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Form 8= \pplication for 'eamit to Appropelate \Water—O1iginal

e —— Dy

§01))¢ yé%{ﬁg.l)lstrlct 'r.\\:EP 17 130

Water Diviiior No,-

(Hlanks to L I'illed by the 3 .qlmcr for tke W, 1. C)) AL L" } "_.)‘
- STAIL vinTER RESOURCES Co.. Co
APPLICATION FOR PERMIT PILHRE, SOUTH DAKOTA

To Appropriate Water within the State of South Dakota

(NOTE—Draw a line through 1tems not spplicahle.)

1, Name of applicant . H. Rork, Manager, Sioux #¥ills Divislon ?
<l - T - . . ”
Postoffice address ...52:k0UX TFalle , County . Miinnehahe State .09 Dk,

1. If a corporation

(1) Name of same Horthern Statec Powcr Company

(c) Amount of capital stock ..-------f‘.(j.e.c.'}lg.g'c e tm—emctcccmcmmam—————— o mm——— ——— :

. equate :
(4} Amount naid In -----------......-.-f‘.qnt. L}-‘.?.( .......... e ————————— e e m |
(e) Names and addresses of directors See attached list

(NOTE—A certlfied copy of artieles of {~corporation must accompany the applleation.)
1. Method of accomplishing the work and financial resources of the applicarnt:

(a) Method of accomplisning work (Whether by contract, employment of others, or by a.rect labor)

Map AW 4>5-3

Contract ‘ |
(b) Coshon hang, s..Adequate (¢) Treasury stock, o _________
)
1
(d) Bondz to be issued, Soocmeouae (e) Other resources, S-. _____________ ¢
o *t
2. Name of diversion work _--_‘.‘.“::1.:1‘_-‘.'.9.'.-.3 ................................................................
3. ‘mount of water cliimed --}ig-ﬁ‘-&.’ﬂ_- YX.T_]?;;,:).___cuhlc feet per second ~..... .23 cfs

4. Source of water supply ‘_5};’_921;}9:_}39ter-»x}g_q__flo';:ing_ we-l. 170 f%. deep

L s PRE S, Ny
5. Locatlon of polnt of diversicn 942 f€. west nnd 2270 ft. south of the northenst

corner of Sec. 31, TIC2N, RABW . -

Froucho .
6. Annual perlod or periods during which water Is to he used Tfaroucho lt yeay 1

.................................... e mem e, e —————

To be used for:

I Irrigation or domestic use: Gravity, overhead sprinkling or corhination system?

................. i::...
(a) Number of acres to be irrlgated coo oo ocv e .. acres.
fb) Legal subdivisions to Ire Irrleated oo o e e e e e e
T et o s o b e b T 5 1S Mot Shme Tst oot SIS roreaf, ehould be written here, or may be (N
(¢) Statement as to domestie use (ZIVIng Jocation, ete.) e oo e e e oo e . %
11, Stockwatering, mining, milling, power, fish culture, fite protection and publle reecreation: \
(a) Noture of use ..--.1'.'}!1.?.99.]:‘:{..‘!f’f.‘l;.e..a.g.?.r_‘__g.o.'j_qg-l.).-!'.z.l.l}t:..lj:i?_': ................ PO : }
Bame any of the above utes cia'med l‘
(h) Amcunt of power to be generated ... .. Q@J.S.QQ_ ...... horse power. | :
Amount claimed for engine cooling -------H?.Q.q ............ et e mmmemeceearee——ereccsmean :
(¢) Locatlon of plant ,_‘}SJ__I_QP_?_’IP__‘19__,‘7_9_13}'_}‘__} 1.‘.'.1.'::-.9?.-_5.1_:.__l__/.li--f.c.?.'...39..].'9?. .l-.;_(:}" 1‘\
(d) Method of devetoping power ... :i?.‘i“.’P.-f'.‘.‘.‘l‘.’i’.‘f.‘----.- ............. “t ramtotrescanceenneeen ‘{j?
>
e} Polut where water will be returned to <treara .‘-31‘...1./4 ok 1/4 Sec. 30~ -102-48 y

cmmmnvesvasbancadacnnn e iramrcncn e memaa H



8. Estimated cost of work:

(a) Head Gate3, Soucaaiaanc.. tb) Pumping plant, Seo . .......
(o) Fluming, $eveeenraanae (d) Canal-carth, Seceeeecmen-- RocK, SemeoeeoC
() Other BUIUCIUICS o e e e eme e eeeeeeamm s T, Total, $euceaceeeee

9. Description of diversion works;
I. Nature of works: (Resers ofr, dam, ditch, flume, pumping plant, ete.)
Well- sce Form 24

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

IT. Dimenzions of works:
(a) Dam: Helght._..______ ——— feet; length at HOtOM ceemeae_aee memecmee———— feet: length at top
.............. feet; thickness at BOtOM mvencaceaancaoaao foet; thickness at tOp ccecamocooeona-.
feet; slope at front Water fiCe wemmeecaceoncmeonscn cnmaoen : slope at back face oo e——a-
material used N CoONStIUCHION m e oo r e e accc e e e ema——r oo mm e e oo e e
(b) Reservolr: Capacity when filled oo eeaans acre feet. Surface area at nighwater
) SR T o I acres,
DEPTH AT SURFACE AREA AT EACH .______..___._. FEET ACREFEET
OUTLLT-FEET LEPTH AT OUTLET—ACRES CAPACITY
]
1
(c)* Head gate: WIdtho oo feet; helght oo s feat;
Mt r Al e et — e e ———————— e e oo em e
e {d) Canal: Total length ______ . _____.____. miles.
k
LOCATION BELOW DEPTH BOTTOM WIDTH AW GRADE
HEADGATE WIDTH WATER-LINE TPERMILE
At e Mile feet fect feet) e e feet
Al e mcrnmonana Milet.an ftet‘-_- I £ 13— feet ... .- feet
. Al e D3 11 11) DR fcct'. .......... (cetl feet feot
A e MU e Ll foetg ............ [u:t" ............. foet] i cmcae feet
A e M feet! . ... feet! oo feol]cvmmcmcmcaaa feet
At o Mile foet! ..... [er-t' feet vece ceem feet

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

1i. Time required for complete application of wuter to the proposed bencficinl use

12, Cholen of newspaper for publication of notice of ittention te appropriaie

_______________ S L T e
STATE OI' SOUTH DALIOTA l
County of -____-_2'1;‘1:.13[1.?!1‘?‘.}3?. ................ Jss
1, W. H. Rork

.................................................................................. , being first duly sworn
onh my oath depose and say: That my relation to (he above described undertaking i3 tlnt of owner, that 1 hawve

read the above foregolng statement, c¢xamined the map accempanving the -nmc, nn(! thaL 1 know of my own
personal knowledge that the matters therein stated and rhiown are true,
Ty o L
LddrT ot

L...--.‘.-.-_h‘ D Y L LT L Ty TRy,

/.

v of _,\(/" ’/74_ ................. 1020
/"Cj/llj/'//f/j(t/(fw_-./.----__"______

sotary Publie (or other quallfic:d officer.)

Signed ...

Subseribed and swory to before me this __-/.,é ....... .

*Fack diverslon muxt have a headzata or ancasharlag device,



R-48-W R-48-W

(25) .- | - - y 2628.45_ _ - | -

2633.32'

TRUE

2640.0' -

1 i
APPL.742-3 SURVEYORS  CERTIFICATE
DIVERSION NO."B" ;
] 1 :
ol @./V' 42'W. &1270'S. OF NE.. - I, K.E. BENSON, REGISTERED LAND SURVEYOR AND PROF-
¥ & P o<,  COR SEC.3I,TIOZN,R48W o : | ESSIONAL ENGINEER OF THE STATE OF SOUTH DAKOTA
& @ﬂ,\-afk’% N b o DO HEREBY CERTIFY THAT | HAVE MAPPED THE AREA
(Npe% o T Wt ™l ,c ostp M o &™O RL — 4+ . | AS SHOWN FOR PURPOSES OF WATER APPROPRIATION
e L S S © A ‘ ' "| FOR INDUSTRIAL USE.
0 -
AL S reeer
! ' ~ “K.E. BENSON
BRANDON ROAD ,

\ \ STATE OF SOUTH DAKOTA
TEST WELL NG.g

T-102-N

TEST WELL N(%i COUNTY OF MINNEHAHA
A WELL NO.'A o :
26055 30 __26425' \ ‘ . € _ ON THIS L7 DAY OF dbeescbe,

.. .. ) 1958, BEFORE
L 'l 1322.7" +  ME, THE UNDERSIGNED, A NOTARY PUBLIC APPEARED
. __ ' K.E. BENSON, WELL KNOWN TO ME TO BE THE PERSON
: ﬁg’oﬁﬁg‘og ig'so.-Nﬂ_‘ oF DESCRIBED ABOVE AND WHO ACKNOWLEDGED TO ME
W. 1/4 GOR. SEC. 32,T-102-N,R-48W THAT HE EXECUTED THE FOREGOING CERTIFICATE.

APPL. NO. 5861-3

P , (PS5 y%iw% E 0y pni

MY COMMISSION EXPIRES " NOTARY PUBLIC

, TEST WELL NO.5
-LL N

| N.S.P CO.

PATHFINDER STEAM PLANT
DIVERSION NO. A

T-10I-N

— -

MINNEHAHA COUNTY, S. DAK.

, ' /,Z{
; \ &
SCALE Iu:soot ) M/—é n Fﬁ/’ g/ﬂﬁ'ﬁ’”ff i,u’@//f_ se e
1800 1200 600 0 1800 7

/',p /c-/-.e v /"W'

O INDICATES MARKED CORMERS

/APPL NZ  742-3 '\

Map Ao #2375 (Bppl Mo TE/-7)

/)




Remarks by State \Water Resources Comrilasion:

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

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

STATE OF SOUTH oAHOTA ‘
t ) \53,
County of eoao_. ,‘_L\-l.c.l."_‘_f_'_‘ ................. ]
1 <7 -
Plerre, South Dakotd, weee--..] (_\ ‘N E, !‘L‘..‘-_)._(’._'.':__-/_--, 1'_(_‘.‘1"._
This Is to certify that the foregoing application was received by the Cormmission at -_-_&31-@.(.‘---- o'clock
TN - . . .
oo m. upon the .. . day of -----.‘«‘)_@ ;?-'.Q-’.!‘)-L?.C_-(. ............ L1032,
State \WatersRezources Commission
R - 2 M
—} iy . S WA
By: /{/_/:;}{,4’2 /;-)/} .4\ ©Dhg
7 2] fa Serineor .,_’C [ .
7{/ 7”' 3 .7 23 Chief Engineer, Fxecutive Officer
Number of permit ...l _T_L. . .
<! ;
Data of first receipt of application - . '::.')_(’.: j.@:-l’.'_‘).-/.'—?.(;'.!f ..... Z.Z ..... , ]fvé_’.(_’.
Date of return to applicant for correciion, amendments or chianges required as follows: -_-:_’_' ___________ I £
Dzte of receipt of corrected application ool e e m————— , 10 .
.-\"'“ ;
Date from which zpplicant may claim right --_-_-_--_-----b..é.'.*ﬂ’.‘-@.»-t).’.\_ Ll(f.'- F o J:? _________ , 199_0;9_
. ' -
Approved ._.__. Qﬁic.‘-?f_ﬂ_---lﬂ ----,1&‘:_6'}:_, Recerded in Book oo ._._. 4’-‘ ......... Page ___.':I)."L?__.--

This is to certify that we huve exemined the forzgoing application for 4 permit to appropriate water of the
State of South Dakota, and we hereby grant the same as stated herein, subject, however, to the following lin.ita-
tions and conditions:

1st. The equivalent of at least one-ifth of the work above specified is to ba completed on or nefore

........ AP.(_;-L-J.{(-_--, 0.l

- -
2nd. The whole of sald work is to be completed on or heciore (/(.“l AN SL N ’(f

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

ard. The HUm!: of time for proof of beieficial use of water appropriated in accordance herewith is

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

- N . - v
4th, ‘The water appropriated shall b ased for the purpoza of ... f_)‘ [SA VR 1!!!5{.--.; -S-‘.Lt'.l.c.-’.!f- feem
|

______ Wede o . h{’b&ﬂl”ﬁni
S5th. The prior vight of ‘all persons who, by coapliance with the lawz of e State of South Dakota, have
acquired a right to the use of water must not be imwuriously affected by thls appropriation.

6th. The amount of the appropriation rerein granted shall not exceed .ocuone - g::?:i _________________
cubie feet per second; neither shzll 1t exceed the capacity of the above described systein of diverzion works,
nor the least amount of water that experience may hereafter irdicate as necessary f(r tve—drodietie—af-crops
in—the—es2tcteror T et ishandry: and further  saidappeateiaticn—ni-i-tadlnial oo notanore thai-oues
%Mﬁ.’:m\t_x__\\fz, ) #’;%{ﬁﬁ;mﬁ%ﬁm&e’ﬂﬂl"('f‘“““f__‘-é‘_‘i“eﬁ‘.‘:Hf(f:@‘—‘:‘;'-k‘”}z—:*'.? which cater is actually
and beneficiahy appited-for-drrigation on or .{zefore ______ (j. C.".Q.‘).(Z-.’:--.’.c_l.__, 1t ;’-; sald water to be used
during the following deseribed annuil perlod:

_______________________________________ S r\)uwhus(\{

Witness wy hand thls ____. .f{-_.' .......... day of

State Water Resources Commission
N o
By: "1‘\(( o RSN sea
,Chicf Engineer, Executive Officer

Certifirate of Constructlon jssued aoceeeaaan A\)é’.{k).&T ........ ‘ _Eﬁ_.., lﬂ(“'c"

Water Llconse fe=tted waeaaea.. ... .------._---/\\\G\Qﬁq- ' S lﬂ.(.c?.{‘;.o



DIRECTORS -~ NORTHERN STATES POWER COLPALY

HAME ADDRESS

R. F. Pack IMinneapolis, iiinnesota
Allen S. King liinneapolls, linnesota
H. C. Cumnins Minneapolis, linnesota
{enneth . Dayton Minneapolis, Hinnesota
S. P. Dulfy ilinneapolis,. Minnesota
. 11. Gallagher ilaseca, linnesota

T. G. Harrison Minneapolls, iinnesota
A. 72, Jackson St. Paul, lMinnesot:a

R. 8. Macifariane St. Poul. liinnesota

B. C¢. MNarks Fargo, North Dakota

P. H. licDowell Sioux Falilg. South Dalkota
Donald C. IMinard laCrosse, lWisconsin



Forim 2A — Wells (Bupplement to Form 2)

i

" 8. (Continued)

b III. Well Specifications
(a) Hole and casirg

Size ol drill hole or excavation ... .,.17';"]011. dia”CLC,’: Depth 170 1001

Type of casing . carbon stezl

.................. (\wod,c(mcrln, étccl, ete.)

G-in inner o )0 s y .
an ; . )

Size of casing 12-in outer, .y Thickness of casing j/"’ ineh, b/ 16 inch

......................... )lf collection gallery, length, size and depth of
gallery 155ft(8 in

(b) Screens

Q- inloaa_afe a’ fe i
Type of perforated sereen R UaiNLess-sieel sauitter

Size of perforcted zcreen .. . 8-lach 15 feet

-3 ) n0 feet
Thickness of grave! pack .. 26 inch ..., length of gravel pack D0 feet

() \Water Bearing dlaterials

T + [ - - h -
Distance to water 5[ .'1:" ... Character of water bearing materials .Sand and clay

Tnickness of water bearing material 50 ft’: .aIDDl‘QJ‘illllat_ff‘.ly

(d) Pump and Alotor

Name of punyp ,Layne BO"'"J'G"I’ , size . 8—in

Kind of motor Li8CEtrie, vertlcal, hollow shaft

(gascline, electrié, ”(blic‘s‘(:l»,‘ ‘ote))

Hersepower 15 hp . Nam2 of Motor I@lllS—Cllall\lel‘IS

(2) Complete well

. ~ &
Capacity iSO gbm at drawdown of 30 Tt . Estimated cost 5?1.6{009..

(1) Owner of land upon which well is located

Name e ,
ilerchern States Powel Company, Sioux Falls, 3So. balc.
Address
(g) Distance to ncarcst existing wells
120 2.20)-1-
On sane owrer's property 1204 rods. On properiy owned by others ©3Q rods

3ee Peramlt ho 950L-3

~. .

P



Porm No, 26.

STATE 01" SOUTH DAKOTA

WATER LICENSE No..7#3. ..

. .

7t September 60
VHEREAS, On the - 08 day ofoonno......oeplember AL D19

the Horthern States Powsr Company

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

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

of ..:"_i:.o_l{).(-f‘.l}l? .............................. Zounty of _}‘1'}{‘9.}!‘.’!1!_-_-________-_-_________ und State of
,‘"_(_“.tib-_qg}(_?t’?_ ............ duly made applicaticn (No __7&2..3_.__) to us for a permit to use _,3_3 ...............

ground water

Minnehaha industrial
County of amccmcemme e ---, State of South Dakota, for

purpozes; and

cubie feet per second of the woters of

) 9th November 6
WHEREAS, On the oo e L€ S S o A 102
742-3 ) . . : .
Permit No. ... T._.__. was issucd to sald applicant.__ for the divession of said water, and provid ng for the
completion of the works of diversion thecein deseribed on or before the ___1.?:(‘.}‘_ __________________________ day of
6
99?’?.‘3?}:---__.,_-__----____--_---..__-_--____--__ A D 19,-3?- and for the application to bhencficial use of siid
witer on or before the u_-_!?.t_'}_‘ ................. day ()‘.'_-______----_--9.9!'9.}3?}: ................. A D 1."_61__
and,
29th July &6
WHEREAS, On the ca oo ieeee 2 Aoy Of e e m—aam In, 19... ..
. 3
the holder_. of said permit duly made proof of the completlon of adequate works fcv the diversion of ...'.3. ..........
742-7
................... cubie feet per second of zald waters, as evidenced by our Certificate No. «evceeei coomocceees
August 15, 19¢6 ) ) o
dated o e v ————— m—————— contirming the completion of works of sufficient cay weity for
+33
diverting and eonveying to tae place of intended vse ... o ____ cubic fect per second cf water, with date of
September 17, 1960
priority of oo e KUK e and,
29th Jul 66
WIEREAS, On the - .7 9. .................. day ()f-----_---_-__----_----_?. ................... A D19 .
- . 33
proof was duly malde of the application to beneficial use of _______ 77 _._ cuble fuet per secoad of sald water:
for providing sanitrtion facilitles at the power plant,

——-




'
4

NOW, THEREFOLLE, By the virtue of the authority vested fu us by the Inws of the State « South Dakota,

3 Q
We hereby grant and eonfirm o . .t'.h‘."-}_l‘_”. ng!_‘p__g_t_&_%??__l:‘g_'-f?{ ﬁ?’!’?ﬁ".‘)’.-- e e e mmeaa .

Sioux Falls 7h2.3

of L e O L +me==~ the holder.___ pad owner..._ of said permit No.

September 17, 1960 «33

awater vight, datbug from oo tthe use of L. 77 o ...

ctibic feet per second ¢f tie waters of

Mirrnehaha

in the County of Z2 0 70000 L ememctcme———an and State of South Dakots or g0 much the ecf as may be

for the purpose... . of ZZ2UZ0 T D20 vER A0 WO

sukjeet, however, to the laws of the State of South Dakota applicable to a license far the use of the waters of the
State, and subject, also to the Iocal or commurity custonis, rules and regulations which have leen or may he
adopted from tlme to time hy a majority of the uze s from a common source of supply, caral or latera' from
which stch water may be taken, when such rulis ang reisulations have for thelr object the econon cal use of such
water,

WITNESS, My aund and seal of our office at Fierre, South Daluta,

t . '
this . __.... 1_ '?-.}3-_-- day of ______A_l}_g_u_s:f. ..................... A. D. Nineteen
Sixty-4ix
Hundred and .. . ... ___.___ .
State Water Resources Com:-ission
By:
J. W. GRIMES

Chief Engineer, Executive Officer
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Form No, 20,

2.
Permit No... 2. .2

wWater Divislon No. .2 B1g_ Slouz RLvor o prtriet

Certificate of Completion of Works

TO ALL WHOM T MAY CONCERN:
the Northorn States Fower Company

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

This )= to Certify, That

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

of _5.3‘9.?).‘..}:.&}}? ............................... , County of oo.... }.{.ill.‘fl.‘::}.lfl.}}? ..................... , and Stuie of
.S_?P_*:}.\_.Q":‘!‘_o..ti ............... e amcem—c———— , the holder._.. «f Permit No, _-'Z’.*.?‘.':'.J.-, fssued upon App’ication
Nn.--_'z_'.’_z.':_j., hearing date of priority of —.____* c_ ?Rt:‘:’:_“}i?}'__!Z’.-.l_?ép. ......... , authorizing the diversion of
_'.?3 ........................ cis, ft. per second of the waters of _-.EE':"?_\.‘PS‘._"'_‘.Q_‘E?I _______________________________
County of _’H‘P_‘f’.'_a_}_‘_a. .............................. , State of South Dakota, at ..-'.l-R?}jlt_'-ft?:.'_,_?I.K_i__l.??_?.'-

3 . . . . .
purposes, ha._.. {ully complied with the provisions of the laws ¢f the State of South Dakota relating to proof of

completion of the works of diversion set out and described in said Permit; that said works are found in satisfactery

condition for diverting and conveying to the place of intended use _:_)_? _________________________________ eu. ft,
per second of watz:; and that the MXAXKNGORRK kg Arolgatrx Kz XX use of said water are described as follows,
to-wit: for sanlhary purpss2s in powzr plaat operation.
15th August, ¢
Witnes my hand this ""_:? ......................... day of e B . FLVNE DA 1R

State Water Rezource: Conynlssion

By J. W. GRIMES

Chicf Enelnesr, FExecutive C(fficer




.
i 1

Form 8—~Notlce of Intention to Appropilate Water No ,,12" 1

(First Publication en.or before_Seph.. 2L 1440.))

APPROPRIATION OF WATER

Oftice of State Water Resoturces Commission,

Pierre, S, Dak, oo .o.._. Saptesher -1 .- , 10,441
Notice is nereby given thoy ___the: Northarn.3tates. Pouer Company---occoooooo.. whose postoffice
address Is ____._.._.__ Sioux-Falig oo s S. ik, has mrade an epplication in accordanrce with
tha provizsions of the water laws of South Dakota for a permit to :q)pmpriﬁte for beneficial uze .0 33 ___
cubic feet of water per second of thme from g -~ EPOURG- WA GO --- = mmm e oma s ——--throuzh yiye
_______ Well -MBU. oo, the point of divrrsion of which is to he locatedsypte <oooeoeooo_
B xahciaidadsam In the _ E- ... i oof the YBoooooo .. tioof Section Lol 3 ieo oo
Twp. -1682§----- Range _)8W ----. Said water to be used for the purpose of providing &WW
!iii‘EE““i‘!" 1_3{
----------------------- Sanitary-vuter-for-power plant-uses-------m--msomoosomomssmses e

This application will be taken up by the State Water Resources Commission at their office at DPierra -

consideration upon the 194h.-- day of Qetoher----------- » 1 gG- At coppaol ML Al interested persons
may sppear and he heard.
Appropriate action will be taken by the Water Resources Commission after suitable time has elas:zed for
the. consideration of any or all informatlon presnted.
State Water Resources Commizsion

cc: W.H. Leopard-Manager

Argus Leader By:
315U Falls. South Dakota

X bR Rk K Fse 4
Burton F. Jones
Water Right Specialist



Vo il—roof of Publicatlon—=Appropriaticn of Water, '-\z - e

N R L
R I

G rm hl " OV — e - . —_—
F.)I‘A TIE OF SOU I'H I).‘\I\() I'A APPROPRIZTION OF WATER
. . SS. Oiéio:’u‘"r‘::! 'Sl:u Wiater Resources
Minnehaha Fierre. S5 Sect. 15, 155

sworn, 7deposes and says the annexed printed copy of Notice -l of water cer secend ef fime griind

of Intention to Appripriate Water was taken from the ______ i IGH, Rance @ Sald weter 15

Minnahahs and State of South Dakota;

following dates:

RIS Ul
Y k]
PROOF OF :PUBLICATION

[

Hetize iy hereby alver, tha, the Narin ;
ern Stales Power Company whose pa:t.
. Ctfice adcress dy ficux Fally, §. Dak.,
" bei ul a"!‘n n;.ag: ar .nl:nlluv‘cnhin nc'cordmcz
ere N 12 7 Vi ne provivions cf the waler law
W SIREZEAL e "-“‘E-: u ) . ef Sagh Dakcta f2r 3 permit o a::f
rreaiate for tencticle)l vse 631 cisic

water theeush Well “A*, tna point cf
diverslon of which Iy to Lo located in tre
- NE'4 of the NE's of Section 31, Town.

