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’ ‘..1::....‘....._‘--"-.4..._‘,;..“'. - - o
| (. ¢
N
¥
Lo Nz >
H 1 Consldered/,é//)r// Z/./’, 19 9 f/Appl No. j // —""'
iy ' - ‘
¥ 2., Name of Appl{:ant //é//‘/;/‘ (27 ;//t’! /)a/é’/“ (ﬂﬂn’li/ )
. ";.’J‘
s 3 Post Office Address ,J('// s /‘:/// /._//:/72' .i/// S 4
. 1,". .-
T b Amount of’ water cloimcd , VG2 77
. N ,
. :‘é 5. Sou*ncer '\f‘ wu'cer supply 5’%’ S (’l/}" / o ey
o1 . A
© oy Daie '(' T, } ‘-A] .
} 6. Water to ve u"ed f‘c _.,[/7 (/,/gf‘r{(/ -
i . Acres to be’ 1rrigctte=d o= .
“: ;. NUIRUIT f \kl ” / e
7, Water, .to be div;.r-ted and u:aed in////ﬂ//é" /d/(? Countv about
= 2 les pPbTH 2 8 A~ of Soepti [T
i -
_ ; '8..' Proof of Publication Recelved Z/'/
S Not Received :
s { . H B e e
| 9. Applicetion Approved -
: Subject to
: -Not approved
{ Action deferred
;oo . ’
i 10, Romarks:
t
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1 ${l
3 | . ‘ ) - il )‘l:‘.f/- Sl .r"I A
Form 2-;Appllrn|lon for I'crriit to 4\p[)foprluln Watce—~Origival
N0 lenle iy e 1 PRSIt SIS
» £Bre Sl ax Wi Ay
Water Divisicn No.. 572 2. %/K.‘::J-‘. ........... DiSll‘ld wL o
(Blanks to bc Hllod by the Engincer for the W, R, C.) '{ \;,’ . “ :
- i i 8

APPLICATION FOR PERMIT '

N o1
A,uu\u |u\11 4ok .M o

To }prropnate Water within the State of South’ Dakota

(bOTLr-l)ra\\ a e lhrough items not applicable,) BRI A ’ /‘;“
1. Name of a}i[)llcant ....--Y’.1..-1:’.'.-.t.'I..a..I.?f.’.-.b.l.a.rla.g.?.l:-.'--s.%‘.gux. I.‘a}.lﬁ bivision . i v
Postoffice address --.S.i“.g}.lx.--g@‘.l.}.? .......... , County _-L.f‘_’;l.'.‘.fl?.f.‘:%‘}é .......... , State .-?’.9.’.-.1.)25.:_

I If @ corporation weeeeeeeome——_ . ‘ .

.....................................................................
..................................................................................
.................................................................
........................................................................
.................................................................................
...................................................................
.................................................................................................................

{NOTE—-A certified cop/ of artlcles of Incorporation must accompany the application,)
II Method of accomplishing the work and financlal resources of the applicant:

Loosentract e _
“(b) CaS‘hV (;n hand, s-_ég,‘?gp.a.&e (c) Treasury st;ck, Sm e
(d) Bonds to be ls:ued S ;:._'--- (e) Oiller resources, $eaeoloomecooceoo

2. Name of diversion work Pump House for R?E?.":- .13.1.9'513 __________________
J Amount of water cialmed ---__--.6.:9------;-;-..Q_.-cublc feet POE S€CONU e ce e e .
+ f°“’f“°\i“f.e’: supply’ - ,A,,B,i & .,,ioux River. 7 ,,t“,“,_ PP Krasa
5 Locatlon -, polmt of diversion _§529.-33:_‘929_*3?_@._@29_:9_921:9&-.;_99_9_*9?_1:__92_§§-_l/_‘.*__9€ ______
_Fi_E_C_‘;_.___';’l(_)____'?}_Q_E_lj____l_?_lf_B_\! - <ee-On --P.:.l:ﬁk}.i.{____ vank ._Mlnnehaha County.

6. Annual period or periods during which water Is to be used r.woughout the year

e - . . e e m e — G h e mm . -

7. 'To he used for:

I. Irrigatlon or domestic use: Gravity, overhead sprinkling or combination system?

...................

(a) Number of acres to be |rrlgnted e mon acres.

“‘.& (L8 “’Q . <, L R ;; S e s
() Legal subdivisionsito be lrligatcd .f__:.f:-:'.;-__-;;;:;;1--.72 () A tee,

.l et e e e

NOTE—A list of landa to be Irrigated, giving cach subdivision aud fraction with acreage thereef, should Le w
( nppcnded'as a part of thls application. Same must also be shov n on accompanying m?;")“)‘n here, or may be

(c) Statement as to domestle use (giving location, ete.)

...............................................

.........................................................................................................

(1) Nature of use Electric power production ~-.cooling i

R R Nttt A r e At eE AR atac e nnrcenas T e n e ——— PRy,

Name any of thie above uses clalmed

(b) Amouuyt of power to be generated ---§§: 500. horse power.,

.........................
.....................................

(¢) Location of plant .1.\.6.J.‘:‘?.?QP...E?..?.QHP.D.-}.J.D.@..QI.-S._- .RGC., 30.:'1.'1021:1 m‘J

______ SR

linnehaha Count y

.....................................

(d) Method of developing power Steam turblno"fenerator

(e) Polut where water will be returned to stream ._S5€€_attached map-

SE1/h SE1/4, Sec. 30, T102N, R48W,
Note: Approx.°%.5 er
eva pord;z’-.g‘on .
p

.......................
..........

Minnehaha County

8 returned to river-rt lance loust
b
& Y
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" () Head Gates, ,,,....---.f."Q ;‘e;\&k’g’

<,
ek :
(¢) Fluming, § a--..-. 38 i

m\,‘

vnlr d.um. dxl-.(ulmne.“\. ! .‘ ,nh....

Lok (“‘

Dumping, plant Ietdileo MR

L R R L R Rkl X L)

1. Nature oI woxk5' (It

3

nd
t‘ :

1I. ' Dimenslong of works: ‘ v

(a) Dam: I!elght _----_"A' -feet' loug‘., 1 umtom

' S

Fety

mt.tcrlal used in conslruc‘iou -.'..

oy oyh,d

)
X
u"'\:.’..

e

W ', SRR 2t
" “5\; N N
by 6\"' \L \ iy oby 3
AN [’:}: Alhis'??“i‘r AREEN h
BT Y ]

'b

o o L
‘\u..,\iv r: 1. :n!, - ') 000 ‘_ ‘

&.,I

“\‘C‘;, f, [ P

T' lu'ﬂ ',.:. NP Byt
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Loty

v-~| [

‘\ LA VR
: H.‘“{ P@,
e
“ M

FR R A

e il

i (, 5
& suls
‘Y,h' \g

¢ r:

. /ula
i‘ e w{'?

(r.. ‘ E7)
‘4 ‘,

109, OOO B

N i i v v'
(b) Rescrvolr' “_'\[;..,u,) when nnea _,_.- ...................... acre feet, Surface arca ¢ o.Uziwater 3
mar}._-_, -‘.1c1 es.
".7"'-“4 LR S i xi ;
" DEPTH o ¢ : ", . SUHFACE AREA AT EACH FEET ACREFEET
OUTLET-FERST DEPTH AT OUTLET—ACRES CAPACITY
o
|
|
~ ‘ |
|
l"" L ) i
1 ] !
N " \’ R
(c)* Head gate: Width.____ eemimmaamean——— feet; helght ________ A feet; {
Material _________.__ - - S, - —— — |
(d) Canal: Total Iength . miles. ; |
LOCATION BELOW DEPTH BOTTOWM " WIDTH AT . GRADE
HEADGATE WIDTH WATER-LINE PER MILE
At .. Mile feet [ (311 [ — feet] . ‘.’.-_.--_ fent
Al e Mile feet feet|. {13 (O ——— feet
AN 4
Al e Mile feet| ---fect feet ---feet
Al e - Mile --- feet! feet feet - feet
F,\ S, Mile feet feet feet - feet
i/
K Milel. feet|.oaee. feet feet - feel
(Give dimenslons where reductions In size are made.)
I five
10. Time required for completion of work -oco.._2222 Ve e yeurs.
11, Time requlre(l for complete application of water to the proposed beneficlal use __iour-

12. Cholce of ne\vspaper for publicatlon ot notlce of intentlon to appropriate
Argus-Leader

........ -

STATE OF SOUTH DAKOTA

53,
County of ....l1knnehaha

W, N. Marx

1, et B MBTX -

........ Cmmeen e m—e—. .-

.......... ycars

Sioux Falls

......................... P

ko o o W e o P T P e B e 0 B A S e e mm Mt mmcee et ——————— -

, belng ﬂrst duly sworn

on my oath depose and say: That my relation to the above described umlerhklng is th‘.l of owner, that 1 have

read the above foregolng statement, examined the map accompanying the same, and that I xnow of my

personal knowledge that the inatters therein stated am. shown are true,

5
‘.

Signed

Subseribed and sworn to hefore me this --.--p.t.;.}!----.--- dd)‘ of ..
[P

/—( ,l,q

--I-— ......

l\otary l’ubllc (or othcr qualified officer.)

sizach diversfon must have a headgate or ineasucing device,

Cro“lit~~ —<.—(4«-—\ At/d,rl-(d (/U(/M/, » /’s )
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1/4 COR. E. LINE SEC.30 :
| T.I02N.-R.48BW.
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m .
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DIVERSION POINT ;
1040'S,, 8 1240'W. of E/4COR
) SEC.30-TI02N.-R.48W, |
_ - RETURN FROM PLANT ] - |
IOB5N., 815G W. of S.E.COR. - | /
SEC.30-TI10ZN--R.48W, ' _ y
1322.92' - i 'fa\g_ - 1320.0 - : - - 132817 i 8
a E NW. COR. SEC.32 ' n = |
N.E. COR.SEC.3} | |
SW. COR.SEC.29 -
g SE. COR.SEC.30
I 1102 N.- R.48W.
N |
|
i ?{‘—' :
y |
! ' i
. B |
o § . O] NOTE: ¢ Indicates Marked Cor
W s ¥ @ ,
4 O'-:IICA‘?O "SIPtAUL_' _MEWNE:APO!'IS 4 & — QMAHQ :_R—‘ZR'_ — i i ‘ § : — — —‘ } § | ;‘ } » “.'—:——: ¥ + 1 1 1 _— — : : 1 '——._ i t 1 % 1
, !
|
. ] ' - SURVEYORS CERTIFICATE
SRANDON ROAD - |,K.E.BENSON, Registered Land Surveyor and Professionol Engineer of the State of SOUTH DAKOTA Do g
- - Hereby Certify That | have Mapped the Area as Shown For Purposes of Water Appropriction For Indusirial -
- Use. _ _ ) : , ( o
) ' | : - | & K E BENSON S
- | | L
; -STATE OF SOUTH DAKOTA ‘
! -COUNTY OF MINNEHAHA : i , _
;; ! - Onthis ___ 8  Dpay of Feb, 1958, Befor Me, the Undersigned, A Notary Public, Appeored
O S — — A —_ e - : K.E.BENSON, well known to me to be the Person Described above and who Acknowledged to me that he Executed
- - - 1284.2 - 1321.3 e == . N . ' ;
— ) ' : ' Foregoing Cerfificote. / _
W, 51960 | | 9,942
N | o - | | | N B | N.S.PCO.
- - : o o . - - PATHFINDER STEAM PLANT
| | ‘ DIVERSION No.l
: ‘ : ‘ : ’ i _ L
. | o - | | f, MINNEHAHA GOUNTY, S. DAK, |
¢ E
o - = - - ~ - - —-- --- -—- -~
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‘. Wam%ww—mm \r-kl-apprepr—laﬂmmu‘#—l +

o duvlng tiie following descrlbed annual period:

N ) o - . VA

l(emm-ks Ly State Water Resources; Commlsslon:

...................................
..............................................................................

.....................
......................
----------------------------------------------------------

...................................
------------------------------------------------------------------------------

.......................................
....................................................................
................................
--------------------------------------------------------------------------------

................................................................................................................

State Water Resources Commissien

By:
Cblef Engineer, Exccutlve Officer

Number of pexmit --é:/.z:-{ ‘ ‘ “

Datt: of first recelpt of application ...................................... é el __..-----_/.é.-__, io-??l.iyf
Date of ret;m; t; ap.pllcam. for correctlon amendments or changes rcqu'red as follows: _-.?.é'.".‘f'.ﬂf*( /49.-?..?
\ Date of 1ecelpt. of éorre;ted appllcatlon --_--_;----_--__----_ ---.éf---!ﬁf!.@t’.f G oo Z.ﬁ{_--, 19_-:’{.?( :
Dz&te from whlch v‘zvappllcan-t. fr;u) Llalm rlg,;l;t ........... .?'H___:_i&..‘..éé'léf_ﬁ;(f%.’.-;_--:’.---(..é.-----/,' ID“J..'_‘?J .
?.;\;)p;c{ﬁved -A 2Kyt ..[.--i-ZC:Z. — 1.;-_6._,', Recorded in Book ... - 726 ......... Page 2__%.--.3.7.{ e
. 'I‘hls Is to czti;' that we have examined the foregoing applicatlon for a permlt to apxy):roprlato water of the

State of South Dakota, and we hereby grant the same as stated herein, subject, however, to the following limita-
tions ‘und condlllous‘

The equivalent of at jeast onefifth of the work above specified Is to be completed on or before ..o..... ‘

D Lodos.. 255 .60 S |
2nd. The whole of sald work Is to be completed on or before /ng.t:( .......... krf. ..... , 19.45.7,

s\ 3rd. The limit ~f thne for proof of beneficlal use of water appropriated in accordance herewith is

......... ,‘4791_4/_'.‘ (o 2T 0l

sth. The water appropriated shall be used for the purpo. /.f'l.C?./.lf ZZ:_'.’.E._/.- ..... 17X =S

.................................................................................................................

5th. 'I‘he prior right of all percons who, by co.n Dllance with the laws of the State of South Dakota, have

acqulred a right to the use of water must not be Injuricnsly affected by this approprlation.
o ) N L \\ . ) é ;

Gth 'I‘he amount of. the appxoprlatlon hereln granted shall not e\cced NmamacameanaT :--?.- ............
cublc fect per second; nelther vhall it exceed the capacity of the above described system of diversion works,
nor the least amount of water tkat experlence may hereafter indicate as neecssary for -the—preduetien—ef-ciopm

re—Hmitod-tonot-mere-thun-—ene-

avgntietirt1776)-6f f—*ﬁnd—iorwh{-eh—wa&es-l;_aemﬂuy
,-;’&‘L{,—Z&mﬁy{a‘/ i3 £ Qe = on or before ----_A%PFA-/.---}.- o ID.éZ sald water to be used

T

Can. 76»11{04/2“41 ..........................................

................................................................................................................

State Wulcr Resources Cmumlsélnn

" py:
. Chief Engineer, Executive Officer ;
Coertificate of Construcllon 1s: ucd .................. AE)ﬁaﬁ[.--_[ CT .é.f*:? fl
. 2
Water Ihcn:n l«ucd ................................ ST .. ./__é?.-_ mé:? B
?.in‘
;,
[

-
.
palcs ST



NAME

H.

c.

Allen

H.’

R.
W.
T.
A,

‘BI

S.

W.

F.

4 ey e

S i

o o
. Moserip Y\, I

[ I ' o fl '
DIRECTORS - wuws RN GTATES POWER£COMPANY

Cummins

S. Kihg
Andeﬁ%on
Gallagﬁer : P
Pack \E

Y
N
a

\y

"
|

Jackson :fx

Harriscn

Marks Y

McDowell

. Duffy

Minneapdlié, Minneséta
Ninﬁeapoli;; Minnesota
Eau Clalre, Wisconsin
Waseca, ﬁiﬁhesota ;

ﬁinneapoli;;”M1nn%?6ta
St.‘Péﬁi, Mlnneso{@

Minneapolls, Minnesota

—

St. Paul, Minnesote.
'TFargo, North Dakota
Sioux Fallé} South Dakota

Minneapolis, Minnesota



5 : !
Form No, 26, i Rt
I

¢

¥ STATE CF SOUTH DAKOTA : |
b i i “

l' ‘ - oy ﬁ El :
" WATER LICENSE ‘No..519:3..... {

v i

, o
o ‘ i ; . : r ;
WHEREAS, On the ... 30 . day of.... February e A 1098, :

/ ‘the Northern Stutes Pover Company i
T e Rt e S DL weee i,

," ;
of --j?‘f’.‘!if.al!'? .......... '_l. .................. County of -_tj‘.n_'.‘?.}l??ﬁ ........................ and State of '
South Dakota :
........................... dul) made npplicut!on (No -.212‘:3.---) to us for & pelmlt. to use -_-.(_’.'.Q---.------ i

i RS { f R
cuble feet per second of the waters of -E’!‘.‘.‘-_B_fg_.s.?fm“( fiver - cmetmteammesmsmceemmemmceees e :
, i . . . t
S T I! y o * ) i .
County of -.lj}_q!}.e.}lzj.‘}.q“;i__---, State of South Dakota, for ____. 'L. !.‘9_“_‘_’9_}?‘1__ .................................
il :
purposes; and ‘ “S‘ 5o
B ; P
" _ !
WHEREAS, On the _-_‘i---u-:l'f'z‘. ........... day of o Y A. D. 1095 o
o 519=3 I
Permlt No, __T. . W, la lssued to said nppllcnm--- for the diversion of sald water, and providing for the 1
' n :
o y t
completion of the worls of! il\ ersion lhereln descrited on or before the _____ .?.3.51 ..................... g --- day of L.
9}33’1‘]:""""""""'""‘}T ...................... A. D. 1‘“..0..3- and for the applicatlon to beneficial use of =ald '
" water on or hefore the --_..%,.3..1:‘3 ................. day of A,)riil .................... A. D 19-.6.?- i
{
and, “ :
' 15th July 43 I
WHEREAS, 0N tHE —oes e day Of e cmecmccmecemee e —————— A D 1900 o
Il ‘fl'\"‘?
: tho holder_- of said perml' cluly made proof of the completion of 1dequate works for the dlversion of -€’_'_q ......... §;
it e }_’\:r
.................... cubic, feet per second of said wate) €, ag evidem.cd by our Certificate No, .J.l.?-.:i--------_---- ’=
i
dated _P:!:\_g_}_l?_t:__lﬁ___l_?éé ......................... confirming the completion of works of sufficient capacity for ;]
/
diverting and conveying o the place of intended use .9.‘2 ........ - cuble feet per second of water, with date of
"a
priorlty of f?k?ﬂ%?i..!’pl-.l.?.é?. ................ S and, Ly
i
. iy
WHEREAS, On the —oooo. 15th . Py S Uy e A D 1063 i
i Y 6 O ¢ ' .
proof was duly umdn of the application to ‘Jcneﬁcial use of ... e cubie {eet per sccond of eaid water; P
%
for cooling gensrators in Pathfinder poverplamt
Y .
................................................................................................................... F
T
L
L
.................................................................................................................. ¢
)
................................................................................................................. L
¥’>Fo
............................................................................................................ i‘:
i
.................................................................................................................. i
b
is 4
---------------------------------------------------------- T |
....... I

...................................................................................................................

{4”,_,-»4_..,.,_.,._,
P S Niad

(
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e ———

1

; ‘ ] o
( ¢ i : " (Z’"f E

NOW, THEREFORE, By the virtue of the authority vested fn us by the laws of the State of South Dakota,

the Northern Stoins Power Company

We herchy grant aned confivm to ... 000D W 2RO R vt N bl i ARSI S S
Sioux Falls : o " N, . 919-3
o] S et s SOOI the holder.... and owner-._. of sald permit No, —.eltoote
. L , ‘ b
@ water right, dating from Fobruary 10, 1993 oL to the use of ...0e0 ol
. : N . . ! I . Y
cuble feet per second of the waters of ._the_Blg Sioux River e mmeee e
In the County of -ﬁéﬂ’.’?h@[‘f‘. .................... and Stote of South Dakotn, or £0 much thereof as may be

i

ti

necessray for tl‘ilév purposes herelubelow mentloned, to be diverted at S 8020y Y o o e ieee
: o 2. . : .
- ! j R i ) B
SEearct Uallon 30, TIOM R e
S CRTAR IR A8 B B4 L g USRI
T ‘ “‘r""»

e e e R et L L ke T L I OIS PP RpIpspEppRvE- SRpreRR ST P P 88 4 S

............................................................................................

..................................................................................................................

subject, howévef, to the iaws of the State of South Dakota applicabie to a ilcense far the use of the waters of the
State, and subject, also to the local or community customs, rules and regulations which have been or may be
adopted fvom time to tlme by a majority of the users from a common source of supply, canal or lateral fromn

which such water rnay be taken, when such rules and regulations have for thelr object the economical uge of such
water, N i i -

! H . F s
. / ( WITNESS, My hand and seal of our office at Plerre, Soutn Dakota,
‘ , " this ... ! _(.;P_}?._--- day of -_---;.“:“_l.g\f?_t'. .................. A. D. Nineteen

State Water Resources Commission
‘ J. W. GRIHES
Chilef Englneer, Executive Officer

N ,
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. i ‘ . [
Forin No, 20, ' . . il ‘\

Permit N ...........

; v v “ Piver
f ; “Water Divislon No. -.3..-.[.}.‘}_‘2 o ’:‘.’.u.’f ..... Water District

—

. db
' f Y
i erhhcate of Comple.\lon of Works
! . Lo — :‘\
T i
TO ALL “’HOM 1'[‘ M:\\' CONCLHN‘ ‘ , ' /l 1 - t\‘
This 15 to Certify, That __*:}_‘.e.-ﬁ’?.’_'.t.}l‘ir.’: 318 ..}'..5’..9.‘1‘.‘.“.’.'-9_‘.","2‘39.}'. .......................................
) . -1, Ilt‘ , ‘gi‘
................................................. S e R
of ""S_i...?}!.)_c_ff}_lf ............................ ’County of --.l!j.'fl}‘fp_z{}.]i ........................ , and Slale of
4 ’ )
.S_PHQ‘_.QP}SQ}A_--__-.-_---__------_----__-;-, the holder---- of Fermit No,' 919~ =J..., Issued upon Application
il
._5_’:?-.3_-__ bearing date of prlorlty of .'.?P.t??f‘[.t?.’--!?:ﬂ? ................ ) authoxlzlng the diversion of
“'_é:_O_ ........................ cu. ft. per socoml of the water> of -.til.lf!..“:z}_@-.s}.?.lf‘f_ﬁ%:’ﬁf ______________________
"
County of _}.4_1.'191'.'3‘.’!‘.‘! .............................. , State of bouth Dakota, at .‘!-1’.’3!-.".".'-.1.992!_5_39_3__,1.,4_‘9_'”
of tho B} cornar, Suction 30, T102W, RUEW fi
___,________,___---_______L _____________ for indusirial il

.....................................................................

purposes, na3__ fully complled with the provislona of the laws of the Stalc of South Dakot
ll
comple’ion of the \sorl\s ot dlvm.;!on c(.t out and described in <alu I’ermlt'
, .
condltlon for dl\'eltlng aud conv eylng to the place of intended u=t_ ____-_--------_-_.6..'0
HETIE § ‘ i

per sec r-nrl of water; and thnt the)hmimpmpuw'to\ke'mngatwd(byzlmxse of sald water are deseribed as follows,
toswit: Lo be used for cocllng pm.er ﬂenem’oor:.

a relatlng to proof of

that sald works are found in saﬂsfactoxj-

.................................................................................................................

T

..........................................................................................
..................................................................................................................
..................................................................................................................
.................................................................................................................
.................................................................................................................
................................................................................................................
.................................................................................................................

..................................................................................................................

.................................................................................................................
....................................................................................
..................................................................................................................
.................................................................................................................

.................................................................................................................

us ¢
Witness my hand this L. 20 o ... day of A.D. 19 J

........................................

State Water Resources Commission

Ry J. W. ORINMES
Chief Engineer, Executive Officer
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(I‘hal Publlcatmn bafg;-a. ;,a; g;;-.:g;----, 19 !'.,8 )

i APPROPHIATION OF WATER

f

Office: of State \Vater Resources Commission.

‘ Plcrre, S. Dak., --Fsbmgap --1!# ............ . 1!).5’{&-
» ‘ : .‘;“ LA .;‘7‘“
Not!ce Is Iwreby glven that 9.191_12{ .Fﬂ.l 15 Dl‘Zl&lQﬂ;‘NQI‘Lh&I.ﬂ. statan.__ whoqe postoffice
' i 1. Powerp Company of Minnesota
addm55 is ---',louﬂ -Fui—!s ............................. §.'Dak., has made an application in nccordame with

~ the provisions of the water Laivs of South Dakota for a permit to appropriate for henefictal use ... Ha0 . ____
' -

'r-ublc feet of water per second of time from the --_...B.ig Slaux..!l}.ue.p ..................... through’ the
) . .

...... Pouap.-l’laut--.'----,------------ the pnint of diversion of which Is to be located on the -'-SGUHIQP ly
i, 3, ; ' . ’

bzmk uf sald =tream in the —eeo.o. HE’ ..... ¥oof tlle--_--;_-JE ....... % of Section _----_.30 ..............
ft.

Twp. ---_1021‘1-- Range ----L}.&’l- Sald water to be used for the purpose of B(Rﬂ%ﬂ‘kkyﬁ%*ﬂfﬂ*ﬂ;& .
mmmmm '

'I‘hlf; appl’mtion will be taken up by the State Water Resources Commisslon at their ofﬁce at Pierro for

concidermion upon t‘le __?_3.-- day of ...__._. LAprilt.o 19§ >8., at 2,00.--.13)[ All Interested perzona

Hi
may appear and he heard,

i

Approprlate uctloli will be taken by the Water Resoﬁrcesl Commisslon after suitable tlme has elapzed ‘I"or
the cuonslderatlon of any or all information presented,

State Water Resources Commission

By:

1 ' Q‘ﬂﬂ:&‘xk%ﬁd’ﬂ%&‘kkﬂ%ﬂx
Les Vyborny
Water Rights Engineer



Formn ll—-l‘rod( of l'ubllcatlun—:\ppruprlnllon of Water,

PROOI OF PUBLICATION

being duly

sworn, depo:.es and says the annexed prm&ﬂd capy of Notice

of Intcntlon to Apprinriate Water was takcn from the

a ncwspdper which

during the whole jtme of publicatlon of sald notice herein

......
i

| ’thuﬁ“ym ‘au, ?
] YK
(‘i@" 3 "1; *1 1
Pl t ::ntmu u,;

lotice 13 herd y tven that s
Dlvmon. Mcrlncm tates Povre
of Minne ?l: whose pos'olllcs wdu's h
Sloux Falls. $.. Dak. has made an ap.
plication In’ acccrdlncn w'th _the oro-

vislons ol ithe waltet laws of South Da-
kotr for a permit 1o npf:ropru!u for bene-
ticl-y use 8.0 cubic feet of water per ec-
end of fime trom the Big § er

9. R .
through the Ponr Flant, thf Dolnl ol

diversion of which Iy .3 be '
lh‘g sw'ne;ly blnk cl uld mum n l

10IN Range u.-/ Snld wuer ts he used
lseé the nw‘gue |ot lnamr'm ute in IM‘

0IN 4
‘lhh opnllcllon will be . faken u by
the Stoto Walsr Resaurces . Commitsion
8\ thelr, omce a’ Perre fer coruldem 01‘
upun thi 33+d day cf April, 1953, at
nd| b“ lmenmd n-rwns rmv aapear
an
rprmrme n;nen wm be |al¢n by the
‘Iv.\ Resources Commistisn Liter suite
3bls time hat elzased lor the considera-
hon of any er &l Infermaticn presanted,
~—State . water Ruouuu

blished in the _gom !ez‘un ,
after stated, has bean a‘t.\(l is prlnted and publishe o Mu&m .Enmm |
Ciby _ of  Sioux Falls __________. Connty of S . ,;
’ Minnshaha___ ———-and Sta“(e of South Dakota; ;f
" that the sald notice was published in said newspaper on ithe
followingf dates:
_,-__Egbzv_a_u_lﬁ 0 CoL-1 S
__--_ng}‘_w'v_?_bJ__li'i@ ______________________________
o March b, 3988 e
 March 11,1988 -
in each and every issue of the full number thereof, the ﬁrJ
18th Febrqa_xz___ [y r: A VRRE x,n' it LA
publication being made on the _Z22-_- day of_..-—- “Dgc‘n,; £ ¥ i ‘1‘\\ 'l:?!]
. . ' 1th v ”‘ i A !
~.5_8_ and the last publication on the U 212 S day of ,"W, 15 o 3 ‘
.v IR A ! ROVIS
March ______ __ Eq_, upon which days or timeg J}!\\y R =
;; publication Lforesuid the newspaper was regularly pub- G LA MLM_’: Sl SEET
mygen T CfA) .v'..""h’_
lished, and that during the whole time of sai ’pubhc;\tmn he ArA D SNV T
was . _Comptroller the printer,Z and publisher__ of
the said newspaper.
T
T _<=;’:::.‘..—:::_/_(_‘:1 e
11th g __March | A D.19%8
Subscribed and sworn to before me this .20 day of oo -
(‘ 'I ’
T A N ER Lo ! _.._;_ic,_u_’_‘ ________

2003
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i Permit No,

Water Divislon No. —ccooo.o_.

