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DOSE RATE CALCULATIONS FOR STRONTIUM FLUORIDE CAPSULES AND
CESIUM CHLORIDE CAPSULES AND FOR SUCH CAPSULES AS OVERPACKED FOR DISPOSAL

1.0 INTRODUCTION

Dose Rates were estimated for both single and multiple capsule grouping
of strontium fluoride capsules and also for cesium chloride capsules. This
work was done to support TWRS program evaluations of planning options for
capsule disposal, if they are eventually declared waste.

Dose rates were calculated at 1 cm and 1 m away from the outer surface
of a single strontium fluoride (SrF,) capsule unit, which is composed of two
encapsulation barriers, each fully weld-sealed, on inside the other. Dose
rates were also similarly calculated related to the outside surface of a thin-
walled tube-in-tube overpack configuration with a set of 8 strontium fluoride
capsules positioned end-to-end within a holder tube concentrically Tocated
along the axial centerline. This work is an extension of the cesium chloride
dose rate calculations identified in Reference 1. Because the outer dimension
of the overpack has changed since the reference {cesium chloride)
calculations, an additional table is included in this report updating the dose
rate values for 8 cesium chloride capsules in an overpack.

2.0 SUMMARY

Table 1 Tlists the dose rates calculated for a single strontium fluoride
capsule with a salt (SrF,) density of 2.9 g/cc. Table 2 Tists the
corresponding single capsule dose rates for a salt density of 3.8 g/cc. For
overpacked capsules, Table 3 lists the dose rates calculated for 8 strontium
fluoride capsules placed inside the proposed overpack with a salt (SrF,)
density of 2.9 g/cc. Table 4 lists the corresponding overpacked cagsuﬁe dose
rates for a salt density of 3.8 g/cc. Because the decay chain for Sy s
dominated by beta radiation emissions, the dose rates are more than a factor
of ten Tower than the dose rates reported in Reference 1 for the decay of
¥7cs, which is dominated by gamma radiation emissions.

Table 5 1ists the updated dose rates for 8 cesium chloride capsules
inside an overpack with a salt (CsC1) density of 2.6 g/cc, and Table 6 lists
the calculated dose rates for this same configuration for a salt density of
3.8 g/cc. These updated cesium chloride dose rates are similar to those
reported in Reference 1, but reflect the modified overpack diameter.



20+9L° | L0+28"9 20+34°2 2043171 20+9%°¢ 20+9%7 L 08'¢ 60L°0 2L'o wl
#0+98° 1 $0+9¢°2 #0+96°¢ 0+32° Y0+99°¢ %0+9G"7 | 08¢ 60170 AN w3
2049571 L0+3¢79 2049572 20+30° L 20+°1°¢ 20+9g" L 08°¢ 9eL70 9170 wy
04371 20+38°9 704372 0+31° 1 #0+39°¢ Y0+3Y° | 08°¢ 9¢L°0 9¢L°0 ws|
(1IN 697 65) [T (12 £9°¢9) (1 62°92) (13X 18708) (10X 6£7¢€) .
(run) (uL) uo131es0]
ajnsdea/xen ansdes/BAy 3)nsdes/xey a)nsdes/BAy 3 nsdes/xel a1nsdes/BAy (29/B) o 101 350g
A3tsuag | synsdey | aynsden
0£02/1£/2} oLoz/1g/21L 0002/1€/21 J33In0 Jauug
(4y/wad) sa1ey 9soq ajnsdey
*35/B g°¢ 40 A1lsusp B y3iLm ansded %4ug a[buls e 4oy sajey 9sog -z 3[qel
20+38° L L0+3¢° L 20+96°2 2043271 20+99°¢ 20+35°1L 06°2 9510 9€L°0 wy
Y0+236° L £0+98° 2 04907 ¢ 0+3¢° L H0+96°¢ 0+39°L 06'¢ 9s1°0 9¢1°0 way
204267 L 10+38° L 20+30°¢ 20+3¢° 1 20+26°¢ 2043971 06°2 60170 2L'0 wy
#0+20°2 £0+23¢°8 #0+92°¢ H0+3¢° 1 20+31°Yy Y0+L% L 06°2 60170 210 wy
CLOX §%°6¢8) (L) €791) (1) £€9759) (134 62°92) (10X 18708) (1OX 6£7¢€) .
ut) Cup) uo|3e00]
3)nsdea/xeN ajnsdea/BAay | ajnsdessxeq | sinsdes/Bay | ansdea/xew | a)nsdes/Bay (2976) P10 N 3500
Allsuag ansde) a)nsdeg
og02/1€/2L 0102/1£/21 0002/1£/21 43100 Jsuu]
(dy/was) sajey asogq 3nsde)

