can be safely disposed at a radioactive waste disposal site near Clive, Utah. To
determine théese limits, a risk assessment is performed that evaluates projected doses
(effective whole-body dose equivalent) from unit concentrations of radionuclides in the wastes
proposed for disposal. The risk assessment results are then combined with applicable dose
criteria to infer limits on the concentrations of radionuclides that can be allowed at the
subject facility without end:ingering public health.

, This chapter provides a description of the methcdology used in this assessment.
Section 2.1 is an overview of risk assessment methodology. Section 2.2 i3 2 description of the
PATHRAE computer model used to project botential doses to individuals from the proposed
disposal operations. Section 2.3 is a summary of the dose criteria used to establish
radionuclide concentration limits for wastes disposed at the Clive site.

N4

2.1 RISK ASSESSMENT METHODOLOGY

Risk assessment consists of estimating releases of radioactive contaminants from the
disposal facility; modeling the transport of radionuclides to Ioca;ion‘s\ acqessible to humans;
and calculating exposures or doses to persona coming in contact with the contamination. The
calculations must account for all reasonable opportunities for human exposure to radiation
originating from the waste. Figure 2-1 échematically_ represents the disposal facility in
relation to the environment and depicts the pathways 'thmugh which contaminants are

released and transported to receptor points; These pathways are discussed in the following
sections.
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2.1.1 Contaminant Release Mechanisms

.'7\_/;
The means by which radionuclides may be released from a disposal site to the

environment depend upon site conditions and the nature of the disposal facility. Generally

speaking, release mechanisms may be classified as resuspension, ‘leaching. and accidental
release.

Resuspension

Resuspension of surface contamination may play an important role in the dispersal
of radxonuclxdes from dxsposal units in and neg\ons ‘The resuspended contammatwn may be
from waste that has not yet been mvered spxllage of contaminants during operations,
material excavated from a disposal cell by human or animal activity, or waste exposed due
to wind or water erosion of the earthen cover over the disposal cell. In any event, the
contaminants so mobilized are available for subsequent transport downwind from the facility.

Leaching
.\\/

At many sites, water i3 the most important*medium for the mobilization of
radionuclides from the disposal unit. Water infiltrating into the disposal unit will leach
contaminants from the waste. The water infiltration rate will depend upon the precipitation
rate at the disposal site, hydrogeologic properties of the soil, and natural features of the site
or. engineered features of the disposal system that channel runoff or divert it from the
disposal units. The rate of leaching will be influenced by the amod‘n}: of water passing
through the waste, the waste form, and nuclide-specific properties such as distribution
coefficients. '

Because the Clive site is located in an arid region, the importance of water as a
contaminant release mechanism will not be as great as it is for disposal sites in regions of
high average rainfall. '
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Accidental Releases

. Accidental releases differ from the mechanisms described. above in that they are
' generally suddeu, in contrast to the mmore deliberate nature of atmospheric (i.e. , Tesuspension)
and hydrologic releases. Accidental ‘releases are also discontinuous; i.e.; they typically bave

= . both abeginning and a1 ending. Fires that sometimes accompany accidents can result in the

volatilization of radioactive material and its dispersal downwind from the site of the accident.
In other radiological assessments, the doses associated with accidental releases have not been

limiting.® V'I‘herefore. in this assessment, doses from accidental releases are not evaluated.

21.2 ATransport ?athwnys

. Waste contaminants released from a disposal facility are available for transport to
. locations where they can come in contact with humans. As depicted in Figure 2-1, transport
) Axnechanisu;s may include atmospheric, hydrologic, and foodchain pathways.

Atmospheric Pathways
Airborne contaminants (e.g., those contaminants released as a result of resuspension)
‘will be dispersed as they are transported by the prevailing winds. The atmospheric
“‘concentratlons of contammants at downwind locations are calculated with a Gaussian plume
. ._atmosphenc dispersion model which uses a virtual point source approximation for area
; sources. The plume of suspended radionuclides is assumed to move at ahexght-xndependent;
) wmd speed to the receptor location. 'I‘he model accounts for plume depleuon, effective plume '

hexght, and stable air layers at high altitudes. Neutral atmospheric stability is generally
assumed to prevail. . '

Hvdrologic Path'ways

Hydrologic pathways inc}ude groundwater and eurface water pathways. Both of these_
‘pathways can result in the migration of radionuclides from the disposal site to locations

where humans are exposed through using contaminated water for culinary or other purposes.
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In the groundwater flow model, radioactive contaminants leached from the waste are
transported vertically to the aquifer, then horizontally through the aquifer toa well or rlv
Transport velocities may be calculated using either saturated or unsaturated flow models.
Contaminants migrating along hydrologic flow paths typically move more slowly than the
water in these paths, due to nuclide-specific interactions of the contaminants with the solid
materials in the aquifer. This phenomenon is <alled adsorptxon which results in retarded
radionuclide migration rates.

Depending on precipitation, infiltration rate, and hydrogeologic characteristics, water
- contaminated with radxonuchdes may overflow the disposal cells and discharge onto the
natural surface of the. sue When this occurs, radioactive contamination is. added to the
surface inventory of nuchdes already present from operatmnal spdlage or from erosion, if any,
of the disposal cell cover. This ground surface contamination will consist of two components:
The aissolved and adsorbed fractions. Dissolved radionuclides may enter nearby surface
streams by overland flow, thus adding contamination to the surface streams. Adsorbed
radionuclides enter the soil and contribute to the external gamma exposure of persons
standing on the surface or enter plant systems through root uptake.

Food Chain Pathways -

Plants may become contaminated through the root uptake of radioactivity in the soil
or surficially as a result of deposition of air-borne radionuclides. Well and stream water used
for irrigation can also deposﬂ: radionuclides on or in the soxl mth subsequent uptake by
plant.s Animal products, including meat and milk, may become contammated due to animal

consumption of contaminated feed or consumption of water from a contaminated well or
stream. -

2.13 Exposure Pathwm

The potential routes through which people may be exposed to radioactive material;

at receptor locations are called exposure pathways. These may be categorized as external

2-5
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\direct gamma) exposure and internal exposure. Internal exposure results from inhalation
of airborne contaminants and ingestion of contaminated foodstuffs and water

22 THE PATHRAE COMPUTER MODEL

‘ 2. 2.1 , Model Descrigtion

Potential risks to individuals from waste dxsposal at the Clive faahty were estunated
using the PATHRAE computer model @ - The PATHRAE model was developed by RAE to
assist the U.S. Envn‘onmental Protectlon Agency (EPA) in the development of generally
applicable environmental standards for the land disposal of LLW. The PATHRAE code can

o be used to assess and compare the radiological risks of managing and disposing of LLW for
a wxde vanety of land disposal alternatwes ranging from sanitary landfill disposal to a\deep
_ geologu: repository. The model is daxgned to asgess the risks from disposal at sites with

diverse hydrologic, climatic, and demographxc characteristics.

The pnnt:xpal advantage of PATHRAE isits sunplxc:ty of operation and presentatxon

- . ;whxle still allowing a comprehensive set of nuclides and pathways to be analyzed. PATHRAE

can be mstalled and operated on IBM and IBM-compatible personal computers Site
petformance for radioactive waste disposal can be readily mvestlgated with relatively few

parameters needed to deﬁne the pmblem For exanmple, key site paramebers are found
genera.lly to mclnde A \ .

¢ Facility size and capacity.
* Facility operating time. -

¢ Depth for _eznplgeeuientiof waste
* Cover thicl;nees and ner;neebility.
* -Precipitation. -

¢ Soil retardation characteristics.
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¢ Depth to the aquifer.
. * Aquifer distance to accessible location. R

* Aquifer velocity.

The PATHRAE :odel e=u be used to calculate maximum effective dose equivalents

(doses) to workers during disposal opei'ations. to off-site individuals after site closure, and to

reclaimers and inadvertent intruders after site closure. Results include individual dose rates,

organized both by radionuclide and as a function of time for each exposure pathway, as well
- a8 total dose rates with time. ‘

222 Transport Pathways Modeled

The PATHRAE methodology models both off-site and on-site pathways through which
persons may come in contact with contaminated waste. These pathways are shown
schematecally in Figure 2-2. The off-site pathways include groundwater transport to a
surface river or a well, surface (wind or water) erosion, facility overflow, and atmospher: \/~
transport. The on-site pathways include direct gamma exposure, dust inhalation, food grown
on the waste site, biointrusion, and radioactive gas inhalation. On-site pathways of concern
arise principally from worker doses during operations and from post-closure Sité reclamation
(intruder) activities such as constructing a house and living on-site, growing edible vegetation
on-site, and drilling wells for irrigation or drinking water. Brief descx;iptibns of each
transport pathway that is shown in Figure 2-2 are given in the fqllowix}g paragraphs.

Groundwater Migration with Discharge to a River

This pathway starts with the mobilization of radicactive waste components leached
from the waste by percolating precipitation. The waste components move downward through
the unsaturated zone to an aquifer beneath the disposal site. In the aquifer the waste
components are transportéd to an outcrop location where the aquifer discharges to a surface

‘stream. The contaminated surface stream is used for irrigation, watering livestock, ﬁshihg,

or domestic purposes.

~
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OFFSITE
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FIGURE 2-2. MAJOR EXPOSURE PATHWAYS FOR PA'fHRAE-EPA
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This transport pathway is not considered viable for the Clive site because of the very
low rainfall and the absence of any perennial streams in the vicinitv of the sit

" Consequently, doses resulting from this actuary were not modeled in this assessment. ~

Groundwater Migration with Discharge to a_Well
Groundwater transport to a well is similar to the pathway described above except that
the contaminated aquifer water is withdrawn from a well and used for irrigation, livestock,

or domestic pwposes.

~ Surface Erosion of Cover Material and Waste

Wind and/or water erosion results in the gradual removal of the cover over the waste
and, eventually, the slow removal of the waste itself. The eroded waste is transported to a
nearby surface stream where it contaminates the stream. A conservative assumption is made

that the eroded waste components enter the surface stream in the same year they erode from
the waste site.

N/
Saturation of the Waste and Facility Overflow -

Water accumulates in the disposal units and eventually overflows (the bathtub effect).
The overflowing water, which is contaminated with radionuclides leached from the waste,

subsequently enters a surface stream and contaminates it.

Atmospheric Transport

Either a trench fire or natural resuspension may be a source of airborne contaminated
gas and particulate matter that is carried off-site by the prevailing wind. A Gaussian plume
technique is used to trace the transport of this resuspended material to an offsite location
where an individual is presumed to breath the contaminated dust.
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Inhalation of Radiocactive Dust On.Site

Radiocactive dust might be msuspended during disposal operations or by reclaimers
_ dxggmg into the waste at the conclusion of the post-closure care period. This pathway traces

.. the effects of the inhalation of contaminated dust by an on-site worker or by a reclaimer

. excavating a basement and/or a well after site closure.

Consumption of Food Grown on the Wéste Site

This pathway traces the effects of eating food grown on redmmed farm land and
accounts .for potenhal exposures of mdw:duals to waste materials through the human
_ _foodc_ham. ‘A ba;;c assumptxon for exposux__e via this pathway.is that :‘l"eclamauon acthtxes
are reduired to cause exposure to the waste materials. Thé reclaimer is assumed to disturb
the waste by drilling a well and/or digging a basement for a house. The waste excavated by
these activities is uniformly mixed with uncontaminated surface soil, and the soil mixture
is used to grow edible crops and animal forage. Individuals are assumed to get some fraction
of their food needs from contaminated cn;ps, meat, and milk. o

. Biointrusion into the Waste

.. This pathway is similar @o‘_.tt‘le fc;éd pathway. deécribe_d above, but;kinvolves the

. .consumption of crops whose roots have penetrated into previously undisturbed subsurface

waste materials. The crops are presumed to absorb waste materials through root uptake

after whxch the crops are eaten by humans or used for ammal forage. The difference between :

this pathway and the reclaxmer farmer pathway is that no excavation of waste material by
the reclaimer occurs.

Direct Gamma Eipomre -

\ Tlns exposure pathway calcu.lates the extemal radxahon dose to an onosxte worker or
a reclzumer standing on the. waste site. To estimate the dose to a reclaimer, the cover
. material over the waste is assumed to emde ata speqﬁed rate so that the shielding provided

- by the cover decreases with time. The source term also decreases with time due to

” . L. . . - N "- '!' wi:ﬁ” 'ww
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radicacuve decay To calculate doses to individuals from this pathway the conservative

assumption is made that no lose of contaminants to the groundwater pathway occurs dur
leaching. : ~

PATHRAE does not calculate the direct gamma dose to an off-site individual. The
MICROSHIELD program was used 1n this assessment to evaluate the dose to an individual
who was assumed to be located just beyond the site boundary, defined for these evaluations
by the fenceline which is 100 ft from the edge of the disposal unit.

" Radioactive Gas Inhalation

This pathway “calculates the effects on a reclaimer of inhaling radon and radon

daughters while i;rside a structure built over the waste.

223 Environmental Foodchain Analysis

Foodchain analyses performed by the PATHRAE model use the EPA methodol "
contained in the PRESTO-EPA codes. The foodchain calcalations consider direct consumption
of contaminated water, use of this water for animal consum, ion and irrigation of vegetation,
consumption of contaminated vegetation by humans and animals, and human consumption
of contaminated milk and meat from the animals. The foodchain calculations also consider
vegetation grown directly in contaminated soil, with consumption of the vegetation by
" humans and animals, and'subsequent human consumption of contaminated animal products.
The foodchain calculations include transfer factors to vegetation and animals, as well as

consumptioh rates for water, vegetation, meat, and milk.

For convenience, the routines .performing the foodchain calculations calculate:
equivalent upt:ike factors for use in similar model runs, so that the foodchain analysis need
not be rej)eated each time. The equivalent uptake factors quantify, using a single variable,
~ the annual radionuclide uptake by an individual from all potential sources associated with
that variable. For inhalation, the variable used to quantify uptake is just the breathing rare.
For ingestion pati:wéys involving contaminated water, the uptake factor is the te*-!

N



equivalent quantity of dnnking water. 1n literseyr, that would havé W be consumed by 2

person to give the same radionuchide uptake that occurs trum consumption ot contaminuted

_ vegetation, meat, milk, and seafood, as well as from -the actual consumption of drnking

water. For pathways involving the consumption of food grown on a waste site, the uptake
factor is the equivalent amount of waste matenal tkg/yr! an individual would have to directly

consume to'ingest the same amount of a particular radionuclide that he ar she ingests by

~ eating food gmwn in the contaminated soil.

Since soil-to-plant transfer factors, and other related transfer factors used in

~ calculatmg -equivalent uptake factors are nuchde-depeudent the equivalent total uptake

factors are nuclide-dependent. ) o R

- 2.2.4 Time Period for the Analyses

The healtkL impacts to individuals from near-surface disposal of LLW are analyzed for

a p_e;iod of 1,000 years following the conclusion of disposal operations. The maximum annual

. dose to an off-site individual or a reclaimer, and the year. in which this'dose occurs are-

estimated. The maximally exposed off-site individual is assumed to be located close to the

dispos,al site boundary (100 ft from the disposal unit edge). For the mobile radionuclides,

maximum annual doses to this individual occur soon after site closure and almost always
before 1,000 years. '

2.2.5 Eiposure Scenarios

~ For this assessment of the radiological risks from waste disposal at the Clive facility,
potenﬁal .exposures to on-site workers, off-site members of. the general public, and post-
closure site reclaimers are modeled. Reclaiiners (inadvertent intruders) are persons who are
assumed to enter the closed dxsposal mte after institutional control has ended and to engage

in activities whxch mxght disturb the waste and which result in radiological expos*res to the

- intruders.
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Three reclaimer scenanos - mtruder-explorer, ntruder-construction, and intruder
"agniculture -- were modeled for this assessment In the intruder-expicrer scanano. U

recla:mer 13 assumed simply to wander about the site witheat disturbing the disposed waste
Iz the wntruder-construction scenano. the reclaimer 13 assumed o excavate 1ot the disposed
waste matenal in order to construct a home on the site. In the intruder-agnculture scenano,
the reclaimer 1s assumed to live 1n a residence constructed on the site, to grow crops oasite
that provaide the reciaimer with a portion of his annual food intake, and to consume meat and
dairy products from animals raised on the site.

The exposure pathways by which on-site work_en;. off-site individuals, and reclaimers

may be exposed to radiation are summarized in Table 2-1.

23° DOSE CRITERIA

This assessment of potential exposures to individuals from radioactive waste dispos?’
at the Clive fadlity assumes unit concentrations of each of the pertinent radionuclides thav—"
are present in the waste. Emerging from these calculations are projections of doses (effective
whole-body dose equivalent) to on-site and off-site individuals from waste containing the
assumed unit concentrations. The unit-concentration dose results are then combined with
applicable dose criteria to infer proposed concentration limits for the safe disposal of waste
at the Clive facility. The quotients of the applicable dose criteria divided by the unit
concentration doses provide scaling factors by which the unit concentrations can be multiplied

to determine the maximum permissible concentrations of radionuclides in the waste.
As described in Chapter 3, the dose criteria adopted for this analysis include:

« 25 mrem/yr to any maximally exposed off-site individual.

* 100 mrem/yr for chronic exposure to a reclaimer after site closure (the
intruder-agriculture scenario).

+ 500 mrem for acute exposure to a reclaimer after site closure (the intruder-
construction scenario).
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These dose cnitena provide the bases for the concentratiun “:mits

proposed for disposal at the Clive facility

1.250 mrem, quarter o an on-site worker durng thspuswi operations

for the low-activity wastes—"
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3. REGULATORY ASSESSMENT

‘31 INTRODUCTION . . - T

'."ia::ﬁis chapter, regulatory requirements fur tte cisposal of ra0act:ve wastes are

| reviewed to identify requiremenis that 'may be applicable to the disposa.l of low-radioactivity
wastes at a site near Clive, Utah. The purpose of this regulatory assessment is wo identify

.applicable or relevant dose criteria a.nd other 'nequirements'which might provide standards
or. gmdance .upon whxch to reg'ulate the ‘waste disposal Operatxons Wastes bemg considered

: for d.tsposal mclude contammat.ed soil and structural xnatena.ls wnh very. low concentrations
of radxoacuve consmuents These wastes might ongmate at both regulated and unregulated
'generaw* facxlmes While these wastes might require disposal at a regulated facility, the
large vo!umoaand low specific activities have precluded their acceptance for disposal at

currently licensed low-level radioaétﬁe araste (LLW) disposal facilities. '

Reg'ulatmns that apply to the dxsposal of chemxcally hazardous and mixed radioactive
and hazamous waste are not reviewed in this ‘assessment.

Disposal standards and requirements that could provide guidance for regulating waste
dxsposal operanons at the Chve facxlxty mclude State of Utah regulatxons for NORM wastes
currently accept.ed at the facxhty, Federal regulations for LLW and uranium mill tailings, and
proposed standards for below-regnlatory-concem (BRC) wastes. State of Utah regulations
for the land dxsposal of radioactive waste are reviewed in Section 3.2. Federal regulations
. for the stabxhzanon and dlsposal of mill tailings and wastes are reviewed in Section 3.3.
:.Regulatory standards that were applied to the disposal of the Vitro:tailings at the South
" Clive site are revxewed in Section 3.4. Proposed criteria for BRC waste disposal are reviewed
in Sectzon 3 5. Regulatory standards and gmdance which might be applicable to waste

dxsposal operatxons at the Clwe facxhty are d:scussed in Sectxon 3.6.
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32° UTAH REGULATIONS FOR LAND DISPOSA .L _E_g.mm,\c'r_;vg WASTES

The disposal of commeraally generated LLW 1s regulated by the U.S. Nuclear
Regulatory Commxssxon-t.\'RC) or by Agreement States authonzed by the NRC to regulate
such disposal. By agreement wath the NRC, Utah s reépons'x.ble'!'or'regulatmg certain
act:vities within the state involving the possession and use of radioactive byproduct, source,
and special nuclear materiai. The responsible regulatorv agency 1s the U Lah Department of
Health, Bureau of Radiation Control (UDH/BRC).

Utah has applied to the NRC for permission to assume additional regulatory authonty
over the disposal of radioactive materials. As proposed, this additional authority would
include the responsibility to regulate the land disposal of radioactive byproduct, source, and
special nuclear materials in quantities not sufficient to form a critical mass. The NRC would
retain regulatory authority over uranium and thorium mills and aver the disposal of 11e.t2)

byproduct material (uranium and thorium mill tailings and wastes).

The State of Utah regulates the disposal of naturally occurring radioactive materials
(NORM). The NRC does not exercise regulatory authority over NORM wastes. Typical>~—"
radionuclides in NORM products and wastes include uranium-238 (U-238), thorium-232
(Th-232), and radium-226 (Ra-226).

Utah licensing mqﬁirements for land disposal of radioactive waste are contained m
Chapter R447-25 of Utah Radiation Control Rules.” The Utah requirements are modeled
afterand closely parallel comparable regulations in the NRC's licensing requirements for land
disposal of LLW in 10 CFR 61.) The requirements in Chapter R447-25 include requirements
on the content of a license application, financial responsibility, facility performance objectives,
site suitability, site design, facility operations, site closure, transfer of license, posf.—closure :
institqtional‘co‘zi'.ml,' termination of license, environmental monitoring, and records and
reports. In this section, those paragraphs of the Utah regulations pertaining to performance
objectives, site suitability, site design. fagiiiiy operations, site closure, post-closure
institutional control, and environmental monitoring are reviewed for their applicability to the
safe disposal at the Clive site of wastes with very low concentrations of radioactive
constituents.



The licensing requirements for land disposal of radicactive waste for both the State
of Utah and the NRC define low-leve] radioactive waste as ‘having the same meaning as in

the Low- Le\ el P.adxoacuve Waste Pol <y Act, that is, radxoactwe wast.e not classified as high-

' level radxoacnve waste, transuranic waste, spent auclear fuel, or byproduct matenal as

defined in Sectinn 11e.(2) of the Atomic Energy Act (uranium or thorium tailings and waste).

