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August 7, 1979.

. ., A . . t t . . .M o f.

George Frampton, Esquire
NRC/TMI Special Inquiry Group
Nuclear Regulatory Commission
Washington, D.C. 20555

)

Dear George:

Enclosed are the following documents in response to Item 3 of the NRC/TMI
Special Inquiry Group's request of July 12, 1979:

Requested Documents Identification Number t

and/or Information of Response

Information relating to the " hydrogen - G/712-3.a-f (Memorandum
bubble" problem (Items 3.a through d, f) of J. P. Moore, Jr.)

Bubble book (Item 3.e) G/712-3.e-1

)h '

Other documents reficcting hydrogen G/712-3.e-2 to 65
bubble data and analysis (Item 3.e)

g

g 4 Sincerely,

+ W2
Matias F. Travieso-Diaz

-.,-

MFTD:ry
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G/712-3.a-f
intor-Sffica Mamrrandum

*3 August 7, 1979

Nr Service
' Subgt NRC/TMI Special Inquiry - Item 3 of

~

July 12, 1979, Request

To !!r. J. E. Guerin Locat'on Parsippany

|

This memorandum responds to Item 3 of the July 12, 1979, request by the
Nucicar Regulatory Commission's TMI Special Inquiry Group. Item 3 asks for
certain information concerning the " hydrogen bubble" problem from March 28,
until April 2, 1979. The specific questions raised and the answers to these
questions are as follows.

Item 3.a Who were the principal people within the company ...
who considered and evaluated this problem?

Response: The principal people who considered and evaluated the " hydrogen
bubble" problem were T. G. Broughton and I at the TMI site, as well as the GPUSC
personnel stationed in the Control Room during the post-accident period. We
received analytical support from John Daniel at GPUSC headquarters in Parsippany,

. New Jersey.

f Itea 3.b Who were the principal people from outside the company ...
| whose advice or assistance was sought?

Response: The nain outside parties whose advice or assistance was sought
with respect to this problem were William W. Lowe of Pickard, Lowe & Garrick, Inc.
and D. A. Nitti of Babcock & Wilcox.

i

Item 3.c What plant data were acquired or gathered together in an
effort to address the problem of the bubble, and how was it acquired?

Response: The primary coolant parameters collected between March 28, and
April 2, 1979, were used to calculate the size and removal rate of the hydrogen
bubble. These parameters were obtained from computer print-outs and control
meter readings by GPUSC personnel stationed in the control room; the data thus

| collected have been gathered in what is referred to as the " bubble book".

Item 3.d What analyses were performed and wiiat eterminations were
made concerning the bubble (including its size, uangerousness, etc.)
and approximately when and by whom were they made?

I

Response: I derived the equation for calculating the bubbic size at about
3:00 a.m. on March 30, 1979. The equation was immediately used to calculate
the bubble size from plant data for 1:00 p.m. of March 29, 1979. Frequent
bubble size computations were made thereafter through April 3, 1979, when it was
concluded that the babble had been removed. We also performed analyses to
determine the hydrogen removal rate, including analysis of parameters (such as
pressurizer spray flow rate and letdown flow rate to the makeup tank) which couJd
affect the hydrogen removal rate.

GPU Seryce Corporat:cn is a su:: scary of General Pubbc UtJtes Corp 7aon
L
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Mr. J. E. Guerin -2- August 7, 1979

'I

In performing our analyses, our primary concern about the hydrogen bubble
was that it could prevent natural circulation of the reactor coola~nt in the
event we could not operate a reactor coolant pump, and it could impede
depressurizing the reactor coolant system by depressing the water level.
Therefore, our efforts were directed towards removing the bubble as soon as
possible. We were not concerned about a hydrogen detonation in the reactor
coolant system because we determined that there was no oxygen available to support
it. We concluded that there was no oxygen to support an explosion for the
following reasons:

(1) There was an overpressure of hydrogen on the reactor coolant
system prior to the incident. This ensured that any oxygen produced
by radiolytic decomposition of water or added with the makeup
water subsequent to the metal-coolant water reaction would be
rapidly recombined with hydrogen to. form water.

(2) When the metal-water reaction took place in the core leading
to the formation of large amounts of hydrogen, the associated
oxygen was consumed in oxydizing the metal.

Our , valuation and analysis were confirmed by independent analysis by
Babcock a d Wilcox on April 1, 1979, and subsequently by others.

Item 3.e Pr' ovide any documents reflecting tha data mentioned in
(c) and (d), above, including the " bubble book".

Response: A copy of the " bubble book" is attached as document G/712-3.e-1.
It contains the bubble size calculations and related data. Also attached are
copies of correspondence concerning the removal of hydrogen and the problems
associated with the hydrogen bubble. These are identified as document nos.
G/712-3.e-2 to 65.

'

Item 3.f Provide any report that has been prepared or is acquired
,

concerning the bubble and/or the company's evaluation of the bubble. )

Response: The reactor coolant system data are being analyzed to gain a
better understanding of the hydrogen removal process. A report will be issued
as a result of this effort; the report will be forwarded to the NRC/TMI Special
Inquiry Group upon its completion.

W
6/'J. P. Moore '

JPM:ry

1
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AP 1001' Three Mile Istard Nuclear Statin SIDE 1

+ SDP No. ['* b ,
Figure 1001-8 Special Operating Procedure

(From SOP Log Inc..)
'

NOTE: Inveruct'on. .nd guld.lin In AP 1001 h
I Unit No.must b. eettow.d wh.n compleiing

o,,e 4 .4- 7 9-
" " ' ' " ' " '

h6c.RMt&E of NfJ b d - T- / 8 TD PEActde 3436.
i. 1;iie

2. Purpose movo. purpo...e sOe)

To btsc6R.GE W M -T- I O D DN DS

3. Attach procedure to this form written according to the following formet.
' -

A. Limitations and Precautions

't. Nuclear Safety
2. Environmental Safety
3. Personnel Safety bd b
4. Equipment Protection

,

B. Prerequisites
*C. Procedure

4. Generated b Of MW *bM Date +4*7f ' ~

-

, ,

i. Duration of S0P - sh.il b.no son ., in.n 90 a.,. erom ,h. .ee.criv. d. . o, ch. sO r or (.) or (b) d.io. - which.v., occu.. vir st. .

's
(a) S0P will be cancelled by incorporation into existi new permanent

procedure submitted by -

1(b) SOPis not valid after O
' _- ~ '

.-

(filt in cire .nc which will r . ult in SOP being c nc.ll.d)
- , . , .

..

6. (a) is the procedure Nuclear Safety Related?
'

--

|| "yes", complete Nuclear Safety Evaluation. esid. 2 oe thi. Form) YesO NoO
.

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

(b) Does the procedure af fect Environmental Protection?
' ' '

.

If "yes", complete Environmental Evaluation. isto. 2 or thi. rorm) YesO No...............

(c) Does the procedure affect radiation exposure to personnel? . . . . . . . . . . . . . . . . . . . YesO No
,

NOTE: ^it .ss .n. ./. ., . no". th. ctione. m.y b. .pprov.d by th. Shif t Sup.rvt.or. If .ny question.
'

a.

-
.r. .n.w.r.d v ". eh. ch.ne. mu.i d. .pprov.d by th. Unit superintend.av. _-

.

.

7., Reviewand Approval
~' ' ~ ~ ' ' ' ~

,
,.

Approved - Shift Supervisor
o. .-

-
Rav%wed - List members of PORC contacted -* ~

o. .
, .

'.H
~

-

,
o. .

.

Approved UnitSuperintendent
. . . o. . .-

~"
- . |

{_e.
-- o. ..

,

SOP is Cancelled ~ . . :- . -.' ..:

. .
- - -- . _ . _ . . ~ . . _ (/' .., _ L z &'r= ; 3.i

.;.

; .g ;;., r;-- s
,

Shiet Sup.rvt.or/ Shift For.m.n .. . . . . ~ y.m . D.t. . d:h *'
. - _ . ,

. , a.m,

. . . ~. .. . . . . . . . . . - . . . . . . .. . ,
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11. COT.tFCTION OF OASES FN'i U/.TPR j

,

' 4

1.0 Ir.trodnet t on '

!

|i

Dissolved gnaes are obtained from water ocnples by pumping e vacuu:a over
the sc=ple and atripping the water vapor frora the gas strec:a in a cold
trap, ne epparatus used to separate the gases from the water and toThe maxi =um volume of gesr.2asure the gas volum.s is thown in Figure 1. ,

it

that can be co11ceted is limited by tha cercury depth in the bcse of ths
Toepler pir p. This eazi=u= volume is approximately 100 standard cc; ,

however, opteuta ges co11cetion in 25 standard cc or less. Avoid over- , fpreer.uring the systen Liecause the gicas apparatus may shatter,
' '

2.0 ,/ - retus

The components es described in Figure 4 include a 500-cc ballest volume, /
'

a cold trap, a Toepler pu=p, cnd a gas burette with icvaling bulb. Mercury., Oneis the working fluid in both the gas buretto and the Toepler pump. .

eschanical pu=p is used to evacuate the gas systen and to operate the
A PirnuiToepler pump; onother purnp it, used to evacuate the sampling bulb.

tube is nealed Jnto the .4parctus to determine the quality of the vacuum
and to tent for Icaks in the system. Yne coall carpiin?, bulb (cpprcximately ,

5 to 10-ec) in used to separato a portion of the ses collected frem the semple |,

for analysis by casa spectrometry. f
,

Water on=plee to be degassed usually are cupplied in stainicas cteel bc2bu
of about 500-cc, and these ben.bs are connectes to the balicst volu:4 by a
length of flexible tubing. Other cizo campics ccn be acco=:codeted but I

require that ths e,uantity of gas obtair-d be compctibio with the volu:ctric !|
|

limitations of the apparatus.
|

2.1 fiornal Oncration |
I!
'

The sample boch is connected to the empty ballast volume with flexibic f|tubing. The raercury in the Toepler pu=p is lowered by carefully opening .

t.nd adjusting ntopcock D, which is cennected to the emchanient pump. j

stopcock D is then turned to connect the Toepler pu=p ad cold trap, and ;

the system is evacuated by opening stopcock A to the trehanical pump.