: NOTICE OF COMPLETION OF WORKS

: ‘ “ o
This blank must be filled out by the holder of permit and forwarded to the Fxecative Oficer at least GO days before (he time sct
-~ for completion of works

i

.........................................
'

TO THE STATE WATER RESOURCES COMMISSION
OF SOUTH DAKOTA, PIERRE:

DEAR SIRS: Notice is hereby given of the completion of the works for the diversion of .. 6.0

_______________________________________________________ e, ft. per second of the waters of the state from - B1& _Sioux
' River

through the .. PMID NouSe

for ..... glectric power production - cooling . .. purposes

................ o - e cemmeemnesacacem---- Il accordance with the terms and con-

ditions of a certaln permlt heretofore issued by the Water Resources Commission of ‘the State of South Lakota.

...........................................

<3 e

1.  The name of the person or corporatlon holding sald permit is Northern States

..........

1

2.‘ The postoffice address

' County of __..Minnehaba_.________________. State of _._3outh_Dakata

3. The number of ‘z":uch permit is -_5.1_9."_3 ............. and the date set for the completion of such work is
: , i
June 1, 1661

i o e 8 o o

---------------------------

....................

1t 4, Sald water to be used for ;.?.]L?.QP.?E?.-ES)EEI' pro_gucti_g_r_l . c_?_q.l_j_.z’l_g; ......... purposes,

5. Said works of diversion will be fully completed on the date set for such complation, and the amount of
water which sald works are capable of conducting to the place of Intended use, in accordance with the plans_’rcf

N Tt
companying the application for such permit, !s.'--..-___6..-_Q ............................... cuble feet per second.

6. The amount of land for which sald water Is available s ---_--__-_-___--__--__-.___--_..___-------.'- acres,

particularly described as follows:

e e o e e T T % e e o A8t i % 2 e e B e e kB o ko  vm o o

..................................................

o 2 ~1,° ’
- /, / T N _,4"1_,1 et
(Signature of Owners) ..... // L j / % o

...........................................

......................................................

—_——

-~

L~
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.
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Furmm No, 17, | ‘ | JJE'@L) jgwj?

;O PN r" W

: .11, ¢

Tl
JUN o 19617 ”

© Water Divislon Nowoeo .. Water DistrlEATE wmw RESOIIRCES comu
: MEyny S0Hy NAXITA

Nohce of Applmahon of Water to Beneﬁcml Use

Permit NOwwueuncmeenunn .o ) \

‘ NN TP i
('I‘b.s blank musr. be m:ed out l),/ holder of permit and :orwarded to the Slule Wa.m Resources Commission at
least sl\ty days before the thice set for applcation of water.)

-----------------------------------------------

\\.

----------------------------------------

4

TO THE STATE WATER RESOURCES COMMISSION G SOUTH DAKOTA, PIERRE:

DBAR SIRS: Notlce Is hereby glven that on the -.f.j;}".@.t. ........ day of hugust |

10.63;-_, at ...} S .1_9.1329-_1‘.‘?.]:.1.? .............. Caunty of --!‘Hﬂﬂ‘?ﬂ‘?ﬂf‘. ............. State of South Dakota

before ..‘.--'.l.--.--------..---._-----:_;-:;;-; ........... proof will' b‘e submitted of the apx;l'catlon to bereﬂclal use

i (Zxamining Engineer or Officer) ’ ; ~
of _-__’_6_.'_9._--“--__-;--_ cuble feet per second of the walers of -,-_ ..... fe __§_19_1_1_Jg__}3_i_\_/_e__r_ ....................
........... :""“"""“"""."'"' ln accordance with the terms und condltions of Permit No. _5_1_52".3,-._--- ,
here!ofox;e 1 sued by the Water Resources Commission of Soulh Dakota, " b
. ;

L Thu nama2 and poslotﬂce address of the person or corporallon holding sald permlt are Northe“n

ettt e,

.--§.t.:.a_1:.c:§.__l?9.w.e.r ..... Company. e e
: --~---------"----"-"--‘-: ---------------------------------------------------------------------------- "
2. The use to which sald water has been applled la_---?,l?.‘?.tl’.i.?.-.QQ.‘!QI'.-H!’.Qg}ég.t'.j:_oﬂ--:.-_.u--z-‘*,,7
coolineh ......... o
3. The amount applleJ to beneficlal u=e is ..... 6. --Q._Qk?.i.f.-.t?_qp._.E?_I.'___.QQ.QHQ ...................... !

4, The place where sald waler is used Is (if for irrigation, give full ond accurate description of the lands ir-

1

rigated) Pathfinder Atomic Power Plant

-~ .-__--_--------------....-----—---.---——- —— _-__--_------..------....------"._------..-----....__--....---_--......

. . a4

""“""""‘“"“'"'"""'"'“""""'"'"""""'"‘"""""'"'“'""'"'"""'""“‘"'"“""’f_ gt
""""“"""“'"""""""""'"""""""'"" '""""'"'""'""""""""'"""""""f’;' ";’1’
5. Thc name of the canal or dllch or ¢t her works by which rald water is conducted to such place of yse ls
-_}21_1_".11’,_119}3.5_@.'.-.---------.-----------.----------__---------------l ......................................... L
' '; ‘\
0 The right to take the water from such works Is hased upon permit No.--;).:!-9_-.3 ........... ; -
3
7 The source of supply from which =uch water I3 diverted Is Big. -JJ.QLM. Ri.\[i‘t‘_ ................... "
8 The date of priority wnlich sald user is prepared to estsplish s T e 3
february 10, 1956 e e
Nortl rn States.Pgwer Cnmpany
/ - t
(Slgn) ..... 2w [.{.'.(.\Ig--_.{.---. A A A ;‘
Manager SYoux Fdlls Divlsion j



Form No, 2t

SO

‘\\\' - Jot o
U Permit No ool il
i ~: e A7 T ! ;j{',", 1.0 ‘
; Water Divislon No..t:-noo- f""‘:T‘?,:'-‘-l"!'* Water District
: ‘ o
! Y ¢ N f e . -
; Certificate’ of Examinatinn of Works

. Report of Examining Engincer

g To the State Water Rescurces Commission, Pierre, South Dakota:
& H

Dear Sirs: I hereby certlf:," that in-accordance ¥WIth vout 1elier of althorization-dated ... cececmmmcnnaaee
;10.-:_--, I ha\}c.; this duy mada a thorough examination of the (ilvgyﬁlon works coustructed by ;}_).i-!-i-_;_-:--i_ ‘
Syt penf Clompnee o o oiends X
-[Y_‘_L.‘-!.’.‘.f.’.:_i.f:‘.-":it‘_“:f.__---- County, South Dakota, holder.. of Permit No, _-----.'f-i'_“_‘_l.."."-./.'.‘__:i’ ..... , 1asued
' upon .“xpp.lvlc;ll’lon No. -_"_)_.[i‘:'.'.'.:{‘-, bearing date of priority of l;fi.ﬁ;{ilj_{\.ﬁ.‘:".{..;/f_‘,) 19.‘6."5‘, auﬁtorlzlng txht:
' diversion of 4‘{..‘.-:\_’ cu, {t, per second of the waters ot‘-ﬂf ! "‘-l:"f.'\f“-"“':' i {:‘."’{;J;“;_-.-';-'.'_Ll-f’id.‘.’f;'.f.“:{ o
g purposes. I have to report on the condition of the same as follows: : ‘
| " . 'I‘he diverslon works cgl)’n‘\prlsg: .Z::lﬂ.‘.a;lfj.:a-.QL&'_/_K(_J:LECL_S.-J_Z" T'?_ll‘f‘_"_ﬁi_-fl.ﬁ_\_j_j:!;_;

CReRATING. @ rlon PRM. #R 2000 QRN 3eTriRG.. 210"

| Ripes. drom_pomes. Tr. (2N, TR MATIEE. Conrlol. UAE
| WHERE LT DIUDEE I 200 LiRES T 2. PEELRITAINE S
THEN 15 “CLENR WELLY To Coalin®  Thws (2

and the system Is In the following condition: ... .. Bl e e m e mmmmm

The polent of diversion Is located .’.Q.d’b.t-é.--- .C.‘--‘._Z—d‘ : W____'% The Ey - .CJ_T@A\EQ
Secnow. 20, TloeN 2deW

: The works are capable bf diverting and conveying tn tha place of use _(g..g.g.-_ cu. ft. per seceﬁd of water,
:: - Y = P A (O
= which is to be used for LCon NG . 22 ER.&:&'KE[C&&----Q?.@H.‘::-g;f_“._'_'_(?_é- o
‘ .
The legal sub-divisions to be Jrrigated are: oo me e oo e
e ———————————— e e =
"
eeameemmmam—m—e—s | mememmemem—es—emme—meome—meooee ccmprisingatotal ef oo acres of land.
L
The domestic use Int~ded COMPIIZes o aod oo cmom oo e ecdm e seeccemmmcecem——mem— e osecamee—e—ae o
The utilization for power, mining, or other beneficial uces COMPIISES: mmcmec e ccmmemccmcmaccccmesmcmom e eanmmae

.................................................................................................................

................................................................................................................

CSEAL— e At ] S
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NORTHERN STATES POwWER CoOoMPANY

/;f,'; SIOUX FALLS. SOUTH DakoTa .
)i Sk }'L‘Hf o September 1, 1960 “n‘ ,
\;{l‘ );L,,Q;:"—' EE? :
A [ SEP 7 1860

\ \.-—'__—_‘/
STATE WATER RESOURCES COMM.
PIERRE, SOUTH DAKUTA
' ver L \‘.\
Mr. 5.y, ‘Grimes, ,
Executive 0ffice and Chief Engineer

Water Resources Commission
Pierre, South Dakota

Dear Mr. Grimes:

o WefaréwenclosinéAyour copy (#81) of Amendment
No..6 covering the Supplement No. 4 to the Safeguards

Report (ACNP-SQOS) for our application for the Pathfindep
Atomic Power Plant. 1

Yours very truly,——
ALY it —
Manager

W.H.Rork
DEH/dh

Enel.



Docket No, 50-130

AN e Tt
BEFORE THE
UNITEDKSTATES
ATOMIC ENERGY COMMIGSION
R r =T
g L oip, AMENDMENT.No,{6' . T
R £ T aitleagy, u’%ﬁﬂmmm{iw TOTﬁﬁnﬁmui" e B i A o
APPLIGATION'FOR AEC TYPE 104b LICENSEAND CONSTRUCTION
~ PERMIT FOR!A)UTILIZATIONaFAGILITY INVOLVED  IN THE -
CONDUCT OF RESEARCH AND DEVELOPMENT ACTIVITIES LEADING
TO THE DEMONSTRA'MION OF THE PRACTICAL VALUE OF THE
FACILITYJFOR COMMERCIAL PURPOSES

N

Northern Sggtes Power Company, a corporation organized

under the laws of the State of Minnesota, applicant for ap oper-

' éting license and construction permit for the Pathfinder Atomic

Power Plant, hereby amends Part II of itg application to include
Suﬁplement No. 4 to thé‘Safeguards Repbrt (ACNP~5905). Supplement

No, 4 consists of insertjion pages and illustrations, dated August

be heréunto signed bf Earl Ewald, itstice President ip Charge of
Opération, and its corporat;iseal to be hereunto éffixed by M. A,
Morrissej,‘an Assistant Secretary, thereunto duly authorized,this
2hth day of August, 1960,

NORTHERN STATES POWER COMPANY

CRERRER R+ S -
By___/s/ Earl'Ewald . .
Earl Ewalq

Vice President
ATTEST: in Charge of Operation

/s/ M. A, Mdrrissey

1. &, Morrissey
Assistant Secretary

(Corporate Seal)



{{ -

STATE OF MINNESOTA
COUNTY OF HENNEPIN.

EARL EWALD, belng first duly swafn, says that he is
the Vice President in Charge of Operation of Northern States
Power Company, a corporation organized and existing under and
by virtue of the laws of the State of Minnesota, that he exe-
cuted the foreg01ng amendment for the purpose therein set’ for»h
that the statements made in said amendment are true and correct
to the beUtK f his knowledge and belief, that he was authorized

to execute said amendment on behalf of said corporation, and

"that the seal affixed is the corporate seal of said corporation.

/s/ Earl Ewald
Earl Ewald

Subscribnd and sT'orn to before
me this 24th day-.7 August, 1960,

LT [
/s/ PearlfS Duggan
PEARL S. DUGGAN
Notary Public, Hennep11 County, Minn.
My Commission Expires June 23, 1964,

(Notarial Seal)
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August 15, 9c0

COPY NO. 81
REPORT ND, ACHP-5905

SUPPLEMENT NO. 4
.‘.o

Praliminary Safeguards Report
Pathfinder Atomic Power Plant

Prepared dnder AEC Contract No. ATCH-1) -~ 589
dated 22nd Day of November 1957
‘ between
Northern States Povier Company
and
U. S. Atomic Enorgy Commission

e

by ‘

7T I e
Horthern States Power Company
15 Soutn Fiflly Streot
Minneapolis 2, Minnesoia

i ' ‘
i o o Twe 4. o~
.Approved:lﬁf‘hil&&J:E\ 11:;25::
Hibbert Hif)
Chiet Enyineer

Farl Ewald
Vice President
i tharge of Operation

-




17 August 15, 1960

[ / : /’/1
f-’l\ Sad) v
.’ ‘ SUPPLEMENT NO. 4
I ‘to
,é SAFEGUARDS REPORT NO. ACNP-5905
| PATHF INDER ATOMIC FOWER PLANT
r’l“ B Y,
INSTRUCleNS FOR REMOVAL OF SUPERSEDED SHEETS AND INSERTION OF NEW UHEETS
Remove Sheots Listed Below Insert Shests Listed Below
Previously Dated y Dated August 15, 1960
i & i i
P : RN
iv, v, vi, vii, viil v iv, v, vi, vii, viti, Ix
iX, x, Xi, il x, xi, xii, xiti, xiv
1.1. thru 1,30 “lol-thru 1.85
= Flgs. 1.1 thru 1,11 " Figs. 1.1 thru 1.25
- 3.1 thru 3.14 3,1 thru 3.14
Figs. 3.1, 3.2 | Figs. 3.1, 3.2
Figs. 3.4, 3.5, 3.6, 3,7 | ‘Flgs. 3.4, 3.5, 3.6, 3.7, 3.8
6.13 & 6.14 6.13 Thru 6.14 T
‘ ' . i
S 7,10 & 7411 7.10 fhru 7.11
Bi Thru’B7 (Supersedad by ‘3 o
~ Section 1) o
- Fig. B!
Note: ‘Text for Secflons | and 3 are printed on both sides of each sheet,
since these sections aie complete.



August 16, {960

ir

I___INTRODUCT 10N

.t
aynint -
o

This Safeguards Roport describes the Pathfinder Atomic Fovor Plant; its
site, equipment, and operation. The report is based on correlated con-
tributions from the Morthern States Power Company, Allis-Chalmers Manu-
facturing Company and their consultanis. [+ is intonded that this roport
should preseni .the plant design philosophy and site description in detail.
As design progresses, the report will be amended so as to result in a
Final Safeguards Report.

4

PO S T Y %2 K

Owners and operators ot the Pathfinder Atomic Power Plant will be the
Northern States Power Company of Minneapolis, Minnesota. . Central Utilities
Aftomic Power Associates (CUAPA), a group of ten private midwest utilities,
and the U. 5. Afomic Energy Commission, under the provisions of Coniract
No. AT=(1i-1)-589, contribute toward the associated research and develop~
ment program. ' The plant, including the reactor; will be designed and
constructed by the Allis-Chalmers Manufacuring Company of Milwaukee,
Wisconsin. ' The Pioneer Service and Engineering Company of Chicago, Illinois
will provide the architect and ergineering services for the project.

The Fafhfiﬁder Afoﬁic Povier Plaﬂf ﬁill be !lczated oﬁ a sife‘on the south

~bank of the Big Sioux River, 5.5 miles northeasi from the center of Sioux

Falls, South Dakota. The conceptual design of +he plani is shown in
Figures I, Il and ill. It is scheduled for opsration in June, 1962,

A research and development program, as provided for in Appendix B of the
AEC Contract No. AT-(11-1)-589, is.in progress at the facilities of the
Allis-Chalmers Manufacturing Company and its subconiractors. A critical
experiment facility (see ACNP-5809) provides means for determining and
checking nuclear consfanfs in a series of experimenis. Corrosion and heat
transfer fest loops provide & verification of enginecering data.



August |5, 1960

the Pathtinder Atomic Power Plant and ite reactor with nuclear super-
heater, The Plant site and th - safoguards are reviewed in detail.
g A dab o 7 ‘
This report, substantijates that rhe hea{Th and safety of the putlic and
operating personnel will he protectad by proper plant design angd safe
operating procedures. Various types of accidents are analyzed in order to
verify that adequate safeguards are jrovided.
el Sy in i ) VA N .
The reactor tor vhe plaat is of The ‘heterogensous DO g v yin
with a two-region core. . 4 suporhea-er reyiun in the cenyer js LpPproxi-
mately a right circuler cylinder svrrounded by a boiler region. . The
fuelielements:jn the suparheater rogion will contain highly enriched
nless steal cermet clad with stainless steel,
The fuel elements in ‘the boiler region wiltl contain slightly enriched
uranium dioxide clag with Zircaloy- .. The reacior will operate at a
normalfpressure of 615 psia. Light water js used as ‘the coolant and
moderator and will'te recirculated through +the boilcr region by pumps
located external tc ' the reactor vessel. « Control jed recirculation wil|
provide‘an addi+ional means of controlling the cutput of the reactor,
Steam generated a+ 489F in the boiler region will he passed through the
Superheater regijon raising the temperature to 825F “for ul+imate use in a
condensing steam turbine. Present Specifications for +he Pathfinder
reactor with nuclear superheater are listed in the Table on the following
page. .
Various ﬁbfen?ial and hypothetical hazards and incidents have been revieved
and resulvﬁ of analysis arc presented in thig Safeguarids Raport. sSafety is
a prime coasideration in the design cf the Paihiinder tomic Pover Plant and
its reacfpr'dndﬁﬁéfeguards analyses will coniinue.

PR OTAERR "3‘”‘5‘\2\\3'- UL E 0 A ey ; . WA R i
In this repékf{jﬁﬁiis shown that the reactor building, which is designed
to meet,all appiidable codes, !ig structurally stable ang capable of with~
standing internal‘pressures resulting from maximum release of steam or
coolant. < |t is also shown that the reactor building is capable of contain~
ing radioactive fission products released into the building during any
reasonable postulated incident, |t jg concluded that the Pathtinder
Atomic Power Plant will not constitute a hazard +o the heal+h and safety
of the public and operating personne].
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August 12, 1960

DESlGN DATA

«

PATHF INDER ATOHIC POWER PLANT

nd . . T
Power, boller reguon.....................................I57 200 Ky
Power, superheater, region....cevvivvervneioncviesrecene...42,400 Ky
Reactor steam flow at rated power..ieeeisesvsssseees616,125/1bs/hr.
Total core mmeru..“..”..“..”..”..”..“..“..”..J99600kw?f

Gross electrical, capabilityee.veiveessseoseosnsonnsennssas66,000 kivi, ”

Not @18CHFICAI OUTPUT 4 s e eunesserssennnnanssonsnsesnansess62,000 k =
Net effiCiency.ieereseeresssrssnssnscsssassosanssnnsernsssnonsesd@
Steam outlet PressUr@..cvesrieessieseesssersrasssosssssesss335 psigth
Reactor operating pressuUr@...eevescecssescsssssasssseases..600 psig
Temperature, : boi ler region...........................-........489 F
Outlet femperature, superheater region....c.ceeeveeesnessasnea 825 F
Gross heat rate.ceesessesessssceccsnserconansnsersaaifl, l99 Btu/kwhr
Reactor building Size.ieseivaessencececaenresas.50 7 dia, x 120 ft

Vi

Lo SEANPNE ;;_,;. L . o : -
Vesseliaize s v i L5 FEX 315 ft
Total coro dimensionS.ceiereencscesssesssranescssssenesd fI X 6% ffﬁ
Dimensions of superheafcr regioN.secccsonssssecsosasassd f7 x 30 in§
Fuel, boller region (Zr clad)...cveeaus...approx. 1.8% enriched UOzh
Fuel, superheater region (S.S. clad).......approx. 93% enriched U0z
Fuel, ;loading, boi ler, regnon..........................lI7 kg (U235) ;
Fuel, loading, superheater region...veveeeeieeeesesas .42 kg (U235) &
Average heat flux, boiler region...c.ecsvssseses.128,000 Bfu/hr/f*z"
Average heat flux, superheater region.............77, 800 Btu/hr/{t2
Maximum heat flux, boiler region.....c.veessssss.2462,000 Btu/hr/ {12
Maximum heat flux, superheater region............245,000 Btu/hr/{t2
ReCircUlation Fate.ueeceeeecassvioasarsssnsanasasesaasesss 60,000 gpm
Recirculation pump power.....................................794 kw
NeuTron fluX..eeiesseesososeracesaseaesesBPProx. 5 X 1013n/cm? sec
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H Section |
REACTOR
1.1 General Description .
The reactor complex which is discussed in detail in this Section consists

of the reactor vessel and its internals, the recirculation pumps, valves, and
piping, and the control rod drives. These items are described briefly in the
foliowing paragraphs and in more detail in the subsequent subseciions.

a. Reactor and External Componenis (refer to Fiqure 3.1)

|. Reactor Pressure Vessal
Fabricated of stainless steel-clad carbon éfeel, the
reactor vessel contains the nucleéf fuel, éssocia%ed support
structure and internal componenis required to produce super-
heated steam under controlled conditions.
2. Recirculation Pumps
The three recirculation pumps force water at tempcratures
approaching the boiling point Through +he boiler fuel elements
at a total rate of about 24 x IO6 lbs /hr. (690,000 gpm). Of
This flow about 600,000 Ibs./hr. are boiled off and the
remainder is reTur:;d to the suction of the pump to complete
the hydraulic cirzuit,
3. Butterfly Valves
A corrosion‘resisfanf stainless steal butterfly valve is

located in each 22 inch dia. pipe of the recirculation system.

(.

g v e g



Page 1,3

August 15, 1960
long. The nuclear tyg produces saturataeg steam from the
recirculation vater, yater Sorvaes as hoth a coolant ang g4
moderator,

Superheater Region

approximafely I inch iq diameter, Saturatad sveam f|oys through
the annujar elemenfs, is Superhteated +o 825 7, ang exits at

The botiom of tne prassure vesse| direc+ly to the steam turbine,

- Steam Separa org

A Tofél of 45 10~inch diamé?or centrifuga) type stear
Separators arg arranged aroung the outside of the bojler region
in the downcemer space. They are designed +o remove enirained

steam from the recircdlaf}on water, Cavitation of the Pumps jg

thereby prevénfed.

Steam Dryefé
The centrifugal type steam dryers are located above the water~
steam inierface, Saturated steam generated in the boiler region

is passed through +he Steam dryers to remove moisture particles

tubes ang fuet.

Boiler Element Holg Down Structyre



He At 4Lk Pt

e L

Fage 1.4

August 15, 1960
the élemenf, sturdy hold down structure is employed above the
boiler region to align the elements and‘prévénf movement,
Boiler Batfle

The boiler regionvis completely enclosed by a water tight,

cifcular baffle ot stainless steel designed to position the
bSilef‘elemenfs, prevent by-pass of coolant #low and serve as

the mounfiﬁg surface tor the upper hold down structure.

.Conffol Rods

Coﬁfrél of the reactor power level is maintained by manual
a&&usfmanf of conffol rods located in both the boiler and super-
heater regionézof the reactor.

Control Rod Drives

Rack and pinionv;ypa control rod drives are mounted on top
of the pressure vessel and are émp!oyed to position the control
rods in the nuclear core to effect a change in power level. Tﬁe
drives also force the control rods inte the core in the case of
an emergency shut down,

Intfernal Support Structures

Both the boiler and superheater fuelhelemenfs are supported
by structural members of stainloss steel. These members are of
adequate rigidity to maintain position and alignment of the fuel
elements with respect to each other and with respeéf to other

components such as control rods and the hold down structure.,

(1.4)
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The steam separators und steam dryers are supported on stain-
lass steal shelves by brackéTs weldod to the wall of the pressu?o
vessel . hbunfifgs afo doesigned to facilitate removal where
necessary and prevent flow—induccd vibrations in the components.
10, Fce&wafer Distribution Ring
The feedwater is returned o the vessel and injected inio the
recirculafion water through a fccdwaler distribtution ring leccaved
above fhe rééirculafion water éﬁTloT pipes. This inSuroﬁ i
maximum amount of mixing with the rcciréulaTion vater. Adoquafc
subcooling of the recirculation water is fhcroby mainfained and

cavitation damage to the recirculation pumps is minimized.

l.l.1 Boller Fue

Fuel Eleméhf Desian

The fuel element assembly consists of a bundle of 81 fuel rods in a

9 x 9 array, with a nozzle assembly on one end and a handlng fiffing on the
other. The rod bundle has tvo regionsvcoﬁfaiﬁing rod secTiéns of difforch1
diameters (see Boiler Data Shee%). Those In *heAupper half have a reducéd;
diama?ar To‘compensafo for reac{ivify loss due to increaséd stcam content.

The fuel handling fixture i% designed to écconwndafc a quick release pin
type hanéling tool. The upper section of fuel ods is rigidly supported and
spaced by means of a cast stainless steel grid fastenod with scrows to the
tuel handling fl*fure.

The nozzle assembly incorporates a spr}ng which absorbs overall differenco

in longth due to tolerance and tho diffuerential ther.al expansion between tho

(1.9}
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;Zircaloy clad rods and the =+a|nless steel shroud vhich supports the upper

“hold down grid. The nozzle assembly provides for a smoofh transition frem

The éircular flow channel in the nozzle to the square flow channe! in +he
elemeﬁf. The fuel rod supﬁcrf grid for the lower rod bundie is fastenad
to the nozzle assembly wi+h‘screws.

Each fuel rod is tastened to the support grid with a retaining ring
capable of supporting an axial thrust load in excess of 1CO pounds. The ring
and groove design is such that vibration is avoided. The rings are made fro;
H1 15-7 Mo sfannless sfeel which is corrosion resisfan+ and has the require 3
mechanlcal properfles.

The bundle of fuel rods is axial!y supported at both ends and laterally
supported e/ery 18 |nche' by the grid and the fube sheets, This type of con-
struction allows the rods 70 axially expand sep;;éfely within the confines
of the rod bundle. The fuel rods making up the bundle ére composed of four
18-1/2 inch fuel rod_secfions tastened together over tube sheets by a
screved joint, These‘fuel'rod sections contain centerless ground U0, pellets
clad with Zircaloy~2 tubing, End caps for the fuél rod sections are jnert
arc fusion welded to the tubing. Each section provides sufficient space to
allow for the differential expansion between the paellet stack and the
cladding as well as for the fission gases released during operation.

Material Properties and Technology

Zircaloy-2 whicﬁ has a nominal composition of 1.5% sn, 0,1% Fe,

0.1¢ cr, 0,052 Ni, 0.0352 C and the balance Zr, is used for the Pathfinder

(1.6)



Page 1.7
August |5, 1960
reactor boiler fuel cladding because of jts excellent nuclear characteristics
and tecause of its compatibility with the boiling water environment. The
it b
minimum yleld strength of Zircaloy-2 at the operation temparature of the

boiler cladding (approximately 600 F) is 20,000 psi. The maximum design

stress in the material is 11,000 psi, therefore, the maferiél is adequately
strong.

