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PRODUCTION TEST IP-338-A

DR-REACTOR HEAT DECAY TEST AT HIGH OUTLET

T

Thia test is designed to obtain up-to-date information on heat decay values

OBJECTIVE

-following a reactor scram, More specifically its purpose is to determine the
effect of increased outlet water temperatures upon this heat output value,

BASIS AND JUSTIFICATION
a)

A recent review of the Mlast ditch" cooling system at the Hanford reactors
indicated that at some reactors this backup coolant supply did not meet our
coolant adequacy criteria at certain critical times after the loss of electric
and steam pumping power., On the basis of this review, a high priority pro-

gram is underway to bring the adequacy of reactor backup cooling systems into

conformance with the criteria,

An important part of this program lies in improving the accuracy of certain
basic elements of reactor cooling conditions following a power 1oss.(z) Pri-
marily these are:

1. Accurate reactor low flow values

2, Accurate reactor heat output values
A program is already in pfogress to improve both the amount of last-ditch

cooling flow and to improve the accuracy with which this flow is determined.(3’4)

(1) Jones, S. S., "Review of the Status of Hanford Reactor Emergency Cooling,"
HW-64417, June 1, 1960,

(2) Greager, 0, H.,, "Recommended High Tank Temperature for Maintenance of High
Tank Backup Support," HW-67080, October 11, 1960,

(3) Jensen, H. F., S. S, Jones, and N, R, Miller, "Production Test IP-337-AP
Chemical Descaling of 105 Hi-Tank Piping," HW-65726, June 17, 1960,

(4) Benson, J. L., "Production Test IP=-326-1 Low Flow Calibration Tests at the
0ld Reactors,” HW-65715, June 20, 1960, —
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This production test is planned to provide the mofe accurate heat output values
needed for this program. It will not provide the experimental confirmation of

the extreme situation of 90°C bulk outlet temperature during the shutdown transient.
Instead, heat decay will be measured at two different outlet water temperatures.

A combination of extrapolation and theoretical methods will be used to carry the

test results up to the 90°C outlet water temperature limit established by the criteria.(

It is important to complete this test as soon as possible for the following reasons:
1. Our present values are based upon experimental tests conducted over six years
ago at a time when the reactor pcwér level, gas composition, and moderator

properties wefé all considerably different than they are today.

2. No tests have been conducted at elevated outlet water temperatures. Thus,
the effect of a change in the moderator sensible heat contribution to. this
total heat output has never been measured.

3. At the critical times of hi-tank take over from the pump fly-wheel decay
and export take-over from the empty high tanks, the moderator heat contri-
bution represents 20 to 4O percent of the total heat load; thus it 1s quite
important.

L. It is expected that this test will result in a 5 to 10percent improvement
in the known cooling adequacy of the Last Ditch cooling system.

Thus, in addition to & basic improvement in reactor technology, there may well be

significant economic incentive for performing this test.

Before going to the test procedure, however, it is in order to examine the nature

of the reactor heat output problem. Following a reactor shutdown the total heat
output comes from several sources:

1. Heat generated from the fission of U-235 by delayed neutrons.

(5) Trumble, R. E., "Performance Criteria for Hanford Production Reactors,"
HW-66929, September 1, 1960 (Unclassified).

-
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2, Heat generated from radioactive decay of the fission products,
3. Sensible or-stored heat flow from the fuel elements, dummy charge,
piping, and miscellaneous reactof components to the coolant,

4, Sensgible or stored heat flow from the graphite moderator to the coolant.

6,7)

There are several reports that indicate the value of the first two effects.
These are believed accurate to within *10 percent in the critical region of 5

to 1,000 seconds following the loss of reactor coolant pumping power.

There are also several theoretical reports that indicate the expected values of
total heat output following a reactor scram.(a’g) In general, the analytical
procedures used in these reports must make a number of basic but inaccurate
assumptions to simplify the problem, Thus, they introduce significant error

in the final solution. The purpose of this test is to obtain experimental
values that will serve as a basis for the analytical solutions to this problem
and pemmit the extension of the analytical solutions to other cases with a

greater degree of confidence.