I
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IWhile the gas system with the cold trap is dcnassing, the gas burette,
sa:pling bulb, and small section of tubing between stopcocks B cnd C

I 'are evtcuated with cnother mechanical purpc. The cercury is cutganned
by raising and lowering the IcVeling bulb uttile pu=p!ng. Stopcock C is ;

turncd so that the gas burrette end tubing between g and C can be filled !
fwith t ercury by rcicing the leveling bulb. The mechanical pump is left

pu= ping on the saapling bulb. |
f I

When the Pircni geuge indicates that the prescure in the gas system is ,

less than 50 p, stopcock A is closed to check the cystem for leaks. {eaks j
are evidcnced by a rapid rise in pressure on the Pirani gauge. Stopcock D
should be closed during the leck test becauco cercury can be forced out i

of the Toepler puap system into the cechenical pump if a large leck chould
Iappear in the ges system. The cost coe=on source of Icaksgo is the connec-

tion to the sample bomb; the valve on the semple bomb may not be tightly ,

closed; or vater might still be evaporating frca the bo=b fitting under the
,

'

jpartial vacuum. ;

i

When all Icaks have been eliminated, the system is pumced down to less than I

50 p, cad liquid nitrogen is cdded to ths cold trap. (Note: if carbon
dioxide is a ccaponent of-interest in the scaple, dry ice end acetone cust
be substituted no a coolent). The pressure choun 'sy the Pirani gauge should
now be less thcn 10 t. Stopcock A is closed next; no significant rise inf
syntes pressure should occur. At this state, the mercury in tbs Toepler
pump can be in either the raised or lowered positica. ,

'The valve on the semple bo=b is opened to allow water to run into the
ballast volume. As soon as the ballast volume is partially filled, the !

ec ple bo=b in louered oo that no core water ficvs into the ballast
voluma (do not allow the ficxible tubing to becoce kinked). The ballast

'

voltmi f a filled enly partially no as to leave considerable water nurfcce |
arca exposed to the vacuum system; this assures ccxi=um release of the
gaces from the sample. A ries in prescure usually is observed as the gases
are released end generally is followed on the " Leak Test" scale of the
Fircni gauge since the pressures are normally higher than can be rend on the )

'

tuo precsure scales. When no further increcse in pressure is observed, the ,
* 'relea:o of dissolved gases is considered complete.

1

If the cercury has been in the raised position in the Toepler pump, the ;
'

cercury now is lowered by carefully opening stopcock D to the vacuum pump.
'

,

Stopcock B is examined to nake sure it is open to the cold trap.
Approximately i nin is allowed for the gases to come to equilibrium in the
system. The gas to transferred from the Teepler pu=p to the gas buretta j

by opening stopcock B to the gas burette end by raining the mercury in the )
Toepice pump by carefully opening stopcock D to the atmosphere. When the
gas in the Toepict pump has emptied into the burette, etcpcock C is turned h,
to close off the gas in the burette. The leveling bulb in used to equalire the
preocuro in the gas burette with atmospheric pressure, and the gas volume
is read. >

! |
.
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fA s2ct:nd To:pler pump streks is tckan by dropping tha mercury I
*

.

in the Toepler pu-p af ter opening stopcock D to the cold trop and re
peating the operation as described. Toepler pump strokes are repeated I

until no increase In gas volume is observed. As many as 10 Toepler ,

pur.p strokes may be required. The measured volum of gas is correctede ,
to standard conditions with the following equation: }

I |D PI Tstp
Vstp * YI '

Pstp TIwhere |
|

Vstp " volume of gas at standard conditions, cc !!
'

Ystp * 273.16 *K
"

Pstp " 760 m Hg
'

Pi " barometric pressure m Hg

Tl " room temperature *K
VI " volume as gas measured, cc. |

-

Another method for calculating ths volume of gas recovered
arises from the fact that each Teopter pum,) stroke in a fixed percent
of.the total volums of the systen. If the first Teopior pu. p stroke
delivers 407,of the total gas in the system, then the second will !I
deliver 407,of the residual 60% or 24% of tha total. Using tinis re- '

lationship, a valus for the total gss in the sytem con lie calculated
from each Toepler pump stroks cithough it is bottor to take savoral
pump strokes to minimiza any forcible fractonation of the gas during
release f rom the water or from the cold tres. The percent of each
Teopler pump stroko to the total volume must bo determined for each I

size scmple container but can he calculated from the norm 3 data taken
!from the accumulated gas volume and humbers of Toepler pump strokes !

as follows: 1

Toepinr Fir p Stroks Gas Acetr triated (ce) Cas esch Strokelqq)
I 5.7 S.7
2 9.4 3.7
3 11.5 2.1
4 12.8 13

1'
The percent of gas remain' eg in system af ter each pump stroke is: |l

i
'

64.8% g = 62%=

'

?.I = 57% average = 60% *

37 .
<
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iTherefore, a pump stroke in this example is 407. of the total '

sole :. Table 11 sfw s a typical cas volume calculation using this '

; irelaticnship. This calculated total volume also must be corrected to
standard conditions. Af ter the gas has been collected and measured, ! k
a portion is expanded into the sampling bulb for analysis by mass

,

spectrometry. g |Tf" E 13 :

CAS V: ! P:'E CAL CUI.ATIC:1 | |
Toepler Pump Gas Accumulated Total Gas Calculated Total Vol. j |Strn'as (re) (?) (ce)

_

1 5.7 40 14.3
2 9.4 64 14.7
3 11.5 78 14.7 !

4 12.0 87 14.7 i
5 13.5 92 14.7 t

i

3.0 TYDO Of MMPles }
*

.

3.1 pnetnr Prfrwry Cop _ lent Uster SaMles {
The gssos normally observed in theso sampics are II2 11 , il

03, Ar, and CO . IfcarbondioxidoisrequestedintheanaIysis,$Py j3

2 .

Ico end ccatone must be used as the coolant in tha cold trap to remove
|water vcpor. This type of scmplo usually is received in a 500-cc

st6fnless stell lloko bomb. A 50-nl gss burotto is usod to collect the I
'

released gases. ilesults are reported as standard cc/ liter of water ;j
for total gss recovered, cnd from the mass analysis of the gas, stan- jdard cc/ liter for ccch of the observed components. The volu: o cf wetor

.

for cach staple Is raeosured ef ter recovering it frem the gas collection !
opparetus and the semple bomb. j

i

3.2 IQscellananus |

When sseples are received with no estimation of the quantity i

of gases per s:mple, the 50-m1 gas burette is used during gas collection ,

becausa this buretto Is suitable for volumes frem approxiestoly 1 to 50
|

el. A S-mi gss buret *e is avalisble for use with s=ples !=.en to con-
tain less gas then con be occurately measured with the 50-m1 hurette.

I

Vhen opening any sample container to the gas collection appar- j,
atus, core r ust be taken because o acrple contolning a largs voltms of
gas under pressuro could break the gloss system. Vatching the Pirent t '

gaugs while opening the sc plo contoiner is good practice; although,
semo acceptablo sampics will have sufficient gas to be off scale on

Ithe gauge. An abnormally Inrge voluno of gas will causa pressure suf-
ficiant to force gas and eercury thrcuch the tube in the Toepler pt: p
into its reservoir. Approxinatoly 80-rm ifg pressuro in the system is k
required or about 50 sti.adard cc of gas if the Toepler pump reservoir j.

is evacusted as it is during normal operation, if this occurs, the ;

valvo on the somple container should be closed immediately.
||
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The sample arrived in Idaho Falls at 0640 hrs. P.ST on 4/14/79 via air
trenoportation. Figure 1 illustrates how the sa=ple was packed, with !I
activity readings. Smears of the air craft and shipping drum indicated
no external contamination.

" 'At 0715 the sample icit the Idaho Falls Airport, it arrived at INEL
(CPP-602) at 0845 hrs. Upon arrival at CPP the ssmple (chipping drum)
was off-loaded with en overhead hoist onto a four-wheeled dolly cnd
transferred to lab 103C. ' At no tima was the shipping drurs allowed in a
nonvertical position. ,

,

I

In l'ah 103C, the shipping dru:n was opened end the 8" dirc.eter pipe lifted
into a chemical fu=e hood. In the fume hood a sample of the argon atmosphere
within the 8" pipe was taken. The etethod used for taking this acmple involved
the following.When valve 8 was opened on the TMI ccmple (~1105 hrs. I!ST)
only a cmall riso'in pressure was observed on the Pirani gauge (Figure 2)
which indicated a caall amount of gas compared to the /d2 semplo. Ccuse-

,

quently, the Til sc:spis Eas was collected for approxir ately 1 hr. or 10
Teopler pu=p stroken. The volume of gas collected ves 0.8 + .2 cc and '

had the following composition:

H 1.5 i .1*2

He40.01
(vol. percent)

N2 89.4 i .1

02 8.1 i .1

Ar 1.00 1 0.02

* Uncertainties are based on mans spoetrocotry reessurements only. The
mass spectrometry analysis is dotaticd in reference ICP-1031.

k 1

A gama-ray pulse height analysis of the III gas cample indicated no
Iobservable activities above background.
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APPENDIX A t i
1

I.5

Volume Measuret-ent_

Due to the sensitive nature of the analysis, we initially attempted to
fbe extrc=ely conservative and include all possible gources of error (no ?

matter how remote they acy be). W e measurements indicated a total gas .

volume of 0.8 cc, but to be conservative a range of 0.8-1.7 cc was |
ireported.
! l

collector is supported by the pressure censurement perforced when the - |'n e initial censurement of the total gas volume performed at the gas g

Cas frace tho 10 cc sample bulb was expanded into the mass spectremeter {
inlet.