Information in the literature attributes a high degree of corrosion
resistance To Zircaloy-2 in high purity water up to approximately 600F,
Corrosion rates reported for Zircaloy-2, from tests under the conditions
being considered, are comparable to those Known for 304 stainless stesl. |n
general, the coerrosion rate for Zircaloy-2 is less than 0.1 mi] per year in
The [H range of 5-10. |In EBWR it has been used successfﬁlly in 500F water at
pH 7.

Zircal.y~2 as a fuel ;ladding material, i.. water reactors, has a good
record ot performance from the standpoint of corrosion resistance. PR,
EBWR, VBWR and Navy spohsored reactors have demonstrated the satisfactory
performance of Zircaloy=2 in this respect,

There are some undesirable corrosion characteristics of Zircaloy=2
which nave been considered. The mechanism of Zircaloy=2 corrosion is similar
vo stainless steel in that an oxide film forms on the méfal surface which
then protects it from further attack. This filﬁ can break down aftter a
period of time, particularly at temperatures above 600F, and accelerated
or "breakavway" ccrrosion'occurs. Since the “breakaway" point may vary from

lot o lot of Zircaloy=2, it has become common practice to specify some

(1.7)
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standard accelerated corrosion test for each lot. One such standard test is
to subject +he mefél to steam at 750F and 1500 psi for 24 hours. Matal which
meets the requiremenis of the Test is judged acceptable for reactor water
environment,

Zircaloy is also susceptible to "hydriding" ai temperatures above 850F
which leads to embriitlement. Zircaloy-2 clad fuel elements which have failed
have shown evidence of accelerated local cerrosive attack accompanied by
hydriding. Dulibcra?e afioaprs To rupiure fuel clement clodding under irradi-
ation by permiiting water 7o pencirate the cledding througa a crilled holz

have been successful in ono case®. The failure mechanism can be aviribuied

to accelerated corrosion in the high Towperaiure sieanm atmosphere accompaniod
by hydriding which embriities the metal permiitiing rupture. Atiempts io
duplicate +his type of failure in another case** have been unsuccessful.

Proper fabricatvion and inspeciion of Zircaloy-2 mgferials using good
manufaciuring quality conirol procedures and an accele;afed corrosion vesv
of each lot of material will minimize the possibility of having defective
boiler fuel elements in the Pathfinder reactor, wnenf;hn“:' egrity of the

A
material is maintained, hydriding is not expected to br 2 - Llem.
P

Fabrication technology of the Zircaloy materials has been developed under

other reactor programs and is well known., Fuel element assemblies with a high

¥ "“Experimental Program in the VBWR, D. H., lmhoff, W. H. Cook, R. T. Pennington
and C. N. Spolaris., ANS Annual Meeting. 1959,

*¥*  Nucleonics Veek, June 2, 1960, p. I,

(1.8)
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degree of inTegriTy have been built utilizing Zircaloy-2, Zircaloy has beon
used in conjunction with U0, in a number of roactors an¢ considerable opera-
ting and testing experience has been azquired., The Pathfinder boiler fuel
and its operating environment aye essentially the ;ame as theso applications,

Uranium dioxide has good irradiatica sfabflify and resists corrusion
in case of cladding failures. |+ is readily available in usable forms and
can be easily reprocessed. U0, pellets which meet Pathtindor requirements
have been fabricated and used in large quantities.

The reactor boiler grid plate is fabricated on type 304 s1$in|ess steel,
Durring reacfor operation and during fuel handling operations there will be
relaflve movemen. between the boiler fuel element nozzles and the grid plate.
Armco |7-4 Ph in |+s hardened cond|1;on was selected as a nozzle material to
minimize galling and seizing. This decision was based on the FesulTs of
piston and cylinder wear fesfs run at 500 F and reported in the "Corrosion
and Wear Han;u‘Jk for Water-Cooled Reactors", A test is veing run fn A89F
water fo conflrm p -!'shed resulfs. |f further treatment is necessary the
nozzles will be nitrided or hard chrome plated,

The Fh 15-7 Mo retaining rings uééd to fasten the fuel rods 1o their
support grids has a high yield sirength at operating conditions and in the
Pathtinder environment its corrosion resistance is superior tc stainless steel,

The large spring in the nozzle assembly is made of Inconel "X" and

is 1.xpected +o have negligible relaxation during its life under Pathfinder

cdﬁdifions. It will be operated at a stress level of about 34,000 psi which

(l.g)
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is a conservative working stress av these temperatures (the materiai can be
worked at s{;ésses of 70,000 psi).

All other components of the boller fuel assembly are fabricated of ,
typas 304 or 304L stainless steel. These matorials are generally accepfaé‘é

for reactor use,

Irradiation Experience

There has been a conslderable amount of irradiation testing pertformed
by others on fue! elements composed of uo, pellets clad in Zircaloy-2 tubes.
The range of experimenfs conducted at Hanford, Chalk River and Bettis Aiomic
Power Department inciﬁde the heat fluxes, surface temperatures, and burnups
expected in'PaThfinder. U0z pellets with 0:U ratios less than 2.05 are siable

under irradiation. Fission gas releasc, tvhermal conductivity, thermal expan-

'
iRl

sion and certain other characteristics haQQ been predicted based on these
experiments. Except ot temperatures highof&fhan 1200 F, Zircaloy is compat-
ible with U0, and no reaction is expected at the intcrface femperavure found
in Pathfinder.

Under irradiation the Zircaloy cladding experiences en increass in
strengih and a decrease in ductllity but refains its pre-irradiation integrity.
The Shippingport and Chalk River reactors have operated successtully
with U0, pellets, Zircaloy clad type fuel elements; the Dresden BWR is opera-

ting, and other reactors ere schaduled to cparate with this type fuel.

On this basis it is felt that additional irradiation festing is not

required to prove the integrity of the boiler section fuel.

\s

(1.10)
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BOILER DATA

Corg
Mean outside diamoter ine 69,0 ;
Mean inside diamoter in. 31.3 "
Active fuel length in, 72
Volume t3 123
Numbor of fuol element assemblios - 96
Averago power donsity KW/Ft3 core volume 1278+
Average specific power KW/Kg of Uranium 23.8 =
Average heat flux Btu/hr/t+2 128,000
Maximum heat flux Btu/hr/¢t? 462,000
Estimatod burnout heat flux  ptu/hr/ft2 1,000,000
Maximum fuol tomperature O 3850
Maximum surtaco cladding temp. OF 514
Inlet cooling velocity Ft/sec 13.9
Exit liquid coolant veloclity Fi/sec 19
Exit steam velocity Ft/sec . 32
Exit voids 4 38
Pressure drop Psi 18
Fuel burnup - MiD/T 10,800
Core 'lifetimo Yr. .4
Fuel enrichment U-235 w/o '.8
Fuel loading, U : Kg ‘ 6560

Fuel Element Assemblies

RBundle Sijze in, ‘ 4,735 C R, Tewp,

Nﬁmber fuel rods/bundle 4l

Rod sections/rod 4 )
o Lover Rod Secis. Uprar Rad Secis.,

Pellet diameter @ Roan Temp., in. 348 310

Clad thickness in. .028 020

Rod diameter @ Room Temp., in. 400 567

Box material Zircaloy-2

Clad material Zircaloy-2

Fuel material uo,

Fuel density gm/cn 10.41

Nozzle material g 1 7~4 Ph

Thermal power gencratod M 157.2

Thermal power to coolant 4 159.9

Heat transfer area +2 4204

Coolant flow area, lower half Ft2 9.6

Coolant flow area, upper half Fi2 1.0

(1.11)
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Test Program

A. Vibration. Tests have been conducted to establish the nature of
vibrarion experienced by a fuel rod under two phase flow. Single rod tests
were conducted which simulated reasonably well the hydraulic diamster, rod
size, rod weight per inch, and rod end supports specified for Pathfinder.
Fuel rod vibrations were detected by foil strain gauges and recorded on brush
oscillographs under flow conditions (relative to velocity and void fractions)
at and above those expected in Pathfinder. Results indicate that the vibra-
vions will not ba excessive with the 18~1/2 inch support spacing used on the
reference element,

B. Fuel Elnmenf Box. A test was conducted in order to esteblish the

reliability of the analytical method of determining the crif{cal stresses in
the corners of the fuel element box. An aluminum box of Pathiinder dimensions
was equipped with strain gages and subjected +to various internal pressures.
Experimental results énd the predicted values agreed within 84,

C. Nozzle Galling. A test fixture has been f{abricated to determine the

gal ling characteristics of various nozzle maverials. The paris used in +the
test are of the same geomefry and will experience the same temperature and

pressure conditions as the nozzle in Pathfinder, Testing is now underway.

D. Prototype Boiler Fuel Element Assembly. A prototype fuel element
assembly similar To the design shown in Figure |.2 has Geen ordered for the
purpose of optimizing tolerances, and evaluating fastening schemes and handling
ease. It will also be used for pressure drop and flow tests. This prototype

utilizes stainless sieel rods in place of Zircaloy clad tuel rods.

(1.12)
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€. Fabricaiion pDovolopmant, A total of twolve funl rods w.re ordered

from cach of four potantial tabricaters cf the core. Except for the

enrrichment of the uranium

dioxide, these qualificarion ~ods will Lo

fabricated with the szme geomatry, materials, and requircnonts as ure

gpecitied for the Pathfinder core.

These rods will serve as a qualification of the potenlial vendors!

capabilities for fabricati

The completed rods will al

ng fuecl rods of the quality required for Caihiinder.

so be given dimensional, matallurgical and ovhar

M jor difiiculiies in tabrication if any onist, should be discovoered,

This will peifait appropriate changes in design prior 1o fabricaiion ot ibo

tull loading Jor +the boile

f. Heat Transfer_les

conducted to experimentall
element. The first of the

will be performed on clect

[

is. Three series of heat lransfer tosts will bo
y determine the performince of the boiler fuel

ce will be a series of "burnoui" tesis, which

rically heated single-pin tost sections. seclions

to be fested will have hydraulic diameters equivalent to those found in ihe

upper and lower fucl element halves respoctively. These tosts will show

that burnout will not be exferienced at heal tluxes and sicam qualitvies

50%~&r0af0r than those ant

t

icipated in the pathiinder reactar.

This nexi series of tests will be porformed on d test assembly which

providos a mock-up of the boiler. fha test cection is shown in Figuweae 1.5,

The

oY
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The water enters the test secticn on the right whero 10 pids are used to
mock up the Bl-pin region, The middlo bundle ot g pPins, mocks up a G4-pin L
region, and the left bundle of 6 pins hocks Up a 49-pin region. Although
the core dosign no longer ihcludes a 64 or 49 pin region, the ‘test section
will stil} satisfy the original requirements ot evaluating the effect of
forced circulation on the void fraction and pressure drop,
It is expected that extrapolation can be made from these togts to obtain
reasonably accurate design data for Pafhfindcr.

1

The last series of tests will be performed on a fu)| size, mcckup element,
A :
to obtain accurate flow, void and Pressure drop data at exact reactor pressure

and temperature conditions,
P

G. Fluid Flow Tests. Much useful steam void and preéssure drop data

will be obtained from the heat transfer tests, From those tests good ful|

and part load hot 5pot or hot channe| data will be obtained. To supploment .

the heat transter data, tests will be performed in a low pressure loop,

which uses air to simulate the 9aseous phase. This test loop will be used

variations ot flow,‘voids and spaclng of elemant components. Since the
air-water data is not dlrectly applicable to steam-wator pressure drops,
the sections tested in tho heat transfer loop will also be tested in the

alr-water loops to give better comparisons,

(.14
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1.1.2 Superheater Fuel

AT

Fuel_Elemont Desi;ugi

The suberheafer fuel element assembly (Figﬁre 1.4) consists of two
concontric fuel bearing fubes, & central burnable poison rod, spacers,
and end fittings. Each fuel +ube consists of a 0.0l5 inches of UZI, -
stainless steel cermet sandwiched between Fwo 0.006 inch stainless steel
cladding tubes. Type 316L stainless steel is usaed throughout the assembly.

Specific dimensions of the superheater fhel are given in ihe data
sheet and Figure |.4.

The cermet is made from nearly spherical U0, powder (44 to 53
micron diameter) mixed with Type 3|6L stainless steel. The concen-
tration of U0, in the cermst is 20.4 w/o or 15.9 v/o.

The poison rod consists of a 0.449 inch diamefer;COmpacf con-
taining approximately 0.1 w/o boron carbide in alumiﬁa at about
703 theoretical density. It is clad with 0.010 inchés and stainless
steel. The mechanical design of the element is such that tha burnable
poison in the cenfer rod is contained zad refained in a manner that
eliminates any possibility of losing it suddenly.

The fuel tubes and The poison rod are tastened together by 2
spacer and support fitting at the lower end. This spacer, plus three
tull length sfrafgh? spacer wires afttached to +he outside diameter of

+he poison rod and each fue! tube, maintain concentricity of the

(.15
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components. The fuel tubes are not axially restrained at +he upper
end and are free to expand in that direction. The steam flow channels
are sized to assure proper coolant flow distribuiion for optimum heat
transfer,

The superhecater fuel assembly is about 6-1/2 feet long with an
active fuel secfidn of G feet long.

Materials Properties and Technology

The corrosion of type 316 stainiess steel, and austenitic stain-
less sfeéls in general, has been invesfigaféd. These materials are now
ccrmonly used in superheaters de]ivering steam at 1150 vo 1200 F. Their
use for 825 F superheated steam is expected to present no‘problem. Corrosion
rates for austenitic stainless steel in 1100 F steam is reporied to be
0.02 mils per 12,000 haurs, th Exparimental superhcater coils have been
tesved with metal temperatures exceeding 1350 F (steam 1250 F) and steam
side ccrrosion rates are of the order of | to 2 mils per year.(z) Alvhcugh
little information exists on the effect of irradiation on steam corrosion
rates, 1here is no significant effect on corrosion rates for water sysfems.(s)
Several brief tests in @ superhcated steam in-pile lonp have not given any

indication of accelerated general cerrosion or fretting type corrosion at

points of mechanical contact.

(1Y Transactions of the ASME, Vol. 66, page 277

(2) Transactions of the ASME, Vol, 79, page 307

(3) DePaul, D. J., "Corrosion and Vlear Handbook for Wator Cooled Roactors", p, 293
TID~-7006, March 1957

(1.16)
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Erosion due to impingement of wvar sicam Vill be minimized by keéhing
‘the mélsfure confenf of the sfeam low, of the order of O. 'p, and by provldl.q
adequato lengths of heavier sfainlcss steel enfry sec.lons above the fue;
buiring ;vr:non oF vhu fuel tubes., Eros ion effecfs are expecfed o be
significantly less than thosa due to corrosion.

Tho cermet vpe fuels have heen under development for many years and

have been fabricated info fuel assemblies. Uranium dioxide - stainless steel "

cermets clad with stainless steel have been or are being fabricated for use
in the Army Package Power Reactors, Borax V, Spert II1., VBHR and the Gas
Cooled Reactor Experiment as well as for several classnf;*d projects. The
clad cermet fuel under consodara.lon has good physical proper.les
\es;enflally equal to fhose of stainless steel). Very thin claddingnéah be
metallurgically bonded to the fuel to give a sfrucfurally sound tube with
excel lent heat fransfer.characfarisfics. Qualffy conirol is maintained
during preparation of maffix materials and other steps of Thé tabrication
Processes. Tie ideal cermet would consisquf sphericalv#ﬁel particlas
arranged in a geometricol array theraby permitting a maximum guantity of
high sfrengfh metal to surround each fuel particle. la practice, the jdeai
condlfnon cannot quite be attained. The optimum disfribufion-achieved
consists of a random cricuioiion of rezr spherical particles with the
ma jority separated by‘cn average emount of metal.

Fragmeniation, siringering, and/or agglomeration of fuel particles

in the mairix must be nearly eliminated as these conditions can lead to

(1.17)

L0

Araa L

T e e e e e e e

— e

TEE T,



Page |.18
August 15, 1960

general swelling and blister type failure. Fracture of individual oxide

particles allows higher percentages of fission product gases to be released.

Stringering and agglomeration cause planes of weakness by decreasing the
rélafive metal volume inglocél areas. Tho‘cumulaTive effect is a higher
susceptibility to radiation damage.

The corenfo-cléd'inferface must be made metallurgically bonded to
prevent accumulation of tission product gases and resultant blister formation.
A good boﬁd minimizes general swelling b9 increasihg the effective strength
of the element.

Thé matrix and cladding of +he finished fuel element shoulu have maxi-
mum ducfi|ify and strength as required for containment of cermet swelling
and ftission product gases, and to minimize fuel eloment failure.

Two recent survoys present an excellent coverage ot dispersion fuel
clement fabrication processes, and the structures obtained. (4 & 5) Al
esfablighed m;}hods utilize some form of powder metallurgy; viz. cold or
het pressing, swaging,‘ex?ruslon or rolling. The cermet is clad with a
protective sheath by hot-working, cold-working followed by a diffusion

heat treatment, or by an integral forming operation of the core and clad.

(4) Webef, c. D. "Frogreééiaﬁfnlspersion Elements", Prbgress in Nucléar
Energy, Series V, Volums T “Metal lurgy and Fuels", Pergamon Press,
New York, 1959, pp. 259-351 JUncly)

(5) CGummingham, J. E., R. J. Beaver, and R. C. Vough, "Fuel Dispersions in
Stainless Steel Componenis for Power fieactors", Paris Conference on
Fuel Element Technology, TID-7546, Book Im USAEC, Technical Information
sarvice Extension, March, 1958, pp. 243-268, (Uncl).

(1.18)



oo,

Page 1.19
August 15, 1960
The mechanism of irradiation stability of Uoz-stainlass steel disper=-
sion fuel elements has been sfudied durfng the last ten years., Two
reasonable hypofheées of the me;hanism of failure havo been developed from
theoretical ccnsiderations and in»pilo_fcsf resul%s. While fthese mechanisms
ditfer in approach, jﬁey provide cdﬁparable estimates of fuél Ii}e and
stability. )
A. éMl Program
A study at Battelle Memorial Institute has developed a method of
correlating irradiation stability with cermet sfrugfural propérfies using

a simple failure;by~creep qgchanism. (6 &7

irradiation stability of

tailure is affected by material properties of the matrix, structure of the

cermet, irradiation temperature, fual burn-up, and irradiéfion duration.
The creep mechanism analytical approach uses failure processes experi-

Ga&n In reactor

mentally observed in UO, sfainless steel fuéls.
environments, fission product gases are formed wﬁich collect in voids around
UOz-particles and in the ratrix, and in pores wifﬁin the fuel particles.

As irradiation continues, gas prassure builds up in these areas resulting in
a stressing of the matrix ﬁefal. This force causes creep deformation of the

staialess steel matrix, and general swelling of the fuel element. As gas

pressure continues fo incrcase, a point is reached where the creep strength

(6) Keller, D. L., L. E. Hubert, and B. W. Dunnington, "A Method of
Correlating lrradiation Effects in Dispersion Fuels", Batielle
pemorial Institute, BMI-1408.

(7) Keller, D. L., ‘private Communicaﬁon'}‘1 Battelle Memorial'lnsTi?ufe

(1.19)
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is exceeded, and Iocélized fissures occur {é the matrix between adjacent
voids or fuel parfléle spaces. The ésgtgmféilow fissure formations to the
cermat edée Qﬁere pressure agalnsf_?he cladding forms bl}sfers on the surféée
of the fﬁéj elemant. Addi?ional gastressure causes the blister to expand
until 1t bursts, releasing gases to the coolant steam. Figure 1.5 shows the
resuifénf blister formation on the surface of a fuel piata. Study of

in-pile sp- imens at BMI has shown that fission gas blisters rise fo a
maximum of 0.0|5linch_9n'+he surface, and occasionally burst, usually in
three radial cracks‘developlng from the center of the blister.(7)

Using this experimeﬂfélly observed sfabiiify pattern, a creep mechanism
formula has been deve};ped tor evalpafiﬁg burn-up and fuel.life for U0y~
stainless steel cermet elements. The comblefe derivation and analygis of
the formula is gliven by Keiler, Hulbert and Dunnington,

Figure 1.6, Curves A through D, are plots of predicted performance

i

derived from experimental data using above theory. Daf& points are }ncluded
and show the correlation with theoretical curves rather well. The analysis
covers the temperature and hurn-up ranges experimentally investigated:
600-1840 F.

It Is important to note that the values obtained in this study apply

only to fuel cermets with the specific fuel matrix ratios as fabricated by

BMI. However, by inserting the design varigbles ot burn-up, fuel life

i
N

(7) Keller, D, L., Private Commtnication . Battel le Memorial Insiitule
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duration, maximum temperature of the fuel, etc., This formula may be used

to approximate the life and stability of Pathfinder superheater fuel elements

as discussed under headihg Irradiation Experience.

B. KAPL Program
A similar study of UOz-stainiess steel irradiaffcn stability is
being made at Knolls Avomic P&wer Laboratory. This study also compafes the
effect of fabrication and irradiation variables with in-pile test results.
{ts purpose is to establish the functional Iimgfs of the dispersion fuel
system, and to develop an optimum cermet fuel element. ()

The basic model for design calé;lafions is an individual fuel cell
coﬁsisfing of one f.el particle, its fission product damaged matrix zone,
and the sur-ounding metal matrix separating other fuel particles as shown
in Figure 1.7. Cach fuel cell is treated as an individual fuel elémenf with
the matrix matal acting as a pressure vessel restraining the fuel particle
stresses and fission gas pressure. Several unit cells, arrayec in a
hexagonal geomatry composes the cermst dispersion structure. With this modbl,
the irradiation stability variables of volume percent fuél, fuel par{icle
size, fuel particle density, fuel element temperature, fuel'burn-un and
matrix strength and‘ducfilify are analyzed simultaneously. Comparison of
these design variables with irradiation test results has shuwn Tﬁo

practicality of this method.

(4) Weber, C. D., "Progress on Dispersion Elements", Progress in Nuclear
Energy, Series V, Volume 2, "Metallurgy and Fuels", Pergamon Press,
New Yerk, 1959, pp. 259-362 (Uncl.)
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The effect of each of the major irradiation stability variables is
discussed briefly below:

a) Volumeq?ercenf Fuel. The higher the volume of fuel, the lover

the metal spacing between particles of fuel, and the lower the resultant
strength of the cermet. UO,~stainless steel cermets in the rangs of 10 to
30 w/o oxide, (8-24 v/o oxide), have been investigated.

b) Fuel Particle Size. For a given fuel volume, the smaller fhe

particle size, the larger the relative fission product damags zone, and the
lower tho effective matrix strength. KAPL has worked primarily with 50-200
micron diameter fuel particles. Below 50 microns, fission product damage
zones Ténd to overlap. Larger size particles, greater Than 200 microns, may
be used effectively in elemenfsha&ing oreater cermst Tﬁi;knesses. However,
in order to achieve orientation of the fuel particles, prevent cracking and
sfringéfing, etc., the fuel particle size should be small in relation to

cermet thickness.

c¢) Fuel Particle Densi?y. Limited porosity In a fuel particle is

attractive as a space for fission formed gases to collect and will tend to
prevent gross swelling of the fuel element. These KAPL studies have shown
the value of this porosity, but the porosity required for a given fission “ \

gas evolution has not yet been determined.

d) Fuel Element Temperature. For a given quantity of released tission
product gases within a fuel element, higher element Temperaturug produce
higher gas pressures and higher strain and swelling effects. Morcover the

strength of the element decreases at elevated temperatura.

W
(1.22)
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e) Fuel Burn-up. A fraction of the fission prodé:fs recoil from the

fuel into Tﬁe surrounding matrix reducing iTs strength and ductility in
the recoil raﬁge. As burn=up prcceeds, @ volume increase in tvhe fuel particle
srréins the metal iwmedia?ely surrounding the particle. This mzchanical
stress, along with sfresses firom fission gae pressure sfrain‘fhe metal and as
a result micro-fissures, cracke, and swelling occur in the matrix and element

structuro.

£) Matrix Strenath and Ductility. The ductility of stainless steel
depends on the sirain rate in biaial tension.

Fapbrication Processes

At least Three fabrication processes exist which could be used to produce
a cernmet frel elemant for the Fathiinder superheaier,

a) {ot-Roll Cladding of Cold=Pressed ond Sintered Coce Compacis.

This brocess hae been used by ORNL, Sylecor, ¥ & C ?@glcar, Vartin
and Battelle Memorial insrifute to manutfacture carmet plates and concentric
tubas. Core comiacis «ontaining 20 7o 40 w/o oxida have teen prepared by
weighing, blending, and cold-pressing component pewders into rectangular
shapes. Frames and cladding are velded arnund the compact, and the composi%e£
is hot-rolled to develep the cere~to-zlad bond and to densify The core meat.
Subsequant cold=reductions vith intermediate Hea? +reatments are used to obtain
the final size of the eclerent. While coﬁsidersble manufacturing experience
exists with this method, homoaeneity, tragmentation, and stringering =

agglemeration cheracteristics are not easy 1o confrol,

(1.23)
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b) Cold-Work anrd Diffusional Heat Treatment Cladding of Cold-Formed Cores.
In this process, the cermet core (made from weighed and blended com-

ponent powders) is cold~formed by pressing; rolling, or swaging. Then frames
and cladding are positioned around the cora, and the composite is cold-worked.
By the use of alternate diffusion heat treatments and cold-working operations,
fhe cere is densified and the core-to-clad bond is developed. The Martin
Company has ufi]ized this prodéss o prepare tubular fuel elements of UQ.,~
stainless steel. |n their proéess, the blg;ded and mixed powders are cold-
formed into a cermet strip by rolling. This method usec a minimum of cold
reduction to form a green compact of approximate finished size. The green
cempact is sinfered and cold-rolled to densify it. The high density strip is
formed Info a fuel tube, and cladding tubes are cold-drawn over i+. Subsequent

diffusional heat treatments and cold-draw sizing give a fully dense cermat and

develop a good core-to-clad bond. The method has been used to fabricate one (
complete core loading for reactor critical experiments and a core loading for
the PM~l reactor.

¢) Integral Core-élad Forming of Cold Binder Cores BybHof-WOrkinq

In this process an organic binder is utilized to improve fuel
distribution and agglomeratien. Hot-working and cladding of the core compact
reduces stringering and fragmentation of the fuel particles. Vhile this
process has produced the best LOy~stainless stee! cermot siructures reported,
it has not been adequately developed for commercial producfioh.
X
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The best commercial process avallable appears o be preocess b) above.

The following is a communication from Martin dated May 18, 1960 dlscussing

thelr experience.

"We are pleased to submit the following remarks ragarding our experience
with the development and subsequent production of stalnless steel clad,
stainless steel uranium dioxide cermet tubular fuel elements, i

In 1954, The Martin Company declded to design and build portable
packaged nuclear, pover stations, - The requirements placed a premlum on getting
the most power out of.a small package. Bulklness and welght, were of . necessity,
held o a minlmum. 7 The highly enriched core i the reactor was analyzed and
deslgned for optimum efficiency. , The coro specifications called for .the " ;.
largest heat transfer area, minimum of ex{rancous supports, structural:integri-
ty, and |ightast welght. Various methods of fabricating fuel elements to best
satlsfy thase requiremoants were analyzed and our decision was to fabricate;
fusl elements In a tubujar shape.  To assure maximum properties in the core,

a new process was developed. - |n this new process, the finely powdered staln-
less stoel~uranium dioxide mIxture Is passed through a speclal rolllng ml||
and formed into a ribbon of near«final thickness before being enclosed in its
stainless steel cladding., Subsequent fabrication to finished dimanslons
increases the length of the fuel core by only 1/2 compared with elongation
ratios of approximately 7 to | In conventional practica.

The final product is made to sive with virtuaily no oxide break-up or.
stringering and with excollent control ot fuel jocation. .These conditlons have
been consistantly roproduced ‘in production elements. “Sample fuel elemenis were
Irradiatad in the high flux kole of the Materials Test Reactor, Arco, "ldaho
and the nuclear characteristics of the ¢ ;slgn were demonstrated by the fact
that they achleved a 42 per cent burn-up with no visible changes:In the slement,
In addition, thermal and mectanical shosk tests were conducted in conjunctlon
wlth metallographic tests to dotermine ie nature and strength of 1he bond
between core and claddings. Static an corrosion tests were performed under
temperatures and pressure conditions me o severe than those encountered at
the MIR installation, Results In all ¢ sos vera above expectation,

The attached photomicrographs cleai |y show the uniform dispersal of ...
uranium dioxide grains throughout 1he cc ‘o with minimum break-up and stringar-
ing. Thay also show the close crystalline bonding betwcen cladding and coro
achieved In this process.