- 3241 *-Dis_rposal Facility Performahcé Objectives

Apphcams for a disposal faahty license for radloacuve wastes must pm\nde reasonable

.. assurance that the facility will. be. sxted desxgned operated. closed and controlled after
closure so that the performance objecnves of Sections R447-25 19 through RA447-25-22 will

be met. These performance objectives address protection of the genera] populanon protection

-. of inadvertent intruders, protectxon of individuals dunng operanons. and dxsposal site
stablhty after closure " ‘

--Protection of the General Population - Concentratxons of radxoactxve material
which may be released to the general environment in groundwater, surface water, air, soil,
plants or animals shall nat result in an annual dose exoeedmg an equivalent of 25 millirems

..~ (0.25 mSv) tc the whole body, 75 millirems (0.75 mSv) to the thymxd and 25 millirems
-(0.25 mSv) to any other organ of any member of the public. Reasonable eﬁ'ort should be made

to maintain releases of radmactmty in eﬁ'luents to the general envzronment as low as is

‘reasonably achievable.

\

‘Protection of Inadvertent Intruders De51gn, operatxon. and closure of the land
disposal facility shall ensure pmtec'aon of any individual madvertently intruding into the
disposal site and occupymg the site or contactmg the waste at any bme after active

- institutional controls over the dxsposal site are removed

Neither the State of Utah intruder pmtectxon performance objective nor the NRC’s
intruder protection standard in 10 ‘CFR 61. 42 .,pecxﬁes an mtruder dose limit. However, the. -
NRC has indicated” that a 500 mrem acute whole body dose to an intruder was the basis for

the waste classification limits for long-lived radionuclides in Table 1 of 10 CFR 61.
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The intruder protection pen’ormance objective for low-level radioactive waste disposa:

at US Depaniment of Eneryy DO L0 DONE-...stracta fuchinies® pr o cades thae

g
“the commmed effective dose equivalent received -by 1ndividuals who
inadvertently may intrude into the faality after the loss of active institutional
control wall not exceed 100 mrem/yr for continuous exposure or 500 mrem for
a single acute exposure.”

Protection of Individuals During Operations - Disposal facility operations _shall
be conducted in compliance with the standards of radiation protection in Chapter R447-15
of Utah Radiatdon Control Rules, excepf -for release of radicactivity 1n effluents from the
facility which shall be governed by R447-25-19 (performance objective for protection of the
general populax.i.on!. Every reasonable effort should be made to maintain radiation exposures
as low as is réa.sonably abhievable.

Chapter R447-15 prescribes radiation dose standards for persons who work in
restricted areas (such as workers at a regulated waste disposal facility). The octupational
dose standards in Chapter R447-15 are the same as the NRC's standards in 10 CFR 20.101,

and irclude a worke-' whole body dose limit of 1,250 mrem per calendar quarter { eqmvalr .
to 1,250 mrem/quarter) N

Disposal Site Stability After Closure - The disposal facility shall be sited, designed.
used, operated, and closed to achieve long-term stability of the disposal site and to eliminate,
to the extent prachcable. the need for ongoing active maintenance of the site following

closure, so that only survelllance. monitoring, or minor custodial care are required.

A}

3.2.2 Disposal Site Suitability Requirements

'. Disposal site suitability requirements, prescribed in Section R447-25-23, include the
following:

*» The disposal site shall be capable of being characterized, modeled,
analyzed, and monitared.



Locations where future population gmwih or industrial or commercial
developments might ailect the ability of the faciity to meet permrm:mce
objectives should be avoided.

Locanons with known natural resources which, if exploited, might requt.
in failure of the facility o meet performance objectives shail be avoxded

The disposal site shall be generally well drained and free of areas of

' ﬂoodmg or frequent ponding.

Upstream drainage areas shall be minimized.

. The ‘depth to ‘the water table shall be such that gmundwater vnll not

- intrude into the waste.

The hydrogeologic unit used for dxsposal shall not dxscharge groundwater g
to the surface within the dxsposal site. A '

' Locatmns where tectonic prooesses may adv»rsely affect the ability of the

facxhty to meet performance objectwes shall be avoxded

Locanons whex-e surface geologxc processes may adv ersely affect the ability
of the facility to meet performance objectives shall be avoided.

‘e Locations where nearby facilities or activities could adversely affect the

ability of the facility to meet performance objectives shall be avoided.

Disposal facility.de‘sign.recjtixiz;e.ﬁ;e'x‘xt's. prescribed in Section R447-25-24 include the
following: :

© © 323 Disposal Facility Design Requirements

\

" Desxgn features shall be du~ected boward long-term 1solatlon of the waste

and avoxdance of the need for post-closure actxve mamtena.nce

‘Disposal site desxgn sha.ll be compatible with the site closure plan and

provide assurance of meeting the performance objectwes after site closure.

Disposal site desxgn shall facilitate, where appmpnate, the ability of the
site’s natural characteristics to meet the performance objectives.

Covers shall be designed to minimize water ihﬁltration, to direct water
away from the waste, and to resist degradation.

Surface features shall direct surface water away from the disposal units.
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* Site design snall mimum:ze the contact of standing or percolating water
with waste during storage, disposai, or wiler disposal.

3.2.4 Disposal Facility Operating Requirements

Disposal facility operating requirements, prescribed in Section R447-25-25 include the
followng:

* Class A wastes shall be placed in disposal units that segregate them from
other wastes unless the Class A wastes meet the stabiiity requirements of
Class B and C wastes

« Class C wastes shall be dxsposed of mth a mmnimum of 5-m ofcm er or with

barriers designed to protect against inadvertent intrusion for at least 500
~ years

. Only waste classiied as Class A, B, or C shall be acceptable for near-
surface disposal.

«  Wastes shall be emﬁlaced to maintain package integrity during disposal,
to minimize void spaces, and to permit void spaces to be filled.

* Void spaces between waste packages shall be filled with earth cr other ~
material. '

* The boundaries and locations of disposal units shall be accurately located
and mapped and the units shall be marked for ease ot identification.

* A buffer zone shall be maintained between the disposed 'vaste and the
disposal site boundary and beneath the disposed waste.

* Closure and stabilization measures set forth in the site closure plan shall
be carried out as each disposal unit is filled and covered.

* Active waste disposal operations shali not have an adverse affect on
completed closure and stabilization measures.

* (Only wastes containing or contaminated with radioactive material shall be
disposed of.
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3.2.5 Closure and Post-Closure Requirements

Closure and post-closure requirements for a iand disposal facility are addressed n
several sections of Chapter R447-25. When disposal operations are completed, s:te closure
shall be accomplished in accordance with the provisions of an approved site closure plan. The
disposal fadlity shall be closed in a manner to achieve long-term stability of the site and

eliminate, to the extent pructicable, the need for ongoing active maintenance.

The licensee shall continue to monitor the site and perform necessary maintenance

" and repairs until site cloaure is complete and for a post-closum penod until the license is
"’termmated or transferred to a szate appmved custodxa] agency The lengtb of the post

.....

'closure control penod shall be determmed by the Bureau of Radxatxon Contml Under the

terms ‘of the currént license for the Clive sxte the operawr of the sxte ‘will continue

- ‘momtonng and maintenance activities for 30 years afwr closure

3.2.6 Environmental Monitoring

" The reqmrements for ennronmenta] momtonng ofa land dxsposal famhty are outlmed

" in Section R447-25-26. Envxronmental momtonng shall be conduct.ed prior to the start of

‘ construcnon of the facility, during site constructlon and operatxon, and after the disposal site

is closed

The pre-operational monitoring program shall provide basic backgx‘ound'environmental
data for comparison with op¢rational monitoring results For site charactenstxcs that are

subject to seasonal variation, data must cover at least a 12-month penod

During facxhty constructlon and operation, momtonng must provxde data to evaluate
potential health and enviroamental unpact.s and to enable the evaluation of lo. o-term trends
and the peed for mitigative measures. The momtonng system must be capable of prowdmg

early warning of releases of radmnuchdes before they leave the site boundary.

[¥9}
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Post-o;.crational monitoring shall be conducted based vn the operating history anc the
closure and stabilization of the site. s munitunnyg must wisi be capavte ut evaicating
trends and of providing early warning of the migration of radionuclides away from .__

disposal units.

33 REGULATION OF MILL TAILINGS AND WASTES

Under the provisions of the Uranium Mill Tailings Radiation Control Act of 1978
UMTRCA), as amended, the \TRC has the responsxbxhty for lxcensmg sites for the disposal
of :mlmgs and wastes produced by uramum and thonum milling operanons ’I‘he U.S.
Environmental Protection Agency has the responmbxhtv for promulgatmg radxologlcal and
non-radiological standards for these wastes. The State of Utah has not petitioned the NRC
for authority over the tailings produced by uranium and thorium milling operations and is
nos authorized to regulate these wastes.

NRC criteria for the disposition of tailings and wastes are promulgated in Appen-”
A of Title 10, Part 40 of the Code of Federal Regulations (10 CFR 40, Appendix AL® T’
EPA’s health and environmental standards for tailings and wastes are promulgated in
40 CFR 192" The NRC requiréments in 10 CFR 40, Appendix A, incorporate EPA standards
for limits on radon emission. the longewity of cover materials, and protection of ground »vater
quality. '

-3.3.1 EPA Standards

Standards for Control of Residual Radioactive Material

£PA’s standards for managing disposal sites for uranium and thorium mill tailings
and wastes include a radon flux standard and a longevity requirement for the cover placed

over the disposed waste. Cover materials shall limit atmospheric releases of radon-222 from

—
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uranium tailings and wastes and atmosphenc releases of radon-220 from thonum tailings -
and wastes to an average release rake of XU picccunes per .square meter per second
(20 pCi/m®s). Covers over disposal arcas shall be designed and constructed to be effective for
1,000 years, to the extent reasonably achievable, and, in any case, for at least 200 years.

These éover material requireuiﬂnts do not apply to a disposal site which coi:tains

, _the‘ba»c_kground level b,v more than.

N $) 5 picocuries per gram (5 pr/g) averaged uver the first 15 cm (6 m )
o below the surface. and :

i) .15 pr/g averaged ovor 15cm (6 in.) thxck Iayers more _ than 15 cm
' below the surfare.

Groundwater Protection Standards

"'i‘ﬁe EPA’s grbmidwater pfoteéﬁién standards for mill téilinés dispdsa! are set forth
in Subparis D and E of 40 CFR 192. Facilities for ta_ilihgé dispdﬂal must conform to the
requirements of 40 CFR 264.221* which provide that new.surface impoundments be designed
and constructed witlk a double liﬁex‘ imd leachate coligction sfatem that prevents any

- .. migration of wastes out of the impoundment to the adjaceﬁi éﬁbsuxface soil, groundwater,

or surface water at any time during the active life (including the closure period) of ti:e

impoundments. Exemuotion from the double lmerlleachate collectxon system requirement may -

be granted if it can be demonstrated that an a.lternate desxgn, together with operating
practxces and site charactenstxm. wlll prevent. the migration of any hazardous constituents

" into the gro\mdwater or surface water at least as eﬁ'ectwely the double linerNleachate

collecHon svstem.

Uramum and t.honum tmlmgq and wastes must be managed to conform to the
groundwater protecnou standard of 40 CFR 264.92. Thxs st ,mdard SpeCJhQS that hazardous
constituents entering tha groundwater must not. exceed the concentration limits specified in
40 CFR 264.94 in the uppermost aquer underlying the waste management area beyond the
pomt of complxance dunng the comphance penod specxﬁed by the EPA chwnal :
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Administrator. The radioactivitv limits shown in Table 3-1 are added to the concentrat:on
himits for hazardous constituents in groundwater, specified 1n 40 CFR 264.94.

33.2 NRC Standards

NRC license requirements for the possession and use of uranium, thorium, ores
containing uranium and thocium, and tailings and wastes from uranium and thorium uiil‘ing
operations are contained iz 10 CFR 40. Appendix A of 10 CFR 40 establishes technical,
financial, material owneréhip, long-term site surveillance, and hazardoua constituents criteria
"cr the disposition of tailings and wastes produced by mill operatxons The eight technical

L

criteria and the long-term site surveillance criterion of Appendxx A are summarized in this

section.

Criterion I - 'n selecting a disposal site the primary emphasis is the long-term
isolation of wastes by minimizing disturbance and dispersal by natural forces. Site features

that must be considered include:

* Remoteness from populated areas.

* Hydrologic and other natural conditions that contribute to isolation of
contaminants from groundwaier sources.

. Potgntial for mimumizing erosion, disturbance, and dispersion by natural
forces over the long term.

\

Tailings should be disposed of so that active maintenance is not required to preserve tke
conditions of the site.

Criterion 2 - Wheaever practicable, wastes from small extraction operations should

' be disposed of at large mill tmhngs dlsposal sites to avoid pmhferatxou of small waste
disposal sites and to reduce perpetual survellxance o‘ohgatxons

Criterion 3 - The “prime op. 1" for the disposal of tailings is placement below grade.
Where coaditions make below-grade disposal impractical, ‘it must be demonstrated t*-¢

-
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TABI.E 3-1
‘ GROUN’DWATER PROTEC‘I‘ION LIMITS FOR RADIOACTIVITY‘ :
-
Concentration Limit
- _Radioactive Material (pCi/lliter)

: - ‘(-de'oined ;'adiﬁm§226 and radium-2 "é , . ; 5
~’ - . - .

Gross alpba-part.xcle acthty (excludmg o ‘15 :

radon and uranium) 7 ) . L

(a)  Source: 40 CFR18232.

) b
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above-grade disposal will provide reasonably equivalent 1solatiun aof talings from natural
erosional forces. '

~

Criterion 4 - Site and design criteria that minimize flooding, reduce wind and water

erosion, provide protection from geologic processes, and enhance cover thickness must be
adhered to.

Criterion 5 - EPA’s basic groundwater protection standards in 40 CFR 192, Subparts
D and E must be adhered to (see Section 3.3.1). These groundwater protection standards

limit the conceatrations of hazardous constituents and residual radioactivity in the

uppermost aquifer hydraulically downgradient from the disposal unit. An-aquiferis defined .

by the NRC as a geologic formation, group of formahons. or part of a formation capable of
yxeldmg a sxgmﬁcant amount of gmundwater to wells or springs. The uppermost aquifer
means the geologlc formation nearest the natural ground surface that is an aquifer, as well

as lower aquifers that are hydraulically connected with this aquifer within the boundary of
the site.

Maximum concentration values of radioactive constituents in groundwater ar

S picocuries per liter for radium (combined radium-226 and radium-228) and 15 picocuriés-/'

per liter for gross alpha activity (excluding radon and uranjum or radon and thorium
dépending on the process that originates the tailings).

Criterion 6 - Tailings and wastes shall be covered with a layer of earthen material

that provides reasonable assurance of the control of radiological hazards for 1,000 years, to -

the extent reasonably achigvable, and, in any case, for at least 200 years. The cover must
limit mlea;es of radon-222 from uranium wastes and of radon-220 from thorium wastes to

an average release rate of 20 picocuries per square meter per secand (20 pC/m®s) throughout
‘the effective design life.

These cover require&xents apply unless the radium concehtration af the disposal site,
averaged over areas of 100 m? (1,075 %), does not exceed backgrouhd by more than 5 pCi/g
averaged over the first 15 cm (6 in.) below the surface and 15 pCi/g a'veraged over 15-cm

(6-in.) thick layers more than 15 cm (6 in.} below the surfacs. '

N
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Criterion 7 - A preoperational monitoring program must be conducted to provide
baseline environmental data for future reference. An operational monitoring program must

be conducted to evaluate comphance with applicable standards and regulations and to detect
potential long-term effects. 4 '

Criterion 8 - Operations must be conducted so that airborne effluent releases are

" reduced to levels as low as is reasonably achievable.

Criterion 12 (Long-Term Surveillance) - The final disposition of mill tailings and
wastes should be such that on-going active maintenance is not required to preserve isolation.

Site mspechons must be conducted at least annually by the govemment agency retaining
- ultimate custody of the site. '

34 DISPOSAL STANDARDS FOR THE VITRO TAILINGS

In accordance with the provisions of the Uranium Mill Tailings Radiation Control Act
of 1978 (CMTRCA),” the former Vitro Chemical Company site at South Salt Lake, Salt Lake
= :County, Utah was deoontammated dunng the period begmmng m ‘February 1984 and

extendmg through December 1988. Uranium mill tailings and other contammated material
stored at the Vitro site were transported to a site at South Clive, Tooele County, Utah where
they were disposed and stabilized."” Approximately 2.1 million cubic meters (2.8 x 10"yd-°)
of mxll tailings, rubble,_sewagé sludge, and other mill wastes with an a\}erage density of
about 1.6 g/em® (100 Ib/it*) were ‘removed to the South Clive site. The averaée radionuclide

concentrations in ‘his waste were about 40 pr/g for U-238, 560 pr/g for Th-230, and
) 560 pCi/g for Ra-226.

The tailings are stabilized partially below grade on_a_‘40.5 hectare (100-acre) site
owned . by the Federal .‘gov‘erx'\meni and licensed -by‘.the NRC. -The cover over the
contaminated material is constructed of two layars: a lower 2.1 m (7-ft) thick compacted
earthen layer to act as a radon and water infiltration ban;ier and an upper 0.6-m (2-ft) thick

rock layer for erosion protection. Calculations made using the RAECO model"" showed that
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the seven feat of sail cover over the pile would reduce radon emissions to less than 20 pCi m*-
sec.

N4

The design requirements for Vitro tailings disposal at the South Clive site are hased
on the EPA’s 1983 environmental pmtéction standards for remedial actions at inactive
uranium processing sites.'® These standards were in effect at the time remedial action was
planned and approved and they provided a basis for subsequent actions taken to stabilize the
material removed from the Vitro site. The 1983 EPA standards establish requirements for
long:term stability and radiation protection and provide procedures for ensuring the
protection of groundwater quality. The 1983 standards include the following: '

1. Control 'shall be desik’ned to be effective for up to 1,000 years, to the extent
reasonably achievable, and, in any case, for at least 200 years.

2. Cover shall provide reasonable assurances that releases of radon-222 from
residual radioactive material to the atmosphere will not:

a. Exceed an average release rate of 20 pCi/m? - sec, and

b. Increase the annual average concentration of radon-222 in air at or
above any location outside the disposal site by more than 0.5 pCiAl.

3. Reasonable effort shall be made to achieve an annual average radon decay
product concentration (including background) not to exceed 0.02 WL. Ir
any case, the radon decay product concentration (including background)
shall not exceed 0.03 WL.

In establishing the radon standard, EPA deterﬁ:ined that the emission limitation could
be achieved by well-designed thick earthen covers and that such coxiti-ql techniques would be
compatible with those required to meet the longevity standard.

" Rather than establish specific numerical water quality standards and prescriptive
requirements for a liner beneath the disposed waste (as in the current EPA standards) the
1983 EPA requirements apecify that protection of water should be considered on a case-
specific basis. The 1983 criteria require site-specific analyses of potential future contaminant
discharge and case-by-case evaluation of the significance of such discharge. The
imp]ementétion guidelines for these EPA standards call for adequate hydrologic and
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3.5 PROPOSED BRC STANDARDS

_‘geochemxca] surveys at each tmlmgs dxsposal site to. det,ermme whether specific water

protection me:.sures should be applied.

The longevity and radon ﬂux requu'ements m the 1983 EPA stan“ms are the same

as those requmements in the current (i.e., 1988) stzu:dards 'I'he EPA has concluded Lhat a
'_,radon emission standard of 20 pr/m -Bec pmvxdes appro:umat.ely t.he same overa]l health

protection as is provided by an air concentration standard of 0 5 pr/l at the edge of the
tailings pile, Themfore. the air concentration standard has been deleted from the current

- EPA standards for the stabilization of mill tailings. It should be noted that no person
L currently lives within appronmately 24 km (15 mi) of the Chve sne s0 radon exposures to
‘a person living at the site boundary would mvolve 2 hypothetwal 1nd1v1dual '

The current (1988) EPA water quahty standaras are » much more ptestnptz\’e than the

. 1983 standards The 1983 standards prov:de only that appropnate actxons to protect the
. groundwater be determmed ona sxte specific basis, The current (1988) standa.rds include

concentratxon limits for radxum and for gross alpha emxtters m groundwater and prescribe
a double linerleachate collection system or eqmva]ent protectxon for the ta:lmgs pile.
However, as'discussed in Section 2:3.1, excmpt10n from the lmerlleachate collectxon system
may be granted if tLe site operator demonstrates that a combination of facility design,
operating practices, and site charactenstxcs will provide equivalent protectxon of the
groundwater. The Vitro tmhngs dxsposal facility at South Clive does not include a liner -

- under the dxsposed waste.

3.5.1 Definition of BRC Waste |

ertually a.ll matena.ls ~are radxoactwe. ‘ exther because they contain natural
radioactivity oc because of contammatwn mth arnﬁaal radxoactmt.y "For many of these

mutenals regulatory control is nexther possxb'e nor practxcal Examples of radiation sources

e .. o~ siem s e Car e § S reame 3P LI AR Fe T ‘q‘:‘f?.‘



for which control is not feasible include natural soil and rocks (which inéorporate small
concentrations of uranium and thorium and their dé\;ghter products), buildings constructed
from brick, cuncrete, or stone, and the human body (which contains minute amounts of~—~
naturally occurring radioaétive potassium-40). There are also radiation sources and practices
involving radiation exposure for which control is possibl:é'but which present such small risks

to public healf;h and safety that they may not warrant the standard regulatory licensing and
compliance procedures.

Much of the waste disposed of at regulated facilities has very low concentrations of
radionuclides. In some cascs the waste is only suspected of radioactive contamination
" because it originates in locations where operations involve known radioactive materials.
Suspect waste and waste that contains very low concentrations of radionuclides may be

candidates for exemption from réguiéwry control as radioa'ct.ive waste. As defined in an NRC
" policy statement,"” below regulatory concern (BRC) waste is sufficiently lowin concentrations
or quantities of radionuclides for the NRC to find that it may be disposed of by alternative
means (i.e., at other than a licensed low-level waste disposal facility) without posing undue
risk to public health and safety.

3.5.2 Criteria for Designation of Waste as BRC

In the Low-Level Radioactive Waste Policy Amend_ments Act of 1985 Congress
mandated the NRC to establish procedures for acting expeditiously on petitions to exempt
specific waste types from NRC regulations. Implicit in this mandate is a reqﬁirement to
specify criteria that can be used to determine if a waste typg' is BRC. In\ response, the NRC
published in the Federal Register, August 29, 1986"* a policy statement and implementation
plan for handling petitions to exempt specific radioactive waste streams from disposal in
~ licensed low-level waste disposal facilities.

