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EXECUTIVE SUMMARY

The low intensity gamma and neutron emissions generated by high level
waste do not cause sufficien{ displacement damage to degrade the mechanical
properties of the carbon steel storage tanks. Therefore, structural assessment
of tanks for storage of high level waste may be based on mechanical properties
of the carbon steels from which the tanks were constructed. The highest
estimated damage level is less than 4.0E-7 displacements per atom (dpa)
following a 100 year exposure to fresh, "high heat" waste. This damage level
is below the limit of 1.0E-5 dpa for measurement of radiation damage to the
mechanical properties of carbon steels. Extrapolation of the trend equation
relating increase in nil-ductility transition temperature (NDTT) to dpa,
projects an increase of less than 5°F (<3°C) in the NDTT for 4.0E-7 dpa. This
low dpa has a negligible effect on the mechanical properties of the materials
of construction of the tanks.

High level waste at SRS is stored in carbon steel tanks constructed during the
period 1951 to 1981. This waste contains radionuclides that decay by alpha,
beta, or gamma emission or are spontaneous neutron sources. Thus, a low
intensity radiation field is generated that is capable of causing displacement
damage to the carbon steel. The potential for degradation of mechanical
properties was evaluated by comparing the estimated displacement damage
with published data relating changes in Charpy V-notch (CVN) impact energy
to neutron exposure. Experimental radiation data was available for three of
the four grades of carbon steel from which the tanks were constructed and is
applicable to all four steels. Estimates of displacement damage arising from
gamma and neutron radiation have been made based on the radionuclide
contents for high level waste that are cited in the Safety Analysis Report
(SAR) for the Liquid Waste Handling Facilities in the 200-Area. Alpha and
beta emissions do not penetrate carbon steel to a sufficient depth to affect the
bulk properties of the tank walls but may aggravate corrosion processes. The
damage estimates take into account the source of the waste (F- or H-Area), the
several types of tank service, and assume water as an attenuating medium.
Estimates of displacement damage are conservative because they are based on
the highest levels of radionuclide contents reported in the SAR and
continuous replenishment of the radionuclides.
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INTRODUCTION

High level waste at SRS is stored in carbon steel tanks constructed during the
period 1951 to 1981 [1,2]. This waste contains radionuclides that decay by
alpha, beta, or gamma emission or are spontaneous neutron sources. Thus, a
low intensity radiation field is generated that is capable of causing
displacement damage to the carbon steel. Given sufficient time, the
accumulated displacement damage could degrade the fracture resistance of
the steel and thus reduce the margins on structural stability of the tanks for
normal and postulated accident conditicns.

The potential for degradation of mechanical properties was evaluated by
comparing the estimated displacement damage with published data relating
changes in CVN impact energy to neutron exposure. Experimental radiation
data was available for three of the four grades of carbon steel from which the
tanks were constructed and is applicable to all four steels. Estimates of
displacement damage arising from gamma and neutron radiation have been
made based on the radionuclide contents for high level waste that are cited in
the SAR for the Liquid Waste Handling Facilities in the 200-Area [1]. Alpha
and beta emissions do not penetrate carbon steel to a sufficient depth to affect
the bulk properties of the tank walls but may aggravate corrosion processes.
The damage estimates take into account the source of the waste (F- or H-Area),
the several types of tank service, and assume water as an attenuating medium.
Estimates of displacement damage are conservative because they are based on
the highest levels of radionuclide contents reported in the SAR and
continuous replenishment of the radionuclides.