¢t the purpsse of providing
Sanitary water for pewer plant uses.
This acolicatien will ke teben up by

__________ Gioux_Falls _Arsus Leader a newspaper which A sl el R erEe, Commien
PR . . . . . . . h?n ursn the 15th Cay of OcleSzr, 1540,
a.ring the whole itme of publication of said notice lerein 21} mme ) Interested perscns may 4

Apprenclate sition will ko faken by

after stated, has been and is printed and published in the TUtatie fime WesTSE, oy nen, atter
:;::éc::’n ct anv or all Infeymatien cre-
___________ City__.of.__Sinuxz Falls._.___.____. County uf State Waler Resources Commisston,

e,
Vater Right SD;:lalisL
(S:et. 22, 39; Oct. £, 1)

that the said notice was publishzd in said newspaper on tre

e Detober b, 1940
Qctober 33, 1950 ___

in each and every issue of the full number thereof, the first
publication being made on the ...22nd_day of .Septerher_.
19_99_ and the last pitblication on the ______ 13th ___ day of

_________ October 1069 upon which days or times

of publication aforesaid the newspaper was regularly pub-
lished, and that during the whole time of said publication he

was .. Qomptroller terendnter=~muk yrdiiher__ of

the =aid newspaper,

LI )L

- '_,v—/ B
N
o
Subgeribad and sworn to before ma this - 3thaay of _____________( Qztober . A D1y 50
A i
R A D R N R L S

Nutory Public ’::‘Z’."_'J.f:z;.(.xflfﬂ(.‘nnmy, S. D

{

~ P

June 30

e R LT wpvemgy .,
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Permit No. caeeeeeene AR e . L‘L—J

STATE Whice RESONRCES €f.ur:

Water DIVISIONn NO. cameece-ce cemcvem——e-- Water District 47«8 2ne7q 124478

NOTICE OF COMPLETION OF WORKS

—e—

This Llank must be fitled o4t by he holder of pernut and forwarded to the Exesutive Olleer at least 07 days bofore tho time set
for completlon el works

TO TAE STATE WATER RESOURTES COMMISSION
OF SOUTH DAKOTA, PIERRE:

DEAR SIRS: Notice Is hereby given of the completion of the works for the diversion of

_______-“____-‘_:.,LJ _____________________________________ cu. ft. per second of the waters of the state t'rmr.g_:f_‘_ql:l_r}gl vater
through the -..A‘IJ.e._]:!‘._E\J.C.)-:-.B. ................................................................................
fOr moeeemnet Sanitary water for power plant ... purposes
e et e T e cdmmammAmmmm— e memmmeaimaees es——eos—aooe in accordance with the terms and con-

ditions of a certaln permit heretofor2 Issued by the Water Rezources Cormrmission of the State of South Dakota.

1. The name of the person or corporation hoiding said permit 1s Northern States

_______________________________________________________________________________________________________________

2. TThe postoffice address of such person or the place of buuiness of such corporation is Sioux Falle,

Couniy of ___Minnebabha, _________________ State of _S0uth Dakota.

v gl " , 2 -
4 Said water to be used for ._.2anitary water for powsr plant

3. Sald w l‘rks of diversion will be fully completed on the date set for such completion, oud the amount of
wter which satd work; are capable of cenducting to the place of Ivtendal use, in accordance with the plans ac-
comnpanying the appiication for such permit, 1s -____-_933_3 ............................ cubic feet per zecond.

6. The amount of Jaud for which said water is available I8 oo oo mm e ccmammmmcmmce emeeemmmemooeee acres,
particularly described as Ol OW S, e e cmmmmesm e e mmemmmam— e et e e wm—————————————————

1 hereby certify that vhe {acts set forth in the above noatice are true,

_Northern States Power CTompany

/' ( N ( -~y

. g e —

(Slgaature of Owners) ....-. .‘;--f--..‘_r. ........... B. e emmmeme o caemeann
(24

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

Y

Ve,

3

[
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Form No. T, : o - T ’
r‘ “ v AIVEEY L U - '

oy WA 5 b

Permit NOeeececevcncannnan Pt R
R D S A O L
Water Division Noacccccoccce comaoacans Water District S e L ‘

Notice of Application of Water io Beneficial Use

(This blank must be filled out by holder of permit and forwarded to the State Water Resources Comunlssion at
least sixty days before 1he time set for application of water.)

. 0) ..Sloux Falls, South Dakota

1061

DEAR SIRS: Notice is hereby given that on the . +88 _________ day of ....wne____ ..
10.6Y  av .. Sioux Falls _____..____ County of ... Minnehaha State of South Dakota,
DEIOTe oo e e ecmmeccce— e —mmm e e pronf will he submitted of the application to heneficial uze

(Examining Englneer or Ofiicer)
of ....0.33 . cubic feet per second of the waters of .._the_state from grownd woter
____________________________________ in acrordance with the terns and conditioens of Permiy No, ALK

heretofore lssued Ly the Water Resources Commission of South Dakota.

1. The name and postoffice address of the person or corroration holding said permit ar2 Sioux

Falls, County of Minnehaha. State cf South Dakota

Qg 3 [ ' v =
2. The use to which suid water has been applied ir ___S&H1tary_ vabir for vower plant.

PR g i 2o 1P L. DA E AL JUPRE T - SPRID S B R T LR T

R 272 i Ant -

3. The amonnt applied to beneiiclal uze is .8.33 cublie feef per

4. The place where sald water {5 usud fs (if ior irrigation, give full and accurate description of the lands ir-
Flgated) oot S e e e e e

Northers States Power Company

(SIEN) —oememenn /1‘(1 A O A e

........ Ammmef e rt s s b ccanaaa

Manager, Sioux Falls Division

. et
Ly
I e ]

.:v\A

S



Torm No. 1

Permit No.:z-_ 27 3

Py T

Big Diouv
Water Divislon No.a=.... [ \JE 2. water Distrlet

Certificate of Examination of Works

Report of Fxamining Engincer

To the State Water Resources Commission, Plerre, South Daketa:
Dear Sirs: I hereby certify that in accordance wiih yeur letter of authorization dated

190cea., I have this day made a thotough examination of the diverslon works constructed by

Normees. Sates Bwer. (o o Dicuw Eavws
MIN.M_E }'U‘.\JZ'\.L\ ...... County, South Dakota, holder__. ef Permit No, -A.---jA‘_ZL' 3 , 153U

upon Application No, j_412f__3., bearing date of priority of 5&.}?1&.%85@-_13 ID(QQ, authorizing the
dlversion o- _l__'i%.3- cu. ft, per second of the waters of.G!g-_QU.ﬂQ_,\[SlAIER ror .|-N_‘_3_£J‘.':'I.‘@J_£-‘:\_L.__
purposes. [ have to report on the condition of the same as follows;
10! =8/ 1§ Laing.- Bo
The diversion works comprize: -L].Q.--.'.':-&--_.-lM_bZL.\-x-__W,L‘:DEl_- _A\'_\!_'}\E_'_'_--- _VJLEE
TuRAINE. Pump -TIPE & PR HC, PovleRen wiimi Atuis-

CHALMERS 1SH. P ELECTRIC MOTDR TYIPE WS0-3.
WATER. . PumPEN. _THRoUGH 47 LINE A PPRo%IMATELY

The works are capahle of diverting and conveying to the place of uze _15.3_--- cu. {t. per second of water,

which 15 1o be uzed for _,--J-N_D_Q.ﬁ'[.g_l/}.L..-‘_65_!_\&5__\:1:}3!&_‘1_-SNME%__‘EQ{L__EM&&-BAUT)
The legal sub-divizions to be frrigated are: oo e et =

................................................... comprising atotal of .o ________________._._._._acres of land.

The domestic uze Intended COMPIISes o e et e e e m e memm e mmmmmmmmmm——ecmmee e

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

Witneas my hand, this ..

—SEAL—

T ~n

...

. e
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October 31, 1960

<1 INTRODUCT I ON

T~is Safeguards Repert describes the Pathfinder Atomic Power Plant; its
site, equipment, and cperation. The report is based on correlated con-
tributions from the tlorthern States Pouwer Company, Allis-Chalmers Manu-
facturing Company and thair consultants., (|1 is intended that this report
should present fthe plant design philosophy and site descripticn in detail,
As design progresses, the repcrt will be amended su as to result in a
Final Safeguards Report.

Owners and operators of the Pathfinder Atomic Power Plant will be the
Nerthern States Power Company of Minneapolis, Minnesota, Central Utili-
ties Atomic Power Associates *(CUAPA), a group of ten private midwest
utilities, and tThe U, S. Atomic Energy Com-issior, under the provisions
of Ccniract MNo. AT-(II-1)-589, conitribute toward the asscciated research
and development program. The plant, including the reactor, will be de-
signed and consiructed by the Allis-Chalmers llanufacturing Company of
Milwaukee, Wisconsin, The Pioneer Service and fEngineering Ccmpany of
Chicago, lllincis will provide the architect and engineering services
for the project.

The Pathfinder Atomic Power Plant will be located on a site on tThe south
bank of the Big Sioux River, 5.5 miles ncrtheast from the center of Sioux
Falls, Scuth Dakota, The ccaceptual design of the plant is shown in
Figures 1, 1, 111, and . |t is scheduled for operation in June, 1962,

A reseurch and develcpment program, as provided for in Appnendi» B of the
AELC Centract No. AT-(11-1)-589, is in progress at the facilities of the

Allis-Chaolmrers lanufacturing Cerpany and its subconiracters, A critical
experimant facility (see ACHF-5809) provides means for determiring =nd

checking nuclear constants in a series of experiments,

i - o Bt " i e e e e b e S o et e 6 o o S A o A e . = A Ak = S o = e s = o ey A = Y PP = b A e & b ke

¥CUAPA VMaember Companies

Central Electric & Gas Company

Interstate FPower Company

lowa Povicr & Light Company

Iowa Southern Utilities Company
Madison Gas A Electric Company

Otter-Toil Power Company
S1. Joseph Light & Power Co.

Nerthern States Power Company
Morthwestern Public Service Cc.

Wisconsin Fublic Service Corp,

Vs ey

~.

ey

- gen e



PATHFINDER ATOMIC POWER PLANT FIG. |
(ARTIST'S COMCEPTION) Octaber 31, 1960
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Oztoter 21, 1960

14 SURMARY
Presented in trie report is 3 description of the design end cperation of
the Pathfindar Atemic Power Plant and its rzactor with nuclear super-
Lw.ater. Ths plant site and the safeguards are reviewed in detail.

Tnis repzrt substenriates That The heaitn ani eafnfy of thz public and
cperzting parscanel wili be provected by propar piant design and safe
operating pracedures. Various types of zccidenis ere znalyzed in order tfo
verity that adeguate safeguards are provided.

The re=ctor for iha plant is of the haterogen=z0us bsiling waver type
neaTe

with @ tws-—-egion core. A superhsater regisn in the center is approxi-
mateiv & right circular cylinger surioundec by 2 boi'er regior. The
fuel elements in The superkezte; region w.!i contzin highly enriched
vranium dioxicde in & stainless steel carmet clad with stainless steel.
The fual elements in the boiler region will contain slightly enriched
uranium dioxide clad with Zircaloy-Z2. The rezctar wili opsrate af &
normal pressure of 615 psia. {ight wa iz used a: the ceolant and
moderaver and will ba recirculzted througn The boilser regicrn bv pumps

locz+esd axterna! to the reactor vsssal. Confroiisd recirculzbion will
provice an additionzl m2ans of cenTrziiing Ths Gutput ef ftre rezctor.

Steam gerzreted =T 489F in the boiler regizn will te passed Through the
superheatar region raisiag the tempere ure ro E’SE roualtimats use in a
condenzing steam furbine. &resent i e Pathfinaer
reactor with nuciear superheavter ar T fcilewing
page. Figurz vV, vhich fellows the lagram

showing heat balance,

varicuz potentiz! and hyoothetical hazards and iacidsnts feve been raviewad
and results ¢f an al,:‘s are p*cserTed fzorards Renert. Safety is
a prims sonsileration in the design of inde- A*oniz Powver Plznt an
175 re=acTor ond safeguards arajvzas i e.

In thie repart, 1T is shown that the rezctor bujiding, which is designed

+o meat =il applicable codes, is structurally stable and capeble of with-
stending internal pressurss resulting from maximum ~elease of sieam or
coolant. |+ is aiso zhowp thet “re reacros building is capable of contain-
irg redisactive fiszion products releasad into the bullding dvring any
rezsonabie J,_Tulafed incident. |7 s conciuded thet the Pathfinder

Atomic Power Pla il not constitute & hzzard To tre hezlth and satety

of the public and ,pe.a.ing parsonnel.

R




1 9GDICT e |

NCRIALLY CLOSED s O
Br-PASS VALVL HP TURBINE L.P TURBINE =5 N
<3 24 H
\ _ hT - @]
- u -« nr‘h .
612,000 825F ol IS
CAY WS DRI WS SIS CINY S RENS SN SN RSO TOED WnE e NS DN (AW O TN =acle 2O
1424.0n540P  / O WASTC Vi nwex o it
m FROM 59 71 / 9 NS U S e I e 8¢
:DENS q ——T0 GLAND SEALS ! / — GLAND STCAM s3 3.
m no,wcrmumw)qm 16337123600 150P | N ~ — CODLNSER <o tlm
o H Ay
5860 2378% 2ah I_ ! ﬁ — GENERATCR ~
m —_— e — Sa0P B25F i by i . i m i
_ 10 AR EJECTOR { . ot g
! 7507 i i
* GLAND STEAM i M
m EVAPORATCR . A
! f s8 Fsii
'Vl‘\lll\)ll\'ll\{l\'u'/' _ M i + “ -4
——— . ?
~ . -
r acTe N m _l — / nw«_ﬂn:; £ _ ar M i m 3
- : ! .| EXTRACTION PGHTS —— e — e e e e — " MAN CONIENSEF B b
~ m H m H > ! i 1.H N1, ABS. -
/ N ~ ~ - ) .l—v a M M "
~ ~, - I3 b L
- FRCt4 ! 113
~ J N r~ L P TURRINE ; i 1l
N . — _ - \\/I LXTRACTICH POINTS / e AARE-UP FROM
“ ‘ > _ - - N OESLPERREATLR PURIFICATION STSTE
m fa s |
N ~ '
REACTIR H _ ~ _SNOLNSATE
.3 AT AN Dt e s FLCEDWATER w - LY LU ALY wah
RECHTU-ATION 23 ‘ ~ B | TEMPERATURE CONTHOL _ [ - _ PLta? M.
\ ., 7 I Pl 2
N ————— N, ﬂ ! & 7 | _ h\,\ EAR R XY L L A L T
N " n ; : | L. ' ' _ Comroon ADES.
I.quﬁll\\ 0 oot TO PURIFCATION PRIV WP
A N —_ : | P R BERCUN ! - -
] 1 . m *)‘ﬂr _ _ _ Ummcnrmjr)4wm/ /Iw T SYSTEY CCOLER MW*MHM«W \M HU.
- 4 1 RN OLEI
e " m _ _ _ . crl7o e en
Ry . ~ _ M3 70 GLAND STEAL: et
_ _ | | 5ol EVAPCRATOR
-~ i * aidr
_ .L _ _ 2 GEILRATOR HYDROGLH
| _ N | __———-—— COOLER
| | | 3
m | __VROM PURKFICATION oalin
TTSYSTEM FLASH TANK JLLF AR FJIECTOR
v _ ” _ j \ INTER #°.5 AFTER COGLERS
) . . . N s . -
20505° | 615P 32upn 260 an ,G._uv . 1253 0% um.ux_u 11703h a2 u. 1HOILOh 107.}%
NG| 371 3 A56EF 8.4 L¥X) < _
H P FECOWATER _ _ FROM 1P N 10 AN
HEATER FELDWATER | _ _ GLAHND, SLALS CONCENSER
PP _ uom&_ 1356 4 b DRAIN A
_ | COOLER 97ler
X Y. _ /
L / [ 2 " 1
: * i ]
! 1 kg u_ W‘J [ i |r Ha.5h H||k/\,._ o ape”
{ i 65025 D7543h = Tl
——=1C + EFTVYVVV 3056t '
REATER 2 *
..u..bon.ml n - | 9 14830 154.9h |
! 166 97 GROSS GLNERATCR OUTHUT, rw 52,800
Py f AUXILIARY POWER, #éy <330
T AN \ RNET STATION CUTPUT, =& 4 62030
g ~ 1105 4n : < GROSS REACTOR HEAT QUTPUT, ¥ 144500
galt " AL
mgF 10 PUREICATION / \ HEATLR DAy TURBING WEAT RATL.BTW 10,195
\ wouro - - We ANT THERMAL EFFICINCY, %e A 2i 0
r..lv.l.é:. o . L P FLEDWATER
PURIFICATION == HEATER e
SYSTEw FLAR RO CONDENSATE — = e ST v..w..‘
TANA PP — S ATER
29600° 59.7n — FLOW,- LB, 1R,
u.rn_‘_rh.(.. SYSTEM P — PRESSURL, -5~
ZOCLER n = ENTHALPY ~87U g
T — TEPLRATURE, *F
e




SECT.

October 31,

111 TABLE OF CONTENTS

PATHF INDER ATOMIC POWER PLANT

PREL IMINARY SAFEGUARDS REPGRT ACZHP-5905

Introduction

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

SURMArY v vvevionnns .o

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

Table of Contents

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

List of I1lusiraTionS . eeie e ientoenancnsensnnns

i_- REACTOR

al DesCripiion. veeireercvenns AN

1.1 General DeSCripiion. vt ressisrssstrostnenans Ceeeae
Folol Boller Fuel. i en ettt ennnnennanoness .
|.1.2 Superheater Fuel ............................. .
'.1.3 Boiler Core Control Rod. ..v vt
i.1.4 Superheater Control Rods.....cviviviiiinvnnns,

l.; Reactor PhySiCS..iiseirrennrinnneananens N e
1.2.1 HNeutror Constants and tieutron Balance...........
1.2.2 Experimental Restulis......... e e
1.2.3 Neulron Spectirum. i iiereiininrnnininnnnaennns
1.2.4 Flux and Power Distributions.....oviviiiinnennen
1.2.5 Reactivity Coefficients........ . e
1.2.6 Reactivity Requirements and Confrol .............

1.7 Pressure VeSSeliee e criveeieenrssatessosossasnonasnoses

1.4 Control! Rod Drives..... e Ceeeeiiaaaes e

1.5 Reactor Internals............ Chee e et
1.5.1 Coolant Circulation..ioeiereneans et eer e
1.5.7 Boiler Core Layout. .. i iiiiiinneiinieiiainaas
1.5.3 Superheater Core Layout...oivvivvennenenens e
1.9.4 Steam Separators....vvieeiviieniriiinnaons Cereen
1.5.,5 Steam DryersS..ceevuerevernnanss thehsanseraaaaees
1,5.6 Boiter Element Hold Down €+ructure e
1.5.7 Boiler Baffle.....oovvvnns e esiei it ees
1.5.8 Structural Support lembers......... s isee s

1960

1.42

1,49

1.62

P71
L.71
1.72
1.72
1.73
.74
1,74
V.75




October 31,
1.6 Recircula®ion System....... teesssrsenas ceseesere . nanas :
l.6 I Recirerlation PUmMPS. . vveeiiiinenans fChasareererraans
.0.2 Butterfly valves for Rec1rculaflon Loops. ceeee
l 6.3 Recirculation Plplng....‘..................... Cees
SECT. 2 -~ SYSTEWS
2.1 Power Plant.ie.eeenn. Cereenas Cresreseetesneaenssenonas .o s
2.1.1 Steam Line..evssurennreinannnanns Cesrtiesesanrens ches
2,1.2 TurbinBuiieieearerenssnnsessroonnss DN
Z.1.3 Condenser.eevecsensnsssnes Cereasreairraraanes v
2.1.4 Feedwater SySTeMe.eiesveetrivsraratsotesssssansanns
Z.1.5 Emergency Shutdewn Cooling System.....vovviivaranss
2.2 Reactor Water Purification Svstem........ Cetcaeerees sesea
2.3 Solid Vaste Disposal System........ Cresecsnaatacaanananann
2.3.1 Solid Wastes..eees... e eaarens Veeseiaees crvsaanins
2.4 Liquid Waste Disposal SysTemM....eerrcasnersnsarsscassnsons
2.4.1 General Concept of the Liquid ‘laste Dispcsal Sysiem
2.4.2 Sources and ACTiviTieS.eeresionesecstaisnsncan ceaes
2.4.3 Operating Procedures...vevevernrencoass eereacanee
2.4.4 Control and bonitoringeceeeeeeeneanne. Craeaaees e
2.4.5 Dezontamiration Provisions and Procedures..... cren
2.5 Gaseous Vaste Disposal Systemeu..veriievsicnacians cearanaes
2.5.1 General Concept »f Gaseous ilaste Risposal....ocnts.
2.5.2 Systen Description and Operation....... Cerraaas e
2.5.3 tonitoringeeereceseeans reas e feecesernarsasaens
2.5.4 Atmospheric Dispersion of Radiocactive GastSiieeva..
2.6 Plant Ventilation SystemS.i.eiveeeiorasaannnanns criassenas
2.6.1 Stack and Induced Draft Fan System..... creeeaens v
2.6.2 Turbine Building Ventilation System...viiuvevcensn .
2.6.3 Fuel Handling Building Ventilation Sysfem..........
2.6.4 \ater Treatment Building VYentilation Sysfem........
2.6.5 Other VYentilation Systems.......... A
2.7 Fire Protection System..... et recrataearaeaieanens seraes
2.8 Electrical System..... Ceraaeeses Cresietratereas veearsnne .
2.9 Instrumentation and Control Systemissseesseeerenn cersreans
2.9.1 Reactor Control.iiierierecennorrrennns secense teue

2.9.2 Huclear InstrumentatioN.eeiesesrsssctsassaavansasens

1960

I.79
1.61

RNNNNNN
w1 NN — —

[y}
w1
N

[N
(8]
¥

NNN
(o2 BRS I S1]
m LU



1960

Ociober 31,

REACTOR BUILDING

Structure......

Peserve STrengthie ettt ittt rronrnrnenneans

Equipmnant LayouT...vsesns

Ventilatvion....

wi N
P [0}
oo n

3
48]

Pressure Tests..... .
eak Rafe Tests.......
oap Bubble Check...
Inspecvion of Vlelds..

.

WUt Ut wl—
LI N - —

\¥)

Missiles....

Ul

Thermal ShocKkisseesenssssnnsnes

SHIELDIIMG

General Considerations.....
Reactor Building...ss..
Turbine Buildingeieesereeeiressneesrsanasas
Fuel Handling Building......v.s
Dose Levels, Pathfinder.iieveseese

PLANT DYMAMICS ANALYSIS

General Description of Pathfinder Transient Simulator.
S'fabiIi‘ry-'ttll“llli‘i.l'..‘lllllill"l

Systen Transient Response.s.ves.

PLANT_OPERATION

Generaliseeessoane cesrserereesann

Organization...

Training Programe.ssiesesssescesssscssossnssesssssssrsassns

(NI RVIR O O

HUNN—

G

3.14

4.1

5.1

5.9




Octobor 31, 1960

6.4 Securify.ceiieaeaciannnes .
6.,4.1 PFerimeter Fent€ieeeieinvenvonns .

2 Interior Fence..ieeeeiseerevessnarnnsnse

53 Guards and GuardhousC..eevecerennnoeas

4 Flood LighTinGeesseoeesversnsnsssones

S5 Marning SignSeeercsessansaes sseaenne .

6

7

8

AUTO Parkingeeseiiessceentsaasans
Emplovee ACTeSSivereuinanesscs eheivane
Visitor ACCESSeisesrovansnsnssasnss

Livcvonmw®

oo OOy
e e

6.5 Hea!Th dnd SafCTy.ierinsersorvesssarnsssareranss Creearreans 6.10

o)
(o}

by
B

Preliminary Testingdeeeseevssnossasrsncirinssascnssnones

o 0.12

6.7 Initial Criticatity and Experiments....iiveieeneeseneeane 0.5
6.7, Initial Lo2dingeeress i seenernncisssssansssssenscs 6,133
6.7

+
1
2 First Core Experinents.iceieresrecnees tesssenasnns G.13c

6.8 Initial Stari-tpececeees. Ceeseresesretertasetnrrana cenres B6.13C
6.9 HNormal STaritmUDivr.ieesssvoseseacsvsoraesssns O € 1
€.10 Power Onaralion. e reescvevsiossttesovevosonsvrcrsnsnss 6.17

Guoll Mormal Shutdomn e weee i tesserseastsessssnsnssanns Ceeeeae 6.18
6.1Z2 Emergency Shutdown...ceevivecens creeaseaean Cierserseaneas 6.19
6.13 Refueling & Fue! Element Storage......... earaaenaes “os
6.14 Cora Un'oading Procedure. iveveaveirscasesnssensseossnanss €.22
G.15 Cora Loading Procaduro.. e eisetsscseserioscsasanesnnnss .. 6.23
6.16 Shipping Spent Fusl Elements..ieviiienniniane, Cevaenenens 6,24
5.17 Routine Testingieeaoo.. tireseiaeseaaraes IR

7 = EVALUAT O OF HAZARDS

7.1 Gereral ConsiderationSeeicisesertcacssvocssronesnns Y

Incidents During Loading.svevevencavcanan Cesesanan ceveaes T.3
7.2.1 Fue! Element Additioneeiasees Crareraessareasannne R
7.2.2 Contro! Rod VWithdrawal....... Y A
7.2.3 7.5
7.2 7.5

Addition of Fissionabtle taterial into the Core....
.4 Drapping a Heavy ass on the Coreveivvnnevieninns .

vii



Octecher 31, 1260

Incidents During Operationeecesesceeceeconasanassnnss e 7.5
7.3.1 Increasing Density of the lizderator.ve.cvveverennes 7.5
7.3.2 Flooding and Draining of the Superheater........... 7.0
7.3.3 Failure of the Recircuintion PumdS.ce.ivrerscsenes.. 7.8
7.3,4 Fecdwater or Condensate Pump FailUrC.eeieeenssrnnse 7.8
7.35.5 Power Fallur@uiiiveeseasseeasasnasscassorsancansnens 7.9
7.3.6 Control Rod Drive Fallure..iveeeevierrnrensnannnns 7.9
7.5.7 Fue! Element FaliluresS.iiseeseeencneasesasnnanans Y

Structural Failure of the Primarv System -
Hypothetical Incidents.eeiuiiiiinriirscnnnnrernnnecnnanaens 7,102
7.4l Ceneral DisCUSSIONc.vavacisnearsvsansanscassasrenss 7,102

742 Ductile RUPTUNC. . ieeneennreeasrcacnssanasnsennaseean Told

7.4.2 Briittie Failura,.e,e, .., momeaseevenssacransescnsnsees /.18
Maximum Desiyn ACCICENT i iiesineaecessvennonsn-novannsnanne Ta
Deccrijp*ion of Maximun Design Accident . cveevaveneen
Pressure Variation after Accidentiieen... tessesaena
. Building leakage.seiveensncresansares erencreraas

Release of Fiszion Products From COrGeeesvesenssas

N N N RN
N, DWIIIN

WO Ad OIS LN =3

h 2
7.5 2
7.5 2
7.5 3
7.5. 3
7.5 Release of Fission Products From Building..... cesen W3
7.5 Diffusion of Airborre AcTivity From LeaX%svecsennces 7.3
7.5. Inhalation DoScieeseincerecorccnonasncssanesercsens 7ol
7.5, External DosS@eseessrvrcrasnaancacosensranncansenras 756
7.5 Direct Radiation DOSEeieeeancrnsarcssssnssscassanes 7439
7.5.10 Dase Resuiting From Maximum Dezign Accident........ 7.4
7.5.11 Varistior of Dose With Wind ValcCityivesnernn- Y Y
7.5.12 Building Damage.eeessesnsconnnans Y - ¥4
zzard fo The Surrounding AreBaiiceseeesscenrnerenans ceenne 7.4

~!