The NRC's policy statement includes 14 decision criteria to be used in evaluating .

whether to zrant BRC status for a particular waste stream. Four of these decision criteria
address the radiological impacts of BRC status. These four criteria are:
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* Disposal and treatment of the wastes as specified in the petition for BRC

status will result in no significant impact on the quality of the human
environment. »

* " The maximum expected effective dose equivalent to an individual member
o of the public does not exceed a few millirem per year for normal operations
and anticipated events. :

* The collective doses to the critical population and the general population
are small. -

e The " potential radiological ‘consequences of accidents or equipment .
malfunction involving the wastes and intrusion into disposal sites after loss
of normal institutional controls are not signir.cant.

-Even though waste demgnated as BRC could be: dxsposed of at fauhues that are not

Jsubject to low-le\ el radxoactwe waste hcensmg reqmrements, ‘the waste xtselfwould still be
C subject to certam regulatory reqmrements Criterion No. 11°of the NRC's fourteen decision
criteria requn-es ‘that hcensees ‘who dxspose of waste as BRC estabhsh e&'ecnve, licensable,

and inspectable programs for the waste prior to transfer to demonstrate compliance with
requirements for BRC designation. Records relating to BRC deéigngti_gx} and disposal would
be subject to audit and inspection by the NRC or an Agreement State and by any local

~ government agency that grants a license or permit to a facility where the waste is disposed.

. 3.53 Proposed BRC Dose Criteria

. ' ‘fhe major consideration in defining criteria for candidate BRC waste disposal is to
_establish dose lumts that may be of neghg‘xble concern in terms of pot.entxal health effects.

All persons are contmuously exposed t.o radiation from various natural sources such as cosmic
rays, radioactivity in rocks and mmerals in the earth’s crust, and natural radioactivity in the
bones and tissues of the'human body. Background radiation doses in the United States are -

..typxcally in the range of 100 to 120 mrem/yr. exclusive of the lung dose from radon. (Because

of elevation and close pmnmxty to mountains, backgmund doses from natural sources to

_persons living in Utah may, depending on location, be twice the U.S. average.) Medical and

dental sources of diagnostic épd the;r’apéptic'radiation and the radioactivity in common
housebold and persenal é_pplianééé mayadd 50 to 80 mi‘ézzi]yf to the background radiation
dose received by the average adult. To be of ﬁegligible concern, potential doses to individuals
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from BRC waste treatment and disposal should probably be a fraction of the background
radiation dose and acceptable in terms of incremental risks to the public.

N
_ Government regulatory agencies in the United States and in other countries and
international commissions concerned with the regulation of radionuclides have considered
how dose criteria should be applied for BRC designation.

ICRP Publication 46" addresses the question of a dose limit for BRC waste as follows:

"In individual-related assessments, it is widely recognized that there are
radiation doses that are so small that they involve risks that would be
regarded as negligible by the exposed individuals, Studies of comparative risks-
experienced by the population in various activities appear to indicate that an
annual probability of death of the order of 10 per year or less is not ‘taken into
account by individuals in their decisions as to actions that could influence their
risks. Using rounded dose response factors for induced health effects, this level
of risk corresponds to an annual dose of the order of 0.1 mSv (10 millirem).”

ICRP 46 points out that an individual inay be exposed from several different radiation
sources or practices involving radionuclides. To maintain the incremental dose from =
sources or practices below a prescribed dose limit, the dose associated with each source o’

practice would have to be maintained at some fraction of this total dose limit.

, Both the NRC and the EPA have indicated that the individual dose limit for BRC
waste should be a few millirem per year. The NRC is preparing a fmlicy statement on
exemptions from regulatory control"® that will include spéciﬁc’dose. limits for classifying
waste as BRC. The policy statement is currently being revised by NRC staff. As presently

- proposed, the statement provides both individual and population dose criteria. The criteria
are:

* Anaverage mdxvxdual dose to typical individuals in the cntu.al group to be
less than 10 mrem/yr for individual practices.

¢ (Collective doses resulting from exposure to a practice are to be as low as
reasonably achievable (ALARA). Annual collective doses less than or equal
to 1,000 person-rem will be deemed to satisfy the ALARA criterion. The
calculatlon of collective dose does not need to consider individual doses less -
than or equzl to 0.1 mrem/yr.



The EPAisde 'exopmg dose criteria for ldenufymg waste that may be below regulatory

concern &s part of that agency's de\ elopment of general environmental standards for low-level

, radioactive waste disposal. In-a version of 40 CFR 193 that is yet to be issued in draft form,

the EPA is proposing a 4 mrem/yr mdwxdual dose lumt for BRC desxgnauon D This dose
limit would _correspond to the EPAs 4 mrem/yr dnnkmg water standard. A draft of
40 CFR 122 may be issued for pubhc comment in the Federal Reglster in the spnng of 1990.

. 354 Efforts to Develop BRC Standards

The State of Texas has recently amended 1ts LLW regulatmns to authonze the use of

T ;permxtt.ed sanitary landﬁlls for the dxsposal of wastes ccmtammg only low concentratzons of
;.. short-lived rad.\onuchdes an Under certmn condmous that include lumts on radxonuclxde
' concentratxons and on the total cunes dxsposed ‘annually, wastes contammg only

radionuclides thh half-hves less than 300 days may be dxsposed in landﬁlls not regulated
for LLW disposal. Concentration and annual curie limits were determlned based on a dose
guideline of 1 mrem/yr to the maximum exposed individual. The revised Texas statutes,

. which apply to the disposal of 56 short-lived radxonuchdes. greatly benefit hospitals,
. universities, and industries in Texas, because about half of the radioactive wastes from these
- organizations contain anly short-lived radanudldes.

In accordance with the provmons of the NRC's August 1986 pohcy statement,

_.dlscussed in Secuon 3.5.2, the nuclear power mdustry is preparing a petmon for BRC

disposal of some reactor-generated wastes with very low levels of radloactmty % Several
reactor-generated waste types, mcludxng dry active waste, waste oil, contmmnated soil, and
sand blast grit are being proposed as mdldates for BRC status. All of the waste types for
which NRC approval is being requested would be subject to specxﬁc restrictions regarding
radionuclide concentrations and quantxhes of waste shipped from an individual generator to

a disposal i'acxhty NRC- appmved comphance procedures would be éstablished and records

Akept that would be subject to audlt. by the NRC
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3.6 PROP‘OSED STANDARDS FOR THE CLIVE DISPOSAI FACILITY

This section provides a summary of dose'critéria used in estgbﬁshing radionuclioe’
concentration limits for the waste disposal facility near Clive, Utah. This section also
provides a summary of standards or guidance which may be applicable or relevant to the
regulation of this facility. In addition to NORM wast;:s currently disposéd of at the Clive
site, additional wastes proposed for disposal include contaminated soil, contaminated
structural materials, and surface-contaminated equipment with very low concentrations of
radioactive oonstituex;ts. The site is adjécent to that used for the disposal of tailings and
wastes that were relocated from the former Vitro Cherhical Company site in South Salt Lake.
The dose cntena used to estabhsh concentratwn lumts and other standards are based on a
review of standards and gmdance for the dxsposal of LLW, N ORM wastes, mill tailings, and
BRC wastes summarized in the preceding sections of this chapter. The rationale for the dose

criteria and details of proposed regulatory reqmrements for the Clive facility are given in the
following paragraphs.

3.6.1 Dose Criteria

The objective of this study is to define limiting radionuclide concentrations for the safe '
disposal of wastes at the Clive disposal facility. These limiting concentrations are based on
.dose criteria (in terms of effective whole-body dose equivalent) for the protection of on-site
workers and the general public. The dose criteria ad'optéd for this analysis are:

)

* 25 mrem/yr to any maximally exposed off~sxte individual.

* 100 mrem/yr for chronic exposure to a reclaimer after site closure (the
mtnfder-agnculture scenario).

* 500 mrem for acute exposure to a reclaimer after site closure (the intruder-
construction scenario).

* 1,250 mrem/quarter to an onsite worker during disposal operations.
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Table 3-2 provxdes a comparison of «ne dose criteria used for this analysis, and the
assoaated health risks (excess fatal cancers), with dose criteria and health risks for other
waste disposal fadlities.

~ The dose criterion for exposu:re to any member of the general public used in estimating
limiting radionuclide concentrations in wastes proposed for disposal at the Clive facility is
25 mrem/yr. This is the same as t.he annual dose limit for individual members of the general

public specified in 10 CFR 61 and in State of Utah licensing requirements for the land .-
disposal of radioactive waste,. .

The 25 mrem/yr dose cntenon is eqmvalent to an estunated risk (excess fatal cancets) |
of 7. 0 x 10* health effects per year (HE/yr) to the manmum "exposed mdw:dual “This .
E esnmated risk is about a factor of 7 lower than the estimated risk associated with the EPA
radon flux standard for mili tailings d;sposal which applies to the Vitro tailings d.wposed at
the. Sout.h Clive site. Because the Chve site is far removed &om populated areas (the nearest
residence is about 15 miles dxstant) and from current areas of commercial and industrial
development it is very unlikely that any member of the general public would be exposed at
the rate specified by the assumed dose limit. Although t.here probably will be additional
resxdentaa.l and industrial developments in Tooele County, it is considered unlikely that such
deveIOpments will occur close enough to the Chve site to result in significant exposures to
mdmdual members of the general pubhc The area where the Clive site is located has
reeently been desxgnated as a hazardous waste industrial zone by Tooele County.

The intruder dose cntena used to estimate limiting radionuclide concentrations in -

wastes proposed for disposal at the Chve facxhty are 100 mremlyr for ch.romc exposure (the
.mtmder-agnculmre smnano) and 500 mrem for acute exposure (the intruder-construction
scenano) Neither the’ State of Utah nor the NRC regulations for the land disposal of
: radxoacbve wastes speafy numencal dose hmxts for intruder protection. However, an acute
Aexposure { dose of 500 mrem was used by the NRC as the basis for the waste classification
" criteria for long-lived radxonuchdes m Table 1 of 10 CFR 61. The 100 mrem/yr chronic
exposure limit and the 500 mrem acute exposure limit are specified in DOE’s peiformance
obJecnve for intruder protectxon in Chapter 111 of DOE Order 5820.2A%9
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TABLE 3-2

COMPAR!SON OF WASTE DISPOSAL REQUIREMENTS AND RISKS

d}
t)

Cunvermion frum doss o nsk is based on 8 nuk conversion factor of 2 82107 health effecta (fatal cancers) per mullirem of cffuctire dose equivalent (Reforence 19)
Basal on u radon concentration level of 0 6 pCVI at the site buundary and a nek convervion facior of 360 fatal lung cancers por 104 WLM (Refcrence 203
The weste geacrator s n.-qnm:l W impiement comphiance procedures snd maintain auditable records deymonstrsung that the waste moets prescnbed radivnuchide concentrauon and wial ¢ hiouts

’

NRC-Licenscd Commercisl .
. 11LW Facllity' ) Clive Disposal Pacllity
Paramcter Mill Tellings BRC Wasle
Geaersl On-8ite . General Intruder. iatruder. Intruder- Oa-Bite
Public Inteuder Workaer Public Ezplorer Agriculture Construction Worker
(hee 26 mrenvyr | 500 mrem | 8,000 mremhr | Radon Fux JwiOmremyr | 25 mremyr | 26 meomir | 100 mevavyr 500 mrem 1260 mrca. (1
t!ntenon famat™ .
Ld
e Ruh (HEyTI™ 10s40* 1 4ni0* | 4atc* 46aj0% 28:10"to 70:10° 2.0110° . 2eai0* 1 4x10* ) 4x10*
~ 2.8110*
Gencrator Rugulated Ruguletad Kugulated™ May or May Not be Rexulaicd
Roguinmenta :
repual Rogulated Rugulated ‘Not Regulated Regulated
tearliy
Royuwnments
}4
2) Dimes bmited by 10 CFR 20 and 10 CFR 81
b) The radon flus timit 18 20 pCVmM®-eec which 1s sssumad Lo provide Lhe sama health protaction as an air concentration aundmi of0b PCV st the d;o of the tailings pile
(1]




The worker dose criterion used to estimate limiting radionucl’ lc concentrations in
wastes proposed for disposal at the Clive facility is 1.250 mrem/quarter. This is consistent

with both State of_Utah (R447-15) and NRC (10 CFR 20.101) radiation protection standards
for radiation zone workers.

© 362 Regulatory Standards

~ The applicability of State of Utah waﬁte disposal :cnsing requirements ane of NRC
.. and EPA mill tailings disposal standards to the safe ¢ -:sal of wastes with very low
' concentratxons of radxonuchdes at a site near Clive, Utah is - - rarized in Table 3-3. The

regulatxons and standards are classified : as belongmg inone. "'Jllowihg cgtegozig:é:

’ Agchsble Must be foﬂowed in any decision to permit « - ¢ .-al.

" Relevs Relevant Related to the decxsxon process ‘and/or should be -ollowed to the
" extent pracncable

'-“Apg_ropnate Useful for guxdance and may be consxdered in the decxsxon
process. :
A brief justification for each clas"s‘iﬁcation decision s given in the table.

The physical charactenstlcs of the Clwe site should be an unportant mnsuleratmn in
any decision about the applicability of licensing requirements. This is especially true mth
respect to requirements designed to limit the migration of radmnuchdes via water pathways.
The South Clive facility is in an arid region where the pan evaporatxon\ rate greatly exceeds
‘the annual rainfall. There are no perennial surface water systems associated with the site.
~ Runoff from the hills to the east percolates into the ground before reachiné the South Clive-
area. The site overhes bnny groundwater downgradient of the recharge to any usable
groundwater in the alluvml fan aquer The shallow groundwater (6 to 9 m or 20 to 30 feet
below the surface) is ‘characterized by high total dxssolved solids and certain naturally-

occurring radionuclides that make it unfit for human consumption.
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TABLE 33

CLASSIFICATION SUMMARY FOR WASTE DISPOSAL REGULATIONS

N
Requirement Applicability Rationale
State of Utah Requirements for
LLW Disposal
Applicabla  Provide standarde for the safety of the public and the

Performance Objectives
Site Suitability Requirements

Facility Design Requirementa

Faality Operating Requirements

Closure and Post-Closure
Requirements

Environmental Moritering

NRC Standards for Mill
Tailings Disposal

EPA Standards

Cover Requirements

Groundwater Protection

Applicable

Applicabla

Applicable

Applicable

Applicable

Relevant

Relevant

Appropriate

environment. General population dose cnitenon modified as
described in Section 3.6.1.

Clive site’s natura] features appear ta meet the prescribed
siu suitability requirementa.

.Design must provide for isolation of the wasts from man und
his environmeat. Clive sita’s natural features facilitats
. isolation of the waste, .

Regulations pertaining to filling void spaces, disposal unit
identificstion, and facility stabilization and closure are
applicable ta Clive. Since only low-activity wastes will be
disposed at Clive, regulations relating to the segregation of
low-activity and high-activity wastes and stability
roquirements for high-activity wastas da not apply.

Closure/postclosure activities must be conducted to ensure
long-term stability of tha site and isolation of the waste.

Environmental monitoring must provide necessary data to
svaluata trends nnd provide early warning of ndzonuchde s
releases,

Should be considered in licensing decision if wastes with
concentrations of uranium, thonum, and radium comparable
to mill tailings wastes are disposed at Clise site.

Should be considared in licensing decision if wastes with
concentrations of uranium, thorium, and radium comparable
ta mill tailings wastes are dispased at Clive site.

Clivo site characteristics should be evaluated to determine if
the site characteristics provide adequate protection of
groundwater. Experience with Vitro tilings could be a
factor in the decision process. The Vitro tailings disposal
facility does not include a liner bccauae one was not required
by the 1983 EPA standards.



4. DISPOSAL SYSTEM CHARACTERISTICS

The information and assumptions used to describe conditions at the Clive disposal
facility and to perform the risk assessment for waste disposal at this facility are presented
in this chapter. The PATHRAE model requires that information be provided about the site,
the disposal facility, and the radionuclides in the waste. Information to characterize the site
in sufficient detail to perform the risk assessment is presented in Section 4.1. Information
about the disposal facility is presented in Section 4.2. The radionuclide inventory in the
waste is characterized in Section 4.3. ' A

© 41 ' SITE CHARACTERIZATION

'The_: Clive dis_sposal site is located in Tooele Co@ty apﬁroximately 140 kn‘:\(85 road

" miles) west of Salt Lake City along Intemt_aié 80. The site is in tb_e eagtefn edge of the Great

Salt Lake Desert, 5 km (3 mi) west of the Cedar Mountains, 4 km (2.5 mi) south of Interstate

80, and 1.6 km (1. mi) south of a switch point called Cliiré on the tracks of the Union Pacific

system. The dxsposal facility is directly south of and adjacent to the cell used for the disposal
of mill tailings that were :2moved from the former Vitro Chemical Company site in South
Salt Lake City between February 1984 and December 1988. Figure 4-1 shows the location
of the Clive disposal facility in relation to Salt Lake City and the surrounding area. The
location of the Clive facility relative to the thro disposal cell is shown i m Figure 4-2. The site
boundary is taken to be the fencelme, 100 ft from the dxsposal unit edge

The climate at the Clive site is arid desert, which means that evapotranspiration is

- at least five times precipitation. zMeteqrqlpgical conditions are generally similar to those at

Wendover, Utch, 65 km (40 mi) to the west. The mean temperatures at Wendover range
from about -3°C (27°F) in January to 26°C.(79°F) in July. The average rainfali at Wendover
is about 13 cm (5 in) per year. The lowest normal monthly precipitation is 7.4 mm (0.29 in)
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_ in January, while June has the highest with 18.5 mm (0.73 in). Thunderstorms occur in the

summer. There is some snow in the winter.

7

N
Knowledge of the geology of the Clive site is incomplete. The following description of

the hydrogeologic characteristics of the site is derived from the Environmental Impact
Statement (EIS) for the disposal of the Vitro tailings."'®

Holes drilled in preparation for the Vitro tailings EIS indicated that the surface
alluvial soil is at least 45 m (150 ft) deep. This soil contains a water-table groundwater
system thatis 6 to 9 m (20 to 30 ft) below the surface. The water.in this groundwater system
is briny and contains high total dissolved solids and certain naturally-occurring rgdionuélideg .
that make it unfit for human consumption. There are no perennial surface water bodies
within 3.2 km (2 mi) of the site, not even gullies that would indicate intermittent channelized
flow. From this it may be inferred that runoff from the Cedar Mountains to the east
percolates into the ground before it reaches the Clive site.

Surface soils at the Clive site consist of light brown to tan sandy to clayey silt. The
thickness of these surface soils ranges from about 1 m t0 3.5 m (3 ft to 12 ft). Underlying thtv,
surface soils is an interlayered sequence of material ranging from fine- and medium-grained
sands to silty clays. This interlayered seqliénce extends to depths of about 15 m (50 ft) below
existing grade. Beneath the interlayered sequence the predominant material is a grayish-

brown to brown silty sand with a consistency classification of medium dense to very dense.

Most of the land within a 16 km (10 mi) radius of the site is public domain
administered by the Bureau of Land Management. There are no industrial, commercial, or
residential activities near the site. Small amounts of sand and gravel have been produced
from the alluvium surrounding the Cedar Mountains to the east. However, because of the
ready availability of sand and gravel in areas that are much closer to metropolitan Salt Lake
City, and the very small population 1r: <ural Tooele County, the demand for sand and gravel
from Cedar Mountain gravel pits is very small.

The only use of the land in the immediate vicinity of the Clive site, prior to the

disposal of the Vitro tailings, was for grazing of sheep, jackrabbit hunting, and occasional

"\\_/'



recreation vehicle driving. The remoteness of the site from urban or industrial areas of
Tooele County and the lack of potable water at the site make the surrounding area an
improbable location for any other significant residential, commercial, or industrial use or

development, although the Clive area has recently becn zoned for haza-dous waste disposal
by Tooele County.

Certain physicai characte;isti;s of a 'disposa'l site have a.n important bearing on the
migration of waste components fmrp{'»trhe disposal unit to human receptor locations us
calculated by the PATHRAE model. These site characteristics include such things as depth
to the water table, distance to the nearest well or stream, rainfall infiltration rate, wind

speed and direction, and dzstance to the nearest off-site resident. Site parameter values used

- in'this risk assessment are’ gwen in Table 4-1.

The values of some unportant site parameters sucb as leach rates and retardation
rates depend not only on the site characteristics but on the radxonuchde characteristics as

well. Nuclxde-dependent site parameter values for the Chve site _are presented in
Appendix A. '

42 DISPOSAL CELL CHARACTERIZATION

The material proposed for disposal at the Clive facxhty mcludes contammated soil and
contaminated structural ma.erials with very low concentrations of radmactwe conctituente.
This material will be transported to the site in bulk fcrm by rail fin gondola cars) or truck
(with dump beds and dump bed traﬂem) During transportahon Lhe material will be covered
to prevent dispersal along the transportatxon routes. A small fracnon of the materigal for
disposal will arrive in steel drums or other containers.

The material will be placed into a disposal cell or embankment constructed partly -
above grade and partly below grade. A cross section of the disposal cell is shown in Figure
4-3. The cell is currently used for the disposal of NORM waste, for which the facility ope: ator

is already licensed by the State of Utah. The cell is being constructed in a continuous “cut
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TABLE 4-1

SITE PARAMETER VALUES

Parameter _ Value Units
Depth to water table 8.8 m
Distance to nearest surface water 2900 m
Distance to nearest well 1 m
Suriace water infiltration rate 0.00124 m/yr
Horizontal velocity of groundwater ) 27 m/yr
Vertical velocity of groundwater 0.02 m/yr
Atmospheric distance to off-site recaptor 500 m
Average wind speed 3 m/s
Parcent of time blows toward receptor 100 . ~ percent
Dust deposition velocity : 1.C0E-07 m%/s

A}

Eased con inforrnation from References 10 and 21.
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and cover operation ensuring that disposed material is not left wathout cover for an extended
period of time. The matenial 13 placed in the cell in layers not exceeding 0.30 m (1 ft)
uncompacted thickness, and is compacted before the next layer is placed. L

As shown in Figure 4-3, the cell extends approximately 2.75 m (9 ft) below grade. The
bottom 0.30 m (1 ft) of the cell consists of a scarified and re-compacted clay liner to retard
seepage from the cell into undisturbed soil. The maximum height of the cell about grade,
exclusive of cover, is about 8.85 m (29 ft).

