CONTAINED IN THIS

DOCUMENT MAY BE
DIFFICULT TO READ

. IN MICROFICHE
PRODUCTS.



L’.J“W\ h

& ”"

(CLASSIFICATION)

HANFORD 3 odRlICAL RIEDT0

GENERAL ELECTRIC

HW--55801

DE93 010060

HANFORD ATOMIC PRODUCTS OPERATION ~ RICHLAND WASHINGTON ..
' |” June 13, 1958
TITLE
THIS DOCU p As BULK OUTLET TEMPERATURE LIMITS AND
4 INCREASED REACTOR POWER LEVELS
AUTHOR ISSUING FILE
D OTHER OFFICIAL CLASSIFIED INFORMATION
THIS MATERIAL CONTAINS INFORMATION AFFECTING
THE NATIONAL DEFENSE OF THE UNITED STATES S. S. Jones -
WITHIN THE MEANING OF THE ESPIONAGE LAWS,
TITLE 18, U,S.C., SECS. 793 AND 794, THE TRANS-
MISSION OR REVELATION OF WHICH IN ANY MANNER
TO AN UNAUTHORIZED PERSON IS PROHMIBITED BY
LAW.,
——— X .

o il

"R (ki

THIS DOCUMENT MUST NOT BE LEFT UNATTEN
TO IT. WHEN NOT IN IT MUST BE ST
GUARDED AREA i
CLASSIFI

ORIZED PERS

IT IS NOT T
THEM FROM THE RELATED ISSUING FI

PLICATED

WHERE AN UMAUTHORIZED PERSON MAY. HAVE ACCESS .
ITORY WITHIN AN
OBTAINED A SIGNE
ITS CONTENTS W!
ANSMITTAL TO,

. IF ADDI
ALL PERSONS READING TH

STy

LIMITS OF
AT YOUR PLACE
OPIES ARE REQUIRED,

OCUMEHNT ARE REQUESTED

v

SIGN IN THE SPACE PROVIDED BELOW.
FILES ROUTE
. ROUTE TO: PAYROLL NO. LOCATION DATE SIGNATURE AND DATE
p o = e
4 P Z
Ao la  uZ g -
7 id P _—
. =
I, = k.2 S 1564
T T T L =
LT o
) P (/w
A ; _

)
£
—— )

C=3195-MS (7 — 55) AE.C-GE-RICHLAND, WASH,

Lis st Y=t Yol e

TRTRRATTN T e Mgy

(CLASSIFICATION)




HW~-55801
Page 1

s document classified by: This document consists of

Thi
/fj F%M\// 23 vages, No, T  of
L// Ll Sl 59 copies, Series @B

ot fapcetnd A Comnd
E‘ i B QG LR A
X L A B

BULK OUTLET TEMPERATURE LIMITS

R
Y Xy

AND INCREASED REACTOR POWER LEVELS

I1C 12-4% (AP s

un 3 . o~
June 13, 1956 o QICHANSEA 101 47
Vi L‘y%wj?’ 74
DISTRIBUTION
1. OE Adams 21, BSM Graves 41, JHM Mi
2. FW Albaugh 22. OH Greager 42. DL Mfgiier
3. JT Baker 23, AB Greninger 43, JF Music
4, JM Batch 24, CMN Gross . 44, SL Nelson
5. RS Bell 25. RE Hammond 45, HM Parker
6. JL Benson 26. WM Harty 46, CA Priode
7. AG Blasewitz 27. HW Heacock 47. RW Reid
8. CW Botsford 28. RR Henderson 48, GJ Rogers
9. JH Brown 29, ET Hubbard 49, RM Smithers
10. RLCall 30, RT Jessen 50, HG Spencer=#i== i
}l, AB Carson 3l. SS Jones 51l. P Thompson o
12, RG Clough 32. JE Kaveckis 52. RE Trumble
13. RL Dickeman 33. PD Lee 53. RL Turner
14, EJ Filip 34, EE Leitz 54, FW VanWormer
15. JM Fox, Jr. 35. CG Lewis 55, CC Wheeler
16, RM Fryar 36. DS Lewis 56, WW Windsheimer
17. RH Gay 37. GL Locke 57. EC VWood
18. JH Gerety 38. AR Maguire 58, 300 File
13. WD Gilbert 39. LH McEwen 59. Record Copy
20, RE Gott 40, JS McMahon
c&ﬁwﬂon Ganeetied (CHange te
DISCLAIMER 2NN
By Autho¥ty of’
This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their (N Y~ 7 L/
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- ’
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or By e /
process disclosed, or represents that its use would not infringe privately owned rights. Refer- /
ence herein to any specific commercial product, process, or service by trade name, trademark,

manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

DISTRIBUTION REBTRICTED TO U.S. ONL SR T RE G-WW
l




INTRODUCTION
SUMMAR Y o o
DISCUSSION .

Problem

o

Histery o

Potential

Ny

NN
-1

Possibl

TABLE OF CONTENTS

# © o ® © o @& e 0 © a © o e s w e o @

ProblemSa: o o ¢ « @« o o « 6 o =« o a s o

Pressure SUTJe3 o o o o o s s o o o = «

Bulk Effluent Temperature Measurement .

Effect of Reactor Operating Transients . .
Strength of the Effluent System . o « « o

Radiocactivity Hazards o o « o o « « o o @

Soluticnsn-noononnoau-oan

Increase in Bulk Outlet Temperatures Under
Test Conditions o «¢ s « a o o o s & a o =

Fringe Zone Quenching . o « o « o o o & o«

Rear Riser Quenching o o o 5 o « o « o o o

Veniting of the Tog~of-Downcomer . o« e o o

Effluent System Pressurization « o o « « »

A Proposed Program for Increased Production Through
Temperature Increases or Bulk Temperature Limit Circumvention . . . 17

1.

o
dao

CONCLUSICHE

Genel"al e a a @ o e & o a a o e a o "= a @

Laboratory Studies o o o a o s o o o s o =

.
b,
Co
de

€o

Washington State Hydraulics Laboratory
Thermal Hydraulic Operation . o « o »
Mechanizal Development Overation . . «
Instrument Development Operation « o «

Mechanical Pevelopment Operation “BY .

