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INTROIOUCTION

As part of the code Certification process 1, codes used by Reactor Physics
to calculate values in Technical Specifications or Safety Analyses must
undergo formal Validation and Verification 2. GRIMHX and TRIMHX are
codes u_sedin such a manner. This report summarizes and consolidates the
work donneto date on the Validation and Verification of these two codes.

GRIMHX'. 3 is a 3-D static reactor code which uses finite difference
algorithms to solve the neutron diffusion equation in hex-z geometry.
TRIMHX 3 is the time dependent version of GRIMHX and solves the delayed
neutron l)recursor equations in addition to the neutron diffusion equation.
Both of these codes were developed at SRS in the early 1970's.

\

SUMlV!t/_Y

Since their inception, GRIMHX and TRIMHX have undergone verifications and
validations. These have taken the form of verifications against numerical
experiment,s', (exact solutions), comparisons against other diffusion theory
codes, vali_d_tion against experiments and against MCNP. These
experiments have involved transients which represent dropped rods, rod
withdrawal _lnd pulsed sources. Although the code has evolved over the
intervening years, comparisons have been made between the versions
initially usec::Ito benchmark the code, and those currently in production
status at SF,'S. These comparisons show that the code is still calculating
the same re_;ults. Throughout the V&V effort, GRIMHX and TRIMHX have
been found 'o accurately calculate the eigenvalue, flux distribution,
reactivity wof_th and in the case of TRIMHX, the time dependent response
of SRS cores.
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DISCUSSION

1,0 Verification

1.1 Numerical Experiments 4

In 1974, TRIMHX was verified using three numerical test problems. For
the first two tests, analytic solutions were available for comparison. In
the third test, a series of static asymptotic calculations are used for
comparison. Each of these tests were characterized by the following
attributes:

• 2 energy groups
• 1 to 6 delayed neutron families
• six-fold sector symmetry in the horizontal plane
• one mesh point per hex (horizontally)
• ten mesh points per layer axially
• a step change in reactivity at time 0

The first of these test problems considered a bare homogeneous reactor
with a spatially uniform perturbation in production cross section. The
second test differed from the first onty in that the reactor modeled was
heterogeneous. The third test used a heterogeneous reactor perturbed by
reducing the thewmal absorption cross section in the center of the reactor.
This created an axially uniform step change in the reactivity at time 0.

The results of Experiment 1 are shown in Figure 1 and Table I, while the
results of Exper:ment 2 are shown in Table I1. Both of these tests had
exact solutions using point kinetics equations. A comparison of these
results is presented in Tables I and II which show TRIMHX was in excellent
agreement with the exact solution at ali points (for the first test to
within .5%). lt should be noted that during these tests it was foun3 that
the use of the exponential transform in TRIMHX gave more accurate
results.
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Since the point kinetics model solution was not valid for the third test, a
dynamic reactivity was inferred from the asymptotic period found by
using a calculated neutron lifetime. Figure 2 shows the radial
distribution of the thermal flux between that calculated and measured.
Agreement between the transient and asymptotic shape is excellent (<.1%
error). Results for Experiment 3 with and without the exponential
transforms are presented in Table II1.

These experiments show that the TRIMHX solution method provides an
effective means of analyzing multidimensional reactor problems
accurately.

1.2 HTGR Benchmark 5

As part of the effort to verify GRIMHX, a benchmark problem was
developed under the auspices of the Mathematics and Computations
division of the American Nuclear Society. The benchmark problem
consisted of a HTGR core representation with 60-degree rotational
symmetry in 2-D surrounded by a graphite reflector. This benchmark was
part of a cooperative effort between SRL, ORNL, and General Atomic (GAC)
to verify their hexagonal finite difference codes.

The results of the benchmark are presented for the three codes
GRIMHX(SRL), VENTURE(ORNL), and BUG180(GAC) in Table IV. These results
show that GRIMHX is indeed solving the finite differenced neutron
diffusion equation correctly. The input data records for this benchmark
currently exist on the author's dataset.

1.3 Comparison of TRIMHX to the Adiabatic Model 6

In 1988, Bi!l Graves made a 2-D, one-point per mesh, coarse mesh
comparison of TRIMHX versus the adiabatic model for a mockup of the Fast
Scram Shutdown System. The test involved modeling the injection of He-3

• into three hollow rods in the core and performing an analysis ignoring the
temperature feedback.
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The adiabatic model employs a static reactor code (GRIMHX) to prepare
input for a point kinetics code which provides assembly power as a
function of time. This amounts to assuming that the computed flux shapes
are based on the delayed neutron precursors being at equilibrium. The
adiabatic model produced results which differed from those calculated by
TRIMHX by less than 1.0%. The results for total reactor power as a
function of time are shown in Table V. lt should be noted that TRIMHX
produces edits of power as a function of time directly.

