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United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced directly from the best available copy.
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Review oFN_/IP-NCS-930087, "Nuclear Criticality Safety Evaluation 93-04
Enriched UraniumReceipt (_), July 30, 1993," was requested of SRTC Applied Physics
Group. The NCSE is a criticality assessment to determine the mass limit for Engineered
Low Level Trench (ELLT) waste ura_um burial. The intent is to bury uranium in pits
that would be separated by a speci_,ed amount of undisturbedsoil.

The NCSE under review concludes that a 500 gram limit per burial position is acceptable
to ensure the burial site remains in a critically safe configuration for all normal and single
credible abnormal conditions. The ability to make this conclusion is highly dependent on a
double verification of mass content per package as well as a double verification that the
intended burial position has not been previously filled. Furthermore, the evaluation shows
that the specified 3 feet of soil separating the surface of each buried package could suffer
about a 2 foot reduction in spacing (leaving about 1 foot to 13" of separation) and remain
in a critically safe configuration. Also addressed was the inclusion of small relative
fractions ofPu-239, Pu-241 and Am-242m with the uranium mass. The rules of fractions
from ANSI/ANS 8.15 were conservatively applied to account for these actinides. /t
should be emphasized that these results rely heavily on administrative controls and on
burial of uranium with small fractions of Pu-239, Pu-241 and Am-242m isotopes only.
After a thorough review of the NCSE and independent calculations, this reviewer agrees
with that conclusion.

SCOPE OF TECHNICALREVIEW ]

s technical review consisted of:
an independent check of the methods and models employed,
independent HRXN/KENO-V.a calculations of alternate configurations,
application of ANSFANS 8.1,
verification of WSRC Nuclear Criticality Safety Manual(1) procedures.

[ DOCU_._VrATmN

Issuance of this memorandum transmits this technical review as critical data.

f METHODAND MODEL REVIEW ]

Method:

Cross-Sections

The 16-Group Hansen-Roach cross-section data libraries were employed. The Hansen-
Roach Library is an extensively employed database for criticality safety analysis.
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Computer Codes

Cross-section preparation and processing was performed with the Joshua 70 version of
HRXN(2) • This is a validated code developed at SRS.

The system keff is predicted with KENO-IV, an SRS validated criticality calculational
code developed at Oak Ridge National Laboratory as part of the SCALE(3) package and
included in the Joshua 70 system at SRS. This code is widely used throughout the
industry.

Model:

The materials used in the HRXN calculations are given in Attachment 1. The KENO-IV
model is given in the NCSE, attached.

Status: model was checked and verified

[ EVALUATION ',]

Data to perform this evaluation were derived from the NCSE under review, from a
previous technical review by this reviewer(4), and from private communications with the
author. One important compromise resulting from these conversations was the agreement
to apply a mass penalty on the calculated result from the basic uniform uranium KENO
model. Because a mass limit is being set for uncontrolled moderation and reflection
configurations, special care must be taken in setting this limit. Based on reference 5
(Clark), the direct result from uniform fissile mass unit modeling will over-estimate the
mass limit, i. e., the minimum mass will result from non-uniform fissile distribution.
According to that study, the result predicted by a uniform uranium model needs to be
reduced by about 6% to yield a more accurate minimum mass (for Pu-239 and U-233
these reductions would be 4% and 5%, respectively). The 6% penalty was applied in this
evaluation.

_,3_,3 NCSE CONTENT EVALUATION _e_c._

Bias Applied, Subcritical Margin and K-Safe:

Bias: The bias applied is 0.011 and reflects the bias for an H/U ratio of 500. This ratio is
in the range of optimum moderation and is applicable for U235-water mixture systems
predicted with the HRXN/KENO criticality method(6).

Subcritical Margin: The subcritical margin applied for both normal and accident
conditions is 0.05 Ak, which is the commonly used value for criticality evaluations.
However, since this is a minimum mass determination and deals with optimally moderated
fissile units, an additional margin needs to be imposed to address fissile content non-

uniformity concerns(5). If the non-uniformity were modeled then the 0.05 Ak margin is
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appropriate. However, this is a much more rigorous modeling evaluation requiring
considerable time and effort. In lieu of adding additional margin or attempting the explicit
modeling, a 6% mass penalty was applied, as explained previously.

K-safe: The K-safe used for the NCSE is 1.000-0.01 l(bias)-0.050(margin) = 0.939.
Additional margin is built-in with the 6% mass penalty discussed.

Review of NCSE Conclusions:

The NCSE recommends a limit of 500 grams ofU-235 per burial position in a single
planar array,to ensure the burial site remains in a critically safe configuration for all
normal and single credible abnormal conditions. The ability to make this conclusion is
highly dependent on a double verification of mass content per package as well as a double
verification that the intended burialposition has not been previously filled. The evaluation
also concluded that a significant redistributionof the buffed packages could occur (3 feet
separation reduced to about 1 foot separation) before k-safe is breached, it should be
emphasized that these results rely heavily on administrative controls.

The rules of fractions from ANSI/ANS 8.15 were invoked to address the issue of small

amounts ofPu-239, Pu-241 and Am-242m mixed with the uraniumshipment.
Conservative factors were applied to arrive at uranium gram equivalents, with the sum of
all constituents being less than 500 grams, given consideration for the mass conversion
factors. After a thorough review of the NCSE and independent calculations with uranium
only, this reviewer agrees with that conclusion. Details of this conclusion are given below.