The disposal cell cover is designed in accordance with NRC guidance on covers for
uranium mxll tmhngs piles. A 2.30m (7.5 ﬂ:) t}nck compacted clay layer serves as a radon
barrier. Thls clay layer is topped with a 0. 15 m (0.5 ) thick layer of sand and a 0.45 m
(1:5 ft) thick layer of rip-rap. The rip-rap layer is designed to resist water and wind erosion

as well as to discourage burrowing animals and plant root intrusion.

The top of the embankment is sloped to facilitate runoff of rainwater. Drainage
ditches around the base of the embankment serve to intercept runoff and direct the flow into
the natural drainage features west of the site.

. . N
Disposal cell parameter values used in this assessment are given in Table 4-2. As
previously indicated, the cell is a.lready being used for the dxsposal of NORM waste ard about
20 percent of the desxgn volume has been used or committed for NORM disposal.*! To
account for this, the cell length shown in Table 4-2 and used in this analysis is only 80

percent of the design length of the cell.

43 RADIONUCLIDE INVENT(URY

The radionuclides assumed to be present in wastes thatt may be disposed at the Clive
disposal facility are listed in Table 4-3. The list includes nuclides commonly encountered in
radioactive materials and transuranics with half-lives greater than about 0.5 years. The dose

calculations whose results are reported in Chapter 5 are based on nominal activity

N
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TABLE 4-2
DISPOSAL CELL PARAMETER VALUES

' Parameéter , . -Value " Units
E:a:pecteci ope;‘ational period | .20 yr
Custodial period 30 yr
Length of facility | 540 'm
Width of facility 550 m
“Average depth of waste | 93 m
* Volume of waste 27965406 m’

Density’of Qaste, - 1600 ' kg/m?®
Distance Afro'tri bottom of waste to aquifer ‘ 6.4 m

Cover thickness _ ' . 29

Based on Reference's 21 and 22.
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TABLE 4-3

RADIONUCLIDES EVALUATED FOR
DISPOSAL AT THE CLIVE FACILITY

. Half-life
Nuclide (years)
Am-241 4.32E+02
Am-243 7.38E+03
C-14 5.73E+03
Cd-109 ' 1.27E+00
Cm-242 - 4.47E-01
Cm-243 A 2.85E+01
Cm-244 1.81E+01
Co-57 7.42E-01
Co-60 ' 5.27E+00
Cs-134 2.06E+00
Cs-137 3.02E+01
Fe-55 2.70E+00
H-3 ' 1.23E+01
I-129 1.57E+07
Mn-54 8.56E-01
Na-22 2.60E+00
Nb-94 * 2.03E+04
Ni-59 7.50E+04
Ni-63 : 1.00E+02
Np-237 "~ 2.04E+06
Pu-238 8.78E+01
Pu-239 2.41E+04 .
. Pu-240 ‘ 6.54E+03
Pu-241 1.44E+01
Pu-242 ' 3.76E+05
Ra-226 . 1.60E+03
Ru-106 1.01E+00
Sn-113 _ 3.15E-01
Sr-90 2.868+01
Tc-99 2.135+05
Th-230 . 7.70E+04
Th-232 1.40E+10
U-234 2.44E+05
U-235 ' 7.08E+08
U-236 2.34E+07
U-238 4.4TE+09
Zn-65 ' 6.69E-01



cc- .centrations of 1 pCi/g for each nuclide. Each nuclide is assumed to be uniformly
distributed throughout the waste. The waste itself is assumed to be similar to the soil and
construction materials currentiy being received for disposal at the Clive facility.

C.
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5. RISK ASGESSMENTS AND RESULTING WASTE DISPOSAL LIMITS

NS
Projected doses (effective whole-body dose equivalent) to individuais from waste -
disposal at the Clive facility and radionuclide concentration limits derived from these
projected doses are summarized in this chapter. The radionuclides for which doses and
concentration limits are calculated are listed in Table 4-3. The dcse calculations were
performed using the PATHRAE computer model and assuming 1 pCi/g concentrations for
individual radionuclides in the waste. For nuclides “with radioactive c_iaughters. the
corservative assumption was made that the daughter nuclides are in secular equilibrium

with the radicactive parent.

The proposed radionuclide concentration limits are based on the whole body dose
criteria discussed in Seation 3.6. These dose criteria are:

« 25 mrem/yr to any maximally exposed off-site individual.
* 100 mrem/yr for chronic exposure to a reclaimer after site closure.
* 500 mrem for acute exposure to a reclaimer after site closure. ~

» 1,250 mrem/quarter to an on-site worker during disposal operations.

Scaling factors were obtained by dividing the dose criterion that applies to a particular

exposure scenario by the dose rate ca'culated for that scenario based on the assumption of

- 1 pCi/g concentration. Concentration limits were obtained by multiplying 1 pCi/g by the

appropriate scaling factor.

5.1 EXPOSURE SCENARIOS

The exposure scenarios used to project doses to individuals from wastes disposed at

the Clive facility include exposure to an on-sile worker during disposal operations, exposure

5-1
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to a maximally exposed off-site individual (either during operations or after the site is closed) '
aid exposures to reclaimers who come on the closed site at the end of the institutieaal control
peniod. Three reclaimer scenarios were evaluated: intruder-explorer, intrader-construction.
and intruder-agniculture. Brief descriptions of each of these exposure scenarios, including
exposure pathways and major assumptions that were used are presented i in the :ollowmg
subsections. Table 5-1 summarizes the exposure pathways included in the characterization

of each exposure scenario. Tne exposure pathways are described in Chapter 2.

5.2.1 On-Site Workers

On»sne workers are assumed l.o be: badged radiation workers working under an
eﬁ'ectxve approved radiation protecuon program These workers are assumed’ to be dxrectly
exposed to gamma radiation from unshielded waste and to inhale contaminsted dust |
resuspended by site activities. No respiratory protection is assumed, though this would likely
be part of the radiation protection program. The maximum exposed worker is assumed to

be subject to these exposure mechanisms for 2,000 hours each year {40 hrs/wk for 50 weeks
per year). |

The dose criterion appllcable to this scenario corresponds to the annual hmxtatxon
placed on rzdiation workers, ie. 1 250 mrem/quarter.

5.1.2 Maximum Exposed Off-Site Individual - -

The maximum exposed off-site individual is assumed to live just beyond the fenceline
located 100 ft froxn the edge of the djsposal unit. During disposal operations, the two major

pathways for exposure to this mdnndual are direct gamma exposure from the open working

: face and mhalatxon of contaminated dust from on-site operations. ARer the site is closed,
. potential exposure pathways for exposure to an off-sité individual include groundwater

_ dxscharge to a well, grou.ndwater dxscharge to surface water, site overflow to surface watvr,’
_and erosion with surface dxscharge to ‘surface water. -

3-2
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Exposura Pathways

TAULE 841

EXPOSURE PATHUWAYS USED IN DOSE ABSESSEMENTS
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These assumed expoéure mechanisms for ofl- site :ecix"\'wduals' which are standard rsk
assessmwent assumptions, are certamly conservative for the Clwe site. No ofl-site individual
currently lives wathin 24 km (15 m1.) of the site. Because of the and chmate and the bnny
quainty of the groundwater which makes it unﬁt !'or human consumpnon it1s very unhkely
tbat asyone would choose tn hve near the sne 1n the foreseeable future Furthermore, as
noted w the site description in Chapcer4 there are no pereama] surface water bodies within
3 km 12 mi) of the site. Doses from potenual expoaure pathways that might be apphcable to.
an off-site mdwldual aﬂer site closure were all estunated tobe zero for this Clive facility nsk

_assessment.

Tb.xs o!}' site mdmdual isa member of the gemral publnc Therefore 'he apphcable '

_ dose critenn xs 25 mrem/vr 0 the whole body or :5 mrem:yr 10 the thvrmd

5.1.2 .Intruder-Explorer

This exposure scenario reflects the possibiiiiy that a transient might visit the site from

| um-: to time, and even resxde there for a time at the conclusxon of the institutional control

penou The trans:ent is assumed w be completely non-mtrusxve lx e no dxggmg into the

cover or wastel. The only exposure mechamsm would be d.xrect gamma exposure from the
L covered waste The transient is assumed to spend 1, 000 hours per year at the sxt.e The dose

"cntenon for this mdwxdual is the same as t.hat for the ma.xxmum expo*sed off sxte individual,
-nx e., 25 mrem/yr

5.1.4 Intruder-Construction 3 '

For the mtruder-construcnon scenario a reclauner is postulabed to come onto the site

at the conclusion of dxsposal operations and to build a house on the site. The reclaimer

~ excavates for a basement. for the house and also dxgs a v.ell through the cover into the waste.
;In the process of buxldxng the bouse and dxggmg a well waste matenal is brought to the

suriace where it i3 Spread and mlxed wnh the top 0.3m (1 ) of cover The reclaimer spends

500 hours in buxldmg the house and dxggmg the well, and leaves the site when the house is



completed This activity results in an acute (short term! exposure, in contrast to the chronie
exposure expenenced by the agnicultural reclasmer (Section 5 1.5) Therefore, the dose

criterion that applies to this exposure scenario 18 500 mrem S

During the 500 howi, spent on the site, the construction reclaimer is assumed t be
exposed to direct gamma radiation from both the covered waste and the contaminated
. material brought to the surface. ln addition, this indindual inhales contaminated dust

resuspended by construction activities.

Because of the nprap layer on top of the proposed disposal unita, the lack of potable
water at the site, and the general andity of the area. it is considered highly unlikely v.liat. a
‘resxdence would ever actually be constructed as assumed. This fact notwiihstanding, two
times were selected for the dose assessment of this scenario. The first time selected was at

the end of the 30-year custodial period, and the second was 1,000 years after site closure.

5.1.5‘ Intruder-Agriculture

For the intruder-agriculture scenario a reclaimer is postulated to live in the house™
buiit over and into the waste and to engage in farmihg activities on the site. It is'assumed
that in the process of building the house and digging a well, waste material is brought to the -
surface where it is spread and mixed with the top 0.3 m (1 ft) of cover. The agricultural
reclaimer is postulated to be exposed continuously to gamma radidation from both the covered
waste and the contaminated surfgce material. In addition, this individual inhales
contaminated dust during the 2,190 hours per year spent outside the house. The agricultural
reciaimer obtains 50 percent of his food from crops grown on-site in contaminated soil and
consumes 730 liters of potentially contaminated well water each year. Because these doses

would continue year after year, the chronic dose criterion to intruders applies, ie.,
100 mrem/yr.

As in the case of the intruder-construction scenario, two times were selected for the
dose assessment. The first time selected was at the end of the 30-year custodial period, and

the second was 1,000 years after site closure.

]
4]



The conditions and assumptions used with the intruder-agriculture scenario are

tvpxcal of those employed in risk assessments for low-level radioactive waste disposal. These

‘- sisumptions result in eonservatwely large estimates of potential doses to an intruder

" “iugaging in agricultural activities on a closed disposal site. As previously noted in connection

with the off-site individual exposure scenario, the arid cond:- .,  at the site and the lack of
potable water make it very unlikely - at least in the foreseeable future - that‘af'pérson'wou]d
reside at or engage in agriculture on the Clive site. -/

52 DO"S..E ASSESSMENT RESULTS

The dose assessment results for individual exposﬁ;e pathways are ’bresented. by
nuclide, in Table 5-2. Site and facility parameters used as bases for these dose calculations
are discussed in Chapter 4. Nuclide-specific site parameters and the inhalation, ingestion,
and direct gamma dose conversion factors used in the calculations are gwen m Appendix A.
As prewously noted, doses are based on radionuclide concentrations of 1- pr/g for each
nuclide assumed to be present in the waste. For Cm-242, Cm-243, Cm-244, Pu-238 Pu-241,
Ra-226, Ru-106, Sr-90, and Th-232 the radioactive parent is assumed to be in secular
equilibrium with their radioactive daughters. )

Exposure pathways A through E in Table 5-2 are contaminant movement pat.hways _
involving water as the transportmg medium. Because of the arid climate and impermeable
soils, water pathways are estimated not to ‘contribute to individual doses fmm waste disposed
at the Clive facility for at least 1,000 years after site closure, ‘with the except:ons of C-14 and
Tc-99 in well water. An evaluation of the potential for water to accumulate in the Clive
disposal units is presented in Appendix B . .

Exposure pathwa_&s F and G in Table 5-2 are foodchain pathways. E;:ﬁosuré pét‘nways
H through N are gamma exposure pa‘ihways which are assumed to 'b'-(;“:active during
opérations and after closure. Exposure pathways O through T are inhalation pathways which
are assumed to be active during onerations and after clos’ure. |
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The C-14 doses shown in Table 5-2 assume no loss of carbon from the waste due to
volatilization. Since some volatilization of carbon will likely occur, these doses are
conservatively large. An empirical rule followed in some dose assessments is to reduce,  /
C-14 doses by about a factor of three in order to account for the volatilization of this
' radionuclide.®™ However, to ensure conservatism, this rule was not used in this dose

assessment.

Projected total doses to individuals, and radionuclide concentration limits derived from
these doses are shown in Table 5-3 for each exposure scenario described in Section 5.1. The
exposure scenario doses were estimated by summing the pathway doses for the pathways
appropriate to each scenario. Since, in evaluating pathway doses, the entire radionuclide
inventory was assumed to be available for producing exposure via that pathway, summing
the pathway doses results in conservatively high estimates of total doses for the exposure

scenarios.

The exposure scenario doses shown in Table 5-3 are for 1 pCi/g concentrations of each
radionuclide. The exposure scenario concentration limits are based on these 1 pCi/g doses
and on the applicable dose criterion for each exposure scenario.

. ~

5.3 RADIONUCLIDE CONCENTRATION LIMITS

Suggested radionuclide concéntration limits for each nuclide postulated to be present
in wastes disposed of at the Clive facility are shown in Table 5-4. The concentration limit
for a particular radionuclide is the most restrictive (smallest) of the concentration limits for
that nuclide shown in Table 5-3. The eiposure scenario that resulits in the most restrictive
concentration limit for each radionuclide is also shown in Table 5-4. Concentration limits are
suggested for two conditions: all exposure scenarios considered and only realistic scenarioﬁ

considered, the former being more restrictive.

In the vast majority of instances, where all exposure scenarios are considered, the

most restrictive is the maximum off-site individual scenario. For three nuclides the limiting
N

5-11



TABLE 53 ! Page 1 of 2

DNE RATES AND ONCN‘R.AT!ON UMI'IS BY NUCLIDE
R EACH EXFOSURE SCEN

XeQ ! LeR ) BeKoeFeleO CeloeGoedebP

lacruder Construetion . . Intruder Agriculture .
Dome cntanon e 500 mrenlyr ‘Dese srienon o 100 mremiyr
at30yre . T at 1000 yre . at30yre .- 0t 1000 yru
- “* Desa Allswsbla Dase . Allewable Dase Allowable - T,‘Dm Allewable
ST Ra Cencontretion Rate Concancraden Rate Cencencrution - Rate - Cancanirecion
Nuclide - ‘7;(.-‘173' : ‘?D:z':}. (TPCUG " hl‘v:;?l‘ (7:27« ' |?vgc:r '7:5?: ' ‘?,}';ﬁ:‘,‘
Am241 LILO3 29808 13804 €3K.08 21803 49E.00 12802 | a28.03°
Am243. 20803 -23E.08 42203 12206 26£02 39E.03  €5E02 15L.03
C16 | 24E09 S Z1Ee11 14E09 3614 21008 48E.10 s1E01 1SE.02
Cd10e  30B12 T LIEeU o - 83L1 . 1.9E012 22212 :ubu
Cm-242 ° 12E26 4.1E.28 o . L3E2s 83Een S5E28 L8229
Cm242* ~ SIEGC . B.6E.08 L6E04 278406 12£03  BSE.0 TAEO4 | 14E0s
Cm2G3  11E0) . 4eE08  LIB1D 30818 13802 SR “33E08 10K.08
Cma24>” 17203 29E.08  €3T04 302,06 L8r02 582,03 “1ex03 7.22.04
"Cm2¢¢ © TIE0S - 7.0E+08 ssk.21 IE.22 12204 , 86E.08 lHSB-QS- : ft':t-’_b_s
" Cm2i4c  &IBOG © 1.5E408 STEOM  8.I%.08 '9.4E04 LIE0S - 12803 8.1E.0é
CoS? - 12818 ‘42818 ° . 21E18 4316 1z st
Cos0 ' 17E0¢ . 29E.06 o .. 30803 23E.04 9008 L1E-09
€134 - 12E07  4.2E.09 [} .. 2.02.06 5.0B.07 11E10 12811
Cal3? 30E03 T U LIRe0S 1L8E.12 2814 8 3E02 1.9€.03 1.EO8 1. IEM
Fess 85E10 S9E.11 [ N ¥ 1 ¥} 678409 GER 23E013
H3 15212 63E.13 94E36 83Ee3? SS212 . 14E.13 82836 . 12Ee37
1129 $7E0s 52£.08 22803 23806 11202 s8€.03 35E02 252009
MoSt LI 10E~16 o .- 29£13 4B RY AT BSE.19
Nez2 14E08 3.5E.06 o . . 28E08  4.0K.08 #5209 L1Ee10
Nb-34 15E02 27E.04 52207 5.62.03 23g01 3.02.02 saLol . L1E.02
NiSo 19E05 . 27E.01 52208 96L.08 13E0¢ 10K.08 m1Eod EERT NN
Nisa S5E08 . SAEel0 ese12 TeL13 12801 24E08 42207 24E.08
Np-237 1.8E03 28405 40803 138406 22002 48B3 " soro2 1L7E.03
Pu233 62804 : - 12E.08 22107 23209 a4E0¢  122.08 8.82.08 118407
Pu-208°  S3E04 . 86E.08 . 18ED4 27E408 12£03 BAE.O4 TIEG: | 1408
Pa.239 61EQ4 - - B2Es08 £.320¢ 8.0E.06 82204 12E.08 14E03 - T4E04
Pu240  SOEO4 B AE.0S | 5.7E04 8708 82804 12E408 12E03 825004
Pu.20) 17206 29E.0 92E-27 SAE.28 - 1SE08 65E.07 37508 27.09
Pu2el®  35E03 14Ee05 48£03 11506 €2802 | 24E.03 . T2E02 " 14E003
Pu2i2  S8EO4 - B6E.0S 6 4E0¢ 79008 10E03 SME.04 \ZO0E03 S0E+04
‘Ra'z28 L7E04 - 30E.08 4IE04 L1Es08 30803  24Ee0d 83E03 1.2+04
'Raz26*  20E02 25E+04 . 26202 142004 "317B01 . 27602 ssrol 18Ew2
‘R&106  42E17 12E419 ° . 95E1¢ 11E.18 95C-14 ©LIES
“Ru-106° | 20E13 - 2BEsIS .0 .o 2eLa2 282413 13213 1B 14
Sa-113 50E39 10Beel - D T $5EJ7 15K029 . &SE37 15E038
5¢.50 87207 8.3E.08 38E17 L4e.19 14E08 712406 LIEDS 7.4E+08
Se.90° STE07 © BIE.08 22E19 23E.21 L4E0S  70E.08 14E08 | T3Ee06
Te99 8.5E09 S9E.10°  ; 85209 9.1E.10. 42E04 - 24E.08 S3E.00 LI
Th230 - 60BO0s - 1IE«06 4SE0¢ L1Ee08 79204 lagos  lLeeoa €.1E.04
Th-222 1.8E03 2.78406 19£03 27E.05 23801 . 4404 32803 JAE-0¢
™o 31E02 18E.04 .8.2E02 8.1E+03 saE01 208402 14E.00 11B.01
van 16E04 . A1E.08 JL8E0L 27Eecs J4EOL . 23S 70E0¢ | 14E.08
v.2as 4.0803 12E-08 11802 45504 $3£02 158000 19201 " 83802
U236  16E04 31E.8 - 2OED4 26E.06 $TEDC 218406  11E03 9.1E.04
u.2as L7E0C 3.0E.08 22604  23E.08 6.4E04 16E408 1.5£03 8.5Es04
U-Nat. 2504 2.0E+06 4404 . LIE.08 20803  S1E04 53203 19E-04
ZnéS5 9.2E-18 S4E.19 o . ‘ . 18E.16 82E.17 W0E18 S0E«19
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TADLE 33 Pagetof 2
DOSK RATES AND CONCENTRATION LIMITS DY NUCLIDE '
OR EACH EXPOSURE SCENAKIO
] . NeT Hes
. Intruder Explorer Of8ite Maximum fadividusal . Onlite Werker .