TANKS FOR STORAGE OF HIGH LEVEL WASTE
Materials of Construction

High level waste from the SRS separation operations is stored in carbon steel
tanks which were fabricated during the period from 1951 to 1981 [1,2]. There
are four tank designs. Types I, II, and III are for storage of high heat waste (5-
16 BTU/hr-gal) where supplementary cooling is required and Type IV tanks
are for low hezt waste (0.2-0.8 BTU/hr-gal) and do not contain cooling coils.
Materials of construction of the tanks are listed in Table I for each type of tank
[1]. Note that the specification for ASTM A212 Grade B steel, from which the
H-area Type IV tanks were constructed, was discontinued in 1966 and has
been replaced by ASTM A516. ASTM A516-70 and ASTM A212-B have
comparable chemical and mechanical property specifications. Specifications
for steel compositions are listed in Table II [3]. The tanks were constructed to
the requirements of ASME Section VIII, Div 1 but are not code stamped [1].
Some of the newer Type IIIA tanks are made of A516 and A537 (Table I) and
were heat treated after construction to normalize the microstructure and
improve the fracture properties of the steel.



Radionuclide Content of High Level Waste

The radionuclide content of the waste depends on the source and age of the
waste and prior processing. Effects of waste source (F- or H-Canyons) and
processing on the radionuclide content for high heat waste are shown in
Tables 4-5 through 4-10 of the SAR, which were compiled as source terms for
accident analyses [1]. The radionuclide content of low heat waste is a factor of
100 to 1000 lower than for high heat waste. Estimates of radiation damage to
the high heat waste tanks, therefore, bound the radiation damage for the low
heat waste tanks. The highest concentrations of radionuclides are in fresh
canyon waste (Table 4-10) that is 180 days old. In the high heat waste receiver
tanks with 1.5 year old waste (Table 4-6), the radionuclide contents are lower
because of decay of short lived fission products. Upon standing, the waste
separates into a supernate and an insoluble sludge which contains about 60%
of the radionuclides. Consequently, sludge feed to the DWPF (Table 4-9) has
elevated levels of spontaneous fission neutron emission as compared to the
other waste. Evaporator overheads, precipitate feed to DWPF, and recycle
from DWPF to WTF (Table 4-9) contain lower radionuclide contents than the
other cases and were omitted from the calculations. The tanks exposed to the
higher radiation levels are those receiving fresh canyon waste, tanks 33F, 34F,
13H, 32H, 35H, and 39H and those preparing sludge feed to DWPF, tanks 40H,
42H, and 51H (1]. The indicated F-Area tanks are Type III and the indicated H-
Area tanks are Type IIIA. The type service, operating history, and current
usage of all waste storage tanks are described in the Safety Analysis Report [1].

DISPLACEMENT DAMAGE ESTIMATES

The waste stored in the tanks contains radionuclides that decay by alpha, beta,
or gamma emission or are spontaneous neutron sources [1]. These products
of radioactive decay interact with solid materials and may displace atoms
from their normal sites thus generating vacancies and interstitials which alter
the mechanical properties of the steel [4]. Displacement damage from alpha
and beta radiation might aggravate corrosion processes but would not affect
the bulk mechanical properties of the tank walls. Damage from the alpha
radiation (energies of 4.0 to 5.8 MeV) would be limited to a depth of 5 to 15
pm into the steel surface that faces the waste [4,5,6]. Any displacement
damage from beta emissions would be limited to a depth of less than one
millimeter and can only be caused by beta's with energies greater than
approximately 0.5 MeV that originate within 1-cm of the tank wall [4,5,6].
Estimates of displacement damage have been made for the gamma and
neutron emissions from high heat waste. The highest values of radionuclide
content were chosen from Tables 4-5 to 4-10 of the SAR. These tables cover
the several types service for waste storage tanks in both F- and H-Areas.
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Gamma Radiation

Displacement damage for each gamma source was based on the radionuclide
content (Curies/gal) as given in the SAR [1]. Most radionuclides emit more
than one gamma ray [5]. All gamma rays with intensities greater than 0.1 per
100 decays and energies greater than 0.4 MeV were included. Source
strengths, #/cm”3/sec , for each gamma were based on the high value of
tabulated radionuclide contents and the Radioactive Decay Data Tables [5].
For gamma energies in the range 0.5 to 2 MeV, typical of those encountered
from decay of radionuclides in the waste, displacement damage occurs
primarily via the Compton Effect [4,6]. The displacement cross section for
gamma rays interacting with an iron target was taken as 0.1 millebarn per
electron for energies between 0.4 to 0.85 MeV and was a function of energy for
energies greater than 0.85 MeV [7,8]. Values for the attenuation coefficients
(1) for gamma rays assumed transport through water with density 1
gram/cm”3 and were interpolated from Table 3.7 in Lamarsh [6].