Normal co.nditions:

Under normal conditions, 500 grams of U-235 will be buried per position. Separation of
buried packages is specified as 3 feet of soil between package surfaces, which qualified the
units as being isolated. The fissile unit is modeled as a 535 gm (recall that a 6% penalty is
applied for a net 500 grn limit) U-235 sphere @ 52 g/l, with a HAJ ratio of 500. This set
of values yields the most reactive configuration. Application of ANSI/ANS 8.1 endorses
this conclusion, stating that the limit for isolated units is 700 grams (the greater mass limit
is attributable to less subcritical margin). The NCSE quotes the maximumk-eft for this
configuration, with consideration for optimum moderation and a wide variety of possible
water/soil combinations as reflectors, is 0.930, which is below k-safe.

In-transit units are included in the evaluation by basis that the model employed is reflected
on all 6 faces. Many in-transit units could be within 13" of the buried units and each other
without exceeding k-safe.

Accident conditions;

Double batching was not evaluated. The NCSE quotes that two, independent mass checks
will be instituted to preclude a double batehing accident due to a single control failure.
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Burial of two packages in the same position was also not evaluated. The NCSE quotes
that the double contingency principle will be instituted to preclude an accident due to a
single control failure.

Mass redistribution was addressed. The NCSE used the most optimum moderating
water/soil mixture to evaluate the proximity limitation for the buried packages. The
conclusion reached was that a 13 inch separation was sufficient for the configuration to
remain below k-safe. It would require a serious flooding or explosion accident to cause
that sort of uncontrolled package redistribution. Presumably, these situations are
precluded in the ELLT.

_e._g) INDEPENDENT KENO-V.a CALCULATIONS esosc_

Modeling and Spacing Sensitivity:

The normal configuration was modeled as a U-235 sphere @55g/1 and a 485 H/U ratio,
placing it in the range of the most reactive configuration. This was slightly different from
that used in the NCSE because it is based on a previous technical review(4) by this
reviewer and also provides a sensitivity check on the parameters. Both wide and narrow
separation was calculated. The first set of calculations are based on 500 grams of U-235
and is intended mainly to evaluate the effect of separation distance. Additionally, the
NCSE uses a 0.866 factor to convert from hex to square,modeling, claiming an
equiva_lency. This was also checked (It should be noted that the factor is applied to the
sum of the separation distance and the sphere diameter).

TABLE 1

Separation Sensitivity
i

KENO-V.a Predictions

(500 gm @ 55 gnU) ....
Condition: keffilo keff+3o

Square Model 0.9011-20.0060 0.9191
81.18 cm Separation

Square Model 0.9058_+0.0047 0.9199
25 cm Separation

HexModel 0.90'894z0.0050 0.923"8
32.817 cm Separation

Limiting Case:

An additional case was calculated in the attempt to reproduce the conclusion reached in
the NCSE The modeled used only a 33 cm (13 inch) separation in hex geometry, and
loaded 535 grams ofU-235 per unit @ 55g/1 This result is given in Table 2
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TABLE 2

Close Proximity, 535 Gram U-235 Case
IIII III

- KENO-V.a Prediction

(,535 _m @ 55 grrd)
Conditi0n: keff:l:la keff+3a
- Hex Model 0.92036!-0.00526 0.9361

..33 cm Separation .._ ....

Double Batching Evaluation:

A series of hex model calculations were performed to predict the effects of several double

batching levels. Spacing employed is the ELLT 3 feet specification. Normal batches
contain 53 5 grams, while the double batch contains 1070 gms of U-23 5. Results are given
in Table 3.

TABLE 3

Double Batching Evaluation
i

........ KENO-V.a Prediction

Condition Control Failure keff:l:la keff+3a
Rate

No double Batching 0% 0.9129:t0.0052 0.9285
l in 100 1% 0.9129:k0.0052 0.9285

in 36 2.8"% 0.9195:t0.0058 0.9369

1 in 12 8.3% 1.0604:_).0053 1.0763
__ ...

1 in 2 50% 1.0685i-0.006 1.0865
I,I ,I__ I,I

Conclusions from independent calculations:

1. The conversion factor for hex to square modeling is valid.
2. Buried packages can be displaced to the extent that only 13 inches of separation exist.
3. Criticalityfor a 3% or greater double hatching control failure rate exceeds k-safe.
4. A 500 gram limit is permissible based on the uniform distribution KENO model with

535 grams of U-235 at optimum moderation and reflection. This implies a 6% penalty
is imposed on the uniform model prediction. This conclusion is based on uranium
only calculations. Applying the mass conversion factors described previously, to the
Pu-239, Pu-241 and Am-242m actinides, conservatively envelopes the effect of these

separate isotopes on the system criticality.

i

L
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(SAFETY MANUAL FORMAT AND PROCEDURES"']

The WSRC Nuclear Criticality Safety Manual spells out certain requirements that are to
be included in a specifically formatted NCSE. This section reviews the compliance with
that document.