Design Studies « o o © o « o s o « « 0 s a

Qa

Reactor Modification Design Operation

Engineering Studies « ¢ a o ¢ ¢ o o o o «

Qo
bﬂ

L]

Reactor Engineering Operation .- o o o

Process Analysis Operation, or Reactor
Operation o o o « o o = 0 o a a o « o

L] @ e o @ © © o0 © © a & 8 @« c o @& e ®

HW-55801
Page 2

Page

L] L] 3
L] L] 3
L] - 4
L] 4
- - 5
s @ 6
. . 6
a - 6
- L] 7
- L] 8
.« o 9
. o 10
. o 10
o« 13
s o 14
o o 15
s « 16

Bulk Effluent

Modification

. o 17
« o 17
« « 17
« o 18
« « 18
« « 19
« « 20
« « 20
« « 20
. . 21
« o« 21
« o 22
o« » 22

A Tl R R AN SN

) L b
i iy T oB g O e Y

o



e

HW-55801
Page 3

ACIK OUTLED TEMFERATUSE LIMITS

ANS TNCREASET REACTOR POWER LEVELS

INTRODUCTION

Ia 3 recent report by J. R. Youag, means of circumventing the prese ent bulk
temperature limits are suggested. Thsse have definite merit vut dc not present
an over-all picture of the problem. Therefore, this bulk temperature limit is
reviewed in order o plane the problem im its full perspective. A program of
acticr is zugeeszied that should leal to:

1., Revice operating covddinicr .e3s piping to obtair higher power
*evel; at tihe szams buik ou’ shre
Z. The completi

oo of production tests to permit higher bulk ouklet tem-
reratures witk no i c

ignificant changes in reacuor plpieg, or

._1'(‘

3. Redesign of the effluent system to eliminate bulk temperatures as
a reacter cperating limit.

SUMMARY

The current reactor bulk ouble:t temperature specifications will actually limit
reactor power levels thlree tc four montis in 1958 and possibly all year in 1959.
Since a reactor bulk temperature increase of 1° C at constant flow represents
ircreazed production valued at about $7,700 per morth per old reactor, or
$16,300 per memth per K reactor, there is real incentive for either raising this
limitr or circumventing it by changes in the reactor system operation or piping.

Two interim measures for incressing this productioa are:
1. TIrcreasing the frings zone reactor flow by opening the orifice diameter.

2, Raising the bulk outlet temperatures under carefully controlled pro=-
ducticrn tegt prccedures.

Increasing the fringe zone flow is relatively simple, but its value is not clear
cut, and deperds upon the interaction of process pump flow capacity and the
central zone and fringe zore flow resistances. Since the central zone flow
resistance is in the process of being changed, a power level increase by this
method may be worthwhile in 1958 and of little value in 1959.

The present bulk effluent temperature limit is based upon a theoretical balance
betweer the valus of production gains attributed solely to this limit and the
estimated coatz of possible effluent system Jdamage. In view of the theoretical
cature of thif limit, a production test is proposed to explore the possibilities
of ircreasing it. The firss part of this testing program will serve to sub-
stantiate the curxent limits +through verification of the major reactor tempera-
ture transienti. Upon complenion of this aad a possitle bulk temperature limit
revizion, a furtier producticn test is ““oposed to investigate further outlet
vemperature increszes. Power lavel galas fram this 1at+9v test are ccnsidered
temporary tecause of the bazic un
tizucusly cvear to the effluent l

i
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bulk outlss ==mperatures to iacrease reazhor produac
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inereaszsd proluctlon by other meang within the prewesnt semperature limits. It
may te pozsible to operzie a reschor at 100° C wulk oublet with only minor
coerating problems. On the other hand, ovr presext limited krowledge indicates,
ard safaty dictates Y=k Semperatures. Therefore, bulk temperature
limizs 2kpcull only be increaszed wmder carefwlly contrellad Production Test
corditions. Tha Do = valae 0f such an inczresse; howsver; amouats to

7,700 p@r °C per mout ar. old reactor, or $16,300 per °C per month at a
K rezsctor, This supy ' izzentive for 3 detalled souly of +this problem.

Acturlly, the %xue pro&uction value of increasged bulk oultlet temperatures is
by no mesng 3 simple clear-cut picturs., A “¥o~3egrze increase iz the bulk ef-
fluent temperature lixit may rezult in actusl increased oroduction only 3 to 4
montlz of the year. 7Tkiz would be in the summer months whern the high inlet
water temperatures yizld the limiting tulk temperature at pewer levels only 80
rercent of the winter time bulk limit values. Hewever, in the case of fuel rod

rupt'“aa 2 corrozicn limitz, the schual tube power level 1s centrolling. There-
fore, the most vyovabls situetion 13 orpsraticu on bulk limits during the summer
months acd on ruchare and cnrrosion limite inm the winler, Thiz considerably re-
duces tne potential armial value of increazel bulk cutlet temperatures.
W his conlitio »1i . temperature
rave oz D e a% the elevated
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ciatet with the

4+

el
-:~“»1v Foom SSpngs
raptares and
-

inezeasel

lon increase




M

HW~55801
Page S

An over-all ecornamic evaluaticn of this problem has not been made. But,
depending upan the nature of these costs, the obvious situation of increased
reactor produccior walue with necreased bulk temperatures may occur through

orly & limlted range of temversturs increases.

Higte

The nahg*:a} tion of the Hanford reactcrs was under the concept of “Excess
Header Pressure.” -~/ This required that sufficient header pressure be avail-
aple to sweep steam from a process channel if some temporary condition should
cause it tec be formed. This requirement suffered from the implicit assumption
that the =o ion causing boiling was very transient, It considered that

essentially full excess header pressure was available to remove the steam in a
matter of a few ssconds after its coccurrence in the process tube. Because of
the inherent In:tabillity of the reactor with respect to beiling, i.e., the gain
in reactivity upon losz of water to a tube, tending to cause vaporization in
surrounding tubes, etc., the prevention of outlet boiling was a cardinal require-
ment of reactor operation.

In 1954 the =xa2=3s5 header pressure requirement was relaxed to a requirement of
trip-before~inztability. (%2 The Panellit gauges were revised and their main-
tenance impreved. As improved slugs and water with improved corrosion pro-
perties were doveloned and as the graphite expansion problem was alleviated,
the reactor piwer levels were raised to the pecint where tube outlet water tem-
peratures apprvucned 100 Co The bulk outlet temperatures under transient con-
ditions approacned seturation temperatures at ?h? top of the downcomer and the
prcbiem of bulk water boilirg was considered.

It was pcinted out that numerous potential problems were involved at 100° C
bulk cutlet temperatures; namely:

1o Unstable bulk flows at 100° C that might cause tube boiling.

2. Cavitation erosion and fatigue failure at the Parker fittings and in
the rear cross-~headers.

3. Radicactivity problem from escaping “hot mist.”

4, Less of power level measurement wherever two phase flow occurred up-
stream of the outlet temperature monitor.