*39/B §°2 40 A3Lsusp e yiitm a|nsded %qug a|buls e uoy sajey asoq T Ilqel

0 AJY  06/-IL-WM-GS-JHM




20+9L°1 L0+36°9 20+3L°2 2042171 20+3Y°¢ 20+3%°L 08°¢ 60L°0 eio wy
20+32°L 20+20°¢ £0+92°1 20+28° % £0+9671 20+21°9 08°¢ 601°0 2Leo w)
20+39° L L0+25"9 20+357¢ 20+30°L 20+92°¢ 20+9¢° 1 08'€ 9€L°0 9s1°0 w
20+98°9 20+28°¢ £0+317 1 204367 £0+3%° | 2049178 08°¢ 9¢l°0 9¢1°0 wa|
(193 Gprepy [~ 1o 791> 1 Trd g9769) <t 62°92) | (Lo LeoR) (1N ecee) Cuny uty | vorsesot
a1nsdes/xey a|nsdea/BAy a)nsdea/xey 3insdea/bAy ajnsdea/xep ajnsdes/bAy (59/6) v_u.:..u xo._m_._. 3500
Aytsuaqg ansden 2)nsdey
0g02/18/21 oioz/Lg/et 0002/18/24 Jaang Jauul
(Jy/waa) sajey asog a)nsdey

*22/6 g ¢ 40 K3LSusp e YiLM v_uma.»w>o ue utL ww_.zmnmu Nu_Lm g 403} sajey @soqQ ‘¢ 9qel
20+98" | Lo+9€7 L 20+98°2 2049271 20+99°¢ 2042671 06°2 95170 9¢L°0 w |
20+99°, 20+91°¢ £0+92°| 20+3L°s €0+29° | 20+95°9 06°2 9¢1°0 9170 =]
204967 L 10+98° L 20+30°¢ 20+9E° L 20+98°¢ 204997 | 0672 601°0 2o i’
204318 20+9y°¢ £0+9g" | 20+3%°¢ €0+3L° L 2049679 0672 601°0 2L'o wa|
TTo¥ 776y |~ TId £791) 1 (I3 g97een | (TN G2 o2 | (1o 1g70m) |~ CIOY 5768 Cun) (ut) | uorsesen
ainsdea/xen ainsdea/Bay 3)nsdes/xey a1nsdes/Bay 31nsdea/xen 2insdea/Bay (29/B) o FIL 2500

AyLsuaq a|nsde) ansde)
0g02/18/21 oloz/Lg/elL 0002/1¢/21 421n0 Jauug
(Jy/waJ) seiey esog ajnsden
*20/6 6°2 j0 A3LSusp ® Y3Lm v_umaxw>o ue utL mw_.zmamu mu_Lm g 40J) so9ley 9s0Q "¢ °lge]

