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COOLTEMP: A COMPUTER CODE FOR CALCULATING COOLANT TEMPERATURES 

IN EBR-II SUBASSEMBLIES 

by 

W. R. W a l l l n , P . E. B lomberg , and J , F . Koenig 

ABSTRACT 

COOLTEMP is a FORTRAN IV computer code that has been 

developed for use on the IBM 360/75 computer to calculate 

flow rate, power, and coolant temperature of each subassembly 

in rows 1-7 of EBR-II. The temperatures calculated are 

average values at three points above the core. The code is 

used to predict temperatures for 19 subassembly locations 

where outlet temperatures are measured by thermocouples. 

Signals from these thermocouples are used to initiate alarm 

and, in a few cases, shutdown circuits. Changes in reactor 

loading resulting from installation of experiments in the 

reactor cause considerable variation in the temperatures 

measured. 

Power in each subassembly, as calculated by COOLTEMP, 

agrees within a few percent of the power calculated by other 

codes, except for a few cases where the difference is a 

maximum of 10%. Flow is believed to be calculated to an 

accuracy of better than 10%, although comparison with flow 

measurements in an instrumented subassembly indicated a 12% 

difference. Subassembly outlet temperature, as measured by 

the thermocouple, is predicted within about 13°F for the cen

tral core position (i.e., a maximum error of about 10% in 

the 135®F temperature rise in the subassembly). Although 

power and flow in experimental-irradiation subassemblies may 

be as much as 90% less than in a normal driver subassembly, 

the effects of loading changes are represented fairly well. 

Work is continuing to Improve the accuracy of the results. 
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I. INTRODUCTION 

EBR-II was designed as a power demonstration reactor. To monitor the 

performance of the fuel subassemblies in the reactor, 19 thermocouples 

were placed just above a representative group of core positions. Early 

in the power operation, it became apparent that the coolant temperatures 

measured for positions in rows 5 and 6 were not the expected values. As 

the function of the reactor was changed to testing of fuels and materials, 

experimental-irradiation subassemblies replaced subassemblies containing 

reference-design fuel elements, and the discrepancy between expected and 

measured temperatures increased. 

COOLTEMP was developed to predict measured reactor coolant temper

atures more closely. It is a FORTRAN IV computer code used on the IBM 360/75 

computer to calculate flow rate and power, and from these, the coolant 

temperature, in each subassembly in rows 1-7 of EBR-II. The temperatures 

calculated are average values at three points above the core. Since experi

ments that have widely differing performance characteristics may be placed 

in almost any grid position^ power and flow rate for each grid position 

has to be determined. Radial heat transfer between adjacent subassemblies 

also has to be determined. 

Setpoints for shutdown trips and alarms must be established for each 

reactor run. The goal of the program is to establish these values more 

precisely before initial startup for the run. COOLTEMP calculations have 

been helpful In establishing the setpoints, but the accuracy Is not good 

enough yet to rely on the calculated values alone. Estimates based on 

previous similar loading conditions are now used. 

II. CALCULATION PROCEDURE 

COOLTEMP calculations are divided into three major parts. The flow 

rate in each subassembly is determined first. Then, the power in each sub

assembly is calculated based on specific power for gamma absorption and 

fission. Finally, the coolant temperature for each subassembly is calcula

ted in three steps. Coolant temperature at the top of the fuel first is 

calculated from subassembly flow rate and power. Next, the coolant 
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temperature at the top of the subassembly upper re f lec tor region i s calculated 

by adding the effect of radial heat t ransfer to the calculated coolant tem

perature at the top of the fuel. Then, the "mixed-coolant" temperature i s 

calculated by adding to the top-of-ref lector temperature a correction 

factor for the effect of mixing the coolant with coolant from adjacent 

subassemblies. 

COOLTEMP also calculates the difference between the calculated mixed-

coolant temperature and the thermocouple-measured temperature. 

A. Subassembly Flow 

In the i n i t i a l design of EBR-II fuel , a l l driver subassemblies 

were to have the same amount of fissionable mater ia l , and blanket subassem

b l i e s in rows 6 and 7 contained depleted uranium. To l imit the differences 

between coolant temperatures throughout the reactor , which could be caused 

by power production being lower at the edge of the core than at the center, 

an or if lc lng system was provided to ensure higher coolant flow rates toward 

the core center. Although subassemblies in rows 1-7 a l l take the i r flow 

from a common plenum and discharge the i r flow to a common plenum, the 

effective pressure drop is different for each row. Subassembly pressure 

drop was measured In a 0,6-scale model of the reactor and was found to vary 

with row. With the reference-design core (no experiments), the pressure 

drops (in psi) were: 

Row-1 and -2 subassemblies 37.9 

Row~3 subassemblies 38.8 

Safety-rod subasgeinblies 39.0 

Row-4 subassemblies 34.6 

Row-5 subassemblies 34.2 

Control-rod subassemblies 38.8 

Row-6 and -7 subassemblies 40.8 

These values are based on a flow of 7620 gpm for rows 1-7 and a d i f fe ren t ia l 

pressure of 46.2 psi between the pump discharge and the upper (discharge) 

plenum of the reactor . 

The flow rate for any subassembly i s governed by the s ize of the 

holes (or i f ices) in the lower adapter of the subassembly and by the row in 
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which the subassembly is.ins tailed. The grid plate supporting the sub

assemblies is stepped so that the holes are exposed to varying degrees de-

pending on the row in which the subassembly is installed. 

The relationship of flow rate to pressure drop for each experimental-

irradiation subassembly and for typical driver and blanket subasseniblies is 

determined in a water test loop. The values obtained are converted to 

sodium conditions at 800°F. The relationship determined from the flow test 

is used to determine the flow rate for the pressure drop at the core posi

tion where the subassembly will be installed. This flow rate is called 

the "calibrated flow." 

The calibrated flow for the subassemblies is summed for the first 

seven rows. The flow for each subassembly is then corrected by a flow cor

rection factor, which is the ratio of the measured core flow (rows 1-7) to 

the sum of the calibrated flows. Measured core flow is kept at the- same 

value for each run; the reactor operators control the total outlet flow to 

maintain a constant 9000 gpm. 

When the effective pressure drops for each row were originally deter

mined, they were based on the conditions at the time, i.e., equal flow for 

each subassembly of a given type in a given row. No experimental-irradia

tion subassemblies were anticipated. However, some experimental-irradiation 

subassemblies now in the reactor are designed for flows approaching 1% of 

the flow in surrounding subassemblies, and therefore provide more resistance 

to flow. Flow division between parallel channels connecting two plenums is 

not theoretically well understood, especially when the parallel channels 

have differing flow resistances. To arrive at the flow for each position 

as it changes from run to run, the pressure drop would have to be known for 

each core position. Since this information is not available, the flow cor

rection factor described above is applied to each core position. 

^' Subassembly Power 

Powers in the subassemblies in rows 1-6 are calculated separately from 

L. J. Koch, W. B. Loewensteln, and H. 0, Monson, Addendum to Hazard Summary 
Report, Experimental Breeder Reactor-II (EBR-II), ANL-5719 (Addendum), 
Figs. 11-15 (June 1962). 
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those In row 7. Different constants for the specific powers due to U 

fission and to gamma absorption must be used. 

The equations that follow are based on 50 MWt, the operating reactor 

power level when COOLTEMP was first put into use. To calculate the power in 

each subassembly at other reactor power levels, the constants for specific 

power must be changed. However, after the power in a subassembly has been 

calculated at one reactor power level, it can easily be determined for 

other power levels, because subassembly power varies linearly with reactor 

power, 

1. Rows 1-6 

The power in each subassembly for a reactor power of 50 MWt 

is calculated by COOLTEMP, in terms of specific powers due to fissions and 

gamma absorption, by the equation 

p(xy2) ̂  ̂ (xyz) fK^^(xyz) ̂  K^nfy^) + K^m^"^^^ - M^^^^) + K2M^^^^>], (1) 

where P^ *̂  = Power in subassembly (W) ; 

<p = Re l a t i ve r a d i a l f lux in subassembly; 

K^ = Specific power due to fissions in fissionable material (W/g); 

ĵ (xyz) ^ xotal mass of fissionable material (̂ \̂ + ^̂ ^̂ Pu x 1.2) in 

subassembly (g); 

K̂  = Specific power due to gamma absorption in fissile and fertile 

material at core center (8.9 W/g ); 
( XV Z i 

M •'̂ = Total mass of fissile and fertile materials (uranium and u 

Plutonium) in subassembly (g); 

= Specific power due to fissions in U at core center (16.9 ^3 
W/g ) ; 

K = Spec i f i c power due to gamma absorp t ion i n s t r u c t u r a l ma te r -

l a l s and coolant a t core cen t e r (3 .6 W/g ) ; and 

j^v y / _ ijQi-ai mass of s t r u c t u r a l m a t e r i a l s and coolant ( s t a i n l e s s 
c 

steel and sodium) in subassembly (g). 

