
, ' DECLASSIFIED
GENERAL ,_ ELECTRIC ........... DE93 003404

¢ iii P 111'1

K,,I

o u
o

-' o I. WE Johnson
O O e

2 - 7. AB Oreninger o
o 8. oJE Malder

o 9. HM Perker
IO. DM Johnson

o o Ii, RH Beaton e DECLASSIFIED !

o oo 12. JS McMahon,--' o 13. _: wood, _,_0, _L_:.(_:,q,

o • o 15. WK MacCready
@

17. RS Bell
., 18. WM _,thls

19 PH Reinker _;:'_'_' ' '
20, %3_Cooper •
21. LP Bupp • •

" o , 22. JJ Cadwell

23. WJ Ozeroff

2_. OH Orea_er •
o 25. 300 File •

'. 26. Yellow ,

% MBy 31, 1955

• lhel U(_ ume.t {oil., .Iii

0 A. B. Grentnger ._/_; ,.,,, N_
MmnaGer p Engineer ing ._ "-_,--,,,,,._,n.,.,.,%--_.

Fa

703 BLD6., 700 AREA •

o • COP_t u, t,_
FUTURE PO_ER LEVELS OF HANFORD PILES

This document has been prepared in response %o a recent requeote 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 were approximate data on any pile modifications that

might be involved, including rough estimates cowering possible cost and
completion dates, e

The forecasts rh!cb follow must be presented with a number of important quall-
eflcatlons, lt has been an-.umed, first o£ all, _ha% much bet%sr slugs will be
developed _,_rln6 this period, and at a rate which will keep pace with the in-
creasingly sewre service requirements of higher and higher pile power levels.
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The entire forecast is dependent upon timely re_ization of this prime
o0Jectlve of %t_e Pile Technology program. The timing projected for achieve-

ment of various increments in pile power has been estimated on the basis of

favorable results in a continuing r_search and _.3velopment pr_ram; it like-

wise has been assumed that_budgetar_ provision for necessary capital outlays

will be a straightforward matter based upon an undiminish_ demand forofurther
produ_ion. 0 0

An optimistic approach of this kind ai:pears to be well taken Bn any specula-

tion as to the possible course of pile p_w_r levels over the next few years.
While such speculative forecasts cannot Ue considered as commltments in any

sense, it is our plan to revise the figures each year and thus through repeated

refining and adjustment of the predicted lev_l_ to arrive eventually a_ figures

which should provide a sound approach to the overall planning problem.

O00 o
SUMMARY: 0 0

0 0
A brief discu_ion of plans _or increasing the power levels of the Hanford

O Piles is provided. This document does not attempt to out_ne an overall plln

for th_ Hanford Atomic Products Operation and no consideration i,_ given here
to the basic$question of when it may become desirable to build n_w piles rather

than to improve existing units, lt will also require further study and develop-

ment work to resolve the ultimate question of whether it _ feasible and economi-

cally desirable co convert the piles to recirculation. O

o

Within these limitations, the plans for increasing power levels involve the

following [m4_rovemente _o _he piles: O
O

1 • Project CG-558 for increasing the total w_ter flow rates of the

B, D, and DR Piles t407.i,000 - 7_,000 gpm and a_imilar project for

O the F and _iles.
O

0 2. Pro_c_ CG-6OO for i_reasing the total water flow rate at the
C Pile to 9_,000 gpm,-

O
O

3. Development of methods of reducing slug corrosion and to s lesse_

extent, tube corrosion.
O o

4. Increase of the total flow rate through the K _iles _o the maximum

• capacity of the process pumps - abo,lt 165,000 gpm.

O O
0 5. Solving problems_ssoci_%ed wlth pressurization of the rear face

piping to allow _mxlmum tubeeoutl*_ temperatures of about 160 C at

0 0 _he B, D, DR, F, and H Piles, and of about i_5 C at the C, KE, and
KW PAles. 0

ii DISCLAIMER
0 •

O This r.;portwas 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

O 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-
mendatiJn, 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 Governmentor any agency thereof.
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6.e The replacement of p_esent 2S, 72S c_ad, aluminum tubes with tubes
having higher creep _%rength.