P
NS
I s

i Direct Radiation During Normai Operz=Tioneeesvaeeses
.2 Polluticn of Surrcunding Ai- Dusing Nermal

L 4= o

\I'\l:;
PR

>
£

Sutmzry and COnCluUSiONS. e iieenrarrvnsssvecaorntssasronrasss

~
.
S
184

eallem in Dose CalculaTionSeieaneiaencseensvansnsncnneass 7Toid9
Cloud MeOndEr s e cveescrserenanssersscacsarasescasenes 7.49
Effect of Terrain Features on Cloud Diffusicn...... 7.5!
FalloUt . ittt itaenoonaacsosnassrensssssassnansans 7,92
Building LEOKS . eervaeesronnenasnasnsrsnrasncrssasns 7,52
Rainout in 1he Containmant Buildirngeesieeenresannans 7,54
Attanuation by Buiiding Geometry.eiressessnscnnseess 7,955
Forced Condensation in Reactor Buiidinge.eciecsecsas 7.56
Ductile Rather than Brifiie Failureiiiieeericaneces 7.56
Tabulation of Potentia! Doze Reduction Factorse.... 7.57

-

OO PDOHmE®m® DY

VRUG U WS-

NN N NN N NN D

vili



e ik

SECT. 8 - SITE

8.!

8.2
g.3

6.4

8.6

8.7

APPENDIX A ~ RESEARCH & DEVELOPMENT PROGRAM

D r
8.1.1
8.1.2
8.1.3

Mefecrology.....
GBeology and Hydrology....

Foundaticn Design...

@5CripTiONese as

General..

LRCEC IR B BN B N N S S

Population Distribution.sveeeas.
Wild Life in Aregeevieeee.

L R R A A I A A A N ]

October 31,

L N R N N
L I N I I AR B A R S SN
S rs s ere s s e as Ay . «n

s ] save s ..
»eorceseavnas R N RN NN

L I N N N L N A R I IR I Y

Magnitude and Frezauency of FIoodS.ieeieeneen

gni
8.5.1
8.5.2
8.5.3
8.5.4

Preoperational Radiastion MoniToring..iecesrececoesnnares

SUMMEMYsenaees
Topograpnysese«s
Frequencyes...

«ra

Tcrsswnewr

Stage-Discharge Relations..seivvurens

cecesucr

a® s e

Operational Monitoringeeeerivestersrsocasasrasnrsoonsanrans

A.l
A2
A3
A.4

G
A
N
c

eneral.

fuminum Clad Fuel....
uclear Supzrheater.....

onfrol..

se s e s ER IR e

TesaecaNa N

L N I I A B A N B

S8 s I rLIE s Ve b e

.

1960

B.20

NN

OO
SN — —

8.25

8.20

e stmp



V. LIST CF ILLUSTRATIONS

FATAFINDER ATOMIC POWER PLANT

PREL UMIMARY SAFEGUARDS REPOKRT ACHP-26GH

Hates ALl figures are lecated at rear of sexiion for whizh they ar= listed.

FIG, M, Tk SOYRCE

-1 Fzthi{indsr Atcmic Power Plans B2 Phois 261431
(ArtisT's Conception)
B Fathiinder Plant - Plan View A-C Photo 2113972
111 Fathiinder Pliant - South Eievaticn A~C Fheta 2115598
IV Pathifindaer Plant - WesT Elsvation A-C Phoi 210351
§ammary
v Mala Sfeam and Feedwater Svystam A-C Dwz. 42401255
Diagram icr Pethiiader
segiion |
1.1 Qi 7urfh Szale Reaztor Model £~C FPhavos 210441,
thowing Gutaway Section CACLAZ, 210448
1.2 $tac~Tuhe Boiler Fuzl Elament A=C Dwa. 42-D00-8.42
Assanb v
iz iC~3-6 Flu Test Secticn for A= Phcysy 203874
Heai Trazncfer Loop
i.4 Suparhaavar Fuel Element Acszembly A-2 Dwg, A4Z-500-735
1.5 Typiazl 8lisver Formation Eetizlie Momirial
L% W0 SR, Iy
Jastitoi2
{.6 LDH=3tainless Steel [rradiation A-C Dwg. A2-500-3i%
Stakiiity Davo
1.1 Cermat ruel Celi Madel A= Dv3, 42-024-219

.
(93}
[
2
=
U
-
Py
T
[~
[l
-r
o

3 of Burniap Curve A-T Dwg. A--D21-209



T17.E

svsber _,l, 1950

SOUR™.D

Ahilidy of Superheater 7o Diszipa
Heai at No Flow Conditicns and
Maximum Fuel Element Suriace Tem
ior Tao Values cof the Moderotor

Bziiar Coatrai Rod
Supzernzater Contrel Rod
Thermal Neuiron Specirums

Average Axial Power Disitriobution

Avsiraga Radial Power Distritution
in

:2 Core

Rezaciair Secticen

Shi=ld Foal Szal Arrangement
Cortima! Rod Drive Layout

rof Red Oriva Cenneztion B1°

Reactor Gore Layout, 5.212 In. Square

SupechzaTar Core Layout
[C~fach 0.0, Sveam Separetor
Reciczutartion Pipe Loop No. |
Retircuiatios Pump leop No. 2

Weld Fireraration of Austenitic
Steiniess Sizei Clad Carbeon Sia

Main Auxi.iary, & Steam Dump Flow

Liaaiam

Xi

P To Aucienitic Stainless Si:

A-D Dwg. 43-023-2%Z;
2~ Dwg. 42-4G0-035

A=7 Dx3. 41=530-727

A-C Dwz, 43-C0Z-195

A-C Dwg. 47-073-226

PSLE Dwg.B-B480 -F

i



r1G.

10,

2.

N Ny 28]
I

L)1

V)

[£V]

N

[#)Y

(@]
1
(3]
1w
—l.
<}
e
o
-t
[¢1]
-1
-
o
3

Condan

=ave & Reactor Fes2 Dischoerge

w

-—

B~64303-6
B-3£30C-T
E-34813-3

B-34302-¢

Ong. 4X-40:-,28

Dug. 43-202-065

C Dwg. 42-4C.-164



Ociaber 31, 1960

FIG, NO.,  TITLE SOURCE
Seciion 3
3.1 Fexstor Building A-C Dwg. 43-201-514
3.2 Reacvar with Pumps in Reactor Building A~C Dwg. 43-301-527

3.3 Flecicle Seal for High Temperaturs Pipe FSLE Skztuh
2.4 Rigic Sual for Low Temperature Pipe PSLE Sketech
3.5 Seal foir Elestrical Cabie Type & FSAE Skatzh
3.6 Personnel Alrlock A~C Dwg., 22-2C1-904
3.7 Emerganty Airleck A=C Dwa. 43~207-903
3.8 Pathfinder Fuel Transésr Tube £~T Dwg., 4F-i0 12
4.1 Fathiinder Flant Lose Rates

(Orerating F loor) A~T Dag. 42~50C~B3R
4.2 Fathtinder Plant Deose Raiss

(Mezzanine Fleer) A-C Dug. 43-300-E876
4.3 Fataiinder Plant Dose Rate:z

(Basemznt) A=C Dwa. 42-50C-827
4.4 Gamma Dose Rate and Fasi and Thermal

Neuviren £ lux Radially from the Core A=C Dug. 42-074=-353
Saction 5

.l System Block Diagrem A-C Dwg. 42-207-064
5.2 Fuei Eiemsnt Time Concstants A-C Dwg. 42-024-205
5.3 Linsarized Bicck Diagram A-C Dwa, £3-nN24-2095
5.4 Closed-oop Tiransfer Function A-C Dwg. 43-(02£-298
5.5 Cordrol Rod Run-Qut A-C Dvag. 43-024-203
5.6 Reciirzulation Putp Failure A~C Dwa. 13-024-297
£.7 Turbine Trip A-C Dwxg. 42-274-209



Octcber 31,

1960

FI1G, NO.  TITLE SQURCE
5.8 Turbine Run-back A-C Dug. 45-024-300
5.9 Reactor Scram A-C Dvig. 43-024-302
5.10 Azcidental Bypass Valve Opening A-C Dwg. 43-024-301
5.11 lsolation Velve Closure A-C Dwg. 42-024-294
6.1 Tentative Pathiinder Organization HISP Diagram 12/1€6/58
Section 7

7.1 Pressure in Building Affer Accident A-C Dwg, 43-023-935
7.2 Effective Thickness of Concrete vs.

Time A-C Dwg. 43-023-927
7.3 Heat Loss to Atmosphere vs. Building

Steel Temperature A-C Dwg. 43-023-929
7.4 Decay Heat Release After Shutdovin A-C Dug. 43-022-930
7.5 lMode | Used for Dose Calculations
7.6 - A-C Dwa., 42-023-934
7.7 - A-C Duwg. 43-023~923
7.8 Inhalation Dose irom lodine vs.

Distance Downwind A-C Dvig. 43-023-932
7.9 Inhalation Dose {roem Sr-90 vs.

Distance Downwind A~C Dwg. 43-022-920
7.10 Fxternal Dose Rate vs. Time Since

| ncident £=C Dug. 43-023-935
7.11 External Gamma Dose vs. Distance

Downwind A-C Dwg. 43-023-93|
7.12 Thyroid Dose Due to 1-131 vs. Vind

Velocity A-C Dwg. 43-023-949
7.13 Bone Dose Due o Sr-=90 vs. Wind

Veiozity A-C Dug. 43-022-943

|



Fic,. 19,

liLE

8.6

8.7

8.14

Szciinin 8

Porulation Deasity Map
iC Lita Radiis

Sitz Lockiag South

P"pu.ofio: Dens ity Map
10 Mii12 R=dius

Traze {icdrss heve Lesza deleted.
vopography=-vicinity of Piact

-
:

Pathfinde
Mag Showing

Steam Flant
Flant

vjl
’n
B
(p]
[}
bS]
-+
i
il
)
vl
in

Gericcic Croes-
$ioux \3!Aey

sveam §lantT Sketoh
Area

Fathiindei- ¢
Sinux Falts=

Piant
Sioux River
1

Y

t2am Plant Fica ©
T Sioaux

5tage o

the Bia

M=p of
ragusacy

isoh

o

aorge

at Lavie

-t
La¢]

- Tepograrhic

f‘l Car xosme'.“f

View ot Pathiinder FlenT Site,

Qciober 31,

1

19cn

.

B e L

SOURCE

NSP Dwvg. NY-21355
N3F Photo
NOE Frobs

NEF

‘A
o]
(&
=<
[{a}
.
o
=
N
1N
A

Army Map Szrv.ce

FSAE Skednn
SK=- [Q0-07C~ i,

or. E. P

Rotnrosk

NSP Owa. ND~ {18295

HSP Dwo. NiL- 8256

NEP Dwg. NL-18267
NIP Map
~

T .
i o S

L £



October 31, 1960

i1G, NO. AFFENDIX A SOURCE
Lol Construzticon of Burnup Curves A-C Dwg. 43-024-025
h.2 Supeiheater Fuel Loading vs. Plant
Power, Etfc. A-C Dwg. 43-023-975
AS Radia! Flux Distributions at the

Vidplane of the Reactor

XvVi

A-C Dwg. 43-024-026



Page .65
August 15, 1960

.

to prevent water leakage back into the rcactor vessel, The high
pressure rotary face seal on the main drive pinion shaft prevents
leakage of tha high-pressure water from the rack housing. Any leakage
past the high pressure seal goes To the monitored seal drain, the same
seal draln that carries avay leakage from the low pressure rotary face
seal on the drive housing,

All connections to the control rod drives are made above the level
of the shield pool. The connection |lines are brought from the side of
the shield pool 10 the drives by a tilt-up bridge, Al connections are
removed from the drives for refueling operations and the +tilt-up bridge
is moved out of the area required for the traveling bridge crang used
to handle fuel elements (refer to Fig., 1,19),

A scram assist Spring is located in the upper end of the slotted
inner containment tube. The scram assist spring is twenty inches long
and is compressed o a (0 inch length as the drive rack moves to its
upper position. The stored energy of the scram spring is used to
assist gravity in.drivlng the control rod into the core during scram,

The control rog s attached to the rack by means of a baycnet
lateh, The hayonet latch is locked or unlocked by rotuting the round
rack 45 degrees, Rotation of the rack can be achieved only by the use
of a special unlatching tool which turns the inner containment tube,
and, therefore, the rack, While the reactor |s operating, the inner
contalnment tube is locked in place, thus proventing rotatlon of the

rack,

( 1,65 )
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Section 2

SYSTEMS

2.1 Power Plant
2.1.t Steam Line

The main steam line is 16 inch scheduie-60 pipe fabricated from A-335
Grade P |} steel, and covered with 5 inches cf insulation. The lin2 is
equippsd with a motor operated isolation valve (Figure 2.1;. This vaive,
located within the reactor building, will be trippad on scrams requiring
isolation to maintain the integrity of the containment shell. This valve
is desigred to close in about |5 seconds. 1t will also be used as a main
steam liny stop valve during normal startup and shutdown operations. A
4 inch line, bypassing the isolatian valve, is provided for steam flows up
to 60,002 Ib/hr. The main steam line divides into fwc 12 inch lines at the
turbine. A turbine trip valve is located in each line.

A 12 inch main steam dump line is connected to the main steam line
ahead of the turbine trip valves. |t will be used to bypass steam around
the turtine 1o the desuperheater pipe located in the condenser. The dump
valve installed in this line will automatically control the siteam line
{(wssure when “he pressure is not controlled by the turbine inlet valves.
The valve will also be used during plant startup arg shutdown operations.

Four beilcws-sealed safety valves sized for 115% rated steam flow
are installed on a common 10 inch header which is connected to the main

steam |.ne betwveen the reactor and the maln steam line isclation valve.

(2.1)
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The satety velves discharge through flexible connections to a common 14 inch
discharge lina, which diccharges the steam to the condenser desuperiheater
pipe. Tino safety valves aro capable of relieving 1153 rated reactor
steam tlow,
2.1.2 Turdipne

The turbine is a tandem-compound, double-flow 3600 rpm unit utilizing

coaventional design standards and materials of construction that have, chroreh
many years o7 use and development, attained a high degree of reliability.
hecessery medifications to the conventional turbine shatt seals were made to
eliminate the possibility of reactor steam escaping into the turbine building.
The modified seals ars supplied with non-radioactive sealing steam from a
special gland steam evaporator, which utilizes reactor steam to cvaporate
denireralizod water. An auxiliary gland steam generator, fired with oji
" gas, is provided for use during startup and shuidown, and as a standby
for tho eveporator. This generater is designed to operate at nressures up
to 575 psig, thus it can supply steam to heat the reactor water during

startup operations.

he steam conditions at the turbine inlet valves are

525 psic and 825 F with a flovw of 613,702 It/hr at 66 MiWe. The turbine
supplies steam to four regenerative feodvater heaters from extraction noints

-~

in the turbine casing (Figure 2.2).

]
-

wo pass surface condenserr is designed for a heat load of
435,000,00C Btu/nr at = vacuum of 28-1/2 inches Ha. With admiralty tutes
énd a dedarating hotwell!, it is of standi -d design with the follewing

excepvions:

(2.2)
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to prevent water leakage back into the reactor vessel, The high
prassure rotary face seal on the main drive pinion shaft provents
leakage of the high-pressure water from the rack housing, Any leakage
past the high pressure seal goes to the monitored seal drain, the same
seal drain that carries away leakage from the low pressure rotary face
seal on the drive housing.

All connections to the contro! rod drives are made above the level
of the shield nool. The connection lines are brought from the side of
the shield poo! to the drives by a tilt-up bridge. All connections a-e
removed from the drives for refueling operations and the tilt-up bridge
is moved out of the area required for the traveling bridge crane used
to handle fuel elemants (refer to Fig., 1.19),

A scram assist spring is located in +hé upper end of the sloited
inner containment tube, The scram assist spring is twenty inches long
and is compressed to @ 10 inch length as the drive rack moves to Its
upper position., The stored energy of the scram spring is used to
assist gravity in driving the control rod Into the core during scram,

The conitrol rod is attached to the rack by means of a bayonet
latch. The bayonet latch is locked or unlocked by rotating the round
rack 45 degrees. Rotation of the rack can he achieved only by the use
of a special unlatching tool which turns the Inner containment tube,
and, therefore, the rack. While the reactor is operating, the inner
containment tube is locked in place, thus preventing rotatvion of the

rack,



Page |.66
October 31, 1960

{
The geermcior is contrelled selecTively by eivher a manual
~ushbutton or an automavic servo control. Tne low inertia retor of the
moter sicps very repidly because of an integral mechanical brake. Coast
ic l2ss than /3 inch.
Because of The speed limiting characteristics of the A-C motor,
a1 dangerous withdrawal rate for the control rods can never be reached.
(Reier to subsection 2,9.1 for rod speeds.)
Whenever iT is required to remove the vessel cover the conirol
rads aro disconnected and remain in the core. The procedure is as
follows:
. A cnecial tool 15 used from th2 drive bridge to engage the
sruare Top of the rack turning mechanism, By puching dcvin
the nall lsck is relezsed and the rack may be turned 459 to
disengage the control rod irom the laten.
~ Thz rack is then raised a few inches To disengage it
comp letely from the rocs.
3. The rack is then rotated btack fo its original position and
driven un until its bottom end is above the plan2 of the
I~west edge oF the pressure vessel cover. The rack is then
rotatad 459 to lock it in position so thai tho power leads
can be disconnectad without dropping the rack.
4. The cover is removad end placed in tha sterage space pro-
vided ior i1 in tha shield pool. Support bosses are pro=
vided ca the cover in oirder to profect its soal survates
during storage in tho pool.
&

( 1.66)
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Section 2

SYSTEMS

2.1 Pover Plart
2.1.1 Steem Line

The main steam tine is |6 inch schedule-62 pipe fabricated from A-335
Grade P |] steel, and covered with 5 inches of insulation. The lin2 is
equippad with a motor operated isoiaticn valve (Figure 2.1j. This valve,
located within the reactor building, will be tripped on scrams requiring
isotation to maintain the integrity of the containmant shell. This valve
is designed to close in about 15 seconds. |1 wili also be used as a main
steam line stop valve during normal startup and shutdown operaticns. A
4 inch line, bypassing the isolation valve, is provided for stcam flows up
to 60,000 Ib/hr. The main steam line divides into two 12 inch lines at the
turbine. A turbine trip valve is located in each line,

A 12 inch main steam dump line is connected to the main steam line
ahead of the turbine trip valves. It will bs used to bypass steam around
t+he turbine to the desuperheater pipe located in The condenser. The dump
valve ‘nstalled in this line will automarica:ly control ‘the steam lir
pressure when the pressure ic not contrelled by the turbine inlet valves.
The valve will also te used durirg plant stortup ana shutdown operations.

Four bellows-scaled safety valvas sized for 1153 rated steam flow
are installed on a commor 10 inch haader which is connected to the main

steam line betwaen the reactor and the main steam line isolation valva.

(2.1)
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aty valves discharge through flexible connections to @ common 4 inch

discharge !ine, which discharges the steam to the condenser desuperheater

pipe. The saiety valves are capable of relieving I15% rated ieactor

steam flow.

2.1.2 Jurbine

Tne turtine is a tandem-compound, doubie-7low 3600 rpm unit utilizing

conventional desiqn standards and materials of construction tha+ have, throuch
’ <

many years cf use ard developmant, atfained a high degree of reliabiliiy.

Necessary modifications to The conventional turb® 2 shatt seals were made Vo

eliminate 1he possibility of reacter steam escaping into the turbine building.

Tha modified seals are supplied with non-radicactive sealing steam from a

special gland steam evaporator, which utilizes reactor steam Vo evaporate

aenineralized waver.

An auxiliary gland steam generator, fired with oil

or gas, is orovided for use during startup and shutdown, and as a standby

Tor tho evaporayor.

This generator

s designed to operate a3t pressures up

to 575 psig, thus it can supply steam to heat the reactor water during

sTairTUp onetations.,

The steam conditions at the turbine inlet valves are

525 psic and 825 F with a flow of 613,000 le/hr at 66 Nwe. The turtine

sunalies steam to four regenerative feadwater heajers {rom extraction soints
t & :

The two pass surface condenser is designed for a heat load of

435,009,000 Btu/hr at a vacuum of 28-1/2 inches Hg. With admiralty tubes

and a decerating hotwell, it is of standi -d desigrn with the following

exceptions:

(2.2)
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{. The hoiwel!l is oversized to provide sicrage tor the water used 1o
¢1ood the reactor steam dome and superheater during shuvdown.

2. \hen stcam 1S bypassed around the furbine or relieved Through the
reacter safety valves, it enters The condenser through the large diameter
desupertneater pipe (Figure 2.1y, The dosuperheater pipe, located jusT atove
the hoiwell, contains suray nozzles which are supplied wiTh condensate to

reduce the sT2am temperature.

[#H

3, During retueling, the reactor and shield pooi ai'e cooled by paszing
chield pool waver over the condencer fubes.

Noncoendensable gases are removed frem the condenser by @ iripie element,
two stage steam jet air ejectcr. A rotary vacuum pump is also provided
tor usz during startup and shutdown.

The condenser is ccoled by circulating water which flows to the
condenser by gravity from the basin of @ conventionai double~flow, induzsd
drafTt cosling TOWEr (Figure 2.3). Tne water is returned to the cooling tower
by the 1wo circslating water pumps which tace suct’on {rom fthe condenser
out et watertox. goth the inlet and outlet waterboxes are giv.ded. TC
provide for operation of t+he entire condenser with one circulating puTp,

a 30 .nch butterfly valve is installed in the dividing wall of the outlet
waterbex and 2 discharge valve is provided for ecach pump.

A cross-connect line is provided between the outlet saterbox and the
hotwell so that +he large volum? of water in vhe ccoling tower basin can

be uszed tc keep the reactor core {1ooded following 2 ma jor rupture in The

2.3)
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primary system. This line is equipped with two stop valves in series,
+ith a leak-off between the valves, 7o insure isolation of the condencafte
and circulating water.

Tne cooling tower water make-up treatmant system treats vater pumped
from tho 2ig Sioux River. The system consists of fTwo river pumps, Two
4 aveling screens, Two precipitators, a clearwe!i and twe cooling tower

water make-up puinpS.

2.'.4 Feeduater Sysiem

The {eedwater system contains two condensate sumps, 1o condensate
¢ilters, four regenerative feedwater heaters, a drain coolar, two feed pumps
and a feadweter confroil valve (Figure 2.5). Three low pressure heaters are
tozated between the condensate pump and the feedwater pump. Onc high
nressuce heater is located between the feedwater pump and the reactor. Each
ot +he above pumps and filters is sized for full normal capacity flow, thus
one set is available for standoy cervice. Bypass lires are provided for
ecach feedwater heater.

The final feedwaters remperaturc will be contiolled at partial loads
ty bleeding reactor stoam to +he high pressure feedwaver heater. A steam
coniral valve will estabrish the final feeduater temperaiure by conirolling
+ha flow of steam To the neater. The conventional spray-type desuperheater

is supplied with feedwater. When reactor steam is bled to the hzater, an

air-oparated check valve will close in the high pressure extraction line.

(2.4)
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The feedwoter control valve is located between the feodwater pump ane
the high pressure heater. The fhree element controi system for this valve
will automatically position the feedvater valve to control the reactor
water tevel. Manval control of the feedwater ccatrol valve is also provided.

Make-up water is supplied from the 20,000 galion damineralized water
ztorage tank to the condenser hotwall.

2.1.5 [nergency Shutaown Cocling System

ne emsrgency shutdown ccoler will use shield poo! water to condense
reactor sream following @ scram requiring isolation. The cooler has
sufficienTLcooling capacity to: (1) prevent popping of the reacter safety
valves, and (2) provide sufficient sieam flow through the superheater To
prevent overteating of tho fuel clements.

Reactor stcam will flow to the tube side of the cooler through a
6 'nch jine which is connected to the main steam line at a point located
bedwecn the rescter and the main steam line isolation valve (Figure 2.1).
The air-operated valve in this line is interlocked with the main steam
lire isclation valve, and will open on scram requiring isolation. A3
inch line, equipped with a check vaive, connects the cooler tube-sido outlet
to the reacter feedwater line, Since the cooler is located above the
roacter, condensate will r:iurn to the reacter by natural circulation.