!Based upon detailed analysis of the data, we conclude that the best
estinate of the total gcs in the 31.5 mi boch is 0.8 std. cc and that :

7 fthis value is good to j 30
f '

Air Intenkage

'We estimate that tha air inleakage to the TIG semple was less than 0.07 std. (
cc. his estimata ia based on the results using the ATR sanple. To obtain .

en upper linit for air inleakage, it was assumed that all the oxygen detected '
in the AIR nample was due to air inleakage. Pumping tine for the ATR sample

iwaa about 15 minutes.
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Based on evaluation of the cover gas analysis, the maxicrxn detcetchie '

ihydrogen leakage from the 31.5 mi bo=b to the cover gas in eatinated ',
to be 0.2 std. cc. This is based on the detection limit for hydrogen | ,1
(i.e., 0.00'.7.) and the assumption that the gas volume in the 8 inch

, pipe was 5000 cc. i
1

Max. H2y 0.00004 (150) = 0.2 cc i j
'

150/5000
g g
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'r >:b r T 7f : - %" r! ,11 r '*.n t r e t v -? c ; ? c e rtie s cf r. ' "" *
1

r terial. *!:= L s Tr;,:rties' C.d1 1 :1: le tr lir.,:u:tive, tcrtc, cr

explosin r c;erties of cuelsst r_steris.1. Txlet.r l'.sterial" stall i -

f r.-h. a carce tr.tsrial, speial c.:loar raterial, er by;:rtxivet r_1terial O

r

ts tb:e t2e definc$ in tha Atc=ic r. .:r y Act (t2 U.S.C. I 2011.). i
:

Tmhsr Incidest" shd1 lave the reasirg citen tht tern in the Atchie
.

Eserty /.ct (42 U.S.C. 0 201h(q)).
'

,

l'.:trg 11t:n Ejit:a Co. ctd.1 tot tri.r.:fer try interest in ti. r.14 prc;crty f
.

witte::t fir:t providies iTA eM /.te:ic Intt:tstic.31 Divisics of E:chw11

Interratic.d Ccip. With written cc:urtstes cf licitatia2 of ed potectica

ct-t lir.tility fellerir ; tb2 pre;c:ed re ord cr tressfer in sa c Mu

at br. t etairs.le::t to itst e.!for es c.d:r this c;;rce:: t. In tha event -
I
'

cf a trra:fc.r cuch c:;nrcrees ehnll be c,btain $ by F.etropoliten E11 ras Co.

fram tb trtssferos. Trestfer cc::trury to t!.s previsica cf this egJe-.7.
Ittdl, in Ldditics to t:y oil:cr le;t,1 ce c;dt:.ble r1@s of TTA cr Att .ic '
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r,31rca Co. ti,a fede:r. iter of iTA tad At:=ic Interr.e. tic::a1 Diviska of Roch:all

Iakraitiensl Corp., red their ch.octre.cters, to the es: eztset th:t ITA

rai Ltetic Icternaticed Divirias cf Poetn11 Interriticcal Corp., c5 t.ta!r

cubcentra.cters, t.cula harm been pct:eted t.sd tu rxh ttsasfer talen place.
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Tho attcched diccussion and data in fortrarded for your
concicaratica en plcas are r:20 for t horo to go frc:
hero. There is <Jeneral concencus crong enginecra en
be.ch chift at 1:t. Lahos that eterting to clefly reduce
pri- r'f pre :=uro (c?: cut 50 pais cvary ci:: hourc) 13 tho
a ;:, t ; _ t . at enurca of c:tien. 1:culd propcso reducing
precouro to 350 (+50 -0) psi.
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1. L ivo dic 31V 2 v;;ca back out of colt: tion due to reduced colubility +

ct ; '. ' ; -- : r7 t' y c:.n Inh cut (if va' havo .lc2h r: th in h _;G) .
I' t a L .a t.a : . . ? fic .7, this 03 in nolution is not bcin1 rcravcl h
v.:ry c CficirWy cc.3 cceld prc ent c real hazard if na locco prc:=uro {

., re91dly. Could c.**c3 1) r.OP can binding, 2) csa bind natural circu- '

ictica f1c.3, 3) tas b1cnhet tha coro. '

2:0TE: 0 1000 T *2in can hold 1.3 n1 !!Thio equates to 18,314 cth,e STP/g:s !!,o in colution(Fir.turo 4) . o f !! 0 STP pocsibly
2di:. solved in prirary coolcq . 3-5 3

(311, C 3 3, C00 023 U O x 1.Q x 3.53 x 10 = 10,314 f t )2

If vo do not driva diccolved cacces out uhile uo have f1cu, eny prescura
reduction while ca natural circulation may renuit in gas binding of
cancy cano. If lost fica nt 10C0 pai, uo may have to stay at 1000 psi l
indefinitely with only precourizer or IIPI pumps availablo to maintain
prc:curo.

2. Get to point uh're ne have a backup prcncure control ncchanica that is
relativaly panaivo. nelcv 600 psi could float on coro flood tanks to
precludo further prec uro reduction.

3. Lean cycling of precsuricer hectors no may extend their life.

4. Ec1cw 300 psi uccay heat cyctc:a is usable.
*

.

5. colev 125 pai, rpant funi cooling and cicanup syste:a is usable if
interconnected thru dceny hast.

Linbilitica of I'~'"cel Prmnnrns

1. Clocer to pur? Urn linito. I!cuavor, at 1000 psi and 200 P, we are
c; Tro::inntcly C;] r;l *:tc.cr than t...;Il requircnento. At GOO pai, wo:

I uould ctill hava cDrc=inately 250 pai cushion before reach pe=p 11PS!!
' curvo. -

.
.

2. Ic.cr preccerr~ r- b- + Me''ar natural recirculation ficr.ts to hero .
tr .;atura t- . ' ! . 9. 1 2,. g . Data available to us is as fo11cust |.

,

< -.,_._a Flev (CMI) i"
. . .
' .: JLt Reactor P":: sura

'

-

._ ._ _ ___ -

10.00 -

. (L3
,
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, su

&, 6 ;3 l.*
.

3 ..i 250, .
*

3 .": 3 * 200T-
-

..

( ; .. ') 150
1 327 100
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r":7:S*tfen ric*t Test
,

~1*c. s

I:2ccurc2IhtrIDIRequired !!atural '*

Circulation Ficy d.0%2,6 C ' - 9 ' " f " 3 P 3 0'J-

p ery Past

0 .99 x 10 lb W11r :.0 0G #4 . 7.6 x 10 lb:a/lir0
1.66 x 10

1:a are torhing with EI to run RETRAN for natural circulation mode
a
*

2;OTE: lcnd predict flow analytically.
-

Alco using codel

to nec if one loop by itself will actablish natural circulation.
If need higher precouren later on, reducing pressur's now may complicate /:

raicing pressure latcr if pronsurizer heatcro.or loval in lect.3.
1

,

Mother Ernefit of Ecduced Pressuro: ,

DIN-1, DIN-2 and DIN-171 cro all incide contain=cnt and operators may boccma
,

There is a school of thought that theyinoporcblo dua to liigh rcGiation.
chould La opened ca coca na practical cnd icf t open to givs us amouranco thatThey are interlocked to not open above 320 pai.
Cecay 1: cat is a viable option.
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hd. PISPOSSE TO QUESTIONS RELATIVE TO FREE CAS TESTINd C.-te
PL10:.ED FOR 1200. FRIDAY. APRIL 6, 1979 APRIL 6, 1979 0725 {t ,,

i ,-

i m.. - _

1I

T!!E TOLLO*4ING ARE RESPO!"SES TO YOUR QUESTIONS REI.ATIVE TO TIS
PLA's'ZD TESTING TO DETEPJf1NE TIE PPISSURE LEVEL AT IGtICH FEEE [- r

CAS P!'.ESENT IIs T15 FIACTC*t C00LGT SYSTE2t tiILI. CC'3 CUT OF
ij
.O I

SOLUTION:
i

'
!! HAT IS Tim YOLCE OF TIE PRU!ARY SIDE OF TIE CONTROL F.0D DRIVE 71. l

| -
4

ANSWER: THE PRURRY SIDE YOLCE OF TIIE CONTROL' RGD DRn*ES ;,1 I
,r
o

IS SS CU3IC FEET.

2. SOLAT IS DW'S POSITION ON LOLT. RING PRESSU:G AND CI tCEIKG
FOR GAS. THAT IS, t.i(AT IS T!E LO!EST PRESSUTE VE t'00LD [
RECO!CESD COISG TO IN DETEFJ11 NATION OF TIE CCNING C7r OF

.,.

I
SOLUTION OF DISSOLVED CAS? } ',

'

. r.

I

ANSVER: TIIE LINITS ON PP. ESSURE FOR TitIS TEST SMOULD

DE T!E SAIG AS THOSE PEGVIDED IN TIE 15):0
I

FRON R. E. KOSIBA TO LEE ROGIRS DATED 4/04/79 .

.|TRANSMITTED AT 11:10 P.it. TRANS'tITTAL LOG #275.! lTIESE Li!IITS ARE Til0SE RELATIVE TO THE NP5H
CURVE FOR T!E PCFS. } /F

L1

3. BE SURT. TIE REACTOR DI AGNOSTIC GROUP IS ITADY FOR tt3NITORING (
|

DURING THE SUBJECT TEST.
i.

6

TifE REACTOR DIAGNOSTICS GROUP lt4S DLEN INFO?l'ID 07 )
;

I Ti!E FESDING TEST AT NOON ON AFi.IL 6,1979 A50 tillt

L BE READY TOR T ALING OF DAT A l'URING Tills TEST.
<

,

,

, ..

r

. . . , - . . - , ,
-

q

,
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E) GREY TO LEATON PAGE TLO j

RESPO.sSE TO QUESTIONS APRIL 6, 1979 072S j ,j
- .4 \

4 is

1

l i t

4. DOES B'.U'S TEST PT.OCEDURE YllICil FIQUITIS LC'KRING TTIS5'JRE j
TO D TET"INE TIG Pr~;CSURE AT CiIC(I GAS CC:'ES C'JT OF SOLUTIG3 ||

i

t'ORK AT LC"ER rnISSUr35 titan T1!OSE PP.EVIOUSLY USED. T!'a7 h
' '

IS MILL GAS BE DETECTED IF THE PRESSURE IS REQUIRED TO BE } j
l ILOC EED IN TIE 400-500 PSI P.r;C "

'|

ANSWER: TIC Pr0CEDUZES SSJULD DE JUST AS EFFECTIVE IN
fTIE LCTER PRESSUP2 PJ.';GES AS AT T13 UPPER

PRESS!!2E PJ5GES MD AT TIE TERPERATIIRE OF 1 i
i

200 F EECA"3E T13 S/12 RELATIVE VOLC2 0F 1g

GAS CC:II';G O!fr OF EOLUTION APPPLIES M;D j
HENRY'S Il# IS A LIhTAR FUNCTION MITit Pr2SSURii. h

S. CAN B5W SilGGEST Mi ALTERNATIVE 1ETliO3 FOR DITEC(INING TIG
FRESSU2E AT UMICil GAS CC;ES CUT OF SOLUTION TILG TIS U~E q ,

OF FTISSURE SICNAL I;0ISE CO. DITIO::S! l I
Y

p

ANSVER: ISOTIER I'OTTd.TIAL 12TI 0D IS TO ISACURE T|9 .I !'

