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FUTURE POWER LEVELS OF HANFORD PILES COPY 1 ot | enm
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®

This document has been prepared in response to a recent request* from the
Atomic Energy Commission for a brief review of the principal ideas and
technical developments which might affect power levels over the next six
years., Also requested wvere approximate data on any pile modifications that

might he involved, including rough estimates covering possible cost and
completionr dates.

The forecasts vnich follow must be presented with a number of important quali-
ofications. I* has been assumed, first of all, that much better alugs will be
developed during this period, and at a rate which will keep pace with the in-
creasingly severe service requirements of higher and higher pile power levels.

¢ Latyer D, ¥, tihaw Lo W, K. Juhheon, Maroh 28, 19Y%%, "Upeculations on Future
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The entire forecast is dependent upon timely reglization of this prime
objective of ¥hie Pile Technology program. The timing projected for achieve-
ment of various increments in pile power has been estimated on the basis of
favorable reaults in a continuing research and dcvelopment prcféram; it like-
wise has been assumed that &udgetary provision for necessary capital outlays

will be a straightforward matter based upon an undiminish%d demand foro further
produion. 0©

An optimistic approach of this kind ¢ pears to be well taken {n any specula-
tion as to the possihle course of pile pawer levels over the next few years.
While such speculatiVe forecasts cannot Be considered as commitments in any
sense, it 1s our plan to revise the figures each year and thus through repeated
refining and adjustment of the predicted levels t0 arrive eventually at figures
vwhich should provide a sound approach to the overall planning problem.
oV o o

SUMMARY: o ©

() o]
A brief disculbion of plans ?or increasing the power levels of the Hanford
Piles is provided. This document does not attempt to outline an overall plan
for the Hanfgrd Atomic Products Operation and no considearation is given here
to the basic question of when it may become desirable to build néw piles rather
than to improve existing units. It will also require further study and develop-
ment work to resolve the ultimate question of whether i1t ¥s feamidle and economi-
cally desirable to convert the piles to recirculation. o

()
Within these limitations, the plans for increasing povwer levels involve the
following improvements to the piles: © o

1@ Project CG-558 for increasing the total water flow rates of the
B, D, and DR Piles td®71,000 - 74,000 gpm and aSeimilar project for
the F and Pb"ilea.

¢
2. Prof® cg-600 for msreasing the total water flov rate at the
C Pile to 94,000 gpm. o

o
3. Development of methods of reducing slug corrosion and to a lesser®
extent, tube corrosien.

o]

Increase of the total flow rate through the K Qm. to the maximum
° ©  capacity of the process pumps - absut 165,000 gpm.

o
5. Solving problemouaociated with pressurization of the rear face
piping to allov maximum tubceoutle: temperatures of about 160 C at
the B, D, DR, F, and K Piles, and of about 145 C at the C, KE, and

KW Piles. o)
° DISCLAIMER
0 o
This roport 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
o

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
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.
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6.. The replacement of pgsent 28, 7128 c’.ad, aluminum tubes with tubes
having higher creep rength. °
[ ]

The development and production of slugs whica will withstead irradia-
tion at the high power levels to a reasonable di@harge exposure.

®
Assuming that the above improvemexgs can be achieved, the goal power levels
(mafimum) after completion of the program in 1961 can be summarized. For th
following summary table it has been assumed that no major technological
restriction to the plans will occur. It should be recognized further that major
alterations to existing units wgequire shut down time, and it is possidble that

the pressure for delivery of product could delay such improvements. Within these
° limitations the following table gives the goal power levels for 1961.