The cooler shell-siac ) .1ch supply line and 20 inch return tine are
cormected directly to the shield poci below the norma! water level. To

promote natural circulation, the return line is 4 feet above t,2 supply

line.

[y
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2.2 Reactor Woter Purification System (Fiqure 2.6)

In order to maintain high purity reactor coolant, a side stream low
pressure purification system is used. It is designed with the philosophy
of incorporating as many secondary functions as practical. The system will
fulfill four functions:

I'. The primary function of the purification system is fo remove
ectivated corrosion products normally found in the reactor water. This is
necessary to keep system radicactivity leveis low, minimize the possibility
of plateout on heat {ransfer surfaces and the accumulation of activered
crud in parts of the sysiem where it could make direct maintenance diffi-
cult or impassivle.

The system is designed o maintain a total solids concentration
in reactor water of less than | part per million (ppm). During normal
operation up to 100 gpm of reactor water is fed to the purificaticn
system, The major cation impurities expected during normal operation are
Zr, Fe, Cr, Ni, NMn, Co and Cu.

2. A secend function is pesrformed by the system in case of fuel
element rupture, when the system will be used 1o remova fission products
and ather activated crud during a reasonabl!e shutdown period pricr to
removing the reactor cover.

3. A third function is performed during the reactor startup procedure,
when the superheater and a section of the main steam line is drained through

the purification system.
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4. A fourth function is accomplished while *he reactor is being shuiz

down, prior to removing the vessel cover. Once the reactor is flooded, its
temperature is reduced further by circulating reactor coolant through the
purification system - to the main condenser - and back to the reactor.
Heat is removed from the sfream in the purification cystem shuidown
cooler and in the main condenser. flow fo the condanser is maintained
initially by the pressure difference between reactor and condenser; and
toward the end or this opsration by pressurizing the reactor with the
cendensate pump.

The system after the flash tank will operate at !-w pressure,
approximately 50 psia. The low pressure concept was chosen after studies
shoved it to be desirable from the operational, eccnomic and safety stand-
points and to facilirfate its use for the secondary funciicns described
above.

Most of the components of the purification system, coming in centact
with reactor water, are made of stainless steel. Tne piping system is
cf welded construction. All high pressure piping vwelds are radiographically
inspected. Although most valves are conventional in design, refinements
In valve packing and stem lcakoffs wili keep system leakage to 2 minimum,
During normal plant oparation, reactor water is bled from the discharge
nozzles of the three reactor water recirculation pumps. The water flows
o a common header where the combined tliow is up to 100 gpm. |t then

flows through a hLigh pressure line which penetratos the reactcr building

(2.7)
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cfter pas: ing through an isolation valve. The water flows to the fuel
handling building where ail of the purification system components are
iocated.

At +his point, the high pressure reactor water is throtfled into
a fiash TAank maintained at approximately 35 psig. Steam from tha flash
tank flows directly - the #12 feedwater heater, located in the Turbine
tuilding, where it is condensed and returned to the feedwatesr system,
This steam can be bypassed to the mein condenser when necesseary. This is
shown in Figure 2.2,

Approximately 62 gpm of the criginal 100 gpm leaves the flash tark
as saturated water at flash tank pressure. After leaving the flash tank,
the water is cooled to 140 F ¢r ‘ess in a cooler, which uses condensate
as the normz! coolant, From there, it flows thrcugh a system of pre-
fiiters, ijon exchangers, and after=-strainers to the main condenser.

Wihen the reacter is shutdown for re-fualing or maintenance, it is
possible 1o meintein a continvous purification system flow rate of 250 gpm.
The "shutdown" prmy maintains this {lew rate. Both ion exchangers will
be pit into service, operating in parallel when it is desired fo exceed
125 gpn. Each filter is capable of handling a flow up to 250 gpm with
a resulting shorter filter-cycle,

The shutdown pump is installed on a bypass in tha high pressure
secticn of the purification system. |t is mounted vertically af
recirculation pump fioor level in the reactor building main steam lina

chase. The convantiona!l singie stage centrifugal pump is designed fo f _\\\\\

(2.8}
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withstand fu!! reacter pressure. Specifications for ihe pump casing require
dye penetrant inspection of the casing and radiographic ingr -Tion cf all
wel?3. The conventiona! stuffing box seal is provided with cendensate from
the reactor recircuiation pump seal water system. Approximately half of
this feed paseas info the pump, the other haif drained to tha reactor bulld-
ing sump. Remote cpera‘ed siop valves are provided at pump suction and
dischargs. This pump is used continuously when the reactor is shitdown,
and during phasss of reactor startup and shutdown.

The flash tank is located in the fuel handiing building. It is housed
in a separate concrete vault. The tank, mzunted vertically con the mezzanine
floor, measures 34 inches !.D. and 7 feet 6 inches high. WMade entirely of
304 stainlsss steal, the flash fark is designed for 100 psig, and meetfs
the requirements of Section Vill of the ASME Coce for Unfired Pressure
Vessels as modified by case 1273N. Normal opereting pressura i3 35 psig.

Four nozzles enter the tank tangentially et an elevation above The
norma! water level. One is used for normal operation, tha remaining three
nozzies w, .l be opened to maintain required flow whon the rezcter prassure
is low during chutdown or startup. A tlow contrci valve (PF-10} precedes
the nozzlaes. This valve is designed to permit 120 gpm fiow tc the flash
tank whan the reactor is at full pressure, the contral valve is opén full,
end one nozzle s open. Henca, when maintaining the iCO gom design flow
during ncrmel plant operation, most of ths pressure drop cccurs through

the nozzle, thus insuring long life of the velve.

(2.9)



PR AR

Fage 2.10
October Y, 1960
Moisture carrycver in steam frem the flash tank is maintained av less
than 12 by a dry pipe, sinilyw to that in a conventioral beiler drum.

A cressuvre reli

[}

f eystem is provided on the flash tank. This system
will limit 7ank presstie 1o 1103 of maximum allowable werking pressure
while relizving the maximum possible blow-down tlow rave. Maximun possible

ilcw rate zan ta zonieved orly if the {ollowing aondit uns occus

coinciodantly:
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contiral velva.

2. Reactor a1 normal operating pressure and temperature.

2, All valves between vreactor and {lash tanik {ully open including four
nnzzla valves,

A ruprure disk 15 located in a pipe l2ading irem the botvtom water
cutlat pipe dicectly to the m2in condenser. A steam szfely valve is
sttachet to the sieam cutiet pipe, and discharges direcily fo the main steam
pvpase lire, which ir turn enters vhe mzin condenser.  The ruptvre disk is

RE

igned ta blow at a “igher pressure Than tho saiety valve. Ths dual

vater enablas the steam and water phases to be sepurated; thus minimizing

iy
~.

savere two-phase flow conditiszns thiough @ single safety valve and discharge

]

-

o

i p
Miers are two shali-sno-tube coclers located 1n @ shielded area in

the fuel handling building., One is used as the “normal cooler", ard the

otaer as a "srandby and shutdown cocler™, Each is desiared ior 150 psi

pressurs.

(2.10)
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Water from the flash tank flows through the shell side of the normal
cooler. Purification water temperature is reduced to 140 f or less by
condencata. From the discharge of the main condensate pump, a side sfream
flows through the tube side of the normal cooler and is returned to the
feedwater system aftar the second feedwater heater. The condensate passing
through the tube side of the cooler is at a pressure hicher than the
purification water, Consequently, any leakage would introduce condensate
into the purification system. Reactor water cannot enter ihe condensate
sysTem without first being filtered and demineralized.

The shutdown cooler is used during phasces of reacter startup and
shutdown. In addition, i* will act as o standby to be used in i{ace of the
normai cooler if necessary. |ts capacity is greaver tiaaa that o lhe
normal cooler, enabling i1 to be used for reactor shuidoun coeling. YWatar

trom the cooling tover system will be used as coolant. Any lzakage in “hi

s

unit will also be into the puritication system. theraby prevanting leakige
of radicactive water into tne cocoiing water system,
wo, 100 square foot, «lement type precoat filters precede the icr

exchangers. During normal operation one filter ic in use with the cther
on standby., This type of tilter is remctely precoated and backwushed,
thereby minimizing exposure of personnel by activated filter crud.

The mixed bed ion exchangers remove the soluble cortrosion products
from the reaxtor water as well as stop any suspended particlaes which may
tave passed through tha pre-filters, Each unit is designed for a 125 gpm

maximun flow. For limited periods the ion exchangers can be operiated in

(2.11)
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parallel at 2 comtined flow of 250 gpm. Underdrains for resin reteation
coasist of metaledge Fype strainers. Resins will be charged and removed
frrom the vesse!s by hydrauvlic sluicing.

An acditiona! smal! strainer is used following each ion exchanger.
his strainer will prevent resin from enfering the condenser in tho event
of an lon exchanger underdrain failure.

Alditionz| satety is provided in the system through the use of alarms
and interiocks. Of major importance are those used in connection with
flash tank oparation. YHich and low water levels in the tank will cause an
aiarm to sound in the control room. The high level alarm set point is
ciosa fo +he inleT nczzle elevation. |If water leve!l should rise to within
2 few irches of The cteam outlet pipe, seperate interlocks will first cauce
+he blow-dawn control (F-10) and then The steam ouvlet stop (F-48) valves
o gquiskly close, thus shutting down the system. A hignh pressure interlock
is alsc provided to close the blow~doun control valve on high flash tank
DteSsUina.

should a leak develop in the flash tank or surrounding piping, an
inereasa in activity lovel in ventilation air drawn from the flash tank vault !
wil! be quick!y dotected by a ventilation duct moritor. A+ a pre-set high
tovel the radiation monitor will automaticaily cause the purificarion systern 3

isolzation valve (P-7) to close.

(2.12) t
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2.3 Solid Waste Disposal System

2.3.1 Solid Mastes

Solid wastes are composed of comuustible wastes, non-combustible wastes,
filter cartridges, spent resins, chemical wastes, spent fuel-elements, fuel-
element ends and conirol reds. Table 2.1 gives the expected quantities of
such wastes.

Combustible wastes, such as rags, paper, clothing, mops and rubber
goods, and ron-combustible wastes such as nuts, bolts, gaskets, glass and

small pisces of equipment will be collected and packaged in sealed, shieldcd

containers. Thase containers will be shipped off=site for ultimate disposal.

The use of an incinerator for disposing of radioactive combustibles is not
contemplated.

Filter cartridges will be transferred from the filter body into a
container by semi-remote mathods. These sealed containers will be shipped
off-site for ultimate disposal.

Resins will be transferred from the ion exchangers by sluicing fo a
chieldad resin-storage tank located in tThe fuei~handling building. The
storage tank is provided with a pump o remove the resin affer the decay of
shori~lived activity. The resin will be pumped to the shielded shipping
container. These rosins will be shipped off-site for ultimate disposal.

Chemical wastes such as back-wash fiiter crud and neutralized liquid
wastas wil! be stored in a concentrated-waste storage tank to allow the

activity to decay. From the concenlrated-waste tank, a portion of the

chemical wastes wil! be pumped to a concentrated-waste measuring-dump tank,
which has approximately the samo volume as the shipping container. Tho
chemical wasties will bo dumpaed into tho shiclded shipping container. Tnese
containers will be shipped of f=site for ultimate disposal.

(2.13)
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Spent fuel-elements, fue!-element ends and contirol rods wiil be

L.
rans

-t

erred o and stored in the fucl-storage pcol for @ decay period. After
the decay period These wastes will be remoiciy transferred to a shielided

shipping coffin. The coffin will be shipped off-site to the fuesl-processing

rlant.
TABLE 2.1,
ESTIMATED QUANTITiES CF SOLID VASTES
l. Combustibie \lastes 1000 Ibs per montvh
Z. Nor=combustibie wastes 200 Ibz per month
z,  Filter cartridges 85 !.s per month
4. Spant rasins 1250 tbs per mont
5. Chemicai wastes 150 its pes aonth
6. Spent fuel-sisments, fuel-clenent '/3 of boiler core changed every
5.6 nonths
ands and contrecl rods Superhzater cora changed every
9 .months

2.4 Liguid Wasta Cisposel System

2.4.1 Ceneral Concent of the Liquid Vosve Disprsal Sysien

|a the Pathfinder Plant liquid wastes of varying quenvitios, radio-
astivities and chemical concenirations will be produced. The liquid waste
4;sposa) system is designed to procoss any type of liguid which can be

expected to enter it. The basic criterion for operaticn of tho radioactive

liguid waste system is that the radioactive content at the point of disposa

ta tua river shail be less than the rocommendad limits. From lational Bursau

(2.14)
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of Standzrds Handbcok 09, this limit (MPCU),, is 10~/ microcuries per
cubiz centimater (WM cfcc). (11 Ru-226 and Re-228 are not present, the
m3x.mum psranissinle concenirarion of unidentified radionuciidss in water,
(MRCU)y, i35 107 ‘Lic/ce for interim application in the reighborhood 2f an
atomic energy plant.) The system is designad vith sufficient flexibility
so that i+ may be readily adaprad 1o reasonable changes in State or Federzl
s on conzenirations and to variaticnz ot (n=-v!=nb zuantities of wasles.
Equiprent s provided to treat radicactive liguid westes by hoidup and
decay, fiitration, neutralization, demineralizetion and diiution.

Generally, iow activity wasies will be freetfed by tiliration and

deminerz1.zation to reduce the activity te a levei where the treated waier

can be returned for plant use or dischargs? 7o the Big Sicux River vwia a
draipaae ditch. High-activity wastes will be nautralized, if necessary, and
fed to a concentrated-vaste storzge tank tor decay prior +a shipment cff-szite.

.
i

Pravisicn is made for insta!lation of an evaporater t¢ tireat high=activity
waztes in Yhe event such an instailaticn prove: desirebis after the initial
parods of cparation of Fathiinder.

792 Big Sioux River will not be reiicd upon for diiution purposes.
Bztehk contre! wil: be used for radioactive vastes so that the required treat-
ment ¢an be designated in odvence and thus insure that the processed wastes
dizchargsd to thz river will be below the limits resommended. L13uid vastes

w..l be reprocessed it accentable discharge loveis have not been reached by

onE~Iyaie pPracessing.

(2.15)
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2.4.2 Sources =nd Activities

L.iguid wastes are expected firom the following sources: primary system
(reacior water), condensate, equipment drains, building service drains, resin
sivicing water, decontamination operations, laboratory drains and backwash
tiltter wastes. \fastes eatering the liquid waste disposal svstem are dividad
into two categories: low-activity wastes and high-activit; wastes. Low-
activity wastes are arditrarily defined as those with an activity concentra=-
tion of less then IO"S/Ic/cc and high—-activity wastes are those wastes
with an activity concentration of 10~2u c/cc or greater. Table 2.2 gives
estimated quantities and activities of such wastes.

TA3LE 2., - ESTIMATED QUANTITIES AND ACTIVITIES OF LIQUID WASTES

Noirmal Monthly Normai Activity
TS Flew (Microcuries/
(Gallons) Cubic Centimeter)

Low-rava!l Activity

Tecbine 1dg. Equip. Drains 1C00 Tom
Turbine Bidg. Serv. Drains 4200 10-6
Reactor Bidg. Serv. Drairs 700 10-2
Fuel Handiing Bldg. Serv. Drains 7500 1073

Tota, Low-Level Activity Wastes -
and Average Radioactive Conc, 13,400 .4 x 1077

Hioh-tevel Aztivity

Latoratery Drains 6000 Houks
Dazontasinaticn Drains 2000 16-2
Filter Wustes (Pre-Coat type) 1500 |

Daminaraiizars. Sluice Water | 200 103

Total High~Level Activity Vastes |
and Average Radioactive Conc. 9,700 1.5 x 107

(2.1¢;
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Even Though fhe quulds from the laboratory dralns are expecfed +o he
of low-acf:vnfy level as previously deflned fhey are 'added to- fhe hlgh-
Ie»e! was.es because of the fype of freafmenf required, The Itquud wasTe

qu=nflf!es given in Table 2.2 are considered tn be conservative In that the

i o=f|mafed quanflfsea are generous. I+ is conceivable fhaf,when the plant

is p'ared ‘into ooeraf;on, actual quanflfnes may be less.

) Table 2.3 guves,fhe reactor water acflvify. ‘ 775

N

I

'ABLE 2.5 - REACTOR-WATER ACTIVITY REQULTlﬂb FROM MAJOR NUCLIDES

a0

*Fission Products M cles
Y .
SR-89 8.5 x 1073
SR-90" 3.5 x 1074
I=121 5.0 x 1675
1-135 |.8 i
Cs-127 3.3 x 1074
TOTAL 1.809 i cice
. :(:,‘ﬁ i i «IQL; E . o y';'."\‘;‘m- Wi i o . ,;‘ 3
Reacfor Waier Ac1|vi+y (Fission and Corrcsnon Produ*1) , 2 0~/&C/L”
Tritium pctivity (after| vear fu!l pom-‘ opetion) A5 e /ec
Total Reector Water Ar*ivi'y L S 2.194c/cc
. ﬂ’/:“: [ et ! ‘y s N e
*Baked on 50 mg U—°35 2 :ugeh.; . L ‘
ot SR /f“fl:”nv? e VR “
‘ J[Tﬂ' Ession producf activity re;ulfs frcm a Fonfu.afed max:mum of i
KO i e
50 m“iligramf of. expused U 235 f.. "urface conte minafion of rJeI pin S ' The
o ' ‘ M . A ,«)'
ay.uai confﬁminaflow is aPSLlfied 10 by less “than This. However, fgal pin
; ' - s . , ‘;' ‘ > 4
¥ i “.; . h ; 1l4
(217 |
5 .
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leaks may raiso +he activity fo as high‘as 500 mllllorams of exposed U-235

aquivalent. IT is anfuclpafed fhaf reactor-water acfivn+y wiII normally

s

be the maximum concentration in wasfes encountered by the liquid-waste

disposal system. Hovever, backwash filter wastes and deconfaminéfion

!

solutions may, at %imes, contain a higher activity because of the

i

concen*ra*ion o# corrosion producf& in These wastes. |t is expected that

l”

fhe maJor uothon of +he liquid wastes enferino “the llquid~was*e disposal
systam will contain on the ave‘agei'lo ) 10"4,Llc/cc. The liquid waste

disposal sstem is capablé of 1reaflng any of the above aCT|V|f|es.

e i

One of the objééfives'in the design of the liquid waste disposal system
AﬂvFY ic to reclain as much water for p|énf use as is practical. Reclaimed water

will he rpfurned fo the sysTem.
.’4'
1nose .ad.oacflve wasfes dlscharged to The dralnage leLh will be

nebfral in nafure and hill contain; approxlmafely 300 parfs per miliion fofal

£

’sulnds nmdn-up prlncipally of calclum and magnes:um sulfates and bicarbonates
g,
‘ and ncirma | plan1 corrosion produc+= such as Fe, Cr, Nl, Cu and Zn compounds.
I ,-,
lf {a estimated +haf 10, 000 gallons per month will be discharged to the
L. '

.1ve.."'

]
‘

. v.\' .

2.4, 3 Opcfa inq Pro\rdures

[R)

Figura: 2.7 shows ! the basic: flow dlagram of the Ilqu-d—wasfe dnsposal
[

- sysfem. Yastas will be accumulated In sumps located in the fuel handling,

‘ 3

turbine and reactor bun\dlngs. A high waste Ievel alarm will be indicated

i ot

on a wasfe-dusposal conire ol panel. The wasfe—dlsposal operafor may then pump

wastes firom any sump to the 100V gallon dlvided surge tank. The surge tank

1)
il

(2.18)




Page 2,19 “
AP . October Zf, 1960

:’," ! . :
is itlvided so that wastes can be prccessed in 500 gallon bajches. A monitor .

'
H

in the line to this surge‘fank will indicate the level of actlvity of these

wastas.
1% the activity of the wasfes at the surge tank 'is low, less than

|0 %Alﬁ/cc, the wastes will be pumped through a filter to the wastz disposal
‘ '\uemxnnrallzer. From the wa,fe disposal demlne alizer, the wastss monitored
;f the di:cnarga s:de will Travei To The reziaimed water tank. The
rgclaimnd water s +orago f "k wlll te rhe discharge point for *be liqund vaste

K

dispocal sysfem. Its eff'uenf will be monitored and nan'allv dz;charged o

. the draanage ditch or reused w1+hin the plant dependang Lpon 1eed.

:, ) « ‘\lf The achvufy of fhe wastes at ‘he =urge tank is hlgh !"%/lﬁ/c*

or gre=fer, or +he wasfe-disoosa! dﬁmxneralxzer effluent activity iz
lO”%#lc/ cc or greater, such wasfes will be sent to the high~leva{, dacay
o storage Tahk. This tank i< a four-comparfmenf EZ,ODO gallon tank wh?&h
U - serves as a decéy tank but also may serve as an addifional surge tank. When
a compzriment is fnlled with hlgh-acf&vufy wastes, it will te closed of £ and

the }adnoccfxve was +e= will be allowed to decay for aoproxxm:fely fuo dzvs.
At the end of ths decay }ime, the liquid will be monitored to determine its
acfivf¥§ level. If sa‘q discharge Ievéié are not re:ched by such ong-zysla
‘processing, the wasfes can by racycled +hrcugh the =y=fem to furfhor reduce
“the activity levels.

‘quh‘ac+ivl+y wastes will flow to a‘300 gallon surgs tank. From ikis

tank, was’ies will flov to a neufralizlng tank where the pi zan be PLJ sted,

if nezessary. Frcm the neuiralizing tank. wastes wlll be pdmped fo an

(2.19)
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_ higt—ac.lvtfy wastes conTalned low so!ido.f

‘ uel- forage-pool damlneralizers can be discharged fo the 12 ,000 gallon -
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evaporator fsed tank and then to a concentratedswaste storage tank. The <~-

concenfra#ea’wasfes can be sent to the 12,000 gallon resin storage tank for
decay purposes or can be drummed and shipped off-sffe for ultimate disposal.
The 12,000 gallon resin storage tank is a two compartment +tank thch
brobides for decay of resihs until they are shipped off:;iTe.

Provision is made for pumping low—acflvlfy wasfes to the high-acflvify

4.

disposa’ sysfem. This procedure may be desirable if fhe lowi~activity waafes

confalned high solids. Prov:snon is also made for pUmpinc neufrdliz«ng “tank

‘effluen+ to +he diviupd aurge +dnk. This rrocedure may be desurable if the

VR APRTIN A
o

Y
(K

In the event Thaf unexpecfed large volumes of Iow-acfivn.y wasfas are b

generdfad ‘these wasfef may be discharned +o fhe fuel-sforage pool whare fhe C

wool Cemineralu;ers can process such wasfes af 300 apm. The water frcm the

iy

dq"ay ‘storage 1ank or to the pipe leading to fhe dralnage di+uho -

The liau:d waste disposal system has benn designed with suffic:en+

!

f.exiblll y so that flows can be redirrcfed in +hc event of equipmen+

ma!funcfion.

"‘ ; [

Liqunu wastes after proper +reafmenf by th lquld wasfe disposal system

are dlsuhdrged to the drainage dlfch and dllufci with cool:ng-fover blowdown

orlor to enfry to the river. The coolung-fowe. bIowdowu provndes a normal

minimum dilufion fa@for of 40. The average dil ifion fac+or is approximately

102, A continuously recording monltor will monitor all wastes being discharged

s oy
(2.20) ‘w‘n-’
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i

from the lnqund-uasfe dlsposal system to the druinage ditch. |f the activity
level of 1he wastes being duschurged exceeds IO Llc/cc the monitor will
actuate an alarm on the weste disposal control panae! and The valve in the
discharge line fo the drainage ditch will be closed autametically and wastes
witl Then:be diverted to the 12,060 géllon high-level decay tank. Analyses
during plunf ope*afnon wlll determine the radionuclides present on the
wasfes dlsyhargeu.

4y ) ' :
)In conwlderlng the radionu»lndes dlscharged +> the river, pe'aAI

1
J'w.

consnderaflon will be given to Trlflum. The amounts of tritium dxschargbd

to +ha river are relaflvely large compared ?o the radioactive fission and

corros:on producfs discharged. TFITIUm, ho«eve , emits oﬁly |ow=-anergy

befa parflcles, has a‘choff biological half life and does not concenf:afé
in sma' | organa. Fér these reasons, the maximum permxssnb!e concentration
in water (MPC)W for frlflum are relafively large. Tha waste-disposa
effluénf Qill be sampled periodically and analyznd for tritium 42 insur2
+h=1 +he fr.f.um CJncenTrafxon dls"harged ‘to the river is lass than Tﬁg

RS

(NFC)W “Yur tritiva in an unrcsfr|c+ed area (Handhock 69 states 3 x 10“3‘

/lc/cc)

h dnder abnormal conditions, should the average’concan?rafinn of E;dic—
nuclides, tritium excapted, exceed the (MFC)w value for 2 mixture of
unidentified nuclides not containing Ra;226'aﬁd Ra~228, anaiyses will be

made for spe"iffﬁvnuclides. Theso analyses will insure that *hp discharge

'

is wlfhln recommended llm.rs.
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The tota! iritium activity discharqu to the river is expectad to be

I

Col .. : i :
less than G0 curices per year which amounts to less than 1% of the total
tritium activity perﬁiffed in the expected cocling tower blowdown. The

total corrosion and fission produ:t activity dischairged to +he river is

{
E expected to be less than 1.5 curies por year.
4 2.4.4 Contro! and Monitoring

. ' § ~‘:A
A if i

Figure 2.8 épows the detailed flow diagram of fnc Ilau.d waste disposal
4 . . 1
system. | g ‘ .
ini
{
N
i

A

e 1 ‘A\

iti él srages of opéra.ion, it is planned to hawdle aII

'
R

e
. Durinoffhc ini
: ot '

. vaST s as bafches’fo insure safe dlschﬁrge leve)q.