FRSSSU75 EUILDUP IN TIE MAKEVP TIM U17U TIG 'j
VENT VALVE CLOSED.DY C;0* JING Ti2 If14EUP TMil p

PRESSURE, t'ATER LEVEL ISD PRESSURE AT T12

BEGINNING /.10 EhD OF THE TEST. AND Tim IITiic'JN '.1

f
FLO'J, TIE DISSULVED GAS IN TIIE FIACTOR CO3ZJRT

i

SYSTEM CAN EE ESTI!L\TED WITil /Ji ASSC2D GAS Lj
.

t'
RC*0 VAL EFFICIENCY IN Ti2 RC2UP TANI. DACED

'

CN till\T !!E TI! INK Tim DISSOLVED GAS LEVELS INg o
TILE RCS AFI NO3, TIG RD:3 VAL EFFICIENCY Sli3ULD lj s

fi' DE VERY CLO3E TO 1000.
14 C
It

IF YOU ILO'E I.':Y FURTIttR QUESTIONS u!T!! RESPECT TO TI5 GAS (i L

DUDDLE TEST PLANNED FOR TilIS NOON, PLEASE LET US INOJ. li ;
it [:
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!VfJ IN: Ova 9TFR Ao7'8155F796 Ph/14 / 79 lICt I P O'l'i7. C 9 9,

: Z C 7.C 7 W''8 7 56 6 3 Tf14M 9'rJTSVf LLF AL 276 04-06 074'ip EST
TLX 136442 GP*J DAPY ~

5f?N PatTSR, TMF 1.P. 'JT f L!TY, TLX !MMY, " NAM
'~261 CHERPY ugLL ng

P A179 I PP ANY NJ 1.7154

9T
REFF9E"CE Tupy, MILE T9 LAND MYD90';FN utqy ppE999aE eTORAGE TANK 9 AND
uypaqqyy go,"Lt" CO<P?E9COR9. THE"F !TF:9 AVAILA9LF FOP. IM<EDIATE
DrLf VFnY 997F 'f 9'f SL l. RAD Tf Yr FOR OPT ATVING TMF9E f 7FXS IS 6 TO 9
YTtTMC. C IX roc 4 MYnDDGEN 97')749" T AMX9, M AX f M'f t CODE DF4 tGN
M'ILT!LcYr9 T ANMC FOR 9 ArFCT CF'1VICE IN CRITICAL APPLICATICNS, A9
FOLL9V91 3 EACM Mf q4 PRTec fng TAugq V!TM MORIZONTAL STA\lC9 4 FFET
D!aMPTFP FY 9 FEFT oat.. VV AS Cr M AXIM'f1 DES!GN VP 6603 P9 t A, Y
C ADACITY rACM TANW 09,303 CCF C#!n!*: ALLY DE9IGNTD FOR HEL!ITM OR
MYDROGFN FLOO9 906C7 DrTJ!nro nNLY A FFFT MY 9 FFET. TANKS VILL
C TACM F09 Mf V!Xf fi 9P ACE 9T00 AGE. ONE EACM $4tGM Dor.99tJRE TAN 4 UtTM
Sf3RIZnuTAL 9TAND 23 INCHE9 DIA. DY 16 FEET OAL, VV 44CF MAX VP A433

,P9;A. TA'l4 CT99F9 13N30 9C8*. FLOCR MPACE BET 3!9ED 29 INCHE9 SY 10
FFET. 091GINALLY DF91G'IED FOR If?L191 OR 54YDR00EN 9FRVICE.

TV4 EAC9 9tG4 ORF99fl9E TAN 49 V!T4 VFRTICAL STAND 9 4 FEET DIA BY 6
rEET 6 INCHE9 OAM. W APPPflX 25CF MAX "A 6003 PCIAs FACM TANK
ST09FC ADDROX 13213 4Cr FLonn SPACE RFCU! RED Fnn EACy TANK ISe

90tfone 4 rFFT "Y 4 FFFT. OP!c!Vol.LY OF4TGVFD F09 HF1.!f!1 OR 5tYDROGEN.
OTMFR C'l!TADLE ACME ANO VATIONAL POARD TAN 49 AVAILADLE.

TVO FACH MYDROGF.N COMPRF".909C MTR C09"LIN DIAPHRAGM TYPE. SECTION
250 PCIA UP TO 4001 P9fA. DICCMAR9F P9E9911RR 3333 P91A TO 9300 P9tA.
S Xt DDED IIN!T9 VIT4 ALL ACCFMCORIF9 l'ITEGRATED INTO 9MID. MAX TffRUPUT
flP TO 3C5 CCFM. 94!D SPACE 51 INC479 9Y 110 INCHES. TOTAL HOURS ONLY !An0UT 33. LtHE NEV.

f

ALL TavWC AMD CovPPT99039 Out GINALLY NAS A SPECIFICATIONS. DRAVINGS
1 AND SPEC 9 AVAILA"LE. ALL AVo!LASLE FO9 IN9PECTION. F09 HU'!TSV!LLE

.

*

ALA7AMA. TN9PFOTf 0'l o'!D ACCFnT.4NCF M'NT9VILI.E ALA"AMA. IMMFDIATE
( 9''IPMFNT AVAILAnt.g y

L L MCCLffRE, CONStJMER F'IEL9 INC, FONE D35-4375660
[
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(5.C - !!!cic.: presure for F.C p.g ope ction is licited to p.g ptssu e curva >;

} te Fi m. I n--d M t ut_F9 r:1 f e._ e "-4 for _f --m - 1. c e r. >>

+ . '!
.

1 Ii
(5.0 - C r.rp vitr:t!:2 shculd ret exceed li:tts cf 23 ctis pn't-to-pnk .

|[ sh::ft vibr:tica e-4 5 nits fr- a vibr.-tlei. -

1

| t t

[ (3.E - T1.2 h5 Gest ccra outlet th2rc:oco.pte rc.tding sh211 t;e saintaind at Icast ;
,

i lif bcics C m saturatio1 tcparature fer the RCS pressure existleg at the
I

1

i

! CIC, point in ttca. (r3TE: This inicreaticn r ? m tf.a previcus criterten.) '

I, !l
.

(3.1 - (To L2 cc*:d) Tc= frats furcar prentre red tica stc;s in I.3 p.uure {[,
'

ct t .2 cad cf C.2 O psi :t..p r.c;a:n:a if Cric', tha tg.:en:3 Ca EU , .

tbt:2 b .itertr3 perso.mel indicate tMt the solubility ifnit h:s been ! 1

resc:d bastd ca sigt.31 rotst. '},

i j
C5.J - (To t's ed":2) The r:axt: :t rata cf prcsura r:du:tica crf t J cry set::nce |

'

'

|6t';dd t 2 5 psi par r in t'!. ;; |
61
1< |

r.-- ' e f &-- . !I
'-

|
(5.A - Oculd 011r,p r31A es the t>::: hup RC psp. t

(
i

k,!G.D - Pressertr. r LMter control sh:;uld ha in caral. (Cote: If fatar control

! is cut == tic, C*M is c= :cred cicut status or h: ster cmtrol c rieg .

I l

C.7nurir".[ca ct:;:s). g j

! (5.C - 5;rry fic.: c" std to c:xfnire (.- :sific: tics rate r-4 MT- ntM * |.

'

p m i m t-'''r fe m t. -

i . ./.i e

I;
C3.G - (To b cff:d) CD biso F:niterfrr3 er:0 : 21 in:rene strip ch:rt sp:M i'P

to 2 r!=in. .ii-

l
'
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1 1

#7.C - Inr:r pr!.=ry sy;:t 2 pic:=-e by cc .tmili.73 :::707 fim (cn2 hat:r [|
! cp:rction) et t 'arrrittmt var. ting _of prenurizer wie the I fr.d _ jj

rent vaiva (T. -Z7). .i ,

4 ;
t

#7.E - Era if :!t er:d precautic s (S.J (to be tf':d). If d2rfr3 the prescre i +

rc^xttea c: recs eith-r f5.0 cr (5.E cre excee:1:d. mtum to tha i i
pnssum 1cyc1 et the end cf the previo;,:s tevance. ||
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67.F - 0;; s Alctics of c:ch of ths E3 pst pr= re rc^ ti:n set;::cc: c1Tcuicta

th p=::urf t:r tdble stre b::es ca tt:a is p:rcs::ur ch=r;s gear tra ,, ,.
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L3 P1 pmssure.recxttcn seq.::cce. |1
All cero cutict th:r=oco@ls resdiras siculd be subritted to EI'J for ,j

cc :t uin) cvt.it:.tica. || '

t *

"f C*'3 C:t:2 P_--1t:rttry rar:c':-il re : Ort t"t rofte sfc;. sis ir: dict.ta th:t i i

itz c::tdtitty 11:1t h:2 tem rcz:hed cria3 tM se:::m:e. scintain the jj

p!:t.nu pmnure of this sc?m entil c:tsu c:alpis tedicatcs kDics j:
.

..
are no tes; r prc cat.'

.

j(-
: ' ..

; #7.G - tb r.:t pm::c::d to r xt pnssure rcertfes se:;.:en::e u til all par *w2tatt==s :,

|
cf in:::re tt.w ple res:!!e;s have be:s stablift.M. l

'
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To: 1:11t Levonson? Date: April 6, 1979
) Subj ec t : Ilydrogen in ORCS
{? Fron: F. E. Itaskin*

fi Cepies: . J. Iturley J. W. Thiesing
); Of:
i In!ustrial Advisory Group

At: TH1
Detsssing flistory .