o QOAL POWER LEVELS FOR 1961 o ° . °
e
® S Estimated Maximum
® Pover Levels °
Pile % Summer Winter
B 2200 2500
D ] o 2200 0 25004
IR @ ° ® 2200 2500
r ® 2200 2500
® ° 2200 250Q
® c* 25009 2800
KE® ° ° 4600 5100
Xw* o © 4600 5100
* 5000 MW atgl and 10,000 M{ at each X, Pile in o
° L 1962 if recirculation is provided.
©
DISCUSSION: )
1. Procea? changes and apprc”ed or definitely planned gplant modifications ©
which produce increases in production.
° A. Prolact CG-558 °
[ ]
g This project is divided into two phases, Briefly, Phase I of this
p@‘ject consists of the following:
1. The installation of poison column charge-discharge equipment, the
o reaplscament of horizontal rodu’nsd the :eplacemeny of all Panellire
e dages.
o © ° ©
]

® A Panellit gage indicates the pressure st the venturi throat or orifice Jjust
upstream of ahe inlet of each process®uve. o
[ ]

o * o e DECLASSIFIED



A,

c.

®an excegsive rupture rate.

DECLASSIFIED
R

@

B. Greninger k- May 31, 1955
@

®
©
Modifications of the water plants and inlet piping and fittings
oq.the B, D, and DR Piles to produce total flow rates of 71,000
to 74,000 gpm as compared to present flow rates of 48,000 to

2.

53,000 gpm.
° o °
3. The preparation of detailed design for the gedifications of "2",
above, for the F and H Piles. °
It 1s expected that theglncreased vategoflow rate will become available at
the following timig.
o
B Pile - November 1, 1956. °
® DR Pile - January 1, 1957 ° o
D Pile - March 1, l%;?
®

Within a very few months thereafter power 1ncrease'bercentnges equivalent

@9 to the percentage of flow rate increase (40 to 45 per cent) should result,

provided timt slugs sufficiently rupture resistant are available, and that
for the slugs which are available, the exposure can be low enough to prevent

The estimated total project cost for Phase I 1s $26,984,000 including $184,000
transferred capital property, and not including shut time. A total of

@rbout ten pile months of shutd time is required. Nearly 1600 megawvatts
of additional production capacity should result.

®
Project CG-600 for the C Pile
[ 2
The flow rate at the C Pile will be increased from 83,000 to about 86,00C gpm
by the installation of new front nozzles, fittings and connectors either
early or late in 1946. During the Summer or Fall of 1946, the present
process s will be replaced with new, more efficient pumps, reising the
total flow ratﬁ’to 94,000 gpm.
®

eThe estimated total project st, exclusive of the cost of about three weeks
shutdown time, is $1,000,000. About 2§g megavatts of additional production

@capacity will result.

Process changes other than major plant modifications

These process changes consist of the expected schedule for raising the
lipitations to pile process tube and bulk outlet water temperatures, pile
gréphite temperatures, and of the use of enrichment for increasing power
levels, 17 tube outlet temperature limits are not high enough to make enrich-

ment unnecessary. Briefly, technology must be developed so that changes in
process limits can be made aa followe:

1. Increase of the bulk outlet temperature limit to 100 C as the

result of pille testing. °
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2. Increase slug and tube corrosion limits by successive steps of
process water pH reduction from the present 7.3 to 7.0, and some
@ Value below 7.0. It 18 hoped that t!f tube outlet water temperature
limits £Jr 800 MWD/T slug exposure can be increased in gteps to
135 C by these pH changes. Preliminary testing has sh®m that consi-
o

derable increases are probable, and further testing is in progress to
determine magnitudes.

o
® 3. Effective eliminatign of graphite tempera!bre limit for the highest
power levels as the result of small scale and full pile tests, now
in progress.
h.

Increagg of tube@utlet water temperature limits necessary to pre-
P vent unstuble boiling in the process tubes to 130 - 135 C by minor
pressurization of the rear crossheaders, and by development of more
PY information on tube boiling and its effects. To achieve limits
highsi than 130 - 135 C, modification of rear pip‘ug will bé required,
1

and 1 have to be done under auspices of a project. This project

® will be discussed in a later section.