Dose cnitenoa » 33 mremlyr Dose enenion » 28 mrem/yr Dase eritanon v 1230 mrewmiqtr NS

Dose Allewable Does " Allewabls- Dese Allowable

Rata Cencentration Rate Covcqnireties Rata Concensrsuen

twremsye in Waate {mremmrys in Waste tmpremiyr in Waate
Nuchde e 1pCig) Ve (»Clg) 1pClgd ] wChe

Am241 2TE36 29E+34 18E01 112.02 22E,00 23E.0)
Am-203 sie2s 218028 15201 11E.02 - 218.00 19E.Q2
C-14 0 . 61207 €1E.07 19£0¢ 24200
Ca109 o . 21204 232,08 L izot A SE.0d
Cm-242 ) : . 16804 LEE.08 34203 1.:E006
Crm-242 71E © ASEem 14201 LeEw02 s.)Lo1 § 1£.03
Cm243 212 LB 24 20t L1Ee02 13L00 1.52.03
Cm-202° 3122 §1E.2¢ L9z ¢ 58e01 38E-00 LIZe02
Cem-244 11E18 “22E18 $3E02 15E.02 18RO 27E-04
Cm.244¢ 11518 2319 21E01 12E.02 saLot 748403
Co5? 0 . 1sE0t 195002 . 26E0t - 1.9Es04
Co60 19511 13Eet2 310E+.00 8IE.06 14E+01 36E.02
Celle 11E1? 24E-18 23E~00 1 1E.01 ¢.2E+00 L 2E.03
Ce127 29813 $3E.13 soLol 28E+01 3 9E-00 5 6E02
Fe-33 o . 1.5207 LIE+0% 28E03 1.8E+08
H3 o - . LIZO0S “2IB09 1szo08 - 14E13
1129 T3E36 32E.36 53E08 " 48Ee08 L5E+00 1.4E+03
Mo-54 21E23 L2E.24 L1E+00 22£.01 89EOL S6E.0)
Na22 1.5£13 16E+1¢ 30200 84200 6.4E-00 7eE.02
N>94 24E1 10E412 23£.00 LIB.01 28E.01 L8202
159 61237 41Ea7 7.8£07 328407 12E02 6.9E.0¢
X163 o . L1E08 15807 S.4E08 9.3E+04 .
Np2? 9.5836 265436 15201 1.7E.02 . 23E+00 22E.03
Pu238 - A6E3? 5.58037 12201 21E.02 41201 118404
Pu-238° 71E-18 3.SEe18 LOEOL 16E.02 6.1E0t 8.26403
Pu39 26E37 P5E.37 15201 11802 $.0E01 99803
Pa.240 1L3E28 1.4E.28 1.5E01 17602 43E01 1.0Ee04
a2l 0 . t9e03 13E.04 . 5.8E03 8.5E.08
Pu-241° © 13E3S 142038 29£01 8.6Es01 45E00 112003
Pu-202 15E37 71E+37 . 14E0L 188,02 - 43E01 "1 0E+04
Re226 sag27 30E+27 11802 23E403 28E01 ' | 2OE4
Ra-226° T3IE09 14E09, 228400 11E+01 1.0E+01 LIE.02
R-106 0 : 9 3E08 27E+08 29E-0% 1.1Z.08
Ru-106* 13824 20E+25 Jizon 8.0E-01 26EQ1 1.9Es04
Sn.113 0 . : 79£03 312E.03 &3£01° 73E.05
S¢.90 0 ' . 30E04 83E.04 9.1E.04 5 5E406
Sr.v° e . " 30204 " 83E.04 9.2E-04 54E.06
Te.99 0 . 22006 LIE+0T $8E06 73E.08
Th-230 10E-3s 2.5E38 23802 21E.02 ' 13E01 1.5E.04
™22 49237 © 51E.37 4 8EQ1 S.4E.0t 1.52400 3.38.03
™2 87208 © 37E08 3.5€.00 7.1E000 asgeot LIEs02
ran 71E18 1SE.18 13E02 §6E.02 teeor 3TE.04
v.238 14E26 1.8Be27 24E01 LLIEe02 8 0£+00 84E.02
.22 15837 L7E-38 1s£03 218002 1L4E01 36E.04
.28 48E? T S2E.W 15E02 71B.02 ' 8E-01 28E.04 ’
L.Nat I6E1A 10E.18 37E02 $8E.02 28E01 18E.04
Zn 63 23828 11E.28 13ROI 34K.00 44£0) LIEe04 ~
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TABLE 84
RADIONUCLIDE CONCENTRATION ZIMITY

Al Scenarion Considered . . . Unroalistic Scenarios Excludcd*®
Doss Allowable e Dowe Allowshle
Concantration ’ ’ © -+ - Concentration °
L .7 Umiting Exposure Corcentretion . Exceed DOT - Limiting Exposure  Concentrution Excwed DOT
Nuclide Scenario Uit (pCVp 2,000 pClg Limit?’ "Sowsarte - Llmiti{pCyp - . 3.000 pClUg Limit?
Am241  Offie Indindaal LIBe02° . . Maamomworker® . 33Ee02
Am-243 Offite Individual . ATEe2 . Maximum worker LIE.Q3
C1e. lntruder Ag(1000) CABEe2 T - Manmemworker:  24Ee00 - Y
€410 Maximan wocker . 4BE04 o Y o Maximom worker  .4.6E<04 . - Ym
Cm3@ Ot [ndindual 1.6E.08 Y Maximam worker 14E068 ' Yes
Cov242¢ © Oftante Individual 18Es02 U Maximom worker .. 81Es03 - Yeu
Crm-243 * Offaite Indindoal 1.1Ee02 . Maxmam worker 1.5E403
Cro-242*  Ofkita Iadindoal 65E.01 h © . Madmun worker - L3Ee03 T L L
Cm-244 OfMa Jadindual 4.5E.02 Mauximum worker . 2TELO4 Yo
Conv-26d® - Offaite Indindaal 1.2E+02 Maximum worker T4E0) Yoo
CoS7T . Offaie Indindual L2 - - S . - Maxmam worker - 1.9E40¢ . You
© Co80 | Offelndividaal . = 83800 . . . - Manmum worker  3.6Ee02 .
Cs13¢  Oftiite Individual LBt T Maximem worker | © L2Ee03 V(o
Ca-137- - OfGva Indindual - 8BS0l [ oo ot Maximur worker B.6E.02 , )
FeS5 . - Maamum worker 1.8E+08 Yeu Maxmum worker 18806 . Yes
H3 Offsita Individuat 2.3E+00 T Yo - " Maximomworker . 14Eell - -0 Yem
1129 . Intruder AQ(1000) . 2.5E03 ;.. Ym . Mammumworker 33E.03 . Ye
Mad4  Ofinte lodindual 2.2E+01 ' ' Maxismm worker " BeEe@d © Yeou
Ne22 ¢ Offnite Individus) 84E.00 - i - Maximam worker |, - 7.8E402
No- OfMaite Indivadual 1.1E.01 Maximum wotker 1.6E402
Ne30 Manmam worker 6.9E+04 You Maximam worker ’ 89E.4 . 7 T Ym
Ni-§3 Oftara Indindusl 1.5E+07 Yoo Mexmam worker 8.5E.08 Yes
 Np227  Offeite ladwdual LTE.02 Maamum worker 2.0E+03 Yo
" Pu218 " . OfMita Individaal 2.1E4072 S Mangam worker ' .. LIE+O4 Yo
Pu238* * . Offaita Individual 1.6E+02 - . Maximum worker 8.2E.03 : You
. Pu235  Offite Indvidual © LTEe0z ‘ Maximura worker - 99E.03 - Yes
~Pu2¢0  OfTata [ndividual LTE.02 - - . Manmum worker  1.0Ee04, . Y
Pu24l . Oftete lndindual 1.3E+04 Yo Msomum worker ~ 86E05 ' Y
Pu241®  Ofstte Inhimdual - 88E.01 - - . Manmum worker | LIE.O3 - T
Pu-24 .- Oflate Indindaal _ WL8Ee02 . - . Maxmum worker 1.0E+04 Yo -
Re26  Ofluite Individual 238.03 - 'Yee Manimum worker * - 1SEe04 - Ym
‘Ra-226* Offaite Indindual ©LIEeO1 - T : Marimum worker . 1.6E402 . ,
Ru-108 . .Oftarta Indindual 2.7E+06 . Maxmam worker 1.7E08 . You '
Ru-106*  OfGite Indmdual ' . BOEs01 ~ ~ | ~ " Magmum worker 19E04 - Yme
Sn113 ] Ofite Indindual 32E03. . . Y . Mexmum worker 73E.05 - Yeo
Sr90 | Ofbuelndmdual  83E04  Ye Maomum worker  §.5E.08 Yoo
Sr90° ' ' Ofie Individaal -~ 83Ee4 - .- Yew Maxmumworker 84Es08 . Yes
Te99 | lntrader AF(1000)  1L7ED1 , A Mexmam worker 67E08 Yo
Th230"  Ofliwlodindual  °~ 27Ee@2 Manmumworkee’  © CUBE«O4 @ Yes
Th-232 ° Oftaiwe Individusl . B4EsO1, . . . Maximum warker 3.3E+03 ) Yes
| Th232°  Offita Indmdual 1.1E+00 0 Manmum worker LOE.02
U234 OfBite Individual  ~ 66Ee02 ~ . .- . Manmum worker . 3TEe08 . Yea
. U235 . Offte Indindual CLEe2 . - , . Maximum worker 19602
U238 OfGite §ndindual Cgapsoz " . "Maumumworker - 3.6Ee04 1. You
U-238***  Oflaite Indindusl . 7.1E.02 ‘Maximum worker 2.8E404 e You
U-NsL  OfGiwe Indindual 6.8E+02 ‘ Manmum worker 1.BE.04 T Ye
Zn-65 Oftaite Indinidual 3.4E+01 . Manmum worker 1.1E-04 " Yes

® Denotos dose rates generuted by nuclide plus 1ts mgnificant dsughters in equilibnum
** Unrealistic scenanos are ofl-nte individual and intruder-sgnculture.
*** Appropnate (or depleted ursnmum provided the waste form 10 sirmlar o aandy or loemy sanl.
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concentration is determined by the on-site worker scenario, and for three nuclides the
limiting concentration is determined by the intruder-agriculture scenario. As noted
previously, neither the maximum off-site individbal scenario nor the intruder-agriculture may
be realistic fox; conditions at the Clive facility. If these scenarios are excluded, then the on-
site worker scenario becomes the limiting scenaﬁo for all radionuclides. The corresponding
radionuclide concentration limits increase by factors ranging from a few percent to several
orders of magnitude. It should also be noted that even in the on-site worker exposure
scenario different assumptions. could reasonably be justified which might allow limiting
concentrations to increase by factors of 2 to 10 times.

Some radionuclide g:(g'ncentrations exceed the 2,000 pCi/g limit used by the U.S.
Department of Transportation (DOT) to determine if a waste ship;nenﬁ is considered
radioactive material and should be labeled and placarded as radioactive material during
transport. The suggested radionuclide concentration limits shown in Table 5-4 exceed the
DOT 2,000 pCi/g limit for 14 radionuclides where all exposui'é scenarios are considered. For

the remaining 34 entries in the table, the suggested radionuclide conéentration limits are less
than the DOT 2,000 pCi/g limit.

Section R447-25-19 of Utah licensing requirements for the land disposal of radioactive
waste specifies that no member of the general populatioh (exclusive of intruders for whom
a different performance objective applies) shall experience annual doses exceedixig 25 mrem
to the whole body, 75 mrem to the thjrroid, ‘and 25 mrem to ény other body organ. The
concentration limits in Table 5-4 are based on effective whole-body equivalent doses.
However, since [-129 may cause injury to the thyroid, the thyroid dose to the maximum
. exposed off-site individual was also examined to determine if it is limiting for this
radionuclide. The maximum exposed off-site individual is estimated to receive an annual
thyfoid dose of 1.7E-03 mrem/yr based on an I-129 concentration of 1 pCi/g. The I1-129
concentration that con'eéponds to the 75 mrem/yr thyroid dose limit is estimated to be
44E+04 pCi/g. This concentration is about one order of magnitude greater than the
‘conceatration limit shown in Table 5-4, which is based on the intruder-agriculture exposure

scenario. Hence the ge'ne_'ral population thyroid dose limit does not result in the limiting I-
129 concentration for Clive disposal.

5-15
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54 COMPARISON WITH GENII RESULTS

To prowde a check on the radlonuchde concentration lxmxts estimated using tne

PATHRAE model, doses and concentration limits for two' exposure scenarios (including off-
,-\ site individual) were also calculated using the GENII computer model.?".. The exposure
- ‘:dscenanos for Wthh GENI calculatxons were performed are the on-site worker and the

: maximally exposed off-site individual.’ Comparisons of PATHRAE and GENII radxonuchde

" concentration limits for these exposure scenarios are presented in Table 55 .

- GENIT' was de\eloped by Battelle~Pacxﬁc '\Iorthwest Laboratory to mcorporate the

S ICRP dosxmetry models in updated versxons of the envxronmental pathways analysxs models

used at Hanford.- The purpose of tlns model is to analyze acute and chromc exposures

'resultmg from radionuclide releases to, or contammatxon ‘of, air, water, and soil. While in _
-. .many ways GE\III 1s similar to PATHRAE sxgmﬁcant dm‘erences do exist. A descnpuon of

o 4 3the GENII model and a brief dxscussxon of the sumlantxes and dxfferences between GENII |
-and PATHRAE 13 given in Appendlx C ‘

As shown in Table 5-5, radxonuchde concentrationlimits based on exposures to the off-

- , . 'site individual generally differ by about two orders of magnitude when the results of the
- - PATHRAE and GENTII calculations are compared In all cases, the hmxts calculated using
. PATHRAE are more restrictive,

"The disparity in concentratxon limits based on exposures to the off-sxte mdwxdual is

~ due, in part, to differences in the calculatxon of the atmosphenc dlspersmn PATHRAE is
" based on a shghtly different formulatton of the Gaussxan plume model thch uses a virtual

point source approxxmabon for area sources and calculates the vertical dxﬁ'usxon parameter

- - using daﬂ‘erent coefficients. When the atmosphenc dxspersxon parameter calculated by

PATHRAE is mput for use in GENII the calculated concentratxon lumts generally agree
within a factor of about three. '
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RADIONUCLIDE CONCENTRATION LIMITS CALCULATED

TABLE 3-3

USING PATHRAE AND GEN1!

<.

individual.

5-17

N
Radionuclide Conventration Limits
- Oft-Site Individual* On-Site Worker®
PATHRAE GENI PATHRAE GENX(
Nuclide {(pCi/p) (pClg) {pCi/g) (pCi/g)
Am-241 1.7E+02 $.2E+04 2.3E+03 1.0E+04
Am-243 1.7E+¢2 6.5E+04 1.9E+03 1.0E+04
C-14 4.1E207 1.4E+10 2.6E+09 9.2E+08
Cd-109 9.3E+06 2.5E+08 4.6E+04 3.8E+06
Cm-242 1.6E+02 1.8E+06 '8.1E+03 3.0E+05
Cm-243 6.5E+01 9.2E+04 1.3E+03 1.1E+04
Cm-244 1.2E+02 1.2E4+05 7.4E+03 1.9E+04
Co-57 2.1E+08"" 3.2E+09 1.9E+04 4.4E+04
* Co-60 1.7E+06* 1.4E+08 3.6E+02 1.2E+03
Cs-134 1.2E+07° 6.8E+08 1.2E+03 1.8E+03
Cs-137 3.4E+06" 1.0E+09 5.6E+02 3.6E+03
Fe.35 1.7E+08 2.3E+10 1.8E+06 1.0E+08
H.3 2.3E+09 3.2E+11 1.4E+11 5.2E+10
1-129 4.8E+05 1.8E+08 3.4E+03 1.9E+06
Mn-54 2.3E+08* 4.3E+09 5.6E+03 3.8E+03
Na-22 5.8E+07° 3.2E+09 © 7.8E+02 1.4E+03
Nb-94 2. 6E4+05° 7.2E+07 1.8E+02 2.1E+03
Ni-59 3.2E+07 3.5E+10 6.9E+04 8.4E+07
Ni-63 L.SE+07 14E+10 9.3E+08 22E409 1,
Np-237 1.7E+02 4.5E+04 2.2E+03 1.2E+03
Pu.-238 1.6E+02 9.5E+04 8.2E+03 1.6E+04
Pu-239 1.7E+02 9.2E+G4 9.9F+03 1.5E+04
Pu.240 1.7E+02 9.2E+04 1.0E+C4 1.5E+04
Pu-241 8.6E+01 5.8E+06 1.1E+03 §.2E+05
Pu-242 1.8E+02 1.0E+05 1.0E+04 1.7E+04
Ra-226 3.0E+03° 3.5E+06 1.7E+02 3.8E+05
Ru-106 2.7E+06" 6.0E+07 1.9E+04 1.4E+04
Sn-113 4.2E+08° 2.8E+09 7.3E+05 1.2E+05
Sr-90 8.3E+04 1.4E+08 5.4E+06 1.3E+07
Te-99 1.1E+07 3.0E+09 7.3E+08 1.6E+08
Th-230 2.7E+02 1.1E+05 1.5E+04 1.8E+04
" Th.232 7.1E+00 2.5E+04 1.1E+02 4.0E+03
U-234 6.6E+02 2.1E+05 3.7E+04 . 3.3E+04
U.235 1.1E+02 2.3E+05 8.4E+02 2.1E+04
U-236 7.12+02 2.3E+05 3.6E+04 1.6E+04
U-238 T.1E+02 2.3E+05 2.8E+04 - 3.8E+04
Zn-65 1.0E+08° 1.6E+09 1.1E+04 4.4E+03
a. Based on a dose criterion of 25 mrem/yr.
b. Based on a doss criterion of 1,250 mrem/qgtr.

Does not include the direct gamma dose gsince GENII does not calculate this dose for the off-sir~

N



Radionuclide concentration hmm hased on expasures to tho on-site worker generally
differ by factors of about 2'to 10 when the results of the PATI{RAE and GE\'II calculations

are compared. In most instances, the limits calculated by PATHRAE are more restrictive.

For the on-site worker, the exposure pathwny that contributes mo«' os the dose varies
with radxonuchde. and may be .either inhalation or external gamma exposure. For some
radlom;chdes. both exposure pathways (_:ontnbute significantly to worker dose. Therefore,
it is ‘very difficult to generalize about _the reasons for the different on-site worker doses’
calculated by PATHRAE and by GENIL |

i

"

5.5 '-CbMPARlSON WITH 10 CFR 61 CLASS A LIMITS

N Nuclea: Regulatory Commission (N’RC) licensing requirements for the land disposal
of radioactive wastes are contained in Part 61 of Title 10 of the Code of F ederal Regulations
{10 CFR 61). Wastes are classified for disposal into one of three classes dependmg on
potenual radiological hazard. Class A wastes are considered to present the least hazard and
may be chsposed of in a land dxsposal facility if they meet the munmum waste form
reqmrements in 10 CFR 61.56(a). Concentration hmxts for Class A wastes are .given in
Tabl .1 of 10 CFR 61 for long-lived radionuclides and in Table 2 for short-lived radionuclides.-

. Table 5-6 provides a comparison' of suggested radionuclide concentration limits in
Clive facxhty wastes with concentration lu:mts for Class A wastesin 10 CFR 61. For purposes
of comparison, the concentration limits i in Table 1 and Table 2 of 10 CFR 61 (specified in

Ci/m®) have been converted to pCi/g by assummg an average waste denslty of 1.6 g/cm
(100 1/ft?). ‘

For those .radionuclidés for which-compaﬁsdns can be made, the suggested iimiting :
concentrations in Clive wastes are very much smaller (i.e;; ‘several orders of magnitude
- Smaller) than the iO CFR 61 Class ‘A concentration limits for all but four radionuclides. For
[-129 the hmxtmg concentrahon for dxsposal at Clive is smaller by a factor of only 2.0. For
H-3 {(tnitium), Ni- 6'3 :md Sr-90, the’ suggested lumls are larger t.han the 10 CFR 61 class
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TALLE 5-¢

CO\IPARISON OF UMITING RADIONUCLIDE CONCENTRATIONS [N CLIVE FACILITY WASTES
WITH CLASS A WASTE CONCENTRATION LIMITS IN 10 CFR 61

Cancentration Limite (pClVp)

: ) 10 CFR 61 Class A
Nuclide Clive Facility Wastes* Limits*
Am-241 : 1.7£+02 2.0E+08
Am-243 1.7Bv:2 : - 2.0E+08

C14 : 1.5E+02 5.0E+05
Cd-109 4.6E+04 ‘ -
Cm-242¢ 1.6E+02 3.5E+05
Cm-243* ' _ 6.5E+01 . 2.0E+08
Ca-244¢ 3.2E+02 2.0E 06
Co-57 1.7E+02 : -
Co-60 - B.3E«00 44E.08
Ce-134 - : 1.1E+01 -
Cs-137 2.88+01 6.2E+05
Fe-55 1.8E+08 -
H-3 2.3E+09 2.5E+07
1-129 2.5E+03 5.0E.03
Mn.54 2.2E+01 -
Ns.22 8.4E+00 -
Nb-94 1.1E+01 1.2E+04
Ni-59 6.9E+04 14E+07
Ni-&3 1.5E+07 . 2.2E+06
Np-237 1.7E+02 : 2.0E+06
Pu.238* 1.6E+02 . 2.0E+08 S
Pu-239 1.7E+02 2.0E+08
Pu.240 1.7E+02 2.0E+06
Pu-241¢ B.6E+01 1.0E+04
Pu-242 1.8E+02 2.0E+06
Ra-226" ' 1.1E+01 . -
Ru-106* 8.0E+01 -
Sn-113 3.2E+03 -
Sr-90* 8.3E+04 2.5E+04
Te.99 ' 1.7E+01 " 1.9E+05
Th-230 ) 2.1E+02 R
Th-232* . 7.1E«00 : -
U-234 6.6E+02 -
U-235 1.1E+02 ‘ -
U-236 7.1E+02 -
U-238 - 7.1E+02 -
Zn-65 34E+«01 '

From Table 54, alll sccannoa considered.

From Tables 1 and 2 of 10 CFR 61.55. Limits converted fram CVm’ to pCUR by sssunung an aversge waste denuity
of 1.6 g/cm’ (100 IVNLY}, .

No concentration lirut specified for Class A wastes.

Effects of daughters 1ncluded.
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concentration limit by factors uf 92, 6.8 u::d 3 3, respectively  For alpha-emitting transuranic

nuclides the suggested limiting concentrations in Clive wastes are about four orders-of

_ magnitude smaller than they are for.Class A wastes. An additional Class A hmit specified

in 10 CFR 61 is that the total concentration of all radionuclides with less than a §-year half-
life must not exceed 4.4E+08 pCi/g. Since the sum‘of suggested concentration li;nits‘for the
ten radionuclides with half-lives less than § years (Cd-109, Cm-242, Co-57, Cs-134, Fe-55,
Ma-54, Na-22, Rn-106, Sp-113, and Zn-65)-is less than 2.0E+06 pCi/g, this constraint is -
satisfied. ‘



6. IMPLEMENTATION CONSIDERATIONS
S’
This chapter presents suggestions on license conditions that might be imposed and

how operations might be structured to assure that the concentration limits summarized in
Table 54 are not exceeded.