The completion of these tests has a direct. bearing upon plant project action
since 1t will affect cooling adequacy. The tests will be performed
at the DR Reactor in order to make use of the considerable instrumentation al-

ready installed and in order to make more complete use of the data already

(6) Jones, S. S.,, "Heat Generation and Total Heat Output from the Pile After
Shutdown,” HW-33870, November 23, 1954,

(7) Untermeyer, S., and J; T. Weills, "Heat Generation in Irradiated Uranium,"
ANL-4790, February 1952,

(8) Larson, M. B., "A Method of Solution of Reactor Temperature Transients as
Applied to the 100-K Plant," HW-38944, September 7, 1955.

(9) Tippets, F, E,, "Analysis of the Transient Conduction of Heat in Long Solid
: Cylindrical Fuel Elements for Nuclear Reactors," HW-41896, May 1, 1956,
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obtained under Production Tests IP-278-A(10) and IP-301-AI,(11) but the test

results will be applied to thé B through K Hanford reactors.

TEST PREPARATION

This test mvolies manual reactor flow reductions very soon after a reactor
scram. This is a critical time and poor flow control could result in fuel
damage. Therefore, extreme care must be taken to assure complete reactor

instrumentation and complete test programming and personnel briefing before

_running the actual tests.

The instrumentation requirements for this test are shown in Table 1. The
majority of this is already installed. The rést should be so arranged that
instrumentation c;n be completed on four hours notice. Then, if an event
occurs indicating the desirability of reactor shutdown, every effort should
be made to conduct the test, provided the required pro;:edure write-ups and

personnel briefings have been completed and approved.

SUMMARIZED TEST PROCEDURE

A detailed , unclassified procedure has been prepared as a separate appendix
to this report. The general procedure is outlined as follows:

l. Preliminary Procedure

a. To ensure adequate reactor flow backup, the high tank and export
lines should be flushed and the strainers cleaned. Their Groves
valves must be set for prompt manual trip upon demand by the test -

coordinator* and the flow balance valve must be open. In addition,

(10)  Jones , 8. 8., "Production Test IP-2T8-A Verificatim of Transient Bulk

Temperature Surges at the DR Reactor," HW-61L456, August 18, 1960.

(11) agar, J. D., and 5. S. Jones, "Production Test IP-301-I Dual Area Trip-
Out of D and DR Reactor Process Pumps," HW-63586, January 29, 1960.

* The manual trip operation of these valves is a non-standard procedure and
several time checks of this arrangement should be made to determine the
opening reliablility and time delavy of this svstem.
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oo TEST INSTRUMENTATION
Point T
No. No. Item Function Remarks
NN R R
1 Ty Reactor Inlet AT Install accurate inlet
Temp. temp. recorder
2 To Reactor Bulk AT
Outlet Temp,
3 AT 1,3 Rear Risexr Bulk | ATy Record on visicorder
Qutlet Temp,
4 AT 2,4 Rear Riser Bulk ATR Calibrate and speed up
Outlet Temp. control room recorder
5 AS 1,2 Signal Lights Time of scram and Lights to go from dim to
1XX trip bright as power loss and
1XX relays open
6 20 Tt Tube Outlet Central zone tube Monitor 20 high power high¥*
() Temps. temps, exposure power on left-
hand Brown at increased
chart and scanning speed
7 20 Tt Fringe Zone Fringe zone tube Monitor 20 high power high*
o temps. exposure power on right-
hand Brown at increased
chart and scanning speed
8 Te Graphite Moderator temp, Record stringer temps., on
Stringer Temps. | decay Geminol recorders
9 Ppr,. Cross-header Gar, Monitor front header to
Press. rear header Ap on &
selected headers
10 PR Heise Gauges and Py Install calibrated Heise
i Movie Cameras gauges, timers, lights,
and cameras - 105 DR
11 Py Heise Gauges Pr 190 Control Room
i
12 (VSR) Vertical Rod Poison insertion Install camera and lights
' Drop on top of unit along with
trip, or 1XX, signal light,
and clock
13 SCM Subcritical Neutron flux decay Set to record at high speed
Monitor during first 0-2 minutes
of test (Install time trace
14 PRM Power Rate Meter| Tube temp. decay Record on visicorder
15 IE 1 and E Probe Tube outlet temp. Record on visicorder
Temps.,
:

* Install additional temperature recorder for monitoring individual high' tubes as
desired. '
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detailed 105 and 190 buildings test procedures must be prepared
and reviewed by all parties concerned with the test prior to its
performance. |

b. It should be determined that all reactor pumps and power supplies
are normal and no reactor cross-header valving will be done dufing
the course of this test.

2. Test Procedure

Test No. 1: Low Temperature Water: T, + 15 £ 5°¢C

With all preliminary preparations completed, adjust the reactor pump-
ing system to yleld flow from the electric pumps backed up by 8 steam
pumps operating at full speed. After the test count-down, scram the
reactor and 30 seconds later, after assuring that at least 25 VSR rods
havé seated in the reactor and a rapid decay of neutron flux has oc-
curred, the electric pump PD valves will be closed simultaneously by
means of their master controller. This valve closing will take about

4.5 minutes and will cause a slower flow decay than would a BPA failure.*

After 5 minutes, the electric pump bypass line valves will be closed in
succession on order from the test coordinator. He will maintain con-
tinuous watch of the bulk outlet, 20 central zone, and 20 fringe zone
tube temperatures and will not ask for a further test step until after
all of the following conditions are met at each step:

a. The bulk outlet temperature is < T, + 150 C%*

b. The tube temperatures are < T; + 20° C

* This condition was established as a part of the CG-558 acceptance tests.
#% The rear riser temperatures, AT-1, 2, 3, 4, will serve as the bulk outlet
temperature monitor in this test.

o |
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As the electric pump bypass line valves are closed, the 8 steam pumps
will gradually and automatica.lly take over the pumping load. At the
end of an estimated elapsed time of 30 minutes, the reactor will be

down to 30,000 gpm and an exbected bulk temperature rise through the

reactor of 15° + 20 C (See Figure 1).

At this time, further incremental reductions in reactor flow will be
made by reducing the speed of the steam pumps, at the direction of the
test coordinator,* by means of the master control valve in the 190
Building. Accurate Helise gauges installed both in thel05 and 190
control rooms and all set to read TORP will be used to measure reactor
flow, and plainly visible bulk and tube outlet temperature recorders

will be used to monitor the course of the test.

This is the most critical part of the test and the man who controls

the speed of these steam pumps will be the 190-DR control room operator.

‘melsame operator should control these pumps in both tests. This is

essential for the continuity of test performance required between the

two tests. Each pressure reduction step will be .done only at the direc-
~ tion of the test coordinator and only of the magnitude given in the

table shown on-pages 10-14 of the Appendix.

After achieving stable flow and starting on these stepwise pressure

reductions the following precautions will be observed:
a. If bulk outlet temperatures exceed Ty + 20° C or tube outlet tempera-

tures exceed Ty + 26° C, accelerate all 8 steam pumps, and reduce
TORP to previous setting + 5 psi as soon as bulk temperatures drop: ’

to T, + 17° C. If tube temps also drop to T, + 22° C, continue test.

t. If bulk outlet temperatures continue to increase and exceed T, +35°C

or tube outlet temperatures exceed T, + 45° ¢, immediately open the

# This is the most critica.l the two tests and the men who control the s :
of these sican p t Be gy e TRy S oo, P ae The, meD ¥ho, fontrol the sPeed,
procedures. 8. s essential for continuity of test performance.
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high-tank and export Groves valves; and conduct a rapid investi-
gation of the reasons for the elevated temperatures.
c. If there is a BPA failure or a critical "Y", accelerate 8 steam
| pumps to full flow and cancel the test,
d. If there is a failure of one to two steam pumps, the 190 Operator
is to immediately start one or two of the 190 idling steam pumps;.
e. If there is total steam system failure, immediately advise the
test coordinator who will direct the opening of the high tank and
export Groves valves and starting the electric pumps b& opening
their PD valve bypass lines.
At the completion of this test, return 3 steam pumps to full reactor
flow and place the others in the manual otflposition. Measure reactor
TORP for this3=steam pump condition and repeat thiaitest with 5 and with
T steam pumps on full flow to the reactor. This will provide us with an
accurate calibration of steam pump reactor flow fo; use in Tast ﬁn. 2.1
This Test No. 1 will be completed at 4 hours after the
reactor scram by bringing up the stean pumps to full speed, opening
the electric pump bypass valves and returning the system to normal