The foregoing changes in process limits ardp expected to have the effect of
increasing power levels up to that allowed by the 100 C bulk outlet tempera-
ure limit by the Summer of 1946. In August and September 1936, when the
@ inlet vater temperature is 20 C, resulting power levels for the total flow

rates vhich would exist Bt that time are shown below. Maximum Winter power
level:.(s C inlet) for this limit are also shown.

Total
° Flow Ra®e Power Levels, Md °
Pile gpm Summer Winter
. B 48,000 1020 1200
D 52,500 1110 1330
DR 51,000 1070 1270
F 46,000 970 1150
H 56,000 1180 1410
c 9l , 000 o 1980 ° 2350
KR 165,000 3480 4130
KW 165,000 ° 3480 4130
° o Totals 14290 16970

D. Other process improvemdts necessary to achieve these power levels or to

increase production by increasing the time operated efficiency are as follows:
1.

Replacement of tube orifives Wy ventur! tubes at ¥ Plle will
increase the totsl flow rate from 52,000 gpm to 56,000 gpm.
o
2. Resetting the pressure indicating ranges of the K Pile Panellit
gages will allow the total flow rate to be increased from 138,000

WER  DCCLASSIFIED
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Twe development of slugs which will not have excessive ruq;:re
rates at the expected specific powers will be necessary. esent
slugs would probably be suitable for the adove jower levels at the

» D, DR, F and H Piles though some reduction in exposure may be

ecessary. At the C and K Piles, particularly the C Pile, the
suitability of present slugs is not likely, even for production of
low exposure product €200 - 300 MWD/T). gev slug types wolld pro-
bably v® required. A serles of new slug Uypeg have recently been
tested. In their present state of developmen®, none of these slugs
has shown superiority over preSent solid slugs. However, internally-
externally cooled cored slugs have not yet been adequately tested.
One_modification of the externzlly cooled cored slug has been developed
siAEe initial testing and will be tested shortly.

Metallurgical examination of the experimental slué.failurea is in

progress. From this work and from new dewvelopments, it is expected
that a superior slug will be developed. @ @

Completion of the repl#ement of the horizontal control rods and @
their thigbles with new r&s sealed at the pile face will be required.
This work is a part of Project CG-558 and will probably be completed
shortly. Cgf the rods were not replaced, powver level would have to be
restricted to prevent softening and sagging of the thimbles.

o

New, 1mprovesbpile temperature 1nstrﬂhentation is needed to assure
pile safety." OperatfMig power levels up to that allowed by a 100 C
bulk temperature rise could be made without addition to or modifica-
tion of the instrumentation other than increase of the indicating
range of temperature #ha power level measuring instrumenta. However,
both pile safety and time-operated efficlency would be improved by
the installation of temperature devices op 100 to 150 selected process
tubea. These devices would automntispll&gindicate apfroach to unsafe
temperatures, allowing better temperature control, particularly on
startups after brief shutdowns. The devices would also ghut the
pilegdown sutomatically bvefore unsafe temperatures v‘reigttnined.

The project proposal for this work is geins prepared. i1s expected
that®the total project®cost will be about $500,000 for the B, C, D,
DR, F and B Piles, and that the completion date will be Summer or
early Fall of 1946. At the K piles, the only work required to estab-
lish a similar system will be the installation of a read-out system
for outlet temperatures of selected tubes with warning for approach

to unsafe temperatures. This work can probably be done at a cost of
about $30,000.

Replacement R planned of the presen’ system which monitors princi-
pally the beta activity of the proceie wvater at each end of each rear
croasheader for the purposs of deterting eslug ruptures. The replace-
ment system is aeeacintillation-type gamma rey monitor which will
nmonitor wvater from the same sources. @arlier and more definite
detection of slug ruptures should be possidble. This should effect
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an increase in time-operated efficiency because fewer slug
ruptures will become lodged in the process tubes. This work

is to be done under auspices of the followving projects:
®

® Total Estimated
@ Pile Proje'ct Kumdber 6 Project Cost

o
B,D,IR,F,H CGe5T8 $ 527,000 @
c ° cG-979 135,000
KE, KW Construction 350,000
P .Project ®