6.1 ASSURING COMPLIANCE WITH CONCENTRATION LIMITS

The methodology used to obtain the radionuclide concentration limits presented in
Chapter 5 assumes that the radionuclides are uniformly dispersed in the waste. The
concentration limits that are derived using this methodology are annual averages over the
entire volume of waste disposed at the facility. These concentration limits can be
implemented by applying them to individual shipping vehicles (e.g., individual trucks or rail
carsj, to entire shipments (e.g., a trainload of wasté comprising several rail cars), or to all
the waste shipped to the site by a particular generator during a year. ~

The most conservative and straightforward approach is to apply these limits to éach
individual shipping vehicle bringing waste to the disposal facility. Since many, and perhaps
most, of the vehicles would contain waste with nuclide concentrations well below the
concentration limits, this approach should generally yield annual average concentrations at

the disposal facility that are one or two orders of magnitude less than the concentration
limits presented in Chapter 5. '

A less restrictive but still conservative approach is to apply the concentration limits
to an entire shipment. This approach would require that a sampling program to sample
_ individual shipping vehicles or waste containers be devised and placed in operation to ensure

that the entire shipment complies with the applicable radionuclide concentration limits.

6-1



Although it might be possible to require, each waste generator shipping waste for
disposal at the Clive facility is to conform to the concentration iimits on an annual basis.
This approach is less conservative still, and lezves Lhe'disposal site operator with a reduced

abxhty to control compliance with license conditions. Furthermore, this approach could result

; in some slnpment.s being received at the site with very high 1 adionuclide concentratxons that

could pose waste hand]mg and- exposure problems to on-site workers dunng disposal
H uperanons. Th;s approach would require that each waste generator provide projections of ‘
total irbiuzﬁés and"'m'iries of waste before beginning the waste shipments and that each
generatot mmntam auditable records of the quantities and nuclide concentrations in each
shxpment A conservative way of unplementmg the annual limit approach ‘would be to
restnct eac‘n generator’ toa total annual curie limit equal to some f'rachon (ie, one-tenth) of

the curie hxmt obtained by muluplymg the generator’s projected waste volume by the
E apphcable radxonuchde concentration limit. '

Implexixentétion of radionuclide concentration limits at the Clive Facility will require
that the site operator have in place specific procedures for inspecting and sﬁmpliqg incoming
shipments to determine weights, volumes, and radionuclide concentrations. Records will need
to be maintained of each incoming shipment and of the tatal quantity of waste disposed on
‘an annual basis. The sampling procedures and records should be subject to periodic audit

by the Bureau of Radiation Control or other appropriate state agency.

Procedures should be put in place by the site operator that would include:

2 ‘Sa.mpling techniques o

. Méasureinent techniqués; .

. Cdmpliance determination " -

> Actxons in case of non-complnnce
* Waste handlmg pmcedures

* Recordkeeping

The sampling requirements should address representative sampling, the number of-

samples to be obtained for a 'parncular waste shipment, sample size, and the sampling
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method to be used. Measurement procedures should include requiremen . tor calibrating the
meastrements system, count times required to meet speaified detection limits, and steps to
determine average nuclide concentrations in the samples and to sum the nuclide

concentrations to determine average total sample activities. ~—

Compli;‘mce determination procedures will require that the volume and mass of waste
to be disposed be determined for each shipmént. .Based on the total mass and average
activity per sample, the total activity contained in the shipment can be determined.
Procedures should be developed specifyiné actions to be taken in the event of non-compliance
of a shipment with specified radionuclide concentration limits. Waste handling procedures
should include health physics requirements for the protection of on-site operating personnel
as well as procedures for placing the waste in the disposal cell, compacting it, and identifying
its location.

A records file must be maintained by the disposal facility operator that includes
information about each shipment received and about the total quantity of waste disposed at

the facility., Information to be provided for each shipment should include:

¢ Date of receipt of shiplment. .

* Waste identification.
* Waste sampling results.
* Average radionuclide concentrations in the waste.
¢ Waste volume and waste mass.
* Location of the waste in the disposal cell. :
Information about the total quantity of waste disposed at the facility should include:
* Year-to-date waste mass received.
*  Year-to-date waste volume received.
* Year-to-date radioactivity receiv_ed.



62 SUM OF FRACTIONS RULE

The limiting concentrations in Chapter 5 are for individual radionuclides in the wasté
For a waste shapment containing mixtures of radionuclides the allowable total concentratxon,
would be determined by the sum-of- fractions rule. The sum of fractions is determined by
_dxwdmg each nuclide’s actual concentration in the waste by the appropriate nuclide
‘concentration lnmt and addmg the re.'sultmg fractmns of all nuchdes The sum of these
fractions must. be less than or equal to one for the waste to be acceptable The
‘ 'sum-of-fracnons rule may be stated as:

N Cl C C,2 - . C\, i
S22, 00 g
2 L Lz L, ©

il

where

o
f

- Average concentration of the ith nuclide in the waste. .

L, Concentration limit for the ith nuclide.

. N The number'dtf nuclides in the miitt;re._ .

Smce doses scale with concentratxon. hmxtmg the sum of fracuons to a value less than

. or equal to umt) assures that doses dunng or after operatxons wxll not exceed the applicable
criteria.

63 WASTE FORM RESTRICTIONS

The results presented in this document are based on analyses which assume the waste
to be contaminated soil or construction debris. As such, the soil was taken to be sand or

sandy loam. If waste is received which is substantially more finely divided. and therefora
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more disbursable, additional limitations in concentration or handling procedures may be
appropriate in order to assure adequate proutection.

6.4 .SURFACE-CONTAI\HNATED MATERIAL

Wastes proposed for disposal at the Clive facility include contaminated soil and
contaminated construction debris. Most of this waste will have radionuclides dispersed more-
or-less uniformly throughout the material. Some construction debris, such as wood, concrete
blocks, and concrete slabs may have only surface contamination. The amount of material
with surface contamination is anticipated to be.a small fraction of the total waste material
disposed at the Clive facility.

Disposal operations that involve layering the waste and compacfing it will tend to
break up this material and mix it with other waste disposed at the facility. Persons who may
be exposed after the waste is in place and off-site indivir s1als will experience exposures from

waste that is more-or-less uniformly contaminated with radionuclides.

. L
Onsite workers are the only persons fo'r whom radiation exposures may be dependent
on whether the radioactive contamination is on the surface or dispersed throughout the
waste. These individuals are badged radiation workers who carry dosimeters and who have
bad trainingin health physics procedures. The radiation doses received by these individuals
are monitored on a regular basis. The wearing of protective clothmg and gloves should
prevent body contact with surface contamination. Therefore, it is concluded that it is not
necessary to impose a license condition on the receipt of surface contammated material which

is different from that imposed on material for which the radionuclides are dispersed
throughout the waste.



7. SUMMARY

Considering only the potential impacts to members of the general public, inadvertent
intruders onto (or into) the site, and workers at the site, radionuclide concentrations were

determined which would limit effective whole-body dose equivalents to applicable 1 vels as

defined by current regulations and policies. With four exceptions, these limits are several
orders of magnitude smaller than the respective 10 CFR 61 Class A concentration limit. For -

. 1129, the suggested limit i. ..maller than the Class A concentration limit by a factor of only
2.0. For H- 3 (tntmm) Nx-63 and Sr-90 the suggested lumts are larger than the Class A
:'conceutranon hmxts by factors of 92, 6 8 and 3 3 mspectxvely :

The implementation of these results woud require a combination of procedures to’
assure the concentrations are not exceeded and potential doses are limited to accéptable
levels. These include sampling, waste handling, and recordkeeping procedures. For mixtures
of radionuclides the sum-of-fractions rule should apply. If the waste is substantially more
disbursable than normal soil, additional restrictions skould apply.
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. "APPENDIX A .
' NUCLIDE-SPECIFIC PARAMETER VALUES

The nuclide-dependent parameter values used ‘in this risk assessnent of waste’
.disposal at the Clive facility are presented in this appendix.

/
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AVERAGE GAMMA ENERGIES AND GAMMA ATTENUATION FACTORS

TABLE A1

(Source: Reference 25)°

Puye t of 2

- Gamma Gamma '
Nuclide Energy Attenuation Hal¢-Life
(MeV) (1/m) (yr)

Ac-228 1.00E+00 1.00E+01 1.40E+10
Am-241 3.40E-02 5.00E+01 4.32E+02
Am-243 1.50E-01 2.20E+01 7.38E+03
Ba-137ra 6.60E-01 L20E+01 3.02E+01
Bi-210 0.00 0.00 1.60E+03
Bi-212 8.20E-01 1.10E+01 1.40E+10
Bi-214 1.10E+00 9.20E+00 1.60E+03
C-14 0.00 ~0.00 '5.73E+03
Cd-102 1.10E.02 5.00E+01 1.27E+00
Cm 242 1.40E-02 5.00E+01 4.47E.01
Cm-243 2.20E-01 2.00E+01 2.85E+01
Cm 244 5.00E-01 1 40E+01 1.81E+01
Co-57 1.20E-01 2.50E+01 7.42E-01
Co-60 1.25E+00 9.20E+00 5.27E+00
Cs-134 7 00E-O1 1.20E+01 2.06E+00
Cs-137 0.00 0.00 3.02E+01
Fe-55 3.00E-02 5.00E+01 2.70E+00
H-3 0.00 0.00 1.23E+01
1-129 2.90E-02 5.00E+01 1.57E+07
Mn.54 8.30E-01 1.10E.01 8.56E-01
Na.22 1.27E+00 ~.20E+00 2.60E+00 .
Nb-94 7.87E-01 1.10E+01 2.03E+04 -
Ni-59 7.00E-03 5.00E+ul 7.50E+04
Ni-63 0.00 0.00 1.00E+02
Np-237 3.50E-02 5.00E+01 2.14E+06
Pb-210 5.00E-02 . 5.00E+01 1.60E+03
Pb.2i2 2.50E-G1 1.90E+01 1.40E+10
Pb-214 5.00E-01 1.40E+01 " 1.60E+03
Fo-210 8.00E-01 1.10E+01 " 1.60E+0R
Po-212 0.00 ’ 0.00 1.40E+10
Po-214 8.00E-01 1.10E+01 1.60E+03
Po-216 0.00 i} %) 1.49E+10
Po-218 . 0.00 0.00 1.60E+03
Pu-238 1.40E-02 5.00E+O 8.78E+01
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*ABLE A-1 ‘ Page 2 of 2

AVERAGE GAMM.A ENERGIES AND GAMMA ATTENUATION F ACTOR&
(Source: Reference 25)°

Gemma - Gemma -

Nuclide ~ Energy .. Attenurtion Half-Life
C o (MeV) - (l/m) ym)
 Pu-239 - 1.50E-02 .7 5.00E+01 2.41E+04
‘Pu-240 .. 160E-01 ~ . 2.20E+01 " 6.54E+03 -
CPui24l S.. 000 T 000 . 144E+01,
. Pu-242 .. 2.00E-02 .7 5.00E+01 3.76E+05
.v__Ra224. . 2.40E.01 . 190E.01 . 140E+10 =
. Ra-226 ., 143E-01 .7 2.30E+01 LE0E+03 . **
Ra-228 .. 3.00E-02 . . 5.00E+01  L40E+10  *
. Rh-106 " '6.50E-01 ~ 1L.30E+01 . " 1.01E+00 ’
. Rn-220 . "5.50E-01 ... 1.30E+01 '140E+10  .*
'Rn-222 " 5.10E-01 " 1.40E+01 1.60E+03  **
" Ru-106 000 o 0.00 1.01E+00
~ Sn-113 " 3.90E-01 . L6OE+01 3.15E-01
~ Sr-90 . 000 ... 000 2.86E+01
. .Tec-99 . _ . 0.00 0.00 2.13E+05
Th-228 " . 150E01  _ 2.20E+01 1.40E+10  *
Th-230 ' 840E-02. 3.00E+01 7.70E+C1
' Th-232 ~1.40E-02 . 5.00E+01 1.40E+10 *
' T).208 1.50E+00 . 8.30E+00 140E+10 . *
. U-234 . 4.00E-01 . 150E+0! 2.44E+05
. U-235 ~ L29E-01 " ''2.40E+01 T:04E+08
- U-236 . 500E-02 ' 500E+01 . 2.34E+07
U238 © . 1.40E.02 5. 5.00E+01  4.4TE+09
. Y90 . 000 - T 000 ' 2.86E+01
. Zn-65 ~ LI0E+00 | ' '9.80E+00 '6.69E-01

- a

The gamma energies in the second column are weighted averages of the gamma eneigés in
Reference 25. Gamma atbenuauon coeFﬂc:ents are calculated for these average gamma
energies.

Membe:s of the Th-232 decay chrin, half-lives have been set equal to the parent nuclide.

Members of the Ra-226 decay chain, half-lives have been set equal to the parent nuclide.
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TABLE A-2 Page 1of2
LEACH RATES AND SOLUBILITIES
(Source: Refcrence 26)
Input Leach Final Leach Solubility
Nuclide Rate (Uyr) Rate (1/yr) (mole)

Ac-228 8.32E-07 8.32E-07 0.00
Am-241 8.32E-07 8.32E-07 1.00E-01
Am-243 3.32E-07 8.32E-07 1.00E-01
Ba-137m 1.67E-07 1.67E-07 0.00
Bi-210 8.32E-07 8.32E-07 0.00
B1-212 8.32E-07 8.32E-07 0.00
Bi-214 8.32E-07 8.32E-07 0.00
C-14 4.22E-04 4.22E-04 0.00
Cd:109 1.35E-05 1.35E-05 0.00
Cm-242 2.78E-08 2.78E-08 1.00E-14
Cm-243 2.75E-08 2.78E-08 1.00E-14
Cm-244 2.78E-08 2.78E-08 1.00E-14
Co-57 8.18E-06 8.18E-06 1.00E-02
Co-60 8.18E-06 8.18E-06 1.00E-02
Cs-134 1.67E-07 L67E-07 0.00
Cs-137 1.67E-u7 1.67E-07 0.00
Fe--55 1.61E-05 1.61E-05 - 0.00
H-3 4.42E-04 4.42E-04 0.00
I-129 2.15E-04 2.15E-04 1.00E-02
Mn-E4 ‘1.61E-US 1.61E-05 0.00
Na-22 1.42E-04 4.42E-04 0.00
Nb-94 2.78E-07 2.78E-07 . 0.00
Ni-59 8.32E-07 8.32E.07 + LOOE-02
Ni-63 8.32E-07 8.32E-07 1.00E-02
Np-237 8.18E-06 8.18E-06 1.00E+01
Pb-210 8.32E-07 8.32E-07 0.00
Pb-212 8.32E-07 8.32E-07 0.00
Pb-214 8 32E-07 8.32E-07 0.00
Po-210 2.08E-07 2,08E-07 0.00
Po-212 2.08E-07 2.08E-07 0.00
Po-214 2,08E-0" 2.08E-07 0.00
Po-216 2.08E-07 2.08E-07 0.00
Po-218 2.08E-07 2.08E-07 0.00
Pu-238 9.32E-07 8.32E-07 1.00E-13
2,239 8.32E.07 1.24E.07 1.00E-13



" TABLE A-2 Page 202

LEACH RATES AND SOLUBILITIES
(Saurce: Reference 26)

_Input Leach Final Leach _ Solubility

Nuclide Rate (Lyr) Rate (1/yT) (molet)
Pu-240 8.32E-07 ' 4.56E-07 . 1.00E-13
Pu-241: 8.32E-07 . 8.32E-07 . 1.00E-13
Pu242 © 8.32E-07 : 7.93F-09 - 1.00E-13
‘Ra:224 - " B8.32E-07 ' 2.13E-08 _ “1.00E-08- "
‘Ra:22% 8.32E-07 " 8.32E-07 © . 1.00E-08 -
Ra-228 - - 8.32E-07 '2.13E-08 © "'1,00E-08
Rh-106- - 5.20E-07 5.20E-07 ' 1.00E-10
Rn.220" ~0.00 © 0.00 - - 000
Rn-222 0.00 - .0.00 . 000
Ru-106 5.20E-07 -8.20E-07 - 1.00E-10
Sn-113 " 8.32E-07 8.32E-07 SRR 1% 1)
Sr-90 - - ' 1.02E-05 1.02E-05 S 0.00
Te-89 - 4.42E-04 4.42E-04 - 0.00
Th-228 - - 8.32E-07 8.32E-07 © 1.00E-04
Th-230 ' 8.32E-07 " 8.32E-07 - -1.00E-04
Th-232 8.32E-07 © 8.32E-07 '1.00E-04
T1-208" 8.32E-07 8.32E-07 - 0.00
U234 . 2.07E-06 2.07E-06 ’ ' 0.00
U235 2.07E-06 2.07E-06 : S 0.00
U-236"° . 2.07E-06 ' 2.07E-06 - 000
U-238 ' -2.07E-06 2.07E-06 000
Y80 + " 1.02E-05 'LO2E-05 . 000

Zn-65 ' ' 5.49E-06 . ' 5.49F-06 - -"1.00E-12 -
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TABLE A-3 Page 1of2
SORPTION AND RETARDATION FACTORS ,
(Source: Reference 26) —
Aquifer Aquifer Vertical Vertical
~ Nuclide Sarption Retardation Sarption Retardation
Ac-228 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Am-241 9.90E+01 7.93E+02 9.90E+01 3.32E+03
' Am.243 9.90E+01 7.93E+02 9.90E+01 3.32E+03
Ba-137m 5.00E+02 4.00E+03 5.00E+02 1.68E+04
Bi-210 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Bi-212 1.00E+02 8.01E+02 " 1.00E+02 '3.35E+03
-Bi-214 1.00E+02 8.01E+02 1.00E+02 3.35E403
C-14 1.00E-02 1.08E+00 1.00E-02 1.34E+00
Cd-109 6.00E+00 4.90E+01 6.00E+00 2.02E+02
Cm-242 3.00E+03 2.40E+04 3.00E+03 1L.O1E+05
Cm-243 3.00E+03 2.40E+04 "3.00E+03 1.01E+05
Cm-244 3.00E+03 2.40E+04 3.00E+03 1.01E+05.
Co-57 1.00E+01 8.10E+01 1.00E+01 3.36E+02
Co-60 1.00E+01 8.10E+01 1.00E+01 3.36E+02
Cs-134 5.00E+02 4.00E+03 5.00E+02 LE8E+0s__/
Cs-127 5.00E+02 |, 4.00E+03 5.00E+02 1.68E+04
Fe-55 5.00E+00 4.10E+01 5.00E+00 1.69E+02
H-3 1.00E-03 1.01E+00 1.00E-03 1.03E+00
1-129 2.00E-01 2.60E+00 2.00E-01 7.70E+00
Mn-54 5.00E+00 4.10E+01 5.00E+00 1.69E+02
Na-22 1.00E-03 1.01E+00 '1.00E-03 1.03E+00
Nb-94 3.00E+02 2.40E+03 3.00E+02 1.01E+04
Ni-59 1.00E+02 8.01E+02 1.00E+02° 3.35E+03
Ni-63 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Np-237 1.00E+91 8.10E+01 1.00E+01 3.36E+02
Pb-210 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Pb-212 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Pb-214 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Po-210 4.00E+02 3.20E+03 4,00E+02 1.34E+04
Po-21% 4.00E+02 3.20E+03 4.00E+02 1.34E+04
Po-214 4.00E+02 3.20E+03 4.00E+02 1.34E+04
Po-216 4.00E+02 3.20E+03 1.00E+02 1.34E+04
Po-218 4.00E+02 3.20E+03 4.00E+02 1.34E+04 .
Pu-238 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Pu-239 1.00E+02 8.01E+02 *.00E+02 3.35E+0°
~—
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TABI* 3 " Page2¢, "

SORPTION AND RETAKDATION FACTORS
{Source: Reference 26)