2, VALIDATION TO EXPERIMENT

2.1 Pulsed Neutron Experiments 7

Pulsed neutron experiments were carried out in the Process Development
• Pile (PDP) at SRL. The test involved a hexagonal core surrounded by a

hexagonal reflector. Control assemblies and fuel assemblies (E-D charge)
were representative of typical SRS lattices. 'This core was then pulsed by
a 3H(d,n)4He accelerator source.

The test wasmodeled using TRIMHX in 2 groups, 60-degree symmetry, 3
points per mesh, 20 axial mesh points, and 6 neutron precursor families.

Two assumptions were incorporated into the TRIMHX analysis. The first of
these is that discrepancies between calculated and measured values are

- due to errors in input parameters and not the calculation method.
Therefore, with a normalization procedure, these differences can be
removed. This can be seen in Figures 3 and 4. The second assumption was
that if the space-time response of the reactor is adequately calculated
using normalized parameters, then static subcritical reactivity can be
derived by using the same neutronics model and parameters (i.e. in the
GRIMHX code). _

. The space-time calculational method is unaffected by the problems of
' kinetic distortion and prompt and delayed harmonics. Kinetic distortion

results from spatial and spectral differences between the fundamental
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prompt and delayed neutron modes. To the extent 2-group treatment was
adequate, the effects of delayed and prompt harmonics and kinetic
distortions were directly included in the space-time calculation of the
experiments. Although the reflected lattice produced kinetic distortion
and harmonic distortion which invalidates the conventional methods of
determining reactivities, for illustration Table VI compares the
conventional and space-time results. The space-time results were found
using data only after the fundamental mode had been established.

Comparisons of the calculated to measured data showed that after
suitable normalization of the production cross sections the overall prompt
neutron response to a pulsed source was well represented. These
comparisons were made against experiments at critical conditions and at
varying degrees of subcriticality. In ali cases there was good agreement
between the measured and calculated kelf. The space-time method should
be among the most accurate of methods proposed to date for deducing the

J

subcritical reactivity from pulsed neutron experiments.

2.2 Space-time Experiment_

2.2.1 2-D Experiments 8

In 1974 experiments were carried out to measure delayed neutron
holdback in the PDP. The control and fuel (E-D charge) were
representative of typical SRS lattices. TRIMHX (2-D) was used to model
the reactor response. Two experiments were conducted; the first involved

' an initial flux shape peaked in the center, the second a flux shape dished
in the center. Reactivity transients were initiated by dropping 2 or more
235U bearing rods into the lattice at selected perturbation sites in Gang 3
as this location maximized flux tilt. Gold pin activation was used to
measure the radial flux shape. Flux tilts between pairs of detectors were
determined (i.e. tilt (A/B) = [o(t)/O(0)]A/[O(t)/o(0)]B) from the gold pin
activation and from TRIMHX calculated fluxes and compared.

The geometry of Experiment 1 is shown in Figure 5. In this experiment the
perturbation was initiated by dropping three perturbation rods into
prepared fuel sites. Four detectors were placed in interstitial positions,
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and TRIMHX was used to calculate the time response out to approximately
90% of the asymptotic value. Due to computing cost, GRIMHX was used to
determine the asymptotic solution.

The geometry used in Experiment 2 is shown in Figure 6. In this case the
perturbation was initiated by the dropping of two perturbation rods into
prepared fuel sites. In this experiment, the number of detectors were
doubled and the detectors were moved to actual fuel sites. Once again
GRIMHX was used to calculate the asymptotic solution.

In the analysis of both experiments, the exponential transform option was
used in TRIMHX. Also, the vT.,f value input to TRIMHX was adjusted to
produce agreement with measured data such as static kelf, flux shape and
perturbation worth, lt should be noted that the asymptotic flux
distribution is not normalized even though the perturbation worth is.