As the program: of increased reactor flows and power levels continued, the
100° C bulk temperature problem shifted in emphasis from consideration of over-
all effluent wreoklemz to the problemns of the reactor tubes and charges. It

{1) Wo Ko Wonds and H. Worthington, “Boiling in the Pile,” DUH-10169, April 1,
1943,

Ko Go Tayods, “Tube Temperature Limits by Trip-Befcre-Instability Concept,”
HW--32151, June 16, 1954,

<

-

3} 8. S, Jones, ¥Temperature Limits of the Pile Effluent System,” HW-31733,

May 5, 193%.




g 55801
Page 6

A}
was concluded in a survey(4) that a failure in the effluent system would create
no serious problem and that sufficlent data could be obtained in 4 to 6 weeks

to operate D<File a% 100° C on =z Productlon Teet basis.

tne Hanford reactors the criteria
o more recernt orogram report the
+ 100° ¢ bulk temperature are

Fundamentaliy, hcwever,
of no buvlk koiling has
unsolved prcblems with
again emphasized. 2

To summarize the hisztory of this pfob“em, its developmect has consisted of a
gradual arwroack to the poins where bulk boiling considerations may soon
actually limit power level combined wiun a wide variztion iz concern about the
prohlems that exi:zh and Tinally, very little progress towards the determination
of the actual magristule of these problems axnd their beat solution,

Potential Prctlenms

A% *the present Hime the following problems are foreseen ag potential stumbling
blocks %te safe ox satiszfactory operation at 100° C. Other problems may appear
£3 this program sroceeds toward the achlevement of +this goal of 100° C bulk

outlet veampersiur

1. Pressure Surges

«of-Jowncomer pressure measurements that indilcate
5 vat ure at this point 1s essentlally at atmospheric

_ ssure 3t bulk effluent temperstures up to 95° C. Our measurements,
however, were made with high inertia manometers and do not glve us
any accurate plchture cof hlgh frequency vibration or pressure surges.
In addition, as the effluent temperatures reach the minimum effluent
boiling po_nu, the vavorization effect may produce marked pressure
surging conditions. Such surges ilncrease the probabilliy of damage
to this structurally weak effluent piping system. At the C, DR, and
H resctors this situation 1s further complicated by suction heads in
the dizcharge lize to the downcomer that causes the minimum effluent
voiling point to be less than 100° C.

2. Bulk Effluest Temperatsure Measurement

At the present time, the bulk effluent temperature is measured down-
stream of the reactor dowzcomers. Whenever veporization occurs at

the top cf the downcomer with the release of vapor to the atmosphere,
the measured bulk temperature is in errcr. This error consists in
the lizuid cooling produced by the flashing of water to steam. In
addition to this error, we have the problem of a 15 to 30 second time-
lag between a coolent temperature change at the reactor and the indi-
cation of this change in the contrcl room. The various problems posed

W. D. Gilbert and 8. Goldsmith, "Pile Operatlon at Higher Bulk Outlet
Temperatures,” HW-36415, April 29, 1955.

—
=
S~

(5) M. H. Rusg, "Design Criteria," Vol. 1, Rev. 1, B-C Areas, EW-30401 V-1,
R-1l, September 135, 1955.

(6) L. F. Bupp, V. R. Cooper, F. W. Woodfield, "100 Areas Process Improvement
Program for Perind April '56 - Segt,m ;_" " EW-430L4C, March 31, 195%.
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cess DUNp O pumps cduses an
tanperature surge as the p“ﬂﬂnss flow decreases
Zan Re eFfmc*1VD1y serarmed. By requiring a

¢ of the reactor for the lovss of power to any

nis trancient temperzture surge can be reduced to

o ‘t will 21lwavs occur and must be allowed for
ish;nq recctor bulk outlet tenperaturs 1imitsn If this
rias tre erfiuent temperature above 100° C, then two~phase
Flow with a large Increaze in fluid wvelocity will occur or the

| systen will become sufriciently preszsurized to suppress this boil-
! ing., The worst copditior that might occur would be an intermittent
occuryenca of both of these effects. This would present us with
both mementwa and pressure stress effects on the low strength

erf.usent SY3Tai,.

L@ SADN OcTur

TAL v lnadvertent control rod movement, or poison
szzsive fube power levels and/oxr b0111ng in the
pose the problem of boiling and/or

] ne effluent system. With power level surges
cedt droblem that immediate reactor scram will not
he paeoent time there wouid be a 10 to 15 per
swer level pefore the reactor would receive a

D
25 means that power level surge effects are im-
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e in gonsicering reactor bulk temperature limits.
Thisz is deseribed in detail in report to be issued, and is
: .
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oblem ~f transient power level surges, we
Lem f power level distortion. Under cer-
ioniz, & considerable difference can exist
e wer level of the tubes on the near and/or the
| far side of =« sactor, This meanc that for a constant bulk
ouflet tempzr s measured at the prezent location beyond
the dowmccwwer, we can have a considerable difference in the
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(7) S. S, Jonres “Preliminary Analysis of Bulk Outlet Temperatures,” HW-51327.

{8) S. S. Jones, ”Reacter Bulk Dutlaet Tempersture Limits,” HW-52793, March 6,
1958,
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temperature of the water leaving the nesr and far risers. Since
we dare nch assume axy temperature mixing in the short pipe run
betwesrn the wear rizer znl the dowacomer, we are limited by the

righest rizer femgersiare. AT the preseat time this ig not measured,
i nt 5 i2 avallakle corcernlzg the varle+1on in the
with reactor operstion. rtainly, be-
oduction test to raise lek outlet tem-
riser tempersturss muat be determined.

d. Reactor Tlow Leclreass:s
— it

com puml rrecihlems reactor flow decrsases can occur either
;:oce:: line valving or piping damage. The valve closing
zlow encugh 3¢ that rapid transien’ provlems do not
azless the propozed bulk water temperature monitor
aTla0h, Wwe can have process flow decreases of as

er ceut before a Panellit ftrip of the reactor.

a corresponding iacrease in the bulk effluent
5

"
(]

tcmpe“’ﬁ"vf, At

Le presen’t time, no power level allowance 1s
matir for the possible =ffecus of a process line rupture. This repre-
sents & czlcoulated ”1«k what involves a very low probability of
Tailure combised with the vessibility of considerable reactor damage.
Taisz rigk has been aasamed on the basis of the importance of plutonium
- o
L, ffluent Systam

is in rrogress both of the strength of the effluent

) zation effects produced by 00111?§ in the ef-
fluent svstem &t bullk temzeratures in excess or 100° 0) These cal~
culations 1zdicste allowable working pressures of 1 to 2 psig and maximum
buliz temperatures of 104° C at the B, D, F, and K reactors, and somewhat
less at the C, DR, and E reactors.