(continued on page 1.26)
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specific test data on tubuler fuel elemonts doveloped 'In 1956 are
availoble 1f yeu desire to sco It. A full scale core recontly produced for

tha PM-1 alr tronsportable reactor is presontly undergoing critical tests
and dala should bo available in soveral months.

. EE RN R o Al e oy

Martin Is continuing Iis cftorts to'improve the techniqua of producing
production tubular eiements by powder rolling and we firmly believo that as
our experionce increases, even better per formance can be expected over what
we now consider higiy porformance fuel eloments."

Irradiation Experlence

A uranium dioxide stainloss stecl cormet clad with stainless steel was

solégfed as the reforence superheater fuel for Pathfinder because sufficlient
K%abricafion ;echnlques had been establishad and sutficient irradiation dnta
exlsted to bioceoqulfh the design of an alement and to warrant Its belng

placed In +Qe reactor without the neod for a major fuol dovelopment progrbm.

This approach is still considered to be valid even though in recent years

similar information has been accumulating on ofher types of fuel adaptable to
superheater use. The irradiation data reterrad to above is tabulated primarily

in CF-58-2-71, "Summary of U0,~Siainless Steel Disporslon Element Irradiation

Experimonts,! by Haynes, ﬁeill & Schaffor of Gak Ridgoe Natlonai Laboratory.

More recantly, cermet type fueis very similar to that specifled for

Pathfinder have beon irradiafed ot temperatures slightly h’gﬁer‘fhan tho peak

calculated Pathfinder fuel +empora+ures. These data were obtained as part
of the Gas Gooled Reactor Experiment program and are tobulated in the

following table.

(1.20)
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§i65"
Sample

Numbar

23
33
35
39
40
42

4.
21
3i

32
35
37

44
45
22

24

T T O P SO PR

GCRE=1 Cerme+ Fuel Elemen+ lrradiafion Tes+ Resulfs*

M Exposure : U-ZSS _Condifion
uoy . ' Tima Burnup | . of Sample
v/o Doys 8/o After Test

25 32.7 5.4 Good
25 47.5 12,7 Good

25 47.5 16.6 Good

! T i iy :i‘llﬁh‘l’t‘* -

25 ' 85,2 20.4 Large Blister

25 ‘85,2 20.7 Small Blister

25 52.7 2.2 Good”

25 52,7 2.6 " Good S,

30 32,7 4.9 Small Blister

30 47.5 |7.5 Small Blister

30 47,5 15.6 Ruptured

30 85.2 25,1 7 Ruptured

30 CEDR2 22.2 Ruptured

T S 5 “

30 52.% 2.4 Good

' 30 52.7 2.8 Good
30 32,7 4.9 Large Bllsfr‘
25 32.7 5.4 Good

* From BMI-~1408 and Personal Cemmunications with BMI,

(1) Temperstures are estimates since thormocouples were inoperative.

Page 1,27
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i

Effective
Temparature

P
1725+
1430
l5‘0

|4oo ‘
1417
1650

1650 - -
1533 ¢
1395
1475
1300

1650
1650
1655 (l)

1725 (1)

Pern Ak
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It should be noted that these data are tor 25 and 30 w/o UO2 specimens
. whereas Pathfinder fuel is specified at about 20 w/o and that the irradiation
‘ temperature is, in most cases, above the approximate 14CO F hot spot tempere-
ture estimated for Pathfinder.
* As discussed earllier, these data have been correlated by means of a
3 +heoFeffeeI mode | by BaTTeIlehMamorial Insflfufe. The reeulfs ot this correla-
?ﬁ :g tion are shown as The so;id line sfablllfy curves A through D in Flgure 1.6,
| ! The acfual dafa polnfs are also shown in fhus figure.
It is Iogical fo assume vnat ftor the same irradiafion times, similar
stability curves for 20 w/o U02 cerme? fuel fabrica+ed hy the lmproved cold

powder rollcng process (as compared to fns hot rolled fabrication of the test

specimena) would tall above and to the rlghf of +hose for +he test specnmens.

‘Bofh the reduced fuel‘ loading and the better fabrlcaflon Technique lead fo

a greater average amount of stainless sfee! beTwaen fuel particles and a
stronger fuel cermeT less susceptible to .rradla*ion damage.

In regard to Pathfinder fuel elemenfs, BMI investigators estimated Thaf
a fuel burn-up in excess of 20 a/o U-235 in 5000 hours operation could be
achieved at l400‘F with GCRE-! quality fuel. With a better cermet s*rUC+ure,
which is known to be obtainable, a burn-up of 30 a/o or greater can he »
expaected according to BMI.

To be quite conservative, the estimated Pathfinder fueI.sTabilify
curves E and F in Figure |.6 are not plotted as far to the hfghT as thay
migh?‘be. Calculated Pathfinder superheater fuel burn-up versus temperature

Curves G, H and | (along the length of an element) is also plotted in

(1.28)
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- Figure 1.6 for comparison. The method of constiruciion of vhese curves is

illustrated in Figure [.8.
In Figure |.B, the scale in the lower left quadrant répresenfs the
distance traversed by the steam through the superheater core. in the upper

left quadranv are curves rapresenting axial burn-up o |5Tr‘bur|on for the

»cond:flons |ndica+ed. (These curves are proporflonal 10 The respective

'neu.ron flux dlsfrlbu.uon) ln the lower right quadranf are curves represent-

ing the fuel surface Tempera*ures for the same condnf;cnb. Burn-up versus
surface 1empnra+ure curves are consfrucfed in the upper rlghr quadranf.

The ordlnafe of these curves is obfalned by proceedlng up from the super~ _
heafer tuel scale to +he axlal burn—up disfrlbuflnn curve for a par.lcular
condition, Slmnlarly, Thu abSC|ssa is found by proceeding fo The rlghf from
the same p0|n. on the superheafar fuei =cale 7o The temperature curve.
Typical cons1rucflon llnas are shown for two poinis on‘fhe 825 F, 9 month,
hot channel curve. Also plo Ted in The upper rlghf quadranT ara lines

A and B and point C whlch represent estimated limits of performance basé&r
on the results of irradiation tests at various Government |aboraaor|es.
Successful operation is expected in the reglon below &#nd To i 1 of
these lines. Line A has been established as an "essenfually |00% chancc;of—
succecs" of burn-up obtainable at various temperatures., SR Variables Tﬁéf

led to failure in some test samples are now recognized as confrollable’in

the manufacf“re of fuel elements. Curve B is theretfore considered fo be

o

A ,.’

(1.29)
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obtainable with present fabrication techniques. This conclusion is baced
on communications with AEC Iaborafcry personnel. Point C is considered to
be probably obtainable with optimum fabrication techniques.

From thess curves it can be astimated fhlf the Pafhflnder superheaTer

fuel will have a Iife of at least 6 (full power) months with a good possi-

¥
.

bility of achievung The desired life of 9 months. I

The reSulTs ot ?he GCRE lrraduaflon +es+s also demonstratie Thaf-

(N Nhere failure has occurred it has been in the form of cr?ckf or
spa \ blls+ers in The claddlng. Bllsfers have been 1ess than O 015 inches
in helgh+ and eventual ly relleve tission gas buuld-up beneath them through
small cracks in the face cf the blister.

(2) In blister fanlures, a crack is found in the cermeT’in planes of
s+ruc+ural weakness. Falluro Is gonerally found in areas where the metal
matrix has been depleted by fuel stringering or agglomeration.

(3) F|ssuon gas rulease data |nd|ca+e that gdseouv fission products
do not otherwise readily diffuse through the fuel clad.

Typical blister and crack type failures are shown in Figure 1.5, It
is emphasized that the approximately O. OIS inch maximum heughT of these
blisters is such that they cannot brldge across the STeam flow passagos.

In the Pathfinder rcacfor, the posstblllfy of irradlafion damage or
mechanical tailure that would result in channel blocking and flow sToppage,

during normal operation, is considored to be non-exisiant.

(1.30)
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It is expectad that if any tailures cccur in Pafnfinder superheater
fus! they will occur individually in & randoem manner toward the end of
the design life. Only a relativelv small fraction of the fuel is exposed
1o the coolani in ithetz failures. Thare are no corrosive or other chemical
reactions anficifated thal couvld result in o large volume increase and
Based on the zbove diszcussion, it is concluded that:
. Sufficient irradiat.on experience exists 7o safely spec}fy CErmef
type fuel foir Pathfinder ang fuffher test it under zctual operating conditions.
2. The reactcr can be operzied withcut evpsctations of catastrophic

failure of the fuel. S
ol

N L *r,_‘ - .
A art of the post-constrtction R &'D program & [rdge "gsi ve burn-u
, 13 : 3 ' J¢

m

schedule for superheater corss is planred. Within this brogram whplé'cores
or selected elements will ve removed &t various stages of burn-up éhd
examninad to determine their suitability for nigher burn-up.

he safegquards considacaticons pe-raining to the uze of cermet super-

\

heater fuel in Pathfinder are discuszed in Subseirion 7.3.7.

sezr Pregram

A. Jhermal Shocit Testing and Ana‘y;'s ¢i the Suoerheajer Fual Elewenis

During various shotdowns of The Farutinder flanr, fhe suparrheater will

izt

‘J

be flocded with wares oi The then s ng saturavion temperatuce and pressure.

+
L

The‘tﬁdaﬁin water wiii oravent siean §flow Pheougn ihe superheatsr, causin
9 : UC

the te wmperature in tha fuel elemsnts to increass to some equilibrium value,

(1.312
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which is a funcflon of fhe fracfional povier level at that +Ime and the losses

to the sysfem. The |nccmlng waTer will effecfivoly quench the warmer fuel

‘elemenf which will produce thermal sfressos ot varying degrees. {n order to

defermlne the effects of floodtng, an analyr]ca| and experlmenral program

¢

was lnif:afad. The program s infended To provnda a good undars+anding of the

RE t

condlfuons exisfing during floooing awa 10 Uafermlne limitations, ir any,

on the superheafer shutdown procedures.

In +he analysis a conservative case was consndered with a fuel elemenf
at 1400 F cooled by A00F water. Assumlng an ex‘$emé“y conservative heat
Transfer coefflcienf a fatigue life was compufed +G be 1000 shut-dowr cycles.

T ot \\

Loss of dUCTIIIT due to sigma formation in Thu fuel alement and |rrad|a+|on

6y y

damage is insufficien+ to grea#ly decrease fhe number of cycles during the
9-mon+h Iife of the fuel element. Analy+|cal treatment of the control ling para-
mefers lndicafed that the flooding water d|sfr|bu+ion within the element was
cr|+|cal The tlow pattern through The thin annuli of the er;‘elemenf was
|mp05510lejfo predict, due to the Tu"bulence caused by formaticn of steam.

A test is being performed in order +o obtain emplriéal data over a range of
cladding to water temperature differences. The fuel element geometry and
tloodIng method aFe designed fo reproduce Pathtinder condifioﬁé as closély as
possible. Analyfigal results chow that ‘the heat capacity and generation of

the fuel elemenf haq a negligible effect on the stresses and sfra1ns produced

when the water confacfs the ¢ladding surface.

(1.32)
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8. After-glow Tost

The.r hear generation of o Juperhca.cr {ual clcmonr after shulb doun 1s

L R

a function of the initial power leve! and the clapsed timo {rom rod inscriion,

H ‘

As proviously stated, when the superheator is flooded, steam flow is stopped,
‘ p

which couses the fuel clement temperatures fo increase to some equilibrium

value determined by the shut down heat generation, or, waftor-glow, and

the ~onduction and radiation losses fo the suporhoarct structure and moderaior.

[

For use in dosign, the fucllclom0n1 sur‘ace tcmpora1urcs vwera calculated

Y

as a function of fractional supcrhcafcr‘power (shoun in Figure 1.9). [n order
to conf|rm these analytical results, @ tost is being performed, which utilizes

a resns#ance—heaTed dummy fuel elemont located within a mock-up of o one-iube

o =
superheafcr struciurc, and Jurroundcd by 600 psi qafuraled waler. Various

ti

fractional povwer levels are being rcproduced and the equilibriUm surface

Temocrafures aro measured wifh fhcrnccoupled. Preliminary results show the

ik

calcula?ed curve is conscrvarlve.

¢. Fluid Fluu and Heat Transfar Tes ff

Vi

A Yoop ha" been added To Ihe b01I|ng heat trans{er loop 1o Tcﬁ?
superheater fuel elements. A schnnurlc of The complete loop ic shoun' in
Figure 1.10. Bofh heat tfransfor and pressure drop data will bn Takon.

The tesis will ‘be run with an annular superhoator tast section,
The two tubes fit TogeThcr to form an annular steom passage. The two fﬁbcs

are olectrically |nrularcd from each other and can be hca.ed vcparafcly:

wros oy F

a) Heating by both walls. :

b) Heating by outer iubo only.

¢) Heating by inner tubo only.

~
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With this arrangement the three flow channéls, of the superheater element can
be simulated even though the spacing is not exact. This Srrangemenf supplies

! a high degree of flexability in deternining the effect on the heat transfer
coefficienf of heating on both walls of the annulﬁs.

e N
The range of variablas that the superheater test section is capable of

covering is;
Reynolds No. 10,000 ~ 120,000
Heat Flux 40,000 - 300,000 Btu/hr-f+2

. )
Maximum: Surface Temperature 1200 - [400°'F

Mass Flow 50,000 ~ 600,000 #/hr=ft2
A small air flow test rig'will be used at low temperature to oBTain
pressure drop data for the actual superheater geometry. Since the acceration

préssﬁre drop associated with heating in the test section can be calculated,

+his test will extend the data obtained from the heat transfer loop. | ot

D. - Fabricéfion Devalopment Program
The possibilities of high hot-spot surface temperatures, and desired _f
'3' ‘ high burn-up in Pathfinder dictates superheater fuel element manufacture:

to close tolerances. A fabrication development program was initiated “to = :

v o v : i

extend the present fabrication techniques to suit Pathfinder requiremenis.
. . i

The program has four mainqbarfs: sermet forming, fuel tube fabrication,

fuei‘eleﬁénf assembly, and non-destructive festing. The objective is fo i \

refine presenfj}ﬁchnlques to produce the desired fuel homogeneity, fuel

§

particle uniformify;;fuel dispersion and cermet density, with a minimum of ™~
3 \
(1.34) .
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sfrlngerlnglln the fuel cermet. Bond lnfégrlfy, dimensional jolerances,
and reductlion of sfriﬁgerlng will reéelve emphasis In ‘ube fabricaiion.
various assembly techniques will be used in order to select the one(s)
capable of producing the required fiow channe!l unlformity. From this
program, a fabrication sequence Is expéé?ed which can be used to produce

superheafer fuel elemenfs mesting Pathfinder requlremenfs.

_ Bighlights of Spacl‘lca+ion for Superheﬂ+or Fuel Elemen+ Assemdly

The followvng Is a very brlef digest of the specifications used for
procuremenf of the superheater fuel'

The fuel maferial shall be hlgh fired uranium dioxide powder in spherlcal
shape, wlfh an 86 5% minimum uranium assay. The stainless steel powder used
in the carme+ dlsperslon shall be AlS] Type #3|6L prealloyad stainless *+ee|,
spherlcal In}shapa as prepered by atomization techniques. The method o’
fabrlcaflng the fuel dlsperslon shall be left to the discretion of iue vendor
subject to the followlng I|m|+a+lons.

l. The cermet shall be fabricated so as to obtain a sagregation and
stringer free dlsperslon. //

2. The quanrlfy of uranium dioxide shnll be 20.40 + 0.50 welght percent
with a cermet den:lfy of 95% of fheore.lcal}?
5. The fuel shall be dispersed in the maTrlx to + 5% of the mean average
distribution.
The cladding shall be AIS| Type 316L or 318 seamless tubing subject fo

ASTM specification #A~269. No defect deeper than 10 percent of the wall

(1.35)
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v ' thicknoss shall be accopted for fuel element manufacture. Tho inactive dead
d
oo onds shall be wrought stock of AISI Typo #316L or 318 stainless steel con-

torming to the cladding composition, and subject to ASTM Speciflications

oy #N-269 or #A-167 wherover applicable.
The dimonsional requirements of the fuel tube are i lustrated In

‘}é delall ln rigure i.4. The fuel Ioadan shall be 68 5 grams of U0, for
1

the outer fuol 1une and 5I 5 grams for the inner fuel fubo. Tho outside and

z'% i ride surfaccs of tho finished fuel tube shall have a minimum surface finish
‘ of 63 rms. mucro—lnches.
% The following quallfy control fcsfs shall be required on these fuel
i tubes:
I Non—do;frucfive testing (these tests shall bo performad on 1007 of
thae fuel elements.) |
A. All of the tuel elemonts shall be X-rayed to dotermine active fuol
lengi's of the finished tubes, segregation of fuclf‘fracTurn and
stringering of the fuel particles, and gencral distribution of the
yraniun cxide in the matrix. X-ray densitomatry analysis shall be
made to verify localized tucl distribution. The radiographic
techniquey shall be dotailed in writing by the vendor for tho approval
of the purchaser.
B. Porosity tests conducted as follows:
I. Remove surfoace coniamination.
2. Souk in 504 nitric acid solubion at room temperature for

24 hours.

tA0)
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3. Evaporato solution and check resldue for alpho ecflvlfy.
4. Any activity above a standardized background shall be cause
for roejectiorn.
Two ulfrasonlc tests shall bo used to- evaluate bonding and defects
in the fuel fube. i
1. An lmmersed Transmlseion typa using LiS0, fransddeers 6eura*ed at
fen\megacycles. One will be used as the sender and anofher as
the recelver coverlng a double wall fesf of |he fuel tube. AII

ARRY

defecfr that are gtedfer fhan that observed for a sfandard 3/64
Inch sleelafed defecf shall be rejecfed. Ail Tesfs showlng no

' observable defecf of any slze shall be accepfed. Tubes neither .
accepted nor rejecfed shall be Tesfed as follows (2).

2. An immersed pulse-echo refle;flon fesf for single fuel +ube wall
franemlsslon. One transducer of Li2504 shall be us ed as.bofh
yiranshlffer and recelver operated at five magacycles. The fuel
tubes shall be scanned twice, one In each longitudinal ‘direction.
The observable defects uf the queq!ionabie elemenfs shall be
reporfed to the purchaser {or accep+ance or rejection.

All fubes shall be dimenslonally Inspecfed.

The followlng desfructlve tests shall be perforeed on sample quanti-

fuel fubes. '

Thermal shock fo evatuafe bond sfrongfh.

Autociave tests followed by uitrasonic fesrlng ro evaluafo bonding.

(l.37)
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. Peel test for bond evaluatlon. ‘ {
D. Metallographic analysis shall be used to establish quality of other
tests, core and clad thickness, and fuei distribution.
E. rChem;tél analys:s t+o determine fuel composition, fuel disfrlbuflén,

and claddlng and diluent composition.

1.1.3 Boiler Core Control Rod

The boiler control rod as shown in Figurel.il is crucfform in shape and
the actlve lengfh is 72 inches and ic made of 2% boron sfalnless sfeel. The
blades have a tip fo flp dimension of 10} inches and are % inch fhlck At fhe
top of the poison section There is a type 304L sfainless steel exfenslon and
at fh; bottom of the poison section there is a ¥ inch thick 304L sfalnless

steel nose.

AII‘IoﬁQifudinal welds are made in a fixture in order to minimize twist

and warp so that blades of the poison section fit within a 0.293 inch (m/

envelope, and those of fhe>exfénsion £it within a 5/16 inch envelope.

Wk

|.1.4 Supérheafer Control Rods

Superheéfer‘confrol is accomplished by four control rods and drive units.
Each of the rods ifigure 1.12) is made up of thirteen poison fingers suspanded
from a crucifcrm éhapéd rack. cach of {ﬁ; poison fingers consists of a
series of 2% boron stainless ;feel cylinders with a 3/4 inch outside diameter
and 1/4 inch inside diameter brazed to a 1/4 inch stainless steel tube for a
six foot length. Brazing these cylinders to the tube affcrds a means of

cooling the inside of the poison cylinders and adds support to the boron

(1.38)
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stainless steel poison section. Each seven foot .030 inch wall stainluss
steel extension tube is welded to the top of the poison section and is
connécfed to the rack with a quick release pin. Each control assembly can
be iﬁserfed and removed as a siﬁ;le unit. The rack can also be removed and

the

each of The I3 fingers handled separately. It Is not infended that these

4 i
rods should be scrammed. Rather they will be "run" in under power by the

‘drive unit.

i

|.2 Reactor Physics i

Thé Pathfinder reactor is a toiling water reactor with an integral
nuclear superheater. The boiler region consists of slightly enriched uranium
dioxide fuel clad with Zircaloy-2, utilizing water as moderator and coolanf.

The supsrheater region consusfs of highly enriched uranium dioxide - sfalnless

s
lv'

sfee} cerme+ clad with stainiess steel, also ufillzing water as moderafor and
steam as coolant., The superheater is Iocafed in the center of the reactor
core wifhnfhe bbiler region surrounding it.

The nu;Iear properties of the boiler region are typical of lattices
which have been tested in critical facllities and operating reactors. The
superheater fuel eiemenfs differ significanfly‘¥rom those in the boiler
because of hiéh méfal +emp=rafurés and steam coolant. The guperheaf lattice

parameters (U-235 concenfrafion, water to fuel ratio, and cell 5|ze) were
selected to ‘achieve the tol lowing nucisai cnaracferisfics:
. A constant ratio of power between the superheater and boiler during

the fuel core life.

1vr
| XN

-

xd

rane oy

PRI

o gy g



e o e e i Yo a8 0 vt o e i A e i e e b 23 7T

ey :
- e

e e e o b e

et BT s

T - A e ]

Page 1.40
August 15, 1960

2. Low nuclear hot spot factors.

3z Minimum reactivity change associated with flooding the steam passages
with water. -

The léTTicé‘consfanfs of the superheater and the nuclear properties of
?hé combined superheater-boiler core are being experimeéfélly determined In
the A-C crificél‘facilify.

1.2.1 Nucle:' Consfanfs and Neutron Balance

The fasf constants were obtained wnfh the MUFT IV program whnch calculates

the Foufiar fransform of the slowing down distribution. The fast fission
fadTor and the resonance escape probability were determined from analyses of

5

experlmen?al data of similar wafer-moderafed ‘low enrichment oxide lattices.

Thermal cross secflons are averaged over a WIgner-W|lklns spectrum using the

r
b

Sofocate code. Core ma.arlal volume fractions and nuclear constants are

‘given In 7able I.1. The neutron balance for +he opera1|ng core at the

beglnnlng of the exposure cycle is given in Table 1.2.

(1.40)
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TABLE |.| CORE PROPERTIES AND NUCLEAR CONSTANTS
| BOILER SUPERHEATER
v Lower Halt Upper Half !
W o ‘ (N :
Temperafure cold  hot hot hot coid hot hot hot |, cold hot
| z Void - 0 0 15 30 0 0 20 40 0 0
h bk . . .
_ Z; (cm .0412 ,.0315 .0310 .0304 .0336 0256 .0251  .0244 | .0429  .0346
g (en=1) 0711 " o533 L0517 .050! .0614 0453 .0434  .0411 | .0978  .0783
L, 3.88° 1,35 B8.49 9.96 4,04 7.96  9.84 12.6 |3.49  6.17
€ u 1,036 ', 1.042 1.045 1.047 1.028 1.033 1.038 1.043 | 1.0 1.0
p** i 847 .89 .787 .760 .684 .858 ....B34 .800 |{1.0° 1.0
T \ 47" 57 4 68.8 84. 1 38.7 54,7  73.4 101, |95.6 138
Ga (H) i\ .252° .|9. .194 - 191 .261 - ".202 199 195 | .235 .186
Ga (U-235) 508 3801 375 368 527 390 385 377 | 469 357
ca (U-233) 2.07 | 62 .60 1.57 2.14 .66  1.64 .61 | 1.93 1.53
sy (zr) || ATU 3 132 130 77 JA37 .35 L1331 160 .126
Ga (304-55) 2,13 1.66 " 1.64 .61 2.20 .70 1.68  1.65 | 1.9 1.58
VE® (Hy0) " .5581 .4431 1 .3368 .3306 .6291 .4994 4131 .3295 ! .4146  .3202
VF¥ (HOZ) | 2515 '.2515 \‘ .2515 .2515 1987  .1987 .1987  .1987 | .00614  .00614
VF* (U-235) .00222  L00222 '.00222  .00222 .,00l76  .00176 .00176 .00176} .00278  .00278
' \
VF* (Zr) 1904 .1304  .1904 .1904 1722 722 1722 1722 | —=ee- ——-
VF* (304-55) mem e e ——— ———- mm—m mme= e——e | 1398 1398

% VF denofes volume fraction; in the ce

of water, equivalent volume at 1.0 g/cc.
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TABLE 1.2 NEUTRON BALANCE /U
Boiler Superheater
Fast neufrons produced by thermal fissions .800 .200
Total fast neufrons produced {including fast fissions) .964 .233
Neutrons lost by fast Iéakage .060 .008
Neutrons captured in U-238 resonances .1g8 0
Neufrons lost by thermal leakags ‘ .006 .002
Neutrons absorbed in: 0
Water .057 .009
r 013 0
304-5S 0 L0357
Xe and Sm .024 .067
Control rods and burnable poison .085 .048
U-238 (thermal) .IOG 0
U-235 .A31 - 122

-——-——-—-—-.—_-——-...--..-—-...-....—..-—--——-—.———.——...-—-————...--——--

|.2.2 Experimental Results

An extensive proéram is being carried out in the Allis-Chalmers Critical

Facility for fhe measuremsnt of the nue lear characteristics of the Pathfinder

reactor. The reactor used for these experiments is & full scale nuclear

up of the boi ler~-superheater Pathfinder core. In addition, extension of the

mock-up and a range of enrichments, water to fuel ratios,

core sizes, void

contents, and control materials, around the reference Pathfinder core, is

provided.

(1.42)
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The progfam of crificélléxpéflnenfs consists of three phases: Phase |

provndes for the measuremanfs.o;‘fhe characferlsflcs of the boiler core alone,

in a simplo geomatry; Phase Il prov:des for the measurement of the character-

|s+|cs of a superheafer-boiler combination core, in a simple geomstry;

Phase 111 provides tor the exfensnva measuremenfs of the characferlsfncs of
g, the full sca]é‘bouler-supérheafer core loading in the Pathfinder geomefry

“Presenfly,'Phases 1 andAII have been complered. The resulfs that have been

analyzed to date are summarized in the following tables.

« (1.43)
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Table |.3a . ’
SUMMARY OF RESULTS ON BOILER SLAB EXPERIMENTS
%nrichmen+ : Loading Slab Size Void K effecffcé;ﬁﬁ]
(% U-235) W/U (kg. U-235) (inches) Content Experimentali Calculated
. M ""“
1.8 3.8 25.2 20.4x27.7x72 0 1.0025 0 0.996
1.8 5.7 26.4 21.7x34.9x72 0. .0025 © 1.008I
1.8 4.8 (voided) 33.8 21.7x44.1x72 15.2% U019 1 .0053
1.8 3.1 (voided) 33.3 21.7%35,0x72 18.53 1.0025 0.9994
1.59 3.8 ’ 37.7 21 .7x44.1x72 0 l;OOIO 0.9973
Table 1.3b
ro
TEMPERATURE EFFECTS (1.BZ ENRICHMENT) Y
' Temperature Cosfficient Reactivity Swing“froml e
Slab Size Z ak/k x 10° 68 F to 180 F § Bk/k
W/u (inches) at 70-F at 160 F Experimaental Calculated
3.8 20.,4%27.7x72 ~0.6 t 0.2 -4.4 + 0.2 -0.33 -0.47
5.7 21.7x34.,9x72 0.0 + 0.2 -0.6 + 0.2 0.1 ‘ -0,27
-
. .



1.2.3 Nau?fon Spectrum

The thermal neutron spectrum is important
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in reactor analysis because

of Its effect on the average thermal cross sections and on reactivity co-

officients. |t assumes addifidnal importance in the nuclear design of

Pathfinder since spectral effects contribute to the superheater flooding

coefficient and to the flux shape at the superheafer~bouler interface. Listed

[R1

in Table |.4 are some results from ngner~Wluk|ns flux specirum calculaflons.