SECTION REMARKS -

1.0 Introduction: Included with appropriate contents
2.0 Description: Included with appropriate contents
3.0 Requirements Documentation Included with appropriate contents
4.0 Methodology Included with appropriate contents
5.0 Discussion of Contingencies Included with appropriate contents
6.0 Evaluation of Results Included with appropriate contents
7.0 Design Features Included with appropriate contents
(entered as Administratively

Controlled Limits and Requirements)
8.0 Summary and Conclusions Included with appropriate contents
9.0 References Included with appropriate contents

[ RZFERZNCES ]

1. WSRC Nuclear Criticality Safety Manual (U), WSRC-IM-93-13, Rev. 1, 7/1/93.

2. DPSTM-86-700-3; H. K. Clark, "JOSHUA Nuclear Criticality Safety Modules,"
March 1987.

3. NUREG/CR-0200;ORNL/NUR_G/CSD-2/R1; "SCALE, A Modular Code System for
Performing Standardized Computer Analyses for Licensing Evaluation," Oct., 1981.

4. SRT-CMA-930063, R. W. Rathbun, SRTC Criticality Safety Technical Review:
Nuclear Criticality Safety Evaluation 93-18, Uranium Solidification Facility's Waste
Handling Facility (U)," October 1, 1993.

5. H. K. Clark, "Effect of Distribution of Fissile Mass on Critical Mass," Nuclear Science
and Engineering, Vol. 24, 1966.

6. H. K. Clark, "Subcritical Limits for U-235 Systems," Nuclear Science and Engineering,
Vol. 81, 1982.
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4313 30.48 em (12") H20 0.191 4.0.003

-- No_ Ailsphsmstnt_o I lmve • 13.$ musplxmmdtm.
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Ilddmt oftgmtor tn moi3,

0.141
0.N

_ 0.I_I I ---e--- l¢,,llf
O.IM. . ......

0.8

0.I0

O.IMI- , , * *
0 20 4O _ II0 tO0

win,, emmne _,)

pW.I: l_ ofwtwrmmm m_ lol
_m: !,_ _e,l. _ toK_+ 30)

Table 2 _'l.he erects of8 _IUe_ moillhickaemmrrmmdlnl_ mqNmmti_the
splumm,Themplumsire qlmin13,5 au in r_iiwmwith 528/123SU coomnlratioo tad m
_ I_ ,oilmmiai.l _o.Awmw(whichWMfoendtobethe+m withtlmI/llmm
k,.drJn_10I)

A,,,bowninruble2, re,dip medSs._muionofu lowu 20cm('1'87")ismmMm'y
beforetw/_ dPwt tt mm MK.ef. This show1thatthe q_rw tm em_v_
isolmdst,my#mount_moll;hJdker#Inn20an (7.87")

Tsbls 2: _ or'soil_ on K'_

• _ ism,mmm_,ure,mm_
l i llil l

job+
,q----_-. (__--_) _ (+)

4._Lt 70.31 81.19 0.921 :t:0,003
4ran 63.22 73.0 0.92s:t:0.003

--4388 54.56 6310 O,g_-_+ O.003
4388 4S.gO 53.0 0.911 ¢ 0.0_
4388 37.24 43.0 0.918 _;O_w-_
4388 28.59 33.0 0._,0 :t:0.003

- 4_-_,_ _9._ 23,o o._ _:o.oo_
4_m8it,a--+ 11.26 13.o o.93!;t;0.003
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I_ rqsom 6J
10/12193

w_lothisNCSllimb_SU to500puuLToa_ addm_thooana_ent

ssvo_s soopun bdt _ tl_sXCa tbs_dp_tt_ fb:u_ sb_ _ _ This
ruuasins fimmel,3;3fer23glJu,?.0for341pu,md108fbr_

ADM3MIITRA'ITVl_0YCONTROLIXDLIMITSANDREQUIRIMZNT8

Ala mqutmmSefthismnl3_ the8mountef23SUiaay emunitdullbem mo_
thin500&Tin_ m thbUmitdutddfollowtin_ e(theda_
mmiquny _ witha=jJtnn _two _ uJm_at_ dmla oftbo
235U mm il s dqJo unit. In _ tho Ioeattoa of esch bul_ dtoudd bo _
w_hsutdmmd_ datto_ _

Theprmenasof 239p_ 241pu' or 242mArem,ecountedu anequ/vsJmtmnountof'
235U tujin8the I_eSioa fhmomflivea inthe lSvtlustim endRmtdts8oetioaofthie
NCSE.Ad_ controlsIretheonlywayof _that them esJadattemm
rr_ eam:dy.