For operation at and above 100 C dulk outdet temperattﬂes some
difficulty caused by the temperature of the water sample &y be
experienced. Development wvork is presently in Qrogresa to define
and solve this problem. It is expscted that modifications necess-
ary for the elimination of this problem can be made under auspices
of the respective projects. ® ° ® N ® °

The use of sufficient enrichment to msintain l3w effective powver
tubes® at the B, D, DR, F and E Plles, 1460 effective pover tubes

at the C Pile, and 2300 effective power tubes at the K Riles

would be required to prevent restriction dy tube outlet temperature
limits to a lover pover level than alloved by the 100 C dbulk outle:
temperature limit. This assumes that the lowest tube ocutlet tempera-
ture limit vill be 130 C, as@tated in part C-h. If tude outlet
temperature limits are lover, the maintenance of a higher number of

@ffective tubeggcould probably be economically Justified. ¢

o0
Installation of improved, faster acting vertical safety rods is
Planned. This 1s not necessary for the attainment of the quoted
pover levels, but can de justified on the basis of improved pile
safety. Kew rods would be uired for the B, C, D, DR, Fand H
Plied) a slight modification Uf the K Pile rods is necessary. Total
budgeted cost 1s $4,650,000. ®

® o

Also Justified on the basis of pile safety may be the installation of
tube-outlet -temperature-sensitive automatic shutdown devices on every
tube, and the provision of nev or modified tube flow measuring devices.
A total of $7,250,000 has heen dbudgeted of these items and also for

possible installation of devices measuring local pover level rising
periods.

. e ° ®
R. Power Levels Produced
U W

The completion of all the items lieted in parts A, B, and C are expscted %o
result in mEximum powver levele tdon‘tm t0 those given &{n pert C, with the

® No. of Effective Pover Tubes « (Pover Level)/(Maximum Tube Pover) ¢

¢ -— .
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exception of higher levels for the B, ? d DR Pi1®s because of ~ompletion
@Phase ® of CG-558. Thus, in Maich 9@‘;
Gaximum) should be possible.

, the d‘gllovi.ng goal power levcls

Py
Total (-] ° )
® Flow Rate Power Levels, MW
Pile ®gom Summer  Winter ®
® 9 @
B T4, 000 1560 1850
D ° T4 ,000 1560 1850
Qa o @7h,000 1560 1850
o 46,000 970 1go
:\ o® 56,000 1180 1%0
c gh , 000 1980 2350 )
X8 ° 165,000 3480 L120 @
Xw ° O. 165,000 348c 5130 g .
.'rcmla 15770 18730 (]

II. Projected and Proposed Process Changes and Plant Mgdifications "or Further

@ Increases in Production

®,.
°
°
B.
Y
)

Project for Increasing Flov Rates at the F and H Piles-Phase II of CG~558
PY o

This projectovo 4 be essentially the same as Project CG-558 for the

B, D, and DR Pilés. Total flow rates df T1,000 - Th,000 would be obtained.

The total project cost is estimated to $11,200,000. The attainment

of these flows, assuming project appro in August or September of this

year, is late in 1957 or early in 19;8. ®ourguonths of shutdown time
would be required. °
o0

Charge-Discharge During Operation )

Pile testing is in progress on s system which allows charging and dis-
charging of wianium slugs during operation. The ayatem conalsets of a
ball-type valve installed on a2ach flet and outlet nozzle. A special
charging machine permits slugs to be charged ®ne at a time through a
vater lock. Discharge of a process tube DAy be accomplished by opening
the rear ball valve, thus flushing the slugs from the tube cr by other
methods. It is planned to take continuous effluent water samples from
each vertical column of tu These sampl® would be monitored by a
gamna ray monitor of the type described in part I, D, No. 6. This indica-
tion plus the indication from the crossheader will shov which tube contai:
@ rupturing slug. Since the tube car be datarmined 2uring operation and
discharge can be attempted immediately thereafter, it is expected that a

high percentage of slug ruptures can be dischiarged before they bacome
lodged in the tude. ®