The results from Experiment 1 (Figure 7) show that the tilt between
detector pairs is well represented by GRIMHX/TRIMHX. In particular the
fraction of delayed neutron holdback in the total tilt has been calculated
very accurately. Some discrepancies remained in the absolute tilt with
errors of as much as 4%. Much of this error may be attributable to the
interstitial placement of the detectors. Since the product of flux times
volume at the cell level is the smallest spatial flux editable, TRIMHX is
unable to compute values for the interstitial spaces directly, but instead
they must be inferred from the flux in surrounding cells. As seen in Figure
8, Experiment 2 was found to be more accurate. This increased accuracy
has been attributed to the placement of the detectors in fuel positions
where the TRIMHX code can calculate the flux directly.

In addition to the flux tilts, the net reactivity addition to the lattice was
calculated by GRIMHX to be 15.4 cents. The reactivity change was also
found by inserting the measured stable period into the Inhour equation.
The Inhour calculated value was also 15.4 cents.

This validation shows that TRIMHX/GRIMHX can accurately reproduce the
flux shapes (as measured by tilt ratios), the reactivity worth of the
perturbation and the thermal reactor response under transient conditions
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from a variety of radial flux shapes. This was possible, however, only
with the use of normalized cross sections. Also, space-time effects
associated with trar=sients near prompt-critical have not been tested•

2.2.2 3-D Space-time 9

In 1977 zero power tests were performed in the PDP to allow further
measurement of delayed neutron holdback. Control and fuel (E-D charge)
were typical of SRS operation. Three experiments, each initiated from
stable critical reactor conditions, were conducted which measured
neutron flux responses and used these to compute flux tilts. TRIMHX was
used to model the reactor response, and the calculated flux tilts were
compared to those measured. Descriptions of the three experiments
follow.

The reactivity perturbation in Experiment 1 was initiated by dropping
• three rods (each containing 235U slugs on the bottom and 6Li on top) into

the central hex of the core. This distorted the flux shape in the axial and
radial dimensions, but not in the azimuthal. The space-time effect of
delayed neutron holdback was relatively small in this transient as shown
by the small difference between tiltsat the end of the rod insertion (5.1
sec) and the asymptotic tilts (see Figures 9, 10 and 11).

Experiment 2 began from the same core configuration as Experiment 1
with the exception of three rods (235U slugs in the bottom and AI in the

, top) being dropped into each of two hexes in Gang 3 (for a total of 6 rods).
This produced a flux tilt in the axial, radial and azimuthal directions. The
space-time effects of delayed neutron holdback was most pronounced in
the radial and azimuthaA directions, but was small in the axial.

In Experiment 3, the reactivity perturbation was caused by pulling one full
length Cadmium (Cd) rod from ali Gang 1 assemblies (about 20% of the
core) at 3.05 cm/sec. Due to the slow rate of withdrawal, the observed
delayed neutron holdback was very small.
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The /esults from Experiment 1 are shown in Figures 9, 10 and 11; results
from Experiment 2 are shown in Figures 12, 13 and 14; results from
Experiment 3 are shown in Figures 15, 16 and 17. In ali cases the
exponential transform was used to accelerate convergence, and as they
were in the 2-D experiments, the two-group macroscopic cross sections
were normalized to better match the observed data. The results from

these experiments showed that the measured tilts from detectors paired
axially, radially and diagoriaXly were well represented by TRIMHX/GRIMHX.
The influence of dela_,ed neutron holdback in the tilts was calculated
accurately, however, small discrepancies in home of the individual tilts
were evident. The largest discrepancy for e×periment 1 was 2.3%; for
experiment 2 was 2.4%; and for experiment 3 was 4.8%. In ali
comparisons, the tilt discrepancy was largest when a detector close to a
region of positive reactivity was involved.

In addition to the flux tilts, an analysis of the _(t)/_(0) kinetic data wasJ

calculated using the Inhour equation. Perturbation reactivity worths
compared well with those calculated by GRIMHX using normalized cross

• sections. This can be seen in Figure 18.

These experiments demonstrate that TRIMHX accurately predicts the
course of zero-power thermal reactor transients in 3-D. The time
dependence and magr_itude of delayed neutron holdback were directly
tested.