SUMMARYANDCONCLUOION$

Thismdyslshu shownthatthroefeetof_ (whenmema'ededsotoedl_between
un_,)_ iJoim=Tho_ mrsO_neachotha',Themm flmaofSO08
235U in 8ny Rile unit i| ne_emsty clue to the reflection provided by the soil8ndnot _l'om
rayimrmionclueto_ uaitt

U_thenmlepHmteallaaenot"3.2for_Vl_ 7.0for l_mt 101trot
242mAre. "l'lmm Umitl &o vlfy eoluirvtlt_ in theirclem_oa. Due to timimpoled
on the spee/_ tetivity ofthe fluile matI_ thttWute Mmqem_t is allowedto btw/,
_JmeI/m_shouldnotbemmmlvetotheopmti_

1_'_8mlysblm bern_ Inmablbttqommtia_ TheZ3SUwn uamedto
be in the shspe c_8 sphereImdpnlmt tt 8nopttnudlymoderatedeonmmrllkmof 52 _

SevendeoetiuSm_m_ adepn_ eemm=udotmuioalurv*J_oborn
_u_tmd, TheruuluotthtssJysls _ats. needfbr8_ _ _ fl_e
pennitUdmsssot235Uinmnhuattto5ot_Jed.Thismuldbeiathotonnofsn
indepemtent_ oftherimsintheunitbeforebudsl.Howevw,thisrosynotbe
_eon_pau/bto,eeond_humeonu_.L5uidition,there,hou_benvocrmorn
_onu_18_mewnin8tho_ ofesehunittolmNenttheburisIofsdditie_unitouor
nw thonnuloestio_
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WSRC.NCS-934X_ Pa_ to at _z
07/30/93

SPHR40M.INPUr.KENO.SPHR40M

:SPXR DESIGNATIONFORSTUDY(NAME) ./
'1 NUMBImOF PROBLEMSIN STUDY
,1 > o TO_ INPtrr P.EcQIU)S

GENER_ INiq.rr INPUr.KENO.GNItL?NAM_.?NPROB
GEOMETRYD_ON INPUT.KENO.GEOM.TNAME.7NPROB
GENERALGEOMEIMY INIRffJK]EI_.GNGM.7NAME.TNPROB
COMBINATORIAL_Y INPUT._.CMCIM.TNAMP-?ICPROB
PIC'I'_ INPUT.K_.PC'IM.TNAI_?NPROB
BOXLOCKI1ON INIRFT.ICENO.BXLN.?NAM_TNPROB
SEAltCH_ON INPtrrJCENO.GEOM.7NAMI¢7NPROB.I000
CROSSSECTIONS Ob"rPtrr.XMEC.TNAME.7K

SPHR4OM.nqI_rr.ICENO.SPHR40M

RECORD IDENTIFICATIONS(MUSTNOT EXCEED 50 UNLESSSEQUENTIAL)
I:1

WMER4064.1NPUT.KENO,GNRL,SPHR.l

ITTTI_ FORl :WM& ER ENRICHIH)URANIUMRECEIFr I
I PROBLIB4I :JULY27. 1992 I

:60.0 MAXIMUMTIME (CPUIN MINUTES)
: 303 NUMBEROFBATCHESORGENERATIONS
: 300 " " NEUTRONSPERBATCH
: 3 " " BATCHESTO SKIP1NCOMPUTINGKEW
:0 NO LONGER USED
:0" " "

:O(_0_000000 _ NUMBERSEED(KENOCJONLY)
:0 NOLONGERUSED
: l NUMBEROFUNITSINX DIRECTION
: l " " " °Y "
:I " " "Z "
:0 PRINTOPTIONS(SEE INSTRUCTIONS)
:0 NUMBER OF BATCHES BETWEEN WRITINGF,P,START DATA
:0 " " DUMMY RANDOM NUMBER CALLS (KENOONLY)
:I>oFORPl_ >1 FORGEOMETRYCHECKONLY
:o >oTO CALCU_TE FLUX
:o>o• • FISSIONDENSITI_
:o O/I/2/3=NOIMATRIXKEFFBYARRAY/BYBOXTYPE/BOTH
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WIitC__00f7 Pase IIof 22
07/3O#)3

WMER4064.INPUT.KENO.GNi_SPI-U)..l

:0>OFOR ADJOINTRATHER THAN STAM)ARDCALCIR.ATION.-
:00/I/2-NO/SI_CULARALBEDOSIDIFERENTIALAND SPECULAR

" ALBEDOS
(MINUSFORSI_CULA_LD.FORD_3_m3_)
:-1.0000 +X FACE :-1.0000 -X FACE
:-I.0000+Y " :-I.0000 -Y "
:-!.0000 +Z " :-1.00_ -Z "

SEAROI P_
:0 0/I/2/_NO _CI_IMIDI_OI_I/NrlwoDAI)_ CONV_GENCZ

:0.00COI_I_ I_3R SLtJtCll n) SID,IK211ite_Jr.srleD
:0_ OF STDDEVIATIONSFORCONVlm_ TOTHISKEFF

• 0 NL4JflMUMrrERATIONSFOR IOR 2/(DARSE ITERATIONSFOR 3
•0 • uNr_ INX FOR 2/NUMBER COARSE BATCHESFOR 3
.0 • • • Y • 2/ " FINEITERATIONSFOR 3
'0 " " "Z'2

---------STARTINGDlSTRIBUTIO_CE SAMPLINGVOLUME-------
'.00-6 STARTTYPE(SEE INSTRUCTIONS)

:o.0000 FRACTIONSTARTED(TYPE2 ONLY)
•0 BOXTYPE (STARTTYPE4OR 50NL_
•0 NO.DATA LINES(2.4 - I, 6>,= I/EXTERNALCOMJOM- 2)