Neutron energies corresponding to the peak of The thermal flux spectrums are

CY 1

given for various core regions. |t should be noted that these peaks are

nearly The same for each core region. This does not mean that the spectrums

are. |denf;ral buf dons show fhaf sufficient fhermallzaflon takes place through-

out the core; |nc|ud|ng the sfeam—cooled wafer moderafed, superheafer.

TABLE 1.4

Energies of maximum thermal flux, T =

Sy 8

Superheafer Reglon-

489°F

Operating 0.050 ev
Sfeam Passages Flooded ----- — 0.048 ev
Boller Reglons- ,
Lower Halfw=rw-ne 0.049 ev ey
0.048 ev W

Upper Half ~-

{.‘

The neutfron flux, as a fUnCTIOn of energy, Is shown graphically in Q

')

Figure 1.13. Curve A, typical of the boiler region, represents the spacfrum

in 1he 64 rod secfion with 20% steam voids. Rurves B and C represenT 1he

superheater specfrums with flooded and with voided steam passages respecfively.

This spectral change, resulflng from flooding to the superheater s *m passages

with saturated water, corresponds to a koo change of abouf 0.5%.

(1.45)
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The axial maximum-fo-average power ratio for the boiler region, as
obtained from this plot, Is 1.44,

The average radial power distribution is sh;;n in Figure 1.15. It is
seen here +Haf +he low reactivity superheater (k= 1.1) located within the
relaflvely high reacfnvify boi ler reguon (k= 1.2D) causes siqniflcanf shaping
of the radial power distribution. The maximum~fo-average power ratio of fhis
disfffbufion is 1.19. Discontinuities in the superheater region are due to
non-uniform lattice spacing.

thér factors whicﬁ:affecf the power distribution are local flux peaking
at wafar channels, peaking at the superheater-boiler interface, and control
rod effec+s. The core is belng deslgned so as fo mlﬁimize the size of water
channels within the core. The largest expecfed channel occurs in the control
rod guide fube when the rod ii withdrawn. This produces an effective water
channcl of 1/2 inch and a peaking factor of about 1.2 in the fuel. At the
superheafer~bonler interface, peaking effecfs are expected to be small since
there are cssenflally no water channels presen+ and the nuclear propertles of
the two ragions are ma."hed. Flux distortions due to necessary control rod

insertion will bo minimized Sy rod programming. Table 1.5 llsts magnitudes
A\

of tactors which contribute to the hot spot factors of both the boller and the

superheater regions. 4

' (1.47)




Page |.48
August 15, 1960

TABLE 1.5

Core Hot Spot Faciors

Bol ler Superheater

Axiél, Radial, contral Chanrel 2.5 2.0
Flux Uncertaintios N BN
fuel Disfribﬂfion l.d 1.15
Over pover . 1l .1
3.3 2.8 {i?

When The‘reacfor is cold and clean, the power disfribhfién is heavily
peaked in the boiler with fespéét to the central supekheafer. This Is dus to
the higher reaéfivify of the boiler and its relatively large water to fuel .

3

ratio at cold clean condi}ions. HWith the core at operating Temperatﬁro, bufly
no vofdslinkfho boi ler, fhe‘power distribution flattens somewhat, radially, %‘
eSpeciaIly.in the lower coro regidns. Tho flattening is caused by the larg:
loss of reacflvify in tho boiler regions. The reactivity in th.. superhoater
does nut vary appfaciably with increased fémperafuros. Under power operating
conditions, Thé pover distribution Is that shcwn on Figure l.14. Bocause
the axial fueol Ioadlng in tho boiler is such that a reasonably constant water
to fuel ratio is obtained along the core hoight, this radial power distri-
bution Is maintained &t tho various axial levels.

Bocausn of fbo importance of local and gross power distributions in powor‘
reactor oporation, considerabloe effort will bo oxponded during the full scale

criilcal experimonts fo verlfy ond, 1f possible, to reduce those factors.

(1.48)
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1.2.5 Reactivity Coetficients

The reactivity of the core is affected by oparational power changes;
namely, changes in temperature, moderator voids, and fission product con-

centration. The temperature dependence may be divided info a moderator and ”

a fuel temperature effect. The mcderator temperature and void coefficlenfs
are related closoly +o the choice of laftice since the ratio of water to fuel

ls;an important factor in determining their magnitude and sign. The b0|ler

it ‘ v

rogion lattice has been designed to be in the "dry" range (H20 to U-235 rafio
W

of about 100) to achieve high specific power and economical operafuon, thereby

A

‘producing negafive coefficients. The fuel temperature coefficient as caused

by The Doppler effect, or broadening of the resonance peaks of U-238, is
also dependent on the lattice. However, it is a negative effecf.

The reacfiﬁify change of the system causéd by temperature, voids, and

xenon and samarium poison are summarized as fol lows:

\ 1 . v

W Reactivity Chanags

Temperature (moderator) - 1,88 Ak/K
Voids (boiler core) 2.5 Ak/k
Dopplef effect (boiler core) 1.5 Ak/k
Xenon and samarium equilibrium poisoning 3.5 Ak/K

Total change 1,93 Ak/k

In the superheater region, where boiling of the moderator is supressed,
moderator temperature and xenon poisoning are the primary causes of reactivity

variafions during povity changcs. The infinite mulfiplncarlon constant of the

(1.49)
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cold, clean superheater, with steam passages voided of water, is 1.05.
increasing the moderator temperature to its operating level changes Ken to
[.04. An increase to equilibrium xenon concentration reduces the K  of
the supefheafer To'l.OI. The fuel ?emperafure in the superheater has i tle
effeéf on the reaéfiviTy. A negligfble fuel temperature coefficient of
-1 YJIO“5Z Ak/kF,vdue to densi;y changes and elongation of fhe superheater
fuel Tubes, has ‘been estimated.

A reactivity rhange which is peculiar fo the superhezter cores is due

 To the removal or addition of water wufhan the steam passages. The steam

passagés are here defined as the spaces between: {1) the cenfral poison

rod and the first fuel tube, (2) the first and second fuel tube, and

'(3) t+he second fuel tube and the inner wall of the |nsu'a+|ng tube.

Théve passages will normally be flooded with water during shutdown

and fllled with steam during operafion. There is, fheréfor:f a signi-
ticant reduction of the modera.or in the superheater between the shut=
down state and the operating state. Conversely, an accidental floodlng
of these tubes at any time will significantly tncrease the moderator
content of the superheater.

The reacfi?ify change due to +f.5 will be referred to as the
wflooding coefficient". Both theor. “ical analyses and experimental work
(using a small superheater tuel samj e in the Penn Stafe Research Reactor)
have shown that this flooding coeffi-ient will be small. The change in

Kogt due to superheater flooding is eaproximately +0,2% Ak/k. This

(1.50)
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reactivity change resulfs from the decrease in neutron leakage, the decrease
of fhermal utilization, and the softening of the thermal spectrum. With
burnup the value of this coefficient will decrease and become slightly

negative.
A\

Tho fqtggoingydiscussidn dealt with reactivity changes resﬁlfing from
variaf!ons iﬁ the émounf of water present in the steam passages of the super-
heater fusl elemenfs. Reactivity changes are also caused by variations of
water present in The annular insulation épaces ot the superheafer»fuel elements.,
These changes are: minor and do nof present a safety problem. The reactivity
effect caused by the forcing of water out of these Insulation spaces, occurs

\

slowly since it is depandent on a slowly increasing fuel temperature. The
f}I;ing of these spaces with water, occurs more rapidly since flooding o* the
superheater causes a coolihé of the insulation spaces, Thereby permff?i;g
water to be drawn into them.

Operational procedurés previde for safe draining of the superheafﬁf with
the reactor shut down. Accidental draining of the superheater is‘anélyzed in
Secfibn 7.

If the superheater were to be flcoded during operation, the reduction
of temperature in the insulating space vill cause water to be drawn up into
this space. |t should be noted that the flooding of Thé‘supérheafer during
operafioﬁ is an unlikely event. Large volumes of steam pass through this
section during operation making the residence of water, for any appreciable

time, very improbabie, o

1

(1.51)
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The reactivity changes encountered in the superheater operation,

v

parf!?ularfy the flooding coefficient, will te given considerable exberimenfal
attention during operation of the Allis?Chalmers Cfiflcal Facility. It fs
not anflé}pafed that +his will be an operational problem for the Pﬁ%hfinder
Plant. 1f the measuremants indicate Iérger charnges than are now expected,
moderate redesign of the superheater laitice can be made to alter the magni~
tude of this coefficient.

Based on reported e#perimenfal data! the Doppler effecfﬂfér the highly
enriched superheatgr is expected 7o be very small. This is bécause the
superheater specf;hm is thermal, its flux peak energy being about 0.050 ev.,

Wy _
and the U-235 loading is quite dilute, mzking the =self chielding factors small,

‘Thereby reducing the strength cf the nuclear Doppler effect.

1.2.5 Reactivity Reauirements and Contrel

The reactivity demands made on the controi system may be divided info
the short term effects, such as previously described and the long term burnup
é}fecfs. The initial phase of opérafion, that of incressing Eéécf&r poer
to the design level, wi!l result in a reastivity decrease of 8.93‘Ak/k, at
xenon and samarium equilibrium. An additional 3% ak/k allowance is provided
for shut down safety margin. The reaciivity allowance for bufnoufﬁln fuel

and buildiﬁg up of non-saturating fission product poisons is 5% Ak/k.

A,

| Nuclear Science & Engineering, Vol. 3, Page 107

(1.52)
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Additional burnup control is provided through the use of\? burnable
poison. Since the supsrheater is a burner rather than a convés%eraaif is
desirable to locate most of the burnable polson in this region to ald in

‘opfiﬁizlng its reacflvnfy charac?er|s+-;:ﬂ;ﬁroughouf the core life, The
worth of the boron polson in the reactor is about 7% Ak/k.: Alfhough the
reactivity of tha superheater regidn .y increase for a peried, eari; |;
’fhe suparheater life, the reactivity in the bonler reqlon\con}nnually decreases

and af no Time will the superheafer or the combinaflon bnrler-superheafar core

contaln suff|cienf reacfivify to reduce The 3% Ak/k shutdown margln prevnously

e e i e

specified.

(1.53)
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1.3 Pressure Vaessel

The reactor vessel and support structure is designed in accordance
with fhe ASME Boiler and Fressure Vessel Code for Unfired Pressure
Vessels, Section Vill and Section X, 195€ Ecition; the American Standard

» Code fof Pressure pring, 1955 Edifion,,éhd gcod design engineering
praéfices.

The éeslgn basis was by mutuval agreement bstween Allis-Chaimers,
the Northern States Power Coﬁpany and the State of South Dakota.

The pressure induced stresses in the reactor vessel are limited
by degign in accordance with the ASME Unfired Pressure Vessel Ccde,
Section Vi1l. These values are uvsed with the specified weld efficiencies
to ée#ermihé the wall thickness. Speciai attention was given to any
nozzle, closure, or penctration rot covered in deiail by the code. A
maximum allowable discontinuity siress index of 1.5 was used.’ (The
stress index is the ratio ofifhe ezk stress due o the discnn#ihui*y
1o the averagevcircumferenfial membrane stress in the c¢ylindrical shell,)
This value is éonsidered 2 be teih conservative and reelistic, and was
also uzed as the desian iimit in evaluating the reinforcements around
all penetrations.

Thermal stresses due to heat losses are minimized by adeguately
covering the vessel with thermsl insulaticn. Ths expected temperature
drop across the vesse!l wall is amall, resti!ting in a thermal stress of
less than 100 psl. Radiztion induced therma! stresses are minimized
by the large water passages surrounding the boiler core. The maximum

radiat fon-induced thernal stress ccqurring in the vessel edjacent to
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i
the core centérline is calculated to be 650 psi. g
Radiation levels determinnd by physics calculations for the reactor
pressure vessel were employed in a thermal stress and radiation damage
analyses. |1 was found that the vessel ‘materials will not be subject to
any signifiéanf damage or froperty changes durihg the life of the reactor.
The vessel (Figure 1,16) has an overall diameter of |l feet 6

inches and an overall heighT'of 30 feet 6 inches. The vessel is mounted

on sﬁppor+ columns within the shield cavity and will be covered with
% inches of thermal insulation,

Prior to the start of vessel fabrication a complete design
report was submitted to the Hartford Steam Boiler Inspection and

Insurance Co, for review, The Hartford Company is the ASME Code

lnspecf}on agency to the Allis-Chalmers Mig. Conpany, the fabricator
of the reactor vessel, On January !l, 1960 approval of the design was
made by the Hartford Steam Boiler Inspection and Insurance Company.
The vessel is fabricated from 3 inch thick cémposife plate, con-
sisfihg of a SA-212 grade B carbon steal strength member clad on the
inside with type 304L stainless steel 1/4 inch Thick‘fo provide adequate
corrosion protection. The cladding is Infegrally bonded to the carbon
steel backing material by a nickel interface layer, The bond lis
obtained by hot rolling the compdsi*e plate. A bonding strength of
45,000 psi is claimed by the manufacturer of the clad plate, however,
no credit is taken in the design of the pressure vessel for any me-
chanical strength of the cladding. Under operating conditions the

corrosion rate is expected to be 0.0001 inches per year. The I/4 inch

¢ 1.55)
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" . .
cladding thickness is sufficient to take care of localized corrosion

rates much higher than average for the life of the vessel,

iy

" The vessel will be cylindrical in geometry with a hemispherically
“éiéhed head at the top and a hemispherical head ot the bottom. The
lower head includes a 4 foot inside diameter cylindrical woter inlet
sec;ion. The water inlet section contains three nozéles for 22 inch
water recifculéfion inlef‘biplng as well as a nozzle for a |6 inch

steam pipe. The lower head proper contains three nozzles for 22 inch
water recirculation outlet pibing and a nozzle for an 8 inch feedwater
line,

| The recirculation water inlet nozzles are fabricated from SA-Z|2

Gr. B'plafe and then weld-clad to a thickness of !/8 inch ci $ha‘inside
diameter with type 204L stainless steel, The recirculation water outlet
nozzles are forged of ASTM A-105 Gr Il carbon steel and weid-clad on

the inner surface with type 304L stainless steel. The main steam
outlet nozzle is designed as a thermal sleeve because the steam cutlet
temperature is 825 F compared with the 489 F water within the vessel.
The maln nozzle forélng is ASTM A~105 Gr I carbon Qfeel vweld-clad on
the inside surface wl+h‘}ype 304L stainless steel and the thermal sleeve
is ASTM A-335 Cr P-22 Chromeﬂ#oi? steel weld~clad on %he inside surface
with type 304L stainless steel, The feedwater inlet nozzie is élso

of the thermal sleeve design since the inlet water temperature is 356 F.
The main feedwater nozzle forging Is of ASTM A-105 Gr |1 carbon steel

weld clad with type 304L stainless steel and the thermal s!eeve is

type 304L stainless steel, All thermal sleeve materials were selected

to match the joining piping.

( 1.56)
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The upper head ccntains the removable cover (Figure 1,it) with a
clearance diameter of 7 feet 7 inches. This provi&es sufficiénf
clearance for removal of the core arid biafe, which is the largest
full diameter component removable from the vessel, The removable
cover conféins 20 conirol rod mounting Tubes.

The vessel cover is located accurately with respect to the

vessel by means of three posiTioning studs in ‘the vessel flange,

This feature is necessary to align the control rod drives and control

‘rods with respect to the channel provided for them in tThe reactor

core, The mounting tubes are fabricated of {nconel pipe to match the
thermal expansion of the vessel cover and still provide corrosion
protecticn.

The ccver will be fastened To the pressure vesse!l by bolts,
Sealing is accomplished by two corrugated, type 316 stainless steel
jecketed, soft iron core gaskets. The ianer gasket is consiructed
of a .0i9 iachas thick type 316 stainless stae! shell and @ 1/:2 inch
soft iron corrugated core, Gaskei size is 9! 1/2 inches |,D, x 94
inckes 0,D,

&

stainless steel sheil and 013 inchos thick soft iron corrugated core,

Gesket tize is 94 1/2 inches |.D. x 96 1/2 inches 0,D, The inner
B
gasket carries about 73% ¢ +he boit legd and the outer 253,
To produce the uvaifurmity, hydravlic bolt tensioners will be

used to remove o replaze ihe bolts, Two bolts, 90° epairt on the

toi+t circle, will he tensioned at a time 10 insuvre uniform compression
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of the gaskets and therefore leak-tightness. The space between the
gaskets is provided wffh a leak-off, the diéchérge from ﬁhich is
monitored and will indicate a leak if one ghould develop. In addition,
the second gasket provides a backup in case the first one should fail.

The ﬁéin.closure bolting consists of 46% 3~inch diameter studs
designed\;n ;Lcordance wl*h standard practice. The normal siress in
%hé bolfs(&nder operafih; con&ffions of ?empera%ﬁre and pressure is
27;000 psi by calculation, - .

Above the vessel is a water shield pool, approXimately 18 ;;ef
deep. The vessel cover serves as part of the bottom of the shield
pool , The cover is separated from the shield pool water by a layer of
metal lic thermal insulation In a stainless steel cover bolted to the
cover., A removable seal prevents shield pool water from peneirating
to the vessel ;% the bolting circle, This seal consists of dougﬁnuf
shaped canned insdla+ion provlded with two rubber "0"-ring gaskets
(Figure 1,17). The seal ring spans the bolting circle with the inner
"O"-ring reéfing on the cover and the outer "0"-rlng on the vessel
insulation shroud, A leak-off connection dralns the water from the
space beneath the seal, The space between the vessel and shielding
concreto surrounding It fé sealed off by a stainless steel expansion
bellows, ‘The bellows is designed for a one inch differential expansion
between the vessel and shield pool flecor,

Two nozzles for llquldvlovol indicator pipes are provided in the

cylindrlcal portlon of the pressure vessel. On the inner wall there are

welded mounting luygs for supporting the steam separators, At the base

( 1.58)
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In order +to insure that the vessel is of sound construction

the féllowing inspection techniques were employed, Allis~Chalmors

was responsIbIeror the prepéraTion of inspection procedures and the

[

supervision of all required inspections.

lnTerhaI surfaces, To detect any possible cracks in the

stainless steel clad&ing on the carbon steel backing

ma?eflal of the pfessure vessel, a dye penetrant check of

fﬁe inner surface of the vessel was pprformed Aléomblefe
check of the surface prevenfed possible corrosive affack

of the carbon steel backing maTerlal through minor cracks

in the stainiess steel, All cracks and defects due to
manufaéTurlng were mechanically removed and repair welded,
Clad plates. All stainless steel clad plafes were inspected
‘by ultrasonic techniques at the mill and spot checked upon
receipt by AIIis-éhéImers. All plates were found to be sound
and free of defects before the start of fabrication,
Forgiﬁés. All forgings were inspected by using ultrasonic
techniques to insure a sound forging free of any defect which
could cause failure of the part, or impair a finished gasket
surface or machined fiff;ng surface,

Castings, A{i castings were inspected in accordance wlfh the
specifications of ASTM E~71 "Tentalive Industrial Radlographlc
Standards for Steel Casflng" " All castings met as a minimum

oither Class | or Class 2 standards depending on the wall

thickness,

( 1,60 )
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Melds, "The first and last passes of any wéld vere not
peened, ‘Al welds vers 100% radiographicall9 acceptable
according to the standards of <51 of Section VIV of +the
Presgﬁre Vessel Code, The first two passes and ‘the flnal
bass were magnéf|uxed, checked with dye penetrant or
eqdlvalenT.

Welds whi;h shdwed defects as evidenced by +he“various
tests and welds which were unaccepfaﬂle as evidenced by
radiographic examiﬁafioh; vere repaired by mechanically
removing the defects and rewelding. No arc or flame
cuffing was permiffed. This repair procedure was adhered
to on both wilds and base metals,

Hydrostatic test, A liydrostatic test was conducted in

accordance with 1h5 requirements of paragraph UG-99 of

the Unfired Pressure Vessel Code Section VI]] at a pressure

of 1050 psig which Is | 1/2 times +he maximum allowable

working pressure, The vessel was tested at 70 F which was

at least 50 F above the nil-ductilit+y Temperafufo as

determined by the Charpy-A 15 ff.;lb impact test,
Allls-Chaimers supervised the inSpecfion of pressure

vesseil materiais and componéhfs as ftollows:

a) Materials were purchased to ;lgid Allis-Chalmers
specltications ouTIlning'bhysical and'éhemlcal require~
ments. Test bars were taken from fhe materials and

certified reports hy suppiiers were submitied to Allis-

(¢ 1,61)
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Cha!hers attesting to material propéf?ics. Clad plate
maférials were examined by ultrasonic techniques for
voids between clad and backing material upon receipt at
Allis-Chalmers,

b) Components were also purchased to Allis-Chalmers
specificatioas, and inspe;?ions of such components
were handled by regional inspectors during fabrication
phases, ltems such as clad and formed heads recelved
a comp{9+é ultrasonic fnspecfion prior to leaving the
suppliér's plant.

c) The type of inspection and the point in the fabrication

" sequence at which the inspection was fo be conducted,

is called out in the UManufacturing Procedure for
Rea~tor Pressure Vessel Components Made From Stainless
steel Clad Plate" Specification (43-101-129) and others.,

|.4 Control Rod Drives

All control rod drive mechanisms are located on the vessel cover
and submerged in the shietd pool. The drive housing extends |l feet
above the vessel cover. Power is eﬁpplied +o ‘the drives through water-
proof cables from a junction box above the shicid pool water level.

The drive mechanism is of the rack and pinlon Type. The general
Iayouf of the driving components is shown In Figurae 1,18,

Motive power to the drive is supplied by a 3-phase roversible
induction gearmotor with integral spur gear box and mechanical brake,

The output from the gear motor is transmitted through a fall=-safo

( 1.,62)
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magnetic scram clutch and drive shait fo miter gears which chanée'fhe
driving direction at right angles. The power is then fransmitted by

a pinion shaft through iwo seals, one high pressure and one low pressure,
to a pinlon driving the round ceniroi.:ad drive rack, The conirol rod
drive rack, guided by a back up roller and & Steliite bﬁshing, is

latched directly to the extension of the zontrol rod,

The scram clutch disconnects the drive shefT from ‘the gear motor
and allows the confro]‘rod, with rod extension and rack attached, to
drop into the rfacfor }ér an cmerygercy shutdown, A scram spring is
used to assist gravity thus enabling the approximéfély 160 pound rod
to drop the full stroke of 72 inches in approximately one second.
Signal delays are small in relation to rod drop time, thus the total
scram time is approximaiely one secund, A hydraulic dash pot
surrounding the rack siops tha mechanism and the control rod during
tvhe last 6 inches of the siroke.

To eliminate a circulating steam path through the contral rod
drive which would result in excessive hzat insses to the shield pool,
a conventlonal pisten type aczumulator is wounted on the control rod
drive (refer to Fig. 1.18). A steam line from the pressure vesse |
is connected o the bottom of the aseumulator and a water |ine connects
from the upper end of the accumulator To ihs top of the drive rack
housing, The pliston of the accumulater forms & eaai betw2en the
upper and lower connection points, On scram, when the rack is with-
drawn from the rack housing, the prassure in the hovsing and In tha

upper end of the accumulator is reduced, Reactor szteem on the lover

( 1.635)
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side of the acéumulafor piston tThen puéhes the piston up and forces the
water from the accumulator into the rack housing.

After scram a spring forces the piston downvard thus reduzing the
pressure in the rack housing and allowing steam to flow through the raék
bushing from the reactor, The steam condenses in the housing and allows
the accumulator piston to return to its normal position,

A servo position Indicating transmitter is driven off the main
drive shaft by a gear train, indicating the position of the control
rod at all vimes. Limit switches also driven by the gear train prevent
over-travel of the rod in either direction and provides,‘by means of
lights on the control panel, an independent way of sensing control rod
position,

The housing enclosing the gecarmotor, magretic scram clutch,
posi?ion indicator assembly, drive shaft bearings, the cor?enfional
bearing for the pinion chaft, and the miter gears, is fif;ed with a
transformer grade oil, The very good electrical insulating qualities,
low viscosity, and radiation sfébllify of this oll provi(gz . ¢=vorable

| ;
and non-corrosive environment and permits the use of sfa;u‘.n h +erlals.
The low pressure rotary face scal on the pinion shaft prrevent s eakage

of the transformer oil from the drive housing, Any leakage past vhe

seal goes into a monitored scal drain,

The basic design features of the driven components are shown In
Figere |16, Reactor steam is permitted to condenso in the rack
housing which is then filled with water at about I50F and 600 psig.

The stellite bushing which surrounds the round rack acts as a seal

( 1.64)
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to prevent water leakage back info the reaci&r vessel, The high
pressure rotary face sezl -on the main drive pinicn shaft prevents
leskage of the high-pressure water from the rack housing., Any leakage
past the high pressure seal goes fo the menitored seal drain, The same
seal drain that carries away l=2eaksge from The low pressure rotary face
s2al on The drive housing.

All connections to the cortrol rod drives are mmade above the level
of the shield pool. -The coannection lines ara brought from the side of
the shield pool to the drives by a Tilf—up{hridge. Ail connectlions ere
removed from the drives for refueling ope;éfions and the tilt-up bridéé
Is moved out of the area required for the traveling biridge crai.3s used
Fo handle fuel elerqnfs‘(rafer to Fig. 1.19),

A scram assist ... ~ing.is located in tha upper end of the slotted
‘ .

inner confalamenf Tﬁbe.K The scram assist spring Is twenty inches long
and is compressed to a |0 Inch length as fhe drive rack moves to Its
upper posltion., The stored energy of the scram spring is used tfo
assist gravity in diriving the control rod into the core during scram,
The contro! rod is atteched to tha rack by meaas of a bayonet
latch, Thoe bayonei latch Is lozked or unlozked by rotating the round
rack 4% aégrees. Rotation of the ruck c2n be achieved only by the use
¢t a special unlatching tool which turns the inner containment tube,
and, therefore, the rack. While 1he reactor is operating, the inner
containment tube is locked in place, thus praveniing rotation of the

reck,
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The gearmotor Is controlled selectively by either é manual
pushbﬁ*fon or an automatic servo control. The low lnar%%a rotor of the
motor stops very rapidly because of an Infeéral mechanical brake, Coast
is less than 178 inch,
Because of the speed limiting characteristics of the A-C motor,
a dangerous withdrawal rate for the contro! rods can never be reached,
The driven velocity of the control rods is 75 inches per minute.

Whenever 11 is required to remove the vessel cover t+he control
rods are disconnected and remain in the core. The pracedure is as
foliows:

. A special tool is used from tThe drive bridge to engage the
square top of the rack turning mechanism, * By pushing down
the ball lock Is released and the rack may be turned 45° to
disengage the control rod from the iatch.

2. The rack is then raised a tew inches to disengage it
éomplefely from the rods.

3, The rack is then rotated back to ifs originel position and
driven up until 1ts boffgm end i5 above the planz of the
lowost edge of the pressure vessel cover, The rack is then
rotated 45° to lock It In position so that the power leads
can be disconnected without dropping the rack.

4. The cover ls removed and placed in the storage space pro-
vided for it in the shiefd pool, Suppert bosses are pro-
vided on the cover in order to protect Its seal surfaces

during storage in the pool.