,

Rapid decsssing of reactor coolant occurred in the nake-up
tank, with the letdown systen in nornal alignment (exceptfor bypassing the block orifico),I until about 0716 on 3
the shutoff head of the waste tas coupressors.which tine the waste gas decay tank pressures approac/29/79
at

] hed

letdown was diverted to the B reactor coolant biced tank.
At this time,|

Letdown continued using the A,| B, and C RCD tanks until 1920on 3/30/79 when the A tank went full. During this tine,
*

wh4ch reduced nakeup cank pressureto the calcup tanks was deninerali:ed water and boric acidmakeup,

fron a 65 psig Icvel by -

redesolving makeup tank gases and injecting then into thePRCS. By 1440 on 3/30/79, ,

essentially at both waste gas decay tanks were *

2036 on 3/30/79,the waste gas conpressor shutoff head. Atnakeup to the nakeup tanks wasthe bleed tanks, chifted to
tanks, which also ventletdown from the PRCS was stil! to the blood
in this mode continued until etto the vaste gas conpressor. Operation

least 4/2/79 at 1835 (the
i

end of available operator log data). Souctico after this* time,
1ctdown was shifted back to the nakeup, tank andapparently continues in this nodo at this tg.%e. RCS nakeup

from the reactor coolant bleed tanks.to balance RCS leakago and pressurizer Icahage is being taken'

!
'

Clearly,
the waste gas decay tanks have been unable to I i

accocodate additional hydrogen gas sinco about i

at which tine the tank pressures were about 84 psig,1440 on 3/30/70 '

to be the coupressor shutoff head. estinated lDuring the ensuingperiod,

tanks are receiving letdown, offgas must have followed oneregardless of whether the nakeup tank or the bleed!
|or more of the following paths: i |

s s'1. Relenced to tho'euxitinry building via the reactor
<

{ coolant b1 cod tankD rollet valves, )
t 2. Leaked to the aux 111ery building through leak'o

patha, prc5chly cau.ir.trcan of the compressor. ge ,

l

3.
Leaked to the auxiliary buildin* fren unsto gas 1

co11cetica header upstroaa of comp ~r.srors. *
|

'o '
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We estie:te that this codo of degansing is probably quits
efficient r.n3 10 is rosnibic, if net r.c'.cble, that bruc;cacor.ccatratica: in tho heCS are quite low. ,

..

.

'. !F. E. Itaskia
i.,

.

J. W. 'thiesing
Fell /JWT/das*

.

also of imp %s
It is tdflortaece ;% y f rior to 203G

5-30-79 , letc to ista/teup 2%/4
,'on.

e
fre.aNed In.

y

4
pid. ()rescuriecki% of t% fumk,ra
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si1. Bring IU t:nk Icvol to erproxiestely 55" p--W.3 by tr:nsferring, if
. i

necessary. 11 pid frcn CC Biced Tank. Ibintain Ictdem fleu at r.axtr::a. -

avsticbic rate, hold const:nt. (6>c0 4 RS m) -3

,

Align IU-V8 to take reactor coolant letdown directly to makeup tank. -

V
2. Open either IU-V13 or HU-V134 end pull the makeup tank pressure down as k.1s,\

far as possible with the waste gas compressor.
,

3. Promptly close IU-V13 and IW-V134 to isolate gas s ace in makeup tank. N 4

(l|.1,/|s,QAv) y lin$ listeS $/w/d, 2 t50|WA).
'

1
4 Record: y

a. Time

b. lCG vent bader pressure

c. Ibkcep tenk pressure
o i ,

'

d. l'akeup tank 1cv41
I

c. !bkeup tank tempdature I

Lctd:ws f1cy 2:n| YC$ urn 0&*f.
,

!C: cord these parcasters at the initiation of Step 3 and every tice the '

Ir.:he-up tenk prc:sure increases I to 5 psig, depending on rats of pressure g
'

it:rcase. '

I
|

\ IS5. C: :ttr.25 frc:rfura for as 1cng as possible, censistent tilth r:':rp t- .': '

/ ['t7
.

'

:.ca li .3 r i pl:nt c;;roting r.2:cssitics. *
,

1, f. . L
&~

.. .o n a t. a. m . return to nornei ener tsn3 ca .. .b ?
.~
.
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On 4/5/79 you received a reply to TTS #,3107 concerning the caount
of gas in the RC system and how cuch will coca W cf colution into the
nakeup tar.k.

Later calculations indicate that the origiusi entie. ate of 15,000 f t.
vas high by at 1 cant a f acter of two. A calculation chovin:t that the
equilibrius ccncentration of hydrer:en in the primary loop at 235"F y,

cad 1000 psig is approxi=ately(000 f t. 3 (STP) la cnclosed (!btet
!!ydrogen is the predo.ninant gas by far co 6000 f t.3 is probchly a good
estic:sta for total gas).

L,

,

|

Also enclosed is a proposed cethod for degaccing without releasing
iany gas bubble. ;

If you have any quantions, contact John Danici or Jack Thorpc at
Mt. Lakca.
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0
_PRIt'ARY PIR.'T CO?'DITIONS-

1

Preer.ure - 1000 psig I

Temperature - 290'F

.-

1. Ibintain te:rperature ard pressure while degassing vig a"biced and }
f eed" process.

a) De;;as letdown being returned as much as possible. g

b) Itakeup with deaansed water only. /

2. Continue process until hydrogen concentration in the primary coolant
is approxfrstely I.0 cc/ liter. This is the equilibriu:n, conviitions for
290'F ard 100 p 6g'." - - - -

I:
3. Slowly depressurize prieary loop to 100 psig, holding primary ,

tcaperaturo at 290'F. P.onitor primary oyatcm inventory to assure
that no gas bubbles are being evolved (l;ote: There should be none). c

.. j

4. thintain the prinary prescure at 100 pulg and cool the pri=ary. !
'

This will incresso the colubility of gas in the liquid, increasing
our cafety nargin in this area. g

4

5. Continue to nakeup with degassed water. t.

h,
h

C
.

*
.

.

1:0TE: . Since hydrogen f o the predeminant gas dissolved in the primary
.

-

loop, ccntrol of it vill a: ure centrol of other csocs in the 1
..

i loop.
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TASK TTtACY.1?:C SilEET [ '. ''

rA
e n. .,a .,

b''

TASK DTSCRIPTION: i

' '
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cc::r.t cl La c. .".:,M J 1a 10.3 Uncr is L.t..) .J / ;.3 ( U J 8,. i, L. ) L . / ,,J ) . f

h) t':r t') rsta of I'r crc:::re at tc?F ti.e cctat of rf, da:alved in tra inter
is D.63 c.1/c:a (ce c:t 0.51 ul/cs). "

c) tha c=:*:nt of ff, dissolved in r:ter at 20 psta of its and a ter;:cratste of A2CfF is 0.C2 (c.a pt U.G al/r,2). i

d)fF is 0.L1 (:e gt 0.L.22).tin tmt of ff, dissolved is taster at 20 psis of Na exd a t.f:-*srature of '

IC

The practical concluzicas are: '

1) Us a<rea as f.fe,h a presse.re as prec'ttcal will ett the e ufr-.s c_9.snt i
of II: disuhed in thz e.2 tar. and tr.ctel' ore, ti.a r:L:ts::aa reicase en
t!c lot d: 3.

I

2) t2 L lleve, t?:cd on CE c-'erfence in ce s.;cr$ stere'? s of ff,3 in
water. that tra tcperattrre is not tgortant to the rzaca of U,0 to 2CO F. ;

,

s

~

3) Th?re is a r9stbf11tv t'ut flashic1 fres 2CfF Oc:t e-t free 20fF)
:

could tr.tcrfern utth ficv in tu? lot dam 1tre. ILcrercra.ZG,ei ruid bet <

txttter t!..a E;./F f r f.st c:pssir.g.
e

II. IM'.-- m Ce.~r tf en fute f eng-Terve l

Input: Th:rs:21 Peerr 5 T?JT

case J_. Lfitt: cut any totling in the core, and with an cycr; resse.To er f?: in
the let c:wi Tz.nk at T-120 F of I sta of II ths radf olysts shsuld be revv = 0,.
Cs ~ 2. titth :et eny t:ott:In; in it's coro. art eith rn intzet core. the rata
E..3Ta LLC 12 pg. O rad cca;.:rlsca with L.T Cata sbauld 09

He 8s 0. 3 e,.
s(ra ) x o.c3 p-fa) a co ghr) o.c3 g,:1iin3M t.i f e,1)

en - *g .

.g L

fm 3 L':.in 3 071.3 :c.d 1.7 c:::_:;:: tens on fissica prc0tt rcle:20. tallin 3 |M r ~e r-1f airsts is occurrirm, f r a e rtc-j tere. (; 0.5 hr . cr.1 t/s), e

11 : 5;r. r.at toa s can of a sc.c.ture c;C3 !!.1 ccsv at IQ ays is fly c i .'' of Na f17
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Case 4. Expeffence data frcs CE fels en shut &nfA at 5 ftly (os in 2 thra) * f3fh '
,

caso 5 1he cost 11tely valt:e is case 3 with the ff L5565 ren to111n3 correctivs !

,

Tactor of 0.03: 73 (scfh) x 0.C3 (n:g_t,11 ty;3 ) ? J refh !
itu e s .t.; -

II, rc=n1 rate 1;y solut 111ty teccd os $1b psf a end 200 f. we can rt2*na 100 scfh. I
0

Conclusics: Even in the mrst case at $15 pst the rectoly:11 !!, ces te c- 3ved !'syca at 10 cm with a fr.cter of safety Crester it.:n 10 (t std on eca Lais t. 2). j
i

As rer 1."1 PST this d:te td t.:re 6ts frm pir-t th:t rtws 00 riL11f'v cf
st;:c tolling in core - if t:e c:e C2 C311tr.] de,ta cur rates t*::Id t,c IG-JJ tcGl.

}

!!!..Stersic:s Pam*)- psto es a l'ycrotra Cetter (-

Es inve consider-d t^3t pr0$1c=, c!cht t:c creot:r.tered. In estna K ( % to re= re
Ms. As!*r ett, Cter:ted Icra r_t C0J 0:12~.'rF: this t* uld re Jire t'ir ?!!!!:3 }cf 1.G x IG' 0g of :::t rated C 'A vater colutton - about 01 of the tat.1 pr!=ry
loop Colt a or C:st ICJ air.Ltes at 3 g;;;a.

!i
.