* From Guide for I r r a d i a t i o n Experiments in EBR-II, Rev. 3 (July 1969) 
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Total reactor power (P ), In kW, is determined from measured values 

according to the equation 

P^ - F • AT » K^, (2) 

where F = Sum of readings of four inlet flowmeters minus 105, the leakage 

to the primary tank between flowmeters and subassembly inlets 

(gpm), 

AT - Reactor outlet temperature minus bulk sodium temperature measured 

at the inlet to the primary pumps (**F), and 

K = Conversion constant (0.039). 

To evaluate K^, the total reactor power (P ) is multiplied by the 
r t ^ 

fraction of P generated in rows 1-6 (as determined by the BURNUP code ) , 
and the product is set equal to the sum of individual powers for subassemblies 

in rows 1-6 in terms of K^: 

(p )FP< ŷ̂ > = Y. ^^''^^K (3) 
' 1-6 

where p^ ̂  '' = Power in a subassembly in terms of K , and 

FP'̂  -̂  ̂  = Fraction of total power (P ) in all subassemblies considered 

(rows 1-6). 

After the value of K̂ . has been determined, the actual power in each 

subassembly is calculated using Eq, 1. 

Relative radial flux, ^^^'^^\ is obtained from the BURNUP code, which 
235 

calculates the relative U fission rate in each subassembly position; the 

fluxes corresponding to those rates are used for (fî  -̂  . The fission-

rate distribution is described by a fourth-order polynomial equation. The 

five coefficients for this equation are established from experimentally 

determined flux distributions, using a curve-fitting routine. The asymmetry 

caused by replacing standard fuel elements with experiments is then con

sidered by calculating the shift of flux center, as determined from measured 

worths of control rods. Gamma-heating rates and U-fission-heating rates 

are assumed to have the same distribution. 
f XVZ^ 

Fraction of total reactor power, FP , also obtained from the 

BURNUP code, is based on heat production in fissionable and fertile material. 

All heat produced (200 MeV per fission) is considered to be due to fission. * 
S. M. Masters, I, A. Engen, and F. S, Kim, BURNUP—A Code to Calculate 
Burnup of EBR-II Fuel, ANL/EBR-009 (February 1970). 
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neutron capture, and beta and gamma reactions. Heating produced in structural 

materials and the coolant is assum.ed to be small enough to be insignificant in 

the BURNUP code. 

COOLTEMP, however, takes into account gamma heating in structural 

materials and the coolant, because Some experimental-irradiation sub

assemblies contain only structural materials. The amount of this heating 

in structural-materials experiments must be calculated in order to calculate 

the coolant temperatures. 

Row 7 

Actual power In each row-7 subassembly I s c a l c u l a t e d by the 

equat ion 

(xyz) J. „(xyz) , „ „ y^i'^J^) , ^ (ys^^^^ M ^ ^ ^ X + v M^^y^^l 

,(2£yz) 
(4) 

(P^)FP 

where K = Specific power due to fissions in U in row 7 (W/g). There 

are six subassembly positions in each sector, and K has the 

following values for those positions: 7N1, 0.0118; 7N2, 0.0275; 

7N3, 0.0352; 7N4, 0.0369; 7N5, 0.0352; 7N6, 0.0275. 

K^ == Specific power due to gamma absorption in fissile and fertile 

material in row 7 (3.05 W/g ). 

Specific power due to gamma a 

and coolant in row 7 (0.613 W/g) 

C, Coolant Temperature at Top of Fuel 

With the power and flow rate for a given subassembly known, the 

s temperature, T "̂  s of the sO' 

assembly is calculated by the equation 

K.y = Specific power due to gamma absorption in structural materials 

( XVZ i 

average tempera ture , T j of the sodium a t the top of the fuel in the sub-

^i^yz) ^ + p(xyz) /p(xyz) ^^^ 

* 
From Guide for Irradiation Experiments in EBR-II, Rev, 3 (July 1969). 



- 16 -

= Temperature of coolant at Inlet of subassembly, the bulk 

sodium temperature (®F), 

= Corrected flow in each subassembly (gpm), and 

= Conversion constant (0.039). 

D. Coolant Temperature at Top of Reflector 

The coolant temperature at the top of the reflector Is determined 

by considering the amount of radial heat transfer in the upper reflector 

section. All coolant at the top of the fuel in the subassembly is assumed 

to be at the same temperature. From the calculated temperatures at the top 

of the core and the overall heat-transfer coefficients from Table I, the 

temperatures at the top of the reflector are obtained by iterative calcula

tion. In general, the radial heat transfer becomes important only for low-

flow experiments. For driver subassemblies, the overall heat-transfer coef

ficients include the effect of the nonsymmetrical resistance of the stainless 

triflute reflector. The assumption of uniform coolant temperature is valid 

for the driver subassemblies, in which the coolant mixes in a plenum a short 

distance above the core region. In the experimental subassemblies, the fuel 

elements extend to the top of the subassembly, and the coolant in each 

channel remains essentially at its top-of-fuel temperature. As the outside 

channels are cooler than the inner channels, because of the higher ratio 

of flow area to heat-transfer area, the coolant temperature adjacent to 

the wall will be less than the average coolant temperature in the sub

assembly. Since the amount of radial heat transfer will be determined by 

the coolant temperature adjacent to the outside wall, it will be under

estimated for experiments whose mixed-coolant temperature is lower than that 

of the surrounding subassemblies. Similarly, the amount of radial heat 

transfer from an experiment whose mixed-coolant temperature is higher than 

that of the surrounding subassemblies will be overestimated; the radial heat 

transfer may actually add heat to the experiment rather than remove it. 

Eo Temperature of Mixed Coolant 

Comparison of measured temperatures and calculated top-of-ref lector 

temperatures indicated that temperatures in adjacent subassemblies affect the 

where T, B 

(xyz) 
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TABLE I . Overall Heat-transfer Coefficients for Radial Heat 

Transfer in Upper Reflector Section 

Coefficient, 
Type of Subassemblies Involved Btu/hr-°F 

Mark-IA Driver to Mark-IA Driver 209 

Mark-IA Driver to Control Rod 161 

Mark-IA Driver to Mark-A^ Experiment 163 

Mark-IA Driver to Mark-B Experiment 209 

Control Rod to Mark-A Experiment 180 

Control Rod to Mark-B Experiment 205 

Mark-A Experiment to Mark-A Experiment 229 

Mark-B Experiment to Mark-B Experiment 409 

Mark-A Experiment to Mark-B Experiment 254 

In a Mark-A experiment, each element is surrounded by 
a shroud tube. A Mark-B experiment has some un-
shrouded elements. 



- 18 -

thermocouple o u t p u t . Aa enthalpy-mixing model has been developed as p a r t of 

COOLTEMP to desc r ibe mixing by r a d i a l flow of coo lan t . I t i s based on 

the assumptions of (a) uniform r a d i a l flow and (b) mixing of en tha lpy from 

subasseni i l ies l oca t ed adjacent to the subassembly and toward the cen t e r of 

the co re . Coolant from the adjacent i n t e r i o r subassemblies mixes wi th 

the coolant from the subassembly in determining a mixed-coolant o u t l e t 

t empera ture . Two geometry cases are used in the fol lowing to exp la in 

the procedure for c a l c u l a t i n g t h i s t empera ture : 

CORE CENTER 

cm A CASE B 

The entha lpy ba lance for each c a s e , with O^F as a b a s i s , i s 

T. CA 
im 

F F F 

i f f f 
x y z 

F F F 
= T^CAF, + T CA + -=2. + T CA -7^ + T CA ^ , (6) 

— r ym r ~~ *. xm zm 

where T - Temperature (®F), 

C = Spec i f i c hea t (B tu / l b -^P ) , 

A = Conversion f a c t o r . f o r conver t ing gpm to I b / h r , 

F - Subassembly flow (gpm), 

f = F rac t ion of flow to adj&cent subassembly; 

and the s u b s c r i p t s r e f e r t o : 

m = Mixed coo lan t , 

i , X, y , z = Subassembly de s i gna t i on . 