0 A3d  06L-I1-WM-QS-JHM




£0+99°9 £0+36° Y 70+2L°1 £0+92°2 Y0+9¢° L £0+92°6 (1183 9¢1°0 9¢L°0 wy
y0+36°¢2 Y0+3L°2 70+89° % yo+ey° g 9043475 ¥0+327 Y 08¢ 9gL°0 95L70 wo|
£0+20°2 £0+31°g y0+31°1 £0+2L°8 H0+997 | ¥0+30° L 08'¢ 61170 £0L°0 )
$0+30°¢ 0+32°¢ Y0+38"Y 70+35°¢ $0+90°9 0+99° % 08°¢ 6LL"0 £01°0 woy
£0+31°L £0+32°§ #0+3L°L £0+32°8 H0+3%"| $0+30" L 08°¢ 60170 $60°0 W
Y0+31°¢ Y0+3¢°2 10+36° % 0+99°¢ ¥0+31°9 $0+35" % 08°¢ 60L°0 56070 ws|
(X B27€2) | (10X 9§°Z1) | (10X 997J€) | (VX J2772) | CroX 8e7i%) | (13X 6 9s) Cun) Cuty | uoiyesot
2jnsdes/xen a)nsdes/Bay a1nsdea/xey 31nsdes/Bay ainsdea/xen ajnsdea/BAy (29/5) V_u.:._u v_u..f wmon
Ajtsuaq ansdey ainsde)
ogoz/1e/2L oLoz/L€/2L oooz/1e/2L J21ng Jauu]
(Jy/ud) saiey asoq ajnsde)

*22/6 g8'¢ JO K}LSusp e Yiim yoeduaag ue uL sainsde)y [)S) 8 404 $3leY 8SO0Q "9 d|qel
£0+99°2 £0+99°g 0+32° | £0+96°8 #0+35° | %0+9171 092 9gL°0 9gL70 w
Y0+9£°¢ 70+2%°2 0+32°4 90+36°¢ $0+39°9 #0+967 % 092 9€1L°0 9¢L70 wo
£0+30°8 £0+26° 5 Y0+3¢° | £0+9¢°6 70+397 1L Y0+32° L 09°¢ 6LLT0 €0L°0 w
%0+35°¢ 70+39°¢ 9043576 y0+317Y 70+80° 4 043178 09°¢ 6LL70 <0170 =1
£0+31°8 £0+20°9 0+3¢°1 £0+96°6 Y0+39° 1 #0+32° 1 09°¢ 60L°0 S60°0 w
90+39°¢ ¥0+39°¢ $0+39° 5 90+92° % y0+21°4 Y0+32°§ 09°2 60L°0 S60°0 w3|
(raF 8reey | (T3 ey | 5977 (oY Z7eza) | (I 872y | (I3 7679 un) Cuty | uoizesot
ajnsdes/xen a)nsdea/Bay | oinsdeosxeq | ajnsdeas/Bay | ainsdea/xew | ajnsdes/Bay (29/6) M oyl 3500

A3lsuag ajnsde) ajnsdey
oso0z/Le/eL oLoz/1e/21L 0002/1€/21 13100 Jauug
(Jy/uwed) saiey 3sog dynsde)
*33/6 97 4o K1L1susp e y3Lm yoedusag ue uL sa|nsde) |JS) 8 40} saley Isog ‘G d|qel

0 A3 06L-I11-WM-QS-JHM




WHC-SD-WM-TI-790 REV 0

3.0 MODEL FOR A SINGLE STRONTIUM FLUORIDE CAPSULE

Per discussions with E. H. Randklev, two different strontium fluoride
densities were used in the calculations. A density of 2.9 g/cc (2.02 g/cc
strontium, 0.88 g/cc fluoride) was used to represent a smeared density as
referenced in the BUSS cask Safety Analysis Report for Packaging (SARP). The
2.9 g/cc is 70 % of theoretical density. A density of 3.8 g/cc (2.65 g/cc
strontium, 1.15 g/cc fluoride) was used to represent the actual expected
density as provided by reference information from E. H. Randklev. Dose rates
were calculated at both 1 cm and 1 m away from the outer surface of the outer
capsule envelope of the doubly encapsulated salt column. Appendix A includes
the ISOSHIELD input files used for this case.