¢ 1.66 )
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The control rod drive housing, Including the rack and drive
is removable as & unit by unbolting ii from the vessel cover. This
operation can be performed without removing the vessel cover providing:
that the reactor is shui down and depressurized and ihe vessel is i
f looded,

In the dasign of the confrol rod drives the seal requirements have
been evzluated to utilize tha developments in the art to the fullest
extent, The deslgn contains ftwo rotating seals and one reciprocating
buffer huéhing. The first rotating seal isolates the reactor pressure
from the seal drain and operates in water at about II0F, the second
rotating seal separates the drive moter housing from the seal drain
and operates in transformer oil at about |2CF, max, The buffer bushing
to handie reciprocating movement is located at the base of 1ha rod drive
and limits lea“age in the event of a seal failure in the control raod
drive mechanlém. The ncrmal leakage past the main seal shculd not excecd
0.10 pounds of wate | M

if the control rod drive shaft seal should rupfure,‘fhe amnount
of leakage from 1he ruptured seal would be limiied by the buffer
bushiniy, It is anticipaied that with full reactor pressure across
this buifer bushing, the leakage would not exceed 160 Ibs/hr of
saturated staeam, The leakage would be removed from the seal area by
a drain line to a low prassure point., The calcuiations of maximum
leakage rate assumed no back pressure on the buffer bushing and is,

therefore, the "werst cose" answer,
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Excessive leakage from a seal would necessitate reactor shutdown
to replace the fahlfy seal.,
Provisions in the control rod drive design to handle various
unusual conditions are noted below:

(1) Control rod stuck In an intermediate position

Step | - Energize driveyﬁofor in the down direction and
attempt to drive Thevrod down,

Step 2 - If the rod cannot be driven down then the reactor
must be shut down to atmospheric pressure and the
pressure cover unbolted from the top of the drive.
With the drive cover removed a long handled socket
wrrench is employed to remove the rack retainer,
The confrol rod drive can now be removed from the
Qessel cover- or the entire cover assembly may be
removed provided all the rest of the control rods
have been unlatched. The latch coupled to the
sTuck“confrol rod would remaln in the reactor and
would have to be werked on from directly above the
shield pool with long handled tools,

Step 3 - As an alternate to Step 2 the rack retainer may be
tapped carefully from above to drive the rod in;‘

(2) Jammed gearmotor or bearing above the magnetic cluich with

Eod in any Intermediate position,

Step | -~ Shut down the reactor and press the scram switch to

de-energize the magnetic clutches,
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Step 2 = Unlatch the rod in the normal manner.

Jammed bearing or gezar below the magnetic clutch with rod

in _any inférmediafa boslflon.

Step | —JEnergize drive motor in the down direction and
attempt to drive the rod dewn,

Step 2 - Remove the drive cover and =oply force to the top
of the rack retainzr until the drive rack ic forced
to the full down position. Sufficient force may
be applied without damage to the adjacent fuel
elements, After the rod has bottomed the rack
would have to be forced to rotate to the unlatched
position and the damagad drive would be removed
before the vessel head since the rack would be
fully extended,

NOTE: |t may be necessary to lift the antire drive

slightly +to determine if the centrol rod is
jammad as deszcribed In (1) ahave,

(4) Latch frozen to the control rad fer any»réason in the "latch"

posifion.

Step | -~ Drive to maximum overtravel position aad try tfo
turn the rack,

Step 2 - |f necessary appreximately 1009 1, Ibs, of torque
ﬁay be appiied to the latching teooi to shear the
shear pin praovided in the laten :oupliﬁg.

Step 3 - Remove the cover in the norma! fashion and remove

the contrnl 1od and latch as a unit,

( 1.69)
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The four superheater confrol rod drives differ from the bolleé

rod drives as follows:

. The superheater rod drives do not contaln a scram spring
since they are not normally scrammed, Because of the
multiple-coupled rod design these rods are driven in at
fﬂe normal 75 inches/minute,

2, A separate manual clutch release switch Is provided on the
control panel to be used only in the case that the drive
motor or gearbox jams,

3. Upon loss of power the clutch releases and the superheater
rods fall free into the reactor, |

4. The superheater design dictated a design in which the latch

iugs are at 45° to the latch lugs in the boiler region drives.

(1.70)
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1.5 Reactor Inuquglﬁ
. 7 f
1.5.1 Coclant Glrcuiation (Refer, io Fligure 1.10)

-

The feedwater Is pumped Into the reacter vessel at 365 F and is then

distributed in the reflector annulus through a distribuiion ring consisting
Il

“of 6 Inch diameter pips containing 250 = 3/8 inch dismater holes. !iThe holes
are locetad so that the fesdwater is directed away from the vessel wall to

Insure zgainst thermal shosk. Mixing with the raciceulation watsr is

Thorough becauvze of the turbulence in inls region and the resulting exit

water temperatura iz 485.8 F. In ths recivculation loops, pumps raise the
‘water pressure fo 642 psia. The coolant then enters the bottom of the reactor
vessal and flows upward through the boiler core where its temparature is ralsed

"t 488.9 F and part of the water changad to steam. The coolant emerging from

fha bol leir core is a mixture of ztesm and water. Most of the steam is sepa-
fated {rom the water at the suriace. The warers @nd some entrained stsam fiows
inte steam separatorrs lozated in the reflecior annuius, Here the rem2ining
steam is separated from the wateir. The wated then flows down through the
reflecter annulus, thus complefing the recirsulation aycle.

The steam flcws upward into the steam doms enteiring the supeéhea?er
chimney thirough steam dryers which remves excess moisture from the steam.
The steam flows down through the supsithezier region where its temperature is
rajsed to 825 F-and out of the reaetwr through & 16 inch steam line. From the

reastor vessel the steam flows divectly to the tuirhine.

(1.71)
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}.5.2 Boiler Core Layout

The reference boiler core layout is shown in Figure |.70. This view
shows one-half of the boiler region that consists of a fotal of 96 boiler
fuel elements spaced as shown. The boiler fuel boxes are a nominal 5.312
inches square and the average water gaps between elements are as shown.

The boiler core contains 16 cruciform shaped control rods nominally 1/4 inch
+hick with 10~1/2 inch wide blades spaced in the core as shown. The boiler
core elements are nested around the superheater baffle in the center, and
extend in the radial direction to the boiler Laffle at the outside. KT;ére

is no permanent structure within the limits of the boiler cors fuel region,

1.5.3 Superhe3ter Core Layout

The reference superheater core layout is shown in Figure |.2l. This
view shows one-half of the superheater region that consists of 4€8 tubes
1.080 inch outside diameter surrounded completely by a profecf{ﬁg baffle.
0f the total nbmber.4|5 tubes contain fuel elements, 52 contai Cintrol rods
and one contains the neutron source as shown in Figure 1.2l, The tube spacing
within the superheater region varies slightly to control the amount of
moderator around the fuél elements, however, the center-to-center spacing is
agér;ximafely 1~1/4 inches to 1-3/8 inches. The superheater baffle is
/4 inch thick stainless steel slotted along its length In the tube region to
prevent pressure differences and resulting baffle deflections between the
5 3Ier and superheater regions.

The superheater baffle serves as a protection for the supeiheater tubes

and as the structural support for the superheater assembiy.

(1.72)
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|.5.4 Steam Separators

The steam separating device (Refer to Figure |.22) 10 be Q;éd in the
Pathfinder reactor vessel is esseﬁfially a 10 inch tube 102 Inches long
made of 12 ga (.109 in), 304 stainless steel. The inlet nozzle, through
wha - the stezm and water mixture enters, opans o & tangential slit in the
tube 1.8 inch wide and 54 inches long. The inlet +o tha slit is inclined
at 60° with the vertical.

The soparator outlet nozzle iz cone chaped and reduces frrom 10 inches
to 4 iuches in diamater over @ 24 inch lenath. The conical surface bas
6 equally spaced triangular-shaped openings. Thesze openings are 1=«1/2 inches
wide ut the bottcm and are 24 inches leng. A 4 inch disc closes of f the
boticm of ?he\s;parafor and forces all recirculation water to go out through
the triangular slits.

fhe top of the steam separator has a 10 inch to 4 inch reducer and a
4 inch diomater section rises into the steam dome arsé.

Under normal operafiné'condifions the totzl reaztor reziculation flow
rate is 60,000 gpm. and 616,125 Ibs. e hour of steam i3 produéed. Abouf
éoz of the steam produced %ill be haniled by the separaters. There are 45
separators, each of whfch handles |/45 of thz total flow (1330 gpm). Steam
carry-under into the recircuiaetion pump suction is about 0.1% by volume.
Total maximum pressure drop through the separators is 4.5 feet of waler at

normal operating condiiions.
]
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}.5.5 Steam Dryers

A total of 26 steam dryers are located within the reactor vessel above
ihe steam water interface. Eight dryers, cach about 16 inches in diameter,
are located directly above the boiler region and are removed as an assembly

for. refuelnng. The remaining eighteen are approximately 17-1/2 inches in

4
iy

dlume1ur and are arranged above the downcomer annulus in @ permanent s?rucfure.
Th° steam dryers contain multiple entrance vanes arranged around the periphery
TJ |mpar+ a rdpld rotary motion to the steam as it passes through the unit.

The developed cenTrlfugal forcL removes the entrained moisture which is

refurned to the liquid surface by drain pipes from the dryers. The s?eam at

“the entranca ‘to the dryers contains about 1/2% entrained moisture and approxi=

mately 99% of this entrained moisture is removed by the dryer.

].5.6 Roiler Element Hold Down Siructure

:

The boiler element hold down gfrucfuro is essentially a Qelded grid
assembly of s*ainless steel bars positioned on the fop ot the boiler baffle.
Thae bars of the grid bear on the fdps of the boiler fuel clements and pre-~
compi-ess qu thermal expaneion so.inq in the elements, The hold down
stiructure also contains the upper rwn1rol rod qguide tubes used to shield the
control rcd from hydraulic loads duof{? {he coolant flowing toward the down-
comer region. Pads mounted at the baée of the upper guide tube will engage

e
the tops of adjacent fual elements and align them to form the proper width

control rod channel.
Tho hold down structure is locked firmly to the top of the boiler baffle

during normal opaeration but is removed during rofueling operations. The hold

down struciure is stored within the shield pool during the refuellng operation.

(‘074)
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1.5.7 Boiler Baffle

The boiler baffle is fabricated of stainless steel type 304L. It is
circular in shape and completely enclosed around the outer periphery. The
top and bottom end plates are ‘machined on the inside to fit the core shape.
The boiler baffle is 7 feet 5 inches high and 6 feet 7 inches in diameter.
ngldlfy of the sfrUCfure is maintalned by suitable structural angles and
gusset plates. The boiler batfle is fixed directly fo the boi ler grid plafe
by bolf{;g, and aligned by dowel pins. The top and bottom end plates are
machined flat for mounting purposes. The boiler element hold aown structure
is locked to the top of the boiler baffle after the core is loaded with fuél.
The boiler baifle is a permanent piece of reactor equipment which is removed
only |n’+he case of major core change or repair.

I.5.8 Sfrucfural Support Members

a) Boiler arid plate:

' The grid plate consists of 2 inch thick sfaigless steel typa 304L
fop4and bottom piates welded around the periphery to a 6 inch high spacer
ring to form an 8 inch thick sandwich assembly. Nozzles, as fuel element
receptacles, are formed in the grid plate by welding fndividual pipes between
the top and bottom plates. The nozzle pipes are then accurately bored to the
proper dimensions and location, This fype of fabrication is exfremely rigid
and rugged. The grid plate is bolted and doweled fo the grid plate support

core which is welded permanently into the pressure vessel.

(1.75)
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b) Steam separator support shelf: VS

The separaforwsubpc}f shelf Is a stainless sfggl fybe 304L pléfe
tabrication mounted on brackets welded directiy to the lower portion of the
vessél. Ol fferential fhermal expansion due to material differences between
the pressﬁre vessel wall and the support shelt #re handled by mounting the
shelf on the vessel r"acke?s with a spacial eye bolt clamp, thereby allo#lng
the shelf to move independently of the vessel wall. The separators rest on
flat counterbores in the shelf surface, thus permitting accurate location
without need for close manufacturing tolerances. The steam separators are
aligned and held down at the top of a separator group assembly.

c) Steam drysr supports:

The eighteen permanently mounted steam dryers are supporrted from the
vessel wall by brackets similar in design to those employed on the steam
separator support shelf. In addition the support plate is held down tirmly
around the onter periphery since the pressure drop across the steam dryers
exerts aﬁgupward torce on this plate assembly.

The aight dryers dlrecfl/ above the boiler region are mounted in a
removable structure supported from lugs on the inside diameter of the main
flange opening. Lugs mounted on the top cover of the reactor vessal will
lock the assembly In position. Removal of the vazszel cover roleases the
dryer assembly so It can be readily removed from fhx reactor. Ouring the

refucling oporation the steam dryer assembly is stcred in the shleld pool.
Y

(1.76)
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1.6 Recirculation System

l.6.1 Recirculation Pumps

The reactor recirculation system consists of three loops, each containing
a 20,000 gpm. pump capable of developlng a 71 foot head. The purpose of these
pumps Is to provide forced circulation of coolant and moderafdr through the
boi ler core and to provide an auxiliary means of reactor confrol;lsince the
amount of moderator passing through the core can be varied by throttling
recirculation flow with butterfly valves. Flow can also be varied by opera+fng
Just two of the three pumps.

cavitation in the recirculation pumps is not expected to be a problem,
since ample NPSH is avallable for all operating conditions. The total suction
head available at norma| ;eac+or conditions Is 54 feet. (44 fée+ of +Hls total
is produced by in+roduclﬁg 356 F feedwater which subcools the reactor water
from 488.9 F to 485.5 F, and approximately 10 feet is produced by static head.)
Since the pumps require only 24 feet of NPSH for normal operation at design
tlow, an excess of 30 feet is available. During short operating periods such
as startup or shutdown, this value may be lovered to 14 feet. Even when feed-
water tlow 1s reduced to its minimum value (|1CO gpm return from the reactor
water purification system) the pumps will have sufficient NPSH by virtue of
the subcooling effect of the 100 gpm, plus additional static oad securad by
raising the reactor water levei.

The recirculation pumps are of the mixed-flow Type and have 22 inch
diameter suction and discharge nozzles. The pumps are mounted on special

trunnion support structures which allow treedom of movemant in the horizontal

(.77
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plano., This fypo of mounting minnmizes extornal forces on the pump caslng due
to fhermal expansion of the plping, The impeller is bolted and keyed to the
ovorhung mofor shaff. Sup\lomenfary supporf for the shaft is provided by a
fluld piston boarlng which extends from the lower end of the impel ler.

A floaflng, bushing~type shatt soal prevents leakage of the primary fluid

to the atmosphere. Reactor grade water at 100 F s injected to these saals
by onc of two positive dlspiacemont pumps. Each seal receives 7 gpm under
normai operating condltions, § gpm flowing into the recircujation pump casing
through a labyrinth bushlng, and 2 gpm leaking through the seal to a sump,
As additional safety devices, a mechanical, spfing loaded face seal and a
labyrlnTh bushing are provided Just before the shaft emerges from fhe seal

» .

hounung. Two gas charged accumulators in the seal water system ensure that
the ylow of seal watar will be malntalned tn tho event that automatic transter
takes placo from one seal injection pump to the other.

Each pump Is driven by a2 400 HP, 2300 volt, 3 phase, 600 rpm Inductlion
motor. The motors have fhormo tats in the windings with normally closed
conticts for hlgh temperature overioad protection. Each motor bearing
housing Is equipped with o thermocouple type temperature lndlcafor. In addi~-
tion, the bearings are protected by a vibraiion doteciing device that will
produco an alarm signal under abnormal froquency or amplitude condlf.ons.

The pump casing is cast ASTM A-35]-57T grade CF-8 stainless stool. The

casing is designed to permit removal of the pump motor and rotating parfs

as a unit when the casnng cover Is unbolted.

(1.78)
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Main castings and forgings, such as the impellor and cacing are radio-
graphed to insure soundness. All pressure containing welds on the pump unit
and‘asscclafed piping are 100% radiographed according to sfandards'of the
ASME Pressure Vessel Code, |In addition, the pump impeiler and the entire
inside surface of each pump cover and casing are dye penetrant checked,

A hydrostatic test of each pump is conducted in accordance with the
requirements of the Unfired Pressure Vessel Code, Section VI, 1960. The
allowable working pressure of the ‘pumps is 700 psig. .

’Each pump unit, including the sucffén elbow is tested on cold water at
low pressure and at full speed to determine tho head-~capacity characteristics,
horsepower required, efficiency and NPSH chabacféflsfics throughout the
operafing‘flow ranges. A full-scale prototype rodel of the recirculation pump
was bullt and tested in a hot test loop at reactor pressure and temperature.
The prototype test experience will give solld assurance that the pump Wil
meat the design specifications with the available NPSH and operate in a

leak~tight, troubie-free manner,

1.6.2 Butterfly Valves for Recirculation Loops

Buitertly valves ore located at the suction and the discharge of each of
thi: three constant speed tecirculation pumps. Full penetration welds are used
to weld the butterfly -alves into the recirculation piping.

» Tho vaives are d signed for a line pressure of 700 psig and a maximum
differantial pressure icross the disk of 50 psi. The valve body and disk are

made of 304 stuinless steel which is fully radiograph inspected., The valve

(1.79)
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shaft seals are of the suffing box type provldeﬁ with drain ;ines to the
reactor bullding sump, Thaese drains pfovlde control of any radioactive
leakage. The butterfly valves are of the angle seaflfyﬁe to minimize
leakage at shut off,

The valve operafors are of the eleciric motor gear drive type which
fail in poslflon on loss of operafor power. The pump dlscharge valves, whlch
are used to control flow, have operators so chosen that the total rate of
change of flow would not exceed 455 gpm/sec. which corresponds to an external
rreactivity change of approximafely 5¢/sec.

The discharge and suc}ion valves are limited in closure fo 59 trem the
valve scat during reactor operation thereby allowing a continual mixing of
watar in fhe down Ioop(s) 0 onsure uniform temperatura. A pump is provented
from starting until ity discharge valve is 5° from itsg valvc scaf to allow
o gradual lpcrcaso in flow upon starting. Also the duschargo valvo auto-
matically opens to 40° trom the valve seat when a pump is sfarfad so that
operating timo in the cavitation rcglon is minimized. lnforlocks wifh The
discharge valves preveni a second or “hird pump from starting it any discharge
valve is openlngr-in order that tho rate i flov addition does not axceed
455 gpm/sec. This rate of flow addition is not exceeded upon sfarfub of a
pump or durirg gang operation of the three dischargo valves in the control
range, ‘

In order to provent the oxternal }eacf!vffy change from exceedlng

5¢/sec, 1he reactor control rods aro interiocked with the pump dlséharge valves

(1.80)
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to provent control rod withdrawal when a discharge valve is opening. Also
opening of any discharge valve is prevented by interlocks i+ a control rod
is baing withdrawn.

During shutdown valves located at the pump discharge and suction can
be closed to permit maintenance.

1.6.,3 Recirculation Piping

The recurculaflon piping is fabricated.in accordance with The ASA B3l.|
1955 Codo for Pressure Piping and any applncable nuclear case rullngg. Both
the infet and ouTIeT piping from the three recirculation pumps is 22 inches 0.0.
pjpe. From the vessel to a point 12 inches from the butterfly valves the piping
is 5/8 inch thick ASTM-A264 carbon stecl bécking material clad with 1/8 inch
thick stainloss sfeolﬁfypa 304L. From a point 12 inches bofore fhe butterfly
valves to the pump suc1|on elbow tha. pupnng is l3/|o inch thick fype 304
stainless steal. To maffh the pump casung the pump suction elbow is | inch
thick type 304 stainless steal. A typical pump loop showing both the dimensions
anq the isometric line diagram is illusfrafed in Figures 1.23 and 1.24, All
piping Is hydrostatically tested in accordance with ASTM-A155.

- The fabrication of the pipe is rigialy control led through process speci-
fications propared by Allis-Chalmers Mtg. Company. All welds are radiographed
in accordance with The ASME Untired Preséure Vessal Code paragraph Uv-5|
in qddifion to othor non-destructive fcsfs. Each welder must be qualified
prior to doing any welding on the pipe. The pipe is carefully machined to

proper length in the fabrication shops and then crected in the field with care

(1.81)
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and precision to minimize cold stressos in the piping. The stainless stecl
buttertly valve body and i?glassembled:;ﬁd pieces form the éinal fitup piece
in each pipe. The digfance allotted this fit-up piece in the pips run is
careful ly measured in the field and the fit-up piece Is machined to fit
allowing for weld shrinkage. The field welds at each end of the fit-up piece
are the final welds in each pipe run. ) |

The recirculation piping was analyzed to doferminéffhe forceé‘an; moments
acting on the reacter vessel and fheﬁgéglféalafidﬁ(;;;ps and the resulting
stressas., Resuifs wore obtained uslﬁg the Keilogg General Analytical Msthod,
with eaéh loop consideredvas a two anéhor-pﬁinf syé%em having one intermediate *
restraint. The connec}ion of the sucfloﬁ and dlééharge pipes at the vessel
were the two anchor pdinfs, and Thé pump the intermediate rééfraln*. This
method was adapted {or use in the piping flexibfli%y program coded for the
{BM=-704 computer. In addition, a finalvpiping analysis was pefformed by the
Arthur D. Littie Company as a check of the Alfls;Chalmers analysis.

The results of the stress anaiysis showing }he maximum stress anficipaféd
In the pipe loop is shown in Table l.6. This défc-includes stresses rosulting
from forces and moments due to the thermal expansion of all the reclrculafién
loop components. The forces and moments as calculated are shown in Table 1,7,
It should be noted that the maxlqpm stresses aro well‘wlfhln code al lowances.

The maximum stress calcuia#kbns are based on an assumpiion that the Joint

i

between tha stainless stee! and the clad pipe is a sharp, butt joint. The

actual Joint dosign is shown in Fligure |.25, " The transition from stalinless

(1.82)
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' TABLE 1.6
AT 14272 INCHES FROM® AT DISSIMILAR* ALLOARBELE STRESS
CLASSIFICATION CF STRESS DISSHIMILAR METAL JOINT PETAL JOINT
(1) (2) (4B (2) N
. ~ SALL.
Therma! Expansion Stresses : B
tlad Certon Fipe 12517 (dcng.)  $11510 (4)  *17219 (Teng.) +15100 (4) | 23625
Auetenitic Stainlezs Fipe L €526 (lona.) £ 9930 (3) ~10915 (Tanc.) +11420 (3} " 26563
Sh o
lechanical Stresses .
Clag Certesn Pipe + 6529 (long.) 15750
-~ Austsnitic Stainiess Fipe + 5504 (long.) 125C0 -
i i, Syield 2490
pzshanical Plue Therral Siresse : ‘
Clzd Cerben Bipe +2§841 (Teng.) 16650 (4) ' 429119 (Tang.) : 18380 (3) i 31000 psi
' 25420 (4)
16200 (4}
(includes
radial ’
stress)
Austenitic Steinlass Fige +12C50 (leng.) 9389 (2) & 5€¢B (long.) 6626 (3) 19500 psi
13700
(includes v
radial
strese)
Lhere SALL = (1,25 Sc ¢ 0.25 Sh)
Sc = Allowatle stress in cold condlticn (ambient 1e."nra.Lre)
84 = Allowable strets in hot condition (operation temperaturc at 4909F)
svield = yield e7r1.wth of materiol ot aperating temperaiure.
i #The stresses du2 to the discimitir matel i31n7 re inctuded in these figuros based cn o butt joint of
' tus dlesinmiler metela.  Sovever the jotar rdosigr cails for & cradunl mevel sransition resulting in a
so-sigerable refuztion In s-raceoz,
e Moy, Friccape H
z a £qu Im!en' PREETR inrecsivy of Cuilaild eTrens (-
% w Based ' h Mhanino Sr:ar Therry (rroferrcy by Cous)d
4 m Poecd on Maxinum Dictortion - Energy Thiory
AN i
[ i
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ACTION OF PIPES GN PUMP & VESSEL

" FORCE IN SUCTION PIFE - LBS - FORCE IN DISCHARGE PIPE = LBS
AT PUMP (POINT 4) AT VESSEL (POINT 0') AT PUMP (FOINT 7) AT VESSEL (POINT 9) s
. Fy F, Fy Fy F, Fyx Fy Fx Fy F,
+2,205 | - .58 | + 462 | -2,205 | + 58 | - 462, +2,597 | - 42|+ 936 |-2,597 | + 42! - 936
-2,050 | + 357 | - 397 | 42,050 | - 357 | + 397 | 47,033 | - 1,451 {+ 794 | -7,033 | % |,451| ~ 798
~2,656 | + 348 | - 170 | $2,656 | - 348 | + 170 | +7,635 & 943 304 | -7,635 | + 943' + 304
MOMENTS *IN SUCTION PIPE - FT. LBS. - . MOMENTS IN DISCHARGE PIPE - FT. LBS. -
AT PUMP (POINT 4) AT VESSEL (POINT O') i AT FUMP (POINT 7) AT VESSEL (POINT 9)
| ) |
M, thy M, M M, M, My My M, My My M,
- 382 | 42,088 | + 340 | 42,422 | - 834 | ~ 9,950 | -~ 975 | +11,381 | 3,603 |+ 856 | -.1,710| + 4,370
-1,529 | 6,234 | ~6,967 | -~ 638 | =3,550 | + 9,369 | + O | + 6,999 | 46,005 | -~ O | + 7,037| +19,659
- 837 | =4,562 | =6,151 | - 522 | -2.972 | +11,936 | +1,663 | - 1,371 [ $9,712 | + 936 +l6,640i' + 8,221
- .
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steel type 304 olpe to the clad carbon steel pipe Is vary gradpal. This is
accompl:shed b;‘machlp;ng a | faper‘on the end of fhe clad carbon steel
pipa. The plpG is overlayed with stainless steel for the Iengfh of the taper.
A vibration analysis of fhe recircu;pflon piplng has indicated Thaf the
nafural frequency of most ot fhe piping is af least twice that corresponding
to the normal operafing speed of the pumps. On the basis of complete freedom
of motion in the Horizonfal plane some of the pipe frequencies ére closg 1o
the pump speed. ' The calculations on which tliese results 5re based are‘,
exfrdmely simplified and do not account for such facfors as elbows, actual
loop configurafion and :fafic fric+|on at the pump supporis. Provision has
been nade ir vhe pump caaing so that a key may be added along the pump cenfer-
H

line to raise the natural frequency welt above the pump speed if this should

prove to be necessary.

Hext page
(1.85) is 2.1
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Section 3

REACTOR BUILDING

3.|!“§}ru§}a;ev'

The entire reactor complex wiil bo enclosed in a cy}indrica! reactor
bﬁildlng The insude dlame+er is 50 feet. The i20 fooTiG inch inside
hei jht includes 83 feet for The cylindrlcal‘borfion, 25 fest {or the hemi-
spherical fop and 12 feet 6 inches for the ellipsoidal bottom, Approxi-
maféfy 63‘feeT 6f The’reacfér bulld}ﬁg:ls‘below grade. The building‘is
constructed of preformed sfeél?pIaTes welded Together o form a gas-tight
enclosure,

| Personnel wiul be able fo enter fhe reactor building through the
no;mal cﬂd the emsrgency access air Iocks. These iTwo acces:l.ac11ifles are
Iocafed approximafely at opposl.c sides of the building at The operating
fi;or.level. .

Normal access 13 by means of an air lock (Figure 3,6) which connacts +he
reactior building to +he turbine building. The outer shell of this air lock
is cylindrical; 10 feet in diameter and 12 feot-3 inches long terminated
at each end by flal reinforcod bulkheads, A1 each end is a 3 foot x 7 foot
(clear 6benihg)hinged door vhich is closed against a rubber gasket by a
mochanical lé?éhing mochanism, The latching mechanism of the twe doors is

machanically interlocked so that no one door can be opened uniess the other

deor is closed and latched., The interlocking mechanism contains a release

which, when aztuated, permiTslopening both doors at once., This relcase will
normally bo kept locked and will be unlocked only when the reactor is shut

down, Each door opens in toward the reactor building so that, in the evant

(3.' )

4o
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" of an accident which results in @ pressure buildup in the reactor building,

the pressure will push The abor againsi the seal. The laiching mechanisnm is
geéred to a valve;fhaf equalizés +he pressure on cither side of vhe deor before
it is opened,

During normal operaiion, both doors will be kept closed and lciehed, A
person wishing to onfer‘fhrough fThe air lock vould uniafch and opcn the firsy
déor; enter the air Iocg; close and laich the Tirst dodf; unlairch and opcn
the second doof; lcave the air lock; close and laich the §econd door.

Emergency écccss or oxit will be by means of an air lock (Figure 3.7)
which leads from the reactor bhilding {0 the outside, The outer shell of
this air tock is cylindrical, about 5 feet in diameter and 7 fecf—Ziﬁchcs fong.
The ends are flat reinforced bulkheads with 30 inch diameter (clear opening)
hinged doors which open to the inside of the building., The secal, latching .
mechanism, infcrlé;k and pressure equalizing valve is The same as described
for the norm&l access air lock cxcept that there is no release to permit
openiné both doors at once., This air lock is provided uifh a means vhercby
7he inside door can be closed and latched from the outside,

The principal purpose of Fhis air lock is to provide cmergency exit
from the reactor building, To facilitate this movement, the interior door
wi‘l normally be open and the outside door closed, However, a situation may
arlse where access to the building js not available fhrough the large afr R
lock, Such a situation could be éaﬁscd by somcona leaving {hc inside door
open, by a Jamming of the mechanism, etc, In such a case, the inside door
of the emergency air lock can be closed and latched from a position out-
side of the buliding and the outside door can then be opencd by mcons of

a key, to provide entrance io the air lock. The outside door would then be

( 3.2)
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closed and latched; the inside door unlafched and opened, and access gained

\

to The building.