shdtdown conditions, -

Test No. 2 - High Temperature Water: T; + Lo + 3°

Modify the expected outlet temperature curves for this test (Figure 2)
and modify the Time:TORP data of Table A-III which will be used to
control this test., This modification to come from the result; of
Test No. 1,‘and from the reactor low flow calibration test that is

required prior to running this second test,

With all preliminary ccnditions completed, as for Test No., 1, close

the electric pump bypass line valves and accelerate 8 steam pumps

* Any leakage thru the electric pump P.D. valves should also occur in
test #2 and tend to be self compensating.

PRI -
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to full speed, tkreir FD velver open. Allcw this fiov corditior +o
etabilize ard check readiness for start cf test.* After tke test court-
down, scram the reactor and obs'érve'ﬁh.a.t at leagt 25 VSR rods have seated
in the reactor and the meutron flux has decayed. At 30 secconds a.fte;'
scram, at the direction cf teet ccordinmator, close the electric punp PD
valves simultaneously by means of their mester controller. Ttie wili
cause a flov decay similar to that in Test No. 1.%* At two minutes
followirg the scram, turn two of the backup steam MB to the marual off
positicrn. At 3.F mirutes turx:~off another steam pump. This will leave
five stean purps #.pclyirg & reactor flow of 22,000 gpr at L mirutes

after the scram. The bulk outlet temperature will be Ty + 33 % 2° C.

During this time, as well as the rest cf the test, the coordinator will
meintair a contirucus watck cf the bulk outlet, 20 central zore, and 20
fringe zone tube temperaturee. He will not request a further flcw reduc-
tion until the fcllowirg zoaditions are met at each step.

a. Tke bulk terperature < Ty + W0® C

b. The centrel zcre tube outlet temperature < Ty + $3° ¢
Five minutes efter the Ec-:re.m, witkh the electric pump FD velves essertially
closed, the reactor flow ghould te further decreased by estep-wicse reduc-
tion.in TORF at tke direction of the test cocrdinetor. Tris will be .
effected by throttling the steax pump master ccntrol velve ir clearly
apecified TORP preséure reducticr stepe. This procedure will contirue
for up to two hcurz after the reactor screx. At this pcint 8 steam purps
will be returned t:o fail speed and 3C,00C gpm reactor €lcw ard the reacter

gyster will bte returred tc rermal shut-down corditicrs.

* Tke high-tank limitcrgue valves vill be kept in the 1/4% cper positicr during
thie test This will ersure adejuate high tank ccoling upor opening of tre
tigt tank Groves valve.

** The flcw will decay dowr to & lover value but should follow the time tmnéient

deterrined in Test No. 1.
[
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During the course of this test, the same emergency procadurzs &=d pra-
cautions will be observed as in Test ﬁo. l. Thes2 are outlined ac
follows:
a. If bulk outlet te-pérwms exceed Ty + 48° C ar tube outlet tempera-
tures excssd Ty +620 C during the course of this test, accsierate all
8 steam pumps to full spead and flow. If the tempera'ﬁure érope to
Ty + 40O O contimue the test by ﬁtu.ming to the previous TORP + 5 psig.
b. If bulk outlet tampesturczs continue to rise and exceed T3 + 50° C or
tube outlet mqpera%ms excead Ty + 650C, immediately open the high
tank ard export Groves valves axd conduct a rapid investigution of the
. reasons for these eleveted temperatures. ‘
c, 4, and e, These safety gesa for BPA and steam system difficulties
are the same as in Test No. 1.