Tables 1 and 2 list the dose rates calculated for a single strontium
fluoride capsule for two different salt density values. The Hanford strontium
fluoride capsules consist of two metallic encapsulation envelopes, one inside
the other and fully sealed by welding, both made of metal alloy tubing that is
end capped. The single strontium fluoride salt column was modeled as a
cylinder 18.92 in. (48.06 cm) long with a radius of 1.005 in. (2.5527 cm) or
0.989 in. (2.51206 cm) depending on the capsule wall thickness. Surrounding
the salt column is an inner capsule of Hastelloy C-276 (nickel base alloy).
Two cases of inner capsule wall thicknesses were modeled; namely a minimum
thickness of 0.12 in. (0.3048 cm) and a maximum thickness of 0.136 in.
(0.34544 cm) Surrounding the inner capsule is an outer capsule made of 316
stainless steel. The three generations of wall thickness for the outer
capsule were modeled only as the minimum thickness of 0.109 in. (0.27686 cm)
and a maximum thickness of 0.136 in. (0.34544 cm), for this analysis.

The Hastelloy C-276 was modeled as 6.6639 g/cc nickel, 0.4443 g/cc iron,
1.4216 g/cc chrome and 0.3554 g/cc tungsten for a total density of 8.885 g/cc
(0.321 1bs/cc) The 316 stainless steel alloy for the outer barrier of the
Hanford SrF, capsules was modeled as having a composition of 1.106 g/cc
nickel, 5.332 g/cc iron and 1.422 g/cc chrome and a density of 7.90 g/cc.

4.0 MODEL FOR 8 STRONTIUM FLUORIDE CAPSULES IN AN OVERPACK

Figure 1 provides a general illustration (Randkiev) of the capsule
loaded overpack design concept that was used in these analyses. Tables 3 and
4 1ist the dose rates calculated for 8 strontium fluoride capsules placed end-
to-end in a thin-walled stainless steel tube-type overpack design. For this
configuration, the salt column of strontium fluoride is modeled as a cylinder
with a radius of 1.005 in. (2.5527 cm) or 0.989 in. (2.51206 cm) depending on
the capsule wall thickness. Surrounding the salt column is an inner capsule
of Hastelloy C-276 (Nickel base alloy) with a minimum thickness of 0.12 in.
(0.3048 cm) and a maximum thickness of 0.136 in. (0.34544 cm) Surrounding the
inner capsule is an outer stainless steel capsule, which was modeled as a
minimum thickness of 0.109 in. (0.27686 cm) and a maximum thickness of 0.136
in. (0.34544 cm), from the set of three generations of tubing design.
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Figure 1.
,.\ Configuration for tube-in-tube overpack concept.
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Surrounding the string of eight capsules, positioned end-to-end, is a
3.0 in. 0D, 0.25 in. thick stainless steel tube that is positioned down the
axial centerline of this overpack. This tube is then surrounded by the outer
shell of the overpack, which consists of a 24 in. 0D, 3/8 in. thick stainless
steel tube, which is closed with weld-sealed caps at both ends (Randklev
1996b) .