Aquifer Aquifer Vertical . Vertical
Nuclide Sorption - Retardation . ‘Sorption Retardation
~ Pu-240 1.00E+02 8.01E+02 1.00E+02 3.35E+03
. Pu-241 . 1.00E+02 8.01E+02 - " 1.00E+02 3.35E+03 -
. Pu-242 © 1.00E+02 8.01E+02 . 1.00E+02  3.35E+03
Ra-224 9.80E+01 .. - 7.85E+02 9.80E+C1 3.29E+03
Ra-226 9.80E+01 7.85E402 - 9.80E+01 329E+03
Ra228. . 9.80E+01 ~ ".1.85E+02 9.80E+01 " 3.29E+03.
.. Rhaos _1.60E+02 - 128E+03 © . - 160E+02 - -  5.36E+03
Rn-220 0.00 1.00E<00 - 000 ~°  1.00E+00
-~ Rn-222 , 0.00 . LOOE+00 © 000  100E+00
- Ru-106 . 1.60E+02 . 1.28E+03 1.60E+02 " 5.363+03
- Sn-113 1.00E+02 8.01E+02 " 1.05SE+02 : 3.35E+03
Sr-90 8.00E+00 6.50E+01 " 8.00E+00 - 2.69E+02
Te-99 1.00E-03 . 1.01E+00 - 1.00E-03 -~ 1.03E+00
- Th-228 - _1.0SE+02 8.41E+02 : 1.05E+02 - 3.52E+03
- Th-230 1.05E+02 8.41E+02 .. LO5E+02 ° = 3.52E+03
“~ ° - The232 1.05E+02 © 8.41E+02 " 1.05E+02 -~ 3.52E+03
' . T.208 . 1.01E+02 © - 8.09E+02 ' 1LO01E+02 3.39E+03
U-234 , 3.90E+01 .. 3.13E+02 © * 3.90E+01 1.31E+03
U-235 - 4.00E+01 3.21E+02 - 4.00E+01 © 1.34E+03
U-236 4.00E+01 © 3.21E+02 ‘ 4.00E+01 1.34E+03 -
U-238 4.00E+01 2.21E+02 4.00E+01 1.34E+03
Y-90 8.00E+00 . 6.50E+01 : 8.00E+00 ~ ‘- 269E+02
Zn-65 1.50E+01 " '121E+02 150E+01 . °  5.04E+02
A-8
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TABLE A< Page 1 of 2
BIOACCUMULATION FACTORS S
(Souxrce: Refereace 27)
Soil-Plant -Soil-Plant Forage-Milk Forage-Meat
Nuclide Bv Br Fm (d1) Ff (d/kg)
Ac-228 2.50E-03 2.50E-04 5.00E-06 6.00E-02
Am-241 2.50E-04 2.50E-05 - 5.00E-06 2.00E-04
Am-243 2.00E-04 2.50E-05 5.00E-06 2.00E-04 .
Ba-137m 5.00E-03 5.00E-04 4.00E-04 3.20E-03
Bi-210 1.50E-01 - L50E-02 5.00E-04 1.30E-02
Bi-212 1.50E-01 1.50E-02 5.00E-04 1.30E-02
Bi-214 1.50E-01 1.50E-02 5.00E-04 '1.30E-02
C-14 5.50E+00 5.50E.01 1.20E-02 3.10E-02
Cd-109 3.00E-01 3.00E-02 1.20E-04 5.30E-04
. Cm-242 2.50E-03 2.50E-04 5.00E-06 2.00E-04
Cm-243 2.50E-03 2.50E-04 5.00E-06 2.00E-04
Cm-244 2.50E-03 2.50E-04 5.00E-06 2.00E-04
Co-57 9.40E-03 9.40E-04 1.00E-03 1.30E-02
Co-60 9.40E-03 9.40E-04 1.00E-03 1.30E-02
Cs-134 1.00E-02 1.00E-03 1.20E-02 4.00E-03 ~
Cs-137 1.00E-02 1.00E-03 1.20E-02 4.00E-03
Fe-55 6.60E-04 6.60E-05 1.20E-03 4.00E-02
H-3 4.80E+00 4.80E-01 1.00E-02 1.20E-02
I-129 2.00E-02 2.00E-03 6.00E-03 2.90E-03
Mn-54 2.90E-02 2.90E-03 2.50E-04 8.00E-04
Na-22 5.20E-02 5.20E-03 4.00E-02 -3.00E-02
Nb-94 9.40E-03 9.40E.-04 2.50E-03 - 2.80E-01
Ni-59 1.90E-02 1.90E-03 6.70E-03 5.30E-03
Ni-63 1.90E-02 1.90E-03 6.70E-03 .5.30E-03
Np-237 2.50E-03 2.50E-04 5.00E-06 2.00E-04
Pb-210 6.80E-02 6.80E.G3 6.20E-04 2.90E-04
Pb-212 6.80E-02 6.80E-03 6.20E-04 2.90E-04
Pb-214 6.80E-02 6.80E-03 6.20E-04 2.90E-04
Po-210 1.50E-01 1.50E-02 3.00E-04 1.20E-02
Po-212 1.50E-01 1.508-02 3.00E-04 1.20E-02
Po-214 1.50E-01 1.50E-02 3.00E.04 1.20E-02
Po-216 1.50E-01 1.50E-02 - 3.00E-04 1.20E-02
Po-218 1.50E-01 1.50E-02 3.00E-04 1.20E-02
Pu-238 2.50E-04 2.50E-05 2.00E-06 ~ 1.40E.05
Pu.239 2.50E-04 2.50E-05 - 2,00E-05 1.40E-05 w
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TABLE A+ Page 2 0f 2
BIOACCUMULATION FACTORS
(Source: Reference 27)

Soil-Plant = Soil-Plant Forage-Milk Forage-Meat
Nuclide Bv Br Fna (d1) Ff (d/kg)
Pu-240 2.50E-04 2.50E-05 2.00E-06 7 1.40E-05
Pu-241 2.50E-04 2.50E-05 ~ 2.00E-06 '1.40E-05
Pu-242 - 2.50E-04 2.50E-05 - 2.00E-06 '1.40E-05
Ra-224 . 3.10E-04 3.10E-05 - - - 8.00E-03 3.40E-02
Ra-226- 3.10E-04 © 8.10E-05 . *8.00E-03 - .. 3.40E-02
Ra-228 3.10E-04 . 3.10E-05. B.00E-03 3.40E-02
Rh-106 CL30E+01 ~ 1.30E+00 1.00E-02 1.50E-03
Rn-220 3.50E+00 ~ 3.50E-01 '2.00E-02 ~ 2.00E-02
Rn-222 3.50E+00 3.50E-01 2.00E-02 " 2.00E-02
Ru-106 5.00E-02 5.00E-03 1.00E-06 ‘4.00E-01
Sn-113 2.50E-03 2.50E-04 2.50E-03 * 8.00E-02
Sr-90 1.70E-02 1.70E-03 8.00E-04 6.00E-04
Te-99, 2.50E-01 2.50E-02 2.50E-02 4.00E-01
Th-228 4.20E-03 4.20E04 5.00E-06 2.00E-04
Th-230 '4.20E-03 4.20E-04 _ 5.00E-06 2.00E-04 -
" Th-232 ' 4.20E-03 4.20E-04 5.00E-06 12.00E-04
T1-208 2.50E-01 2.50E-02 2.20E-02 " 4.00E-02
U-234 © 2.50E-03 - 2.50E-04 - 5.00E-04 3.40E-04

U-235 2.50E-03 2.50E-04 5.00E-04 3.40E-04
U-236 - 2.50E-03 2.50E-04 5.00E-04 -, 340E-04
U-238 250E-03 250E-04 .5.00E-04 - 3.40E-04 -
Y-90 2.60E-03 ~ 260E-04 - _100E-05 4.60E-03
Zn-65 4.00E-01 4.00E-02 3.90E-02 ~ 3.00E-02



TABLE A-8

fage lof B
TOTAL EQUIVALENT UPTAKE FACTORS o
(Bource: Refarence 28)* S
. River . Well Erosion Bathtub Spillaga Food
Nuclide Wyr) - {Uyr) - (Wyr) (Wr) Wyr) (kg/yr)
Ac-226 131t+33 1.17E+03 '1.34E+03 1.17E-03 136E.03 1.88E-01
Am-241  638E.02 4.66E+02 838E+02 466E+02 6.38E+02 L18E-03
Am-243 6.38E.02 466E+02 8.38E.02 4REE+02 §38E+02 1.18E-03
Be-137m 5.35E+02 S.07E+02 $.35E.02 S.07E+02 535E+02 4.43E02
Bi-210 7.28E.02 6.24E+02 7.28E+02 728E.02 9.45E+02 3.09E.00
Bi-212 . 7.28E.02 6.24E+02 7.28E+02 " 6.24Es02 9.97E.02 3.09E+00
Bi-214 " T.28E+02 6.24E+02 7.28E+02 7.28E8.02 © 9.45E+02 3.09E.00
C-14 3.23E.0¢ 5.82E+02 3.23E404 S 828402 3.23E+04 0.00
C4-109 1.84E.03 485E+02 1.84E+03 4.6SE+02 1.34E+03 1.49E+00
Cm-242 6.20E+02 449E02 6.20E+02 _ 449E+02 6.20E+02 " 9.85E-03
Cm-243 6.38E+02 465E+02 8.38E+02 4.65E+02 638E.02 L18E-02
Cm-244 6.38E.02 46SEote 6.38E+02 " 4.65E+02 28E.02 1.18E-02
Co-57 9.54E+02 8.11E+02 9.54E+02 5.11E+02 9.54E.02 181E01
Co60 9 T4E.02 6.29E+02 9.74Es02 629E+02 9.74E+02 198E-01"
Cs134 1.45E.04 7.02E+02 14SEe04 7.02E.02 145E+04 2.71E01
Ce137 145E.04 708E+02 145E+04 © 1.08E+02 14SE+04 2.78E-01
FesS 1.63E-03 9 40E+02 1.63E+03 9.40E+02 163E+03 3.43E-02
H.3 8.05E+02 7.99E.02 - 8.05E+02 1.99E+02 8.05E-02 0.00
I-129 7.00E.02 5.97E+02 7.00E+02 5.97E+02 7.15E+02 3.45E-01
Mo-54 3.22E.03 4.67E«02 © 3.222+03 A67E+02 3228403 1.54E-01
Na.22 2.15E+03 1.46E+03 2.15E+03 * 146E+03" 2.15E.G3 5.19E.00
 NB9¢ 2.11E.05 379E03 2.11E+08 3.79E.03 2.11E+05 3.19E+00
Ni59 1.33E.03 636E+02 133Es03 636E+02 136E+0 402E01 -
Ni-63 1.33E+03 3 36E+02 1.33E.03 | 6.36E+02 133E.03 4.02E-01
Np-237 5.35E+02 4.66E+02 5.5E+02 166E+02 536E+02 1.18E-02
Pb-210 L17E-03 “ATTE02 1.17E+03 1.17E+03 1.19E+03 1.94E-01
Pb-212 L17E.03 4T7E+02 1.17E+03 L77E402 1.20E+03 3.94E01
Pb-214 1.17E.03 4.77E+02 1.17E+03 1.17E+03 1.19E+03 3.94E-01
" Po.210 4.06E+03 6.09E+02 4.062403 4.06E+03 4.26E+03 287E400
Po-212 1.06E+03 6.09E+02 4.06E+03 8.09E+02 431E+03 2.87E+00
Po-214 4.06E+03 6.09E~02 4.06E+03 4.06E+03 4.26E+03 2.87E+00
: \\/4



TABLE A8 ‘PFegelof?

TOTAL EQUIVALENT UPTAKE FACTORS
(Sourowi Referunce 28)*

Liver Well Erosion Bathtub Spille yo Food
Nuclide . sWyri Cym tWyr) [15% ) (Uyr) (kgtyr)
Po216 . 406E.0d - s.péx-:.m 4.06E+03 '6.09E402 | 431E.@ 2.87E+60
Po-218 408E403 6.09E+02 4.06E+03 406EeG3 | 436Ee3  2.87E.00
‘Pu-238 487E+02 46IE+02 4BTE.02 46302 48TE.02 1.12£-03
| Pu239 487E+02 4.63E+02 um-:ooi ' 4.63E+02 4.88E+02 ' .V 1.13E-03
| Pu260 4BTE«02  4SIE0T 481407 463402 488E02 1.13E0
Pu-21 4B7E+02 - 483IE.02 48TEe02 . 483E.02 ABTEN02 - 1.12E-03
. Pu-24z BB 4.63E+02 BT 463E02 4BSE0Z - 113E-03
‘Ra-224  L34E.0d | 9.94E02 134E+09 8.94E02 134Es01 1.77E-02
Ra-226 134E+08  © . 9.94E+02 134E+ 33  134E+03 134Ee03 * LT7E-02
Ra-228 1.34E.00 9.94E+02 134E.03 9.94E+02 134E+03 1.77E-02
. Rh-108 7.24E.02 6.55E+02 7.24E+02 " 6SSE.02 7.04E402 2.68E+02
Rn-220 1.06E+03 1.05E+03 1.06E.03 1.0SE+03 6.86E+03 2.07E+02
Rn-222 106E+03 LOSE®d  10GEe® 1.06E+03 5.86E+03 2.07E+02
o ~ Ru-106 498E.03 - 491E+03 498E.03  491E.03 497Es03 2.2¢E+01
~ Sa-113 2.17E+04 - 1.27E+03 2.17E.04 © 127E+03 2.17E+04° - 2.03E-01
Sr.90 690E+02 4.83E.02 6.90E+02 483E.02 690£:02 1.09E-01
Te-99 569E+03 6.89E+03 569E.0)  S.58E.03 9.30E+03 1.29E+02
Th-228 6.73E02 4.66E+02 673E.02 4 66E.02 6.74E002 - 1.98E-02
Th-230 " 673E.02 4.66E+02 £13E.02 4.66E+02 6.74Es02 1.96E-02
~ Th-232 6.73E+02 4.66E+02 6.73E+02 4 66E+02 6.74Ee02 - 1.98E-02
208 7.03E+04 1.30E-03 703E.04 130E+03 | 722Eed 2.15E+01
U234 489E+02 4.75E+02 (BIE02 ¢75E+02 490Ee02 1.42E-02
U235 4.89E+02 4.75E+02 4B9E402 T 4I5E.02 C0EW2 - 142E02
U-236 489E.02 " 4.75E+02 4S9E.02 475Ee02 490Be02 . 1.42E02
U-238 489Es02  4.35Ee02 489E+02 - 47SEe02 1908402 - 1.42£.02
Y-90 §89E+02 . 5.17E+02 6 89E+02 517E+02 6.89E+02 . 2.57E-02
Z0-65 ' 1SIEe04  1.41E.03 151Ee04 LAIE.03 1S1E+0¢  °  36BE-DI
a. Calculated from biouptake and l’ood a.nd water ingesuon vates presented 1n Reference 28
N
~_
A-12

g e LA TR STV ART SRR T . O

e R -t
MRS



DOSE CONVERSION FACTORS

TARLE A-8

Page L of 2

LY S

A-13

(Source: References 28 and 29)
Ingestion - Inhalation Direct Gamma
Nuclide Dose Factors Dose Factors Dose Factors
(mrenypCi) (mrem/pCi) (mrem-m¥pCi-yr)

Ac-228 2.10E-06 2.90E-04 9.10E-05
Am-241 4.50E-03 $.20E-01 3.00E-06
Am-243 4.50E-03 5.20E-01 _ 6.60E-06
Ba-137m 0.00 0.00° 6.10E-05
Bi-210 5.90E-06 1.90E-04 0.00
Bi-212 9.90E-07 2.10E-05 1.80E-05
Bi-214 2.40E-07 6.30E-06 1.40E-04
C-14 2.10E-06 2.10E-06 0.00
Cd-109 1.20E-05 1.00E-04 9.40E-07
Cm-242 1.10E-04 1.70E-02 9.30E-08
Cm-243 2.90E-03 3.50E-01 1.50E-05
Cm-244 2.30E-03 2.70E-01 8.30E-08
Co-57 1.10E.-06 1.50E-06 1.40E-05
Co-60 2.60E-05 1.50E-04 2.30E-04
Cs-134 7.40E-05 4.70E-05 1.60E-04
Cs-137 5.00E-05 3.20E-05 0.00
Fe-55 " 5.80E-07 2.60E-06 2,20E-08
H-3 6.30E-08 6.20E-08 0.00
1-129 2.80E.04 1.80E-04 2.20E-06
Mn-54 2.70E-06 6.40E-06 8.40E-05
Na-22 1.20E-05 8.00E-06 2.10E-04
Nb-94 5.10E-06  3.30E-04 1.60E-04
Ni-59 2.00E-07 2.70E-06 4.20E-08
Ni-63 5.40E.07 6.30E-06 0.00
Np-237 3.90E-03 4.90E-01 3.20E-06
Pb-210 5.10E-03 1.30E-02 3.00E-07
Pb-212 4.10E-05 1.60E-04 1.60E-05
Pb-214 5.80E-07 6.70E-06 2.70E-05
_ Po-210 1.60E-03 8.10E-03 8.60E-10
Po-212 : 0.00 0.00 0.00
Po-214. 0.00 0.00 8.40E-09
Po-216 0.00 " 0.00 1.50E-09
Po-218 .00 0.00 0.00
Pu-238 3.80E-03 4.60E-01 8.60E-08



DOSE CONVERSION FACTORS
(Source: References 28 and 29)

TABLE A-6

Poge 2 of 2

Ingestion Inhalation Direct Gamma
Nuclide Dose Factors " Dose Factors Dose Factors

(mrem/pCi) (mrem/pCi) (mrem-m¥pCi-yr)

Pu-239 4.30E-03 - 5.10E-01 3.80E-08
Pu-240 . 4.30E-03 5.10E-01 8.20E-08
‘Pu-241- 8.60E-05 , 1.00E-02 e 0.00
" Pu.242 410E03 . L 4.80E:01 . 6.80E-08
Ra:224 - ..3.30E-04 2.90E.03 "1.10E-06
Ra-226 1.10E-03 7.90E-03 7.60E-07
Ra-228 1.20E-03 4.20E-03 6.70E-14
Rh-106 6.10E-07 2.00E-07 2.10E-05
Rn-220 0.00 0.00 5.40E-08
Rn-222 0.00 0.00 4.00E-08
Ru-106 2.10E-05 4.40E.04 0.00
Sn-113 2.70E-06 8.90E-06 1.50E-06
Sr-90 1.30E-04 1.30E-03 0.00
Tc-99 _1.30E-06 7.50E-06 6.30E-11
Th-228 3.80E-04 3.10E-01 2.80E-07
Th-230 5.30E-04 3.20E-01 9.10E-08
" Th-232 2.80E-03 1.60E+00 6.70E-08
Ti-208 0.00 0.00 3.00E-04
U-234 2.60E-04 1.30E-01 8.10E-08
U-235 2.50E-04 1.20E-01 1.70E-05
U-236 2.50E-04 1.20E-01 7.30E-08
U-238 2.30E-04 1.20E-01 6.50E-08
Y-90 1.00E-05 8.20E-06 0.00
Zn-65 - 1.40E-05 1.80E-05 - 5.50E-05 -
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APPENDIX B

EVALUATION OF THE POTENTIAL FOR WATER TO ACCUMULATE
IN THE CLIVE DISPOSAL UNITS

B. INTRODUCTION

| The waste disposal facility at Clive, Utah, is characterized by a desert climate and

» éoils of low' permeability. Because of the arid climate and relatively impermeable soil,

groundwatzr pathways are eshmated not to ‘contribute to mdavxdual doses from waste
dzsposal for atleast 1 ,000° years after mt.e closure (Sectxon 5.2). How ever, because the soil has
" low permeab.hty, the potentlal exists for the accumulation of water which mﬁltrates into the
dxsposal units through the et_xgxneered cover system. Ifsufficient water were to percolate into’
the disposal units and accumulates, the water could eventually overflow the units and be
released onto the ground surface (the bathtub effect). This overflowing water could
contaminate the ground surface and cause radiological exposures to site intruders. Since
theré is no surface water in the vicinity of the Clive site, it is very unlikely that any

" contaminated water that overflows a disposal unit would cause -exposures to off-site
“individuals. '

This appendix de;scribes an analysis of the pbtential for water to accumulate in the -

disposal units at the Clive facility. Both the metbodology and the results of this analysis are
dxscussed in this appenchx

B.2 METHODOLOGY

Two computer models, the HELP model® and the UNSAT-H" model, were used
to evaluate the potential for water accumulation in the Clive disposal units.

B-2
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The HELP computer model was developed for the UI.S. Environmental Protection
Agency to pem;it estimatioh of the amounts of surface runoff, subsurface drain'age. anc
leachate that might be expected to result from the operétion of disposal units with a wide
variety of designs. The model evaluates the impacts of precipitation, runoff, infiltration,

percolation, evapotranspiration, soil moisture siorage, and lateral drainage usinga quasi-two-
dimensional approach.

The UNSAT-H computer model was developed at Pacific Northwest Laboratory to
assess the water dynamics of near-surface waste disposal sites. Itis a one-dimensional, finite
difference model that simulates the unsaturated flow of groundwater. The model accounts
for inﬁltration.;'drainage'; 'rédjstribution. surface evapor#tipn. and the‘upté.ké of water by
plants. A modified version of UNSAT-H was used to nﬁbdel.water inﬁltrafi‘on.at the Clive
facility.

Climatologic data used for the computer simulations were ‘ada.pted from two sources.
Data for both the HELP and the UNSAT-H simulations were taken from the HELP model’s
clim:;tologic data base for Ely, Nevada. Ely is the closest location with similar climatic

conditions to those at Clive for which the necessary data were available. Additional data—/

specifying potential evaporation rates were requiredA for UNSAT-H. Data for Tooele, Utah®?
were used for that portion of the simulation.

Data from Ely, Nevz;da were chosen as representative of that at the Cliye site because

the precipitation is conservatively large and other conditions are believed to be similar, i.e.,

typical of arid western climates. Salt Lake City data were also considered, but found with

substantially higher annual precipitation rates. Salt Lake City climaﬁological' data were
considersd to be unreasonably conservative relative to conditions which prevail at the Clive
.site. Consideration was also given to synthesizing climatological data from data subsets
available Eom sources very near the Clive site (U.S. Army at the Dugway Proving Grounds).
. This possibility was. rejected because of the delicate balance that exists between various

climatological factors and the inability to assure that such data would be conservatively
representative. ' ‘

~r’
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Generic soil characteristics weré used in modeling the disposal facility. The topsoil
at tke facility was assumed to be leam. underlzin by a clay layer with a saturated hydraulic
conductivity of 1.0E-7 cm/s.%™ The waste was considered to have the characteristics of a
Saudy loam @Y The native material below the waste was assumed to’fJe__ clay, with a
saturated conductivity of 1.0E-7 cm/s.®? “

Usmg these c.hmatxc and sod data sxmulatlons of t.he Chve dxsposal facility were
_performed using each computer model. The initial sxmulatxons were based on the assumption
that there was no rip-rap layer over the clay cover. A layer of topsonl was sssumed to be
present at the surface. These conditions would project eveporah'ou in excess of what would

actually be observed with rip-rap in place.

Additional simulations were pefferuxed using the HELP model to examine the impact
of the reduced surface evaporatlon caused by the rip-rap layer. The np-rap layer reduces the
'surface area from which evaporatxon can take place and also shades the soil surface. It
‘ reduces the eﬂ'ect.xve evaporat:on rate by the fraction of soxl surface area d.u'ectly in contact

.thh mdxvxdual np-rap rocks. The fractxon ‘of surface area from which evaporahon cannot

occur is equal to 1-p, where pis the porosx ty of the rip-rap layer (taken to be appmnmately-'
0.5). The rip-rap also shades the soil surface from du'ec solar radxatmn, thereby further
' reducmg the eﬂ'ectxve evaporatwn rate. The dampmg depth for water evaporatlon through
the rip-rap- matenals is apprommately 35 cm®? which is responsxble for reducing the
E 'evaporauon rate by the factor of exp(-45/35) or 0.28, The estunated combmed effect of the
rip-rap is to reduce the water evaporatxon rate to a value of only 14 percent of the projected
evaporatlon rate without np-rap

The HELP model was used in two ways to sxmulate the reduct:on in surface
‘evaporation resulting from the presence of the np-rap layer The first sunulatmn reduced
the evaporative depth, i.e., the zone from whu:h water may undergo evaporauon from the soil

The evaporative depth was reduced l‘rom its expected value of 46 cm at Ely, Nevada toa

smaller value which gave ‘an evaporatlon rate only 14 per‘ent of that estimated for the

" baseline no rip-rap case. The second sxmulanon reduced the solar 1nten51ty, i.e., the flux of

solar radiation incident on the sxte to achxcve an evaporation rate that was only 14 percent
of the baseline evaporation rate. ’
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The potential impact of cracking of the clay cover on water percolation rates was also
considered. The extent-and rate of cracking depends on the type of clay used for the cover
and the rate of drying. Expansive clays will tend to shrink and crack more under &__/
E:onditions when cdmfmred to non-expansive clays. Rapid rates of drying will promote
cracking relative to long-term drying. The cover design for the Clive facdlity specifies
placement of a thin sand layer over the clay cap with a riprap' layer on top of that. The:
potential for shrinkage of the clay, and subsequent cracking, may be significant, although the
- sand and riprap layers are believed to create conditions that will retain moisture and slow

the drying rate.