@ @

• 7. The development and production of slugs wbic_ viii withstend irradia-

tion at the high power levels to a reasonable di_harge exposure.
@

Assuming that the above improvemen&s can be achieved, the goal power levels

oO (ma_imum) after completion of the_rogram in !961 can be sun_narized. For t_
folloving 8ummar_ 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 _quire shut down time, and it ie possible that

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

OOAL POWER LEVELS FOR I_61 • @ 0
, ,,

o • I z, i==t,d •
• Power Levels

_ Summer Winter •

B 22OO 2500

D • • • eeoo 0 eSOOo
• • 22oo 25oo

l,' • 22o0 2500
• ;moo 25o_

c, 25oo0 28oo
• I_, _6oo 51oo

_* • °e • 46oo 5].oo

• 5000MW at_ _nd lO,O00MN a_ each_Pile in •
• 1962 if recirculation i8 provided.

• •

DISCUSSION: •

I. Proces_ changes and appr_ed or definitely planned lplant modifications •
which produce increases in production.

@ A. project C0-558 •

00
Thls project is divided into two phases. Briefly, Phase I of thl8

p_Ject consists of the following'

l. The installation of poison column charge-discharge equipsmn%, the
• r.plLoem,% of hortmoutal rodeD_Rd %he =op_aoe_n% or _,I P_ne_ltt'

• tlaseam, q_ "o
• • • •

• A Panellit gage indicates the pressure at the v_nturi throat or orifice Just

upstream of &he inlet of each procese_ube.

• "DLA'So o EC SIFIED
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2. Modifications of the water plants and inlet piping and fittings
of_the B, D, and DR Piles to produce total flow rates of 71,0OO

® toU7_,OOO gpm as compared to present flow rates of 4B,o00 to
53,O00 gpm.

@ @ ®

3. The preparation of detailed design for the _odlflcations of "2",

above, for the F and H Piles. •

It is expected that th_@Bncreased water@flow rate will become available at
the following times.

• S@ @

@ B Pile - November i, 1956. @
• DR Pile - January i, 1957 • •

D Pile - March I, I_7@_

Withi-n@ a very few months thereafter power increase_ercentages equivalent

@@ to the percentage of flow rate increase (40 to 45 per cent) should result,
) • provided t_t slugs sufficiently rupture resistant are available, and that

for the slugs which are available, the exposure can be low enough to prevent

@ an excessive rupture rate. •

The estimated total project cost for Phase I is $26,_,000 including $i_,000
transferred capital property, a_d not including shutdown time. A total of

@about ten pile months c_ shutd_a_ time is required. Nearly 1600 megawatts
of additional production capacity should result.

B. Pro_ect CG-600 for the C Pile
@

The flow rate at the C Pile will be increased from 83,000 to about 86,000 gpm
by the installation of new front nozzles, fittings and connectors either

early or late in 19_6. During the Summer or Fall of 19_6, the present
@ process _ps will be replaced with new, more efficient pumps, raising the

total flow rate to _,000 gpm.
• @

eThe estimated total project _st, exclusive of the cost of about three w_eks

shutdown time, is $I,000 ,000 ." About _ megawatts of additional production
@ @capacity will result.

C. Process changes other than ma_or plant modifications

These process changes consist of the expected schedule for raising the

li_tations to pile process tube and bulk outlet water temperatures, pile
graphite temperatures, and of the use of enrichment for increaain$ powmr

• levels, if tube outlet temperature limlta are not high en@ugh to make enrich-
sent unnecessary. Briefly, technology must be developed so that changes in
process limits can be made mm rollc_:

i. Incroaae of the bulk outlet temperature limit to i00 C as the

@ result of pile testing. @

@ •

o @ -
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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 sow
@ value be_w 7.0. It is hoped that t_ tube outlet water temperature

limits f_ 800 MWD/T slug exposure can be increased in steps to
135 C by theBe pH changes. Preliminary testing has sh_n that consi-

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

@ 3. Effective eliminati_ of graphite tempera_hre limit for the highest
power levels as the result of small scale and full pile tests, now
in progress.