:_, VALIDATION AGAINST MCNP lO

In 1989 MCNP was used to validate GRIMHX for the determination of safety
rod worths. Safety rod worths were computed by each code for a variety
of initial flux shapes, rod configurations and material contents. Since the
original issue of this document, these results have been recomputed, and
it is expected that the report will be reissued. Until that time, the
results and conclusions drawn from the first report will not be reported

. here.
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4. COMPARISONS OF PAST AND PRESENT CODE VERSIONS

In 1989 Gregory reran the HTGR benchmark problem on the current
production version of GRIMHX. Tables VII and VIII show the results of this
benchmark 11 were identical to those found when running the odginal
version of the code. Eigenvalue, flux distribution and number of outer
iterations were alp tested using the benchmark and found to be exactly the
same as those determined earlier . In 1990 this benchmark was run again
by Trumble on GRIMHX and was also used to test the static solution of
TRIMHX . Table IX shows the results of these calculations 12 with both

, GRIMHX and TRIMHX converging to the same value as the original
benchmark, As part of this later work, a consistency check was also run
on the results of TRIMHX versus those fo_'_d via the adiabatic model

(GR!MHX plus point kinetics). These results (Figure 19) show that TRIMHX
models the core during a transient in an accurate and predictable manner.

5. QUALITY ASSURANCE

This report was generated under QA Task 90-044-1, Certification Plan for
GRIMHX, TRIMHX and GILDA Codes.



NILTSC
_ ocbmelog_p'

Om Tarpt

WSRC-TR-90-594

Validation and 1Verification Summary Report December 1990
for GRIMHX and TRIMH, X (U) Page .....!0,,,of,,,20

REFERENCES

1. H. Toffer, ct. al., CERTIFICATION PLAN FOR REACTOR ANALYSIS
COMPUTER CODES (U), WSRC-TR-90-26, (190).

2. H. Toffer, Et. al., VERIFICATION AND VALIDATION PLAN FOR REACTOR
ANALYSIS COMPUTER CODES (U), WSRC-RP-89-1249, (1989)

3. H. Honeck, JOSHUA USERS MANUAL, Vol 10.1, DPSTM-500, (1973)]

4. M.R. Buckner, J. W. Stewart, "Multidimensional Space-Time
Nuclear-Reactor Kinetics Studies- Part 1; Theoretical", NS&E, 59,
pp 289-297, (1976).

5. R.G. Steinke, D. R. Vondy, M. V. Gregory, "HTGR Benchmark Problem",
Trans. Am. Nucl. Soc., 23, pp 209-210, (1976)

6. W.E. Graves, COMPARISION OF SPACE-TIME CALCULATIONAL METHODS
FOR FAST SCRAM APPLICATIONS, DPST-88-749, (1988).

7. P.B. Parks, Stewart, J. W., COMPARISON OF PULSED NEUTRON
EXPERIMENTS AND DIFFUSION THEORY SPACE-TIME CALCULATIONS,
DP-1352, (1974).

8. P.B. Parks, ct. al., "Multidimensional Space-Time Nuclear-Reactor
Kinetics Studies - Part I1: Experimental, NS&E, 59, pp298-310, (1976).

9. W.G. Winn, et. al., "Multidimensional Space-Time Nuclear-Reactor
Kinetics Studies - Part II1: Three Dimensional Experiments", NS&E,
65, pp 254-272, (1978).

10. R.L. Webb, K. C. Okafor, VALIDATION OF GRIMHX CALCULATIONS OF
SAFETY ROD WORTH (U), WSRC-RP-89-1248, (1989).

11. M.V. Gregory, "GRIMH2: Still Verified 14 Years Later,"
SCS-RPG-89-026, (1989).

12. E.F. Trumble, "Changes ".o TRIMHX Coding," WSRC-RP-89-1169, (1989).



NITSC

Oa Tlm*

WSRC-TR-90-594
Validation and Verification Summary Repo_ December 1990
for GRIMHX and TRIMHX IU) PaDe 11 of 20i i ii ilil_l i i i i i i i i

Jj

_m

FilI.;L Thermsd-mmtron tlux at rezctm" m:dptiM vtrsun
: , Z 3 • 5 6 " _ l'tdlul (hn_j plot;,

Tim4 1*0c#

Fill. i. Reactor mmpomt UwnmM.mmw0n Gux inomi*..¢d
to umty at tzm,* _ro; versus_ _orfour va_s of nr.acuv'tW.