\l

} Durlrg +h|s perlod of
gy ‘ l

+zme, .fe re—claired water TanP wull @rve as a discharge tank. Low—acfivify
. 1 iy

: ' ' + /
and +re=?ed wastes w:l! .be seﬁf +o *hlq iank prior +o Their rnlﬂacc ) Tde
. 3 \

Ly Lt
}

dra \Qge dlfch. Thefwa“;es can be sam

; i

N g

lad -and monnfored in fhis Tank.

o
[
2 e

IT is pncfed thai operating ddfa w:ll show *haf ‘the anor Porflon oF

R
LI

wastes co ll

s

SR APMRRPRIRVHY FERE Y

cved in the qump wnll have a !aﬂ—acftv:.y level surh Tnaf they © .

may bs dlschargad affer mon|+or|ng, dlrerfly 1o the drainage ds ch

1,
r

Snre "-his blowdown may be 'used fur
)

for

dE!u ion with coolnng Tower blowdown’s’

dilution purposes, the waste disposal operafor will be informed of any changs
: , i /

in the amount of ccolfng~f0war blowdown Tlow, Coolinu—fower blowdown valve

u !

posnfiuw, which ran be dlrecfly correlated wifh blowdowr. fiow, will be
rehnfoed on a sfrlp-charf rerordor in the Lonfrol rocm. An alarm contact

Ny

is providad on the blowdown valve positiun recorder to annUndiafe‘af the

o o A e e s Pl .

N

waste treatmsnt pawel when and if cnoling—fswer blowdown druo below 500 gpm.

i e e e e i
b
-~~~
N
N
3
~



fage 2,23
October *1, 1960
|
This would warn the operato:~ that he must not expéc% benefit from addi+ioral

by

dilution in the cooling~tower blowdown channe! before the activlty reaches
the river. He will then make any necessary adjustmsnts to insure that waste
acfivify diséharged from the fuel-handfing building will be telow discharge

levels (lO‘éL(c/cc).

o C. i — S
Figure 2.7 shows the'major control monitoring points. Monitor | is\a
. o ) " v ‘;

continuously racording monitor to serve two purposes; Insure dischairge of

/ wastes be'ow lO”éAfc/cc and provide a periranent record of al! radioactivity

. 4

‘;dxscharged fren ‘the lquId-waSTL systemn' to The river,
Hon tor 2 xndlcafes the acfnvn+y of wafer that may be returned for

planf USe.. Monlfor 3 |nd|cafeq the acf:vnfy of the wasfe-dxsposal-demlna*a—
. ;f""{‘ J / \\
Vf?!tzer effluenf It w:ll show whefrer fhis effluen. w! zl requ’ ‘@’ further

7
Treafmena or can be dlscharged +o the reclalmed wafer sforiée tank.

Moni.orié will |nd|cn+e the acfuvnfy of fhe decay s+oraqe +unk water and will

H

show whether this effluent will require furfher +treatment. Monitor 5

ti i

indi:afes the acf}vify of the wastes entering the waste disposai system.
The activity of The ;@ wastes will dlcfafe the treatment required,

Monivor | will initially be sef at or near 10~ /ur/cc. In The event
the wastes being dlscharged§gxceed this level, an alarm w‘ll‘éézgéf of

on the wé%fe-disp&éal confrél panel., Simuifaneously, a valve locatsd own-
sfream of *he moﬁ?for Will be Slosed automatically and wastes will be
diverfed to the |2 000 gallon hlgh level decay +ank.

Samplinr J;‘Ves are providfd on tanks in the ||quad—wa=+e disposal
system "~ .naf;vampleq can bg/d;awn, analyzed and monitcred., Continuous

(2.23)
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i h ‘

V. uniforing will be done at the: poin+ in the drainage ditch” Where the liquid-

H
IWQST svsfem discharges %o the. d’fch and will serve as a flnal check on the
acfivlfy discharged. Samples oy river water will be collected from above

iy “

dnd uﬁlow +H= plant site perlodlrally to determine any. changs in river

v

\
\.

warer auflvify. N

‘!, i‘l

2. 4 .5 De.onfaminhflon P*ovnsunns and P.o"edures ﬂh

o
¢

vl
! Lo
\J ‘ AN 2

l;o:rs, wd'ls an* o+her aurfacea of 1he buildings wiil be de"onram~

>

|nared if radloanflve apilis occur. Areas where radioactive: mDTGFIP
A i

Y f'l"v : H ft ‘\"‘AY
ara consfanfly belng handled, such as the decorTﬁmlnafion .oom,
”“"l ’\ O " AN

ate., wnll be profecfed with zn easnly scrubbed profecflve 5

‘

Iaborafarler .

Yy . i

ET ng ’ ; Pro—

Ay

f ,;‘ 3

Teéfive Iofhlng fhﬁf has been con.amlnafed will be pachtgecténd shlpped

o
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‘ s AT
' Equtpmenf in the reactor wafer sys.an, %here "internal contamination

13

N

from "crud“ deposition can be expected, w;l; e prov1ded with deconfamxnaTnon

s o Ly
nozzles which prOJecT *hrough the surroundlnq shie !d wali so that portable
0

\
de unfamlnafaon equipment can be eftached for flushxng puerseJ. This will

L

allow decontamiration before personnel enter the shielded eaclosure around

the eﬁuipnanf;

i i
S A decontamination room is provided for removing contamination from
oY A

smel | equlpnenf which can be disassembled and moved. This room is located

in tha fuel handling bLlIdlng and Its drain goes to the quu;d wasfe system.

The room is providad with acid resistant sinks.

(2.24)
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Drains from fhe‘deconfaminaflon room flow by gravity into a neutralizing
hold-dp tank, Dr;}ns from equipmant in the reactor water system which may
require decontamination are also connected to this tank. The neutralizing
hold-up tank feeds the neutralizing tank which has provus:on for adding
neufrallvlng agents, agitating equlmenf, sampllng and monitoring facilities.

The treatment of ‘decontamination room wasfes is discussed in the section on

liquid waste disposal. '\

(2.25)
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2.5 Gasenus Waste Dlsposal System

Ly

2.5.1 General Concept of Gaseous Waste Disposal

During normal operation of the Pathfinder Atomic Power Plant, there
w:ll 'be three sources of potentially radioactive confamlna+lon in the
Tack effluent. These are 1) gaseous rad:oucofoper produced by neufron

ac+ilaf|on of water, (2) gaseous radnonsofopes produced by f155|on|ng

'rdnium 235 and (W) gaseous radnousofopes produced by activation of bhleld

)

‘cooling air. Argon 4| and lerooen I6 a.e The most crevalent raduonsoTopes

from activation, wvhereas, Xenon ahd Krypfon are the principal gaseous

f:ssaon producfs. It Is expechd t+hat N-16 will be present at the zir

,..‘

eJecfor vun+ To the exfenf of 5 I X 10% micrezuries per second. Three (3)
U
microcuries per second uf A-41 will be produced in the shle!d coollng air.

Wi pﬂrfecf fuél elemenf~ ‘there uould be no Xenon and Krypton'in The stack
effldédf, since they would be cont alned witwin the fuel element cladding.
However, i+ is recognized that: (1) smail.amoud%ﬁ of U-235 can becoma
lmpregnafed info the external surfaces n\\*he cladding which capnoi be
removed by any pranflcal or economical me;gcd, (2) there is soé; smaii
dnffusnon of the fission gases ThrOUQh‘fhe claddfng maferial, and (3) clad-
ding fallures occur which permit leakage of tission gaJes from the fuel
matarial. :

A tull core Idading'faﬁricafed in accordance with speclfica}idns
provides no more than 22 mg of exposed Ua235 on the fuel element cladding.

Howaver, f - the purposes of the design of the wa:fe dlquSdl sysfem, it

was assumed that U-235 can be present on Pa?hfnnder fuel elamont cladding

(2.,26) i
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i amounts as high as 50 mg.
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An estimate of this activity together with

other ‘wources of activity originating within the reactor s shown in

Table 2.4,

a flssibhvgas production of 3 X 10° microcuries per second,

Subsection 7.3.7)

“ . failures could produce greater concentrations.

TABLE 2.4

» : i e
ESTIMATED PRODUCTION RATES OF RADIOACTIQG-OFF-GASES

At full power operation, this 50 mg of U-235 would result in

Smal | cladding

(See discussion in

(Flsslon gaases based upon an assumad fuel surface contamination of 50 mg

of exposed U—235)

Half-Life

s5ec.,;

Isofope y Producfion Rate
N~IS 7 sec. . 5.0 % Iog microcuries/’
N~ 'hh‘ 4.14 sec. 1.8 x 107 -
s '12.46 yrs. 2.4 x 1072
A=37:: 35 dayst. 2.0 x 1073
A-4] 109 mith ™ 7.8 x 1072
0-19% 2914 sec’, 1.7 x 104
Kr-B’M 114 min, .. 3.8 x lo!
85M 4.36 hrs. 5.2 x lol .
85 10,27 yrs. 4.8 x 1072
87 78 min. o 3.2 x 102
88 2.77 hrs. 2.0 x 102
89 3.18 min. 1.3 x 104
90 - 33 sec. . 8.7 x 10*
Xe=131M2 12 days 1.7 x 1072
133M 2.3 days 4.4 x 1070
133 5.27 days 7.9
135 '9.13 hr3. 1.0 x 10%
137 3.9 min, 1.4 x 104
138 ; 17 min. 2.9 x 10°
139 4| sec. 6.3 x 104
140 16 sec. 1.3 x 197
(2.27)

if



Y Bl 3 im0 8 i sk wmbean e i

. e st b = i e

that

“ser through’

Fhe gases dire

“The necess

i

i

1
I
i
i

|
H
§
The Nafio

|

in NES Handboa

of radioisofo

v

N-16 this ‘s

|

!
(Ltc/ec); for\

controlling fis
‘hese arg
acflﬁlfy be a

In order
ducad in the F
d ion are

ispars

o A!l,gases

+t

-

them as long &

closed off eniii

i

power hours 1| case of emergency.
4

lj

¥
v

Hd U

of fhe wasfek?

L)

lss
it
L
]
|

Page 2.28

October 31, 1960

nal Committee on Raduﬂfion Protection (NCRP) has recommended

k 69 a set of maximum permissible values for the concenfrafion

Fes in 2ir o which the public has unresiricted access., For

jpecifled as 7 X 10"9 microcuries par cublc centimeter

A-41 it is 4 X '0’8/lc/cc ‘and for xg-lps, which is the

1

sion gas,‘nf is approxlmafeiy 3 X IO'qxlc/cr. Reﬁognlzing

Pssenfially maximum limifs, it (F planned that Pathfinder
favfor of ten below them. ﬁ
} . ‘- n

: 1\
%o reduce .he activity levels of .he radloacfive gases pro~

\
hfinder Plant, decay, .lifraTion, gllufion and a.mospheric

used,

orlginafing within the reactor are ejected at the mainfcénden~

oot oo m_..__

e goseous waste disposal system. This system can either pass

ctly through with a transit time of about 15 minutes or delay
5 12 hours to permit additional decay. The system can be -
irely and receive the radioactive gases for as long as ﬂ4 }ujj' .

Under a ci cunsfance reuunrlng iaolafiun

’ [
,h'.l -

isposal system, howsver, the operaror vill probably pre.er e
rr h

to shut the plant down in a normal manner after ahout I8 hours to avoid

l

v, The desi!
S z
tion' thar” 50 i

sing delay fi

this activit y

It

'31 eé‘pa s th

it y~of an emergency shudeWn atler 24 hours.

=ty

n ot fhe gasecus waste dicposal system is based on the assur-

g of U=235 is exponed In the reactor and *haf N~16 and ofher

hugh the system wit h the minimum transit time (15 min).

naq, vhe sysfo@ will handla the equivalent of about 100 times

‘In a 24 hour pariod.

(2.28)



Page 2,29
October 31, 1960

2.5.%Z" System Description and 0pefa+ion

The 50 mg of exposed U-235 5ufface dontemination is assumed to occur
from the boiler and superheater cores. Thetnon-volsfile fission products
and hduogens from the boiler core wfil remain to a large extent in the water
and will be removed by the reactor water purification system (See subsection

2.4.2). The noble fission gases from the boiler core and all fission

produéfs frgm the superheater core will appear in the main steam. It is

- expected, that “ihe remainder of the halogens and non-volatiles carried by

the maln steam will be stripped out in the condenser and will remain in the
qdndensafe. The noble fission gases will be ejécfed from the main condenser
by the air e jector systam.

it

The ventilation air discharged to the stack will contain A-4l.resulting

from irradiafion of ventilation air in the reactor bioloéféal‘shield. This

activity will be diluted with other building ventilation air in the stack

and d:spersed to the afmosphere. This-will insure that The concentration of

‘A~4I i1 unrestricted areas will be below the specified maximum permissible

concentration in air (MPC);.

Equipment and tank vent gases will be fed to a common heude ich
enters the plendm at the stack thre”fhey are diluted with ventilation air
in %he stack and dispersed to the éfnmsphefa. Calculations indicate the
activity Inifhese gases will be less than IO"g,L(c/cc after dilution,

Figure 2.9 shows the basic flow diagram for the Pathfinder gasecous

waste disposal system.

(2.29)
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During norme! oparation, the off-gases will flow from the condanser
throvgh a two-stegs alr~ejector system, Lecatod between the 2nd stage
sjector and its condanser is a metallic catelyst type ecombinsir, In the

reconbinar, hydrogen and oxygen, from dissotialed reactor water, will be
‘\‘i\‘w‘.
raaomuinad o form water. The water, formed as steam, and the air ejector
moTive steam will be condensed In the 2'r ejector after-condenser anc
retwrrned Yo The mein condenser. Ths noa~condensable radioa2ctive gases will
icw to +ha radicactive gaseous wasts disposal system.
Imrediataly following the air-2jecter-condenser is a 3-minvte holdup

»

eéay the short=iivad nuclide svch &s N-16, N-17, CFJQ, Kr-90,

.
D
-+
o
o

Xa~139, and Ne-145. Calculafions show the activity et the dischargs of
the holdup pipe tc bs 4.7 X iOf/Xc/=e A high-zctivity alerm monitor will

‘2t thiz point. The geses will flow through one bafiled holdup

" fenk &rd through an Mabsolute" fype filter to the base of the stack, The

4]

zeas wil! daeczy for 2n additienal 12 ainutas in this fig path and wili

w
0
o
o
i
b
-t
D
[/}
-+
[
1)
2
=

reach thé o ith an expsated activity of 4 X i02uc/ses,

r

Tne 8) #sot stack is mounted on the fual hawdl:ng buitding and the Top

of the stack is 106 feat =bocve ground jevel. Internal drafi fans will
1
vl

provide dilutien of the ofi-3ases with ventilation air orior fo r‘Hscharge

from the stack., Near fhn béae nf the stasck is a continuously ra~ﬂ"d1ng

ARATZ]

monl+or to 2revida opar E in

=

L?fa to insure the ges and particulate

disshzrae 15 balow tha epecified limits. The activity at the stack

discharge is estimated to be 4 X IO%Azc/sec. or 3.4 X lO‘ﬁ/lc/cc. This
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activity is noble fission gas activity. Detailed studies of the site
topography and meteorclogy indicate that atmospheric dispersion from the
stack will reduce activity to 1/10 (MPC), or less at any ground pcint
off-site., (Sce subsecflon 2.5.4) }

in the event of a major fuel-elemenf rupture, the main steam |ine
area detecter will indicate upusually hlgh activity and perm it proper
ac?lon to be Taken (Refer to subsection 7.3.7). 7

_The atr-eJec+0r~exhausT monitor w;ll indicate what levels of activity
are present in the off-gases. This monitor wlll serve as the control poinT
for the gaseous waste disposal system. When high-activity is detected, the
monitor will automatically cause the valve in the discharge Ifne of the
gaseous waste glsposal system to be closed and use of the holdup tanks will
be initiated. The compressor will be sfar*éd manual ly and the gases com-
pressed and fed to one tank for about 12 hours, after which time, the
compressed gases will be directed to the second tank. The contents of
the first tank can then be manually relzased to the steck, and the empty
tank again used as a recelver for the compressed gases. The use of igis
compressed gas system provides an additional activity reduction factor of

approximately 100 due to decay.

2.5.3 Monitoring

7»',’ :

\ '»”,

o

The followlng radlaflon-defecflon instruments will be used in the
gaseous waste disposal system control.
" 'The ventilation ducting will be monitored by a G.M. tube at its

dischargs point to the stack plenum for gross gaseous activity In the

(2.31)
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!
ventilation air. The ventilation system and 6ff-ga5 effluents will be
shut down manually if ventilatlon monitors alarm.

The main steam line area nionitor will Indicate the presence of a
larga bursi of actlvity in The steam.

Fligu-e 2.9 shows the two monitors in the gasesous waste disposal
g

system. Monitor | is ths condenser air ejector exhaust monitor, capable
of devecting gross gamme activity. It will be loceted after the A-minute
holdup'pipe. An alarm located on The waste disposal control panal will
indicate the presance of high activity at this point. Moniter 2 is a
Confinuauély recording monitor, lccated 1/3 of the distance ip the stack,

which msasures gaseous and parviculate activity. A moving filtsr paper

f

assaﬂbf&}éhecks pairt

ictlate activity. Either monitor can sound an alarm

can M .
on* the waste dispesal confrol panel. _
iy o
A pre-~operational site monitoring program was begun in April, 1959,
i

This program is continuing and will become part’ of the Pathfinder environ-

menval survey program. (See Section B) .
; i ¥

A Atmosciheric Dispsrsion of Radioactive Gases

3

1,

ty discharged #rom +the stack wiil be distributed in the

.or

Tha aetiv
atrosphare and o the ground depanding upon the atmospheric condifibns and
The plume pehavior that the stack effiuent aQ%umes after lzaving the stack,
This pluma bshavior will be determined by the wind conditions and

tenperatura protile present at The +ime of discharge. Tas five major

{2.32)
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types of plume behavior and vertical temperature gradient which are

likely to occur at the Pathfinder site are:'

Lofting (Inversion below, lapse above) - The inversion prevents
the gaseé.from reaching ghg_é;gyndjan&j;?¢+he same time the
effluent may be rapidly‘éilufaégin the ;ggse layer above the
inversion, \ 35

Loobing (Strong lapse) EtGases diffuse‘;épidly but sporadic
puffs haQing>s+rong concentrations are occasionally brought to
the ground near the stack for a few seconds during”lighf winds.
Coning (Weak lapse) -~ Gases diffuse in a cone shape with the axis
horizontal. )

Fumigation (Lapse below, Inveféion above) - Large concentrations
are broughf-+0 the grouﬁd'along the entire effluenf stream by
thermal eddies in the lapse layer.

Fanning (laversion) - Minimum vertical diffusion of gases.

A. Eduafions for'éalculafién of Ground Concentrations

Loftlng

In the case of lofting, the plume, and therefore the activity
in the plume, will never reach the ground and is the most

favorable condition for dispersion. Since there are conditions

|. United States Department of Commerce Weather Bureau, Msteorology and
Atomic Energy AECU 3066, U.S. Government Printing Office, July 1955,

Page 60.

2.

5.

4'.
NG

5.

| -
.
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which are more unfavorable to disparsion and which give;
higher ground concentrations, the cass of lofting will not

be givan further consideration.

2. Cohfnq,and Looping
For éoﬁing and looping conditions, the fol[qwing equation of
C. G. Suffénz f2irly accurately describes the plume behévior
and the diffusion of the eifluent:

X: (2’>) ‘(IO"'s)Q exp(— : h2 ) 1)

7C2 uy x 2-n

Where X_-: ground concsnfraﬂo-n (L c/cc)
activity ‘leaving stack (é¥c/sec)
diffusion parameter (mn/
dlmenSIonless perameter ossoc1afed with stability
wind speed (m/sec) . K
height of plume above the ground lm)
=Ah + hg = hg where
Ah = haight of plume rise above the stack (m)
h— ~ height of stack (m)
~ height of ground (m) v

dquance from base of stack to ground point (m)

The tactor 2 appears in the numeraior o a::ounf for "ref!ecfion"

o <
aunnaa

-
n

af the diffusing particles by the ground plane.
The tactor 1070 appears in the numberafo" 1o convert the units

of the righthand side of equation (l) from Mc_ to Mc .
™ ce

2. Itid., P. 47, (Equation 4.50)

(2.34)
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Fumigation ..

Fumigafion represents the most unfavorable di;;erslon conditions :
with regard to instantaneous ground concenirations because

portions of the plume can be brought to the ground along the

eitire effluent sT}éam.

An expression has been developed for ground concentration dur{;g
fumigation conditions:

Based on experimental work at Brookhaven, it was found thatf, over
é%yeriod of 15 minnfes, fumigation concentrations averaged;?o.
T{hes the concentration computed bY Sutton's equation, This

factor appears to be sufficientiy applicable to othar stacks.

Upon substitution of fﬁﬁs factor of 20, (1) becomes:

K= (4) (10539  exp [- K2 ()
TCZ u x 2-n c<Z x Z-n

Fanning (inversion)

For the theoretical treatment of cloud diffusion during coning,
:
|
looping and fumigation, equation (1) is a good approximaT!&n.

i,
t,

It is also a good approximation for the diffusion of a cloud during
inversion conditions when the cloud has its origin on the &round.
However, when the cloud has its origin at some height abové the
ground, the assumption of isofrspic di%iusion of tha cloud during
Inversion conditions Is usuaily in errOf. The horizontal

diffusion, although much less than for unstabie regimes, is

(2,35)

figts

i :s
i
F

LY



: : .
PR UL ISR PRURT IOy S SUS ST Ceppe § 31

Page 2.36
October 31, 1960

larger than the vertical spread.3 Urnder these circumstances,

aquation (1) is altered to make a better estimate of the cloud

diffusioh:4
X = {2) (107550 exp[-_ 0% ). (3)
MGy Cz t X &7N C% X&n
Where,

I :
Cy = diffusion coefficient for cloud spread in the
ho.iconTaI dlrecflon, (mn/2)

1

C, = dlffusion coefflcienf for cloud spruad in the
vertical direction, (m"/2)

B. Calculation of Atmospher'ic Dispersion
To obtain quantitative estimataes, equations (l); (2) and (3) for
afmoSpﬁeric dispersion were used. Wind speeds and Temberafure profiles

voir the Pat h inder Avomic Power Plant site vere developed from the meteoro-~
!
loglcal da.a of Miss E. M. Frisby (reference roo.nofe 6). Giound profiles

wera determined from the U. S. Army Map Service Topoq}aohic map, Additional
information was taken from the report, Meteorology and A}anlc Energy
(AECY 3066).

The following assumptions and basic data were used:

)

i. In appl?lng the oguations of 0. G. Sutton, the values of the

meteorological parameters were assumed {0 be:

3. lbid., P. 60. \
4, Ibid., P. 47 (Equation 4. 5l)

(2.35)
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Fanning Coning " Looping
{Strong inversion) (Weak Lapse) (Strong Lapse)

0.50 0,25 0.20
Cy=0.12 0.12 0.24

u {m/sec}) |.0 5 |.0

2.

Only.fhe maximum concentrations of radiosctivity in the plume are
considefed, ?herefdre, plume spread in the y-plane is not
evaluated.

The fission products are released to the stack at a constant rate
over 2 long period of time reéulfing in a ;onfinuoué point source
emansfing from the stack.

The meﬁeorological conditlions are constant for long periods of time
and over large distances from the stack.

In the calculation of the atmospheric dispersion the “worst direc-
+ion" will be considered. The "worst direction" is defined as
that direction from the Fafﬁfinder plant which has the steepest,
rising slope of ground. That is, it is the direction from the
plant which has the highest grouﬁd elevation, closest to the plant.

In this direction, the average ground concentration will be highest.

Eftective Stack Helight

In equations (1), (2) and (3) the height of the plume above the ground

(h) abpears as an imbor%aﬁf factor. The height of the plume above the S

éréund (h) is determined by three factors:

(2.37)
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I. height of stack (hg)
f’ﬂg,‘ ,% 2. height of plume rise_(l&h) above the stack
3. height of ground (hg)
; These. factors are related by:
h=hg +Ah - hg (4)

. o
Pathiinder's siack outlet will be at an elevation of 1432 $+. Two

sactors wilch atfect plume risa are buoyancy of plume due to temperature
difference betwzen tihe effluent and atmosphere, and stack exit velocity.
In this analysis credit will be taken only for the rise of the plume due

to stack exit velocity. Since the stack exit gas temperature will in

most cases be more than 25 F higher than the ambient temperature, the

e

4f. 3 oifsctive stack helght cetermination will be conservative.

R 1 o

iy . The effect of siack exit velocity on plume rise is expressed by a

relationship developad by Bonsanguet et al:5

o Ah = a1 [Novs \ ; (4)
= max 1+ 0.43 (u) \ u / v
o v
o S

S w¥herre, Ahpgy = maximun height of piume rise, m, a funciion of

R (for the distances considered here, Ah max =Ah
i
for equation (4).

u = wind velocity, m/sec.
Vg = stack gas velocity, m/sec.

. . 3
i ¢ = ilow rate in stack, m/sec.

5. [Ibid., P. 71 (Eguation 5.1)

(2.38)
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Height of the ground is taken from the topographic map of the
Pathfinder site.

Helght of Plume Rise

hpax = 477 [ACVg (4)
|+ -43(£L4 ”
VS

Inzerting the Fathfinder stack constants and the most pessimistic wind

spaed for coning vyields:
Ah = 31 msters.
Atmospheric Dispersion Factors
The relafive?aimospheric:dispersion for different meteorological
HE v

conditions may be h.%erminedvby defining an atmospheric dispersion

facter, X._. The atmospheric dispersion fector is defined as the ratio

Q

of the ground concentration CX) downwind to ths activity leaving the stack

(Q).