This trou1d ci.1 abet 1000 ::1 of *. P.-N and yleid r Sut CC'3 h (*-h tic'~2 ff all
i*

tre !!: r:re re ct>:3. 1 ht s trich s t *C-j coul d t r. : r t. re tsi t h t . 2 ic t dm t .;'f. ifr.JI is r3 ced pre 'Mt of' tS rer. tica. to tt.2 cesi:St revid f.*;*m rc. . ' t ::f ,
(p:1412). F.sterials em '.crties r.re still bit" stidicJ. A tatter r .t :re CI":tbe if Or because the react 1:n prodct is 11,0. fr. caf:r c":stica f: t!.2 c. - Ositfoe I
cf 11:01 to fons or (fr-:e) t:htch c0uld Ice.J to (f.40, cad tt?? rutstblitty c f r:;;d !resette,n. The d:ce m0sitica t*3uld bc less troubicLene with c:.~.: in.!0:li:3 Ca that ethe 18:0,' could it*::cutately rc. set with exple is, to tJta vicinity of En.2 t::',::tfos ',
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OPERATING PRESSURE CONCIDERATIONS
-

,

Operation in a boiling mode at atmospheric pressure has the ,

advantage of maintaining the system at the final desired end condi-
tions. Ilowever, there are several concerns that suggest this may

I|not be the best operating condition:

1. Low vapor density will make system less stable,
'

particularly due to large changes in vapor volume
with changes in condensaticn rate (S.G. level
oscillation concern).

1

2. Relatively lower 11 concentrations in water would
2require higher bleed flows to compensate for any

continuous 11 source.
2

3. Eliminates driving potential to operate letd'own
system or other degas techniques.

4. Maximizes volumes of non-condensible gas.

These same considerations suggest that " higher is better" !
i

for the boiling mode operating oressure. The maximum pressure
0may be determined by other conssderations (e.g. back-up RHR

limits).
s
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'o: Milt Levenson Date: April 9, 1979T

Subject: RCS Behavior From: J. W. Thiesing

Copics: J. C. Judd Of: THI - IAG

The following is an assessment of RCS behavior in the "perculating" mode before
large at::ounts of noncondensibles build up:

Initial Conditions n o

.~ 2.
1. Secondary side solid -- cold water /

, 2. Pressurizer vented to containment atmosphere, either by relief valve open
or through 3/8" sample line re-plumbed to containment. ,

3. Primary system solid
4. Core flood tanks floating -- either under N head or on head tank *

2
5. Little or no non-condensibles

'

6. RC pumps off
7. Assume little or no natural circulation

Behavior

1. Heat generation in core will form steam
2. Steam will form bubble in top of vessel
3. Steam bubble will displace water and raise press.ci:cr level (el LJ

-u nk i m i if 2- pl %4
4.. When bubble uncovers top of hot Icgs, steam will (eventually) slide out hot -

Icg, forming bubble at top of candy cane quite rapidly (roughly 5000 - 10000 cfa). |
'5. The increasing bubble volume continues to drive water into pressurizer (erd.-

w ere #!ced, i f r %d te.u}
,,

6. The increasing bubble volume in candy cane uncovers cold tubes in steam
generator until such time as the condensing rate in steam generator equals
or exceeds the' steaming rate in the core.

.7. Then,
n. If the system is heavily damped, a steady state steaming in core / condensing

in steam generator condition will result.

Or

b. If ti.: system is undamped which is more likely the bubble' in the steam
generator and ' candy cane will collapse rapidly, and the process will
begin at Step 3 above again and repeat itself, ad infinitum.

In this mode before significant non-condensibics build up, I do not believe
there will be any.perculating through the pressurizer, only a rising and falling
of water level in the pressurizer.

%e ud// A? 5"ffbA- ceA5;b/es -/ormd c6wt,Y, f/a3& 6p of fla ca s Oa w Muy all f&w o

ba(>6le ' ctt tk 1%hof 1% bd L
..

.

. . . . . . - ,;

[ k Or Y
p b; rwh%- -
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Step I Go to Natural Circulation-with Pressurizer Solid
*

A. Float core flood tanks at B&W set pressure, but with tanks solid
~

and pressure coming from N tanks outside containment. This is to
2

expedite conversion to Step II if and when deemed desirable. .

B. All valves from primary system to Auxiliary Building closed
"

except for occasional use of core flood tank fill line to make

up losses.
.

'

Step II Conversion to Benign Building

|-

A. Remove high pressure N supply _from core flood tanks.
2,,

B. Open Pressurizer Vent valve. Leave open. Pressurizer Sample,

Line should have been rigged in reentrant mode back to contain-

ment so that if the vent block valve cannot be opened, the

sample line is a fall back.

C. Eventual steady state may result in occasional bubbles rising
.

through flooded pressurizer. '

1. Water (plus additives such as H 0 if desired) can be added22

via core flood tank fill line.
D. Eventual state may permit isolation of steam generator secondaries

,

and use of hot drain coolers as heat sinks--needs to be looked at.

.
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! [ OVERVIEk' 0F !!YDn001'.N- CAS TE03LD! IN THE REACTOR C00LU;T SYSTDI*

/*

}' t

|
THE FOLLO'.!!!:G SC0!ARY ATTDTTS TO CONNECT THE IU;CWN TECll:;1 CAL FACTS ASSCCIAID

* ,

I WITH Tile QUANTITY OF IIYDROCE:' COSTAINED IN Tile REACTOR C00LAhT SYSTDt. Ti!E j'

|
,

. r-
liETAL WATER REACTION til!IC1! APPAREIiLY OCC'URRED DURING INITIAL Pl!ASES OF THE

I
*: ACCIDENTS CE: ERATED IARGE QL'A'?TITIES OF IIYDROCEN CAS. Ti!E TECliNIQUES FOR.

II }iEASURING Tile AMOC.T OF CAS IN THE REACTOR C00LU;T SYSTDI WERE NOT I!OEDIATELY
.

i AVAI!ABLE AND T.EQUIRED SEVERAL DAYS TO DEVELOP. AFTER THE TECHNIQUES WERE
il' DEVELOPED, PIASURDID;TS OF BUSSLE SIZE SEDED TO CORRELATE VERY WELL ASt

EVIDENCED BY FIGURE I. FICURE I INDICATES THAT T1!E BUBSLE VOLUME TENDED TO
'

:-

f DECREASE AT A LINEAR RATE Wi!ICH IS REASONABLE CONSIDERING T!!AT THE REACICR
,

I C00LAhT SYSTDI VAS HELD AT CC:"STALT TRESSURE. FICUPI 1 ALSO INDICATES THAT
.

r

'! UHEN CAS SOLUBILITY IS CONSIDERED, THE BUBBLE VOLU5E SHOULD HAVE DECPIASED

.jt
' I TO O AT ABOUT 1500 !!OURS ON APRIL 1. AT 1510 ON APRIL 1 WE OSSERVED A

MARKED INCREASE IN THE AMOUNT OF NOISE ON THE PRESSURE SIGNAL FRolt THE

4

| TRANSMITTER MONITORING Tl!E REACTOR COOLANT SYSTEM PRESSURE ON A LOOP.
|J

Tills CAN BE SEEN BY REFERRING TO FIGURE 2. FICURE 2 IS Ih7ERPRETTED AS
k||i -

2$ FOLLOWS: Ti1E RIGHT HAND TRACE IS A TRACE OF Ti!E PIACTOR COOLANT SYSTE}!
$-.

i PRESSUPI MONITORED ON LOOP A. TilIS IS THE DC PRESSURE SIGNAL. THE LEIT

llAND TRACE IS THE AC NOISE C0!TONEhT OF Tile DC SIGNAL FROM THE A LOOP
i

I PRESSURE TRANS5 TITTER. REEPING IN !!IND THAT TIME PROGRESSES FROM THE BOTTOM I
;6

P TO Tile TOP OF Tile CitART THE NOISE SIGNAL IS INTERPRETTED AS FOLLOWS: )

L.
TiiE LOWER PORTION OF THE SIG:"AL IS AT A VERY HICH CAIN SETTING AND THEREFCRE*

DQlIBITS IIICH AMPLITLTE. Tl!AT CAIN SETTING WAS REDUCED AT ABOUT 1555 HCL *RS;

Tile NEXT PORTION OF Tile CitART IS THE 15 !!INUTE PERIOD AT LOW CAIN SETTI::G

:. .

* * *

i1 0
~
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!' F140:1 1555 To 1610 I! CUT.S; Ti!E UPPER l'cnTION OF Ti!E CitART til!ICfl STARTS AT 1310
'

/,i

' '

IlotPS IS Ti!E PCT.!!!:. TF.AT FIFLEC*S Tl!E 111C11 NOISE CO.70::ENT LiiEN Bund 7 ARE

|1
*
-

liOT PFISENT IN THE TIACTCR C00LU'T. WE BELIEVE TI'AT A BUL3LE VILL D.V? T.it; ,r--
'

h
*VILRATION. INITIALLY Ti!IS 1;AS INTERPRETTED TO !!EN! Tl!AT ALL OF THE IIYDRCCri

CAS VOID VOLUME HAD 3EC; RD:0VED.y. ROM.T.itE REACTOR COOLA!;T SYSTDI.
F SGS K* T'.T

g- , .

TIINRI::C ltAS LED US TO BELIEVE Tl!AT IT IS ONLY INDICATIVE OF THE A13C;;I

l' OF BUBBLES WilICil ARE CIRCULATING AROUND Tl!E LOOP IN Tile PIACTOR CCOLU.T. IT

t CAN EE SE'.N BY ACAIN REFERRING TO FICUPI I Tl!AT IF SOLGILITY OF THE CAS IS

/ I;0T It;r*UDED IN Tile SUBBLE SIZE CALCULATION ONE 10 D ESTI!! ATE THAT TEIRE

! / IS SIILL A S!!ALL VOLU:'E OF IIYDROGEN RD:AINING IN THE REACTOP. C001.K;T SYSTOL '

| ''c OUR PRESENT THINKING IS T!!AT THIS CAS IS CONTAINED IN THE CO:; TROL ROD DRIVE

HOUSING M;D AS SUCH IS NOT READILY AVAIL 1BLE FOR RD:0 VAL BY A3SORPTIC:: I:."!O
i
| Ti1E REACTOR COOLANT. ONE WOULD EXPECT THAT UPON PRESSURE REDUCTION TEIS CAS
a (
A CAUCitT IN THE CO:iTROL ROD DRIVE WOULD EXPMID AND BC SVEPT INTO THE REAC~OR'

h .