Solving Eq. 6 for the mixed-ou t le t coolant t empera tu re , T , we have 

F F F 
T.F^ + T •^+ T -^ + T •™-1 i xm f ym f zm f 

T. -
im F F F 

^1 f f f 
x y z 
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The mixed-coolant out le t temperature i s considered to be a function of the 

flow and the out3.et coolant temperature of subassembly 1 as well as flow 

and out le t temperature of the adjacent In te r io r subassemblies. For Case A, 

the values currently used for factor f are 4 for x and z and 2 for y. For 

Case B, 2 i s used for both x and y. 

The calculated mixed-coolant temperatures and measured temperatures 

are in good agreement for some subassemblies. The model, however, does not 

predict the measured outlet coolant temperature for all positions or for 

all loading changes. Work is continuing on evaluating different concepts. 

One factor considered in this mixing effect was the position of the 

thermocouple. Figure 1 shows typical placement of a thermocouple. In 

order to place the thermocouple as close as possible to the subassembly 

outlet (about 1/4 in. from it), the thermocouple is not centered on a sub

assembly, but is near one side. The side is not always the same with 

respect to core center. Figure 2 shows a plan view of the subassembly 

positions and the thermocouple positions. 

The thermocouple position would seem to be especially important 

when the thermocouple is next to an adjacent subassembly in which the 

flow rate is greatly different. Attempts to analyze relationships between 

flow, thermocouple position, and measured temperatures have not produced 

any consistent correlation. 

F, Comparison of Calculated Temperature of Mixed Coolant with Measured 

Temperature 

The final step in the COOLTEMP code is to take the difference between 

the calculated mixed-coolant temperature and the measured (by thermocouple) 

temperature. 

G. Average Power and Flow per Element 

An. auxiliary subroutine calculates the average power and the average 

flow per element. The calculation considers one row at a time and separates 

the experiments and the driver subassemblies. Table II shows a typical output. 
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5.875 

SUBASSEMBLY RETAINING 
FINGER 

THERMOCOUPLE WELL 
(O.3l25"-00 X 0.0a5"~wa11 tube) 

Fig . 1. Locat ion of Thermocouples for Measuring Subassembly Out l e t 

Coolant Temperature 
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7A4 Q 6A4 Q 5A4 Q 4B1 Q 4B2 M 4B3 H 4C1 Hm^Cl M 6C3 H 7C4 

7A2 I 6A2 d 5A2 d 4A2 d 3A2 4 ^ 2 B 1 d 2 C l d 3 C 2 % 4 C 3 Q 5 C 4 Q 6 C 5 3 ^ 7 C 6 ' 

^̂^ X ^̂ Ĵ. *̂̂  X ^^^ L ^^^ xJ^^ X ^̂ Lx ^̂^ X ^̂^ XJ^^ X "̂̂̂  xj^-^ X.''̂ '̂ 

^̂^ X ^̂ Ĵ. ̂ ^ix ^̂^ X '̂'̂  X ^̂ Lx ^ ^ j . "̂̂ Lx ̂ "̂ Lx '̂̂ LJLV̂ ^̂  Xr,̂ ^̂  

''̂ ^ X ^^ix '̂'̂  1 "̂"̂  X ^̂^ X ̂ ^̂  X ^̂^ X "̂̂ Lx ^̂^ X '̂̂ Lx ^̂^ 
7F4 p 6F3 b 5F2 b 4 F 1 « 4E3 D 4E2 D 4E1 h 5D4 b 6D4 D 7D4* 

7F3 b 6F2 5F1 h 5E4 5E3 D 5E2 5E1 D 6D5 D 7D5 

UPPER-REFLECTOR 
COOLANT CHANNEL 
(for driver subassemblies only) 

7F2 b 6F1 P 6E5 p 6E4 0 6E3 P 6E2 P 6E1 P 706 

7F1 b 7E6 b 7E5 h 7E4 b 7E3 D 7E2 C) 7E1 

THERMOCOUPLE 

L - CONTROL ROD 
S - SAFETY ROD 

Fig. 2. Location of Thermocouples in Relation to Subassembly 

Positions 
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TABLE II. Average Powers and Flows per Element Used as 

AIROS Input for Run 39A 

Row 
No. 

1 

2 

3 

4 

5 

6 

7 

Type of 
Subassembly 

Driver 

Experiment 

Driver 

Experiment 

Driver 

Experiment 

Driver 

Experiment 

Driver 

Experiment 

Driver 

Experiment 

Driver 

Experiment 

Number of 
Subassemblies 

1 

0 

3 

3 

9 

3 

9 

9 

10 

14 

24 

6 

0 

36 

Number of 
Elements 

91 

__ 

273 

21 

819 

159 

819 

231 

910 

704 

2184 

168 
— 

572 

Average 
Power per 
Element, kW 

8.56 

— 

8.37 

3.33 

7.69 

7.52 

7.48 

12.07 

6.69 

7.34 

5.35 

10.80 

4.04 

Total 
Flow, 
gpm , 

157.7 

— 

253.9 

39.8 

958.7 

256.7 

916.2 

526.9 

861.4 

866.1 

1785.4 

276.1 

__ 

730.0 

Average Flow 
per Element, 
_ gpm 

1.7 
__ 

0.9 

1.9 

1.2 

1.6 

1.1 

2.3 

0.9 

1,2 

0,8 

1.6 

1.3 

Includes blanket subassemblies. 
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The data obtained are used as input for the AIROS code, a code that simulates 

reactor dynamics to obtain temperatures, reactivity effects, etc. during 

transient conditions. 

III. RESULTS OF USING COOLTEMP 

The code has been used regularly to predict subassembly outlet 

temperatures before operating with any given core loading. After measured 

temperatures at full power are available, the problem has been resubmitted 

to provide data for analysis of the code's effectiveness and for a long-

term historical record of performance. COOLTEMP has been used to solve 

problems for all reactor runs from run 26 to the present. In addition, 

it has been used to solve problems for runs 15, 17, 20, and 24. The data 

presented here are for the period of operation from run 30 through run 

45, a period when full power was nominally 50 MWt. Table III is a typical 

COOLTEMP output. 

The results of COOLTEMP are compared with other codes and measured 

data from Instrumented subassemblies, melt-wire capsules, etc. in this 

section of the report. 

A. Effect of Flow Correction 

For all runs, the sum of calibrated flows was less than the reference-

design sum of calibrated flows. The flow correction for run 38A, the run 

closest to reference-design flow conditions, was only 1%. The highest flow 

correction was 15%. 

Two measured flows can be compared with the flows calculated by 

COOLTEMP. Instrumented subassemblies with flowmeters were operating in the 

reactor during runs 39A-45B. Measured changes in flow in these subassemblies 

should correspond to changes in flow calculated with COOLTEMP. Pressure 

drop is measured between the discharge of the primary pumps and the upper 

plenum of the reactor. Although the pressure drop across each subassembly 

position is not the same, changes in the measured pressure drop from pump 

discharge to upper plenum should correspond to subassembly flow changes 

calculated with the code. 