The model for calculation of the gamma flux at a point on the tank wall
assumed a uniform distribution of internal sources (S) within water as an
attenuating medium [6]. Taking the wall as a plane sheet, the total buildup
flux ( @p ) at the tank wall accumulated from the volume of waste in the tank
is given by

op = (S/21) X An { 1- E2[(1+ ap)ua]} , where

S source intensity, #/cc/sec,
W attenuation coefficient for water, cm”-1 (6],

Ap0n parameters for the Taylor form of the exposure buildup factor for
point isotropic sources. n = 1,2 and A + Ay =1 [6],
|20 an integral function of [(1+ ap)pal. [9],
a depth of waste measured from tank wall.
As the distance (a) through the waste from the tank wall increases, pa

decreases, the function E3[(1+ an)pa] becomes smaller 50 that 3 A, { 1- Eo[(1+

an)ual} goes to X Ap which is equal to one, and the buildup flux, ep = (5/2u).
The displacement damage accumulated in 100 years for each gamma is given

by:

dpa = @p x o(mb/e)(0.001b/mb) x 26e/Fe x 10*-24 cm”2/b x
(100 years) (3.15x107 sec/year),

where o(mb/e) is the microscopic displacement cross section per electron
which is a function of gamma energy [7,8]. This calculation is conservative in
that the buildup flux is considered to be at the initial gamma ray energy rather
than at the lower energies caused by attenuation while passing through the
waste. Two other factors contribute conservatism to the radiation damage



estimates. First, continuous replenishment of the radionuclide sources is
postulated, overemphasizing the short lived radionuclides (Zr-95, Y-91, Nb-
95, Ce-144, and Ru-106). Second, damage calculations were based on the
Cesium-137 content of the waste rather than the Barium-137 content which is
the principal source of gamma radiation damage. Cs-137 decays by beta
emission to form .

The dpa was calculated for a 100 year exposure, Table III, which exceeds the
maximum expected service life of any tank. Estimates of dpa may be made for
shorter service by taking the ratio of the exposure times. Detailed tables of the
calculations are given in Appendix A.

Neutron Radiation

a
i

Estimates of displacement damage from neutrons emitted by spontaneous
fission of the actinides were based on the radionuclide contents given in
Tables 4-5 to 4-10 of the SAR [1]. The estimates account for the fission
neutrons that reach the tank walls but not the thermal neutrons. The cross
section for displacement damage by thermal neutrons is approximately 12
barns in contrast to ~500 barns for fission neutrons [10].

The model for calculation of the neutron flux at a point on the tank wall
assumed a uniform distribution of sources [6]. In the first step of the
calculation, the neutron flux (@) reaching a point on the tank wall from a
plane source is given by:

o= (SA/2)[E1(Xra)], where

S number of neutrons per cubic centimeter per second,

Sr  cross section for removal of fission neutrons from the high
energy (~ 1 MeV) group,

E;1 an integral function of (Xra) [9]

a distance from the point source to the tank wall.

The source strength, S is given by:

S= (Ci/gal)(3785 cc/gal)((3.7E+10) d/Ci)(% Spon Fission/100) x
(neutrons/fission).

The values for the coefficient ,A , and the removal cross section, 2, , which
depend on the surrounding medium, are 0.12 and 0.103 cm”-1, respectively,
for ordinary water [6]. With an internal source of neutrons distributed
throughout a volume, the flux at a point on the tank wall is obtained by

. integrating the previous equation from x=0 to x=a and becomes

o= (SA/2%)[1-Ez(Za)ll




Beyond 40 cm neutrons are removed from the fission group [6]. For values of
Yra (= 0.103 x 40) greater than 4, the function E 7 (Z;a) becomes less than 0.001,

and ¢ = SA/2%, , which is the estimated flux of fission neutrons reaching
the tank wall. The displacement damage for a 100 year exposure is

dpa = (0.12 S/0.103 x2) x(100years) (3.15E7 sec/year) x
(500 b) (1E-24 cm”2/b)

The dpa estimates are listed in Table III with the estimates from gamma ray
damage. Detailed tables of the calculations are given in Appendix B.