@
4. Increase of tube_utlet water temperature limits necessary to pre-

@ vent unstable boiling in the process tubes to 130 - 135 C by minor

pressurization of the rear crossheaders, and by development of more

information on tube boiling and its effects. To achieve limits
@ high_ than 130 - 135 C, modification of rear pi_'ng will b_ required,

and _lll have to be done under auspices of a project. This project
• will be discussed in a later section.
@

The foregoing changes in process limits ar_expected to have the effect of

increasing power levels up to that allowed by the iO0 C bulk outlet tempera-

@ture limit by the Summer of I_6. In August and September 1936, when the
@ inlet water temperature As 20 C, resulting power levels for the total flow

rates which would exist _t that time are shown below. Maximum Winter power
levels (5 C inlet) for this limit are also shown.

Total

• Flow Ra_e Power Levels a MW •
Pil____e gpm Summer Winter

. B 48, O00 1020 1200

D 52,500 i!iO 1330
DR 51,O00 1070 1270
F 46, OO0 970 I150
H 56,OOO 1180 1410

C 9_,OOO 1980 a350

KF,, 165,0OO • 3480 • 4130

KW 165,O00 • _ 413o

• • Totals 14290 16970

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

increase production by increasin_ th,etime operated efficienc_ are as follows:

1, Repla,e_m% of tube _rltloen _ ven%url %ubea at. I¢ PAle vi.li
inoreaee %he totJ_,lflow rate from _2,000 g_m to _6,000 gpm.

2. Resetting the pressure indicating ranges of the K Pile Panelllt

gages will al]ow the total flow rate to be increased from 138,OOO

•t DE'CLASSIFIED
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3. T_e development of slugs which will not have excessive ru_ure
@ rates at the expected specific po_ers will be necessary. _Fresent

@ slugs would probably be suitable for the above power levels at the

_, D, DR, F and H Piles though some reduction in exposure may be
@ necessary. At the C and K Piles, particularly the C P_le, the

@ suitability of present slugs is not likely, even for p_oduction of

@@ low exposure product _200 - 300 _gD/T). _ew slug types vo_Id pro-

bably b_ required. A series of new slug _ype_have recently been

• tested. In their present stat_ of development', none of these slugs
has shown superiority over pre_ent solid slu_s. However, internally-
externally cooled cored slugs have not yet been adequately tested.

@ @ One_modiflcation of the externel_y cooled cored slug has been developed
sin_e initial testing and will be tested shortly.

@ Metallurgical examination of the experimental slug@failures is in
@ @ progress. From this work and from new de'_elopments, it is expected

that a superior slug will be developed. @ @

@ _. Completion of the replacement of the horizontal control rods and •
their th_bles 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. (,If the rods were no_ replaced, power level would have to be
restricted-to prevent softening and sagging of the thimbles.

@ a
@ 5. New, improve_ pile temperature instr_mentatlon is needed to assure

@ pile safety._ Operating power levels up to _hat allowed by a I00 C
@ bulk temperature rise could be made witho,_t-&ddition to or modifica-

tion of the instrumentation other than _Lucrease of the indicating

@ range of temperature _d power level measuring instruments. However,
both pile cafety and time-operated efficiency would be improved by

the installation of temperature devices o_ lOO to I_0 selected process
tubes. The_e devices woul_ automati_all_Indicate ap_oach to unsafe

@ temperatures, alloying better ten_eriture control, _ar_icul_rly ou
startups after brief ahutdovus. The devices would ilao_;hut the
pil_dovn automa_ically before unsafe temperatures were_ttained.
The project proposal for this work ia _elng prepared, i_ is expected

_ • tha_the total project@cost will be about $500,000 for the B, C, D,
@ @ DR, F and H Piles, and that the completion date will be Su_er or

early Fall of i_6. At the K piles, the only work required to estab-
lish a similar system will be the installation of a read-out system

@ for ou_let temperatures of selected tube_ with _rnin_ for approach
@ @ @ to unsafe _en_eratures. This work can pr_ably be done at a coat of

about $30,000.