The following gains should result from the use of this systeu:
0 ® *
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1. Fiveg@o ter per cent production would R gained, depernding on the
uranium throughput rate, because of the elimination of shutdown time
° and low-power-level operating time.g ® °
2. Shutdown time now required for removal of slug ruptures should be
educgd. Consequantly, if power is limited by rupture rcote economies,
higher powers could be achi d.
° gheg vg ¥ ° o o .
o 3. Im?rovemgnt of operating power distribution should increase pro&u@ion
(-] twvo to four per cent. 0

-

-]

First installation of this system is planned by Septembex’ 1956 for the C Pile

as & tube demonstrati unit. Full installation at C Pile would be@complete s
about a year later. Indicated cost for the C Pile is about $1,800,000. Applica-
tion to the K Pile@is being studifda. A possible’co:pletion date at the K Plles

is Spring 1959, and estimatefd cost for the installation at both piles is of the
ordergof $5,500,000. g : ® ®

C. Pressuri®tion o ®
> ° ¢

Pressurization of fhe rear p&ing tPaliow higher bulk outlet temperatures is

under stuiy. In general, pressurization vouldae effected by placing a restric-

tion@ restsicti 8 ln the effluent piping at one of the following locations:
o0

[
1. At the rear of esach tube.

L °
© 2. At both ends of each crossheader. ] ° )

o

3. At the top of each riser or between the risers‘md the downcomer.

4. In the downcomer. ®

o0 ®
059 Betvsen the downcomer and the retention besins. o0
o @

To dispose of the large volume of steam vhich will be generated, one of the
rolsoving three methods will be used.

o
4 o ©
l. Adadition of rslatively lov cost, low pressuge "quench” water upstream of
® the flov restriction. 2 o o
-]

2. Elecarical pover recovery. ® ¢

3. Discharge of steam from a steam separator into the atmosphere.

Of these alternatives, the use of quench water has been re thoroughly investi-
gated,@nd vill continue to receive primary coasideration. B8tudy of electrical

power recovery will continue but it 4s not expected that any electrical power re-
overy system would be put into operation before 1961 or 1962. Discharge to the

atmosphere has undesirabdble radiological and m2teorological effects, but hes not
been definite]ay eliminated from consideration.

o . wmmm UECLASSIFIED
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Preliminary coft %ftimates of pressurization with quench water and with the re-
striction at locations 2,3,4 and 5 above, have been made. The least expensive
appears to be alternative 2, i.e. restriction at both ends of each crossheader.o
With this alternative, two new risers would be installed on the rear face to
supply water upstream of each restriction. River water would be supplied to these
risers through a gew pipe line from new pumps. The river pump house would be
enlarged to accommodate thcse pumps, and provision would be made for increased
pressure in the juncticdfl boxes of the effluent line, provision to pump water
from certain process drains into the effluent system would be require Total
estimated cost of this system is & the order of $3,000,000 per reactor. It
should be emphasized that this is one alternative that now appears possidle.
Continued investigaution may show that more@extensive modification 1s required,
or that other alternntiveg are more desirable. °

-
With this system installed, SEe rear face pressure could be raiged to the maxi-
mum value economically desirable) for the existing wate®@plact. Tnis maximux
is dependent on the way that tube flow races and tube boiling outlet temperature
limits vary with the pressurization pressure used. ncreasing this pressure
increases the tube boiling limit. However, as this pressure i8 increased, the
inlet pressure can be increased to maintain tube flow rates only to a fixed point.
As tH® rear face g esure is further increased, a point is soon reached at which
a further increase would cause a decrease in allowable power. For tubes having

annulus sizes the same as preseﬂ%ly used, calculations have shown the following
mnxiﬁym tube outlet temperatures:

(-]
Maximum Tube Outlet o
o _Pile Temperature, °C °
o
B,D,IR,F,§ © o 160 o °
o Crxi% o 1h5
However, tests may show that these {emperatures are either higher low. 1In
particular, the value for C, KE and KW has bedh only roughly calculated. Detail-
ed study and testing vill Ve required.