There ars Tour critical points with respect to bciling in the effluent
gystem.

a. The apetroach section to the dowrcomer.
., Trke top of the lowncomer.

c. The dcvmcomer first cascade tray.

d. The bottom walls of the dowmcomer.

n

In the approach section Lo the downcomer at all but the F-R=actor, the
effluent makes a 9C° berd frvm horizontal flow tc vertical flow down
into the top of the downcomer. ’TﬂqJ_-; introduces considerable momentum
forces upon the elbcy that turns the flow downward. As soon as boiling

S. 5. Jones, "Proposal for Improved Cortrel of Bulk Effluent Temperature
Surges, " Hw-5;486, March 25, 1958. S Ly
0. B. Adams and 3, . Jones, “Criticel Flow and Allowable Working Pressufes
at the Top of Hanlord Reachor Downcomers, HW;5%547 to be issued.

|
i y
| T
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occurs with two-phase flow, we have a relatively large increase in
velocity with the same masz flow rate. This in turn means a signi-
ficant increase in momentum forces on the elbow., Static stress
calculations of this value indicate allowable working pressures in
the range of 1 to 3 psig, which corresponds to 2 to §5° C above the
saturation pressure, Effluent system calculations have shown that
after an initial transient beiling effect, pressurization will occur
with lisuid phase fiow into the downcomer.

Unfortunately, the tcp-of-downcomer at the B, C, D, DR, F, and H
reactors is itself a very weak point and i+ also has allowable
working pressures in the range of 0.5 to 2 psig. Thus, the pressuri-
zation that will relieve the elbow stresses may very well cause the
top-cf-downcomer to fail. This will eliminate the pressurization
and again produce severe entrance elbow stresses if the bulk outlet
flows and temperaturesz are still at full level.

A furthsr point of potential difficulty is the downcomer top cascade
trav., This is present at all but the K reactors, and although there
is controvarsy as to its probability of failure, there can be no
question as to the zericus nature of such a failure event. Such a
failure would probably take out all the successive cascade trays and
tend tc ztop the effluent flow. This would severely damage the down-
comer wells:;and just where the water would go from here in uncertain,
but it c-uld mause considerable reactor damage. Stress calculations
on thesa downcaner walls have indicated maximum allowable working
streszses ecuivalent tc that produced by a static head of water standing
in the downcomer to an elevation of 20 to 30 feet above the reactor
zero level. At the F reactor the =static level is already close to
the iimit because of the water back-up in the up~hill line to the re-
tention basin. It would seem desirable at this reactor to take ad~
vantage of the possible syphon action in the discharge section of the
effluent line from its high point down to the retention basin., At
the present time there is an open vent at this point which prevents
the discharge syphon action from reducing the static level in the
downcomer o

To summarize our current knowledge of this effluent piping system, we
may say that it is fundamentally weak, that its failure in itself

should not cause rsactor instability or burnout. However, the -lamage
caused by 72,000 to 170,000 gallons of water per minute fallin, 50

feet opts alluvial £fill is not wery encouraging with respect to building
and pervonnel safety. Congequently, considerable conservatism is re-
commender! with respect to reactor operation that would cause severe
effluent system damage.

Radioactivity Hazards

One further problem that may exist is the radiation hazard of large
guantities of steam caming off the top of the downcamer immediately
after its exposure in the reactor. A conservative calculation of this
effect could certainly indicate the magnitude of this hazard and whether
any spscial precautions would be necessary., Already, over-all building
contamination is experienced at H reactor when they attempt to use their
far dewncomer which aprarently has accumuiated various leaks.

W e e e
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Besides radisactivity probieme at the top of the downcomer, we &lso
have the orobism of increared radicactivity at the retention basins,
This enuld no doubt be handled by appropriate percomnel restrictions
adjacent tc these basins.

This reprezentz the prob.ems that zre foreseen as potential difficulties in
obtaining the desired 1lG1*® C bulk outlet temperature. Ways to circumvent all
of these probiem: appear feasible, but the first step is to establish the
actual magnitude c¢f each one. Only after thils has been done for these problems,
plus any additional ones that appear as this program progresses, can we reach
sound concliusions as to the best marner to proceed toward our 100° bulk outlet
goal.

Possikle Solutiovns

Although the full picture of the problam involved in achieving this 100° C

bulk outlet temperature iz not known, it seems desirable to examine possible
solutions. This should serve to expedite the program of reaching the 100° C
goal. It should also present a clearer picture of the probiems by indicating
both the operating difficulties involved and the marner in which they can be
controlled or eliminated. For instance, the problems of 13C° C bulk outlet
temperatures can ke eliminated by quenching with cold raw water. Therefore, a
number of different means of achieving the desired goal of increased production
are presented and analyzed in the fellowing section.

1. Increaze in Bulk OQutlet Temperatures Under Production Test Conditions

Becausie the present bulk temperature limits are based upon a consider-
able amourt of theory with respect to the effects of various reactor
operating conditions upon the effluent flows and temperatures’it will
be very much in order to experimentally verify the magnitude of these
effects before proceeding with the main test of increasing the bulk
outlet temperatures. Thvas; the following preliminary program is
recommended.

a, Test Lozation

In chocsing the reactor it is essential that it have maximum flexi-
bility cf operation and two downcomers., Therefore, C or H reactor
will be selected. DR fits this requirement, but its downcomer is
somewhat wesaker and therefore undesirable for initial testing.

b. Test Instrumentation

Because thiz i3 an exploratory test to deteimine the operating pro-
blems and pozsible effluent system damage assocciated with higher
bulk outlet temperatures, very complete reactor instrumentation will
be required. The following instrumentation changes or additions to
the reactor are anticipatad:

{31} New bulk outlet temperature sensing elements.

12y Transducer type pressure sensiug elements to be installed in
the c¢rcas—cver line and the downcomer.
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{8) Install five szolid downstream dummy charges in widely spaced
ceatral tubes and instali new high sensitivity (<1 secd cali-
brated tube outlet temperature elements. The temperatures of
these elements =zhould be simultaneously recorded on a high
spead oscillograph or similar instrument during the transient

testso.

{4\ Instell numerous ztrain gage elements at critical points in
the crosa--aver and downaomer. Again these gages should be
simultanecusly recorded during the transient tests.

(5) Install appreooriate vibration instrumentation on the cross-
over and downcomer to monitor any dynamic stress conditons.