Because the ISOSHIELD code can only model at most 5 "shields" (i.e.
radiation shielding barriers), the above geometry was modeled with the
following 5 choices for the "shields". Shield 1 is the source region (i.e.
salt column) with a minimum radius of 0.989 in. (2.51206 c¢m) and a maximum
radius of 1.005 in. (2.5527 cm). Shield 2 is the Hastelloy C-276 (inner
capsule barrier) with a minimum wall-thickness of 0.12 in. (0.3048 cm) and a
maximum wall-thickness of 0.136 in. (0.34554 cm) (i.e., per the two
generations of capsule tubing design). The dimensions for the capsule wall
thickness options were taken from the Washburn (1989) reference, and were also
used in performing the dose rate calculations reported in the Schwarz (1995)
reference. Shield 3 is modeled as as the dimensional combination of the
respective wall thicknesses of two 316 stainless steel components of the
overpacked capsule configuration. Shield 3 combines the outer capsule wall
and the 0.25 in. thick (capsule) holder tube of the thin-walled overpack
design concept (Figure 1). Shield 3 has a minimum thickness of 0.359
in.(0.109 in. + 0.25 in.) (0.91186 cm) and a maximum thickness of 0.386 in.
(0.136 in. + 0.25 in.) (0.98044 cm), where the 0.109in. and 0.136 in. values
represent the first and third generations of outer capsule tubing design,
respectively, for the three generations used in such Hanford capsule
production. Shield 4 is an air gap with a minimum thickness of 10.114 in.
(25.68956 cm) and a maximum thickness of 10.141 in. (25.75814 cm). Shield 5
is a 316 stainless steel shield (i.e. outer wall of the overpack) with a
thickness of 0.375 in. (0.9525 cm).

The "shield" material compositions are the same as those assumed for the
single capsule case as discussed in Section 3.0. Dose rates were calculated
at 1 cm and 1 m away from exterior surface of the outer barrier of the
overpack. The ISOSHIELD input file for this case is listed in Appendix B.

5.0 MODEL FOR 8 CESIUM CHLORIDE CAPSULES IN AN OVERPACK

Tables 5 and 6 1ist the dose rates calculated for 8 cesium chloride
capsules placed in the proposed overpack. Again, refer to Figure 1 (
Randklev) for a general illustration of this design concept. For this
configuration, the cesium chloride salt column is modeled as a cylinder with a
nominal radius of 1.03 in. (2.6162 cm), 1.022 in. (2.59588 cm) or 0.9915 in.
(2.51841 cm) depending on the respective wall thickness of the three
generations of stainless steel tubing used during the production history
(Washburn, 1989). Surrounding the salt column (radiation source) region is an
inner and an outer set of 316 stainless steel tubes with each tube capped and
fully sealed by welding. The capsules are encased in a 3.0 in. 0D, 0.25 in.
thick steel tube. This tube is then surrounded by the outer shell Tlayer of
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the overpack which is stainless steel tubing that is 24 in. OD, and 3/8 in
thick.

Because the ISOSHIELD code can only model up to 5 “shields" (i.e.
radiation shielding barriers), the above geometry was modeled with the
following 4 choices for the "shields". Shield 1 is the source region (i.e.
salt column) with a radius of 1.03 in. (2.6162 cm), 1.022 in. (2.59588 cm) or
0.9915 in. (2.51841 cm). Shield 2 is composed of three stainless steel
components of the overpacked capsules, as viewed in a radial cross-section;
namely, the inner and outer capsule barrier tubing walls plus the thickness of
the capsule holder tube component of the overpack design. . Hence Shield 2 is
a steel multi-layered shield with a combined thickness of 0.454 in. (0.095 in.
+ 0.109 in. + 0.25 in.) (1.15316 cm), 0.472 in. (0.103 in. + 0.119 in. + 0.25
in.) (1.19888 cm) or 0.522 in. (0.136 in. + 0.136 in. + 0.25 in.) (1.32588
cm). Shield 3 is an air gap with a thickness of 10.141 in. (25.75814 cm),
10.131 in. (25.73274 cm), or 10.1115 in. (25.68321 cm), which correspond to
such gap dimensioning when adjusted, respectively, for the three generations
of capsule tubing wall design. Shield 4 is the wall thickness for the outer
shell of the stainless steel overpack design, and is nominally 0.375 in.
(0.9525 cm) thick.

The cesium chloride radiation source was also modeled for two density
levels (i.e. 3.8 g/cc and 2.6 g/cc) to approximate the nominal smear density,
including the range above and below a solid state CsCl phase transformation,
which is also modified by selected impurities. Both of the encapsulation
tubes of the cesium chloride capsule design are made of 316 stainless steel.
Dose rates were calculated at 1 cm and 1 m away from the outside of the
overpack. The ISOSHIELD input files (i.e. 1 file for each of the two density
assumptions) for these cases are listed in Appendix C.