Bofh alr locks are built of carbon steel SA-212 Grade B Firebox guality.

:The desngn pressure is the same as uhaf used for the design of the reactor

i

building containment ahell. They wlll be shipped fo the site and instal led
in Thé reactor bnilding shell before the first pressure and leak test is
applréd to the reactor building.

A circular equipmenf door, 1l feet in diameter, will facilitate the
removal and replacement of alt the equnpmen+ con?ained in The building,

¢
By

except the reactor pressure vessel, The door is bolTed and sealed to the

‘shell. To permit installation of the reactor pressure vessel, a hole will

be cut in the side of the building. The temporary opening will be closed by
welding .he cut out section back lnfo position,

The reactor building is insulated on tha ~utside down to an elevation
5 feef below ground level., This insulation is covered wi1h a protective

weafhurproof coating. Belou grade, the ouTsxde of the bunldung is protected
from corrosion with a permanent coaflné.

The reactor building (a confainn;n? vessel) is dasigned and construcied
acnording +o.rigid specificafionslﬁn%ch rcquireAconformance to The ASHE
"Boiler and Pressurc Yessel Code® %ecfion Il (Material Specification), Section

Vi (Unfiren Pressure Vessels), tecrion IX (Welding Quall.lcaflons), Code

cases I27CN,I27! N; and 1272N and ;;n Unlform Building Code as publlahed by
Pacific Coast Building Otficials Conference. The bullding is constructed of
SA-212, Grade. B8 Firchox quality steel, and inasmuch as it will te exnosed

to outdoor temperatures below-20F, The SA-212 steel conforms Yo the speci-

fications for SA-300,
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The shell of +hc reacior building ac~axscdates a dosign vind pressure

lcad of >0 psf and snow lcadings i paﬁ:un”hcrizonTat curizces and SUpperivs

the building crane, The rcacior noitdiag docign proczues fo Yo peig which il

above The peak pressure rcsul1||g frem a cempleie release of all privary

s

coolanf. To contain This pressure a alall rhucln ,of M/ inch is spiri-
¥ '

.

icd for +the hemispherical vop and | 3/8 inches tor the cylindrical walls

&
'

» PP

and cllipsoidal bottom,

There is inhcreny in any pressure vessel dosigned acecerding o The
ASE ‘Cede, o capacivy Vo absorb an overload as o rosult of Ghe faciors of

Ay

Y ) . 8 .
safe’y intreduced invo the design, Jn cafe of @ stecl vessel, a facter
n ) nA Y

of safery of 4 i specificd by the ASHE Cede. This focver is purposcly

high in crder vo allew vor faiigue, STresse conc niravicns, variotion in
“he Cimcasion, cemposition and sircn)ih of the cvesl and impericevions i
abrication, as waell ag Jor insceuracy in vhe redicvion of vie load,

Vouaver, with o ducvile sicel such ao SA-212, plastic defornation moy bo

counicd ugon Vo relicve mosy locai oversiressing due o The czuscs cuv-

.

lincd above. Thus, since fatiyue is not a facior in
!

s,

This casc, masyt ov

+he reserve strength of +he sicel can be counicd upon fer resisving an

overlead,  In facy, one scries of fesis have shown That a well designed

and carcful|y tebricoved vessel can cihibit svavie s

ihe numiudl ultimate sirength of Fhe metal used for its fabrication. [huerotoro,

-

aths inenecess of

an overpressure of fwvice vhe design prossure vould nov be cipecied To
cause tha sienl vesscl vo fail, and such a siecl vesscl probebly could be
cafely subjecicd vo threce vins the desion pressure once during ive lifo~

+imz and nov fail.

L
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{ K; \ As shown in Figure 3.2, the foundaiions for the reactor building’
o rest on rock. |n order o iramsfcr the infernal lvads from the buildiag
B +o the rock without overstressing the buiiding shell, a bed of concrevc is

poured between the botiom of The sholl and The rock,
I+ will also be noted on Figure 3.2 that mosi of This building is

! below ground level, Earth pressure, therefore, wiil be exeried on The

outside of the building sheil. Since the steel shell of “he reacior

>:§ building ddes ndT have as much strength in ccmprescion, it is backed up
i . : . "
% where necessary below grade, by & concrete wail, This wall is designed io
é carry ali The loads due fo eﬁfernal pressures.
! : EET
% All the inferior floors, shielding coacrete, piping and equipment,
] .

ﬂi except ihe Z5-ton crane, are supporied by concrete walls and columns
!
% independently of the ouver sheil. The crane vwill be supported by The
% &: exierior shcil.

3.3 Eauipmeni Lavout

The reactor is leccated in ihe lower part of the reactor building,
surrounded by a concroie shield wail (Figures 5.1 and 2.2). The recircu-

lation pumps are locaicd ouiside of the reacicr shizld wall, level with ihe
boiiom of the reactor. A shield pool appreximaicly 18 feet deep is locuied

imy , :
over The reactor. Ail fueling and reactor mainienance operations will be
performed through +“his pool, and all fuel will be fransierred between this
ponl and an externally located siorage pool through @ vube and valve as
shown in Figure 3.8,

The reacior will be located off center in the reacior building. The

recirculaiion pumps will be asrranged as shown in Figures 3.1 and 5.2, Flcors
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ghove the recircularion pump‘rncms will be us ed for auxiliary equipticht and
|nsTrumen.a+|on A circular crane vill be used to service the equipmant,
The FECIFCU'BTIOH pumps will be serviced by a local monorall cranc which can
Jd
move them o a hafchway under the main bui?ding crane, .
The shiéld}ng arrangenient of the reactor and the recircﬁiafion pumps
and piping are basucally as shown in Figures 3,1 and 3,2, The reactor vessel

¢

is located below the outside grade elevaTlon. Therefore, the surrounding

-2arth can be utilized to minimize the amount of concrete required in one

segment of the reacter shield, Reactor building size is also reduced by this

approach.

The rclative elevaiion of the equipment is such that +he water level
in the shiéld pool located in the reactor building is at the same elevation
as the water level of the fuel siorage pool located in the fuel handl ing
uilding., This facilitates the design and oneration of +he fuel transfer
passage beitween the pools,

The thickness of shielding around other equipment in the reactor
building iv sufficient Jo provide access {o the following areas while the
plant is in cperarions

I. The opcrating flocr -~ uppermost fleer in the reacior building

and vhe fleer on which eclectrical contro! cquipnmoni is locaiced.

2. lon-radioactive arcas of the next lover flcor, The equipment

flcer,

3. Pump roems on the botiom floor (limited access). (llefer S0 Svelrion 4

for further detail)

“‘.
)
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Some routine maintenance can be performed while the plant is in
: AN

4 o

operation, The recirculafloﬁ~pump motors and seals can Qe inspected if

necessary, By.shutting down a recirculation loop the motor in that foop

can be disconnected and removed, The pump impeller, shaft and seal, how-

ever, can be removed only when the reactor is shut down and unpressurlzed'

vAuxnllary eqU|pmen. on the equipment floor can be inspected and routine

maintenance performed,

All equnpmenf is arranged to proQT&e a minimum of handling diffi-
culfles for |ns+aIIaTlon or removal, and to permit sufficient working
space for main+enance. Cpenings are provided in the various floors to
allow each piece of equipment to be fransferred beitween the |ocafionlaf
which it will operaie and the operating floor. Ffrom the operating floor
all equipment, except the reactor pressure vessel can be removed from the
building.

The shiéld pool is accessible from the oparating floor, Those pcol
operations whfch are performed while the plant is nct in operafion, such as
the transfer of fuel elements, reactor irternals, and control rods between the
shield and g?orage poois, can be performed from the br{dge platform located
over the pocl and accessible from the operating fioor., Sufficient space is
provided in the shield pool for storage of fuel handling equipment and the
pressure vessel |id during reactor fueling or during maintenance operarions,
The importence of operator freedom for +the manipulation of fuel elements and
reactor internals through 18 feet of water is recognized. Consequent ly,
sufficient clearance is provided above and around the pool for any foresee-
able type of pcol operation, This is also true of requiremenf; tor servicing

the control rod drives.

( 3.7)
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tthen ndf in use, the fuél canal vill be closed by a gare valv& (Figure 3.8)
1o prevent flou cuv of Thé building during a prossura risa in The reacior
building, This valve ui{l alvays be closed during reactior opcrafion. i

Pipes passing ‘through the recacior building sheil are groupcd\fogc?hcr.
Sufficicnf clearances beiwveen penetrations are allcvwed for conveéfen? in-
speciion of the penetration seals,

The majority of piping connections in the rcacter buidling and the
Turbine building are iccated below The operating flcor level which is 3 feeft
egbove grade, This will allow all piping to be extended between the buildings
in an underground pipe tunnel,

Elecirical leads penetrate the reactor building beleow grade within a
separate tunnel located under ihe personnel access air lock, Ventilating
ducts penetrate the building shell below the operating floer,

All lines which could conceivably pass a dangercus amcunt of radio-
aztivity in case of an accident are equipped with isolation valves such as,
ike main steam line (closing Timz apprex, 10 sec,), <ihe reactor waier puri-
fication line, and ihe feedwater line, All other lines utilize those stop
valves which normzally @re required 1o isolale such cquipment during non-
cperating periods as fhe shicld poal, shield pool coolers, and demineralized
vaver siorece vank, These pariicular linee dverminoie in closcd vessels or
equipment ocutside the rcacicr Luilding and will not constiiute a hazard cven
if 1hey did pass somz radicactivity.

The isolation valves wiil close auvenatically only when the activity
leaving the rcacior huilding reaches o prederernincd level or on loss of

pevcr and will incere dhat vhe pipe line idoclf is not a source of leahkage

.

( :.0)



T
'
e A 1 i 8 e 4 e My R e b e ey e 4 e e vases .
ot
ol Daos 30
g .
PR ANA)
tegest 18, ISl
iy mmm e e R T R TR P L I AR - Sy
ite] = LUz, Yasomios PSR TS ONIUNY TID TSN TR\ NN P\ A S LI AL S
e
gl EN e . - Spaw e tme 1Az . PR, . . v YAl et
AT TTEIC NIIVITE, (L4 e p P PUS3 TEAYY MOTSS M ESLATOIS JULTTAT 1A a0l
N .
== T mmm—mrw s oaw Lo Tz o] e Ty .- = - ]
valyssz, oS IIeCETAD S othD Tentatirn ovaives A2 JoSiQoal T Jiose
gy == 23l Jive - m s - - - - < R I il “iaa
Cn 2083 TROIUTE, (OSSO NIINESE Ars SIS I UnR PRUST ST TN QUL JTOse
R ¢
T YD W2,
bt asmm—— =" = Y ey mamemass S TR ' ey Aoyl oo
TR 2SNETO3THONE N ThT TI3ITE Seildirg waltl are 3ol agatns

- T= - - B - B v ~ v ayyig ) A Y RINES § LN HE ¢
fzr axizl X OVET ke oo dug Thorw! expaasice wi thout

incesing ; ' n The join AT o whion they are attached,

Depanding upoa the Type and individual requiremonts, olecteical leads

hv)
‘.
/0]
ur
-}
po o
-3
Q
$=
>
-t
o
L)
o
|4
Q.
2
[fe]
=
v

in sealed pipe sivevos or throvgh o dovhilo
wall section of the building., The volume feraed by the doubte wall is filled
with 2n epoxy resin, A gland type compression titting is used to seal arevnd
colid core mineral insulated copper=-jackoted cables (Figure *.5).  Where
Neopreia; Polyvinyl Chloride or lead covered cables are used, an ond chambrer
and sealing bushing is screwed onto the ponatrating pipe,  The ond chanbor iy
provided with @ filling plug so that the internat chamber surconditing the
cable can bo completely filled wiih an epesy resin or potting compowmd 1o

provide the seal.:
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2.4 Ventilation

ey e S

The quantity of air circulated 1o he vaffous arcas of the reactior
guilding\is based on (1) removing heat given off by equiphen? at a rave
whichAwifl allow éffiéién+ and safe opérafion of the equipment, and (2)

a sufficient number of air change: for the satety and comfory of persoﬁnc!
in occupicd arcas-oi The plany,

The air for'fﬁc reacver building ventilation is iaken from The
cuféide. A fan and duct sysiem distributes this air throughout the reactor
building. |

The air which is supplied o the operating and equipment floors is

circulated around these areas and Then exhausicd o The aimosphere via the

The air which is supplicd o vhe plug flocr circulaies into each

cecirculation pump vault and inlo The sump pump veulw through ducts pene-

3!

fraiing the flcor, A part of This 2ir vhen circulaves “hrough pipe channels
in 1he major shield wall intc the boitom of the reactor vault which is
ma.nvained ai a negative pressure when the veatilating systems are operating.
A rvzn exhausis air from the top of whe reacter vault through ducts which
peneitrave the major shield wall and connect fo a main exhaust duct leading
7o vhe fan, The excess air in the pump and valve vaults which does not
circulate into the reacier vault is draun inio the main cxhaust duct by

s

the same exhaust fan, This fan Then Cischarges 1he air o atmosphere Through
a svack ofter i has been wonivercd for radiavion lovel,
Suppleneniery veniilation is provided for ihe shicld pool when refue!ing

or mainicnance operations are being perferned.  This ventilation systen

( 3,10)
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consists of a fan =ad distribuiicn ducl which directs air over the pool
suriace to an exhaust ducst, A fon coanected fo the exhaust duct discharges
the air Fo the atmcsphere through the stack,
T2 ﬁrevanf,fhe escape of égn?aminafcd gir and steam in The event of
an accident w};hin The reasztor building, an emergency 36 inch buTTeEfIy
shut-off valve is provided in cach duet thai penefrates the building wall,
These eméééency or Yisctatieon" vaives are vurnished with a neoprene
seaft, ard a gas ayliinder operuvor.' A soiendid swifch, épé;afed by an
ac%ivi?y monitor iocated in the building vrins the opefafor To close the
valve, The main supply ducf'vafve‘énd +he sfackﬁexhausf duct velve will
close in about 4 secnnds or less. The vzlves are designed to fail cafe
and upon power failure wili ciose.
3.5 Testing
The priﬁnry purposs of the inspection and testing program is to

provide assuranze That tne building wil!l contain any radivactive substances
which may he released by & rupiurs of the iaternal eguipment. The secon;
dary purposes of this programn are as foilows: 1o sheck the building for
canformancze with the plans and specitications; and to fulfill the require-

mants of the codes, referred tu in Sextionn 3.1, thus permitting this building

10 he stampad with the ASME code stiamp, To ascomplish the above purposes

i

suffizient ZnSpeFfion and tests under cicso upe}vieion by the contractor
and the arcniiect engincer and ty a zonpetent Eﬁsurance inspection agency
wili ha performed to noet the applicalie codes, Records of all mill test

roports for ali steei used in the ressior buliding shell will be maintained,

Speciticatians requice the buildisg aontractor to mainteain the markings

1960
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on plafes idenfifying the heats froem which the plates are made, Should more

+han one puece be cuv fron any plate, the marklngs wxll be 1:ansfe.reo in

u( 1

presence of an aufhorlzed nspec.or to each plece prior to cu1+|ng The tests

e - n

as spec1f|ed to mee+ currenT codes are as follous.

e

3.5.1 Pressure Tes 5
o

A pneumafic pressure test, at a préssure sf lil/4.+imes,+he‘design
pressure (97 1/2 psig),4ﬁill be made as soon as erection of the shsll hss
been compleied, ‘Ths surposé of fhis +est, which is required by the ASME
Code, is to insure the siructural inTégri?y of Tthe building. Affer ail

penctrations have been campleicd, incliling all scals, cxpansion joinis

A

and vhe piping 7o which fhey are connccied, and afrer vhe consiruction
{l

cpeaings have becn closed and welded,  vha sccond pressure test will be
made. This Test will be made ait the seme pressure as the firsi test
Tsé;purpose of +his Test is ‘o ipsure vhe structural invegrity of the
seals and expansioﬁ joinis and of *the new wélding.

.5.2 Leak Rate Tests

Tuo teak rate tesis will be performad in COnJunCTIOH with the two

. vy

PN
pressure tests described - ove, The purpose of these Tests, which will
i}
x"

be conducted at design pressure (78 nsig), is to demonsirate That tie

leekage from thic vessel and its penefrations will not exceed 0.2f ot the

.o oy

internal volume per 24 hours, Compi%ance viih +his consiruciion speci-

v

ficarion will bz dcmonsaraicd by m1|n+uxn|n3 vhe bnlldtng al design prossura

\
for 2 days with less than 0,45 loss of prcssure 25 mcasured by a ‘temperavurc

compensated prossure measurcncnt system similar vo vhat uscd tor other

rcactor buitding !cak +vests,

(2.12)
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The first teet will establish The lezk rate for the building.  If

+his test indicates a lezk rate of over 0.2%’0f building volume per 24
hours. then the building contractor wifl examine the we!d joints by the
shap bubble mefhcd, fhé iracer gas method, or any ofher appropriate meihod
until the leak or leaks aire found and coriecied,

The secona test will e¢stat:lish ‘he leak rate for the peneirations and
seals, ‘This +test will be run simulTaneouély with the soap bubble check
outlined later in tris repér?.

The.!eak raTeHwil! bc:checked by use 6f a water mancmeter connected
to closed drums éuspended incide the Qessel cr an equivalent method. The
method to be usgé will Le submifted to the Inspection Div{éion of the U, S,
Avomic Energy Commission

3,5.5 Soap Bubble Checi

All joints where exﬁansion beilows connect to pipes or to the building,
and all seals will be checked by +hé‘soap bubbie method, This check will
be made simultaneously with the second leak rate test. To conduct this
test, the outside (low pressure side) of each Joint will~be painted
with a soap colution and the joint will +hen be observed ior bubbies in-
dicating leakage. All lezks will be repaired.

5,5.4 lnspection of Yelds

Longitudinal and circumferential welds will be radiographed in ac-
cordance with the ASME Prazssure Vessel Code as modified in specific rulings.
3,6 Missileg

The location of alt equipment is such That were missiles to form they

would be stopped by the structural and shicldirg concrete in the lower pary

( 5,13)
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of the building befere reaching the building wall, Thé only other con-
ceivabie “accidon%“ “hav could produco‘miséiles is the failure of high
spead rotating machinéry. Ho machinery of this itype is housed in the
reactor building. “The recirculafion pumps operate at relatively slow
spceds, Machinaery of this naivure e.g., the turbine goneravor cutside
the reactor building, b cricented o Thov i7s plane. of rofaiion dosy
noT intcrﬁ*:f any part of +the cylindrical reacior building. This
orienfation reducas the risk of damage to The reacior building to an
acceptable level without special missile proTecrion;’

5.7 Thermal Shock

A failﬁre in the primary reactor system woald causc the temperature
within The reactor building to rise rcasonably fésT. Certain arcas of
the building chell arc resirained from free Thermal expansion, This is
especially true of That portion of the shell éT, and, below grade level,
however, thesc areas of the shell are not exposed io the high temperature.
A pressure of 78 psig and the temperature existing under that condition
does not represent a departfure from existing experience. No unusual prob-
lems are anticipated, Specifications for the reactor building include the
requirement that the contracior furnish computations in accordance with the
provisions of the code to determine the fﬁickﬂess of the various parts, the
reinforcement ardund penetrations and opénings, and all details of design.

These computations will be checked by the architect engineer and Allis-Chalmers.

( 3.14)
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7) Recirculatica pump and butterfly vaive tests to insure proper operation
of these unite and their controls,
8) Tests of all ather devices and auxiliaries associated with fhevprimary
system To assurc their proper functioning, tncluded in this series
of tests are those of the liquid leval indicéfors, and the valves in
the varlous lines connected To the primary system.
At the end of these tests, all equipment associated with the operation of
the reactor and its safety system wiil have been checked and its performance
demonstirated. Any piece of equipment that does not meet its specifications
will be adjus?ed, repaired, or replaced as necessary tc insure sazfe operation

of the plant.

6.7 Initial Criticality and Experiments

With the instrumentation and centrols in proper werking condition, the
reactor will be ready for loading of fusl. Operating personrel will be quided
by detalled operating proceduras, 2 digest nf which is contained in the foliow-
ing subsections. In addition to the reacter ins1rumen1a+fon necessary for The
normal operaticn of the plant, the initial Pathfindesr core loading will include
in-core instrumentation in the superheater with suitable monitoring or recording
equipment to be used for initial start-up and oscillator fests to determine
the core operating conditions ard paramsters incofar as is practical, Approxi-
mately nine in-core ion chambers as well as ihe norms) chamhers ovtside the
core will be used io closely méni1or the ecore activity. About forty special
ivel element assemblies with tharmocoupies attashed aré included in the first
superheater loading, Informstion obtained from this instrumentation will be

available to the operator during the testing period. The operator will utitize

(6.13)
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this Informstioa and linit plant crera 3: 20 that pradsiermined
r-cimun corditioss suzh as tompers Tﬂ*us. preszure or flux are not
excaeded,

Critic2i f:

L.‘

cility sxperimenis have alreajy bass periormed on an

equivalent core al Alliz-3ralners Orzendala Laderataries and the per-

sennel suparvising tha toading ar Pathfinder will he fzmiliar with
the resuits of +hese enperimsats,
S 7.1 gaitial lczding

Tha gareral prozedurn for tha Initizl ioading is 23 fallows

.

1) AL the contrel rods whish will be effestive in the control
of tha core region telng icadad will be piaced insty their

- - A * E 2 N . e
Eroper positicen ia *he core,

[44]
)
2
Y]
b3
£
2
i
5
i
>

2) The §e-co f1 b oplacsd in supsrhazter frel
elenent chaseels zod the fends saouad,  (No fuel wili be
adried 1o These shannzlz,) !nHL*umrn1hr|>r,Ail: iazlvde

- HETEA - el e ooyt . ooy, o . ety B g
SPEChn Famoysble sTart-us shanbars (scated within the cors

Wiring the {ozdiaa opacation

3 .
3) The forty spania) |ast cunented superiazater fue! eleponts
aoaitively Known to La g suzeriticz! leading) will ba

placed ia the azre and the thesmmeriple fesdy ssoneed,
(The reason for ivading theca elements pricr ts the revtron
SLtCe 18 52 that tha lesds sap e properly tied i),

4) The reactor yessei will te $11led with wajer e a level

adeve The top of ihe SIre,

(6,132
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The neutron sourcekﬁlll.ga placed in the core and #lux
levels will be es%agfished on the hggifor!ng {nsfrumenfafion.
Fuel wlfl be loaded in?b the core in_incremenfs, sfarfihg
wlfﬁ the superheéfer care region in the cenler and the
loading buiit nu?wardlfhrough +he boiler region. The
loading will be kept cvlindrical inzofar as is practical

as Tthe loading precceeds,

After each increment of fuel is loaded, the vessel cover
will be set con the vesse!, approximately four of the nuts
will be turned finger figﬂf on the flaﬁge studs and the
aﬁproprlafa control rod drives will be !atched to the
conf%ol rods in the loaded core reginn.

The control rods in the fuoled region willlbe raised as a
bank, The height of all rods will bs kept as uniform as
pracficél. The activitiy of the core will be monitored and
i+s reclprocal plégfed against fuel loading so that fhe
approach to criticality can be predicted in the conventional
manner,

The bank height required +o reach criticality (if it is
attained) will be plof%éd agzinst fusl loading In the core
after each increment of fuel is added, As the loading pro-
gresses, the coentrol rod bank height required 49 reach

criticality wili decrease to zbout fifteen inches (neasured

from The hottom of the core) at fuli loading.

( 6.13<h )
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The #irst Parhfinder core wiil inciude four special boiler
fuel olement assemblies and a drum type rotating oscitlator
rod In place of cae of the normal cfuciform control rods,

{0} After all the fuel has been loaded into the core, The vessel
cover will he fastensd 1o the vessel ip the proper maaner
and a[l the instrumentation lead penetrations sealed,

6.7.2 First Core Experimanis

o phase | tesis (1 KW thermal or less). A series of essentially

;

i
)
]
i
!

zero power experiments will be performad 7o confirm the results of the

critical experiments previously performed ai the Altis~Chalmars Green-

dale Laboratories, These will include sontrol rod worth tests, tlux

I8

distribution measurements, temperature and superhester {looding co-

et e it <

o e e

efflicient tests, and a rerc-powsai transfer function experimeni. No
.. coolant flow w#il! be requirad for The roaator, The recirculetion

pumps will be used on occasion, however, To help heat The system as

required for some oi the experimenis,

6.8 |nitial Start~-u

Phase |1 tesis (5 Md_thermal_or less). As part of the pire

co1s+rucfion research and developmant progrwm, a nunher of heat -transfer
tests were periormed (see Sec. 1.1.2) to deftermine the abiliuy of the

nuciear superheater fuel 1o cool itsalf by radiation heat transfer to

e e St s s e AR ke a wo

the moderator in the event of loss of zootant, The results of thuese

Tty

earlior tests will be checked in the reactor, The 5uperheater‘wil|

ro

be drained and the steam line isoiation valves closed so that r'“akram

flow can occur. The reactor power wili be raised in increments, At

{ 6.13-¢c )
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ecach increment, the superheater hot spot fuel temperature and moderator
temperature will be carefully monitored and recorded. puring these
tests the hot spof Tempéfé#ure of “he superheater fuecl asqcmbl|ou u‘||
be monitored by in-core Thermocouples and limited o about l400 F.
Reactor pressure will be I|ml*bd t+o about 550 psig.

Curves of both +he superheafer tuel temperature and moderator
Temperafure will be plotted versus reactor power as the test progresses.
The test can be readily terminated by scramm‘ng The reactor aéé
opening the steam line |solaT|on valve if the need arises.

therﬂiesfs included in Thns series wlll be vold temperatura
and floodlgé coetficients and low power transtfer funcflon experiments
at varlous operafing pressures to demonstrate fThe stability of the
reactor. Af this time, radiation levels throughout the plart and
activities in the off-gas sysfem wi!l be checked., The performance ot
Tﬂo emcrgéncy heat exchanger wili also be checked by seramming the

reactor from about 5 MW and intentiona'ly isolafing +he reactor system,

Fhasa Ill‘(Fu|| power_or_less)

» Thesehfesfs will be a rebeaf of the transfer function experiments
at increasingly higher powers. For convenience, sfeam flow may be by-
passed To ‘the condenser. The superheafer-boiler power rafio and Transient
superheater hot spot +empera+uré‘wlll be careful iy monitorad, During
this period, the design calculations will be checked against experl-
mental results., At the completion of these experiments, the oscillator
rod will be removed from the reactor and replaced by a regular rod and

drive,

¢ 6.13~43)
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Phase _LV (Full power or less)

Yﬁe tinal serles of tests will extend over several months and will
consléf primarily of observations of the reactor and system under
steady state conditlons at various powers. A final check will be made
of the radiafibn levels throughout the plant and an evaluation of
both the gaseous and liquid waste handling systems. After the equiva-
lent of about three months of full power operation, or sooner'if steam
line achvlfy indicates a fuel ejement failure, the reactor will be

5

shuf down and a number of fuel elemonts removed from t+he reactor and
visvally inspected, The exa:f nuber will depend on the observed con-
dition. 1f the insp2 acted superheater and boiler ements show no

abnormal etfects from operation, they will be returned to The reacfor

and run for tha equivalent of another three full power mon?hs or until

" a fuel failure occurs. i the fuel assemblles removed from the reactor

show evidence of excess corrosion or eroqion, bllstering, or ofher

‘{ndication of potential foilure, a larger samp) ing of them will be

removed from the reactor. 1f the condition of any of t+he elements is
judged to be poor, at leas+'one such element will be destructively
examined In @ +horougﬁ manner, If the general conditlon of the
elements Is considered to be poor the fuJI will be replaced.