COOLANT FLOW STPIAM. SUCH A'I EVCiT IS DOCU::DiTED IN FIGURE 3 WP.ICR SEC'!S

TIIE EFFLITS OF A TRESSURE REDUCTICM WHICll OCCURRED AT 0333 HOURS ON APRIL 2.
;,

NOTE THAT THE IIICH NOISE LEVEL CO: TINUED UNTIL 0330 HOURS ON APRIL 2 x;D THE:
.

SI! OWED A !MRKED DECREASE IN AMPLITUDE FOR THE TEN MINUTE PERIOD THAT TFI
.

PRESSURE WAS BELOW 900 PSIC. THE MINI!!UM PRESSUPI REACHED EURING THIS

PPISSUPI TRANSIC;T WAS A30LT 865 POUNDS AS Sl!OWN IN FICURE 4. DGING TEE

PERIOD FROM APRIL 2 TO APRIL 6 EXTCISIVE EFFORTS WERE !!ADE TO DECAS THEo

F
'

REACTOR C00LuiT SYSTC! VIA THE PRESSURIZER K;D Tile !!AKEUP TANK. BASED ON

9 THESE EFFORTS ONE WOUI.D EXPECT TIIAT TIIE DISSOLVED HYDROCEN CONCE';TRAT!"!* IN
.

; ' THE REACTOR C00LN;T SYSTD1 SIIOULD HAVE DECREASED FRO:t A30CT 1300 STM;3AT.D
:' /

CC'S P.ER KILOCRAM TO ABOLT 300 STRIDARD CC'S PER KILOGRA3!. HO"T.VfR, AT
i

0041 HOURS ON APRIL 7. WHEN N;0 tiler REACTOR COOLANT SYSTD! PRESSURE 0 C?IASE
l i

OCCLT. RED SO::E ADDITIC::AL CAS WAS EXPELLED FRO !" Tile CONTROL ROD DRI'.T .UEA.
.

FICUPI $ Sit 0WS Tl!AT WiiEN Tile PRESSURE WAS DECREASED TO 825 FOC:DS, Wit!Ci! IS

j{
35 POUNDS LC"ER TitN; TiiE PPIVIOUS PRESSURE REDUCTICM, A CORRESPONDING

REDUCTION WAS INDICATED IN Tile NOISE SIGNAL AT.S.0CIATED WITl! Tl!AT S.U'Eg
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- l'RESSURE TR.\CE. !!! CO:.CLUSIO';, WE FEEL TIIAT TiiEPI IS STILL SO 5 CAS TR*.PPE3

'

j, IN Tite CONIF0L Ts0D DRIVE APIA Ti!AT TilAT CAS IN Ti!E CO:: TROL ROD DRI'.T V:L *.

[
EXPM;D UP0:1 EACl! SUCCESSIVE PRESSURE REDUCTION x!D WILL BE SWEPT INTO T:'I,-p ,

jf PIACTOR COOLANT FLO*J TilAT Tile. AC NOISE TRACE WILL OESERVE Tl!E APPL;J.V CE
;

f .E** **d
OF TIIESE BUBBLES UPON FILEASE INTO THE FLUID STPIMf, kid Tl!AT IF THE PT235;72'l

[ IS IIELD C0:iSTM;T AT THE LO*4 VALUE THE BUEBLES CIRCUL\ TING IN Ti!E C001/J:T *!!EL
,{, -

i

SLONLY DISSOLVE X.*D THE HICil MIPLITUDE AC NOISE SIC'.*AL SliOULD REIVR' .

c}f
FE

-

TIl2 PIQUIFID TO DISSOLVI THE BUBELE IS Mi INDICATION OF THE CCOI/JiT'S
.

1}- PROXI!!ITY TO SATURATION. THAT IS, IF THE C00LM:T IS SATURATED THE BU3ELES'

-

1

WILL REMAIN SUSPENDED INDEFINITELY PROVIDED THAT Tl!E C00LM*T SYSTC! ??ISSL72
-

j!

.it) PIMAINS CONSTANT, BUT IF Ti!E SOLUTION IS FAR FRCM ITS SATURATION C0...,...
...

<

ib .

{'nIE EUBBLES SHOUI.D DISSOLVE RATitER RAPIDLY. IT IS Tl!EREFORE I1? ERAT!'.7. j
d

T!!AT WE CONDUCT Tile TESTING PER PROCED';RE CPUZ57 Wi!ILE Ti!E RC PUl?S ASII
N

AVAILABLE kid BEFORE ATTE.MPTS API !!ADE TO CO TO NATURAL CIRCULATION.
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ACTIO|| ITLl! RESPO:iSE k -

,
t1

I.D.5 define end point for degas mode.
!.

Requirements:
4

Do depressurization test to determine gas content of coolant.
{

00 ftU tank measurement procedure to measure gas content / degas |rate, if possible.
i

Get results of gas content from primary pressurized sampic, if
available.

j

Plan:
i'

Using results from above tests & samples, as start point, project the
gas content by calculating the degas rate and rate of coolant gas con-
centration. Plct against time.

i

Continue to degas at high pressure, approximately 1000 psi Sh11e cooling
down to point B on the " Base Case Su rary".(about 220 - 230"F prinary
temperature). At that point detemine value of proceeding further
considering;

2.
/ Ultimate condition pressure: !

J,compatability of degas opera; tire needed for further degas; ,

tions with next cooldown
(solid SG) rode.F Radiolysis generation rate. '

f fleed to keep radiolytic gas in solution.
i

I
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TilREE MILE ISLAND B0lLIllG,t10DE EVALUATION
.

-

.

.

NON-CONDEilSIBLE GAS EFFECTS Oil BOILING MODEe

o OTHER POTENTIAL PROBLEMS

e METHODS TO VERIFY EXISTENCE OF BOILING.

o METil0DS TO DETERMINE STATE OF SYSTEM
.

C0flTROL NEEDS AND METi0DS WHILE Ill BOILING MODE:,

TRAllSITION FROM FORCED CIRCULATION TO SIllGLE PilASEe

NATURAL CIRCULATION
.

'

e REVIElf 0F IAG DOCUMENT

e OPERATING PRESSURE CONSIDERATI0lls

Jt

H

'e

.

PREllMINARY AND UNVE.9tF!to
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NOT TO DE USED IN DE5iCN *
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NON-CONDENSIBLE GAS EFFECTS ON BOILIZ MODE ,

The presence of significant quantities of non-condencibic
gas (presumably hydrogen) can significantly affect the boiling
mode operation. The affects result primarily from a degradation
of the condensation heat transfer coefficient in the primary side
of the steam generator. The boiling in the core will strip some
hydrogen out of solution and into the steam. The hydrogen

i

will be transported with the steam to the steam generator |
(note that no separation of the hydrogen from the steam is

'

expected until the steam condenses on the cooled tubes of the
i steam generator) . As the steam is condensed, the hydrogen

concentration will increase in the steam generator. The
hydrogen causes a diffusion controlled limitation in the
condensation process. The resulting lower heat transfer rate.
will cause more of the heat transfer surface to be exposed.'

For a given rate. of hydrogen flow into the steam generator,
a final condition can be achieved where the liquid level is
low enough (i.e. sufficient condensing surface) to condense
the total steam flow, and the hydrogen concentration is
sufficient to drive the total hydrogen flow back into
solution.

If the total hydrogen flow into the steam generator is
steady, then the above condition would represent a stable
opera ting mode for the system. HowcVer, if the hydrogen
content of the system continuously increases, then the steam
generator liquid 1cvel would continuously recede. A limit to
this process would occur if a change in liquid level caused
the system hydrogen content to stabilize. Such a change
could result by uncovering the surge line, with succequent
venting of steam and hydrogen out of the pressurizer.

There are two'.possible sources of hydrogen generation
in the system. The first, Zr-H 0 reaction, would imply3
localized high temperatures in the core. Such a source
could be relatively continuous,_ and independent of the h.J..
hydrogen concentration that exists. The second, radiolysis
of H 0, can be suppressed when .the hydrogen concentration3
reaches a sufficient value. From this, there appear to be
three possible operating modes that should be considered.
One mode is with a continuous source of H An ther mode

2
is with a continuous source of H and a system bleed rate

2that will remove hydrogen to compensate forethe source.
The third mode is assuming no continuous source (i.e. radiolysis
only). Expected operating characteristics for these three
modes are indicated in the attached table and figures 1 and 2.
Analyses requirements to define these modes are also attached.

+
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| WilAT MAY IIAPPEN ASSOCIATED WITII NON-CONDENSIBLES . ,

|~
;

,

L

CONTINUOUS SOURCE CONTINUOUS SOURCE OF RADIOLYSIS
'

OP 11 II WITil SYSTEM BLEED ONLY
2 2.

Continuous !! II buildup to equili- !! buildup to'

2 2 2
buildup brium level (dependent equilibrium,

on biced rato) level (sufficient
to balance

Continuous degradation 11 cat Transfer degradation radiolysis)
:

of heat transfer to associated equili- -4

brium level lleat transfer
degradation to

,
'

Reduction of level in Reduction of S.G. and associated
S.G. and hot leg', with hot leg levels, equilibrium level

,

venting through determined by heat
j pressurizer when transfer coefficient Reduction of S.G and
'

surge line uncovers (expect above surge hot leg levels -

line) determined by heat
transfer coefficient.

Equilibrium 11 level Heat load out S.G. (expect above surge9
, achieved due to : line)
'

pressurizer venting.
Part of heat load Heat load out S.G.
out S.G. and
remainder through
vented steam.

i

'*
.

.

!
;

'y
a

, e

.
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WIIAT SHOULD BE DONE TO EVALUATE PERFORMANCE WITI! NON-CONDENSIBL'ES

I. Assume Continuous Source of H2

Calculato level in S.G. when surge line uncoverse

e Estimate equilibrium H concentration after pressurizer
2

venting starts

Estimate the associated II, concentration in thee
condensing loop of the S.G. ,

o Determine value of heat transfer coefficient associated
with S.G. 11 concentration

2 ,

o Calculate heat load out of S.G.

Calculate steam venting rate from pressurizere

e Calculate system pressure to achieve vent rate

e Re-estimate equilibrium H concentration (iterate abovc)2

II. Assume Continuous Source of 11 with System Bleed
2

Specify bleed flow rate
"'

e

e Calculate 11 concentration in bleed flow to compensate
2

for 11 8 -"#'U2

- e Estimate the associated H concentration in the7
condensing loop of the S.G.