!+ Aimospheric Dispersion Factor for Coning

Using equation (1),

K - (2) 2100 oxn [~ h2
Q CZux<m rZ x 2-n

Inserting the proper valuss of the parameters for the coning

condition,

X (8.8) t10°6) exp [ - (69.5) h2
Q x1.75 X175

it

"Figure 2.10 shows the plot of }ga, the atmospheric dispersion factor,

versus X, the distance from the %Ian+ in the worst direction."

(2.39)
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X}

2. ATmo&gberic Dispersion Factor for Looplnq

Agaln using equation (1) and inserting the proper values of the

paranefers for tho looping condlrlons,

N U0 1075)  exp (— (17.3) hZ)

—

0 - o X1l x!.8
"Figure 2.10 ghows the plot of 2&, the atmospheric dispersion tactor, versus
X, the distance from the plant in the worst direction.”

3. ‘Afmosoheric Nispersion Factor for Fumigation

Using eoua.’on (2).

/
% o= (4) (1079) expk-— h? )

Q cZ u x Z=n CZ x 2-n
Inserting the parameters for looping,

X = (2.22) (10”4 exp [ 47,3y w2
Q | X1 .8 '\ X1 .8

“'igure 2.10 shows the plof of?&i, the atmospheric dispersion factor, versus
X, the disTance-from the plant in the worst direction.”

4, Atmospheric Dispersion Factor for Famnning

Using equation (3),

%= (2) WIS T exp [~ h2
Q Cy Cz ux Z=n

C__z X 2"'n
Insarting the parameters for .annnng,

Y, = (1.06) (1674 exp (- £400) h2
Q xle3 xl.J

"Figure 2.10 shows the plot of }gJ the atmospheric dispersion factor, versus

X, the distance {rom the plant in the worst direction."

(2,40)
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Cc. Cbncenfra#ion of Activity Off-Site

c. - 3

The caléb}éfions in the preceding paragraphs under 2.5.4 B, only

determine fhe\maghifude of the dispersion factor due to atmospheric
s diffyéion. To reéiisfically eéflma#e the average concenfrélibns of gaseous
[ RS .

ac%ivi?y off-site, a number of‘processes which reduce these concentrations
“must also be considered. Radioactive decay, predilution and averaging
are the processes which conffiéb+e +he most to the reducticn of average

concentrations of gaseous activity off-site.

Redué%ion‘Fac*ors

1. Radioactive Decay

The gaseous wasTe‘disposal system operates normally with a 15
minute holdup time. Under abnormal conditions, the ho!d-up tanks
come into operation and result in an average 12 hour hold-up time.
Because of short half-lives, the amounts of N~16 and the fission
gases (Kr and Xe) will be reduced significantly before they reach
the stack exit. In fact, N-I6lwill essenTiélly decay completely
away after a 15 minute hold—uﬁ. {A-4]1 is not affected by this
hold-up because it hasmifs origin.chiefly in the shield cooling air
and does not pass through the gaseous waste disposal systemn)

2. Predilution in the Stack

i

Predilution with ventilating air substantially affects the
expected atmospheric concentration within the first thousand meters
trom the stack. Beydnd this distance, the predi fution with 25,000

> N
cfm of ventilating air in winter and 85,000 cfm in summer has little A

(2.41)
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[
eifect. No credit for predilution with ventilation air is taken in *he

calculations of af?pspherlc dispersion. Nearer the stack, however, where
fumigation and loﬂ%ing conditions are important, the predilution has
substantial effecflfthe effect is sufficient to make Fanning (inversion)
conditions the limifi;g criterion rather than fﬁe more local effects of
fumigaflon and looﬁéng. ?

The predilution of the A-4! with 25,000 cfm of ventilation éfr
briﬁgs its concentration to about (MFC), for unrestricted areas.
For example; the concentration of A-4] at the stack exit is
2.54 x 10~Tuc/cc, The (MRC), for unrestricted areas for A-4l is
4 x 10BlUclec. A reduction facfo;fof 0.64 is all that is needed to

Ve
reduce the conceniration of A-~41 to (MPG), for unrestricted areas.

3. Yezrly and Daily Averaaginag

Meteorclogical data (6) from the planf.éife indicates the
raquency of the various plume conditions and the frequency of the

wind direction. The drift in any of the 16 cardinal directions during
the year doas noT occur cver 4 to 5% of the time.

Four cardinal directions, east, southwest, west and north and
the worst point case were selected for the atmospheric dispersion
calzulations. The results of these calculations are presented In
Tebles 2.6,2.7 2,8, 2.9, and 2.10.

When corsidering fumigation, another averaging effect must be

used to make a realistic appraisal of the various corcentrations.

HERY
K

P

6. Frisby, E. M., Review of Climatological Observations at +he Pathfinder
Site near Sloux Fails, South Dakota, May |, 1958 to April 30, 1959,

(2.42)
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Fumigation cenditions exist only during tho break up of an inversion and

only for abcut 5 /minutes por inversion. Therefore, for one inversion per

day, a iroduction factor of 1/4 hr or about 1072 may be used to reduce the
24 hr

ins fanfanoous concentrations of fission gases. ‘

4, Averaqing Concentrations Over Arc VMlidth

For the purposes of fﬁagclimafologlcal study cited in footnote 6,
the wind was designated as J&mlng from sixtean cardinail directions,
Each direction thereforo includes 22%0 of arc, At 1000 meters the
arc Iengfh subfended by 224° is 393 moters. Howsver, under inversion
condifions, at 1000 metors, 99.74 of tho activity o¥ *he cloud wiil
»be within a\ arc length of about 90 meters., Meteorological Information
:obfaxned‘aflﬁhe~rafhfnpder sito, and other data in gernerai, indicales

%
that for light winds ¢nd inversion conditions, the wind direction’
/s
[
changes frequanfli[”éffen through large angles. To account for this
meandering over the 22i° arc, the equations daveloped In subsection 7.8,

were used to calculate the average doso reduction.

Specific ally, the equation,

K= 3600 oy
220 ZAwR

¢ o
was used to calculate tho ratio of ‘averagé plumo concontration over
o
223" arc length to the peak plume corconiration. Tabio 2.5 iists
the ratio for various meteoralogical conditions, at various distancos

ron the stack,

RN

(2.43) .
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Table 2.5

Teble of Reducfion FaCfor§ to Account for Cloud Meander and Arc Length
for Various Meteorological Conditions 5

A L i
Downwind ‘ Reducticn Factor }(
Distance, X(Meters) X/yo ”
AN
: Fannina, Coning Fumiqa{lon, Looping
700 1.06 x 107! o 0.56
1,000 9.6 x 1072 0.54 U,
2,000 8.0 x 1072 0.50 -
4,020 6.8 x 1072 0.47 L
10,000 5.4 x 1072 , 0.43 N

Concentration of Activity Off-Site

in %he calculation of the concenirations of fission gas activity at
the site boundary and off-site in the “worst direction", the following
procedure was used: (The "worst directiont is toward a rise in ground
elevation south of the plant) |

The assumed fission gas.sfn:k release rate was first multiplied by
the atmospharic dispersion factor from Figure 2.9. These concentrations
were then multiplied by the appropriate reduction faéfors due to
frequency of ﬁfume direcfioﬁ, frequency of wind direction and cloud
meander. fgb!es 2.6, 2.7, 2.8, 2.9 and 2.10 show the reduction tactors

which were used and Table 2.1 shows a summary of this analysis.

(2.44)
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Table 2.6 - ATMOSPHERIC DISPERSION

.3+ october 31, 1960

o e
-

‘Direction East = Site Rourgary

Plume o Frequency of Frequency of Cloud Q (vc/sec) ~ Contribution
Condition 0 Plume Condition Wind Direction  Meander Released To dose («sc/cc)
Lofting 0 - - - - 19
Looping 2.36 x 10~ .0t0l 0 .54 4 x 107 neg.

Coning 1.22 x 10711 3785 .0047 .09  4x 105 .835 x 10}

Fumigation  7.03 x 10~} .0348 .02 .54 4x10°  10.5 x 10711

Fanning ;

(Inversion)  8.97 x Io~!! .. .459 .0186 096 4 x 100  29.4x 1071
TOTAL 4.07 x 10710

Table 2.7 - ATMOSPHERIC DISPERSION

Direction Southwest = Site Boundary

. Q (tuc/sec) Contribution

Plume X i, Frequency of SR mwonumnn< of Cloud

Condition 0 Plume Condition - Wind Direction Meander " Released To dose («sc/cc)

Lofting 0 - - - - o

Looping 9.22 x 10712 .00l .0070 .50 4x 105 131 x 107!
“Coning 8.46 x 10-12 .3785 .0093 .08 2x 100 952 x 107 M
Fumigation |.84 x 10~10 .0348 .02 .50 4x 100 25.6x 10}
‘ mm::mnm. -10

(lnversion) K10 .459 .0139 ~ .08 4x 10° neg.

h TOTAL 2.67 x 10710
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Table 2.8 - ATMOSPHERIC _DISPERSION

October 3!, 1960

Direction West - Site m\...E:amQ

-

Plume . .. Frequency of - Frequency of Cloud Q (& c/sec) Coniribution
Condition 0 ~ Plume Condition Wind Direction Meander Re leased To _dose (& c/cc)
Lofting 0 - - - - 0]
teoping 3.16 x t0~!1 . .010! .01i6 .54 4x 100 7.98 x 10712
Coning 7.25 x 10-12 .3795 .0047 .096 4x 10° 4.96 x 10712
Fumigation 6.33 x 10-10 .0348 .02 .54 4 x 10° 9.52 x 1071°
mm::m:m. , -10 3
“{Inversion) - K10 .4590 .0465 .096 - 4 x 10 neg.

, TOTAL 0.65 x 10710

Table 2.9 - ATMOSPHERIC DISPFERSICON

Direction North = Site Boundary

Plume X, + Frequency of Frequency of - Cloud 0 (uc/sec) . Contribution
_Condition e " Plume Condition VWind Direction  Meander Released To dose (4ic/cc)
Lofting 0 - - - - 0]
Loopi = "y & -1
coping 4.35 x 10 .0101 .0187 .56 4 x| 1.82 x 10
Coning 2.51 x 10~12 13795 .0186 .106 ax10° .752 x 10~!1
_ Fumigation  8.69 x 10710 .0348 .02 .56 4 % 103 36 x 1071
Fanning . -10
CInversion) K10 459 .0 16 .106 4x 10° neg.
TOTAL -~ 1.39 x 10~9
-~ O D
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Table 2.10 — ATMOSPHERIC DISPERSION

Cetober 31, 1960

Direction South = VWorst Point

‘=Plume X _u._.mn_cm:o< of Freguency of - Cloud Q {mc/sec) Contribution
Condition 0 _: Plume Condition Wind Direction tHeander Releasad To Dose (Lic/cc)
Lofting C - - - - G
Looping 1.3 x 10!} .0i0I .0140 .5 4% 10° 368 x 10~1!
Coning 1.6 x 10-I! .3785 .0186 .03 4x 105  3.60x 10!
Fumigation 2.8 x |0-10 .0348 .02 .50 4 x 10° 38.4 x 10-}!
Fanning T
(Inversion) 7.5 x 10719 .459 .0209 .08 4% 103 2.30 x 1071
TOTAL 2.73 x 103
Table 2.11 ~ SUMMARY OF DOSE ANALYSIS
-.Direction i Distance .“Total Dose Mc/cc
- East Si+te Boundary 4.07 x 10710
. . South-tlest '© Site Boundary 2.67 x 10710
" VYest . Site Boundary 9.65 x 10-10
Nor+th - Site Boundary 1539 % 1079
South (worst point) " 2000 meters (off-site) 2.75 x 1079
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Figures 2.10 and 2.}1 show the variation of average concentrations (_
with distance from the sfack‘for the various meteorological conditions
for the "worst péjnf“ case.
D. 5um{arg

vith 50 mg.U-235 fuel element confaminafibn.and without the use of
the hofdup tanks the yearly averaged coﬁéenfﬁaflon at the “worst point" off-
éife fs conservafively calculated as‘2.73 X |0"%Llc/cc. Therefore, since
is a factor of 10 below (MPC),, the Pathfinder gaseous waste system is

considered to be'adequafé.:

A"»"‘
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2.6 Plant Ventilaticn Systems

The deslgn of the pient ventilation system is based on (1) re-
meving heat gives cff by squipment at 6 rate which will allow a..icnen
and ~afa cpcra.nop of Ths equnpmen., and (2) a sufficient number cf air
changas for Ths safafy and cswfort o7 eraonn | in sccupied areas of ths
plani. ‘ )

Provisions ars made so ?haf’?hélbraakdoﬁn of any on2 pi=cs of
ventilation squipmeav w..l not requirs plant shutdowr.. Plant shﬂ%ﬁ:wa
will bs rsquirad, however, if one of the following cceurs:

1. Fafiure of beth induced drafy fans. I

2. Failurs of two of the following fans:

a. Turbinz building heating and ven*ila.|on unit.

(U]

b. TFurbine buitding spot v vaati lution fan.
c. Rzactor bui
Th- reaczior bu.l;}ng VEN ?ilafidb sysfem is déscribed in Section 3.
s .
2.6;1 S.ack and lpduced Orafi Fan S"‘iem
SR
The stack and inducsd draft fai system is provided to dispce

{ding ventiiation fan.

i

of th=2

\l)

axhauzt air ?rom zomes where direct contamination with radicactive gasas

V]

ls possible (FIQUV= 2. 22) The exhaust air from the reactor building,

-

turbine huniding, and fua! nandling buiiding flews through ducis ic the

induced draft fan Ialst plenum Ia the fuel handling buildiag. ™o

induced draft fans dran air from the rlenum and dischargs it to the stack.
Radicactizity detestors are installed In all ducts diszharging air

intc $he pienum. These detatvors will scund an aiarm in the cenvrol rcom

D

cn a rlsa In radicastivity, and cn further rize, wlll astomatically clos2

(2.49)
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the isolation air valve or damper in +the affected duct.
s

Radioactivity detectors in the stack will provide confinuous indica-
i r

+ion In the control room, and will sound an alerm on a rise in radicacti-

-

vity. ‘tihen required, the exhaust air will be diluted by admitting out-
slde air to the plenum through two air vélves.

2.6.2 Turblne Building Ventilation System ' "

Thé turbine bullding is divided Info two zones:

1 Sﬁlelded zone - This Is the space below the operating floor
enclosing the steam Ilnes‘and valves, feedwater heaters, and related
oquipment. Except for the condensef; this zone Is physicaily isolated
by concrete shieidfﬁé from the rest of the turbine bulldlng.

2) Non—shieloed zone - This includes all the space in the Turblne
bullding except the shielded zone. |t also includes the equipment rooms
and shops under the admlnlsfraflon bul Iding.

All of the ventlilating air wlll be delivered Into the non-shieldad
zone, and all of the exhaust air will be removed from the shleided zone
(Figure 2.13). This arrangerent insures that clr will always flow from
the non-shlaelded zone to the shielded zone through the spaces around the
condanser.

The alr delivered by the turbine bullding heating and vontilation
unit can be 100% outside alr, or a mixiure of oufslde'air and reclirculated
alr from the non-shlelded zone. Dampers in the oufslﬂe alr supply duct
and the recircuiated alr duct will be positlioned to malntain the non-

shielded zono pressure slightly above atimospheric pressure.

(2.50)
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The .urblne building spot ventilation fan is provided o supplemonf

2
and as 'a sfandby for, the turbine building heating and ventilation unlf

(Flguru 2.14). 1t is also a standby for the reactor building venfllafion

fan.
X3

Tﬂe turbine Bﬁildlng exhaust system consists of two ducts connecting

L-lu

Each duct i3 eqnxpped with a motor-cperated damper, a tempsrature defecfor,
and 2 radioac l.y defec.or.

2.6.3 Fue!'Hdndlinq Bul lding Ventilation System

The fusl handling building heafing znd ventilation unit will distri-
bﬁfe alr to al! sections of the bui lding, except the deconfamlnéfion room
and the purificetion system flash tank vaul+; Slagé radicactive contamina-
ffon Is a psssibility throughout the building, no air wiil be recirculated.
The stack induced draft fans will draw air through exhaust ducts from all
sections of the building. A special exhaust duct Is provided to remove
the air which has passed over the fuel storage pool.

A sscond heating and ventiletion unit wili supply air‘fo the decon-
taxinaticn rcom. ir will be removed frem this room by an exhaust fan
and passed through an absolute fllter bafore It is dulivered to the Induced ;_
draft fen plenum.

The flash tank vault has a supply duct from the shielded zone of the
turt.fne building, and an exhaust duct +o the induced draft fan plenum. N

Trus, the induced draft fens will lnduce an alr flow from the turbine

bul lding %o the flash fank vault. o |

(2.51)

aX

A Ve
EaR LR )

) A Y



PN P W RO

e

L P U SIS

Page 2,52
Oztober 3, 960

2,6.4 Mater Treatment Bulldlﬁh Ven*llafion Systen

The water tira2atment bul!dlng heating and venti la?lcn ualt will deliver
alr o ail sections of the building, except the precipltator room. A+
least one-ihird of the alr will be outside air.

A wall mounted axhaust fan will remove air fiom the precipivator i-oom,
“hus, induzing ale flow from other sections of e building., Tae furbine
aul lding spat ventllation fan can supp ly air to the praclpl?afér ronm.

This air wiil ba axhausted through wail! iouvers,

2.6.5 Othar Ventiletion Systems

The adminlsiration buiiding, ceoatrol room, and oj! storage room
have coaveational ventilation systems. These are separate from The plant
vertilation systems.

2.7 Firse Pro#qc?ion System

The PaTquNuOr Plant flre protection system wili have hose stations
lecated throughout the plant, so that all areas of The plast can bhe covared
by ai least one, and in most instances two, stations. The hose stetions
are all connected o a fire protection sysvem headar, whish is conastantly
prassurized from tha plant coollng water system. This arrangement pernits
oz or toth of the plant's +wo 1500 gpm cooling water pumps T be usad
foue fire‘flghfing. ‘These pumps take water firom the cooling towar basin,
thus providing apprnxima.sly a 200,000 gallon resor vﬁir fpr flre #ighting..
A 520 gpm deep well pump is also interconnested WI* The flire protection
haadei to provide back-up for fﬁe cooling water pumps.

Fira protestion for the cecoling tower is piovided by two h“vu houses

and hydrents, which are conn2sted o the 520 gpm dJdeep well pump. The

(2.52)
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station's main end auxillary transferrers are protected by fog spray system
served by the plant fire protection header.
Supp lementing the above water system will be chemical oxtinguishers
or CO, extinguishers, as the case may require, for any areas where electri-
cal or chemical fires can occur and water cannot be used.

2.8 Electrical System

Tha output from the 66 eMW three phase main generator will be stepped

up from 13.8 kv to 115 kv and connected Into ihe existing Sioux Falls Division

System by means of two 115 kv transmission lines. One line ties into the
bus of the Sioux Falls Lawrence Generatlng Plant where interconnections
are made wffh the Bureau of Reclamation System and “he lhfersfafa Pover
Company System. The other line connects with the Minne sota Valley Gener-
ating Plant at Granite Falls, Minresota, where interconnactions are made
with the Bureau of Reclamation, Otter Tall Powar Company and Northera
States Power Company's Main Twin Cities System.

For continuity of elactrical service within the plant, four indepen-
dent sources of power, as indicated in Figure 2,15 will be aval labla:
(1) The 13.8 kv generator with voltage steppsd down for station service,
(2) the 115 kv system available through a second stepdown transformer,
(3) an automatic starting standby 125 kw diesel-generator and (4) an
emérgency 500 kva manually switched interconnection outdoor with a local
12.5 kv distribution lins. ‘The station a-c service system will be divided
into three voltage classes: 2400 volt, 480 volt and 120/208 volt.

The 2400 volt system load will be divided between two independant
busses which may be monuzlly trensferred (withcut Interruption) from the

13.8 kv stepdown transformer to the 115 kv stepdown transformer or vice

{2.53)
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versa., As These busses will normélly be fad from the 13.8 kv transiormer 1
wnza the plant Is operating, provision wiil be made 1o aviomatically transter
these 2400 voly busses to the |15 kv stepdown tiransformer in case of fa}iure
of the normal supsly,

I}

el

480 volt system load will alss be divided betveen two busses
normally independent and fed from separate 2400/480 volt stepdown tirana-
formars. One ot these Ticanstformers will be fed from ona of The 2400 vait
busses, the other rensformer will be fed from the cther 2400 voit bus.
In case of loss of either of these two sources 1o The 280 vali system, &
480 voit bus tle hreaksr will automatically close to feed bhoth 450 volf
bussas from the remaining source. |n czase both sourcas tou the 480 volt
sysiem ars losv the diesei—generafo} wili be automaticaily startad To cerry
c;rfé%n essantial 480 vol+ and 2C8/129 voit lcads.
The station 2C8/120 voit system load (consisting pirimarily of lighiing -
anZ fiazvional, hor:eugwﬂrymofors) Will conaezt t¢ a zingle bus normally
fad from one of the 2490 voit busses via a 2400 - 120/238 voli st ndoun
transtormaye wita pirovision for auvtomatic transfer To & second stapdown
transfo;rmer fed frem the other 2400 volt bus, Upos compiete loss of all
feod 4o the 208/120 voit system, +the plant emergency !iohts will be aute-
mavically transferred to the 125 voit station storage batiery. After the
diasei~genarator has staryed, thess emergency iights, some additional
(standby) lightiag and The plant telephone system wiil be fad via the
"standby" bus from a 15 kva transformer energlzed by the dissel-generator,
During the loss of all plant a-c power sources, the nuclesar instiru-

manatation, the reactor steam piressure controls, certain z-c powered

inatrumants and the main stean isolation valve will be powared, without

5l
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irterruption, by a 5.6 kva 1nver+ar‘operafed by the stafion battery.
This inverter will sarve only until the diessl~genarator (or othar a-c
coupces) can tekc over this load.

Tha manually swiiched connectlon to the 12.5 kv distribution line will
be ussd 1o augment or back-up ihe diezel-generator in case of prolonged
outaqge of normal powsr sources, also as a standby sourc2 ot supply to “he
desp well punps In case of fira,

2.9 liastrumentation and Conira! Systam

2.9.l~ Reactor Control

Gensral

The Patafinder Flant will normally be conicolled manually for reac-
Tivlfy (cr powar level) and automatically for pressure. The basic design
and acerational procedﬁre for the reactivity and pressure‘confrol systems
have bzen ostablished, and important operating condi+ions, control seitings
ard 1imits have been checked analytically on the Pathfindar Simulator.*®

Tha fesdwater - reacior waver javel and turbine coniro! systems have

,alss basn aztablished and will be corvantional sxcspi far misor mediiica-
+lons. Both of these systems will normal iy operate automatically.

The above systems have been chosen on the basis of (1) proven
rellaEiliTy with operational experience, {2) stability and fast response
of components, (3) simpliclty of design and'operailon, (4) inclusion of
fal |1-sate feafufeé and (5) ease of adjusiment, replacemen}, and servicing
of\componenfs. Detalis of the cvontrol system operation are given below

for normal and abrormal system conditions.

[
A Report No. ACNP~6005
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Reactivity Control ¢
l. Contro! Rods
The conirol rods will be operated manually to provids reactivity
chanées necessary for large power changes and 7o make adjusiments for
fuel burnup. In addition, they will provids safety pirotection
against nuclear incidents. The automatic shutdown system can interrupt
magnet cuirent in Ths control rod clutches as outlined in Sub-
section 1.4. The impoirtant faaturas of the confrc] rcd operation
circuits (from a coatrol standpcint) are listed here.
Control rods will be operated as foliows:
(1) One rod at a timo may bte raised at Ve rate of about 61
inchas/minuta. This is a reactivity insertion rate of less than
St fsscond fer any control rod.
: (2) All rods may be simulfaneously or individuzlly lowered at the

rate of about 72 inches/minute.

(3) Each red position is trensmitled jo the ccntrol reom continu-
ovély with special indicaetions of fully in and fully out positions.
(4} Rod withdrawal is prohibifad for the following reasons:
" a. Recirculation line valves being operated.
b, Low source level.
¢. Micromicroamnetars below 5% of scaie range. This
prohibl+ will he bypassed in the most sensitive current
range of the micromicroammeters.

o. Raecirovlaticon Rate

Reaztor power can aiso bo manually controlled by varying the
g

g
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positions of the butterfly valves in the three recirculation lines,.
This is done remotely from the control room where the posiiions ot
each valve will be shown, The butterfly valve - recirculation con=
trol can be used convenientiy to vary power output from 75 to 100%

full power. An advantage of recirculation control is that a nearly

constant-axiail void distribution wili be maintained in the core. Tne

butterfly valve operators have been carefully solected so tha*
recirculation rate changes wiil not cause reactivity Incertion rates

greater than that obtained by withdrawing the most valuable rod

(5¢/sec.). This criterion was established by comparing plots of excess
reactivity for (1) control rod removal at 5¢/sec, and (2) various |inear

rates of reclirculation increase. |t was found that Increasing recircu~

lation at the rate of 455 gpm/sec (50#/sec?) resulted In an excess
reactivity plot with a maximum amplitude and maximum rate of change
equai to that for rod removal at 5¢/sec.

The above results show why interlocks will be provided to pre-
vent a pump startup at any time with its discharge valve wide open.
Present operational procedure* for the pumps and butterfly valves
will permits

(1) Any pum» to be started only after its discharge butterfly

valve is at 50 or slightly less (near closed),

* See Sec. 6 for recirculation pump and valve operating procedure.