After a tofal of six ful I-power months, the \nspec?non procedure
will be repeated. As discussed in éubsecflon 1.1.2 of this veport, no
superheater fuel fallures are expected before six months. At this time
ot least one superheater element assembly selected at random from the

hot channels will bo destructively Inspected to ovaluate tho adequacy of

( 6,130 )
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the design in regard to such items as cladding, folerances, clearances,
bonding, and fuel alignment., This inspection will proVide the information
neaded to make a reasonable prédic+ion of the remaining element life,
In +he'mean+ime, the removed element or elements will be replaced with
new fuel and reactor operation resumid.

The initial Pathfinder fuel Ioadingkwill be replaced after about
nine full power months for the superheater’and about 10,000 MWD/T for
the boiler unless there is evidence“}ha+ it must be replaced sdoﬁer.
The second Pathfinder fuel loading is expected 1o be identical to the
first oxcept that all the in-core instrumentation will be omitted,

Phase IV tests will also include irradiation of structural
material saﬁples in the reactor, such 55 samples of materials used
for sﬁperheaf grid structure, superheater manifold, and reactor
vessel, and periodfcally examine them for embrittlement,

6.9 Normal Startup

It is assumed that the conditions before startup will be simllar
to those following a rafue!ing. They ares

M, Reacfor veasel open fo shield pool.

2. . Coro refueled, viz, one third new. s

3. Reacter and shle!d pool water at about IOSF.

4. Reactor shut down approximately 20 hours or longer.

5. Decay heat rate approximately 2.7 x 106 Btu/hr, e

6. Decay heat being removad by water flowing by gravity from the
roactor shield pool to the maln condenser &nd returned to the
reactor by the condensate pump. (Flgura 2.1)

7. Gondenser operating at atmospheric pressure.

(6.11)
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which will open if the operator releases i+, Should this circuit fail, the

drive would continue to pult @ conirol rod oul of the reactor, The operater

can contro! the situation by turning the sclector switch to another rod drive

Thoréby interrupting the original circuit and allowing hin (0r>?hoxqufomafic
o ¢

conirol sysiem) to insert a componsafiné rod. |f he fails fo do this the

rod will confihue on out and inscri a maximum of l.5$4&§7k reactivity (tho

max i mum worfhusf a rad),

{f this iﬁcidenf occurs while the rcécfor is in the power range, the
reactor power will rise, Additional s#éam voids will form and a higher fuel
temperature will oceur, both of which subtract reactivity and thus limit The
power rise, The incident will be terminated by a ﬁigh power level scram if nov

caught soorer by the operaftor., !¢ The pressure reaches 660 nsig, the pressure

rellef vaives will open.

i1f the incident occurs while the reactor power is near tho shutdown level,

LY
[

S

then the reactor can be pléced on a relatively short period., Here the period
signal witl suram the reactor if the operator fails to do so. "Shouid all
equipment iali, the incident could result in an ewcursion, It is planned to

analyze this excursion as the plant design program pirogresses,

¢ 7.10)
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7.3.7 Fuel Element Failures

The consequences of fuel element failures in the boiler region of the

core are orders of magnitude less severe than those occurring from failures
- ~
of fuel elements in the superheater region because the boiler water will retain

a significant portion of the released radidaéfivify. The nature of the superheater

also makes it more prone to fuel failure than the boiler because it depends on
t+he boiler for its steam coolant, Its coolant flow is also more readily affected
by influences from outside the reac%or such as equipment failures, Therefore,
+heﬁfollowlng discussion is limited to superheater fuel failures with the under-
standing that boiler failures would not be as great a problem,
Normal Lonks

As discussed in Section |, no catastrophic faiiures have thus far been
experienced nor are any expe6+ed with the cermet type superheater fuel. There
may be a progressive swelling of the fuel due to irradiation damage which in
some cases might lead to crééks or small blisters with cracks in them if the
tuel is burned too long 'n the reactor. These failures are expected fo occur
ina réndom manner and experience to date indicates that the resulting blisters
sannot bridge the steam flow passages and lead to catastrophic melt-down or
further fuel fallures,
As fgel burn-up proceeds and fission products build up, the yases and

ot

volatiles exert an internal pressure that eventual ly may cause this cracking

or blistering., When a crack occurs, these gases and volatiles will be released

+o the steam coolant and cause a radioactivity increase in the steam line which
can be detected by the plant instrumentation {ong before dangerous leveis are

reached. The random failure of superheater fuzl element near the end of life,

(7.10=-0)
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if they occur, will cause a gradual radioactivity increase in the steam-above the
N-16 background, Bsfore the activity appreaches dangerous levels or for other
censliderations, the operator will normal ty shut the pianf down. 1f{ he should
neglect to do this, the reactor will be scrammed automatically when dangeroﬁs
levels are reached and the reactor isolated.

During opera*lon of the Pa*hfinder reactor the qupé&heafer fuel will be
sub jected to variations In sTeam fiov. These will be discussed in Section V
of this report., In general, these flucfﬁafions are of very short duration (less
than a minute). During the early months of operation, short term increases‘in
the hot spot fuel temperature as a consaquencs of momentary reductions In steam
#iow are not expected to cause damage to the fuél. However, near the end of
life after fission gas pressures have built up, it is possible that a momentary
increase in Temperafuré of a hundred degrééswor so at the hot spot may cause the
fuel to fail 1f It is already near the fallure point, These failures would be no
worse than the normal leaks already discussed except that a number of these
tailures may occur simultaneously. If excess activity is detected in the steam
line, tho reactor will be scrammed aﬁfoma?ica!ly.

The released fission producfs carried by the steam, will otherwise be
+ranspor1ed to other parts of the pcwer sySTem. The bulk qf the volatiles such
as bromine and iodine (and solids if any) are préc?ed to plate ovt on the
avallable surfaces of the system or combine with the water in the condenser,

Somne may bé recycled into the reactor but are more likely to be trapped by the
foedwater filter. Some of those returning to the reactor will be‘faken out by

the purification system.

(7.10-b)
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The non-condensible fission producis véuld be carried out Through the

air ejector into the gase»us waste disposal system which is designerd to accom-
modate a cer?ain tevel of Them, As discussed in Section 2, gas decay storage
tanks and The Iengfh of pipfng leading to the sfack proQide from several minefes
up to IB hours delay depending on the degree of gas Throff!lng af the discharge
to the stack and the system pressure. (24 hours delay is ae+ua|ly prOV|ded
however, here‘é hours are considered for & ncrmal plant shutdown). |If the
activity levei heccmes too high for discharge to the atmosphere after the gases
pass fhrpugh +hevgas disposal system, the discharge valve will automatically
be closed, Again, aqeuming a gradual increase in fission product release, the
operafor'will have adehuare warning and can ‘take appropriate action before
automatic shutdown occuhe. The plant has been designed so that a total of 500
Ma of‘U—235 can ve exposed wnihou+ exceeding the maximum permissible concen1ra+lon
of alrborne radioacfive ma?crlal ot the site boundary. %he cermet sTrucTure is
!mpermeable to fission products so on!v that fuel benea+h a blister or cracked
area need ba considered as exposed, hssumfng an exposure of fuel in an area
1/8 inch in diameter (as indicated by irradieQion experiments) the steady state
re;ease from 1CO such“rupfured areas can he folerafed at fullipower oporatlion

without exceeding allowable discharge limits,

Large Crack or Rupture

Although no evidence exists to warrant anticipation of & sizable tracture
wherein a burst of fission hroducfs Is released from The‘fuel, euch an accldent
Is pos+ulafed there for analysis, The hurst of fission products passing the

steam |ine radiatlion monita: will cause It to inltiate a reactor scram, |f

the activity in the line parsists at a high level, the s*eam line Isoiation

(7.10-¢c)
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Qél?és will close and the reactor placed on the emergency coolant systcm within
‘the reactolrr building., Some high aciivity In the mean?imé,‘will have progressed
to Thé condehser. Again, particulates and volatiles would be expected to be
trapped there. The gases would be vented To the gas diSpOSsl system,

v ‘ i .
A line monitor is located on the pipe exiting from The air ejector. ' Af

LR
WY

ihe location of the monitor the pipe has provided three minutes of decay time

“for the off-gas, The monitor, on reading a high radiation level in the off-

gés will cause closure of the valve located in the line which connects the
gas disposa] system 1o the stack., This valve can be closed in about onc
second while the transit time of the gas through the system to fhe valves is
a matter of minutes or longer. Thus, the system is Isolated before any high
activity is released to the aTmoéphere. A sccond monitor at fhc stack provides
another safety fea+ure in that it wili close the discharge vélve and it The
discharge should ;he first monitor faii +to function, ‘IT can be seen that
shl%ab!e provisions tor containment of released fissfon prodhcfs ore, provided;
first, by means of The reactor buif&lng isolation valves which close and contain
the activity within the reactor builaing and, second, by means of the off-gas
system isolation valves which close and provent the atmospheric releasg of aﬁy
gases oscabing the primary system, fﬁérefore, no hazard 1o‘operaTing pcrsonné;

or to the public is expected from the i1ype of accident discussad sbove.

Catastrophic Fuel Failure

As discussed In other parts of this report, no fuel meltdown is expected
from other than the postulated maximum design -accident, To obtain an indication
of the consequences of superheater fuel melidown, it is pésfulafed'here that

a single superheatar assembly, at equilibrium burn-up, meits completely, and

(7,10-4)
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‘urfher thet the fuel and fission pro;-c _are carried by the steam out of

The reactor buildlng Through fhe steam line. If all of the fission products

‘dre deposlfed In fhe low pressure furblne, 1he dose rate 3 feet from the out-

I

slde Jurface vould be 330 r/hr at the maximum doce poini. simllarly, if all the
fission produc+s viere unlfnﬁmly dnnfr[bu+ed fhroughouf +he condenser, the dose

3 feet from the surface hou!d he {0y/hr, A more |lkely distribution, however,

© would locate the aOlIdS, condenalbles, and trapped gases in the condenser hoi-

“Nell and the residual gases in the off—gas system, |If aII the gases vere 1o

encape the fuel (which is not likely) and stop in ihe alr ejector and i¥ the
A%

pa.ficulafes viere To stay in rhe hot well, the dose rate 3 feet from each of
‘

The-e pieces of equipment would be 23 and 20Y /hr raspectively. Since actual
W

dlsf|lbu+ion of fiseion products +hroughou+ the system is not casy to predict,

3
i

tho aaovp dosc rates can be used as conservative upper {imits. High activity

would be confalned In the primary and The gas disposal systems because of

¥

the prnv!slons provlously dlscussed and thus can be adequately deali with with-

v

out endangerlng the operaflng personnel or the general public,
Fallure or malfuncflonlnq of equipment external to the reactor may In-

direcfly affec+ fuel elemant Integrity, These Incidents are discussed in other

suhsen+lons;

e

7.4 Structural Fallure ot the Primary System - Hypothetical ingldonts

7.4.1 General Discussion

Tho reactor vesse! and plping will be designed and +asted according +0 the
appropriate codes. This wlll include radiographic and cye penefranf inSpecf‘on

and hydrostatlc pressure tests,

The system will be equipped vith pfessuré'rellevlng dJevices so that no

¢7.10-0)
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overstressing of the material will take place. ThéJoperafing conditions are
essentlially cteady thus no large pressure and +ehpera+ure tluctuations are
expected, Piping will be so supported that excessive stresses are not impcsed

. W
on them or thelr connections., The recnrculaf:on Ioops wlll be suitably sus-

It .
pended with odequafe treedom of movemenr The desugn wnll minimize vibraflon In
1he rpcirculaflon Icops and minimize expanslon forces and moments, Pipes pene-
:rrdflng the reactor building wall will be looped or have expansion Jjoints to
tprovide for Thermai expansion,

Types of failure initiated by the structural conditions in the pressure
confalning maferlal were studlied for ‘the conditlions existing in The rFathfinder
Plan+ An attempt was made to visualize all conceivable circumstances which
could cause localized loads in excess of the allowable limits. The probability
of their occurrence is evaluated and prevenfaffve design features are discd;;ed.

Creep ~ Allowance is made for creep in determining allowable design
stresses, Failure from creep is preceded by a period of time during which
gradual deformation takes place,

It Is be'leVOd that failure through creap is not a feasible accident
In the CRBR sys;ém. This conclusion is based upon the following considerations:

1) The temperature of pipe and vesse! walls is expected to be low,

not exceeding 550 F in most areas, Creep is unimportant for

steels at these temperatures, Main and auxliiary steam lines,

and the emergency heat exchanger system are exposed to super-

'

(7,01
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Jor Foss Building
Pierre, South Dakota 57501

August 15, 1979

NHeal Helson-Construction Hanager
Northern States Power Co.

Box 988, 500 \ Russell St.

Sioux Falls, SD 57101

Dear Mr. Nelson:

This will confirm our discussion regarding water rights presently held by Northern States
Power Co. in the Sioux Fells avea.

Permit Nb. 1-3 was issued with a diversion of 500 cfs at a point in the NEL SW, Section
16, T101, RhOW, with a priority date of July 2, 1907.

Permit No. 2-3 was issucd with a diversion of 500 cfs at a point in the NEY 5ME, Section
16, T110N, RESV, with a priority date of July 2, 1907.

Permit No. 3-3 was issued with a diversion rate of 400 cfs at a point in the REY SH&;
Section 16, T101H, RAOW, with a priority date of July 2, 1907. : '

Permit No. 4-3 was an dncomplctéd permit to use up tcf300 cfs from the Sioux River in
Hamlin County at a point in the NEL SWY, Sectior 19, T11hN, R5IVW.
S
Permit Ho. 7-3 was issued with a diversion rate of 5C0 cfs at a point in the NE), Scc-
tion 16, T101H, RhGW, with a priority date of September 17, 1907.

Permlt Ho. 8-3 was issued with a diversion rate of 500 cfs at a point in the HEY, Section
16, T10IN, REOW, with a priority date of September 17, 1907.

On August 21, 1912, the Sioux Falls Pover and Light Company petitioned the State Engincer
to consolidate permits '1-3, 2-3, 3-3, -3 and 8-3, This uction was approved by the State
Engineer on August 24, 1912, o
" ! AT S RS \,;

With the Abandonmenc of the Hydro Operations, by resolution dated December 6, 1961,
Morthern States Power Co. strrendercd and abandoned its right to appropriate 2,325 cfs
of the 2,400 cfs authorized under Permits He. 1-3, 2-3, 3-3, 7-3 and 8-3, retaining 75 cfs
for operation of the steam facilities. ‘

R : A i : e ~
A letter from G.V. Velk dated August 9, 1974 indicated Horthern States Power Co. had con-
veyed its Stoux Falls Cenerating Plant and associated land to the City of Sioux Falls,
and reauested that the. 75 cfs retained under the above permits also be transferred to
the City. 1Inasmuch as the water rights held by the Horthern States Power vere essentially
non-consumptive, tt-was determined that they would be of no value to the City, and the
Parmlts could be cancelled.

,‘E,’;z.-mc' 0/1'(10 Wendly Ewmployen

I

e
RSN
AR A

cewot T
AP

e e o T e S
-
ha BN

£ ek o e T e P A b ettt




AR

AT
N gy
.‘uu.ﬂ"t\l.".ﬂ.m."ld:l\, LR

" Page 2
[}

8

T , . ,
A, . R . N : .

August™ 1%, 1979 : \ !

. ,4‘“1,1"','
B T | Y } . . . \ B .
“"Under the above relinguishaat and abandonment, the Permivs 1-3, 2-3, 3-3, 7-3 ¢ 8-3
all pertaining to the Hydro Plapt and subscquently  the steam plant, had not been of fi-
clally cancelled by the Vater Rights Commission. -In official action by the Commission
the above permits were concelled on November W, 1974, Uncompleted Permit Ho. li-3 vas
alsu cancelled undér this action. . The above pernits except for h=3 were uscd in connece
tion with the Bennctt Dam and/or what you referred to as the Weber Plant.

b

The following Vater Rights were issued In connection with the Lawrence Plant.

N

Hatcf‘Liccnsc No, h1-3 covers MWell ﬁl and antho%izes diversion of 31 efs (500 gpm) with
a priority date of July 18, 1a46, PRSI

Water License Ho. h2-3 covers Vell Ho. 2 and authorizes diversion of 1067 cfs (30 gpm)
with a priority date of July 18, 1946, o

»
'

Watef Licenﬁﬁ No. h3-3 covers diversioh from the Sioux River authorizing diversion of
2,67 cfs (1200 gpm) with a priority date of Januvary 17, 1947,
Water iLicense No. 61-1 covers Well HNo. 3 and authorizes diversion of 1.0 cfs (450 gpm)
+ with a priority date of October 10, 1960. '
. - \ s

Water>Liccnse Ho. 70-3 covers Hell?No. I and authorizes diversion of 1.55 cfs (700 gpm)
oo with a priority date of April 21, 1951. .

v ) Peof o

In our discussion you indicated thaggthe:Lawrcncc Plant had been deactivated on Sep- N
tember 20, 1377, but because of epiray requirements, 'that it may be reactivated.  South
Dakota Water Laws state that a 3 year period of non-use is a basis for forfeiture of

water rights.” If the plant is recactivated prior to September 30, 1980, the water rights -
would be valid, and remain in force as long as the water is used ber Ficially. We request:’
that you notify us if the plant is reactivated. ‘ S

2

The following water rights were issued in connection with the Pathfinder Plant. i
* Lo i
Watertlicense No. 519-3 covers diversion from the Sious River, and authorizes diversion
of 6.0 cfs, with a priority date of February 10, 1958,

Waier License No.i519-3A covers diversion from the Sioux”River'(ehlargement of 519-3) and
authorizes diversion of 1.77 cfs (700 gpn) with a priority date of December 12, 1962,

with a priority date of TFecember 18, 1958, “f ’ , ,~[/€J
2 . S N .

W E
{/ R

Water License Ho. 561—3 covers Well A, and authorize~ diversion ¢f 1.77 cfs (700 gpm)

5 a

.
y

. ! . : S0
Watcr License No. 742-3 covers.Mal! B and authorizes diversion of .33 cfs (150 gpm) with /0 b
a priority date of September 17, 1960. 7 o i ‘

- < 'l'” ’_/,‘, “,"4" A ’ e :Et_'."\_'_ ) , VIRl R o

These permitwere primarily for cooling water and plant use for the acomic generators.,
You\lndfcatcd_that the ‘slant has now been coverted to an oj) burning plant, and the water
Is used in connection with this operation. These are considered valid permits and remain

in force as long as the water is uscd beneficially.
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This summarizes the water rights that are presently active and disposition of thosn no

longer used, Ve would Vike to thank you for the time spent discussing the status of

your existing use. If you have questions, fecel irec to contact this ofiice.

/t

—

,/
S'hugroly, “¢,<f

_,,...._.._..._.. I

/// N A
- A / ~

U?TON F. JOHES
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ﬁ_ DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES
PMB 2020
JOE FOSS BUILDING
523 EAST CAPITOL

PIERRE, SOUTH DAKOTA 57501-3182
denr.sd.gov

(e Faces. GaaTPLACES

August 6, 2012
Dear Water Right Holder;

Due to low flows I am advising water right holders on the Big Sioux River of the possibility of shutoff orders
in 2012 for the river reach from Watertown through Sioux Falls. This is not a shutoff order.

As a result of the continuing lack of precipitation, tributary flows throughout the Big Sioux River basin remain
well below the historical average. The forecast for improved conditions for the near future is not favorable.

This letter is only intended to give you advanced warning that your ability to divert water may be cut short this
year. If shut-off orders are issued, you will receive another letter from the department. In the meantime, water
right holders can help by closely monitoring water usage and trying to avoid wasting water.

South Dakota water law gives the highest priority to domestic use, which includes livestock watering. There is
generally adequate water available to meet both domestic use and other needs. However, once water
availability reaches critical low levels, other uses, including irrigation, will begin to interfere with domestic
use. If levels become critically low, the department must issue shut-off orders to protect domestic water uses.
Once these orders are issued, the department will continue to monitor water availability and should conditions
improve, the shutoff orders would be rescinded.

If you are interested, the US Geological Survey has an Internet site showing real-time river flows at 159
stream gauging stations across the state including three gages sites on the Big Sioux River. To access this
information go to http://waterdata.usgs.gov/sd/nwis/rt and click on the link “Statewide Streamflow
Current Conditions Table”.

Thank you for your cooperation. If you have any questions, please contact Lynn Beck or Mark Rath at (605)
773-3352.

Sincerely,

,ﬁlm Codoadec

Garland Erbele, Chief Engineer
Water Rights Program



CERTIFICATION

I hereby certify that on August 6, 2012, I have personally deposited with the United States mail at Pierre, South
Dakota, first class postage, prepaid envelope(s) containing a Notice dated August 6, 2012 regarding shut off
warnings on Big Sioux River addressed as stated below:

permitno fname Iname addrss2 city state zip
1696-3 DONALD G AHLERS 22920 SD HWY 13 FLANDREAU SD 57028
5530-3 TERRY & DENISE ANDERSON 47558 237TH ST TRENT sD 57065
26534 N SHORE
6192-3 BERNE B BAHNSON PLACE HARTFORD sD 57033
3806-3 BERNARD BERGDALE PO BOX 366 ALCESTER SD 57001
1175-3 HAROLD BOEVER 47948 232ND ST FLANDREAU SD 57028
4895-3 BILLB BOYER 4162 BIRCH AVE HAWARDEN 1A 51023
284-3 LUKE BOYER, MGR 403 16TH ST HAWARDEN 1A 51023
7110-3 BRIAN BURKHART 24482 482ND AVE DELL RAPIDS SD 57022
5760-3 BRIAN CHICOINE 32650 480TH AVE ELK POINT SD 57025
2255-3 JAMES H COLE 29508 488TH AVE HUDSON SD 57034
47364 GOLF VIEW
6124-3 DELLS ROCKY RUN GOLF COURSE DR DELLRAPIDS SD 57022
4969-3 JOHN GILMAN FRAZIER FARMS BOX 423 PARKSTON SD 57366
4969-3 JOHN GILMAN 4162 BIRCH HAWARDEN 1A 51023
TROY D & SANDY
249-3 F HAHN 6762 SMITH DR WENTWORTH SD 57075
DARREN &
2065-3 ALLISON HAMILTON 22615 480TH AVE FLANDREAU sD 57028
2952-3, 956-
3 WAYNE HEADRICK 47926 SD HWY 32 FLANDREAU SD 57028
279-3 ROBERT JAGER, MGR 48495 299th ST HAWARDEN 1A 51023
1350-3,
6042-3 RAYMOND D JENSEN 24348 478TH AVE DELL RAPIDS SD 57022
1302-3 LARRY J JORGENSON 24048 477TH AVE TRENT SD 57065
1500-3, 213-
3 TED LACEY 24064 478TH AVE TRENT SD 57065
EUGENE MOLLET 48011 332ND ST JEFFERSON SD 57038
3433-3 VIRGIL L MOLLET JR 47991 334TH ST JEFFERSON SD 57038
1801-3 GAIL MUNK 803 DAKOTA DELLRAPIDS SD 57022
113-3 PATT! NASH 21660 469TH AVE BROOKINGS SD 57006
3914-3 OMAR F PETTERSON 48378 276TH ST CANTON SD 57013
2350-3 RIVER VALLEY FARMS PO BOX 486 ALCESTER SD 57001
1801-3 HARVEY SCHMIDT, OPERATOR 47528 244TH ST DELLRAPIDS SD 57022
JOHN T &
1454-3 MELISSA R SCHUTTE 47973 W 5TH ST CANTON SD 57013
47844 COUNTY RD
5814-3 PATRICK V WALSH, OPERATOR 1B ELK POINT SD 57025
11726 NORWAY ST COON
597-3 DAN & JUDY WHIPPLE NW RAPIDS MN 55448
WILLOW RUN MANAGEMENT
5055-3 COMPANY 8000 E HWY 42 SIQUX FALLS SD 57110
519-3A XCEL ENERGY 7100 E RICE ST SIOUX FALLS SD 57110
NORTHERN STATES POWER
43-3, 519-3 COMPANY 414 NICOLLET MALL  MINNEAPOLIS MN 55401
5698-3,
6210-3 GREG ANDERSON  CITY SIOUX FALLS 224 W 9TH ST SIQUX FALLS sSD 57102



Gail Jacobsgd
Secretary/Water Rights

STATE OF SOUTH DAKOTA )
) SS
COUNTY OF HUGHES )

“h
Sworn to, before me, this (p day of /QL[?U&{

20/ A .

Yot stetdace

Karen Schlaak
Notary Public
My. Commission expires April 1, 2013
Nt KAREN SCHLAAK &y(
& NOTARY PuBLic Y
%o State of South Dakota ™\ 4




DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

JOE FOSS BUILDING
PMB 2020
523 EAST CAPITCL
PIERRE SOUTH DAKOTA 57501-3182
www.denr.sd.gov

CReATFAces.CheArPLAcES,

January 31,2018
43-3 519-3 519-3A
NORTHERN STATES POWER COMPANY
414 NICOLLET MALL
MINNEAPOLIS MN 55401

Subject: Bypass Qualifications on Big‘Sioux River Water Rights
Dear SIR,

I am writing to inform you of an effort the SD Dept. of Environment and Natural Resources Water Rights
Program is undertaking to review and update a number of water right permits authorized to pump water from
the Big Sioux River. Since your water right does not have a bypass qualification, we are not proposing to
amend your permit by adding a bypass qualification. However, I do want to make you aware of what we are
proposing for several other junior priority Big Sioux River permits.

When a number of these Big Sioux River permits were issued, they contained a qualification requiring a
minimum flow bypass before the user is able to pump water from the river. The bypass qualification was
placed on these permits to protect the use of water by downstream senior priority water right holders and
domestic water users, which includes livestock watering. The review found, with the passage of time, a
number of senior water right permits have been cancelled due to abandonment or forfeiture. Consequently, it
may be possible to lower the flow bypass limitation on the remaining permits. In other words, the amount of
flow in the river can be lower and pumping will still be allowed. The review also found an inconsistency
between permits on where the bypass flow is to be measured. The intent of this effort is to standardize and
make consistent the bypass requirements for the remaining water users.

In order to amend a qualification on an existing water right permit, formal action by the SD Water
Management Board is needed. In the next few weeks, you can expect to receive official notification
scheduling a hearing before the Water Management Board. Again this does not pertain to amending your
permit, only junior permit holders. If you wish to participate in the hearing you can, but you are not required
to. There will be instructions with the notification on how to participate in the hearing if you so choose.

If you have any questions concerning this effort, please contact Mark Rath of the Water Rights Program at
phone (605) 773-3352. '

Sincerely,

R

Jeanne Goodman, Chief Engineer
Water Rights Program



ﬁ DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

JOE FOSS BUILDING
523 EAST CAPITOL
PIERRE, SOUTH DAKOTA 57501-3182

denr.sd.gov

e Fces, e s

February 12, 2018
43-3, 519-3, 519-3A

Northern States Power Company
414 Nicollet Mall
Minneapolis MN 55401

Subject: Bypass Qualifications on Big Sioux River Water Rights

Dear Sir;

The SD Department of Environment and Natural Resources (DENR) has evaluated the minimum flow
bypass condition on water rights that pump from the Big Sioux River. The Chief Engineer is recommending
amending the bypass qualification on 21 Big Sioux River water rights. The intent is to bring uniformity to
the bypass requirement placed on water rights in past years. The water right you own or operate does not
have a bypass qualification and will not be amended by the proposed action.

Even though your water right is not being amended, DENR wants to keep you informed of the proposed.
action since it involves the Big Sioux River. Enclosed is a notice to be published on or before February 15,
2018, in one newspaper from each of the seven counties that the Big Sioux River flows through. Also, the
staff report including affected water rights and the proposed changes is available at http:/denr.sd.gov/public
or contact Mark Rath at 605 773-3352 or mark.rath@state.sd.us.

A hearing before the Water Management Board is scheduled at 11:30 AM, Wednesday, March 7, 2018 in the
Matthew Training Center, Joe Foss Building, 523 E Capitol Avenue, Pierre SD.  The enclosed notice
provides information on the hearing and ability to file a petition in either support or opposition to the
proposed amendment. The filing of a petition must be postmarked by February 26, 2018. Additionally filing
a petition affords you the opportunity to participate in the March 7" hearing before the Board if you choose.

Again, this does not pertain to amending your water right, only junior water right holders with existing
bypass requirements. If you have questions, please call. DENR is willing to work to answer any questions.

Sincerely,

Eric Gronlund

Water Rights Program, DENR
605 773-3352
Eric.gronlund@state.sd.us

enclosure
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