(6) Install any reg.ired upper cross-header orifices to handle the
probiemns of poxzible creoss..header boiling because of local

high temperatures.®

(7% Inztal) braces under the top cascade tray in the downcomer to
positively ensure that this tray failure does not occur.

c. Prelimins:v Tesz

i A

The following preliminary tests should be made with this completely
instrumented reactor to confirm our present theories with respect
to reactor transient effects and effluent system conditions:

(1) BPA Cutsge

(a; During the first ~~ 30-hour reactor shutdown after comple-
tion of the described instrumentation, complete instru-
mentation data sghould be obtained.

{b) Upen start-up, the reactor should be brought up to 45 to S5
per cent of full level as rapidly as is permitted and then
held at thiz level for 2~3 hours.

{c} At this time, the electrical power tc the 190 Annex process
punps shouid be tripped and the resulting BPA outage trans-
ients foilowed by the special reactor instrumentation.

——
o
by

The results ¢f this test should be studied careful%g and
compared with the theoretical results of HW-51327. )

(2) Process Pump Trio-Outf Test

The flow characteristics and freguency of this transient are
sufficiently different from that of a BPA outage, that two

(7) Op. Cit. page 7.

#* The cross—header orifice reguirements will be establiished by laboratory tests
discussed on page 18.
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tests are justified; particularly when they both can be made
with only minor production losses. The suggested procedure
for this test is:

fa) At the time of the first scheduled reactor outage after
completzon »f the over-all test instrumentation, the
reactor shou.d be shut deown by first tripping the power
to a process pumpg which has its reactor trip signal by-
by-pascede

{b) Ore minuate later, the reactor should be scrammed if it has not
a.ready been zhur down by +the low--pressure trip of a pro-

-

ces: tube Panellit gages

{c Again, the tast results ghould be studied and compared
with theory.

{d) A review of thest @
changes can be made in the bulk temperature limits within
1

Exverimental Bulk Water Temperstare Increase

This test propofes to carry a reactor up into a range of operation
where pos:ible effluent piping damage may occur, A detailed
analysis of thiz problem has indicated that even with conservative
ectimates of the gross costs associated with higher temperature
operation, there iz strong indication that higher temperature
operation wiil be worthwhile, at least on a snort-term basis.
Consegquerntly, this procduction test could serve to permit a pro-
duction increase during the period of study and development
necessary tec make more permanent and satisfactory increases in

the effective bulk temperature limit.

The anticipated test procedure would be as follows:

(1} Obtain both "cold” and “hot” instrumentation base-points
readings.

{2) With the reactor at equilibrium full flow, and g0° C bulk out-
let *temperaturs, run a controlled power level surge up to 96° C
and down to 22¢ C over a 10 minute elapsed-time period.

-
wo
.

After compiete analysis of the experimental data, i.e., 24 to 48
hours, repest this power surge test from 92° to 98° and back to
94 C,

{4) Repeat these transients for steps of 94 to 109, 96 to 102, and
98 tc 104° C, with careful data analysis after each step.

{5) Stop testing whenewer data is cbtained that indicates the pro-
] of effiuent system damage.
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{6) If this testing procedure iz succegsiul up to 104° C, permit
a bulk water temperature increase from 94° to 96° C.

{7, After a monthz’ zuccessful operation at this new temperature,
thess transient tests should be repeated up to 110° C and
reactor bulk outlet temperatures of 98° C permitted if this
second set of tests 1s successful. Because of the inherent
problem of unavoidable temperature surges, it will always be
necescary to operate the reactor scme x degrees below the
prak allowable value. The purpose of this test is to evaluate
the problems associated with these transients and to establish
both a peak temperature limit and a reasonable value for x
{the required decrease in nominal bulk limit below this peak
temperature).

2. Fringe Zone Quenching

As suggegted by J. R. Younq}ll) it is poszible to increase reactor
power lewvel withecut an increased bulk outlet temperature by increasing
the water flow through *the fringe tubes and allowing a small increase
in the outlet temperature and power level of the central zone tubes,
In considering this proporal, the following basic properties of the
system are pertinent: '

(a) With a fixed bulk outlet temperature any given increase in total
reactor flow will give & constant increase in production, no
matter how the reactor fiow is distributed, provided other tube
limits are not exceeded.

;5;

The increase in reactor flow gained by opening the fringe zone
tubes will cause a decrease in central zone flow corresponding to
the effect of decreases in pump discharge pressure that occur
with increased total flow.

—
Q
-~

The same power level increase can be obtained by reducing in some
manner the »ver-all reactor central zone flow resistance, i.e.,
larger nozzles and pigtails, thin-skinned fuel elements, etc.

—~
Q.
-~

The cnly time reducing the fringe flow resistance is of sure value
in increasing production is when:

{1} The bulk temperature limit is fixed.

] a

{2, The central zone flow resistance cannot be reasonably decreased.

{3, The reactor water plant can adequately provide the increased
fiow,

(11} J. R, Ycung to T. Prudich, “Aveiding the Bulk Outlet Water Temperature
Limit,” February %4, 1958,
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{e) For any other conditions, an economic study of the advantages of
decreased fringe or total resistance as a function of central ana
fringe zone flows, rupture limits, corrosion limits, trip-after-
instability limits, teop-ofwannulus boiling limits, and cross-
header pressurization effects must be made,

It should be emphasized, however, that on a short—term basis,
opening the frings crifices may be a convenient way of increasing
production at censtant bulk outlet temperature,

Rear Riser Quenching

A second means of maintaining a constant effective bulk outlet tem-—
perature while increasing the reactor power levelr would be to add
cold quench water te the rear risers, Thisimﬁthod of increasing
production was mentioned in a survey report‘3’ and is again suggested
by J. Ro Young.+ 11! Let us first consider the general case and, in
light of this, examine Mr. Young’s proposal. For the case of a com-
plete c¢old water quench, it would be added to the bottom of both rear
risers, Under thessz conditions, the cold water would mix with hot
effluent all *he way up the risers; and it is quite reasonable to
expect an effective mixing and quenching cf the effluent temperature.
The problems azscciated with this system are as follows:

;al This raw water flow wculd have tc be at least as reliable as the
reactor flow and have similar flow decay characteristics, In
other words, a raw water quench that permitted a S5 per cent in-
creagze in reactor power level for the same effective bulk outlet
temperature wouid require a lower permissible bulk outlet tem—
perature if the nature of this raw water supply would mean an
increase in the frequency of bulk effluent temperature surges,

{b) Even with a well backed-up raw water system, the very nature of
the system with an increase in the multiplicity of valvss, pumps,
centrols, etc., that could fail would indicate the need for some
decrease in the allowable bulk effluent temperature.

(c) The only time that the use of this system is surely indicated is
as follows:

{1) The bulk temperature limit is fixed.