EXTENDED SHUTDOWN HEAT OUTPUT TEST (Tests A & 2A)

At the end of each shutdown which ie wisxted with one of these heat output decsy
tests, an additional test will be cozducted. This will reguire ro recording ejuip-
ment and a mininum of perssonnel covecage. The test details are given in thes Appen-
dix as Test 1A & 2A. Basicelly, it involves having the reactor valving and tubes
returned to normal operating conéitions and then gradually redvcing raactor flow
to 6,000 ggm while moritoring the bulk snd tube outlet temperatures. Hold the
reactor at low flow for 20 minutas® ard then return to mormsi full fiow conditions
in preparetion for resctor etartup.. Thiz ghould give a valuatle mezsure of sxtexnd-

ed reactor dowantime hegt output.¥*

PROCESS STANDARDS

This production test suthorizes éxceedi:ng the following Process Standerds:

l. A-030.01 vwhich specified mi-iram shut-down rissr pressure and tlows.
2. A-080.01 vhich specified by in*ent that high tank flow be aveilabla auto-
nusically during operation ir csus of & loss in water suppiy from other sources.

¥ This test autnorizes 20 minuies sh tnis condition. However, 1t will be stopped
2 minutes after reuching steady tempe:zture conditions.
#% The anticipeatad flows and tecupuviiwoss for this test are showr in Figura 2.
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3. 190-B-070.03 (Water Plant Standards) which specifies that the export
Groves valve be kept on automatic during reactor operation.

HAZARDS REVIEW

The only hazards associated with this test are those associated with gross vio-
lation of procedures., Scramming the reactor at full reactor flow is almost a
normal shut-down procedure; closing the pump discharge valves after 30 seconds
causes 8 water flow reduction transient that is slower than the pump flywheel
decay. Thus, we are imposing a flow transient after 30 seconds of down time
that is slower than the flywheel transient that could be safely handled at

zero shut-down time. However, after this first, almost automatic transition,
valving changes are made that could conceivably lead to difficulty. Therefore,
the test outlines & step-wise procedure and the mishandling of any one step
would not cause sufficient flow change to raise the reactor outlet temperature
even close to the boiling point. Furthermore, both the bulk and 40 éelected
tube outlet temperatures will be followed continuously and any increese in tem-
peratures above prescribed limits will be reason for returning the system to
full water flow, Because of the decrease in riser pressure below steam sweep-
out values, no reacfor cross-header or other vaiving is permitted during the

course of these tests.

In the very remote event that neither the steam nor the electric pumps respond

to this demand for increased flow, the high tanks will deliver 13,000 gpm within

7 seconds of demand with the further backup of the export system,

The expected changes produced during these tests upon TORP, flow, and temper-

atures are summarized in Figures 1 and 2, This illustrates the small effects
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of each individual step, These changes will be monitored and the next step will
not be ordered by the test coordinator until or unless the preceding step shows

cooling adequacy to exist within the test limits,

Included in these figures are the increased temperature effects of maximum de-
creases in reactor flow attributable to low flow errors, In every case, the

test is stopped before these errors become significant.

In the case of Test No, 2, a new Figure 2 must be prepared prior to running
this test, This figure to include the resuits of the low flow calibration test
and the results of Test No. 1 to yield a more accurate prediction chart for the

more critical No, 2 test.

If for any reason a critical "Y" or other situation of doubtful reliability
exists in the BPA or steam power system, then the test will be stopped and the

reactor returned to maximum backup flow conditions,

The critical nature of the test is indicated by the curves in Figure 4 which
show the maximum time that water can be off of a tube before it reaches 100° C,
It is estimated‘that high-tank water would be availabfe to‘the reactor within
. 7 seconds after the request for emergency coolant,
SCHEDULE
Test #1(T1412C)will be run at DR Reactor as soon as can be scheduled after the
production test is approved and all detailed procedures are written. Test §#2 (T4 +
43*C)will be run at DR Reactor the first echeduled shutdown following the first

test., In addition, a low-flow calibration test (P.T.-IPu326-I)(12) will be

(12) Benson, J. L., "Production Test IP-326-1 Low Flow Calibration Tests at the
0ld Reactors," HW-65715, June 20, 1960, SECRET,
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required before the Test #2 18 yun. This is necessary in order to avoid all
possible eriora in the 55° C test, which might help cause a dangerous overshoot
in temperature, and to provide an accurate flow-pressure calibtration curve with
Vhich to interpret the test results. This can be run either i conjunction with
the 30° C test or before it, vhichever is more convenient.