RADIATION DAMAGE EFFECTS

The major effects of displacement damage on carbon steels (ferritic steel) are
an increase in the temperature that separates low temperature brittle fracture
from ductile failure at higher temperatures, a lowering of the energy of
ductile failure, and an increase in the strength [11]. The transition from
ductile to brittle behavior is indicated by the nil-ductility transition
temperature (NDTT). Shift in NDTT has been taken as a representative
mechanical property for judging the potential for radiation damage to the
carbon steel in the waste storage tanks. The drop-weight test is the method
specified in the ASTM Standards and ASME code for measurement of NDTT
[12]. In practice, however, the more convenient and common approach for
estimating the NDTT is measurement of the temperature dependence of
CVN impact energy {11]. NDTT is indexed to the temperature where CVN
energy equals 40] (30 ft-1b) or 20] (15 ft-Ib) depending upon the yield strength
of the steel. The several approaches to estimating NDTT are approximately
equal and yield consistent interpretations of radiation damage.

The internationally accepted measure of radiation damage is the number of
displacements per atom (dpa). ASTM Standard Practice E 693-79 describes the
method for calculating dpa from neutron flux spectra for ferritic steels, thus
allowing direct comparison of radiation damage among specimens exposed in
different reactors to differing neutron spectra [10]. Unfortunately, dpa
calculations are not available for the data cited in the references to this report
except for the recent HFIR and ORR data on A212 [12]. Total fluence for
neutrons with energies greater than 1 MeV was reported in all cases and these
fluences have been converted to dpa to allow NDTT changes caused by
gamma ray displacement damage to be estimated by comparison with the
measured neutron displacement damage data. A ratio of dpa to fluence (E>
1MeV) of 1.5 x 10”-21 was adopted for this purpose. Conversion ratios for the
ORR and HFIF. data were 1.39x107-21 and 1.49x107-21, respectively [12].

The effects of radiation on NDTT and USE have been measured and reported
for several of the common p12ssure vessel steels [13-18]. Increase in NDTT for
ASTM A212, A285, and A5.7 are shown in Figure 1 for radiation damage



levels of 1.0E-5 to 1.0E-2 dpa. The trend line (labelled "Porter") shown in the
figure was based on neutron irradiation of more than a dozen steels with
neutron fluences (E>1MeV) of approximately 1.0E17 to 1.0E19 (1.5E-4 to 1.5E-2
dpa) [14]. The trend line represents the average change in NDTT based on a
statistical analysis of these data. There is a 95% confidence that 75% of the
data lie within about 50°F of the trend line [14]. The Porter trend line is a
reasonable representation of the average change in NDTT for weld and heat
affected zone metal as well as base metal for ASTM 537B steel. Data from
ASTM A212 surveillance specimens irradiated in the High Flux Isotope
Reactor (HFIR) and data from ASTM A212 specimens irradiated in the Oak
Ridge Research Reactor (ORR) in 1987 fall within the scatter band for data
collected prior to 1960 and show the the Porter trend line represents the
experimental data to as low as 2.0E-5 dpa.

An estimate of the effect of displacement damage on the NDTT of the waste
tank steels was based on extrapolation of the trend equation reported by
Porter. For a dpa level of 4.0E-7, an increase of ~ 6.4°F (<4°C) was calculated.
The expected changes in mechanical properties are, therefore, negligible for
the range of damage levels that have been estimated for the storage tanks for
high level waste.