TABLE m. COOLTEMP Output Data 

• 1« HOW CASE I RUN! 3 9 6 DATES 3 / ? 3 / 7 l TIMES 1 7 4 1 . HOtjRS TOTAL MEASURED POWERS 4 9 7 5 6 e 3 KM 

TUTAL CUMPUIEO POMERS 4 6 5 9 6 , 0 KW COMPUTED POWERt ROHS 1 -6S & 4 2 8 3 » 4 KW COMPUTED POMERt ROM ?S 2 3 1 2 . 6 KW 

TOTAL CALIBRATEO FLOWl 6 a ? 0 # 4 GPM CORE DIFFERENTIAL PRESSURES 42e0 

POSITION FXPERIMENT 

CALCUiATFD RFACTOR 
FLnW POWER 

IGPM! ilH KM> 

CALCULATED DIFFERENCE BETWEEN 
COOLANT COOLANT MIXED MEASURED MEASURED AND 

TEMPERATURE TEMPERATURE COOLANT COOLANT CALCULATED MIXED 
CTOP OF FUEL I I TOP OF BLANKETS TEMPERATURE TEMPERATURE COOLANT TEMPERATURES 

l A t 
2 A I 
2B1 
2 0 1 

zni 
? e i 
2F1 
3 A I 
3A? 
3 f i l 
3B? 
3C1 
3C2 
3D I 
3 0 2 
3F1 
3F? 
3 F I 
3F? 
«>A1 
4A2 
4A3 
4 B 1 
4 B 2 
4 B 3 
4 C ! 
4C2 
4C3 
4 0 ! 
4 0 2 
4 0 3 
4 t l 
4 E 2 
4 E 3 
4 t - l 
4 F 2 
4 F 3 
5 A 1 

D 
D-CF 
X 0 5 ? 
0 - C F 
X O ? l 
n - C F 
X 0 3 4 
S - 2 
X 0 5 I 

D 
MK-2 
MK-2 

D 
S - l 
MK-2 
1 / 2 0 

D 
MK-2 
M K - 2 
X 0 5 9 

0 
D 
0 

X 0 1 2 
XC27 

D 
X 0 5 0 
X 0 6 4 

D 
X 0 4 3 

D 
X 0 5 4 
X 0 1 8 

. 0 
X 0 6 9 

0 
0 

C - 7 

1 5 7 , 7 
8 ^ . 0 
1 3 » 0 
8 3 , 9 
1 3 « 4 
8 = . , 0 
1 ^ . 4 
9 4 , 5 
6 7 , r 

1 3 8 , 7 
8 1 , 7 
8 0 , ^ 

13»^,T 
9 4 , 5 
e n , ^ 

1 3 8 , 7 
I B " , ? 

8 0 . 5 
8 0 , 5 
9 8 , 4 

1 0 1 , 8 
1 0 l » ^ 
1 0 1 , 0 

5 8 , ? 
3 4 , ! 

1 0 1 , S 
5 S , 2 
3 0 , ? 

J O ! , S 
8 1 , 7 

l O l , * ? 
9 4 , ? 
1 3 , 4 

1 0 ! , R 
5 8 , 7 

J 0 1 , 8 
1 0 1 , 8 

6 7 , 1 

7 8 6 , 6 
7 7 3 , 7 

? 0 , 7 
7 6 6 , 8 

2 4 , 5 
7 6 8 , 7 

2 4 , 8 
4 0 f > , 8 
2 ) 4 , ? 
71<».4 
7 4 . 0 , 1 
7 ^ 1 , 5 
7 ^ 5 , 5 
4 7 7 , 7 
7 4 0 , 8 
3 7 7 , 8 
7 5 - ^ , 0 
7 4 ? , 9 
7 6 < ' , 5 
• ^ 6 0 , 4 
7 0 1 , 1 
7 0 0 , 3 
6 7 0 , 9 
2 9 1 , 9 
2 3 4 , 6 
6 4 4 , 4 
2 1 8 , 4 
2 9 7 , 6 
6 4 ? , 3 
5 3 4 , B 

ft^l.l 
5 1 6 , 2 

2 ? , 4 
6 9 5 » ? 
? 6 9 , 8 
7 0 9 , 4 
7 0 6 , 6 
3 9 3 , 1 

R 3 1 , 6 
9 4 0 , 1 
7 4 2 , 0 
9 4 1 , 1 
7 4 8 , 1 
9 3 8 , 6 
7 4 8 , 8 
8 3 9 , ? 
7 8 3 , 5 
8 ^ 6 , 8 
9 3 9 , 1 
e 3 q , 6 
8 3 9 , 9 
8 3 3 , 3 
0 4 2 , 7 
7 7 1 , 9 
8 4 3 , 2 
9 4 3 , 3 
9 5 0 , 4 
7 9 6 , 6 
8 3 1 , 7 
8 8 1 , 5 
8 7 3 , 9 
8 3 2 , 4 
8 8 1 . , 4 
8 6 7 , 0 
7 9 9 , 0 
9 6 0 , 0 
8 6 6 , 5 
8 7 2 , 8 
8 7 9 , 1 
8 4 4 , 9 
7 4 4 , 0 
8 3 0 , 2 
8 2 1 , 2 
8 3 3 , 9 
^««3 ,2 
8 5 6 , 5 

8 3 3 . 3 
9 ? 8 . 5 
8 1 6 , 5 
9 3 1 , 3 
8 1 9 , 4 
9 2 6 , 5 
8 3 0 , 2 
8 4 1 , 4 
7 9 2 , 6 
8 3 7 , 7 
0 3 1 . « 
9 3 3 . 7 
8 4 ? , 4 
8 3 5 , 8 
9 3 4 , 0 
7 7 6 , 9 
8 4 - ^ , 2 
9 3 5 , 5 
9 4 2 , 7 
8 0 5 , 1 
8 7 8 , 5 
8 7 9 , 5 
8 7 ? , 1 
8 3 8 , 8 
8 8 1 , 0 
8 6 7 , 4 
8 1 2 , 2 
9 3 ? » 6 
8 6 5 , 7 
8 7 3 , 1 
8 7 8 , 7 
8 4 3 , 5 
8 0 5 , 5 
8 7 8 , 1 
8 3 1 . 1 
8 8 4 , 4 
8 8 2 . 0 
8 5 7 . 5 

8 3 3 , 3 
9 0 6 , 0 
8 2 7 , 8 
9 0 7 , 9 
8 2 8 , 6 
9 0 4 , 5 
8 3 2 , 3 
8 6 6 . 3 
8 3 5 , 9 
8 4 6 , 3 
9 J 9 , 0 
9 1 0 . 9 
8 5 6 , 6 
8 5 0 . S 
9 1 8 , 9 
8 2 3 , 7 
8 5 6 , 6 
° 0 9 . o 
9 2 5 . 0 
8? 3 , 5 
8 6 7 , 4 
8 6 1 , 1 
8 6 1 , 9 
8 6 1 , 3 
9 0 4 . 9 
8 7 8 , 7 
8 5 4 , 2 
8 7 0 , 4 
8 6 3 , 3 
8 7 7 , 8 
8 6 8 , 3 
8 3 9 , 5 
8 3 7 , 1 
8 7 7 , 1 
8 ? 1 , 6 
8 9 9 , 0 
8 8 7 « 2 
8 5 & » 0 

8 2 2 , 0 
8 9 6 , 0 
8 1 4 , 0 
9 1 4 , 0 
8 6 4 , 0 
9 1 6 . 0 
8 8 5 . 0 

8 3 8 , 0 

9 3 7 . 0 

7 9 1 , 0 

9 0 1 . 0 

8 6 3 , 0 

9 2 6 , 0 

8 3 5 , 0 

8 5 8 , 0 

8 7 4 , 0 

1 1 . 3 2 
1 0 , 0 5 
1 3 , 7 8 
- 6 , 1 0 

- 3 5 . 3 9 
- 1 1 , 5 2 
- 5 2 , 7 3 

8 . 2 7 

- 2 6 , 1 4 

3 2 . 7 0 

» , 8 S 

- I . I O 

- 5 5 . 6 4 

4 , 5 2 

1 3 , 6 1 

1 3 . 2 4 

D-RF R t P R t S E N T S A REDUCfcO FLOW DRIVER ELEMENT 
0 - C h REPRfcSFNTS A CONTROLLED FLOW DRIVER ELEMENT 



TABLE m. (contd) 

CASfc 1 RUNS 39A OATES 3 / 2 3 / 7 1 TIMES 1 7 4 1 . HOURS TOTAL MEASURED POWERS 4<S756,3 KM 

TOTAL CUMPUIEn POWERS 4 6 ' ; 9 6 , 0 KW COMPUTED POWER, ROWS i - 6 s 4 4 2 8 3 , 4 KW COMPUTED POWERs ROW 7s 2 3 1 2 , 6 KW 