cosrs

A total of 8 hours of outage time is suthorised by this test. This is to in-
clude the time required for:

1. Test No. 1, for reactar controlled flow scram with 30 + 5° C outlet
water temperature, and subsequent low-flow test at end of shutdown.

2. Reactor low Flov Calibration Test as per PT IP-326-I.%
3. Test No. 2, for reactor controlled flow scram with 55 + 5° C outlet

wvater temperature, and subsequent low-flow test at end of shutdown.
It is estimated that this will cost TOO MWD of lost production.

TABLE II
ALLOCATION OF TEST COSTS

Unit Subsection
Approximate Incurring Responsible
ITtem Cost Cost For Costs
Instrumentation $ 500 Process and Reactor
Development
Test Operation 500 Process and Reactor -
. Development
Test Operation 100 Photographic Process Technology

- o——

All other costs incidental to running the test will be borne by IFD - Manu-
facturing Operation on the basis of the anticipated gain in the production
capability within the coolant backup criteria at all reactors.
AUTHORIZATION

A low-flow calibration test is authorized by this production test under the con-
ditions specified in "PT-IP-326-I, Low Flow Calibration Tests at the 01d Reactars," *

* Thie low flow test has been completed.
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J. L. Benson, June 20, 1960, SBCRET.\“)A detailed procedure to covér the perfor-
mance of this test will be written by the Process Engineering Unit, In addition,
this test authorizes not more than three reactor scrams, and subsequent heat
output tests.

RESPONSIBILITY

1. D-DR Reactor Operation

DR Reactor Operation will be responsible for scheduling and overall coordina-
tion of this test, for assisting in the collection of data, for the safety
and continuity of reactor operation, and for pfoviding the test coordinator.

2., DR Power Operation

DR Power Operation will be responsible for preparing a detailed test
procedure for power personnel, for adequate briefing of personnel, and

for supplying the requested reactor riser pressures at the time requested.

3. Process and Reactor Development Subsection

Process and Reactor Development Subsection will be responsible for
technical coordination of the test, for the technical safety of the

test procedure, and for reactor safety and continuity of operation during
the testing program, They will be responsible for the finél report on
this production test and for the integration of the test results into

the last-ditch program and.analyais.

4., Process Technology Subsection

Process Technology Subsection will be responaible for preparing a de-
tailed operatione test procedure, for coordinating the test preparationms,
agsisting in the collection of test data, and for the conduction of a

reactor low-flow calibration test and the calibration of steam pump flows,
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Plant Engineering Operation

Water Plant and Utilities will be responsible for review of power pro-

cedures to acertain that proposed throttling will be compatible with
individual pump and motor drives as related to current FED programs.
Related observations will be made as appropriate.

Equipment Application Engineering will be responsible for installation,

calibration, and operation of all appropriate test equipment not a
routine reactor instrument or otherwise specified. A detailed list
of instruments and their specific relation to the test will be established.

Photographic Unit

This unit will be responsible for taking 35 mm movies of the Heise

riser pressures in the 105 control room and for taking any required VSR

IA

S. 8. Jones
Reactor Engine
Process and Reaftor Development
RESEARCH AND ENGINEERING OPERATION

drop movies.
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DR Processing

D-DR Reactor Operation
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RESEARCH AND ENGINEBRRING
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W. W. Windsheimer, Manager
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FACILITIES ENGINEERING

z
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W. D. Richmond, Manager
D-DR Reactor Operation
MANUFACTURING
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E. R. A

MANUFACTURING
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Applied Reactor Engjdeering
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MANUFACTURING
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