At the B, D, DR, F and H Piles$ more flov and thus more power can be achiesved

by increasing the annulus size. The optimum annulus size has not been determined
but is somewhere betyeen the sizes presently used at B and C Pides. Zresumadbly,
this would be done by decreasing sl diameter, although it is possible that a
tube material having sufficient stre d corrosion resistance to allow
thinner wall construction will be found suitable. To achieve these tube outlet

temperaturgs several other improvements will be necessary in addition to solution
of all the design problems

associated wvith prﬁsaurizttion and high outlet {empera-
e tures. T%;se are:

°

}. The maximun tube outlet temperatures of present tudes at the proposed
prossures, from considerations of 28 aluminum creep, ies beliaved t0 de
about 140 C. Tubes mmde of 63S aluminum, vhich has about twice tho
creep strength of 2S5 are being tested. It is expected that tubes of
63S or some other alloy would be installed at the sawe time as pressuriza-
tion equipment at the B, D, DR, F and K Piles. This cost is not included
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° in the current e?timate of $3,000,000. Installation of new tubes at’
the C and K Piles may not be necessary but if needed, would probably be
o done only as oldotubes required replacement. Zirconiumgubes are also
underOinvestigation. The cost of zirconlum tubes is presently high,
o but widl undoubtedly decrease in the future. The%ustification for the
use of zirconium tubes depends on the process tube outlet water tempera- o
o 0 tures achievable with tubes of zirconium as compared to aluminum, and on
the relative costs, including later replacement requirements, of tube- of
the two materia],d. Because the above formation cannot now be predict?ed
© with R®asonable accuracy, the lowest outlet temperature at which use of
Ozirconium 1s desirable is not known. However, rough estimetions range
o) from 140 to 1'70°C. Continued developmentQand teating#‘ zirconium tubes
o O is necessary because there is a fair Ohance thai they Will prove desirable
oand also because of the réssibilities for recirculation of the cooling
vater with sf11 higher water temperatures.
o
2. Increase of slug and tube corrosion limits to 160 C tube ou%let temperature
will be necessary® The planned schedule of pH reduction 1s expected to
< allow tube corrosion limits of 60 C and slug corrosion limits for 600 MWD/T
O exposures of 140 G by the middle or last of 1957. By the end of 1958,
o further imp?ovemen by increasing can wall thickness or some other change
may allow 160 C for slugs exposed to 600 WD/’I‘O.
o
03. The Dargest uncertainty in achieving these maximm temperatures is slug
quality. B? slug quality is meant the resistance of the slugs to ruptures
o) caused by uranium cleavage or failure.QAn intensive development program to

produce slugs wvhich will withstand high specific 8overa at reasonadble
exposures is underwvay. o

o While théore gu some possibility that solid cores will operate satisfactorily
with the centers in the/é phase (~ 660 C) it appears unlikely that they
o would operate in the ¥ phase - a condi®on which would be imposed by the
110 - 120 KW/ft. specific power and 160 C ocutlet temperatures contemplated
o after pressurization of the rear piping. On® solution might be a slug with
o increased gurface to volume ratio. The least radical alteration of present
geometry is the internally-externally cooled slug already mentioned. The
O proposed specific powers wvilP impose severe stresseaoon even this slug.
Other solutions may be possidle.