{2) No further increase in reactcr flow can reasonably be ob-
tained becauze of water plant or reactor limitations.

{3) An economical means of providing effluent quench water is
availablea,

(3) Op., Cit. page 5.

(11) Op. Cit. page 13. A
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4} Thi¢ quench water can be provided with assured adequate mix-
ing with the effluent before reaching the togr of the risers
asd with asswred flow relianilit TV

There 15 one pcss ible agvantage of this system in comparison with just

redse in reactor flow, If thig system were not affected by a
BPA electr.cal autage, then it would tend to diminish the BPA outage
effects by supplying a proportionally increasing amount of cold water
quench asz the reactor flow decayed. This condition would tend to
cancel the fregquency effect mentioned earlier and permit the bulk
temperature limit teo remain unchanged.

Uze of Hot Waiter Recirculating System to Quench Water in Near Rear
Riser

The spescific us

ze of this hot water recirculating system as an effluent
quench haz sever

ral drawbackz. These are:

i \

fa! Insufficlent miwing distance,

(1Y No cuench water added to one--half the effluent in an effluent
pip.ng low.pressure region, i.e., the near riser.

Thece drawbacks are s=ricus ir that adegquate mixing of the whole ef-
fivent with guench water muzt be provided in a manner that will limit
effluent boiling at any point in the effluent system. Otherwise, the
quench is ineffective in permitting higher allowable outlet water
temperatures,

The temperature mixing distance reguirements are not known; however,
their order of magnitude may be estimated from data giving the (L/D)
requirements for reaching fully—developed heat transfer conditions in
a smooth tube. This turns out be about 25 to 30 feet, according
to charts presented by Deiss ler‘lzf for the development of full

ssett values in a tube., This is only qualitative, but it does indi-
cate that we cannot now assume adequate temperature mixing in a few
feet of riser piping.

4, Venting of the Too-nf-Downcomer

9

A system of an open vent line from the top of the downcamer to the
reactor purge-gas stack has been suggested as a means of permitting

an increased bulk outlet temperature. This has the advantage of re-
ducing system pre:ssures o prevent top-of-downcomer failure, but it
only ilncreases the probability of inlet elbow failure, This is because
depressurization increases the momentum effects. This venting should
eliminate the radiation problems from radiocactive steam. However it
has numerous disadvantages, including the following:

(12) Ra G. Deissler, “Analysis of Turbulent Heat Transfer, Mass Transfer, and
Fricticn in Smocth Tubes at High Prandtl and Schmidt Numbers, # NACA 1210,

(1955), g"
= ?‘5, .
DU o
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(&) The outlet temperature monitor should be moved to the rear risers to
aveil the decresse in bulk temperatures beyond the downcomer as steam
ig £finshed from 1ts top. T-e present monltcr would indicate a con-
gtant bulk cublet temperature even though the reactor bulk temperature
was rizing. ITwo further reasoms for moving this monitor are to measure
riser Semyerahures and obiain a more repid bulk temperature response.

(b) Witm tre hopeofedowneomer veated to yield atmospheric pressure
<: 5 pzig), “he momentum effects induced by crcss-over boiling would
be vhelr gr=atesta Trere would be maximum strezs on the entrance el-

bow and o.. the top cazceade tray.

The vents line would have considerable capacity requireménts and might
well require rbiel'ing For instamce, 1% is estimated that a L-foot-
2iaxeter vent line would be reguired fo handle the steam venting at
11¢° ¢ with 3 maximum top-of-downcomer pressure of 0.5 psig. This does
neh include an sllowence for the significant volumes of alr and gases
wkat woull alsc be vented.
"

(4] Tris large ixfluix of steam into the regalar exhaus®t air stack would
terd tc reluce the normal exhaust of reactor gases and might even

caguse a bemporary revergal oF the coataminated air flow.

e

—
¢]

Consequently, it cenm bte concluded that the buwlk effluent problem cannot

be adequately razdled merely by using a 10-inch vent lire from the top-of-
dewocomex tc the pile exhaust stack. On tae cther handl, a larger short

vent lire might release the steam wilthout tressurization and top~of-downcomer
failure. This would aot, however, eliminate the momentum or radioactivity
problems.

\n

. Effluert System Fressurlzetion

Ore furnher manner of incressing reactor production, with respect to bulk
temperature limits, is to presswrize the effluent piping system. This
will probably iavolve installing complete new effluent piping from the

top of the rear riaers to %he retention basin. It will involve & study
of the effects of a marked increase in vavor emission from the retention
basin, ani one turther sroblem will be the pressurization produced by two-
phase flow a% +the dizcharge to this effluent system. With this effluent
system presgurized, there will be & time lag of about a mirute between an
ircrease iz bulk e£71luent temperature caused by a power surge or a water
loss =nd the effluexnt pressurization effect. By this time, in every
trapsient cozdition except a flow or pewer change too small to cause a
Beckmar. or a Panelllt trip, the reactor will be scrammed seconds before
there 1z any increase in system pressurization. Therefore, except for the
follewirg AifTficulties, this system poses ao serious operating problems.

(a) A marked incrsase in vapor loss from the basin as the bulk outlet
“emreritures are incressad.

(v) A zigrificant insgtallatioa cost.

Such & system has been designed for the H reactor with a water quench to
elimina*e the vapori{atio_..lll

(13) R. E. Johnscr, "Rear Face Pressurlzat ion Axcn:\lie'q t g%,O'H Arez", HW-41298,
February 6, 195, 51
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A Proposed Program for Increased Froduction Through Buik Effluent Temperature

Increases or Bulk Temperature Limit Circumvention

1,

General

At the present time we 4o not nave answers to the many problems posed
in the earlier sections of thils report. Therefore, before a specific
schedule can be decided upon for increased production by any of the
propesed methods, it iz vnecessary to secure anzwers to many of these
problems,

In other words, it iz important to make an over-all study of this pro-
blem before we can decide with anv engineering accuracy the best means
of securing this production incereaze., This will require a program of
laboratory experiments, in-pile testing, and engineering study. In
the fcllowing zectionz this vrogram is presented in sufficient detail
to start our program studiss,

Laboratory Studies

{a) Washangton State Hydraulics Labcratory

1

(1; Water Temperature Mixing

One of the impcrtant procblems with respect to the bulk effluent
problem iz determining the rapidity of temperature mixing in
the water after the confluence of two water streams at different
temperatures, Little experimental information on this subject
Appears avallable, yet it has a significant bearing upon the
degree of flashing that we could obtain at the top of the rear
risers and at the entrance to the downcomer. Therefore, a
theoretical and szcaled-down model study skhould be made of these
temperature mixing effectz. Basically, we need to know the
effect of wvelocity, temperature, cross-sectional area, and
geometry upen the degree of water temperature mixing at various
distances downstream from the confluence of the mixing streams.