@ 6. Replacement _ planned of the presen syate_ which monitors prlncl-
pally the _eta activity of the proce_e water _ each end o_ each rear

• croeoheader tor the p_vpoee oF detectln_ elu_ rupture_. The replace-
_ent myetem is ao scintillation-type gam_ r_y _onitor which will
monitor w_ter _rom the _ame sources. _arlier and more definite

detection of alu_ ruptures should be possible. This should effect

• @ •

e_e
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an increase in time-operated efficiency because fewer slu_
• ruptures will become lod6ed in the process tubeo. This work

is to be done under auspices of the follo_-Ing projects:

• oo
Total Estimated

• PilQe ,Project _u]_er @ Project Cost
u •

• B,D,I_,F,H CGQ3"_ $ 527,000 •

0 • c c_-_9 135,ooo
eKconst :tlon 350,0o0

• 0 Pr°Jeer •

For operation at and above I00 C b_ulk out_et temperat_es_some
difficult>- caused by the tenperature of the water sample _ay be
experienced. Development _rk iu presentl_ in _ogress to define

@ • • and solve this problem. It is expected that modifications necess-
ary for the elimination of this problem can be made under auspices

• of the respective projects. • @ •
O • O @ • •

7. The use of sufficient enrichment to maintain 13_ effective pover

tubes_ at the B, D, DR, F and H Piles, i_50 effective po_e.r tubes

8 • at the C Pile, and 2300 effective power tubes at the K IKles
would be required to prevent restriction by tube outlet temperaturm

• limits to a lower _ower level than allowed by the 100 C bulk outlet
temperature limit. Thin assumes that the longest tube outlet tempera-

Q ture liBit will be 130 C, u Orated in part C-_. If tube outlet
temI_rature Illite are lower, the maintenance of a higher number of

_ffectife tube_could probahl_ be economicall_ Justi_ed. •
O•

8. Installation of improved, faster acting vertical safet_ rods is
planned. Thls is not necessary for the atta_m_nt of the quoted
power levels, but can be _urtlfled on thm b_als of improved pile

• ee c.D.l_ie_ a slight modlficatlou Ef the K Pile rods is necessary, tsl
budgeted cost is $_,6_0,000. •

09. Also Justified on the _sia of pile safety m_y be t_e installation of
• @ tube-outlet-temperature-sensitive automatic shutdown devices on every

tube, _nd the provision of new or modified tube flow meas_ring devices.
A total of $7,250,000 hsa _n budgeted of _hese items and also fox'
possible installation of devices meas_rl_ local power level risln_
periods.

;_,. Power Levels Produced • • •

The completion of all the items listed in parts A, B, and C are e_p_ctsd to

r_sult; in maxim, m power le_le _den_t_1%0 thole _$v_n Sn p_r_ C, wlt, h the
@ • •

• !1o. of Effective Pov_r Tubes . (Power Level)/(l_xi_ Tube Power) •

0
@

DECLASSIFIED
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o_Phase 9 of vG-558. Thus, in March , the_lowi_g goal power levc!_
Q(,mLximum)should be possible. @ @

@
Total • @

@ @ Flow Rate Power Levels_
• Pile @ g&::_m.__ Sumner Winter •

@ • •
@ @ B 74,ooo 156o 185o

D 74,000 1560 185o@ •

o?&,ooo 156o 185o• • OO • 46, CXX_ 970 1150
oiH 56,000 1180 l_lO

c 9_,ooo 198o 2350 •
KE 165,000 3_80 _130 •
KW •

• • • o 165,oo0 3_80__,, b13o .@ o
• +reals 157'7'o 18'7p •

II. FroJected and Proposed Process CbAn6e8 and Pl=na M_iftcations for Further
• Increases in Production

@

OA. Project for Increasing Flow Rates st the Y and H Piles-Phase II of CG-_8
• •

This proJectawo_d be essentially the same as Project CG-558 for the

B, D, amd DR-Pil_8. Total flow rates of 71,O00 - 7_,0OO would be Oobtained
The total project cost is estimated %_ $11,200,000. The attainment
of these flows, asstuning project approvar in August or September of thls

• • wouldYearPbeislaterequired.in1957 or•early in i_. 4Fourgnonths of shutdown time
• CO

B. Charge-Discharge During Operatione @

o Pile testlng is in progress on s system which allows charglng emd dis-
charging of _n_nium slu@s durln6 o__eratloa. The system consists of a