6.0 SOURCE DESCRIPTION

The capsule radioisotope inventory sources for the dose rate analyses
results in Tables 1 through 3 were obtained from Randklev (1996b) for decay
times of 12/31/2000, 12/31/2010 and 12/31/2030. Dose rates were calculated at
each decay time for both the average and maximum estimates of capsule
inventory (Kilocuries) and for the maximum and minimum capsule wall
thicknesses.

7.0 CALCULATION

A11 calculations were done using the ISOSHIELD computer code (Reference
3), the "buildup factor" (i.e. factor to account for collisions within the
shields) primary shielding material was specified for the last (steel) shield
Tayer radially outward from the center of the capsule, across the radial cross
section, for the two general analysis cases (i.e. both single capsule and
overpacked capsule). The ANSI/ANS(1991) fluence to dose conversion factors
were used in calculating the dose rates with the assumption that the radiation

10
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is entering the body assuming an anterior-posterior orientation (i.e. front to
back}).
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Appendix A. ISOSHIELD Input File for 1 Strontium Fluoride Capsule.

o 2 Dose Rate SRF2 with a density of 2.9 g/cc

One capsule, MIN DEN, MIN STEEL, AVG SRC, 2000

&lnput Next= 1, Option= 1, Dunit=1, lconc=0,
lgeom= 7, Sith= 48.06, Y=24.03,
Npsi =100, Ntheta= 100, Delr= 0.1, X{1) = 4,33375, 103.33375,
Nshid = 4, Jbut= 4, T{1}=2.5527, T{2)=0.3048, T(3)=0.12939,

Ti4) =0.276886,
Weight(82) =33390, Weight{84) =33380 &
Sr 18 2.02
F 24 o.88
Ni 10 6.6639 1.106
Fe 9 0.4443 5.372
Cr 34 1.4216 1.422
w13 0.3554
1 Air 3 0.00128

One Capsule MIN DEN, MAX STEEL, AVG SRC, 2000
&lnput Next= 4, T(1)=2.51206, T(2)=0.34544, T(3)=0.13081, T{4)=0.34644 &
One Capsute MAX DEN, MAX STEEL, AVG SRC, 2000
&lnput Next= 1 &
Sr 18 2.66

F 24 1185
Ni 10 6.6639 1.106
Fe 9 0.4443 5.372
Cr 34 1.4216 1.422
w13 0.3554

1 Air 3 0.00129

One Capsule MAX DEN, MIN STEEL, AVG SRC, 2000

&lnput Next= 4, T(1)=2.5627, T(2)=0.3048, T{3)=0.19939, Ti4)=0.27686 &
END OF RUN

&lnput Next= 6 &
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Appendix B. ISOSHIELD Input File for 8 Strontium Fluoride Capsules.

o 2 Dose Rate SRF2 with a density of 2.9 g/cc
Eight Capsules MAX DEN, MIN STEEL, AVG SRC, 2000
&lnput Next= 1, Option= 1, Dunit=1, lconc=0,
igeom= 7, Sith= 457.2, Y=228.6,
Npsi=100, Ntheta= 100, Deir= 0.1, X{1}= 31.48, 130.48,
Nshid = 6, Jbuf= 6, T{1)=2.5527, T(2)=0.3048,
T{3)=0.91186, T{4}=26.76814, T(5) =0.9526,
Weight{82) = 267120, Weight{84)=267120 &

Sr 18 2.65
F 24 115
Ni 10 6.6639 1.108 1.106
Fe 9 0.4443 6.372 5.372
Cr 34 14216 1.422 1.422
w13 0.3654