(2.57)
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(2) The meximum rate of flow change during ganged operation to
he 455 gpm/sec.

Pressure Control System

The Patnflnder pressure control system and the reactor water level
conirol system are described balow and Include all the hardware and
equipment necsssary to automatically position the turbine inlet valves
and/or The regulating dump (bypass) valve for maintaining constant steam
line pressure, Stoam line prassure (P,) is used a5 the control signal.

Reference will be made to the associated Reactor Pressure Conirol
dirawing, Flgure 2.16; and a Pathfinder Pressure Control Schematic,

Figure 2.17. As implied before, the control system will ad just steam flow
In bzlance with +he reactor steam generation rate in the procass of
meintzining steam lire pressure at Its se1 peint, This pressura setpoint
is roadily adjustable over a range of 409 psi.

The power supply for the pressure confrol sysfem {and tha feedwater

-t

control system) is from the same bus that furnishes vhe reactor instru-
mentation power. in the event of a plant pover cuizge, “he D.C. battery
tlock through & 5.6 KVa Inverter then provides A.C; viliage to the

bus. Thus, the conirol systems are safe from plant auxiliary system

mowsis fallure.

Normal Rezctor=-Turbine Operation

Two piressure transmitters, 935 and 926 (Figure 2.16), ars located
downstiream from the superheater exit inside the reactor buliding and

furnlch an electrical signal proportional to pressure. Means are provided

{2.58)
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to Instantaneously switch from one to the other upon a fallure or

erratic pressure signal. This signal |s matched against a manually
adjustable set point, RP-Iia, and the resultant voltage error is abplied

to the remaineer of the control system through a proportional plus reset
controller, RP-10a. When automatic pressure centrol (normal) is dsed,

the Instantaneous Transfer Stations (30, 128 and 129) are on'av?o. The
signél output of RP-10a is e valve position demand signal anci has a
standard signal range of -25 volts to +25 volt+ D.C. for O ‘to maximum

output. A bias of -12.5 volts is applied by RP-11d and amplified by a

gain of 2 by RP~I0b to provide the signal in proper vol?aéa range to the
Electric-Pneumatic Converter (RP-16). The resultant pneumatic signal,
covering a range of 3-27 psi, is the actual control signal applied to the
pneumatically driven turbine inlet valve positioner, (1203). This com~
ponent utlilizes the pneumatic control signal to provide a linear motion of
2 inches applied to the turbine reach rod. A 2 inch reach rod motion will
full stroke the Inlet valves. Thus, a +25 V to O voltage output range of the
controller, RP-10a, corresponds 1o a 3-27 psi range of the pneumatic signal,
which In turn corresponds to 0 to full open position demand of the turbine
Inlet valves.

In the unlikely event that steam is being generated in excess of the
turbine capacity (about 112% over rated flow) or the turbine load |imit
setting, the excess steam will be throttled By fﬁe regulating dump
(bypass) valve. The inlet valve position feedback slgnal is thus at its ™~
"opea" limit (110 VAG) and any Increased output of RP-10a becomas the o

demand signal to the 6ypass valve actuator (1031). The signal output

(2.59)
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of RP~l1lc will then be limited to 25 volts D.C. and the signal output
of the 3 point summar (RP-i0a) will stey constant at -25V,

1t should be noted that when automatic pressure contiol is being

ufflized, the turbine governor does not contirol the inlet valves (below
102% rated speed}. Biasing out the turbine governcr is accompliished by
adJusting the speed changer to 2% above its normal positicon. In this ranga,
+he turbins speed is controlled by the frequercy of the powsr system.

Normal Reactor~ Oparation ~ Turbine Spead Contrelled

This condition exists when the Pathfinder Plant is disconnected from
the electrical system and is fhrnishing power only for the stetion lead,
Thus, the Instantaneosus selector station, 128, is avutematically switched to
manval, and the turbine load limit is adjusted to handle the house loac.
Tha ;peed changer is then set to govern turbine spzed at 1007 rated speed.
During this oparation, the pressure is automatically reguiated by the
regulating du%p valve. Thus, the signal! output of RF-lla does not change
tha inlet vaive pcsition since 128 is then on manval. Instead its output
is comparsd tc the feedbzck inlet valve positien signzl from RP-1Df and
the resul+ant error beczomes the position demand sigrel for the regulating
dump valve, In the event that manual pressura confrol is desiied during
this condition, instantanaous ée:ecfor station (20) can be placed on manuazl
and the operztor can manuzlly positlon tha dump valve firom the control room

by watching ths pressure Indicator.

{2.60)
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Turblne Overspeed

In the event that the generator becomes electrically disconnecied from
the sysfem, turbine spead will Increase due to the excess steam entering
the turbine. When the speed reaches 102%, the turbine valve mechanism has
the protective feature of automatically closing the inlet valves to pre-
vent a serious overspeed ( > 110g rated). During this rollback period
(which is'a minimum of 0.6 cec.), the variable auto-transformer will
contlinuously transmit the inlef‘valve positlion in the feedb&ék path and
wi"(?urnish a decreasing signal corresponding to the decreasing inlet
Qéive position. Thus, the feedback signal Is responsible for opening the
regulating dump valve to the necessary position to handle the existing steam
flow. In case there is any slight mismatch between inlet valve and re-
gulafiné dump valve positinns, the resultant pressure error will send an
additional signal to the regulating dump valve to maintain the set pressure.
In the event of an excessive pressure increass ( » 65 psi), the safety-
fellef valve system will operate. The four valves are >s+ to openﬁ
at approximately 608, 615, 620 and 625 psla respectively, +o protect the
reactor and steam line against high pressure. They do not affect the
operation of the control system. At the Instant 102¢ speed is reached,
+he Instantaneous seolector station, 128, s automatically switched to manual
by an electrical slgnal transduced from the turbine governor. This actlon
allows the turbine governor to have control of inlet valve poslflon to
mélnfaln rated speed for the remalning statlon load on the generator.

The same turbine overspeed siynal |s applied to the solenold valve in the

preumatic (3-27 psi) line at 102¢ spoed to position the reach red at Its

(2.61)
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minimum set position. The turbine speed will then settie vut to
slightly above rated spéed In 2-3 seconds.

Turbine Tripout

. Turbine iripout can bs caused by serious overspead ( > 1i{0%), turbine
faulfé, and generator faults, These conditions cause the ?urbiné stop
valves to frip closed in about 0.35 second cutting off all steam to the
turbine, thus pretecting the turbine-generator from serious damage. When
this stop valve action Is Initiated, a signal with Turbine tiripout
intelligence will be sent to the auxil}ary relay module, RP-12, thus
opening the inlet valve position feedback circuit., When this astion
takas place, the valve position ditmand cutput siagnatl of RP-10a will
instanTaneously be feit at the bypass valve with a magnifudelcorreSponding
o tha pravious inlet valve position. Again, eny pressure error developed
during this tripout period will resuit in an additional signal to 1031 to
raturn 3taam line pressure to the set point. The byvass valve will be
pesitioned by a high capacity actuaior with a 2060 psl oil supply which
=an cpen the dump valvs in a minimum of approximately 0.35 sec. Tha by-
pass valve will have a linear charactaristic (i.s., valve capacify ER
valva stroke is a straight line)}. This dacision was made after exiensive
anélog computer simuiation studles of turbine rollback and tripout with
bypas: vaivas having various characterisiics. While a bypasa valve
zharacteristic matching the turbine stop valve capazity curve (in re-
varse) Is desirable tor limiting the pressure dacreass upen a tuwrbine trip-
out not caused by overspeed, it would dofinitely be undesirable for all

othar modes of operation boacause:
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(1) A llnear characteristic is tetter from @ control and stabillty
standpoint for normal bypass valve operation,
(2) A llnear cﬁaracfcrlsf}c 's a better match for the closing Inlet
valves during a turbine rollback.
In addition, turbine trlpouts not caused by overspeed (i.e., turbine or
generator faults) should be extremely rare In occurrence. Provision has
besn mads to accompany all turblne tripouts with an automatic reactor shut-
dowin,

Turblne Startup ~ Shutdown

During turblne startup when the reactor is being brought up to rated
prossure, warming steam will be seni to the turbire wlth the dump valve
instantaneous selector statlon set for automatic pressure control. (Seo
Section 6.2 Normal Startup.) Thus at all times durlng startup or
shutdown, the dump valve Is on automatic pressure control. The canfrolled
pressure can then be ralsed (or lowered) by manually changlng the pressure
wsf polnt. When the turbine is manvally lcaded to 10 MW and the speed
changer set to +he 102 spaed position, station 128 1s switched to auto.
Thus, pressure isvanomaflcitly controlled vhlle turbine steam flow is
increaslng and the bypass (station 30) valve is aufoma}lcally closed. The
turbine één then be loaded to full power under automatic pressure control,

Fur turbine shutdown, the above procedures wiil o&%ur approgimafe!y
In reverse oirder to the point where the inlet valves are placed under

governor control. With 30 still set on auto and practlcally all the steum

flow passing through the bypess valve, the turbine stop valves will be

(2.63)
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manually Tripped. Al steam will thaa flow through the bypass velvs and (.

pressure will b2 auromufi,ally conirolled af set poelat untli the reactor
Is shut down.

Faedwafar-Reﬂﬁf 5 Laval Coatrol Systen

- 2

in2 taadwatar-resctor laval coatrol system theczatter called The feuc-

vater control system) u s brea - pneumetic and alsctirical componenf’ 70 autoe-

"matically pesition The faadwater contiol vaiva., Tils system Is srctectad

from major powst fallures similae to the prsasure control syatem by

racaiving its power supply from *he bus common to ths reasztor instrumenta-

tion power.

The fesduatar control system usas thiree cantiral elemants; steam flow
(companzated for pressvire and temparature), fesdwater flow {companszted by
tamperatuire end biesed by a constant purification systam flow) aand reactor
water level.

Tha flow error and r2actor water level error aire sitmmed and both
sroportions! and reset action is applied to vield o pnausmtis velve pozition
! 14 t

. ‘

demiad signel. By Pl: ot ng pironer propartional band and resnt ratle, the

steam Timi-ferduyater flow ﬁ?rferEnce siygnal will ba the primary coatirol
t oo
slaral and lavel eirror willite:int szcondary control signal.

In the event that elthdr the steam £iow or fesdwater flouw signels are

.l-

x .
accldartally l2zt Hirom The clntrol sysiem, a “'tﬂo—uu*" circult will removs

tha ramxining signal thus \nwpr* ing tha svstam to a slinglz-alemant type

contiisting of the laval erior :lgna! cnly. If all coatrol signals aire lost,

the feadwater control valve will stay in position.

(2.64)
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In addition to balancing steam flow chénges to feedwater flow changes,
this control system has been designed to maintain reactor water level:

(1) Within £ I of the set point under stable cinditions over the

load range of 20% to 1008 of 616,000 #/hr.

(2) Within + 6" of the set p;ipf during level varlations produced by

normal load changes.

(3) With'n + 10" during abnoréél load rejection and/or turbine tripout.

A low capacity feodwaver flow bypass control valve will be used during
reactor startup, shutdown, and other non-operating conditions. This valve
Is manually controlled,

The feedwater control valve actuator has been desiqned to limit the rate
o% feedwater 7vlow change Yo 40 gpm/sec. Interlocks will also prevent auto-
matic valve motion Qh}le elther recirculation rate is being changed or
contirol rods are being withdrawn.

2.9.2 Nuclear Instrumeniation

The nuclear Instrumentatinn sys*ém'deslgned for Pathfinder has two
functions, First, it will provide information for the reactor operéfor a56u+
the neutron population In the reactor core. The elght measurement channels
give this information from the source level to operating pover levels.
Second, the nuclear instrumentation system will protect Pathfinder against
serious nuclear excursions by means of its "Aufomafic Shutdown 595+em". ;QQ

The syﬁfam I3 made up of solid state or transistorized components wifh :

the exception of the micromicroammeters in the operating channels., Ex-

(2,653
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perience with this equipment indicates it to be very raliable and give
exca'tlani sarvice. Tha nuclear Instrumentation power supply is designed
s5 that In the event of a plant power outags, a D.C. battery block,
through @ 5.6 Kva lInverier, provides A.C. voltage to the instrumentation

bus,

]

. Thires startup range channals give data on count rate and reacior
pariod In the source range.

a‘.‘ . .
2, Ore log N channel gives data or reactor period &« powar in the

Intermediate range.

3. Two operating channels provide data on power level and glve safety

protection firom startup range to power operation.

4, Two'safefy channels give high power level protection during pover

aparation.

The Avtomzatic Shitdoun System will recalve data from the nuclear and process

Instrumantation oad will preotect the reactor by one of three methods., These

mstaoids ara:

}v Szram Shutdown, which will be initiated oy an interruption of power

to the magnetic cluichss on the boiler control rods. This will allow

tha rods to drop into the core and stop the neutron chain reaction.

2. Lentrolled Shutdown, which will result from driving the bo!ler
control rods In 2 gangad fashion into the ccre, at the rate of 72

.

Irches/minute, This msthod will also stop the chalin reaction.

(2.66)
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3. Runback, which will result from insertion of boi]er confrol rods
in a ganged fashion into the core at the rate of 72' inches/minute until
the Initiating condition is corrected.

Conditions that will cause these protective actions are listed below,

|, Scram Shutdown will bs caused by:
n Neufron’flﬁg jn the safety channels greater than 1153 of
range seffihg.‘
(2) Neutron flﬁx in the operating channels greater than 1153 of
range sef%ing.
- (3) Reactor dome pressure hlgherléhan 650 pslb.
(4) Reactor dome pressure Iowerﬁéhan 320 psig.
(5) Reactor building pressure ﬂ}gher than 5 pﬁig.
(6)'Maln steam Isolation valvé.closure.
(7) Loss of condenser coolirg.
(8) Loss cf all power to nuclear Instrumentation,
(9) ManuSi "Scram" buttorn in control room.
(10) Turbine trip.

2. Controlled Shutdown, will be caused by the foliowing condifiohs:

(1) Plant aukillary power faflure.

(2) Reclirculating pump power failure (Two or three pumps). .
3, Runback,ﬁwil( be caused by the following conditlions: '

(1 hﬁ‘n stean line féhpéra+uru hiah, ,.' 

(2) Reactor wé}er level high, h

(3) Reactor water level low.

(4)vLoss of Toedwater presstre.

(2,67)
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(5; Loss of instrument power in electric, pneumatic, or hydrauliec
system,
(6: A two out of fﬁrae coincidence signal from the BF 3 startup
channels when the period is less than 5 seconds.
{7) A signal from the Log N channel when the period Is less than
& seconds, .
(8, A iwo out of four coincidunce when power level exceeds 110g

of rangs setting.

3t
i

Data ls:sed¥ from the sensing‘fnsfrumenfs into logic circuits in the Automatic
Shutdown Sybfem. The signals from the two safaty and +the two operating channels
ara sent to a two-out-of~four coincidenze unit In tho Automatic Shutdown System.

Any iwo coincident trip signals from the linear flux and safety channels will

cause an Aﬁ1omafic scram Shutdown by interruption of power to the magnetic
clufches on the boller control rods. Also, any one of the signals from the
prckess inéfruman%aflon mentioned above can cause an interrupiion of magnet
power and thus a scram shutdown, ‘
RN
Controlled Shutdown is started by any one of the causes listed under its

haading.

Runback s [nltiated by any one of the signals listed under iis heading.

_ lastrument Channels
Ak The indlvidual channels are discussed in this section.

Chapnais |, 2 and 3. - Startup Channels.

The purpose of these three channels is to provide Informaticn about 1he
neutron population from source level to four decados sbove this level., An

extension of two decades is made possible by withdrawal of the chambers

(2.68)
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a short distance. These signals are sent to log count rate meters, period

meters, alarms and to a iwo-out-of-three coincidence circuit. When the

'

period %gylass than 5 seconds, Runback will be Inlflaféd from the two-out~-cf-
three coincidence circuit. The detectors are all high-sensitivity BF3 chémbers‘
that have the withdrawal pronslons mentionad above.

Channel 4 - Log N Channel.

This channel will give information over the wide intermediate range of
seven decades below full povwer up to full power. |1 contains a log {lux meter
andlé period meter. The signal Is sent to an alarm and Is used to initiate .
Runback ﬁhen the peribd Is less than 5 seconds. The neutron sensor is a
compensated ion chamber.

Channels 5 and 6 - Operating channels.

These twec channéls are each equipped with a micromicroammeter having a
range'of seven decades (from seven decades below full power to full power)
so that a linear flux reading may be observed over the very wide intermediate
power range. - These signais are sent to linear flux meters, a recorder and to
the Aufomaflc Shutdown System coincidence circuit, The operating channel
signals are two of the four slgnéis sent to the coincidence circuit. The
neutron sensors are compensated ion chambers,

Channels 7 &nd 8 -~ Safety Channels.

These two channels provide information about the neutron population in %

the reactor core in the power range. (Three decades helow full power to full

power). The signals are sent to linear neutron flux meters and recordors and

to the colncldence circult in the Automatic Shutdown System. These signals i -

(2.69)
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i

form the other pair of signals to the 4-input coincidence circuif. The
neutron sensors are uncompensated ion chambers,

A block diagram of the eight channels and Théir funcfion Is shown in
?igure 2.18.

I+ should be noted that the micromicroammeters in the operéfing
channels are always connected to “irip circulfs"yéo that whenever the power
leve! exceads 115% of the scale af which the mater is set, a reactor scram
will oceur. Tiis effecflVe!y provides high flux level pretection from seven

decades below full povwer to full pawer.

i

: There Is also prevision to change Tthe TWQ—ouT-ofiEour coincidaence circuit
to a ons~out-of-four coincidance if the Log N channel should fail during
sfaffup. A ‘iwo-out-ctf-four coincidénde schema, howaveir, will alvays be usad
during pcwer operation.

! Frovisions have been made to place in-core nautron flux monitors in

savaral suporheater fuel lozations. Thess in-cora lon chambars are proposed
, i«
§ . ) ! R . ...l .
In ordeir 1o detect flux shaope oscillavicns within the first core. This step

has basen +taken avanyfhnugh calculations have indicated that no flux shape

\ .

: oscillations will uscur in Pathfinder. These are described again in Section 6
and ara installed to obtain experimsn?al.lnformnfion and are not a part of

the ragular reactor instrumentation. It ts plannaed to omit them from other

than the first cora.

Jnstrumantation and Control Alr Systen

Instrument air and comprassed alr for valve oparators Is speclally

tlitersd and Is supplied by the station air system. The station air system,

(2.70)
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vwhich inciudes aftercoolers, oll separators, filters and pressure control
is supplied by o compressors. Each compressor has more than 20 times
the capacity required by the instrument and valve operators. Elecirical
power for the compressors is supplied by the auxiliary power sigtem which
is highly reliable due to 4 independent sources as described in Section
2.8. Low air pressure is lndicafed by an alarm in the con+:61Mroom.
There is sufficient compressed air storage in the reco?;ers to permit a
controlled shutdown of the plant following a low pressure alarm. Upon
loss of alr‘pressure the air operafed controls and valves fall in a

position whizh assures safe operation or shufdown of the plant,

(2.71)
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Section 4

SMPIELDING

4.1 General Considerations

The criteria used in designing the shielding for the Pathfinder
Plant conforms to accépfed practices and standards for permissible
radiation leveis to whlch personnel can be exposed. Radiation levels
m2et the requirements of 10 CFR Part 20 including amendmants as

leishnd in the Federal Register for September 7, 1960 (F.R. Doc.,

60~8211). In the design of the plant, prcvisions are made for adding

supplemental shieiding if this should become'ﬁecesszry after the plant

has been placed in operation.

The majority of the shielding calculations for Pathfinder were
done with computer programs for the IBM 704. The program most cften
used employs cylindrical source geometry. The code requires an |BM 704
having 8,192 words of magnetic core memory. I+ has the following
capebilities:s 1t can handle up to I20’dlffefenf regions, up to ten
different materials, up to 10 gamma ray‘energy groups, and various
combinations of materlals in each region. The point to polnt gamma

attenuation functlon in the program is,

2y Ru 7y /
D, ZCK(E:))P(E])-/.S(ES)AES S(RIRsdRs YLEm(EJ‘thES)AA¢S
2 Ry ¢I /o,.

SE)=7 exp? E+7R) tl=Ecosk, (Zs-El) +Eq
P

(4.1)

P Sl

bl Aarn

b



Pags 4.2
Oztober 31, 1960

S(Rs) has the same forms as the axial distrit uflons

C (Ej) conv=rsion factor from flux to do;e
\"‘(E j3

3(#s) ~ axial source distributfion

gamma source term

S{Rz) - radial source distribution

B[Em(E,),Gm’P] ~ jinear buildup faster

The oint to point fast neufron affenuafion function in the

rrogram is, D, Q_ S(Zs)AESIS(Rb)Rsc\P\S Y(E‘“\ 19m, @) A s

- By ¢' /oz.
T __(OE "T\Z'“'\
T
); ‘ ~/convor fon fzctor firom flux to dose
it ‘F\‘ - i et !

Y
I
s

The source Is d:vkded int2 many cmaller volumes and each is assumed to
~ﬁe a poir® soJ}ce to which the. above equations are applied. The other
sﬁieldihg program uses the same attenuation calculations as déscribed
above. Howesver It can handle more materials and regions. Aléo it
providés for a rectangular source, a cylindric%l source, or a series
nf point sources. Thls code requires an IBM 704 having 32,768 words of
wagnetic cora memory and so was only used when required. In addition
to the abova computer codes some calculations were done by hand.

Soms of the constants uged In the shielding calculations are

Fabulated bslow.

(4.2)
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Table 4.1 Fast Neutron Removal Cross-Sactions
Material 2R _cml
Ho0 103
Fe A7
Pb 117
Concrete .09
Al .08
. "
zr .16

Table 4.2

Page 4.3
October 31,

Total Gamma Absorpﬂdns Coetficients in CM~! for Various Materials

1960

EQMEV) 44(U0p) aufiron) Allead) MAAI) ulWater) MAir fConcrete

N 3,06 - 46 .165
.3 .86 6.02 28 .15 .254
.6 .59 .48 21 .0 .180
.8 .52 1.02 Jd9  .079 .165
7 .789 .46 .82 A7 .07 8.26 x 1070 .5
2 .466 .32 .51 12 .05 .05
3 .28 .48 .096 .04 ,086
4 423 .26 .48 084  .034 .076
6 444 .24 .50 073 027 .065
7.3 .441 .24 .52 .068  ,025 .062
8 E .24 .53 066  .024 .060
10 .24 57 062,021
(4.3)
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Tabie 4.3

A

Gamma Energy Absorption Ccefficients in ¢M~! for various Mzterials

ELAEY) Al ion) Ll Lead) Le(A1) LelMater)
N 2.2 —— 12 .025
3 .29 5,22 ,078 032
.6 .22 .96 .078 033
8 .21 .66 .076 032

l .20 .51 .073 031
2 .65 33 .05 .026
a 75 36 i .05 Loz
6 .18 a2/ .051 0185
7.3 .185
8 19 .48 .050 017
10 20 .52 .049 016
Table 4.4
Linear Bulldup ‘Bd a | % ku,r Used in Shielding Codes
Where ‘k = ,_(go__—_’,_l(e_
' Al
E{MEV) K iron) K{'lead) K(Al) K{Water)
o .39 ——— 2.8 5.6
.3 1.97 .5 2.6 2.6
.6 1.63 .54 1.7 .64
.8 1.48 .55 1.5 1.41
l .30 .61 1,33 1,26
2 .94 .55 .03 .92

(4.4)
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(]. Table 4.4 (Cont.)
/ E(MEV) Kiron) K(Lead) K(AI) K(Water)
h 3 .61 .38 67 .70
4 .49 31 .56 .62
6 .33 7 .43 .46
7.3 .30 167 .28 .43

4.2 Reactor Building

.

The reactor 6ésseluis located in a concrete cavity formed by the
biologlcaj shield. Thfs shield is about 10 feet thick. Botween the
shield and Thé.vessel fs a clearancs of about one foot. The shfeld will t
. be cooled by circulated air. PEnefrafldns in the shield are provided
‘;L‘- for reactor instrumentation, +he'recircula+'%n loops and steam and i
K-j feedwater Ilnes in the lower part of the cav\fy. |
Above #he reactor ‘a pool of water 18 feeT Leep, with its bottom E
insulated f;;m the reacior cover, will provide negessary shielding at '
the top of the reactor. !
Extarnal to the blologica! shield, the lowest level of the reactor
building is divided into five shielded compartments . Three of the
comparfmeﬁfs each contain a recirculation pump., One compariment
will contain sump pumps and the remaining cne the steam line and
reactor shutdown pump. The top of each compartment is covered by a

2 foot concrete floor, thereby shielding the rest of the building from

radiation. The recirculation pumps will be shielded from each other by

C

(4.5)
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2 foot concrete walls facilitating |imited maintenance of a pump without
shutting down the plznt

The maln sources of radlation in the reactcr building are the

primary and secondary gamras in the core, and the capiure gammas

produced by the (n,¥ ) reaction in the various shielding materials

surreunding the éore. Nezrr the recirculation pumps, platecut of crud
lg cn the pumps and plpes, the N6 in the water itself and tha N!6 i the
: E mein steam line wers alzo ccnsidered as sources of activity, The

- active isotopes in the crud are as follows:

lsofgge Enerav cf¥ T4

59

Fe 1.0 454

: j Teble 4.5
]
|

j - .

co%9 1.0 5.28Y

MnSG

1.0 and 2.0 2.50H \

51

Cr 0.3 264

95

Zr 0.75 65d

2027 0.7 and 1,40 17H
65 1.5 2.56H

f
1
!
i
i
I
i
H
:

Ni

All active iscteopes were assumed to reach maximum activity before eroding

from the core and plating cut on the recirculation pump surfaces, Other

f crud orlginafiﬁg out-of-corewas not considered, as It was assumed to

ﬁake onily ona pass through the core before baing removed by 1he puri-

i fiéaf!on system, and 1ﬁerefore was much less active than in-core crud, ;\\\

? 4,3 Turklna Bulldinq

The primary source of radiation In the turbine tulldling is the

( 4,6 )
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N!® carrled by the steam. Radioactive equipment in this bulliding is
grouped together, where possible, and shielded as a unit. Access to these
areas during reactor operation is prohibited. All doorways o these areas
are protected by shadow shiélding. Wherever possible, structural members
of the building such as wvalls and floors are used as shlelding. In
addition to the above mentioned areas, access to the érea above the
feedwater heaters and main steam line on the operating floor is also
restricted during plant operation.