A suggested means of completing this investigation would be

to e¢unstruct several models simulating the effluent system
using clear plastic components. These should range in size
from 6 inches to 12 inches diameter or larger. A careful
aralysiz of the flow problen involved would be required to de-
cide upon the relative importance of the various fluid di-
mensionless numbers, {Reynold?s Number, Fronde Number, etc.).
With these different sizes, and with flow velocities adjusted
to approach medel simultude, then it may be possible to extra-
polate to reactor conditions. At least our knowledge of mixing
conditions should be improved.

Probably the biggest difficulty in such a testing program will
be satisfactory measurement of the fluld local temperatures.
The informaticn from th*: study wil’ be useful in three months’
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{2) Scale Modeli Boiring
With these scale models for water temperature mixing, it
would be very desirable to model effluent pressurization
effects. The purpose cf these tests would be to measure the
degree of pressure surges produced by various degrees of
transient boiling and the momentum effects produced upon
eritical components of the piping model. With various
naminal ocerating water temperatures and flows, a sudden
increase in water temperature would be imposed. High speed
sensing elements would then be used to measure pressure and
momentum effects,
The purpose of these tezts would be to aprly the pressure and
momentum effects to an analysis of the maximum allowable
operating ccnditions for present effluent piping system, and
also to any design of a pressurized system. These tests should
be performed with and without top-nf-downcomer venting.
Thermal Hydraulic Operation

In addition to the hydrsulic laboratory studies proposed,

it may be necessary or desirable to run the larger flow or
higher temperature partz of this effluent mock-up study in the
188-.D Thermal Hydraulics Laberatory. In this case, it is
anticipated that the downcomer mock--up could be moved to Hanford
for these studies.

:

Mechanical Davelopment Operation

There is now a crcss~header mock-up under the direction of
Co. W. Betsford in the 108-D Building. This mock-up should be
used to test the following conditions:

(1) Effect of intrcducing cone or several orifices in the header
upon tube nutlet pressures, and possible cavitation erosion
dovnstream of these crifice plates,

(2) Caritation erosion in the c¢ross-header at points where
cavitation may occur, i.e. opposite the pigtail entrances
and just downstream of the elbows,.

{3) The effect of supplying part of the cross-header flow from
simulated tubes 5 to 20° C above the cross—header saturation
temperature with the bulk cross~header fluid near saturation.

th these vroblems to be solved the following general testing

i s
procedure iz zuggesied:

{1} With the 2roszs-header looo circulating at 90° C and with no
cross-header orifice platesg, raise the loop temperature to
100° C with not more than 8 psig pressures at the cross-
header outlet and circulate for a time sufficient to give
indications of cavitation. A careful comparison of all

T2 i

c*<
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system pressures should be made at the 90° point and the
initial and final 100° C point.

{2) Similar tests should be run at cross»héader temperatures
up to 120° C and cross-header outlef pressures as low as 8

psiga

{3) With the increased temperature parameter investigated in
an open cross-header, the same tests should be repeated
with various cross-header orifices in order to determine
the desirable rear crogs-header orificing for higher tem-
perature reactor operation.

The results from these tests will be needed for the H or C
Reactor Bulk Outlet Temperature Production Test. This test
is tentatively scheduled for July or August of 1938.

In order to achieve the desired cross~header temperatures at low
enough pressures, it will be necessary to quench the pump inlet
to prevent pump cavitation. This will require reheating the
loop between the pump and the test section., Therefore, plans
should be started for loop modifications such ag:

(1) Insertion of quench water far enough away from the pump to
ensure adequate mixing.

(2) Insertion of a steam heated heat-exchanger between the pump
and the simulated cross-header.

(3) Instaliation of suitable controls including temperature
measurements to permit autcmatic operation of the loop
with only routine inspection about twice a shift.

Instrument Development Overation

There are a number of instrument development facets of this
proposed increase in bulk outlet temperatures. One important
problem iz in the proper location of revised bulk effluent
temperature elements. For the proposed production test and for
several of the other propwsals for increasing the bulk-limited
production, the present bulk outlet temperature elements will
not give a true indication of outlet temperatures whenever any
significant steam evclution cccurs from the top of the down-
comer. Therefore, new temperature elements should be installed
at several positions in the rear risers between the top cross-
header and the cross-over, The desirable location is one high
enough above the top cross-—header to ensure a reasonably mixed
water temperature and a position far enough below the cross-
over to be away from effluent boiling conditions. Since these
requirements are probably incampatible it will be necessary to
place temperature elements at several points on the risers.
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Two other development problems are high speed pressure measure-~
ments in the effluent system and strain-gage stress measurements
at critical structural points, With this production test tenta-
tively programmed for the summer of 1958, it will be necessary

to organize the necessary equipment and know-how on both of these
problems to carry out the production test operation,

(e) Mechanical Dewelopment Operation “B”

One of the most important problems associated with this increased
temperature operation is the posazibility of cavitation erosion
limiting the service life of the effluent system and causing
serious losses in production. As another approach to this problem,
that does not require full scale operation or any reactor down-
time, it ilg recammended that cavitation studies be made using the
method proposed by Robinson, Holmes, and Leith.(2*) This equip=-
ment is generally used to compare the cavitation resistance of
different materials, However, it may be posgsible to adapt this
equipment to studying the effect of operating changes upon the
same material. An indication of the effect of outlet temperature
increases may be determined by making these cavitatior *ests at
various conditions of temperature, pressure, and pH. (15)

3. Design Studies

(a) Reactor Modification Design Operation

In connection with the suggested alternatives to increased bulk
outlet temperatures, it will be necessary to clearly define the
design and construction costs associated with each proposal,
Therefore, it 1s recammended that these proposed methods be
studied and a suitable design for each case be obtained. The
two methods that involve the minimum amount of effluent piping
changes are:

{1) Adding quench water to the bottom of the rear cross-headers,
(2) Venting the top of the downcomer.,

Pressurization will involve considerably higher installation
costs, but will yield a considerably greater increase in pro-
duction and will eliminate the present effluent system low
strength problems that are the basis for our current bulk tem-
perature limit,

(14) Robinson, Holmes, & Leigh, “Progress Report on Standardization of the
Vibratory - Cavitation Test,” ASME~56--A-85., {1956)

(15 Jo M. Fox, Jr., Personal Communication., 4--3-58,
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Acturlly s fairly detailed study of *his rwablem has already
beer. preparei for the 100-H reschor (lJ)( Trege reports
ircliude rumsrows resctor 10dlfxca+LOQ: thau go aleong with
pressurizatlon, Because of the significant increaze in reactor
pover levels and tenper”+ ures , more recent information on

Tne need for and the =xpected costg associated with hese charges
shoudd ce availarle. In addltiod, the productior. value in these
rerort: was based upcn the production ccat value of $15/gm of

Pu rasher thaw the currers A.E.C. meximum paymernt value of $30/gm.
Trhiz 2vastic revisiozn would permit pressurization, as presented
in theze docurents, to be carried cut at a cost, per reactor, of
abous $13,000,000 with a prcduction gein of about 30 per cent.
These covb? may be considsrably “alucew if guench watsr is not
reguiyed o reduce the effluent water helow its btoiling point
befcrs dizcharges iuto the rc:entlon bazin.