TOTAL CALf PRATED FLOWS 6 8 2 0 , 4 GP'1 CDRE DIFFERENTIAL PRESSURFs 4 2 , 0 

CALCULATED DIFFERENCE BETWEEN 
CAtCULATf-n PFACTOR COOLANT C03LANT MIXED MEASURED MEASURED AND 

FLHW POWER TFMPERATURF TFMPFRATUPE COOLANT COOLANT CALCULATED MIXiO 
POMTintN! f-XPCRIMENT »GPf1» iVi KW} ITUP OF FUFLI I TOP OF BLANKETI TEMPERATURE TEMPERATURE COOLANT TEMPERATURES 

!>A? 
5A3 
5A4 
5 B I 
5B2 
5B'> 
S»P4 
5 t l 
5C2 
5C3 
5C4 

5 0 1 
5 0 ? 
5 0 3 
5 0 4 
5 E I 
5E? 
5 E 3 
5f -4 

5 H 
5 F ? 
5F3 
&F4 
feAl 
6 A 2 
6A3 
6 A 4 
6A5 
6 B I 
68 Z 
6 B 3 
6 B 4 
ftB5 
6 C 1 
6C2 
6C3 
6C4 
6C5 
6 0 1 

U 
C - 8 

D 
C - 9 
Xf>4{) 

c-in 
f) 

t - i i 
X 0 6 5 

r- i? 
n 

SSCK 
0 

C - 2 
D 

C - 3 

a 
C - 4 

D 

c-s 
0 

XXOl 
0 
D 
D 
U 

X 0 5 5 
D 
D 
0 
0 
0 

X 0 2 8 

r> 
D 

X 0 7 3 
D 
0 
I) 

OiS, ? 
tr,\ 
fct,' 
6 7 . 1 
7 6 , 1 
f ? , i 
P ^ , l 
6 7 , 1 
7 1 , 6 
6 7 , 1 
8 6 , 1 
14 , -> 
8 6 , 1 
6 7 , 1 
8^,1 
6 r . i 
8 6 . 1 
6 ^ , 1 
8 6 . 1 
6 7 , 1 
8 6 , 1 
3 3 , 2 
8 6 , 1 
7 4 , 4 
7 4 , 4 
7 4 , 4 
3 ^ . o 
7 4 , 4 
7 & , 4 
7 4 , &• 
7 4 , 4 
7 ^ , 4 
4 7 , H 
7 4 , < • 
7-^ .4 
3 < ' . 7 
7 4 , 4 
7 4 , 4 
7 4 , 4 

6 2 2 , 3 
4 ^ , " 
6 0 7 , 3 
3 R 1 . 8 
b f ' S . B 
4 1 0 , 1 
! 3 q ? , 7 

^«>r.,) 
^ 6 1 . 9 
4 0 4 , 2 
S O I . R 

n . 7 
5 7 6 , 4 
4 0 " ; , a 
6 0 ' , ^ 
3 7 6 , 4 
61 R.R 
4 2 8 , ' * 
6 ' ' S , Q 
3 0 K , q 
6 2 % 7 
1 7 1 , 5 
6 3 4 , o 
4 7 1 , 5 
5 1 9 . 1 
53»»,9 
2 7 8 , 8 
4 9 9 , 4 
4 4 5 . 4 

4 8 7 , 7 
5 1 ? « 1 
5 0 0 , 7 
1 5 5 , 0 
4 2 3 . 2 
4 6 7 . 6 
? 3 7 , 9 
^ o i « 5 
4 7 4 . ? 
4 1 9 , 8 

8 9 0 . 6 
8 6 4 , 4 
8 8 6 . 0 
8 5 0 , 1 
8 7 5 , 4 
8 6 1 , 2 
8 8 1 . 6 
8 4 1 , 5 
8 7 0 . 2 
85 8 , 9 
8 7 8 , 2 
7 2 ? . 1 
8 7 6 . 6 
8 5 0 , 5 
8 8 4 , 8 
8 4 7 , 9 
8 8 9 , 5 
8 6 8 , 4 
8 9 1 , 7 
8 5 5 . 6 
8 9 2 , 9 
8 3 6 , 2 
8 9 4 , 5 
3 6 7 . 2 
8 8 4 . 1 
8 9 1 , 1 
9 1 7 , 0 
8 7 7 , 1 
8 « ^ 8 , 0 
8 7 3 , 0 
8 8 1 , 6 
8 7 7 , 6 
7 8 6 , 0 
8 5 0 , 1 
8 6 5 , 8 
8 5 4 , 7 
8 7 4 , 3 
8 6 8 , 2 
8 4 8 , 9 

8 3 6 , 2 
8 6 7 . 1 
8 8 5 . 0 
8 5 2 , 5 
8 7 3 . 6 
8 6 2 . 3 
8 7 9 , 1 
8 4 2 , 8 
8 6 6 , a 
8 6 0 , 4 
8 7 6 , Q 
7 8 ' . 4 
8 7 4 . 1 
8 6 0 , 1 
3 8 1 . 4 
8 5 1 , 4 
8 8 5 . 8 
8 6 8 , 1 
88<5,3 
8 5 7 , 8 
8 9 0 . 2 
8 4 7 . 1 
8 9 1 , 2 
8 6 2 , 1 
8 7 7 , 9 
8 8 5 , 3 
8 9 5 , 4 
8 7 1 , 6 
8 5 3 , 3 
8 6 7 , 3 
8 7 5 , 7 
8 7 3 , 0 
7 9 4 , 1 
8 4 4 , 6 
a 6 1 , 9 
8 4 9 , 6 
8 6 8 . 6 
8 6 1 , ? 
8 4 3 , 4 

6 6 3 . 5 
P 6 5 , 4 
8 8 7 , 2 

P 6 8 . 4 
8 6 0 . 1 
8 7 1 , ? 

8 8 9 , 6 
8 8 1 , 8 
8 7 8 , 6 

8 6 3 , 8 
8 7 3 , 1 

8 6 5 , 4 

8 7 5 , 0 

8 7 6 . 0 

I t . 2 3 

- 7 . 5 8 

SSB.O - 2 2 . 6 1 

t>-RF RFPRIrSFNTS A REtXJCFD FLOW PRIVER ELEMENT 
n-Ct Rt-PKtSbNrS A CONTPOLlEn f-LQW URIVFR ELEMENT 



TABLE M. (contd) 

4 ; A S E 1 RUNS 39h DATES 3 / 2 3 / 7 1 TIHEs 17*1» HOURS TOTAL MEASURED POWERS 49756e3 KW 

TOfAL COMPUTED POHfcRS 46!><»fe. 0 KW COMPUTED POWERt ROHS 1-6S 44283»4 KW COMPUTED POHERt ROM ?S 2 1 1 2 * 6 KW 

TOTAL C A L I W A I E D FLOWS 6820»4- GPH CORF DIFFERENTIAL PRESSURES 42»0 

CALCULATED DIFFEREWE iETMEEN 
CAiCMLATFO RF&CTOR COOLANT COOLANT MIXED HEASUREO MEASURED AND 

FLOW pnwER TEMPERATURE TEMPERATURE COOLANT COOLANT CALCULATED MlJCfO 
POSITION FKPERIHENT IGPM) HH KW} I TOP OF FUEL) I TOP OF BLANKET! TEMPERATURE TEMPERATURE COOLANT TEWreHATURES 

6 0 2 
6 0 3 
6 0 4 
6D5 
6 E I 
6 F 2 
61:3 
& £ • 
6 F 5 
6 F 1 
6 F 2 
6F3 
6 F 4 

6 F 5 
7 f l l 
7A2 
7 A 3 
7A« 
7A5 
7A6 
7 B I 
7B2 
TB3 
7B4 
7P5 
7B6 
T C I 
7C2 
7 C ^ 

?c* 
7rt> 
re 6 
7 0 1 
7 0 ? 
7D3 
7 0 4 
705 
7 0 6 
7E1 

D 
0 

1 / 2 0 
D 
D 

XC72 
0 
0 
0 

X 0 5 8 
0 
D 
D 
D 
B 

*B 
X 0 4 I 

8, 
X 0 6 I 

B 
XG04 

B 
X 0 3 5 

B 
B 
B 
B 
8 

8. 
B 

X 0 3 8 
B 

XG03 
8 
R 

B 
B 
B 

X 0 3 6 

7 4 » 4 
7 4 « 4 
7 4 , ^ 
7 4 , 4 
7 4 , 4 
2 6 * ' ' 
7 4 . 4 
7 4 , 4 
7 4 . 4 
5 ? , 7 
7fe»4 