TABLE I

Teet I Resului

• i _D (At ,, 50 mmcP
; Potm Ktmmce

Time : Wi_ WlU:m_

, (ssc) At • 0.5 msee .._ • $ meee ._t • 60 msec Tr_dorm True, form
i ,.,

0 1.000 i.000 1,000 1,000 1,000
i 5.eN S.4H 5.896 S,074 5.$|7

2 8.4_8 :_.430 6.477 0.454 O.tSii
3 11.1t75 11,955 12.084 12,054 12,100
4 17.018 17.037 17.230 17.184 17.259
5 24.18S- 2t.220 2 _,.563 24.495 24.510
6 34.373 ;)_.430 34.017 34.910 35.095

[ 7 48,850 i 49.i)45 , 49.920 49.?'1)8 $0.058

TABL_ U

Test 11 Rmlmlta

Tt_me 3D (Ab • 50 msee_Wtt_ Witlmut

(sac) ! (,._I - 50 aurae) Trsm_orm Trmudorm

0 1.000 1,000 1.000
1 3.870 $.896 5.920
2 S,4441 0.te;k _.$1Z
3 ! 12.039 12.096 12.142

.i [ 17.157 17.24|) 17.321

5 I 24.6_ 26.$99 24.7086 34.848 35,084 35.3,48

TABLE IU

Test 111 Re_Jul

(sec_ ._ • $ msec ,_ - 2S maec ._I - 50 msee ._ • 5 msec _ - 25 msee -_ • 30 mess i

0.0 l.O00 l.O00 1.000 1.000 1.000 1.000 i
O.$ 10.647 10.SO0 10.406 10.468 10.405 I0,$38 I1,0 15,$_ lE.iSIS 15,491 15.636 15,569 15.581
1.5 20.624[ 20.67.3 20.61)7 20,$02 20.703 20.791
2.0 2|.988 27.035 27.188 20.S)49 27.139 27.315 I

2.,_ 35,242 35.354 35.612 -_5,179 35,497 33.793
3.0 46.003 46.210 46.619 45.D03 48.408 46.378
3.5 60.044 60.391 61,01_ 59.897 60.6_$ '_1.388
4.0 78.365 _.915 79.860 78.148 79.299 _0.384
4. $ 102,271 103.121 104.608 101.95S 103,646 ' 05.255
_-0 '*33.456 _34.735 _36,752 133.003 135.45_ ;:),.,q 12



a
................................................................ 1._.......

NltTIC
t- Toehoiof2

Oa 11o !
ChiTaqpt

. WSRC-TR,-90-594
Validation and Verification Summary Report December 1990
for GRIMHX and TRIMHX (U) Page 12 of 20,-

TABLE l_
,_trlm HulUpLLcauoeCocuJtaa8,kcfgfromContrlbvtea

5oluUouo! t_l I-D HTGRJJen(:bnutrkProblem

CUmX I I

Cowuur Y_qru VUrX'OIg I +UO21K) '
Collrllll J4elh J StmUrd

, tj

', _. _.,11321 1,12725 1,12725 I '

) I :,11735 1..Ut102 i 1. _.1_7Z
P

6 ']" :,11863 ". 12028 l, 12027
•2=ULvitLef;_

_uWJer o: ,, ii _,_,1777
HeJh POLnt8 ""
?tr 6euqcrn ::, _ :,11929J

, J
r, I ! :,11900 ,

_,auy

Yotal _x pover

Re_.&t.:LvePower

0.05 L.O000 ]..0000
0.06 0_9856 0.9899
0.07 0.9596 0.9658
0.08 0.9281. 0.93.'52
0.09 0.8952 ,0.9025
O.LO 0.8630 0 _870_
O.20 O. 8096 0.809_
0.30 0.8006 0.6035
0._,0 O. 7953 0. 7982
0.50 O. 790.'$ 0. 793_,
_..0 0.770k 0.7732
2.0 O. 7407 0,,7_,2,t,
3.0 0.7161. 0.71.75
_.0 0.69k5 0.5958
5.0 0.5753 0.576_



NIllC

Om
OmTru'lpr

.
WSRC-TR-90-594

Validation and Verification Summary Repo_ December 1990
for GRIMHX and TRIMHX IU) Pal]e 13 of 20

,o,

i Wwler Meq_ , 210.73c_ 1

o Oet. No. I
• 2 J

tOa • " tOe_r'_ WoW_, 210.73cm _

_/._ • oo_No._ :
C AmOl,tooel _ _.,o.. N_me00zee o 3 "

I '

;O3 . _0]

_j _unnormol,zea r _V-x

I -,,tOz .... O_l0 C 20 ]3 40 _.: 60 :,, O ;.: _: _._ ;0 _0 ""