1Air 3 0.00129

Eight Capsules MAX DEN, MAX STEEL, AVG SRC, 2000

&lnput Next= 4, T(1)=2.51206, T(2) =0.34544,T{3) =0.98044,
Ti4) = 25.68956, T(5)=0.9525 &

Eight Capsules MIN DEN, MAX STEEL, AVG SRC, 2000

&lnput Next= 1 &

Sr 18 2.02
F 24 o088
Ni 10 6.6639 1.106 1.106
Fe 9 0.4443 5.372 5.372
Cr 34 142186 1.422 1.422
w13 0.3554

1Air 3 0.00129

Eight Capsules MIN DEN, MIN STEEL, AVG SRC, 2000

&lnput Next=4, T(1)=2.5527, T(2)=0.3048, T3)=0.91186,
T(4) =26.75814, T(5)=0.9525 &

END OF RUN

&lnput Next= 6 &
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Appendix C. [ISOSHIELD Input Files for 8 Cesium Chloride Capsules.

0 2 Dose Rate CsCl with a density of 3.8 g/cc

Eight Capsules, 0.618 thick, AVG SRC, 2000

&lnput Next= 1, Option= 1, Dunit=1, lconc=0,
igeom= 7, Sith= 457.2, Y=228.6,
Npsi= 100, Ntheta= 100, Delr= 0.1, X{1)= 31.48, 130.48,
Nshid = 4, Jbuf= 4, T(1)=2.6162, T{2)=1.15316,
T(3)=25.75814, T{4)=0.9525,
Weight{335) = 2795620, Weight(336)=279520 &

Cs 39 3.00

Cl 30 0.80

Ni 10 1.106 1.106
Fe 9 5.372 6.372
Cr 34 1.422 1.422
1 AIr 3 0.00128

Eight Capsules, 0.664 thick, AVG SRC, 2000

&lnput Next= 4, T{1)=2.59588, T{2)=1.19888,T(3}=25.73274,
Ti4)=09525 &

Eight Capsules, 0.635 thick, AVG SRC, 2000

&Input Next= 4, T(1)=2.61841, T{2)=1.32588,T(3)=25.68321,
T{4)=0.9525 &

END OF RUN

&Mnput Next= 6 &

] 2 Dose Rate CsCl with a density of 2.6 g/cc

Eight Capsules, 0.518 thick, AVG SRC, 2000

&lnput Next= 1, Option= 1, Dunit=1, lconc=0,
lgeom= 7, Slth= 457.2, Y=228.6,
Npsi=100, Ntheta= 100, Delr= 0.1, X{1) = 31.48, 130.48,
Nshid = 4, Jbuf= 4, T(1)=2.6162, T(2)=1.15316,
T(3)=25.75814, T{4) =0.9525,
Weight(335) = 279520, Weight(336) =279520 &

Cs 39 2.05

Cl 30 055

Ni 10 1.106 1.106

Fe 9 5.372 5.372

Cr 34 1.422 1.422
1Ar 3 0.00129

Eight Capsules, 0.564 thick, AVG SRC, 2000

&lnput Next= 4, T(1)=259588, T(2)=1.19888,T(3)=26.73274,
T{4)=0.9525 &

Eight Capsules, 0.635 thick, AVG SRC, 2000

&lnput Next= 4, T{1)=2.51841, T(2)=1.32588,T(3} = 25.68321,
T(4)=0.9525 &

END OF RUN

&lnput Next= 6 &
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Appendix D.--Copy of Randklev (1996) reference--Informal Memorandum
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1
DON'T SAY IT --- Write It! DATE: Sept. 20, 1996
TO: Randy Schwarz/WHC HO-35 FROM: Ed Randklev/WHC H5-27
Eldon Cramer/WHC HO-34 Tolaphons: 376-1456
cc: Victor Roetman HO-35
EHR file

SUBJECT: Watts/Capsule and Kilocuries/Capsule for Cesium Chloride Capsules

and Strontium Fluoride Capsules Estimated Per a Set of Decay Dates
and Instructions on Which Dates to Use in Your Analyses

Randy Schwarz: Radiation Analysis Work -— (Cagj of ywsh A Y‘)"*““*\ £ DT

1.