7 * » * 
7 4 , ^ 
7 4 , 4 
2 2 » 4 
2 / « 4 
3 3 , 4 
2 2 « 4 
1 2 . Q 
2 ? « 4 

J?3«2 
2 ? . ^ 
1 3 . 4 
2 2 « 4 
2 2 . 4 

2 ' , 4 
2 2 , 4 
2 2 , 4 
2 ? » 4 

2 2 . 4 
1 3 , 4 
2 ' , 4 
1 7 . 9 
2 2 , 4 
2 2 . 4 
2 2 , 4 
2 2 , 4 
2 2 , 4 
2 2 , 4 

4 7 4 , S 
5 0 5 . 1 
? 6 8 , 2 
4 Q 1 . 7 
4 4 7 , ? 
2 ^ 4 , . ^ 
«3«> ,^ 
?>^8,<3 
b?^»H 
3 8 4 . 9 
• ' 24 ,6 
5 5 8 , 0 
5 5 7 , 7 
5 2 4 . 3 

5 0 , ? 
7 6 , 2 

4 , 3 

«)3,n 
3 , 1 

7 4 . 2 
2 0 , 3 
7 3 , 2 

4 , 3 
« 9 , 1 
a 7 . P 
7 5 , 4 
4 « « 2 
7 1 . 0 
8 5 , 8 
8 7 , 1 

4 , 3 
7 1 , 1 
J<?,1 
7 1 , 7 
8 7 , 3 
B ^ , 5 
8 8 , 6 
7 3 , 5 

1 3 2 , 7 

8 6 8 , 3 
8 7 9 , 2 
7 9 5 , 1 
8 7 4 , 4 
8 5 8 . 6 
9 3 0 , 7 
8 9 1 , 3 
8 9 1 , 1 , 
8 8 5 , 8 
8 8 9 , 1 
8 8 6 , 1 
897,<S 
8 0 7 , R 
8 8 6 , 0 
7 5 9 , 2 
7 8 9 , 8 
7 0 8 , 4 
8 0 9 , 7 
7 0 6 . 3 
7 8 7 , 5 
7 2 9 , 3 
7 8 6 , 3 
7 0 8 , 4 
8 0 5 , 0 
8 0 2 , 6 
7 8 4 , 3 
7 5 6 , 8 
7 8 3 , 7 
8 0 1 , 2 
8 0 3 , 0 
7 0 8 , 4 
7 8 3 , 9 
7 2 8 , 1 
7 8 4 , 5 
8 0 3 , 0 
8 0 5 , 5 
8 0 4 , 4 
7 8 6 , 7 
8 5 6 , 5 

8 6 0 , 5 
8 7 3 , 8 
8 0 1 , 5 
8 6 9 , 1 
8 5 7 , 0 
9 0 4 , 9 
8 8 8 , 1 
8 8 7 , 2 
8 8 2 , 0 
8 7 0 , 7 
8 8 2 , 3 
8 9 2 . 9 
8 « 0 , 7 

8 7 9 , 9 

8 9 3 , 0 
8 8 2 , 3 

D-RF RFPRFSENIS A REDUCED FLOW DRIVER ELEMENT 
t)-CF RFPPFSFNIS A CONTROiLFP FLOW DRIVER ELEHENT 



TABLE m. (contd) 

CASE 1 PUNS 39A OATFs 3 / 2 3 / 7 1 TIMFS 174 ' . , HOURS TOTAL MEASURED POWERS 49- '56 ,3 KW 

lOTAl CUI^PUTEO POWFR S 4 6 b 9 6 , 0 KW COMPUTED POWFR, ROWS 5-6 5 4428 '» ,4 KW COMPUTED POWER. ROM 7S 2 3 1 2 , 6 KW 

TOTAL CALIBRATEO FLOWS 6 ? ' 0 , 4 GPM CORE DIFFFRENTIAL PKESSUFEs 4 2 , 0 

CALCULATED DIFFEREfCE BETWEEN 
CALCULATFO REACTOR COOLANT COJLANT MIXED MEASURED HFASUREO AND 

FLOW POWER TEMPERATURF TFMPERATURF COOLANT COOLANT CALCIM-ATED MIXED 
P O b l l l O N t-XPERIMFNl IGPI^S U N KW! ! T'JP OF FUFLI J TOP OF BLANKET! TEMPFRATURE TEMPERATURE COOLANT TE»«PeRATUPES 

7F2 8 2 2 . 4 7 4 , 6 788 ,O 
7fc3 N I 1,3 5 , 7 R l l , 8 
7F4 B 2 2 , 4 9 ^ , 5 8 1 0 . 2 
765 B 2 2 . 4 ^ 2 , 5 8 0 9 , 1 
7F6 B 2 2 , 4 7 6 , 4 7 9 0 . 1 
7F1 B 2 ' , 4 5 r , 3 7 5 9 . 3 
7F2 B 2 2 , 4 7<^.Q 7 9 0 . 7 
7F3 B 2 2 , 4 9 3 , 7 8 1 0 , 6 
7F4 B 2 ? , 4 9 3 . 7 8 1 0 . 6 
7F& X063 13 ,F 2 , 4 7 0 4 , 5 
fF6 ^ 8 2 ? . 4 7 6 , 8 7 9 0 . 5 
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Table IV lists the calculated COOLTEMP flow correction factor, 

measured flow through the instrumented subassemblies, and measured pressure 

drop between pumps and plenum for runs 39A-45Bo Table V shows how these 

values changed during the time when each Instrumented subassembly was in 

the reactor. The relative changes for each run agree within 3%. 

The absolute values of the measured pressure drop and the calculated 

COOLTEMP flow correction factor, however, are not in agreement. Several 

factors could cause this difference: 

1. Actual outer-blanket flow is probably larger than the measured 

flow. Experiments have increased the net flow resistance in rows 1-7, while 

the flow resistance of the outer blanket, rows 8-16, has not changed. This 

effect could lower the flow correction factor by 1%. The lowest measured 

pressure drop is 18% less than the reference-design pressure drop; this 18% 

change is equivalent to a blanket-flow change of 4.25%. Since the blanket 

flow is 1200 gpm compared with 7200 gpm for rows 1-7, the flow in rows 1-7 

changes only 0.71% if the total flow remains constant. 

2, The relative pressure drop from row to row (in rows 1-7) has 

probably changed with the addition of experiments. Experimental-irradiation 

subassemblies are orificed for lower flow rates than standard driver sub

assemblies. To compensate for reactivity effects of the experiments, 

blanket subassemblies (low flow) in rows 6 and 7 are replaced with driver 

subassemblies (higher flow). This not only increases the flow in the 

outer rows (6 and 7), but also probably decreases the variation in pressure 

drop from row to row (in rows 1-7). The effect would be a decrease in the 

flow correction factor for the outer rows (6 and 7). 

(The local effects of flow variation, referred to in Sec. IIA, are to 

be measured in the 0.6-scale flow model.) 

So Actual total flow may be somewhat lower than shown by measure

ment, Burnup measurements on driver fuel suggest that the actual reactor 

power may be somewhat lower than indicated, (This implication is within 

the framework of uncertainties in performing burnup measurements.) This 

implies that the reactor coolant flowmeter possibly indicates somewhat higher 

than actual total flow. A lower total flow would, in effect, reduce the flow 

correction factor for all rows treated by the code. However, the temperature 

calculation is not affected, because power change and flow change have com

pensating effects. 
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TABLE IV. Flow Correction Factor? Measured Instrumented-subassemblv 

Flow, and Pressure Drop: Runs 39A-45B 

Run 
No, 

39A 

39B 

40A 

41/ 

41B 

42 

43 

44A 

44B 

45A 

45B 

COOLTEMP 
Flow 

Correction 
Factor 

1.12 

1.15 

1.12 

1,10 

1.10 

1.12 

1,09 

1.08 

1,06 

1.06 

1,04 

No. of 
Instrumented 
Subassemb 

XXOl 

XXOl 

XXOl 

XXOl 

XXOl 

XX02 

XX02 

XX02 

XX02 

XX02 

XX02 

Oi 

Instrumented-
subassembly 
Flow, 

gpm at 

29.7 

30.0 

29.6 

29.3 

29,7 

52.8 

51.5 

51.0 

50.5 

50.1 

49.2 

a 

800 "F 

AP 
P 

Upp 

between 
ump and 
er Plenui 
psi 

42.0 

43.4 

41.8 

41.7 

41,7 

43.1 

41.7 

41,3 

40.8 

41.0 

39.4 

XXOl reference flow is 29.5 gpm at a AP of 38.8 psi; XX02 reference flow 
is 53.0 gpm at a AP of 38.8 psi. 