Due to the short half life of NI6 all areas in the turbine building
are accessible shortly after shuidown.

Fuel Handling Buildina

o1

The purification and waste disposal systems are Iocaféd in this

_building., The primary source of radiation here is the crud carried by

the water. The active Isotopes in the crud are the same as those given
for the reactor building. Also the same assumptions apply here as to
The‘orlgln of the crud as in the reactor building. The fuel storage
pool is centrally located in the building. Most of the other components
in the building are grouped around the puol to take advantage of the
partial shielding the pool affords. Each of the components grouped
around the pool walls are shieided separately, permitting maintenance

5t one component without shutting down the others.

4.5%Dose Levels,Fafhfinder

In figures 4.1, 4.2 and 4.3 the radiation levels are given for

Pathfinder buildings. Figure 4.4 gives the gamma dose rate in R/HR and

(4.7)
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the fast and thermal neutron flux in N/cH2-sec radially from the core
aldhg the ho:;;onfal centerline.

The dose ievels In the area around the circulation pumps (not shown
in the figures) is 0.5 ~ 30 R/hr. All areas havihg dose levels greater
fhan 30 hr/hr are restricted during reactor operation. The dose levels

given above and those shown in the flgdres 4.1, 4.2 and 4.3 are totals

from all sources of aé%iJf%y increaded by a factor of 3 to account for

uncertainties in fhe_qalculaflon of activities. The gamma dose rate and
the fast and thermal fiuxes are increased by a factor of 2 to account for

N,
0

uncertainties.

(4.8}
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Seeiion 4

LLALT DYIAHICS ARALYS TS

As referred to here, system dynamigs includes all the lime-varying
characteristics of ‘the system, either nérmal or abnormal, vith the exception
of those incidents classified as postulated accidents. Bocause of the
complexity anq non-1tinearity of fhéwsysfem, most of the calculations of
the dynamic characteristics are done on an analog simulator,

The accuracy of the results presented here depends on the validi%y
of the fﬁéorefical system model, and the accuracy of the parameters used,
The model used for Pathfinder Qas checked with the dynamic experimental
data available from the EBWR and other reactors with good agreement,
hence considerable confidence is placed in it. As the design progresses,
more refined values of the parameters become available, and those para-
meters used that are still uncertain will be changed as better information
is obtained, Therefore some revisions of the results presented here can
be oxpected, although these results are considered a good approximation
of the reactor performance.

So that the reader might form his own opinion of the validity of
these results, a slmpllfied derivation of the simulator, both quali-
tative and quantitative, Is given in Subsection 5,1, Based largely on
this model, the stability and transient evaluations of the system are

given In Subsections 5,2 and 5.3 respectively.

~ %1 General Description of Pathfinder Transient Simulator

The Integro-diftcrential cquations describing the transient per-
formance of the Pathfinder reactor and tho turbine and associated

control system have been programmed oun an Elecirenlc Associates Analog

(5.1)

e
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o~

Computer (Pace 231-R). The assembly éf the overall system is referreq%i?-
tc as the PaThffnder‘Trahslenf Simulator., The sysiem model is valid fg
the reactor is:
(1) Light water cooled and moderated,
(2) Near critical,
(3) Pressurized befﬁean 400 psia and 800 psia.
t43 The boiling water type. ;
(55 Assumed to be é polﬁ+ reactor, i.e. only the time variation é%
the neutron population is considered, not the distribution éf
the neutron population.
The simulator has been used to:
(I) Help desigh and analyze reactor system controls,
(25 C&mpu*e results of postulated accidents or operating errors,
(35 Help establish operaiing and startup-shutdown precedures.
(45 Predict system stability,
(55 Show the effects of varying such parameters as power, pressure,
vold coefficlents, and controlier constants on transient
response, ‘

Reastor Kinetics:

A sfmpllfled block diagram of the simulator {s shown in Figure 5.1.
The "Reactor Klneflés" block represents the neutron kinetics equations with
six éelayed rneutron géoups. The average neutron population is simulated
since a point reactor model is being used., It was also assumed that
because of the close nuclea coupling of the Pathfinder core that the
superheater section neutron kinetlcs are ldentlcal to the boiling sectlon
neviron kinetais,

(5.2)
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Boiler Heat Transfer:

The "Boiler Heat Transfer" represents the thermal lag in trans-
ferring heat from the fuel eleﬁenf. The heat capacity of the Zircaloy
cladaing was neglected with respect to that of the uranium dioxide,
and only its thermal resistance is considered. An overall heat transfer

coefficient from the edge cr the;fuel pellet to the coolant channel was

i N

used,‘and a method of ana!ysié?simfiEF to that of Iriar'rel was employed.
Thisfheaf transfer coefficlen?.was approximéfed as‘2I00 Btu/sec F ffz,
the pal’e? dencr ity uvsed Is 63% lbs/ffs, the specific heat 0,073
Bfu/ib‘F;,'and the thermal conducfivlfy was assumed at 0,9 Btu/sec F ft,
Usfng the baslc:equa%ions of Iriarte, the fuel element time constants
vere derived as general functions of the fuel parameters and plotted

in Figure 5.2. Remembering that about 3% of the powar‘is gamma heating

and appears immediately in the coolant channel, the resultant transfer

function becomes:

e

B = ~.766 + .144 + 06 + ,03
n 146, IS 141,25 14+,48S

(for definition of symbols refer to Figure 5.1)

Vessel Enerqy Balance::

A contro! volume is consldered whose boundary is the Interface
between the water that can be considered saturated and that conslidered

subcooled, and which centains the core and all sa+urafedmwa+or and steam,

l. "An Accurate Transfer Function for the Dynamic Analysis of the
Temperature and Heat Release in Cylindrical Fuel Elements", by
Modesto lriarte; "Nuclear Science & Engineering", Vol, 7, No.l,
p. 26, Jan, 1960,

(5.3

.,......_..u..,__‘,
‘.
.

i e o e e b e i
; .

1N e, .



Page 5.4
October 3!, 1960
The assumptlon is made that its boundaries remain constant. The energy
balance of this volume is: |

QB—Ath-hfg Wy = g}_ [ Mg Ug + Mg us]

whizh is +heﬂbasic‘equafion simulated,
| AhW, is power required to bring the core inlet water to saturated
temperature.
hf;HS is power réqulred to vaporize the escabing steam,
Mfo is lnfernai energy of saturated water.
MsUg Is inférnal energy of saturated steam.

1t can be i

gl ‘

to the Ieff}gih: of the equation through a constant dependent on the
Wi

saturated masses and operating pressure. The most arbitrary constant

sshown that the rate of change of pressure is proportlonal

Is the mass of wé%er cqnsldered saturated. 1+ has been assumed that
shout 40% of the total primary water can bé éonsldered saturated.
Steam Systan:

Tke "Stesm System" descr!bes the relationshlp of steam flow rate,
pressd?esAaf r¢ sctor and furbine,“(Pl and P2), resistance of superheater
and steam !ine. and poslfidns of fﬁrﬁine inlet valves and by-pass valve
(SC and SB). fno compressibility of steam is approximated by means of
a simple lag 1 ansfer function (2= 0,106 sec.).

Superheater Heult Transfer:

The "Superheéfer Heat Transfer" block involves the time lag between
heat genefaflon in the annular stainless steel clad cermet fuel elements

and the heat transferred to tho steam coolant, The thermal transfer

(5.4)
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function Is a double !ag approximation with tima constants of 0,95 and

0,15 saconds, respectivaly., The heat transfer equations involve the

relztionship betwsen steam flow rate (W;), power doeveloped in superheater '
(assured to be 21% oi tota! thermal reactor power) and the pressure at

inlet and exit of the superheater, The heat transfer coefficient

Jhe e
s -‘;"),?, ¥

varles with steem flow 2nd film fempérafure, and the specific heat of

A steam iz simulated to vary with the steam fempérafure. The reactor has

vﬁ been designed for very {itti2 boiling of the superheafer'hoderafor;
subsequently, the void reac+i§ify coefficienf has been assumed negligible,
Since the temperature reasvivity cosfficlent is also negligible, there
_Is little reactivity feedback frow the superheater, Hency this feedback

path has not tesn Included., The available output information of this

/.

%n L biock is:
] ' (1) Superheater hot spot ¢iadding temperaturs,
(2) Hot épof steaxn ‘temperature.

(35 Buik avarage steam 1empefafure at superheate, exit. ;
(45 Heat flux st hot spot.

The operating temperstures of the steam and fuel at the hot spot of

the sﬁperheafer (as in the boller) are determined by applying hot spot

. fastors to the péwer deveioped'an& heat transferred. The factors take :

R account of the following effects:
(1) Axial flux distriobution,
(2) Radlal tlux distributlon. -
(3) Conircl rod flux perturbation.

|
(4) Fuel unzertainty, 4
5

&
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(5) Flux uncertainty.,

iﬁi Steam flow uncertainty.

(73 Heat transfer coefficient uncerfaihfy.

The contributions of two separate hot spot factors comprise the
Tofaitfacfor at a point. The tulk factors are applied to the heat
absorbed by the steam gg_ig a point (Integrating effect). while the
ilﬂﬁ tactors are applied to the heaf‘flowlng from fuei to steam at a
pqlnf. Forlfhe present superheater conflguration without an overpower
faé?or, the bulk and film hof spot factors have been evaluated at 1.578 -
and 2,013, respectively, for the purpose of simuféfion. In the equqf%bns
simulating the heat transfer In the hot cnannel, the averége channel
heat Integrated to the hot spot is thus miltiplied by 1.578, Similarly,
the average channel heat flux is multiplied by 2.013 at the hot spot.
Thus, ‘tThe above hbf spot factors aré }ncofporafed in the hot channel
équaflons and are assumed to remain constant during a transient,

Control System:

The pressure control system, regulating steam line pressure, was
simulated according to the schematic shown in Figure 2,17. The turbine
trip, automatic run-back, dump valve control, pressure relief valves,
and the isolation valve are included in the simulator. fhe presslUre
controller was set at what is considered the optimum gain and reset
settings, The effect of the system is to position the turbine ‘Inlet
valves, or the dump valve, according to steam line pressure error,

Dopp ler Effect:

The block labeled “Doppler Effect" relates negative reactivity

(5.6)
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effects due to 5 rise in the boiler fuel elemsnt temperature. This is

& fast acting fesdback mechanism. The basic equation simulated here is:

z'tFr.lf'.‘

dakp) = S _dakD)  (p - dg)
£+ D TF ]
where P is the powar generated In the boiler
T Is the mass of the fuel pelliets
Cris the he=t capacity of ‘the fuel pellets,

Subcooling and Exit Staam Qu=lity:

Tnis part generates the subcéolidg at corz inlet and the average
welghf per cent of steam at the core exit (Xg). Exit quallity Is 3
funciion of the foliowing variashies:

(1) Hest appearing at Surface'oftbc{!er fuel piQs (68): An

’ fncrease causes an incirease ln‘;+eam void voluma and decreased
reactivity,

(2) Recirzsuletion flow rate (W,): 1If the eoolant is forced at a
higher rate through the éaré; steam volute will initially
decrease but eventually settle ouf at approximately the
initlal value,

(3) Subcooling (Ak): The larger the Temperégire difference
betwaen water eﬁferfng the nore and thet of sarﬁrafion, the
shoffer will be the active core toiling length, and the smaller
the stean vold volume, Reactor pressure, feedwater flow and
temperature, and recirculation flow effect this temperature
difference, The f}ansport lag between the feedwater Inlet and

the core Inlei was taken as about 6 secownds at rated flow,

(4) Reactcr pressire (P)): Fluctuatlons In pressure cause

(5.7)
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fiashjng (or condensation), and cause changes In subcooling
and sfeam.densify. An increase in pressure causes a decrease
in the steam volume in the core and consequently an increase
in reactivity. The faster the pressure chaiges, +hé more
severe the associafed transient. g
(5) Steam flashing (and condensation): Formation of steam is
proportional to the negative of pressure rate of changé.
(6) Steam density changes: A pressure compensa+ion is applied
to the simulated volid volume,

, o
Void Reactivity:

The "é?eady~5+afe Effects" generates the negative reactivity feedback
caused by the presence of steam volds in the core. It can be described
as & "§1aady~§+éfe" function of sftam quality at the core exi+ (XE), and
the subcooling (¢1ﬁ) at the core Inlet combined with a simple transfer
function, Thesé curves are calculated from the physics and heat transfer
charasteristics of the vore and are simulated on the analog computer by
a function generator,

The output signal then feeds Info the "“transient ef fects" model
Invol%lng the transient void distribution. A charge In void concentration
must be washed up through the core béforé'i+s steady-state distribution
is assumed, This complex transfer function is approximated by a simple
lag with a time constant of 0.057 seconds (at rated flow).

Hydrodynamics: . .
The "Hydrodynamiss" section generafgs the recirculation flow (Hw),

which depends on the following:

(5.8)
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(1 Pump speed
(2) Core exIt quamy (Xg).
635 Butterfly valve pdsifions in the three loops te).
5.2 STABIL!T“ o

Thermal'

It can be seen from the system closeo—loop transfer funcflon in
F gu.e 5 4 Thaf no sharp peaks exlsf In other words, the sysfem is
hlghly damped fhroughouf this frequency range. The reason for this
high degree of damping is the large thermal! lag caused by the low
thermal cdnducflv!fy of fne uranium dioxide fuel pelléfs. This makes
It lmpqséible for the heat flux at the fuel surface to change rapidly,
presenting a strong "damping factor" to the system,

For the purpose.of Envesfigéfiﬁg core sfébil:fy, the system model
can be Iinearized and greatly simplified, The effect of the system
external to the core can be approximated by'a Transfer‘}uncflon
representing the effect of the heat cap;ci+y of the primary svstem:

f

Iy -y ==
T .
!
T

-~

zq =

Where w is recirculatlion mass f!o« rate,

y is fhe ratlo of the reacix¢l1y coefficlent due to changes in

subcooling to the reactlvity coefficient due to changes in

generated powe..

T is +he 1ranspor+ tim2 through the portlion of the reclirculation

loop composed of subcooled water,

(5.9)
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The superheater can ;}so be eliminated and the "Reactor Kinetius"
épproximafed by a linearized, fwo-group Transfe; func%ioﬁ. The
resultant block dlagram is shown in Figure 5,3, A comparisoh of the
closed-loop function of this approxiﬁafion and that of the reactor

simulator is shown in Figure 5.4,

Operating:

it wés tound on the simulator that if the pressure contrcl system
were éllminafed, or if its gain were drastically reduced, the power
woald‘havé a tendency to dritt due to reactor pressure variations,
The raf; of driéf is slow enough as to be easily centrciled by manual
rod manipﬁléfioné, tut i+ makes It very desirable 1o include +he

aufoma%ic pressure control system,
Evdfgulic:

‘. Due to the high moderator velocities and the damping effect
of the recirculating pumps, the question of hydraulic stabitity is

not censidered as limlting, Preliminary studies verify this, These

studies are continuing.
Superheater:

The power coefficients of reactivity in the superheater can be

sonsidered neglligible, therefore the superheater has n> appreciable

effsst on stability,

(£.10)
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5.3 SYSTEM TRANS|ENT RESPONSE

; A greaf'manyAcaées have been run on the reactor simulator
representing both likely and unlikely operating modes and mishaps and
tho system has been found to be quite controllable, The response of

all pertinent system variables has been recorded under these conditions,
Sinze the simslator is alweys being refined, and more unusual operating
conditions are being postulated, this work Is st1ll continuing, Some
of the more representative and Inféresfing cases have been selected and
are presented hore to demonstarte the system peirformance,

Control Rod Run-Out, Flqure 5,5:

Tho most valuablé control rod can add reactivity no faster than
S cenfs/second. This maximum rate of reactivity addition was inserted
for 10 seconds, resulting in a power Increase of 10Z.

Recli-culat lon Pump Fallure, Flqure 5.6:

Bacause of isolation batween powor suppllies, and Interlocks
preveﬂflng restarting of pumps after such a failure, the case in wiich
all puips loso power and restert in 5 seconds Is purely academic, but

i+ was run to galn an idea of the effect the pumps have on the system,

Turbine Trip. Flqure 3,7:

Uslhg +he approximate turbine stop and dump vaive cuaracteristics,
the turbine was iripped and the control system actuated the dump valve.
The distrubance resulting from this quick change-over is shown,

Ty~ ine_Runback, Flqure 5,8:

Sone situations call for turbine runback rather than trip. Ina

turbine runback tho inlet valves close, and dump valve opens In 0,6 seconds,

(5. 11)
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The valve characteristics and control system lag (,08 seconds) are
Inciuded here,

Reactor Scram, Flqure 5,9:

Accidental Bypass Valve Openinag, Fiqure 5,10:

This accident occurs if the 6pera+or switches the pressure regﬁlafor
system to "manual", and suddenly fully opens the dump valve, leaving
the turbine inlet valves at thelr full-open position,

{solatlon Valve Closure With No Scram Or Pressure Rellief Valves, Fidure 5,112

This represents the fictitious condition that the radioacflvffy
monl16r causes the isolation valve to close, and the reactor falls Tb
scram and the pressure relief vélves tfall to operate, With the reactor
etifl prodﬁclng power and no steam exliting, the reactor pressure and
power rise very quickly, A simulation will be done in which the action of
the pressure reiief valves in included by means of reiays,

The time for the isolation valve to close was |0 seconds, less than

the expected actual time,

(5,12)
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Joe Foss Building
Pierre, South Dakota 57501

August 15, 1979

Neal Relson-Construction Manager
Horthern States Power Co.

Box 988, 500 W Russell St,

Sioux Falls, SD 57101

Dear I\r. Nelson:

‘This will confirm our discussion regarding
Power Co. in:the Sioux Falls area.

Permil No. 1-3 was issucd with afdfvcrsibn
16, T101H, R4SV, with a priority date

Permit No. 2-3 was issucd with a diversion
16, T110H, RU9M, with a priority date

Permit Ho. 3-3 was lssued with a diversion
Section 16, T101N, RASW, with a priori

Permit No. h=3 was an uncompleted permit to use up to 360 cfs from the Sloux

1"31 7'31 3-3v l|_3' 7“3- ﬂ‘}v l”j
,.2-3| 1‘3-31 ()‘"3» 70-53 5"‘9“3; 5“)
- 561-3 ¢ 7h2-3

it

~n, T

N Y 4
. ‘.!' \.A;.’: ~ -.‘)

water rights presently held by Northern States

of
of

500 cfs at a point in the NEY SWi, Section
July 2, 1907.

500 cfs at a point in the HES SW, Section
July 2, 1907,

of
of

rate of 400 cfs at a point in the
ty date of July 2, 1907,

NES S\,

River in

flamlin County at a point in the NEY SUY, Section 19, TIIAN, REIV,

Permlt No. 7-3 was issued with a diversion
tion 16, T101N, R4OV, wilh a priority

Fermit Ho. 8-3 was issued with a diversion
16, T10W4, RAOW, with a priority date

On August‘zl, 1912, the Sloux Falis Power a
to consolldate pcrmits 1-3, 2-3, 3-3, 7-3 @
Engincer on August 24, 1912,

rate of 500 cfs at a point In the NEL, Sec~

date of September 17, 1907.

rate of 500 cfs at a point in the HEX, Scction
of September 17, 1907,

nd Light Company petitioned the State Englneer
nd 8-3. This action was approved by the State

With the Abahdonméﬁt of the Hydro Operations, by resolution dated December 6, 1961,

Horthern States Power Co. surrendered and a

of the 2,400 cfs authorized under Permits No. 1-3, 2-3,

for operation of the steam facilitles.

A letter from G.V. Welk dated August 9, 197
veyed its Sioux Falls Generating Plant and
and requested that the 7% cfs
the Cluy.
non=-consumptive,
Permlis could be cancelled,

bandoned its right to appropriate 2,325 cfs

3-3, 7-3 and 8-3, retaining 75 cfs

2 'tndicated Northern States Pawer Co. hed con-
associated land to the City of Sioux Falls,

retalned under the above permits alsd be transferved Lo
tnasmuch as the water righ’shetd by the Korthern States Power were vssentiolly
It was determined that they would be of no value

to the City, and the

Equal Opprovtuniy Ewployer

9

A,

1>
Lt

el

»
N N |

Pl -
e

e ey i ————n R T




——‘.m"—-;——o‘—.—u—-—w‘w-w--t‘A. e ——

1

Page 2
Mugust. 15, 1979

Under the above rellnquishment and abandonment, the Permits 1-3, 2-3, 3-3, 7-3 & 8-3

all pe(pﬁ}hing to the Hydro Plant and subsequently the steam plant, had not been of i~
ciallv.cancelled by the Water Rights Cemmission. tn official action by the Commission
thic above permits were cancelled on lovember 1, 1974, Uncompleted Permit Ho. 5=3 vias
also cancelled under thls acticn. The above permits except for h-3 werce used in connee-
tion with the Bennett Dam and/or what you referred to as the Veber Plant.

The following Water Rights were issucd in connection with the Lawrence Plant.

Water License No. h1-3 covers Well #1 and authorizes diversion of 1.11 cfs (500 gpm) with
a priority date of July 18, 1946,

Water License Ho. 42-3 covers Well No. 2 and authorizes diversion of 067 cfs (30 gpn)
with a priority date of July 18, 1946,

Water License No. 43-3 covers diversion from the Sioux River anthorizing diversion of
2.67 cfs (1200 gpm) with a priority date of January 17, 1947.

Water License No. 61-1 covers Well No. 3 and authorizes diversion of 1.0 cfs (h50 opm)
with a priority date of October 10, 1960.

Water License No. 70-3 covers Well No. & and authorizes diversion of 1.55 c¢fs (700 gpm)
with a priority date of April 21, 1951,

In our discussion you indicated that the Lawrence Plant had been deactivated on Sep-
tember 30, 1977, but because of encrgy requirements, that it may be reactivated., South
Dakota Water Laws state that a 3 year period of non-use is a basis for forfelture of
water rights. |If the plant/is reactivated prior to September 30, 1980, the water rights
would be valid, and remain in force as long as the water is used beneficially, Ve raquest
that you notify us if the plant is rcactivated.

The following water rights were issued in conneclion with the Pathfinder Plant.

Water License Mo, 519-3 covers diversion from the Sioux River, and authorizes diversion
of 6.0 cfs, with a priority date of February 10, 1958.

Water License Ho. 519-3A covers diversion from the Sioux River (enlargement of 519-3) and
authorltzes diversion of 1177 cfs (700 gpm) with a pricrity date of December 12, 1962,
s

Nate?’liqcnsc Ho. 561-3‘Ebvcr§fugll N, and authorlzes diversion of |.77 cfs (700 gpm)
with a priority date of Decomber 18, 1958, ’d
o } "“
\later License Ho. 7h2-3 covers Wpll B and authorizes diversion oy .33 cfs {150 gpm) with
a priority date of September 17, 1960.

Thegg"permlts were primarily {Qr cooling water and plant use for the dtomic generators,
You Indicated that the plant has now been coverted to an oil 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 used beneflciclly,

)

'
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August’ 15, 1979

This summarizes the water rights that are presently active and disposition of those no
longer used. Ve would like to thank you for the time spent discussing the status of
your existing use. If you have questions, feel free to contact this office.

Snﬁ{ rcly, ’ .- (

(‘36/}#/1 7. /“// Vrcase

BURTON F, JONES
{ Water Rights Specialist

BFJ/gy
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Water R. 'ts DlVlSlCﬂ - DWHR File No;70—%

v Conversation or File Documentation ., - 561-5
" HAME OF PERSON OR FILE: Dean Greer, safety Coordinator, Nor thern States C b

Power Company
ADDRESS: ‘500 W Russell st., Box 988, Sioux Falls 57104 COUNTY Hinnehaha

DATE: March 21, 1989 TELEPHONE 359-8200

RE status of water .rights & wells for Northérn States Power Co at the lawrence

Plant and the Pathfinder Plant
COHMENTS

Mr. Greer stated Well #1 (the 12" well near the Lawrence Plant) has been capped

with a steel plate welded across casing'aﬁd wi!l no longer be used for purposes

specified in Water Right No. 41-3. The well may be used for testing pufpdées

by the City of Sioux Falls. Wells 42, 43, & #4 for the Lawrence Plant (Water

Right Nos. h2-3, 61-3 and 70-3) have been plugged. He thought that Lacey

Well Driilling had plugged the wells. The Sioux Falls'Consfruction Company

had the.-ontract for demolition of the plant.

| told him that Water Right Nos. h1-3, 42-3, 61-3 and 70-3 would be scheduled

for cancellation at the Hay Heeting. He stated this was fine.

Mr. Greer indicated the two wells at the Pathfinder Plant (Water Right Mos.

561-3 and 7“2;3) ave still in use. l’qdestloned whether or not the wells”

viere being used for the purposes specified in the water'ffghts,‘he stated

A )

that they were.

Fila in Pernit or other fila as necessarv Use to, document conxarsa‘lo vs and
what the other party was tetdy why acticn or decision
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