CONCLUSION

Because radiation damage is negligible, structural assessment of tanks for
storage of high level waste may be based on the nominal or code values of the
mechanical properties of the carbon steels from which the tanks were
constructed. The calculated displacement damage caused by gamma radiation
from high level waste (< 4.0E-7 dpa) is below the lower limit (< 1.0E-5 dpa) of
experimental data for effects of radiation on the NDTT of carbon steels.
Radiation effects on the other mechanical properties would be negligible also.
The maximurn increase in the NDTT is expected to be less than 6.4°F (<4°C)
for 4.0E-7 dpa based on extrapolation of published correlation between dpa
and change in transition temperature. The maximum displacement damage
from spontaneous neutron fission is estimated to be less than 4.0E-11 dpa.



REFERENCES

1.

™

10.

11.

B. M. Legler, W. R. McDonell, W. C. Perkins, and A. T. Stephenson,
Safety Analysis- 200 Area Savannah River Plant Separations Area
Operations.  Liquid Radioactive Waste Handling Facilities, DPSTSA-
200-10 Sup-18, August 1988. Tables 4-5 through 4-10.

J. A. Donovan, Materials Aspects of SRP Waste Storage - Corrosion and
Mechanical Failure, DP-1476, November 1977. Tables 3 and 12.

1991 Annual Book of ASTM Standards, Vol 01.04,: ASTM Designations
A 285/ A 285M-82, A 516/ A 516M-86, and A 537/A 537M-86. Book of
ASTM Standards 1964: ASTM Designation A 212-57T.

M. W. Thompson, Defects and Radiation Damage in Metals, Cambridge
University Press, 1969. pp. 138-140.

D. C. Kocher, Radioactive Decay I'tata Tables, DOE/TIC-11026, 1981. p. 96,
100, 104, 110, 111, 112, 128, 130, * .". 143, 148, 152, 204, 206, 207, 208, 209, 210,
211, 212, 213, 216, and 217.

John R. Lamarsh, Introduction to Nuclear Engineering, Addison-Wesley
Publishing Co., Reading, Massachusetts, 1977. Table 3.7, pp. 443-445 and
450-455.

O. S. Oen and D. K. Holmes, Cross Sections for Atomic Displacements in
Solids by Gamma Rays, Journal of Applied Physics, 30(9), pp. 1289-1295,
August 1959.

N. P. Baumann, Gamma Ray Irradiation Damage to SRP Reactor Tank
Walls, CPST-88-781, October 1988. Figure 5, p. 22.

H. Goldstein, Fundamental Aspects of Reactor Shielding, Addiscn-
Wesley Publishing Co., Reading, Ma. 1959. pp. 355-365.

Standard Practice for Charactertizing Neutron Exposures in Ferritic
Steels in Terms of Displacements Per Atom (DPA), E 706(ID). ASTM
Designation E 693-79 (Reapproved 1985). Annual Book of ASTM
Standards, Vol 12.02, 1992.

L. E. Steele and C. Z. Serpan, Jr., Analysis of Reactor Vessel Radiation
Effects Surveillance Programs, ASTM Special Technical Publication 481,
American Society for Testing Materials, Philadelphia, PA, 1970. pp. 1-4.



777"

12.

13.

14.

15.

16.

17.

1991 Annual Book of ASTM Standards, Vol. 03.01: Standard test Method
for Conducting Drop-Weight test to Determine Nil-Ductility Transition
Temperature of Ferritic Steels. ASTM Designation E 208-91.

R. D. Cheverton, J. G. Merkle, and R. K. Nanstad, Evaluation of HFIR
Pressure-Vessel Integrity Considering Radiation Embrittlement,
ORNL/TM-10444, April 1988. pp. 88-100 and 141-153.

L. F. Porter, Radiation Effects in Steel, ASTM Special Publication No. 276,
Materials in Nuclear Applications, American Society for Testing
Materials, Philadelphia, Pa, 1960. pp. 163-170.

W. K. Anderson, C. J. Beck, A. R. Kephart, and J. S. Theilacker, Reactor
Structural Materials: Engineering Properties as Affected by Nuclear
Reactor Service. Part I. Iron, Carbon Steels, and The Stainless Steels.
ASTM Special Publication No. 314, American Society for Testing and
Materials, Philadelphia, Pa. 1962. pp. 3-9.