From readout of automatic data logger. 
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TABLE V. Change in Flow Correc t ion F a c t o r , P ressu re Drop, and 

Instrimented-sufrassembly Flow 

Run COOLTEMP Flow AP between Pump Instrumented-

Number Correction Factor and Upper Plenum subassembly Flow 

% Change Related to Run 39A (XXOl in reactor) 

39A 0 0 0 

39B +2.2 +1.7 +1»1 

40A -0,6 -0.2 -0.2 

41A -1,7 -0,3 -1.4 

41B -1.8 -0.3 -4.3 

% Change |l.elated to Run 42 (XX02 in reactor) 

42 0 0 0 

43 -3.3 -2.6 -2.5 

44A -3,9 -2ol -3.4 

44B -5,3 -2,7 -4,4 

45A -5,7 -2.5 -5„1 

45B -7,2 -4,4 -6,8 
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B, Comparison with Results of Power Calculation with Other Codes 

Two other computer codes, BURNUP and DOT, calculate power in each 

grid position. Table VI compares, for the run~39A reactor loading, the result 

from these two codes with those from COOLTEMP. 

BURNUP uses the same flux distribution that is used for COOLTEMP, 

For the run-39A loading, the data obtained experimentally by foil irradiation 

in run-29 were used. The experimental data were modified for flux tilt as 

described in Sec, II-B. DOT calculates the flux distribution based on 

transport theory. For DOT and COOLTEMP, 89% of the full power of 50 MWt 

is assumed to be generated in the first six rows; for BURNUP, 96.68% of 

the 50 MWt is assumed to be generated in the first eight rows. BURNUP-and 

DOT consider gamma heating as a part of the fission-energy release. Gamma 

heating is a small part of the total heat production and is proportional to 

fission heat in fueled subassemblies. For structural experiments or experi

ments that contain a small amount of fissionable material as compared with 

the amount of structural material, gamma heat is either the only heat pro

duced or a larger portion of the total heat production than that for a 

standard driver fuel subassembly. 

It can be seen in Table VI that the agreement is within 10%. The 

positions where zero power production is shown for BURNUP and DOT calcula

tions are those containing experiments with no fissionable material. 

C. Comparison of Calculated Temperatures with Temperatures Measured by 

Melt Wires 

Melt-wire temperature monitors have been used to measure coolant 

temperatures at the outlet of subassemblies. These monitors are made up of 

fusible alloy wires 1/16 in. in diameter and 1/4 in. long mounted in 1/8-in,-

dia holes in a bar which replaces one of the webs at the lower end of the 

subassembly top adapter. Each bar contains six melt wires (two each of three 

different melting points). A follower made of boron stainless steel rests 

on the top of each wire. When a wire melts, its follower drops down. The 

change in position of the follower is observed by neutron radiographs (see 

Fig. 3) taken before and after irradiation. The maximum temperature reached 
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TABLE VI. Power (kW) in Subassemblies in Rows 1-6 in EBR-II 

Run 39A, as Calculated by Three Codes 

Grid 
P o s i t i o n 

l A l 
2A1 
2B1 
2C1 
2D1 
2E1 
2F1 
3A1 
3B1 
3G1 
3D1 
3E1 
3F1 
3A2 
3B2 
3C2 
3D2 
3E2 
3F2 
4A1 
4B1 
4C1 
4D1 
4E1 
4F1 
4A2 
4B2 
4C2 
4D2 
4E2 
4F2 
4A3 
4B3 
4C3 
4D3 
4E3 
4F3 
5A1 
5B1 
5C1 
5D1 
5E1 
5F1 
5A2 
5B2 

COOLTEMP 

786 .6 
773 ,7 

2 0 . 7 
7 6 6 , 8 

2 4 , 5 
768 .7 

2 4 . 8 
4 9 8 , 8 
7 1 9 . 8 
731 .5 
4 7 7 . 7 
3 7 7 . 8 
742 ,9 
2 1 4 . 2 
7 4 0 , 1 
735 ,5 
7 4 0 . 8 
753 .0 
764 .5 
3 6 0 . 4 
670 ,9 
6 4 4 . 4 
6 4 2 . 3 
5 1 6 . 2 
2 6 9 . 8 
7 0 1 , 1 
2 9 1 , 9 
2 1 8 , 4 
5 3 4 , 8 

2 2 , 4 
7 0 9 . 4 
7 0 0 . 3 
2 3 4 . 6 
2 9 7 . 6 
6 9 1 . 1 
6 9 5 , 2 
706 .6 
3 9 8 , 1 
3 8 1 . 8 
3 6 0 . 1 

1 1 , 7 
3 7 6 . 4 
395 .9 
6 2 2 , 3 
5 0 5 . 8 

DOT 

782 .0 
763 .0 

0 
782 .2 

0 
760 .9 

0 
4 9 6 . 8 
716 .6 
749 ,9 
4 7 7 . 8 
3 6 7 . 5 
7 6 2 . 8 
2 2 2 . 4 
750 .3 
724 ,9 
752 ,4 
756 .6 
801 .4 
3 9 0 . 7 
6 7 6 , 1 
6 4 4 . 1 
6 5 0 . 7 
5 4 6 . 1 
2 6 5 , 8 ' 
7 0 0 . 4 
2 8 2 . 1 
2 1 8 . 8 
5 7 2 , 9 

0 
7 2 2 . 4 
701 .0 
2 3 5 . 5 
2 9 4 . 5 
6 9 6 . 5 
710 ,4 
717 .9 
3 9 6 , 1 
382 ,9 
3 5 4 , 9 

0 
3 6 2 . 3 
3 8 9 . 1 
6 3 4 . 5 
5 5 0 . 7 

BURNUP 

7 7 6 . 1 
763 .8 

0 
773 .2 

0 
762 .9 

0 
4 9 7 . 7 
722 .4 
7 4 6 . 7 
4 8 3 . 1 
3 7 1 , 3 
7 5 7 . 1 
2 0 0 . 8 
7 5 4 . 8 
7 4 2 , 3 
7 5 6 . 3 
7 5 9 . 3 
779 .2 
3 6 2 . 2 
6 6 4 , 1 
6 4 8 . 8 
6 4 7 . 5 
5 3 5 . 5 
2 6 2 . 1 
7 0 0 . 3 
274 .9 
220 .6 
5 5 5 . 6 

0 
706 ,0 
704 .5 
233 ,2 
2 9 5 , 5 
694 .6 
7 0 0 . 0 
710 .7 
3 7 9 . 5 
3 6 4 , 1 
3 4 4 . 0 

0 
3 6 0 . 1 
3 7 8 , 2 
6 2 3 . 1 
5 2 3 . 1 



- 33 -

Table VI (contd) 

Grid 
Position COOLTEMP DOT BURNUP 

5C2 
5D2 
5E2 
5F2 
5A3 
5B3 
5C3 
5D3 
5E3 
5F3 
5A4 
5B4 
5C4 
5D4 
5E4 
5F4 
6A1 
6B1 
6C1 
6D1 
6E1 
6F1 
6A2 
6B2 
6C2 
6D2 
6E2 
6F2 
6A3 
6B3 
6C3 
6D3 
6E3 
6F3 
6A4 
6B4 
6C4 
6D4 
6E4 
6F4 
6A5 
6B5 
605 
6D5 
6E5 
6F5 