WMER4064.1NPtrr.KENO.GEOM.SPHR.1

: 0 NUMBEROF WEIGHTS
:0 NO LONGER USED

: 2 NUMBER OF GEOMETRYSPECIFICATIONS(I/2 NUMBEROFLINES)
:21 NUMBEROF MIXTURES

MIXTURE IDENTIFICATIONS
1:0 2:0 3:0 4:0 5:0
6:0 7:0 8:0 9:0 10:0
ll:0 12:0 [3:0 14:0 [5:0
16:0 17:0 18:0 19:0 20:0
21:0

WMER4064.INFt_.KENO.GEOM.SPHR.1

I :SPHERE GEOMETRY/ : 2 MIXTURE/:0WEIGHT/
:13.500: 0.000:0.000:0.000:0,000:0.000
2 :CUBOID GEOMErRYI : 7MIXTtJRW :0WEIGHT/
: 54.090:-M.094: 54.094:-54,094: 54,094:.M.094
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WbK_-N_-_J._l_l _a_ to _ zz
O?/3O/93

HRXN PROGRAM
JOB NAME: SPHR4_)64 DATA DE.qlG_ATION: SPHR

C_ ATOMDENSITIESANDCROSSSeffrlONSFOR_ FROMRANSEN-
ROACH 16-GROUP SLn'rS
----> 50 G/L U235 MIXI1JRE NO, i DENSITY = 1.04ME+O0 G/CC AT 20,0 DEG C

DENSITIES OF U AND PU COMPOUNDS ARE: 1.8663E+01
NUCLIDE ID ATOM DENSITY CONC(CdL) WT %

U235 4S 1.2811E-04 5.0000E+OI 4.782IE_O0
H 1 6.6M:0E-02 1.114 IE+02 1.06$ffE+01
O 10 3.3280E-02 &8416E.+O2 8.4563E+01

WT % U233, U234, U235, U236, U238 IN U: 0.0 0.0 100.0000 0.0 0.0

RATIO OF HYDROGEN ATOMS TO FISSIONABLE ATOMS = $.196E+02
RATIO OF HYDROGEN ATOMS TO FISSILE ATOMS = 5,196E+(}2

TOTAL CONCENTRATION OF FISSIONABLE NUCLIDES = 5.000E+01 G/L
TOTAL CONCENTRATION OF FISSILENUCLIDES - $.000E+01G/L

MACROSCOPIC PO'rEMI1AL SCATTERING CROSS SECTION = 1.48582E+00 CM**-I
FISSION SPECTRUM 100.0 % U235, 0.0 % PU239

KEEF = i.0000, AFTER 5 ITERATIONS, B**2 = 2.09041E-02 CM-2, M**2 ,,,,3.02408E+01
CM2, K = 1.6322
---> 52 G/I.,U235 MIXTURE NO. 2 DENSITY = 1.0475E+00G/CC AT 20.0 DEG C

DENSITIES OF U AND PU COMPOUNDS ARE: I.S663E+O!
NUCLIDE ID ATOM DENSITY CONC(CdL) W'i"%

U235 45 1.3323E-04 5.2000E+01 4.9644E+00
H 1 6.6553E-02 1.1139E+02 1.0635E+0 !
0 10 3.3276E.O2 8.8407E+02 8.4401E+01

f

WT%U233, U234, U235, U236, U2381NU: 0.0 0.0 100.0000 0.0 0.0

RATIO OF HYDROGEN ATOMS TO FISSIONABLE ATOMS = 4.995E+02
RATIO OF HYDROGEN ATOMS TO FISSILE ATOMS = 4.993E+02

TOTAL CONCENTRATION OF FISSIONABLE NUCLIDES = 5.200E+01
TOTAL CONCENTI_TION OF FISSILE NUCLIDES = 5.200E+01G/L

MACROSCOPIC POTENTIAL SCATTERING CROSS SECTION = 1.48572E+00
CM**-!

FISSION SPECTRUM 100.0% U235, 0.0 % PU239

KEFF= 1.0000, AFTER 5 ITERATIONS, B**2 = 2,13259E-02 CM-2, M**2 =
3.02027E+01 CM2, K- !.6441
--> 54 G_ U23S _ NO, 3 DENSITY = !.0494E+00 G/CC AT 20.0 DEG C

DENSITII_-SOF U AND PU COMPOUNDS ARE: 1.8663E+01
NUCLIDE ID ATOM DENSITY CONC(G/L) WT %

U235 45 !.3836E.4)4 5.4000E+01 5.1460E+00
H I 6.6545E4)2 I.I138E+02 1.0614E+01
O I0 3.3273E-02 8.8397E+02 8.4240E+O!