o o
PoseibleGcompletion dates for pressurization ere of course quite tentative.
hoped that modifications could be completed by some time in 1961 .
Winter pover level? (maximum) are given below:

o

o o o0

It s
Goal Summer and

o
o o ° Goal Pover Levels
Pile _ (Maximum)
(o) Summer Winter °
o o
o B 200 2500 °
D 2200 2500
°© m 0o 2200 2800 °
° F 2200 2500
H 2200 0 2500
c 2500 2800 o
KE ° 4600 5100
XW k600 5100
Totals 22700 25500

okl L AU W Yl LAY, N0 Wil e Y bk
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o Increases atove these power le?els may be found poasibleowithout addit‘ional
O

modificctions, particularly at the K Piles. Also, it is pgssible that rela-
o tively minor modification of the piles or water hlants may allow higher power
levels. A example is replacement of the K Plle process pumps with higher
capaclty pumps. Nzither this example nor any other schemes have as yet
undergone more than cursory examination, with o exception. The exception

o) ©1is recirculation which is discusa%d in part E. o
Q
o]
D. Other Improvements and Problems °©
o To achieve the powePlevels projected after pressurization, several other
changes may d* will be necessary, o would improve the time operated efficlency.
A listing follows: Co .
o o [+ o (<]
(e) 1. A method of reducing the ingident neutron flux, or of cool?ng of
the exposed side shields of the old piles, may be necessary. A
o method of reducing the flux by polsoning the fringe tubss and com-
o pensating the reactivi¥y loss with enrichment is to be tested.
° 2. RevisiqQn and extenslon of the range of instrumentation will Qe
(<] [+]
necessary.
o 8 ° °
2 3. It may be necessary to provide gome means éor reducing the discharge O
o) to the Columtia River of radioactive materials. Reliaule predictions
o the magnitude of this p:roblem cannot e fRde at this tin®@, but con-
siderable extrapolation of available data indicates that some action
o will pz‘bboa.bly ge necessary. o
)

P 0 Changes in water quality are undeagoing preliminary study. gRecircula-
tion, discussed in part E, below, would solve the projjem. In fact,
reduction of radioactive river discharge may become a major justifica-
tion for the adoption of recirculation.

4. OMethods of Qegmentalodiachuge are under study and might be employed
o in two og three ycars. Uranium consumption wulbi be reduced.
o
5. A method cf usimg poison splines for suppiemental reactivity control
o during operation is being developed. Time-operated efficiency would
teCmproved. °
- o o°
~ 6.

Plant modificflions to provide auxiliary cooling in case of a disaster
caused by bombing or Grand Coulee Dam rupture are being investigated

and appear desirable. However, such a system is not essential for the
achievement cf the predicted power levels unless the following reason-

ing shouldl appiy. It 4is possidle that consideration of the aserious
effects of a major pile disaster involving lgss of cooling water and
vaporization of fuel would result in a decision that in-pile inventory

of fissionc$roducta, and thus power level, should be restricted to some
value. Provision for reliable auxiliary cooling would considerable reduce
the; very small probability for disaster that does exist.,
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New nozzles and new methods of process tube closure are being

developed. These would allow replacement of process tubes with-
out nozzle removal, and so®would save shutdown time.
[¢}
o]
E . Recirculation °©
0o ——— & o

A study of recirculation was reported in document HW-30907-RD. "Economic
Evaluation or Recirculation 8s a Method of Pile Cooling", (k-7-54). The

general conclusion of this repor*, was that recirculation at high outlet
temperatures is economically attractive, if a number of assumptions were

found true, an% that recirculation with high outlet %smperaturesoﬁhould be
tested and further 1nvestigated.(?

o (o}
Investigation is in progress and in-pile testing will soon begin® Itc}s
expected that by 1958, sufficient technology will have been demonstrated

oto provfﬁe design bases for pile alterations. Project study on these bases ©
through 1959 could lead to firm plans for conversion to recirculation, pro-
vided econoric deairability‘;xists at®that time., Construction might then be
possible in 1961. Provisions for pressurization previously completed would
probably be largely adaptable to recirculation. The mostolikely piles for
application of recirculation are the K and C Piles. Powver levels would be

in the range of 5,000 and X0,000 megawatts at the C and at each K Pile,

respectiver&. Reference to Case 5, pages 57 and 58 of document HW.--30907,
may be made for details ©n the most probable instsllation.
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’ Manager, Pile Technolfgy
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