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CALCULATE9FUELELEMZNT PARAMEtErS
KVNSANDKvEs

INTRODUCTION
l

Various Physics and Engineering parameters are listed below for the natural (KVNS)
and enriched (EVES) fuel element models to be used in the proposed ribless zirconium
tube program at the K reactors° The numbers were generated by R. O. Gumprecht's
computer program, MOFDA.

INI_ ASSUMPTIONS

Two reactor environments corresponding to summer and winter operating conditions
were assumed:

i) Winter: 1840 KW/Tube, 0 I@C inlet water temperature
2) Summer: 1650 E_W/Tube,22@C inlet water temperature

Other reactor assumptions common to both of these cases are:

i) Goal Exposure; 700 M_D/Ton (natural and enriched)
2) Zirconium tube diameters; I.807" O°D0, i.72h" I.D.
3) Front to rear header _P = 385.8 psi

4) Charge length; a) 38 elements of nominal 6 C,3_"length, natural uranium
b) 46 elements of nominal 6°540" length, enriched uranium

5) Enrichment; a) Oo711 weight per cent uranium-235, natural metal
b) O.9h7 weight per cent uranium-235, enriched metal

O1' THIS DOCUMENT IS UNLIMITED "-
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6) Se!f-suppor_ed rail height; a) 0.095" natural metal (KVNS)
b) O.lO0" enriched metal (KVES)

7) Eight rails per element of O.200" effective rail width

_') Fuel element external dimensions; a) KVNS Io520" x 0_420" x 8.865"
t)) I_ES i,50?" x 0_432" x 6.540"

_,_._element core dimensions; a) KVNS 1,431" x 0.533" x 8.325"
b) KVES 1.420':x 0.545" x 6.000"

lO) Graphite temperature; 600°C

DISCUSSION

The hydraulic demand of the self-supported elements is designed to be compatible
with the current pump modification program at the K reactors° When fully loaded
•,.;',_'(b,KVNS and k"JESelements, the K reactor flow should be 200,000 gpm bulk flow
,,.:._,a year.round average basis, with approximately 2,000 siamhigher flow in the
s_n_er and o 000 gpm lower flow in the winter due zo inlet temperature induced
v_scosity changes in the coolant°

No fL-elor tube dimensional tolerances are considered. _e calculated numbers _

give average values without consideration of possible ex_cremesresulting from

confoinationsof such tolerances_ The input numbers should never be used for
eauip.n_ntdesign u oses or other purposes whe1_ absolute maximums or minimum---- .. eslgn u oses or O6_I. , _ . _
values are critical, To asztunethat these tolerances have only a small effect
on the critical parmmeters is cntirelF inadlaissable, As an ex_iple, decreasing
the rail height by only O,010", increases the annulus corrosion rate for the
KVNS model by a factor of 3°8 (from 5.6 mils/month to 21.5 mils/month).

_e numbers given should be used primarily for comparison purposes with other
fuel element models, and should not be used as absolute magnitudes in themselves.
This is especially true of the reactivity and conversion ratio values given.
:._hi!eit has been impossible to check most of the numbers given by direct labora_

tory measurement, measurements taken in the flow laboratory and in-pile experience
on _he KVNS ..- models and the KIVN models have shown good agreement _ith predicted

flow and temperature distributions, and with the total flow.

RESULTS._

'"_'_ I gives the values of interest for winter operating conditions. Table II
i_ a repcaz of these values for summer operating conditions. For comparison
pul_posez,values for "thepresent natural uranium ribbed tube fuel element model
(KIVN) are given_ The reactivity value given is for a complete reactor loading,
with a variable ek_posuregoal of 700 _rD/Tono

Co Mo Heeb
Reactor Fuels

Research and Engineering Section
IRRADIATION PROCESSING DEPARTMENT

(--I)Kg-69964_C, "Pilot Tesz of Self-Supported Fuel Elements in K-size Smooth
Zirconium Process Tubes", M°Ao Clinton and Do H. Curtiss, June 19, 1961 (SECRET)°
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TAHLE I

(Wint_itions)

KVNS KVES KIVN

Maximum Specific Power (KW/FT) 86.7 89.8 86.7

Maximum Heat Flux Outer 5.0xlO5 5.18xl05 5.30x105
3TUI HJ,/SQ/T) Inner 8.70xlO5 8.85x105 9.13xlO5

Heat to Coolant Outer 2.16x105(69.2%) 2.22x105(68.9%) 2.19x105(70.4%)
_BTU/K,_) Inner O.96xi05(30.8%) 1.00xl05 (31.1%) O.92x105(29.6%)

_"" (GPM)Outer 43.2 (65.6%) 44.5 (64.9%) 51.1 (73._3%)
Inner 22.7 (34.4%) 24°1 (35.1%) 18.3 (26.4%)

Uranium Temp. average 266.0 268.0 264.0

• (° C) maximum 334.0 335.0 335.0

(,_m Surface Temp. Outer 136 137 122
(°C) Inner 139 138 154

Coolant Outlet Temp. Outer 233.0 226.0 205.0
(_F) Inner 203.0 194.0 235.0

,_a_Skin Temp. Outer 256 256 228
(__ ) Inner 2_i 232 269

Corrosion Rate Outer 5.6 5.9 2.8
mils/month - Inner 5.I 4.9 i0.3

Reactivity 4.1 103.4 -0.7
Milli K)

Initial Conversion Ratio i.080 O.890 i.064

Average Conversion Ratio to O.939 0.809 O.926
....._D/T

;.,_ 240 to 700 MHD/Ton 5_9 4.5 5.9

"'a::imum Elastic Core Stress 69_711 69_831 74,3fi3
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TASLE II

(Summer C6n_ditions)

KVNS KVES KIVN

Maximum Specific Power (KW/FT) 77.7 80.4 77.7

Maximum Heat Flux Outer 4.48x10 4.64x10 4.75x105

(BTU/HR/S_) Inner 7.82xi0 7.95xi0 8.18xlOp

Heat to Coolant Outer i.93xi05 (69.i%) i.99xi05 (68.8%) i.96xi05 (70.4%)
(BTU/HR) Inner O.86xi05 (30.9%) O.9Oxi05 (31.2%) .83xi05 (29.6%)

Flow (GPM) Outer 43.6 (65.5%) 4_i.°9 (64.8_) 52.8 (73.9%)
Inner 22. 9 (34.5%) 24.4 (35.2%) 18.5 (26.1%)

. Uranium Temp. Average e56 258 e54
(°C) Maximum 317 319 319

Maximum Uranium Outer 141 141 156
Surface Temp. (@C) Inner 142 141 127

Coolant Outlet Outer 250 244 223
Tempo ("F) Inner 223 216 252

Can Skin Temp. Outer 267 267 240
(oF ) Inner 252 248 278

Corrosion R_te Outer 6.3 6.7 3.2
(mils/month) Inner 5.9 5-6 11.3

Reactivity 4.7 104.0 -0.1
(_ni-K)

Initial Conversion i.081 O.891 1.064
GMS Pu/M/D

Average Conversion Ratio O.938 Oo808 O.924
to 700 _%_D/Ton

% Pu 240 to 700 _D/Ton 6.0 4.5 6.0

Maximum Elastic Core Stress 62,272 62,354 66,625
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