WT%U233, U234, U23&U236, U2381NU: 0.0 0,0 100.0000 0.0 0.0

RATIO OF HYDROGEN ATOMS TO FISSIONABLE ATOMS = 4.810E+02
RATIO OF HYDROGEN ATOMS TO FISSILE ATOMS = 4.810E+O2
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W_l_.t.,-l_t,_'Y3-Ut_l t'ap t I O! J.Z
07t'30/93

TOT/d.. CONCENTRATION OF FISSION._RJB NUCLIDES = 5.400E+01
TOTAL CON_'rlGN OF FiSSns__NUCLIDES = 5.400E+01

MACROSCOPIC _ SCATrEPJNO CROSS SECI"ION = 1.48_7£+00
CM**-I

FISSION SPECTRUM 100.0 % U235, 0.0 % PU239

(_ KEFF" 1.0000, AFTER 5 ITERATIONS, B'e2 " 2.17227E-02 CM-2, M**2 =
3.01658E+01 CM2, K" 1.6553
----> 56 G/L U235 MIXTURE NO. 4 DENSITY = !.0512E+00 G/CC AT 20.0 DEG C

DENSITIES OF U AND PU COMPOUNDS ARE: 1.8_3E+01
NUCLIDE ID ATOM DENSITY CONC(G/L) w'r %

u235 45 1.4348E,04 5.6000E+01 5.3270E+00
H 1 6.6538E-02 1.1137E+02 1.0594E+01
O 10 3.3269E-4}2 $.83UE+02 8.4079E+01

WT % U233, U234, U235, U236, U238 IN U: 0.0 0.0 100.0000 0.0 0.0

RATIO OF HYDROGEN ATOMS TO FISSIONABLE ATOMS = 4.637E+02
RATIO OF HYDROGEN ATOMS TO FISSILE ATOMS = 4.637E+02

TOTAL CONCENTRATION OF FISSIONABLE NUCLIDES = 5.600E+0;G/L
TOTAL CONCENTRATION OF FISSILENUCLIDES - J.60OE+01C._

MACROSCOPIC POTENTIAL SCATTERING CROSS SECTION = 1.48552E+00
CM**-I

FISSION SPECTRUM 100.0 % U235, 0.0 % PU239

KEFF" 1.0000, AFTER 5 ITERATIONS, B**2 = 2.20969E-02 CM-2, M**2 =
3.01297E+01 CM2, K = 1.6658
_> 58 G/t, U235 MIXTURE NO. 5 DENSITY - 1.0531E+00 G/CC AT 20.0 DEG C

DENSITIES OF U AND PU COMPOUNDS ARE: 1.8663E+01
NUCLIDE 1I) ATOM DENSITY CONC(G/L) WT %

U235 45 1.4860E-O4 5.8000E+01 5.5073E+00
H 1 6.653 IE-02 1.1136E+02 1.0574E+01
O !0 3.3266E-02 8.8378E+02 8.3919E+01

WT%U233. U234, U235, U236, U238 IN U: 0.0 0.0 100.0000 0.0 0.0

RATIO OF HYDROGEN ATOMS TO FISSIONABLE ATOMS = 4.477E+02

RATIO OF HYDROGEN ATOMS TO FISSILEATOMS - 4.477E+02

TOTAL CONCENTRATION OF FISSIONABLE NUCLIDES = 5.800E+01G/L
TOTAL CONCENTRATION OF FISSILENUCLIDES = 5.800E+01G/L

MACROSCOPIC POTENTIAL SCATTERING CROSS SECTION = 1.48542E+00
CM**-I

FISSION SPECTRUM 100.0 % U235, 0.0 % PU239

C_ KEFF = 1.0000, AFTER 5 ITERATIONS, B**2 = 2.24504E-02 CM-2, M**2 =
3.00943E+OI CM2, K = 1.6756

60 G/L U235 MIXTURE NO. 6 DENSITY = 1.0550E+00 G/CC AT 20.0 DEG C
DENSITIES OF U AND PU COMPOUNDS ARE: 1.8663E+01

NUCLIDE ID ATOM DENSITY CONC(G/L) WT %
U235 45 1.5373E-04 6.0000E+O! 5.6870E+00
H I 6.6524E-02 I. 1135E+02 1.0554E+01
0 10 3.3262E-02 8.8369E+02 8.3759E+01

WT % U233, U234, U235, U236, U238 IN U: 0.0 0.0 100.0000 0.0 0.0
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RATIO OF HYDROGEN ATOMS TO FISSIONABLE ATOMS "4.327E+02
RATIO OF HYDROGEN ATOMS TO FISSILE ATOMS = 4.327E+02