A. Alberman, G. Bley, P. Pepin, and P. Soulat. Influence of Thermal
Neutrons on the Brittleness of High-Temperature Gas-Cooled Reactor
Liner Steel, Nuclear Technology, Vol. 66, Sep. 1984, p. 639-646.

R. A. Gray, Jr., Charpy-V Notch Ductility Characteristics of Neutron-
Irradiated A 537-B and A 350-LF2 Steel Weldments. NRL Report 7006,
January 1970. TaLle 2, p. 3.



10

TABLE I
MATERIALS OF CONSTRUCTION AND
NIL-DUCTILITY TRANSIT.ON TEMPERATURES
FOR WASTE TANKS*

LOCATION AND

TYPE TANK CONSTRUCTION
TANK NUMBER DATES MATERIAL NDTT,° C
I 1-12 Fand H 1951-1953 A 285-B 20
II 13-16 H 1955-1956 A 285-B 20
II1 29-32, 33-3¢ H 1967-197C:F 1969-1972 A 516-70: as rolled 15
IIIA  35-37,25-28 H 1974 -1577:F 1975-1978 A 516-70: normalized -18
[IIA 38-51 H 1976-1981:F 1977-1980 A 537- I: normalized -45
v F-1958 A 285-B 20
H - 1959-1961 A 212-B 20

* NDTT from Ref. 2.

TABLE II

NOMINAL COMPOSITIONS OF WASTE TANK STEELS*

Material Carbon Manganese Phosphorous Sulfur Silicon  Qther

A212 0.31 0.90 0.04 0.04 0.15/0.30 Cu-0.25 max

A285-B 0.22 0.90 0.035 0.04 s

-A516-70 0.27 0.85/1.20 0.035 0.04 0.13/045 Cu-0.35 max

A537-] 0.24 (.70/1.35 0.035 0.04 0.15/0.50  Ni - 0.25 max
Cr -0.25 max
Mo - 0.08

*  ASTM STANDARDS/ ASME SECTION II. Maximum values unless a range is given.
ns= not specified



TABLE III

DISPLACEMENT DAMAGE TO TANK WALLS FROM GAMMA AND SPONTANEOUS

SERVICE
Combined Tanks

High Heat Waste
High Heat Supernate
Evaporator Concentrate
Sludge Feed

Fresh Canyon Waste

NEUTRON EMISSIONS
( Displacements per Atom )

——————————

1.87 E-08
1.70 E-08
4.67 E-09
3.73 E-09
7.67 E-09

3.30 E-07

F - AREA
NEUTRON GAMMA
3.19E-11 7.16 E-08
9.10 E-16 7.03 E-08
1.30 E-11 9.07 E-09
4.38 E-17 3.83 E-09
3.24 E-12 7.67 E-09
2.58 E-13 1.72 E-07

H-AREA -
NEUTRON

1.52 E-14
1.78 E-14
3.76 E-16
6.07 E-16
3.24 E-12

1.25 E-14

11
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ESTIMATED DISPLACEMENT DAMAGE FROM GAMMA EMISSIONS
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APPENDIX B

ESTIMATED DISPLACEMENT DAMAGE FROM SPONTANEOUS NEUTRON
EMISSIONS



NOTES FOR APPENDIX B

Col 1: Data from DPSTSA-200-10, SUP-18 and DP-1476, Table 3.

Col 2: Highest activities listed in Tables 4-5 through 4-10 of DPSTA-200-10, SUP-18

Col 3: Data from DOE/TIC-11026

Col 4: Neutron yield per fission

Displacement damage = (Ci/gal)/(3785cc/gal)*3.7E10d/Ci*(%Spont Fission/100)/2
*(neutrons/fission)/(removal cross section=0.12/0.703)
*(100 years)(3.15E7 sec/year)(500 barns)(1E-24 cm*2)

Assume all neutrons with 1 MeV energy and 500 barn displacement cross section

* Pu-242 activity taken from DP-1476, Table 3.