@ ball-type valve Ins%alled on each _let and outlet noxzle. A 81_cial

D charging _chine permits slugs to be charged _ne at a time through a
w_ter lock. Discharge of a process tube may be accomplished by openin6
the rear ball valve, thus flushing the sluKs from the tube cr by other

metho4s, lt is planned to take continuous effluent water _e8 from

each vertical column of tu_. These sa_l_ wQuld be _onitored by a
gamml ray monitor of the type described in part I, D, _o. 6. This indica-
%lon plus the Indlea_ion from the crosshe&der will show which tube contai:

a rupturln_ slug. Since _he tube can _,s determined _'.rln@ o_ration and
dischar_ can be attested imdiately thereafter, lt ts ex_eete_ that a
high pereente4e oF sl_ r_p_ures oan be dlsc_r£ed before they become

• lod_ed in the tube. •

The followi_ gains should result from the use of this syute_t:
• t, • •

O

O
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1. Five(Co ten per cent production would _ g_ined, depending on the
uramium throughput rate, because of the ellminm_ion of shutdown time

O _nd low-power-level operating time.o • • @

2. Shutdo-_n time now required for removal of slug rupttu_es should be

_educ_d. Consequently, if power is limited by rupture r,-te economies,

@

O 3. Im_ove_nt of operating po%_.r distribution should increase pr_u_ion

O • two to @f°ur per cent. @ @ @

First installation of this system is planned by September@ 1956 for the C Pile

) as a _00 tub_ demonstrati_ unit. Full installation at C Pile would beOc_lete5
about a year later. Indicated cos_ for the C Pile is about $1,800,000. Applica-
tion to the K PileO is being studi_'d. A possibl_completion date at the K Piles

O is Spring 1959, and estimate@ cost for the instaA_r_ationat both piles is of the
order•of $5,500,000. _

ee • •
C. Pressurization @ @

• •

0 Pressurization of 11he rear p_ing t_Dallov higher bulk outlet temperatures is

under study. In _neral, pressurization vould_e effected by placing a restric-
tion _ restricti_s in the effluent piping at one of the following locations:

@ • •O
1. At the rear of each tube.

@ @

Oo 2. At boCh ends of each crosshesder. • @

3. At the top of each riser or between the riaeri@anCA the dovncomer.

_. In the downcomer. @

• 5 • Between the downcomer amd the retention bQains,. • •
@ • •

To dispose of the large volume of st,:u which will be generated, one of the

, fol_owing three methods will be used. •
• • •

i.• Addltiontheflow Ofrest_ict:£on.r_ativ_lylow cort, low pres_n_2quench=__-- .ter upstream of
• •

2. Elec_rical power recovery. @ •

3. Discharge of steLm from m steam separator into the atmosphere.

Of these Llternatives, the use of quench vLter hsa been mAore tboro_4hly Inveati-
l_%ed,_nd vi.11 con%in_ae %0 rqoetwl prLm_ry eonst4erlb_io_. B%way oT e£eeCr_csA

•cPOVmr recovery viii continue bag lt la DOC expected %ha% any elecgrlcLl pover re-
overy system would be put into operation before I_I or 1962. DischArge to the

atmosphere has undesirable rtdloloKica_l _d aeteorolo_icakl effects, but has nc¢

been definite_ ellm_nated from consideration.

• (.)ECI 'o .-ASSIFIED
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Preliminar_co_ _timates of pressurization with quench water and with the re-
striction a_t loca_ions 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 _ew pipe line from new pumps. The river pum_ house would be
enlarged to acco_odate thcse pumps, and provision would be made for increased

pressure in the Juncti_ boxes of the effluent line, provision to pump wa_er

from certain process drains into the effluent system would be required@ Tot_l
estimated cost of this system is _ the order of $3,000,000 per reactor, lt

O should be emphasized that this is one alternative that now appears possible.
Coutinued investig,_tion may show that moreOextensive modification is required,
or that other alternatives are more desirable.