TOTAL C_NCEN3]tATION OF FISSIONABLE NUCLIDES -6.000E+01 G/L
TOTAL CONCENTRATION OF FISSILENUCLIDF_q = 6.000E+OIG/L

MACROSCOPIC POTEN33AL SCA3WERINGCROSS SECTION - i.48533E+00
CM*"-I

FISSION SPECTRUM 100.0 % U235, 0.0 % PU239
KEFF = 1.0000, AFTER 4 ITERATIONS, B**2 = 2.27830E-02 CM-2, M**2 =

3.00597E+(}1 CM2, K = 1.6849
----> WATER MIXTURE NO. 7 DENSITY = 9.9S23E-OI GICC AT 20.0 DEO C

NUCLIDE ID ATOM DENSITY CONC(G/L) WT %
H 1 6.6738E-4)2 1.1170E+O2 1.1190E+O!
O 10 3.3369E-02 8.8653E+O2 8.Ul0E+OI

MACROSCOPIC POTENTIAL SCAITEPANO CROSS SECTION = 1.4882SE+00
CM'*-I

FISSION SPECTRUM I00.0 % U235, 0.0 % PU239
C_KEFF = 0.0 , AFTER 0 ITERATIONS, B**2 - 0.0 CM-2, M*'2 = 3.48398E+01

CM2, K=0.0 [

_> OAK RIDGE CONCRETE MIXTURE NO. 8 DENSITY = 2.2994E+00 G/CC AT 20.0
DEG C

NUCLIDE ID ATOM DENSITY CONC(G/L) WT %

H 1 8.5000E-03 1.4227E+01 6.1872E-01 !
C 8 2.0200E4)2 4.0289E+02 1.752 IE+0 I
O 10 3.5500E-02 9.4315E+02 4.1017E+Oi
CA 19 I. 1100E-02 7.3875E+02 3.2128E44)I
$1 15 1.7000E-03 7.9284E+01 3.4480E+00
MG 13 1.8600E-03 7.5090E+0 ! 3.2656E+00
FE 24 1.9300E-04 1.7898E+O! 7.7837E4)1
AL :4 5.5600E-04 2,4911E+OI !.0833E+00
K 18 4.0300E-05 2.6167E+00 1.1380E-01
NA 12 1.6300E-05 6.2226E-OI 2.7061E-02

MACROSCOPIC POTENTIAL SCA1TERING CROSS SECTIOH " 4.33044E-O1
CM**-!

FISSION SPECTRUM 100.0 % U235, 0.0 % PU239
KEFF = 0.0 , AFTER 0 ITERATIONS, B**2 = 0.0 CM-2, M**2 = 2.43340E+02

CM2. K=0.0
ORDINARY CONCRETE MIXTURE NO. 9 DENSITY = 2.3433E+00 G/CC AT 20.0

DEO C
NUCLIDE ID ATOM DENSITY CONC(G/L) WT %

H 1 1.4868E-02 2.4886E+01 1.0620E+00
C 8 3.8140E'03 7.6070E+01 3.2463E+00
O I0 4.1519E-02 1.1031E+03 4.7073E+01
CA 19 I. 1588E'02 7.7123E+02 3.2912E+01
SI 15 6.0370E,O3 2.8155E+02 1.2015E+01
MO 13 5.8700E.O4 2.3698E+01 1.0113E+O0
FE 24 1.9680E-04 1.8250E+01 7.7884E.O1
AL 14 7.3500E'04 3.293 IE+01 1.4053E+00
NA 12 3.0400E-04 1.1605E+01 4.9526E.O I

MACROSCOPIC POTENTIAL SCA_O CROSS SECTION " 5.15859E-01
CM**-I
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FISSION SPECTRUM lO0.O% U23S, 0.0 % PU239
KEFF = 0.0 , AFTI_ 0 ITERATIONS, B'*2 = 0.0 CM-2, M*'2 = 1.62721E+02

CM2, K=0.0
.---> MAGNUSON CONCR£TE MIXTURE NO. I0 DENSITY = 2.32"99E_00G/CC AT 20.0

• DEG C
NUCLIDE ID ATOM DENSITY CONC(G/L) WT %
H 1 4.2400E-03 7.0968E+00 3.0460E-01

C 8 1.1300E-02 2.2538E-H)2 9.6734E-t4)O
O 10 4.0200E-02 1.06SOE+03 4.$1NOE+O!
CA 19 7,2700E-03 4.1131L_B+02 2.0767E+01
Sl I$ 1.9300E-03 9.001IE+OI 3.8633E+00
MG 13 4.9900E.4)3 2.0145E+02 8.6464E'H)O
FIE 24 1.2900E4)4 1.1963E+01 5.1345E-0 I
AL 14 3.7.q)0E4)4 1.6801E+01 7.2112E4)1
K 18 3.i 100E-03 2.0193E+02 8.6671E44)0
NA 12 7.9000E-05 3.0158E+00 1.2944E-01
S 16 1.0000E-04 5.3243E+00 2.2852E-01
CL 17 1.9000E-05 I.l185E+00 4.8009E-02
TI 20 4.0000E-05 3.1816E'H)0 1.3656E-01
ZN 28 8.9000E.O$ 9.6623E+00 4.1471E-01
MN 23 1.2000E-05 1.0947E+00 4.6986E-02

MACROSCOPIC POTENTIAL SCATTERING CROSS SECTION = 3.33886E-0 !
CM**-I

HSSION SPECTRUM 100.0 % U235, 0.0 % PU239

_KEFF=0.0 .AFTER 0ITERATIONS. B*'2=0.0 CM-2, M**2=3.54121E+02
CM2, K=0.0

. _> BORATED CONCRETE MIXTURE NO. II DENb/TY = 2.3079E+00 G/CC AT 20,0
DEG C

NUCLIDE ID ATOM DENSITY CONC(G/L) WT %
H l 8.5000E-03 L.4227E+01 6.1646E-01
B 7 4.7000E-04 8.4374E+00 3.6559E'4)!
C 8 2.0200E-02 4.0289E+02 1.7457E+01
O 10 3.5500E-02 9.43 i 5E"02 4.0867E_01
NA 12 1.6300E-05 6.2226E-01 2.6962E-02
MG 13 1.8600E-03 7.5090E+01 3.2536E+00
AL 14 5.5600E-04 2.491IE+01 1.0794E+00
SI 15 1.7000E-03 7.9284E+01 3.4354E+00
K 18 4.0300E-0_; 2.6167E+00 1.1338E-01
CA 19 I.1100E-02 7.3875E+02 3.2010E+01

FE 24 1.9300E,4)4 1.7898E+01 7.7552E-01

MACROSCOPIC POTENTIAL SCATTERING CROSS SECTION = 4.34783E-01
CM**-!