Cesium Chloride Capsule Analyses:
a.

Please note that I am now interested in an earlier start date (per new
info. on disposal processing scenarios) than the 2010 date I noted in my
letter of 8/30/96. Namely, 2000 is now the earliest start date of
interest for moving and processing such capsules per some of the scenario
options. Please let me know if I am wrong, but I do NOT think this
matters for the MCNP decay energy deposition profile problem you are
analyzing (i.e., what you get for an answer per a 2010 decay date will be
the same). See Attachment I for the CsCl1 capsule values for several
decay dates.

.1 am now interested in knowing what the estimated dose rates will be for

a single capsule and an overpack filled with 8 capsules (i.e., like what
was done in FY-95 for me for the decay years of 2010 and 2035). Again,
correct me if I am wrong, but I am assuming that I can suitably estimate
the dose rate values I need for the 2000 decay date, and 2030, by just
proportionally adjusting the FY-95 values relative to the kCi/capsule
values { j.e., we do not need to formally run this case in the code).
Please let me know your recommendation.

. At present I do not think you have need for the decay values for 2035

that I put in my letter of 8/30/96. This situation will only be relevant
to the thermal analysis work that Eldon Cramer will be doing.

.1 am still somewhat concerned about the salt density value that you use

in your analyses. [ can see where the “smeared" density value used in
the past shielding calculations (per ref. to SARP work on BUSS cask) will
yield conservative dose rate values. However, for MCNP and the energy
deposition profile, given our primary concern about salt:metal interface
temperatures, 1 am concerned about any use of such a "smeared" density
value in MCNP. To what extent is MCNP even sensitive to the density
value used for the salt?

ACTION/Randy: Get back to me on this one.

2. Strontijum Fluoride Capsule Analyses:

a.

Please do the dose rate determinations for the decay years of 2000, 2010
and 2030 for a single capsule (max. and ave. inventories) and an
overpacked set of 8 capsules (max. and ave. inventories).

A-3000-723 (01/95) GEF014 E"l
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW

NUMBER : WHC-SD-TI-790 Rev 0

DOCUMENT REVIEWED

Dose Rate Calculations for Strontium Fluoride Capsules and_Cesium Chloride Capsuies
and for such Capsules as Overpacked for Disposal

AUTHOR(s)Randolph Schwarz

I. Method(s) of Review

( X ) Input data checked for accuracy
( X ) Independent calculation performed
( ) Hand calculation
( X ) Alternate computer code: MCNP
() Comparison to experiment or previous results
} Alternate method (define)
II. Checklist (either check or enter NA if not applied)

( X) Task completely defined

( X ) Activity consistent with task specification

{ X ) Necessary assumptions explicitly stated and supported

{( X ) Resources properly identified and referenced

( X) Resource documentation appropriate for this application

( X ) Input data explicitly stated

( X) Input data verified to be consistent with original source

( X ) Geometric model adequate representation of actual geometry

( X ) Material properties appropriate and reasonable

(NA ) Mathematical derivations checked including dimensional consistency

(NA ) Hand calculations checked for errors

( X ) Assumptions explicitly stated and justified

( X ) Computer software appropriate for task and used within range of
validity

(NA ) Use of resource outside range of established validity is justified

( X ) Software runstreams correct and consistent with results

( X )} Software output consistent with input

(NA )} Results consistent with applicable previous experimental or
analytical findings

( X ) Results and conclusions address all points and are consistent with
task requirements and/or established limits or criteria

( X ) Conclusions consistent with analytical results and established
Timits

(NA ) Uncertainty assesment appropriate and reasonable

( ) Other (define)

IIT1. Comments:

V. REVIEWER:Victor Roetman VeelsEotAm  pare. Wigla4
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