F'IoBseo Time. msec :._aosto Time.relic

"TGURE _ _easurea ana Calculatea_.'ornot_eu_ron Resoonses FIGURE _/ Measureaand Calculated Prompt:Neutron Resoonses
in the Reflec_eaLa_:_ceat 210.73,.cm_ater in _ne Reflecte(_Lattice at 210.73-c.'nWa_er
Height:- UnnormalizeaDl_fusionParameters Helgb_ - NormalizedDiffusion Paramelers

T_.[ vi

14e°svr_ if_d Calcu|itt4 ReJctlvtttts for the
RtfltctlKI LltttCt In the POP

_e|¢ttvt t_ b),

WettW _ttg_t, _oml tZt_J

U,X,50 _ -0.00101 a

210.73 ...o .01128 L -0.00918 -n .00455 -,,0.010_1
: -o.oo_5Z -(}._0_ -o.00995
) -0.0X043 -o.010_9 -o.0o_)9
z, .0.01.,I.57 -0.0.1.0t4 -0.0_t.4

LT_,.71 -0.03139 : -0.02278 -0.0226_ -0.02805
: -o,0263o -0.0236_, -,').02_09

-0.03122 -0.02967 -0.0297L
•_.03818 -0.0351_ -0.0297_

'._3.L3 -,').05236 . -0.03737 -0.03937 -._.0_8S7
-0.0_54 -0.0_19) -0.0_5.53

) .-.0.0_67 ) -0.06675 -0 .G_I]
-o, 07129 -_.0_628 -0.05627

:, _._c¢%'r1._, ':' " J Jeff ,._it't 4ef f " (1.0075762 or (kel f - t_koff

:. "qtf_JeSfN CTSLCtCaJLvicolr htXtht

:. '¢o_"si_J.LimilGIL_}IX



NITIC
T_bI_Ol_
On

on Tarlfft

WSRC-TR-90-594
Validation and Verification Summary Report December 1990
for GRIMHX and TRIMHX IU) Pa_e 14 of 20

O ! - ; ; _--m.
q

I Delmaor8! inel4 "

IDID ! 1.21- i _TROMHX i

)00 . r-'--'--------

OlD l I._ ...... I "--GRIMHX,

"_ Fll. 7. Measmmlm e/mail _ -Iii _ e;x_nmenl i.

0 Ltlhlem

® vomm,
(2) :Tidmlltt - no rc_l
(_"Thimbh_- wlfhTJlU roll

x _ tm ehand_ Iocm_n

Fi_,S. GeometryforTII_IMHX_im_c,mnmmt I.

2.0 ; , , , , ,

t.O 'f

t.2 J1.0 '-..,,_ Oetlcmrl I end6

,%
2.0--

©tDO o

©00 0 1.8 _ GRimrl_ '
(DiD (DQ TRIMHX "_

o eo = .,_
/ o-O_A /" / \ _O©ll I ' ¢ '

OlD OlD
_©o ( o©© 7-- _,4J- i

©lD (D "

A <>x._,. .J,>_<'# ,,oi , .
o.aL

,,,.....i

_( __--Zone 1'6_ TRIMHX ,._.,-,._.. GRIMHXi

1.41- ._"'0 Fuel

© Conl,o, 121- i
(_) Lithium

(_) Vocol_Cy 1 Oi--.... ,,-,_.. _eteclorl 3 inel 4
Thlmole - ro too

Thimble-wlll_ Z3S,j rod i

_) l_ ion cr,om0er resideOryl
weil in fuel element TRIMHX GRIMHX

1OI ,-,',',-.'-.-;:-.=.... -";----.- _ !'<
(_) Full etlmlnf w_in dry

will but rO OeilCfOr _ellcl_Orl? in(] 8
0_,,

2 0 _0 20 50 I(30 200
:'ii O G¢omelr_lot TRIMHX¢lJCUilUOn$Ol ,EllDerlJ1,ienlj "iiD$,l¢lTimeliecI

Fil, ii _,l{allJr¢oincI ¢:lleUllle(]Ill,ii IIII1 Irom Plpenmenl1



...................... "L

NIII'fC
_._ T_kmol*o'

OI Tli
" Oa 'raelpt

. WSRC-TR-90-594
Validation and Verification Summary Repo_ December 1990

fo r GRIMHX and TRIMHX {U) PeEle 15 of 20_

1.4, '" I

;ooK'tlws oae,,_s9' ...v.l...,,_,..v-*_ ,''_-_ " -_
_. ";""" ,._.;.__.,,.,.