With this system installed, _e rear face pressure could be rai_d to the maxi-
mum value economically desirabl_ for the existing wate_plant. _irnisn_ximum

) is dependent on the way that tube flow ra_es and tube boiling outlet temperature
O limits vary with the pressurization pressure used. Increasing this pressure

OO increases the tube boiling limit. However, as this pressure is increased, the
inlet_pressure can be increased to maintain tube flow rates only to a fixed point.

As t_ rear face _ _ssure is further increased, a point is soon reached at which
) a further increase would cause a decrease in allowable powmr. For tubes having

annulus sizes the same as prese_ly used, calculations have shown the following

maximum tube outlet temperatures: 0

O Maximum ,__t%,tbeOutlet 0
0 Pile Temperature, °C 0

@
B,D,DR,F.H 0 0 160 • O

0 O C,KE,KW_ 0 i_5

However, tests may show that these +_emperatur_ are either high4Dr low. In
particular, the value for C, }CE and KW has be_n only roughly calculated. Detail-
ed study and testing rill be required.O

At the B, D, DR, F and H Piles_ more flow and thus more power can be achieved
by increasing the annulus size. The optimum annulus size has not been determined

O but is somewhere bet_een the sizes _resently used at B and C Pi_es. Presumably,
this _uld be done b_ decreasing sl_g diameter, although it is possible that a

tube material having sufficient atreng_ _nd corrosion resistance to allow

thinner wall construction will be foun_ suitable. To achieve thee tube outlet
temperatur1_s several other improvements will be necessary in addition to solution

of all the design problems associated with pressurization and high outlet tempera-tures. These are :
o O

_. Tbm maximum tube outlet temperatures of present tubes at. the proposed
pressures, from consSderat$ons of 25 aXumAnua creep, _s believed to be
about 140 C. Tubes made of 63S aluminum, which has about twice th_
creep strength of _ are being tested, lt is expected that tubes of

63S or some other alloy would be installed at the same time as pressuriza-
tion equipment at the B, D, I_R, F and H Piles. This cost is not included
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0 in the current e_imate of $3,000,000. Installation of new tubes at°

the C and K Piles may not be necessary but if needed, would probably be

0 done only as oldotubes required replacement. Zirconium atubes are also
under_nvestigatlon. The cost of zirconium tubes is presently high,

0 but w44[1 undoubtedly decrease in the future. The_ustification for the

use of zirconium tubes depends on the process tube outlet water tempera- o

O O tures achievable with tubes of zirconium as compared to aluminum, and on
the relative costs, including later replacement requirememts, of tube _,of

the two material9. Because the above _gformation cannot now be predlcSed @
O with _asonable accuracy, the lowest ou_let temperature at which use of

Ozirconium is desirable ie not known. However, rough estimations range

, from i_0 to 170°C. Continued develop_en_and testing_ zirconium tubes

0 0 O_nd n:_:oS Sbe_. bu:Cau_etthe_sis _b_lftiir s_a_cLth:c_ht yo_,nilo1 tPhOVeodl_ingable
water with s_ll higher water temperatures. 0

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 is expected toO
allow tube corrosion limits of_60 C and slug corrosion limits for 600 M4D/T

O exposures of 140 C_by the middle or last of 1957. By the end of 1958,

@ further im_ovemen_ by increasing can wall thickness or some other change
may allow 160 C for slugs exposed to 600 _gD_T.

O O
@3. The Darge_t uncertainty in achieving these maximum temperatures is slug

qualit_ _. B_ slug quality is meant the resistance of the slugs to ruptures

0 caused by uranium cleavage or failure.CAn intensive development program to

produce slugs which will withstand high specific _o_ers at reasonable
exposures is underway. 0--

O @
0 While there i_ some possibility that solid cores will operate satisfactorily

with the centers in the_ phase (-_ 660_ C) it appears %mlikely that they

O O would operate in the _ phase - a condit_ion vhich would be imposed _y the
ll0 - 120 KW/ft. specific power and 160 C outlet temperatures contemplated
after pressurization of the rear piping. On_ solution might be a slug with

O O increased _urface to volume ratio. The leas_ radical alteration of present

geometry is the internally-externally cooled slug already mentioned. The

O 0 proposed sl_cific po_ers wi_ impose severe stresse_on even this slug.
O Other solutions may be possible.