HSSION SPECTRUM I00.0 % U235, 0.0 % PU239

KEFF" 0.0 , AFTER 0 ITERATIONS, B**2 = 0.0 CM-2, M**2 - 1.53001E+02
CM2, K=0.0
_> POR'I].,AND CONCRETE MIXTURE NO. 12 DENSITY = 2,3000E+00 G/CC AT 20.0
DEG C

NUCLIDE ID ATOM DENSITY CONC(G/L) WT%
H I 1.3741E-02 2.2999E+01 9,9995E-01
O I0 4.5797E-02 !.2167E_)3 5.2900E+01

SI 15 1.6620E.02 7.7512E+02 3.3700E+01
AL 14 1.7454E-03 7.8200E+01 3.4000E-t4)O
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' Attachment I:NMP-NCS-930087

4

-- WSRC*N(._._93-001f7 tap _U el _l.
07/3O/93

FE 24 3.4722E4)4 3.2200Eq4)1 1.40001_+00
CA 19 1.5206E4)3 1.0120E+02 4.4000E_X)
MG 13 1.1394E4)4 4.$999E+00 1.99991_4)1
C 8 1.153284)4 2,300 IE'H)O 1.0000e.O I

" NA 12 9.6397E4)4 3.6800E44)1 1.60001_,H)0
K 18 4.6049E-04 2.9900E+01 1.3000E44)0

MACROSCOPIC POTENTIAL SCATTERING CROSS S]SCTION= $.0439_4)1
CM**-I

FISSION SPECTRUM I00.0 % U235, 0.0 % PU239
_K]EFF'O.O ,AFTER OITERATIONS, B**2"0.O CM-2, M**2-I.TTI54E+02

CM2, K-O.O
----> SOIL _ _ NO. 13 DENSITY = 1.6000E.H)0 O/f,_ AT 20.0 DE(} C

20% WATI_ NUCLIDE ID ATOM DENSITY CONC(G/L) WT %
40% SAND SI 15 6.4146E4)3 2.9916E+02 1.8698E44)1
40% KAOLANITE O 10 3.4866E4)2 9.2631_-+02 5.7894E'H)I

AL 14 7.5601E4)3 3.3F72E+02 2.1170E+01
H 1 2.1394E4)2 3.$808E+01 2.2380E+00

MACROSCOPIC POTENTIAL SCATrERING CROSS SECTION - 5.93623E4)!
CM**-I

FISSION SPECTRUM 100.0 % U235, 0.0 % PU239
_iCEFF'0.O ,AFTER 0ITERATIONS, B**2"0.0 CM-2, M**2=l.$1308E+02

CM2, K-0.0
_> SOIL _ MIXTURE NO. 14 DENSITY = 1.6000E+00 G/CC AT 20.0 DEG C

80% WATER NUCLIDE 11) ATOM DENSITY CONC(CdL) WT %
10% SAND SI 15 1.6036E-03 7.4790E+01 4.6744E+00
10% KAOLANFrE O 10 4.8830E-02 t.2973E+03 8.I081E+0I

AL 14 1.8900E-03 8.4680E+01 5.2925E+00
H I 8.$$76E4)2 1.4323E+02 8.952 IE+O0

MACROSCOPIC POTENTIAL SCA'FrERING CROSS SECTION = 1.93747E+00
CM**-!

FISSION SPECTRUM 100.0 % U235, 0.0 % PU239
KEFF = 0.0 , AFTER 0 ITERATIONS, B**2 = 0.0 CM-2, M**2 = 1.96816E+01

CM2, K-0.0
--> SOIL _ MIXTURE NO. 15 DENSITY = 1.6000E+00 G/CC AT 20.0 DEG C

70% WATER NUCLIDE 1I) ATOM DENSITY CONC(G/L) WT %
15% SAND SI 15 2.405SE4)3 1.1219E+02 7.0116E+00
IS%KAOLANI'_ O 10 4.6503E4)2 1.23SSE+03 7.7217E+01

AL 14 2.83SOE4)3 !.2702E+02 7.93UE+00
H 1 7.4879E4)2 1.2S33E+02 7.833 IE+00

MACROSCOPIC POTENTIAL SCATrERING CROSS SECTION = 1.71349E+00
CM**-I

FISSION SPECIRUM I00.0 % U23S, 0.0 % PU239
KEFF = 0.0 , AFTER 0 ITERATIONS, B**2 = 0.0 CM-2, M**2 = 2.4.46S2E+01

CM2, K=0.O
----> SOIL _ MIXTURE NO. 16 DENSITY - 1.6000E+00 G/CC AT 20.0 DEG C

60% WATER NUCLIDE ID ATOM DENSITY CONC(G/L) WT %
20% SAND Sl IS 3.2073E4)3 1.4958E+02 9.3488E+00
20% ICAOLANITE O 10 4.4175E4)2 1.1736E+03 7.33SZE+01

AL 14 3.7801 E4)3 1.6936E+02 1.0S85E+0 I
H I 6.418284)2 1.0743E'H)2 6.7141E+00
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