B.3 RESULTS AND DISCUSSION

The distribution of precipitation among the various groundwater and surface water
components, for the baseline case of no rip-rap layer over the disposal unit, is shown in Table:
B-1. As noted previously, the analysis was made using climatological Hata. including annual
precipitation, for Ely, Nevada. Climatoldgiéal data are not available for Clive, Utah, and M
is the closest station for which complete climatological data were available that reasonﬁmf
approximate the arid conditions at Clive. However, the average annual precipitation at Ely
is larger than that at Clive by about 60 percent. Therefore, the results of the computer
simulations; in terms of calculated sziter percdlation rates, are coﬁsidered to be
conservatively large compared to actual conditions at Clive.

As shown in Table B-1, the distribution of the precipitation am?)ng the runoﬁ', lateral
drainage in the cover system, and deep percolation varins between the two computer models
used for the analysis. The bases for these diﬁ'erences lie in slightly different input data and
in the solution techniques used by the two models. |

The parameter of primary importance for the analysis is the projected deep percolation
rate. The deep percolation rate is the vertical flow rate at the boundary between the
compacted soil layer at the bottom of the disposal unit and the underlying native soil. Itis

this flew rate which must be conducted away by soil below the disposal unit if no water is

. .
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S | TABLE B-1

PRECIPITATION DISTRIBUTION RESULTS WITHOUT RIP.RAP COVER

- . Value -~

Parameter  °° - " HELP Code ' UNSAT-H Code

‘Runoﬁ(cm/yr) o 0.3 12
Evaporation (cm/yr) ) o 201 - . . 75
- Lateral Drainage (cm/yr) . ' 04 S 0.1
Deep Pergolatfon (cm/yr) L R - 0.4
| TABLE B-2 A .

~ PRECIPITATION DISTRIBUTION RESULTS WITH RIP-RAP COVER .
~Value Using RELP Code

Reduced = . Reduced
Evaporation Solar

Parameter = .. o - . . Depth ... Intensity
k “Bunof-f(cm/}'r). . : IR 120 7 119
A i%rahd;atio_n (é:r;ﬂyr; ' | . o - 2.7 o 2.8
Léteral Drainage {cm/yr) . . c ' .. 4.8 : 4.5
Deep Percolation (c@'yr) _ : 2.8 2.8

"\/:
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to accur.ulate in the disposal units. While the projected mass balances of water flows differ
between the HELP and UNSAT-H computer models, both wodels predict similar rates of deep

percolation. These results suggest that the projected rates of flow through the waste dispos
units are reasonable. ~

" The results shown in Table B-1 are based on the assumption of no rip-rap cover being
in place over fhe disposal units. With the rip-rap cover in place, evaporation will tend to
decrease, and the water flow rates for the other pathways will increase to compensate for the
reduced rate of evaporation. Since t};e HELP model produced the higher (i.e., more
conservative) estimate of the rate of deep percolation for the case of no rip-rap cover, the

analyses performed to simulate the presence of rip-rap cover over the waste were made using
the HELP model. - "

The results of the simulations which considered reduced evaporative potential are
shown in Table B-2. As expected, the rates of evaporation decreased due to reductions in
evaporative depth and reduced solar intensity. The remaining flow components all increased
in magnitude (relative to the HELP base case -- ’I‘éble B-1), to compensate for the decrease
in water lost to evaporation. The increase in deep percolation rate is similar for both
modeling approaches, amounting to an 80 percent increase over the deep percolation rate,
the baseline (i.e., no rip-rap cover) analysis. -

If cracking of the ‘clay cover occufs. the water flow dynamics (whose results are
presented in Tables B-1 and B-2) will be affected. Lateral drainage of water from the clay
layer may be effectively negated. Water may drain laterally over the clay layer until it
‘encounters a crack, at which point it may infiltrate vemcaﬂy along the crack. The water may
be absorbed by the clay or may continue to infiltrate. Surface runoff and evaporanon will
remain largely unaffected by cracking of the clay layer. Thus, the primary impact of cracking
may be to increase the deep percolation by the amount of water which normally drains
laterally. Based on the results shown in Table B-2, '_cracking could increase the deep
pgrcolation rates (by the amount of lateral drainage) to 7.3 cm/yr and 7.6 cm/yr (2.3E-07 cm/s

and 2.4E-07 cav/s), respectively, for the reduced solar intensity and reduced evaporative depth
scenarios. '
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The potential for accuinula.tion of vater in the disposal units at the Clive facility will
depend on the rates at which water flows into and out of the disposal units. If the native soil
_beneath the disposal units can conduct water at flow rates equal to or greater than the
percolauon rates pmjectea by this analysis, water accumulation in the units is unlikely. If
the native soil cannot sustain these flow rates, water mey accumulate in the disposal units.
Under saturated conditions, the maximum rate of sustainable flow of water through a soil
is given by the soil’s saturated hydraulic conductivity. Water supplied to the soil at rates’
greater than this conductivity will not be conducted away vertically through undisturbed soil.

Under these conditions, the water will flow laterally or, if this is not possible, will accumulate
above the constraining soil layer

Soil. conductmty measurements for the Ch\e site have ngen saturat,ed hydrauhc
cor -’uctxmnes rangmg from about 1.0E-07 to 3.5E-03 cm/sec*? Soil conductivities tend to
be lowest near the ground surface and at depths greater than 9.1 m below the ground

surface. The low-conductivity soil depths correspond roughly to the depth at which disposal
units would be constructed and the depth of the aquifer. . :

. Saturated hydraulic conductivities at soil depths between 3.0 and 9.1 m typically
range between 2.9E-07 and 8.4E-04 cm/s, The maximum projected percolation rate ranges
between 2.3E-07 and 2.4E-07 cm/s, assﬁming lateral drainage appears wholly as percolation
becausc of cracking in the clay cover. Therefore, the undisturbed native soils appear to be
generally capable of conducting water at these maximum rates. Consequently, it apgears
unlikely that water would accumulate in the disposal units at the- Clxve facility. The
conclusion that water will probably not accumulate in the Clive disposal nmts\xs based on the
premise that saturated hydraulic conductivities of soils unde ..all of the enstmg and proposed

disposal units are similar to the valies assumed in the analyses described above.

B-4



APPENDIX C

THE GENII COMPUTER MODEL



s

. ) . '. . . i N . ) Y ..".-‘.:'-fre':: e {':
PR N N IO T P A set T R -3 s 20 ,:a;r,»m .22 '-~.**§_:&%-“Q{_’~ (A :_m. R SN .- . . L BT

APPENDIX C
THE GENII COMPUTER MODEL

Benchmarking of the radiological doses and concentration limits obtained using the
PATHRAE computer model® was performed by comparing the PATHRAE results with the
results obtained using the GENTI computer model® Comparisons were made for the

maximally exposed off-site mdmdua.l and on-site worker scenarios, and are reported in

. Chapter 5. This Appendxx provxdes a descnpuon of the GENII model and a bnef dxscussxon
of the sxmxlarmes and dxﬁ'erences between GENII and PATHRAE

GENII is a pathways compuier model suitable for '-x.n‘odelihg aeute and chrouic

. exposures resultmg from the release of radxoactwe contaminants to the enwronment While
-in many ways GENII is sumlar to PATHRAE, significant d.lﬂ'erences do exist which may

.. make it more or less suitable for use for performance a_ssessments of LLW dxsp_osal facilities. -

The modeliné approeches adehied for use in the ‘GENII zuduel aud ihe ls.imilarities

. and differences between this model and PATHRAE are discussed below. This discussion is

, structured to correspond to the t*anspon and exposure pathways modeled by the two codes.

C.1 GROUNDWATER TRANSPORT

\

Groundwater transport.i is nut modeled by (xENII 'I‘he user has the opuon of entering

- a groundwater concentration at a well used by hum ms If thxs is done. the model calculates

. exposures resultmg from use of the lwater for direct »consumptxon and for irrigation and’

animal use.

This anproach does not allow svecification of a contaminant travel time to the well.,
Hence, any groundwater concentration specified is immediately avalable for direct

consumption, irrigation, and animal use.
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PATHRAE will permit input of simple flow para..eters for the unsaturated and
saturated zones. These Qaip, in conjunc;ion with nuclide transport data, are used to project
contaminant travel times and, ultimétal}. éxpésures resulting from the use of the water. Th.
model takes into account lateral and longitudinal dispersion. ~

C.2 SURFACE WATER TRANSPORT

Transport of waterborne contaminants is modeled by GENII for non-tidal rivers and
" near-shore lake environments. For each of these environments, the model calculates a
mixing ratio, the ratio of the concentration at the usage location and the initial concentration. -

The user may also input a mixing ratio if the models used in the code are not used.

GENTI calculates surface water concentrations as a function of distance downstream
from the ﬁoint of discharge. The river mixing model assumes a constant river flow rate,
width and depth, and accounts for chronic and acute releases. Both the river and lake

models account for the points of discharge and intake of water.

The modeling of surface water transport requires input of the initial liquid
contaminant concentrations, the rate of discharge to the river or lake, and numerous
characteristic dimensions of the surface water under consideration. The model does not
calculate rates of discharge due to trench overflow or other modes of overland contaminant
transport. ‘ .

PATHRAE simply dilutes contamination reaching surface streams or rivers by the
annual flow rate of that body. No account is taken for the distance downstream at which
that water is used, or lateral and vertical dispersion of the material in the river or lake.

PATHRAE will, however, calculate the amount of contamination released frnm the trench due
to erosion or trench overflow.

c-3
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C.3 ATMOSPHERIC TRANSPORT

GENII can implement a variety of atmospheric dispersion models for use ‘in
determining doses from acute and chronic releases. The code provides three straight-line
Gaussian plume models for release durations of 30-240 minutes, 2-8 hours, and 4 hours and
longer. It also provides an empirical building-wake diffusion model for modeling atmospheric
concentrations close to the point of release. Finally, the user may input an atmospheric
dispersion parameter calculated independently of GENII.

The atmospheric dispersion models' calculate the effective release height, accounting
, for buoyancy and momentum flux. The models also account for plume reﬂechon at the
' ground and at the top of the xmxmg layer

The Gaussian plﬁme models are used to calculate atmospheric concentrations for acute
ar 4 chronic exposures of individuals and populations. For chronic exposures to individuals
the user may input a pre-calculated ratio of air concentration and source release rate
) (CHUQ)'.' ask the code to calculate this parameter for a specified location, or direct the code
to solve for the maximally exposed individual, The latter two options require either a grid
of pre—calcﬁlate‘d CHY/Q values or a joint frequency file, with wind speeds, stabilities and
frequency of occurrence data. Chronic population exposures require the data given above as
well as population distribution data. |

| Required input for modeling acute releases includes either a time integrated short-
term dispersion parameter (E/Q, similar to CHI/Q except for instantaneous releases) or a
locatxon of interest. The latter option also requires input of either a gnd of pre- -calculated

E/Q values or a set of joint frequency data. Population distribution data are required for the
population calculations. " . T

* The building-wake ‘model is based on empirical data from seven locations. The basic

" model is mcorporated into a composite madel to allow better prediction of axr concentrations

' near the source and to asymptotxcally appmach the Gaussxan plume model at large distances.

‘ Addxtxonal sub-models are used to improve predlchqn of the behavior of elevated releases for
short stacks and rooftop vents.,
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PATHRAE also models atmospheric dispersion using the Gaussian plume model,
accounting for effective release height and reflection at the top of the mixing layer. Itis less
versatile than GENII in that it does not provide for as wide an array of atmospheric releas~-
of different durations. Also, PATHRAE provides no capacity to model releases affected L,/
building wakes. However, this latter aspect is likely unimportant, for the present
application. . ' .

C4 SOIL TRANSPORT DYNAMICS

GENII models the accumulation of radionuclides in soil as a result of deposition from
airborne contamination, biotic transport, manual redistribution, and irrig!a'tion. Sail
accumulations are also depleted due to resuspension and uptake by crops.

In PATHRAE, the soil compartment is comprised of three discrete components: the
* surface soil, the deep soil and the buried waste. The buried waste component differs from
the deep soil layer as the exstence of a waste package, with a finite lifetime, may be
modeled. A fourth component, situated between the surface and deep soil layers can
considered to exist through the appropriate apl.)lication of rooting depth fractions.

s

N’

Contamination may be lost from the surface soil through harvest removal, radioactive
decay, and leaching to deeper soil layers. The loss of nuclides from the surface soil due to
leaching is modeled using leaching based on the distribution coefficient (K,). Radionuclides
in the subsurface soil may be transported to the surface soil by root uptake, through physical

transport by animals, or by human intrusion. Nuclides may also be deposited on the surface
soil by atmospheric deposition.

PATHRAE accounts for the rem--val of radionuclides from the soil through decay and
leaching to deeper soil layers. Contaminants in the root zone may be assimilated by plants
- grown at the site, Nuclides in subsurface soil may be éxcavated through human intrusion
as well. No provision is made in PATHRAE to model the impact of animal intrusion.

\\_/
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C.5 FOODCHAIN TRANSPORT

GENII models exposures resulting from the consumption of contaminated water, plant
material, and animal products. Iqadvertent ingestion of soil and water, e.g. during swimming,
" may also be evaluatad.

Plants may become contaminate& due to direct deposition of airborne or waterborne
contaminants or through root uptake -Depositional uptake accounts for deposition and
" retention rates, translocation rates from the plant surface to the edible portlon of the cxop,

-‘weathenng and the length of the growing season, and delay time between harvest and

" consumption. - Root uptake of contamination considers root dxstnbutxonal charactenstlcs in
a limited fashion and the plant concentration factor for each nuclide under consxderatlon

GENII provides empirica.l relationships for calculating the plant interception fraction
for atmospheric deposition.l These relationships address grasses, leafy vegetables and grains,
and fruits and other vegetables separately. These formulations provide an alternative to a
unifo:m fraction for all types of vegetatioﬁ, currently used in most RAE assessments.

_Concentrations- of radionuclides are considered in a number of animal products,
including meat, -milk, poultry, and eggs. Contamination is gssimilatéd,following the

.consumption of contaminated hay, fresh forage or grain, or any _con;binatidn thereof, Account

is taken of the delay time between slaughter of the animal and the time of consumption by .

. humans.
Consumption of aquatic foods is _alsovaddressed by GENII, ineludin_g fish, mollusks,
 invertebrates and water pla‘nt's.. Radionuclide concentrations in these foods are calculated

using bioaccumulation factors, and account is taken of delay time between harvest and

consumption.

GENII also provides the ability to model exposures due to consumption of foodstuffs

contaminated as a result of acute releases. The.initial deposition on the ground and plant
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surfaces is determined from the integrated air cancentration or the integrated water
concentration (used for irrigation).

The mcorporatxon of radionuclides in plant tissues and, ultimately animal tissues
following an acute release will depend on the season of the year and the corresponding plant\/
growth dynamics. The rate of uptake of contamjination due to consumption is given by a time
integral over ihe consumption period. This integral accounts for radioactive decay that occurs
during the growing season and prior to consumption uf the crop or animal product.

The treatmert of foodchain transport in GENII is similar to that implemented in
PATHRAE. GENII provides more opportunity for input of a diverse diet than PATHRAE and
also provides an einpiriéal approach to the calculatio'n' of plant interception fractions. GENII

also provides tha opportunity to model foodcham transport under acute release conditions,
whereas PATHRAE does not.

C.6 RADIOLOGICAL DECAY CHAINS

The decay chain processor in GENII yields the activity of any member of a decay cha
as a function of time from any initializing condition. Variants of the processor provide the
total activities of chain members for conditions of continual input of the pareat to the system.
The chain processor utilizes a recursive application of the Bateman equations.

The capability to consider decay chains is also presént in PATHRAE for specified
radionuclide decay sequences. The Bateman equations are also the basis for calculation of
daughter concentrations in this computer model.
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C.7 DOSIMETRY

GENII is capable of modeling exposures to pupulatiors or individuals under chronic
and acute release conditions. Individual exposures may be tailored to address the average
or maximally exposed person. The basis of the modeling of exposures is described below.

- C7.1 Extermal Emm}e'Modeﬁng

. The ISOSEHLD code is ‘the, .basis of ca]culéfibns “of éxtern;ﬂ expos\u"es due to

. -submersionina cloud of radxoactxve matenals 1mmersxon in contammated watet, and direct
.. exposure to plane or. slab sources of contaxmnatlon ISOSHLD can also be used to model a

variety of source'and shxeldmg geometnes to generate radxonuchde dose factors for use in
GENII runs.. Source geometries which can be addressed include pomt. lme. sphencal slab

~and cylindrical sources.  Slab, spherical, cylindrical, and cyhndncal and slab shield

configurations can all be modeled th.h GENIL

. Exposures due to air submezsion can be modeled usiné eithér a Semf infinite or finite
plume model. The former model is based on the assumption that the plume is semi-infinite
in size, bounded by the ground p]ane, and that the .energy deposmon per umt volume of air

is equal to the rate of energy emission per unit volime. The ﬁmte plume model considers

~ the size and shape of the plume to estimate the actual dose rate a}. the center of the plume

at ground level. Each approach may be used to model acute an‘d_.ch_mnig release scenarios.

- External exposure modehng for aquatxc recreational actmt:es considers direct -
radiation recewed during boatmg, swxmmmg and shoreline ach\nhes Boatmg andswimming
exposures consider radionuclide concentrations in the water, whxle shorelme exposures result

from sediment contaminant activities. Shoreline exposures take into account the finite size
of the shoreline. '

External doses received from surface soil contamination consider contamination from
airborne deposition for the average individual or -population. Soil contamination due to
irrigation is also considered for the maximally exposed individual.
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PATHRAE does not consider external exposures due to submersion in a contaminated
plume nor from recreational activities. Exposures from ground surface contamination is

modeled in a manner that accounts for the finite size of the source and for build-up in the s, "
layer. ‘ ' o

C.7.2 Internal Exposure Madeling
Internal dosimetry is performed in GENII using the task group lung model®” and the

Eve Gl-tract model.™® These models are linked to the transfer compartment, from which
_ nuchdes may translocated to additional organs or tissues. - Nuclide concentrations in each

' compartment of the complete model are calculated taking into- account rates.of intake and

excretion and radxolog'xcal decay during the material’s residence time.

A number of specialized models are used to account for certain compartments and/or
contaminants in greater detail. The alkaline earth model addresses the dynamics of the bane
in great;er detail. The icdine model allows calculation of dosés to the fetal thyroid from iodine
ingestion by the mother. The tellurium/iodine model accounts for the formation of iodir -

through the decay of tellurium. The radium/radon, tritium, and carbon models account to’
peculiarities of those nuclides.

‘ Using these-zixod_els; GENITI calculates the incremental doses to each organ. These
doses are combined to arrive at annual, committed and cumulative doses.

PATHRAE dose calculations are limited to whole body committed doses and
corresponding health risks. Individual organ doses are not calculated.
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C.8 INPUT/OUTPUT REQUIREMENTS

'C.8.1 Data Input

.The'typés of data'required to 6perate GENII are, generally, similar to those used in
PATHRAE The addmonal detail to which GENII goes in modehng some .of the pathways

: results in the need for more data, however.

Thé GENII comhuter program iﬁ‘bvides default data for the majority of the input
parameters required for operation. While many of these data may be changed by the user

| through the mwracnve interface to the code, a number of parameters cannot be exphmdy

revxewed An example of thts is the vast majonty of nuclxde-specxﬁc data

This as'pec':t'of model operatipn'is important to keep in mind as it is relatively easy to
respond to the prompts for data input and to overlook those parameters for which no data

~ entry was required. In ordexf to change the default data in these situations, the user must
edit véxfious default data files provided with the code.

C.8.2 Code Output

The nature of the output from GENII will depend on the report options selected by the
user. The Annual Effective Dose Equivaleat (AEDE) report option provides the committed.
dose from one year of exposure. Dose output by radionuclide or pafhway may be obtained .
by selecting other report options. Finally, the model allows the usei' to seé intermediate
output on the screen during execunon This information, to ‘be used for debugging, is crvpuc
and reqmres a high level of famxlxanty with the model to mterpnet

Regardless of the report option chosen, output from GENII includes a short summary

" of selected input data. The model indicates whéther the simulation considers near or far-field

exposures, chronic or acute releases, and individual or population exposures. The transpo'rt

and exposure pathways mor-:led are displayed, as are the times of exposure and the input
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source compartment inventories. Selected data are then displayed for the various transport
and exposure pathways under consideration. A éomplete summary of the input data is not,
however, supplied with the output.
'\_/
Selection of the AEDE report option resultsin a pnnted summary of committed dose
‘equivalents, weighted and unwelgbted by organ, as well as the external dose. The
contralling organ, pathway and nuclide are given as are the effective dose equivalents for the
ingestion and inhalation pathways. Additional output pxbv_ides the cumulative dose over the
dose commitment period and the dose for the maximum year of exposure. The output is

completed with a summary of nuclide doses due toc ingestion, inhalation and external
exposure,

The pathway report option proﬁdes committed dc;se eqiﬁvzﬂe;xiﬁ by eprsure pathway
for exposures due. to ingestion and direct radiation. These pathways include the various
types of foodstuffs consumed for the former and the exposure conditioﬁs. e.g. air submersion,
surface soil and water immersion, for the latter.

Committed dose equivalents are provided by radionuclide for the remaining report
options. These doses are given for all organs considered by the model.

~
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