GRIIqX _olmm r _, 9 i

I

14 k,, _ . IMHX]I

'"""'" TR'
'"'?'_ ,3 t,.,. r'--" ,.i -

/' rm..x "+ l ,o- " :: I om.x

,o_',_ '+" ' ;i :_"
_'0t O.I

i 0ii I.----.--.--
O.g i S (i - 0.8

Omree/mm_ Ibmmmo '

I.a "'1- :,_.,omr,o 4_q)
, ,',..lP -_ ', GRIMlU I

I "-
J TIIIIMI4X I

"_. 1.47.1-' Ollll_le'l _. irl I "1 u,. ,_ - ...... *IT--U

• ? . '. ..'i._'_-- '_- _ , I3 _,._,,m_m_' . _ -" h0: --GRIkmX-' ....... i

TRIMt4X 0.9i 1,
i

I.OI , ' '_, . ,,3.

0,$1 ' I.ZP, ,, , ,,_ ,.._--.- : __

. I,L , i

TRl_i .li,li_....._.,mlmU_...._ _ ,, , ii,

.._:_ _ - • -'.: - • , '-: -rr" - ..ol [ , ,|,,,,,,;,i , _ -- -
,, . _-1 , ,,illllm'l

--,* .; =.¢,.;=IN

:. j ..:, _0.0 ._0._ _00._ .. I .0 .0.0 ,OO.O 000..0
,';mt III T;_ |1|

;.

Fig. 9. Axial flux I)1_ of Experiment 1. Fig. 10, RadiaJ flux lilts of Experiment 1.

1,2. .... .... _ GR_X

hlo! _)MOa_IITRtMHX"_{ml ?. -.., ___ ;,,.,,.,, ..__ _ .; _L_ _
t, "

- O'l I _0.8

,_a :""="''_""_ _++'._.....+'.-,,','_....

_,2I-- '_"" ;RIMMX 1

TRIMHX • Mqmlllo
-- _. Otl:UiOlllO

1
,.Oi ., ' ' . - ': , .

+ .

" :.: .:_ ,C).O _,C.O _OOO..u
T;rnl II!

Fig. 11. Diagonal flux tilts of Experiment 1,



_nc

OsTIm
O_ Tmlpt

WSRC-TR-90-594

Validation and Verification Summary Report December 1990
for GR!MHX and TRIMHX (U) , Page 16 of 20

f
1.6t--

"f
1'RIMNX GRttl'm1.2

g

t _,,, *=,,r : Iz) ,. -
1

I T,,.,_, J .....'....

I , 1.6-- OewcwlQom4

; :,tecmnl ,_ :1_11 . _-- C4 -- _l_llillHN
) TRIM_II ........... __- _ _ _ GRIII_tl( _.

t.0 -- TRIMHX .......... --

t.2
' l

3,8_ , -_

=. _ t,0
-- .'etecv_'l $ anl 9

v ...., ....,,.....m,,,
": '.6l-" . .. "*. ..... _ * ' '

1.8,- _°L-_m 3o,_ * ..... _
. , ,, ..' GRII_

I
,,2:- - ', t

, i I

• _ *,:o_cumv_ ', 2F- i , Ue,Jsii_m i
-- COIcuIOIN

1.01 . . . " - '-'-_

:.G' _ _ " _-0 _ :- ._-----'_: _ 6 _0 ISO 60 tOO 300
Timt III T_mQ II)

Fig, 12. Axial flux bits of Experiment 2, Fig. 13. Radial flux _ll of Experiment 2.

,,

t,ivl

0elm 9 o_1 t

1.8

1.6 I

1.4

TRIMHX

l, 2 j / ""'""_ GRIMHX1.0 - _ _,.... ' .'.,_, ,
=.
).

:)
::"0.8

Detector°t, 3 ond ?

1.8 -- ,., .,..'"°_'"_ GRIMHX

/

1,4 I- ""'MHX i

I

I • Ueowreo_ ColcuIoll¢_

0'81 _ :* ;0 1.0 60 _OO _,

Tirol (Ii

Fig. 14. DiagonaJ flux ulLsof Experimen[ 2.



NITSC

WSRC-TR-90-594
Validation and Verification Summary Report December 1990

• for GRIMHX and TRIMHX IU} Page 17 of 20

!
,, 7 ,- ._elt_,mt t o_ 9 "_

'/ TRIMHX _RIMHX I

_._ / -_

h4_-- "-'

=.

" !.._ _,.