COMBINED TANKS - F AREA, TABLE 4-5 OF SAR

TABLE B-1

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 6.10E-07 4.20E-08 2.3 5.28E-21
Uranium-238 2.90E-05 5.40E-05 2.3 3.23E-16
Plutonium-238 2.30E-03 1.84E-07 2.3 8.73E-17
Plutonium-239 7.70E-03 4.40E-10 2.2 6.68E-19
Plutonium-240 2.10E-03 4.95E-06 2.2 2.05E-15
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 1.20E-03 3.77E-10 2.4 9.74E-20
Curium-244 9.40E-01 1.35E-04 2.8 3.19E-11
TOTAL DPA = 3.19E-11

TABLE B-2
COMBINED TANKS - H AREA, TABLE 4-5 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons _Damage, DPA
Uranium-235 3.70E-07 4.20E-08 2.3 3.21E-21
Uranium-238 3.90E-06 5.40E-05 2.3 4.34E-17
Plutonium-238 4.00E-01 1.84E-07 2.3 1.52E-14
Plutonium-239 2.90E-03 4.40E-10 2.2 2.52E-19
Plutonium-240 0.00E+00 4 .95E-06 2.2 0.00E+00
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 1.2CE-03 3.77E-10 2.4 9.74E-20
Curium-244 9.60E-04 1.35E-04 2.8 3.25E-14
TOTAL DPA = 1.52E-14



T

TABLE B-3

HIGH HEAT WASTE RECEIVER TANKS - F AREA, TABLE 4-6 OF SAR

4

Activity % Spontanecus Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 8.00E-08 4.20E-08 2.3 6.93E-22
Uranium-238 4.80E-06 5.40E-05 2.3 5.35E-17
Plutonium-238 3.10E-05 1.84E-07 2.3 1.18E-18
Plutonium-239 6.00E-03 4.40E-10 2.2 5.21E-19
Plutonium-240 1.40E-04 4.95E-06 2.2 1.37E-16
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 6.50E-04 3.77E-10 2.4 5.27E-20
Curium-244 2.10E-05 1.35€E-04 2.8 7.12E-16
TOTAL DPA = 9.10E-16

TABLE B-4

HIGH HEAT WASTE RECEIVER TANKS - H AREA, TABLE 4-6 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 3.50E-08 4.20E-08 2.3 3.03E-22
Uranium-238 2.90E-08 5.40E-05 2.3 3.23E-19
Plutonium-238 4.70E-01 1.84E-07 2.3 1.78E-14
Plutonium-239 3.30E-03 4.40E-10 2.2 2.86E-19
Plutonium-240 0.00E+00 4.95E-06 2.2 0.00E+00
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 6.50E-04 3.77E-10 2.4 5.27E-20
Curium-244 2.10E-05 1.35E-04 2.8 7.12E-16
TOTAL DPA = 1.78E-14



TABLE B-5

HIGH HEAT SUPERNATE - F AREA, TABLE 4-7 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 2.20E-09 4.20E-08 2.3 1.91E-23
Uranium-238 1.30E-07 5.40E-05 2.3 1.45E-18
Plutonium-238 8.10E-07 1.84E-07 2.3 3.07E-20
Plutonium-239 1.60E-05 4.40E-10 2.2 1.39E-21
Plutonium-240 3.60E-06 4.95E-06 2.2 3.52E-18
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 1.60E+05 3.77E-10 2.4 1.30E-11
Curium-244 5.10E-07 1.35E-04 2.8 1.73E-17
TOTAL DPA = 1.30E-11

TABLE B-6
HIGH HEAT SUPERNATE - H AREA, TABLE 4-7 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 7.30E-10 4.20E-08 2.3 6.32E-24
Uranium-238 5.90E-10 5.40E-05 2.3 6.57E-21
Plutonium-238 9.90&-03 1.84E-07 2.3 3.76E-16
Plutonium-239 6.80E-05 4.40E-10 2.2 5.90E-21
Plutonium-240 0.00E+00 4.95E-06 2.2 0.00E+00
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 1.60E-05 3.77E-10 2.4 1.30E-21
Curium-244 5.10E-07 1.35E-04 2.8 1.73E-17
TOTAL DPA = 3.76E-16