Ir consilering pressurlzaticn, major factors showld be evaluated:

(1) In aiiitiox to the obvious incrsase in safety obtained from
the slimination of the weak effluent piping system, an over-
all zafety analysils should be made which includes the effects

7 increased flow and vower level upon the reactor safety.

8]

e schual increases in productioa that we obtain will not
1€eces3&rily be the maximum permitted from the new bulk
1limit congideratioas. In fact, uless we can conmsiderably
reduce the *uel rod rupture problem and the corrcsion
problem, our actual gains from this major reactor modifi-
cetion will be omall

(2)

Eé

48]

TJ

(3) m™e value of produaction gains that may accompany this
pressurization must be distributed to the saveral different
developments that permit the increase in power level.

This reduces the value of aay one prcject or medification.
Eowever, it reflects the true value of any one project.

4, Engineering Studies

(a)

Reactor Engineering Operation

1 be necessary at 3ll times for R & E to have the safety
g of this problem well in hand. It will be our obligation
lyze proposed operation and potemtial problems and to

te the safe limits for any proposed desigr and procedure.
At +he ssme time it will be imporbtan®t tc lock fcor possible

(13)

(16)

Op. Cit. page lé.

R. E. Johoson, "Budget Studv Tor Production Increazez Through Reactor
Rear Face Preszurization," EW-4%0985, uanuary 19, 1956
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relaxations or operating improvements that will permit safe

reactor cpeyation at even higher power levels.

(b) Frecess Aralysis Ozeration, or Reactor Modification Operation

Certainly in the case of fringe zone cooling, and probably in
the cholce of an alternate to increased bulk outlet tempera-
turez, i% will he necessary tc make a complete analysis of
the relstive merits of the different methods of increasing
production. Ia fringe zone cooling, we must conbiaer the
merits of sacrificing some central zone flow in order *to
obtain 5 net increase in reactor flecw and thus power level
at a congtant bulk outlet temperaSure. Here, care must be
taker. 4o consider the punp characteristics and the various
indiviiual tuke limihs thaet may be more restrictive than the
bulk cutlet temperatize limift.

v the cage of the alternate piping methods, it is important
to corsider not only the design costs but the potential hazard
coates asgsociated with each. These are discussed briefly in
pages 14 tc 16 of this report.

In the case of the efflueat system pressurization, the in-

reazed costs showld te considered in conjunction with the
pozcibility of a considerable increase in production. Here
again, the increased production will deperd upon raising other
limits beside the reactor bulk outlet temperature. Therefore,
the value of effluent pressurization will depend upon the
success of development efforts to raise these other limits
assoclated with reactor operation.

a
-
-
=
»
=
=

CONCLUSIONS

At the present time, our bulk temperature limit is based upon an analysis of

the costs %o be associated with possible problems at elevated bulk temperatures
combined with the high value of increased production. However, both the damage
effects of temperature surges and their frequency are only estimates and the
present costs estimates do not include rupture and corrosion costs. Consequently,
our cost data is inhersntly inaccurate although considered to be comservatively

high.

In raising this bulk temperature limit, therefore, there are three Important con-
siderations. First, it ic essential that more fundamental reactor data be ob-
tained before we are justified in raising reactor bulk limits further. Secondly,
because these limits are based upon possible effliuent damage conditions, it is es-
gential that a careful production test procedure be adopted. And thirdly, because
we are considering the operation cf the reactors up in the range of progressive
effluent system demage it is not recommended that such operation be considered

on a permanent or long term basgis. In other words, it is not considered good
operating practice, despite the economic incentive, to operate the reactors for
long periods at a poirt where any severe transients will cause piping damage.

It can be concluded that such operation with cumuletive effects cf smaller
transients is inhereatly damaging to the 01ping system and prolonged operation
under these conditiorn: could lesd to more severe effluent damage than the short
term tests would indicate. This does not meaﬂ that Production Test operation of
the reactors at high bulk temperatures for several years is not feasible, but it
does suggest that for a 5 to 10 year operation a more comnlete sclution to this

bulk problem should be developed. gwﬁ &%@:’igj B2y "
ai‘iz"l J%? ——
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Along with the prcoduction %ast for lucreasing the bulk outlet temperatures,
several methods Iave treen proposed for gainiag the eguivalent producticn
increase by other mesr:z., Before the test measns of ottalunirg a long-term
zolution to this proklem can be reached, studies of all the various proposals
must be completsd, at leagt in sufficient detail %o sstimate piroiuction
gaing, installatior costz, aznd reachbor safety considerations. Therefore

we should perform ar sralysis cf:

J

1. Pringe zcrne gugnchiing.

2. Rear riser guerching.

3. Topucf-icwrcomer ventiag.

b, Effluest system pregsurization.

It should te zoted that this last method should eliminate bulk temperatures

a3 a reactor limit and permit 1C tc 30 per cent temperature increases with no
effluent system problems. Therefore, in any program for sigaificant increases

in old reactcr production, it becomes almost mandatory to consider effluent

system preszuwrizatior. as a parc of the reactor modification program. These should
be completed by the agpropriate IPD organization to the extent necessary to reach
firm ecoromic and safety conclusions concerning the best of the four methods.

In this respect the suggested laporatory studies of:

3. Warer temperature mixing studies.

are all important adjuncts to the actual production test itself in establishing
maximum bulk opersting limits.

In a report of *thiz nature involving the programming cf possitle work for
many different Hanford groups it is obvious that allowance must be made for
many different pointz of viaw and for the fitting in of this suggested work
ith many othex procblems. therefore, it is hoped that this report will serve
to point ocut the bazic problems, &and their possible solutions; and to stimu-
late the develormert of an active organized effort towards the achievement

of the desired productios goals.

Reactor gineev4pg
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