O O @
o Posr,ibleOcompletion dates for pressurization are of cottrse quite tentative, lt is

hoped _ha_ modifications could be completed by some time in 1961. Goal Sunm_r and
O Winter power level_ (maximum) are given below:

O o
O O Oo_ Power Levels

Pile (Maximum)
O Sulmer Winter O

O O --'-----
O

0 B 22OO 2500

D O • 2200 2500 0
o I_ 2200 2_(X)

o r 22oo 2500
H Z20o o 2500
c 25oo 26oo o

_ _ 51oo
Totals 22700 25500
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o o o o

Increases above these power levOels may be found possible°without addit_ional,o o
modificctions, partic_ularly at the K Piles. Also, it is p_ssible that rela-

0 tively minor modification of the piles or water _plants may allow higher power
levels, k_ example is replacement of the K Pile process pumps with higher
capacity pumps. N_ither this example nor any other schemes have as yet o
undergone more than cursory examination, with o_e exception. The exception

O Q is recirculation which is discussed in part E. @
O o

OD. Other Im?rovements and Problems 0

o pO° o0 To achieve the werQlevels projected after pressurization,0 several other 0
changes may o_ will be necessary, o_would improve the time operated efficiency.

A listing follows: O0 •
0 • O 0 o

O i. A method of reducing the in,dent 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 poisoning _he fringe tubes and com-
O pensating the reactivi_ loss with enrichment is to be tested.

0 2. Revision and extension of the rangeoof instrumentation will _e
necessary.

o 0 o
@

/D 3. lt may be necessary to provide some means _or reducing the discharge 0
to the Columbia River of radioactive m_ter_als. Reliable prudictions

O o_the magnitude of this problem cannot{_e _de at this ti_, but con-
siderable extrapolation of available data indicates that some action

O will p_6bably be necessary. O
o o

Changes in water quality are undergoing preliminary study. _ecircula-
tion, discussed in part E, below, would solve the pro_em. In fact,
reduction of radioactive river discharge may become a major Justifica-
tion for the adoption of recirculation.

. OMethods of _egmental_ischarge are under study and might be employed

0 in two or three years. Uranium consumption wou_ be reduced.
O @

5. A method of using poison splines for supplemental reactivity control
O during operation is being developed. T_me-operated efficiency would

beOlmpr°ved" o
@ @e-%

"" 6. Plant modific_ions to provide auxiliary cooiin6 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 of_the predicted powe_ levels unless tl_ followin6 reason-
ing should apply, lt is possible that consideration of _he serious

effects of a m_Jor pile disaste_ involv_.ng 19as of cooling water and
vaporization of fuel would resu/t in a decision thm,t in-pile inventory
of fission_roducts, and thus power level, sho_.d be restricted to some

o valu$. Provision for reliable auxiliary cooling w_,uld considerable reduce
theovery small probability for disaster that does exist, o

O O o
O
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O

_. New nozzles and new methods of process tube closure are bei_,g o
developed. These would allow replacement of process tubes with-

out nozz%e removal, and so°would save shutdown time.
o o

: E • Recirculation o
o _ o

A study of recirculation was reported in document HW-AOgOV-RD. "Economic

Evaluation or Recirculation gs a Method of Pile Cooling", (i-7-54). The

o general conclusion of this report was that recirculation a% high outlet

temperatures is economically attractive, if a number of assumptions _re

found true, and that reci:'culation with high outlet temperaturesoshould be
tested and furl°her investigated, o o

o o o o

Investigation is in progress and in-pile testing will soon begln9 It is

expected that by 1958, suf_ficient technology will have been demonstrated

oto provide design bases for pile alterations. Project study on these bases o

through 1959 could lead to firm plans for conversion to recirculation, pro-

vided economic desirability oexists at°that time. O Construction might then be
possible in 1961. Provisions for presBurization previously completed would o

probably be largely mdaptable to recirculation. The mostolikely piles for
application of recirculation are the K and C Piles. Po_r levels would be

in the range of 5,000 and I_3,000 megawatts at the C and Lt each K Pile,

respectively. Reference to Case 5, pages 57 and 58 of document HW--30907,
may be made for details _n the most probable instaeilation.

o
o

o O o
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