461.9 
576,4 
618.8 
629.7 
418,3 
410 .1 
404.2 
408.8 
428.4 
171.5 
607,3 
592,7 
581.8 
603.3 
625,9 
634.9 
471,5 
445.4 
423.2 
419.8 
447.2 
384.9 
519.1 
487.7 
467.6 
474.5 
234.8 
524.6 
538.9 
512.1 
232,9 
505.1 
539.5 
558.0 
278,8 
500.7 
491.5 
268.2 
538.9 
557.7 
499,4 
155.0 
474.2 
491,7 
523.8 
524.3 

501.2 
589.4 
610.8 
631.7 
405.2 
402.4 
399.4 
403.8 
416,9 
141,6 
604.2 
589.8 
588.8 
612.5 
625.0 
633.6 
469.2 
434,8 
407,8 
427.6 
426.8 
392.6 
519.6 
483.3 
472.3 
473.6 
235.5 
511.6 
535.5 
511.2 
239.1 
508.4 
529.6 
542.5 
276.1 
502.7 
500.8 
252.3 
527.3 
549,5 
488.3 
151,7 
480.1 
482.2 
510.4 
520.8 

479.9 
579.6 
622.1 
631.3 
399.8 
392.9 
388.1 
389,7 
411.0 
158.5 
608.2 
595,0 
585.1 
607.0 
628.5 
636.2 
465.8 
440.2 
409.9 
417.4 
444.8 
397.7 
515.4 
484.6 
465.9 
474.2 
229.4 
526,2 
536.3 
510,2 
229,4 
505,9 
539.5 
549.4 
278.0 
499.1 
491.6 
260.4 
538.4 
555.8 
495.2 
152.2 
473.7 
492.2 
522.2 
521.0 

Total 44,283.0 44,274.4 44,080.6 
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by the device l i e s somewhere between the melting point of the melted wire 

with the highest melting point and that of the unmelted wire with the next 

highest melting point . 

Table VII gives the resu l t s of these measurements and compares them 

with the top-of-ref lector temperatures calculated by COOLTEMP. The temper

atures measured by melt wires are shown by using the symbols > (for the wire 

melted) and < (for the wire not melted); actual temperature l i e s between the 

these values. For posit ions 4B1 (at 62.5 MWt) and 5A4, the highest melting 

point of the wires used was 926*'F. One of the two wires with th is melting 

point had pa r t i a l l y melted. I t i s therefore believed that the actual 

temperature was very near 926°F. 

The temperatures measured by the melt wires should correspond to 

the calculated top-of-reflector temperatures. Heat generated in the melt 

wires and their followers by absorption of gamma energy could have caused 

the wires to melt at a lower-than-rated temperature. Or, of course, the 

difference between the measured and calculated temperatures could be due 

to slight inaccuracies in the COOLTEMP code. 

D. Comparison of Calculated Temperatures with Temperatures Measured by 

Thermocouples 

There are 19 thermocouples mounted above subassemblies in rows 1-6. 

Figures 4-22 compare temperatures measured by these thermocouples (see 

Fig. 2) in runs 30A~45B with those calculated by COOLTEMP, The calculated 

temperatures are the last three listed in the legend for the figures, i.e.. 

Mixed Coolant, Top of Reflector, and Top of Fuel. (Mixed-coolant and top-

of-ref lector temperatures coincide for position lAl, Fig. 4.) During this 

period, 50 MWt was full rated power; the values graphed are for this power. 

For position lAl, calculated and measured values are in good agree

ment. The mixing effect appears to increase the deviation between cal

culated and measured values in the later runs. 

The coolant temperatures for position 2A1 rose to 900-950®F when 

reduced-flow subassemblies were installed. (The same is true for positions 

2C1, 2E1, 3C1, 3E1, 3F1, 4B1, and 4C3.) It can be noted from Fig. 5 (for 

position 2A1) that the calculated and measured temperatures are in good 

agreement for run 3.1G. For the next run, 32A, a fueled driver subassembly 

(Text aontinues on p. 56) 
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TABLE VII. Comparison of Calculated Top-of-reflector Temperatures with 

Temperatures Measured by Melt Wires 

Core 
Position 

lAl 

2A1 

2C1 

3B1 

3E1 

4B1 

4B1 

5A4 

6D1 

6E4 

6E5 

Power, MWt 

50 

50 

50 

50 

50 

50 

62.5 

50 

50 

50 

50 

Calculated 
Temperature, "F 

834 

829 

835 

845 

844 

880 

921 

894 

865 

886 

878 

Measured 
Temperature, °F 

>845 

>845 

>845 

>845 

>845 

>890 

>926^ 

>926^ 

>890 

>890 

>890 

<890 

<890 

<890 

<890 

<890 

<926 

<926 

<926 

<926 

Subassemblies remained in the reactor for several runs; highest values are 
given. 

One melt wire with highest melting point (926®F) was partially melted. 
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Fig, 18. Comparison of Thermocouple-measured and COOLTEMP-calculated Temperatures for Buns 30A~45B; 

Grid Position 4F1 
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Grid Position 4F3 
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Fig. 20. Comparison of Thermocouple-measured and COOLTEMP-calculated Temperatures for Runs 30A-45B; 

Grid Position 5A4 
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Fig. 21, Comparison of Thermocouple-measured and COOLTEMP-calculated Temperatures for Runs 30A-45B: 

Grid Position 5C2 
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Fig. 22. Comparison of Thermocouple-measured and COOLTEMP-calculated Temperatures for Runs 30A-45B: 

Grid Position 6C4 
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(Text oontinued from p. 35) 

with 70% of normal flow causes 211°F temperature rise compared with 148®F 

for the previous run. Even with this large change, calculated and measured 

values are still in good agreement. The correction for the mixing effect 

improves the agreement between measured and calculated coolant temperatures. 

For most runs, positions 2B1, 2D1, and 2F1 held experimental-irradiation 

subassemblies containing only structural materials (no fissionable material). 

It can be seen that the temperature rise due to radial heat transfer is 

greater than the rise due to heat production in these subassemblies. (The 

difference between the top-of-fuel temperature and 700°F is less than that 

between the top-of-reflector and top-of-fuel temperature.) The mixing 

correction in these cases usually does not improve agreement between cal

culated and measured temperatures. 

The run-38A loading had standard driver subassemblies in all row-1 

and row-2 positions. In this run, the measured and calculated values for 

these positions were in good agreement. Power and flow effects are apparently 

well represented for this loading in these positions. 

For row-3 subassembly positions 3B1, 3C1, 3E1, and 3F1 (Figs..11-14), 

agreement between calculated and measured values is good when standard 

driver subassemblies are installed. When top-of-fuel temperatures are out

side the range of 820-850®F, reduced-flow subassemblies or experiments are 

operating in these positions, and differences between calculated and measured 

values are greater. The thermocouple for position 3E1 failed after run 

41Ao For the succeeding runs, JOCF was selected as the measured temper

ature merely for computer programming convenience. 

The mixing effect is not completely represented by the model used. 

For most grid positions, however, it does Improve the agreement between 

calculated and measured temperatures. Position 4B1 is an exception. 

Although attempts have been made to reduce the difference between 

calculated and measured temperatures by accounting more precisely for 

the effects of flow, thermocouple location, etc., the desired goal of 10®F 

maximum difference has not been reached. 
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IV. CONCLUSIONS 

COOLTEMP has provided useful informatirtn for several purposes. The 

results are not as accurate as one would like^ however, efforts.are.being 

made to improve the accuracy. Improving the accuracy will require modifica

tion of the code as more analytical and experimental information becomes 

available. 

Flow division between subassemblies, for example, is not accurately 

known. Data from the instrumented-subassembly flowmeter indicate that the 

COOLTEMP-calculated flows for this control-rod position were 12% higher 

than the measured values. However, changes in calculated flow, measured 

flow, and measured pressure.drop corresponded within 3%. The relationships 

of flow to pressure drop measured in the 0.6-scale model are no longer 

valid, because the addition of experiments has changed the conditions. 

Two factors cause difficulty in calculating expected measured temper

atures. First, accuracy of calculations of subassembly outlet temperature 

are, in part, limited by.uncertainties in the coolant flow. Second, location 

of the thermocouples in EBR-II does not allow measurement of performance 

of one subassembly only. Mixing of coolant streams from other subassemblies 

immediately after the coolant leaves a subassembly apparently has a signifi

cant effect on temperature measured by the subassembly-outlet-temperature 

thermocouples. 