, ,,,

.,___ -- COOCtiIOIIO

J

,,.me_
• .**,._,

_._.

T ml I$I

Fig, 17 Diagonal flux _Jllsof Experimen[ 3.



NITSC
_- TxbwAel7

Oa Tlm

WSRC-TR-90-594
Vali_lation and Verification Summary RepoM DOcember 1990
for GRIMHX and TRIMHX (U) Parle 18 of 20

_X_t. . _, - "_
•.O_.:._mlrtmlmt! ,- ExD_rm_em2 ExDm'omo_13 .

I.O_'In_W,D,Z,0g'00 "'l ' It_ma',P.6,NmK)"_r :'! "l_l'.P'10'2Oml0"4 '' "_

401. GRIMNII0 m.Z.ZlmlO ''I ;1"GRIMI.III. D.6.NIIO "4 _,, ." J - GRII_¢II. D.K).IIO I10 "4 . • ";_ , _,e14lCre' " ee o 4
.. }.. . w o' o° " •

;CP . _. :o_'w _.',..' . _ 0o,_.w_ .
.?,IIIIW t ,,.o 6,oOJ,lcn _ .." .." | • *

" _ : ""_ "'" ." _., |l '" ._,_,, ,

"_Ilfl!I ."" :oi _..... _i __ ]I .t .
_._-_il._: ...,, ._ _i ._.", ,/, -

" Jil//' ":'""/" "- "t ": eo

[/,' '-$vnq_qlh¢_'_'_41 " e ',le_Mflm

• ,__,,_,m_e_,m,m: " ...jr I ---- rH¥1MX .

T;me tel ,';ml _lll "'._e _11

Fig, 18. Flux behavior al variousdeu)clors dunno lhe l_ansiemexpefimentx.



NRTJC
_-- TxbnololB

Ou11,,..

WSRC-TR-90-594
Validation aral V_rlfication Summary Repo_ December 1990
for GRIMHX and TRIMHX (u) page 19 of 20 ,,

TAI_E VII. GRIMHX Benctvnm'kresutm197S/ixeunt

1975 GRIMHX Results

Pts/ Eiaenvmtue ._ Com_utatlonal Reautrements' ,

hex stanaard gomrse mesh outer tr..=, CPU sec
1 1,12725 1,11321 17126 5/8

3 1,12102 1,11735 18120 6/7
6 1,12028 1.11863 26124 10110

"siena.tc.mesh

1989 G RIMH2 Results

Pt s/ ;ia||nvmluq ComDutattonal Reaulrements"

heJL _ ._ outer iter CPU sec
1 1,12724 1.11320 18144(26) 1,8/2'.5(1,5)

3 1.12101 _.11734 27/31(20_- 1,7/2.1(1.4)
6 1.12026 1.11862 28142(24) 2,2/3.4(2.0)

•st,_nO./c, me sn( proa, )

TABLE VUl.

' Com_)utecl Flux Values - 1 Polnt oer Hsx, Coarse Mesh
(1975/1989)

1 141.8/141,7 322.81322.8 43,57143.57 159.2/159,2

2 202.7/202.7 477.1/477.1 71,24/71.24 293.4/293,4
4 227.2/227.1 532.41532.4 79,63179.62 343.71343.6

7 216.9/216,8 508.91508,8 76,13/76.12 328,5/328.4
11 183.2/1 83.1 430.91430.8 64.34164,33 266.31285.2
16 167,L/167,1 393.8/393.5 58.76158,76 241,9/241.8

22 169.2/169,1 396.01396.0 59,17/59.16 254,8/254,8
29 135.(;/135.5 343.41343.3 51,85/51.84 281,4/281,4

37 102.7/102.6 222.21222.2 32.92132.91 258,81255,7
46 8.12118.122 48.38148.38 8.52818,528 369.91369.8

56 0.163/0.163 3.94713.948 0,84410,845 127,71127.6
• box locations iOontlfiea in ApDenaix

TABLE IX.

Roiltll I_,emTlURlUlmlIIItlRImmmmrll
, KOffIm_l-ttlii111_

0Rra =_mucf,m _ I 1320 ,5glec 26

TI_IIRI,m _ I I 1320 I 74N¢ 28

TlUlIII41( I_PqNllCtllt I 11320 t ,71li INN: 2g

• • wilt fIUll_ Ill'lineMl: ttm9• I 17lte. e lSl_ll"ll• 30
ii iii i
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Fig.19.
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