TABLE B-7

EVAPORATOR CONCENTRATE - F AREA, TABLE 4-8 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 4.00E-09 4.20E-08 2.3 3.47E-23
Uranium-238 1.30E-07 5.40E-05 2.3 1.45E-18
Plutonium-238 9.70E-07 1.84E-07 2.3 3.68E-20
Plutonium-239 2.00E-05 4.40E-10 2.2 1.74E-21
Plutonium-240 4.70E-06 4 95E-06 2.2 4.59E-18
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 2.90E-05 3.77E-10 2.4 2.35E-21
Curium-244 9.20E-07 1.35E-04 2.8 3.12E-17
TOTAL DPA = 4.38E-17

TABLE B-8

EVAPORATOR CONCENTRATE - H AREA, TABLE 4-8 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 1.30E-09 4.20E-08 2.3 1.13E-23
Uranium-238 1.10E-09 5.40E-05 2.3 1.23E-20
Plutonium-238 1.60E-02 1.84E-07 2.3 6.07E-16
Plutonium-239 1.10E-04 4.40E-10 2.2 9.55E-21
Plutonium-240 0.00E+00 4. 95E-06 2.2 0.00E+00
Plutonium-242°* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 2.90E-05 3.77E-10 2.4 2.35E-21
Curium-244 9.20E-07 1.35E-04 2.8 3.12E-17
TOTAL DPA = 6.07E-16



SLUDGE FEED TO DWPF, TABLE 4-9 OF SAR

TABLE B-9

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 1.40E-07 4.20E-08 2.3 1.21E-21
Uranium-238 9.10E-06 5.40E-05 2.3 1.01E-16
Plutonium-238 1.30E+00 1.84E-07 2.3 4.93E-14
Plutonium-239 1.10E-02 4.40E-10 2.2 9.65E-19
Plutonium-240 7.60E-03 4.95E-06 2.2 7.42E-15
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 9.50E-03 3.77E-10 2.4 7.71E-19
Curium-244 9.40E-02 1.35E-04 2.8 3.19E-12
TOTALDPA = 3.24E-12



TABLE B-10

FRESH CANYON WASTE - F AREA, TABLE 4-10 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 7.20E-08 4.20E-08 2.3 6.24E-22
Uranium-238 3.50E-06 5.40E-05 2.3 3.90E-17
Plutonium-238 2.20E-05 1.84E-07 2.3 8.35E-19
Plutonium-239 7.60E-04 4.40E-10 2.2 6.60E-20
Plutonium-240 0.00E+00 4 .95E-06 2.2 0.00E+00
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 3.80E-03 3.77E-10 2.4 3.08E-19
Curium-244 7.60E-03 1.35E-04 2.8 2.58E-13
TOTAL DPA = 2.58E-13

TABLE B-11
FRESH CANYON WASTE - H AREA, TABLE 4-10 OF SAR

Activity % Spontaneous Number Displacement

Radionuclide Ci/gal Fission Neutrons Damage, DPA
Uranium-235 2.60E-08 4.20E-08 2.3 2.25E-22
Uranium-238 1.80E-08 5.40E-05 2.3 2.01E-19
Plutonium-238 3.30E-01 1.84E-07 2.3 1.25E-14
Plutonium-239 7.60E-04 4.40E-10 2.2 6.60E-20
Plutonium-240 0.00E+00 4.95E-06 2.2 0.00E+00
Plutonium-242* 6.00E-08 5.50E-04 2.2 6.51E-18
Americium-241 1.10E-03 3.77€-10 2.4 8.93E-20
Curium-244 1.90E-06 1.35E-04 2.8 6.44E-17
TOTAL DPA = 1.25E-14



FILMED