,

:

e Determine value of heat transfer coefficient associated
with S.G. 11 concentration

2

Calculate expected mixture levels in S.G. and hot leg-(fore
entire heat load out steam generator)

!

Determine operating pressure. required to achieve bleede
rates :

|
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III. Assume Radiolysis is Only Source of 11 .

7 ,

Determino equilibrium 11 concentration to prevent
e

2 -

radiolysis

Estimate the associated 11,, concentration in thee

condensing loop of the S.G.

Determine value of heat transfer coefficient associated.e
with the S.G. II concentration2

Calculate expected mixture levels in S.G. and hot leg
e

(for entire heat load out steam generator).
,

!
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OTHER POTEt1TIAL PROBLDiS

-

.

e LOSS OF STEAM GENERATOR FEEDWATER PUMP

e LOSS OF liEAT EXCHANGER

e LOSS OF PRIMARY FEEDWATER PUMP
_ _ . .

e STUCK OPEN RELIEF VALVE

i

FURTHER CORE DAMAGE - DUE TO PRESSURE OSCILLATION 'e
.

e CAN VENTING KEEP UP WITH STEAMIrlG7

e CONDENSATION SH0CKS/WATERHAMMER

e CONDENSATION (IflSTABILITIES)

e VENT VALVE INTERACTION

e INADVERTEflT CHANGE IN S.G. COOLANT FLOW TO SECONDARY SIDE.

e CORE HEAT TRANSFER - LOCAL LARGE BUBBLES BELOW BLOCKAGE

.

|

* MUST BE RE-EVALUATED AFTER SYSTEM ANALYSES COMPLETED.
!

I

|
|

|

|-

.

!
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METHODS TO VERIFY EXISTANCE OF BOILING

e T.C.'S TOP 0F CORE + Tsat(P)
.

e DECREASED NATURAL CIRCULATION FLOW DETECTED IN HOT LEGS
FLOWINSTRUMENTS(DEPENDSONFLOWMETERRAfiGE)

e SYSTEM PRESSURE INCREASES OR PRESSURIZER LEVEL CHANGES .

a

e DECREASE IN TEMPERATURE RISE ACROSS S.G. (SECONDARY SIDE)

1

;

I

!'
METHOD TO DETEPJ4INE STATE OF SYSTEM'

e ULTRASONIC DETECTOR

,

e IllTEGRATE BLEED OUT FLOW

o FEED FLOW

j e DECREASE IN TEMPERATURE RISE ACROSS S.G. (SECONDARY SIDE)
.

e DECREASE IN NATURAL CIRCULATION FLOW DETECTED IN H0T
LEGS FLOW INSTRUMENTATION

.

'

.

4,-
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CONTROL NEEDS & METHODS WHILE Ill BOILING MODE
,

,

e BLEED AND FEED SYSTEMS

e FEEDWATER llEAT ECHANGE AfiD FLOW CONTROL,.

e PRESSURIZER (MAINTAltiVAPORBUBBLE) .

'

!

TRANSITION FROM FORCED CIRCULATIO!! TO SINGLE PHASE NATURAL CIRCULATION
.

.

EXPECTED PERFORMANCE
,

e 110T LEG TEMPERATURE SHOULD HEATUP TO NEAR STEADY TEMPERATURE Ill A ,

.

FEW HOURS
,

.

'

-DEVIATION LIMITS

,

o CORE TEMPERATURE RISE AT HOT LEG,

A T/ At > 0.1 F/sec

t

e PRESSURIZER WATER LEVEL SHOULD NOT CHANGE--AN INCREASE IMPLIES

BULK BOILING IN CORE
4

e NOT STEADY SYSTEM PRESSURE

e IN-CORE T.C. 's > Tsat (Psys). <

,

.

PRELIMINARY AND UNVEintirc,,

NOT TO BE USED IN DESIGN
;.

, . . . .

1
-

.
.

a.:~
, .- _ _..a _ -_..u . . . -- . - . . ._.



._ .-__ __- ._

.

$, .
. .

.

. ., ,
.

.

:,9
.

REVIEW OF IAG DOCUMENT

" Behavior of RCS with Steam Generators in Condensing Mode", 4/10/79.

Document recommends system to operate in boiling mode at
atmospheric pressure. Several problems exist with such low
pressure operation, as identified on attached, " Operating
Pressure Considerations". The scenario suggested to occur with
non-condensible gas identifies separation of the hydrogen
and formation of a bubble at the top of the hot leg. Such
separation of hydrogen and steam is unlikely (the expected
phenomena are discussed elsewhere). The suggestion that
hydrogen concentration in S.G. would approach 100% isi

unlikely due to it going into solution in the water on the
condensing tubes. Postulated level reduction and venting through the
pressurizer is possible if a continuous hydrogen source
exists in the system. Iloweveh, even for that case, the steam
generator should have some effectiveness to handle part of;

the heat load.'
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SUDJECT: RcVicv of IAG Tack 12n ' Clor.c Out Document, d6- "? W -'
, ~ ~ ' "

" Evaluate the Effect of Non-Condensibles in the
''

.

P.EFLUX Boiling I'.odQ" .
:

REPDRENCE: Three Mile loland Boiling 14cde Evaluations *

Mon-Coudencib3 e Gas Effects on Dolling Modo, j
General Bloctric Revicw 4/13/79 g .

.

% *

The aubject doeur.wnt departs somewhat frorn the previous LAG
boiling mode description, but still contors upon the possibility
of a non-condensible gas bubblo forming in the "candycane"
of the TMI plant. under boiling mode operation. It. la 1. alt
t. hat auch a bubble in extremely unlikely. The most likely .

operation mode has previously been defined (cf. Reference). !
.

i

&

The fornation of a gas bubble could occur in the single .
'

phane nat. ural circulation rende due t.o gas coming out. of
solution as the preccure is reduced. Such a bubble cou2d ,

fill the candycanc and stop the circulation. Um cver, tho .

nignificant.ly increased driving potential that would result :
from subcequent boiling should carry such a bubble into the -

., Stonn ocncrator and provido thorough ~pixing with the ctoe.m.
i.Thereaf ter, the non-condencible gas would movo with steam floc ; ' ^) ;

and by dif fucion while remaining well mixed uitli steem. - -
/.

Henco, the conclusion that a gas bubbIc with boiling mode -
,

in unlikely. If a gas bubble is assurned to occur in the
candycane during the boiling mode, it. would subsequently
bo climinated. Steam scncrated by the boiling wou3d rice .

Utrough the candycane and increase the gas bubble si=c
by mix 1.nq with t.he non -condensibles, and thus lovering th e .
liquid level in the ateam ocncra' tor. The liquid l'evel would
continue to drop. P.ventually, a portion of the tube .

surface would become expcGod and sceom concennat. ion would
occur. With t.he on-set of condensation, non-condensib1c

~,
,

gan would be absorbed in the liquid film. As more tuba
surface became czposed, re. orc condennation and absorpt. ion -

- '

would occur, trith t.ime, the non-condensibic gas bubble would i,

dirainish in cito and be clininat.ed. N,
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The recemncnded actions of the subject document are
approprinto in any cace, except for the recotmenced scalod
test on bre.aking the 'gan seal *, vdch may no+- 64. tu cerJary 05ctist.vn ets ,4b eve ,. 11ovever, a representative test of
condencation effcchivonost, in a B&W steam generator
geometry tsith non-condensible gas would be beneficial
to define thd expected liquid 3evolc that would result
in the TMI oystem.

Another poosible concern la the sys%m responce in
the boiling modo if the prot,suriter relief valve control
is lor,t with tiu v.sive closed. This could result in high
prascures to relieve the vaporization volume changes. This
raisec ass,ociated ductility concerna. '
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To: 'Istt Levenson flat e : April 16, 1979
Sulij ec t : 1.mergency rentainnent l'ron : J. If. Thiesing '

ei e

\enting Pa Lage

' |
U 0C uents en emergency containrent s et t in. i .ec 6. ige r eceis ed fr.:n bandia/'.!!C follow:

6 k(1) Pare l - 10 Ci I release reprewirt s about 10*. cf current total activity of !
_

l-131 teore G RCS) scens reason..t le - gli en : ore seit (no containment or i<

vessel coolin,.) and containnent t.iilure above grade. j;
(2) lye _.', "St ean-cont't nse" and " t e..n.no conden se" labels appear to be j

.

interchangcJ.

-
t 1

'(3) P_are 3 - Containnent pren ure .
SptAc up to 70 psig at 374 hours is e co t'a s t . Would crpect only at nut a '

12 psig er hour .'superheat fro:a core heat) at today's decay heat level. I'*
do not : nderstand r:pid drep in s ontaarment picssure after vetset f ailt.re
(no cooling of containnent was anuned). Pressure would rer tin cc>nstant '

at 70 psig tetti deliris heated heter |ool in centainnent an.1 began stoaning.
En,1 result is the sa:ae, however, f a!!ure above grade. 4

t(8) Pere 4 - Appears to l'ostulate 2.'. Core 1-1.11 beco es airberae.
3

(5) Pace 5 - System Desimi '
.

1. All air htndling systens should be designed for ISS psig if naima
utility is to be gained (150 is prvbable contairument failure pr:ssure).,,,

.

2. hhat is purp se of !!, systra - 1 pres.sa.t it is inerting for it, but
the utility of this is questionable. (Prevent H, burn in exht.Sst lino,I suppose). '*

3. 3 x 106 ttu/hr cooling on diffuser tanks will not keep up with decay
her.t until about July 1, 1979.

4 I(hy insta!! return line to . intainne9t. The preste.ption of centaint.cnt
,!overpressure rattigates agatrst its use except as a routine cleen'm teoll ,

'

If there is urgency to install this system, it can probably not be well-
enough thought out to serve as the ultir.ste clean up nechanisn.

5. Diffuser tanks should be buried in yard cutside atur building. Line free..
|pntaf tnent to diffuser tanks shoutJ r.1so be tnarled. Cooling systea

e:ast stro l o shic!Jed.

6. 1;eed valves in filter bypass. |
I

i t,

(6) , Pne 6 - Cbtions

.xLp q= ' ax.|c ,.$
.

.
1. IMckup filters (Option 2) will reeutre det:isterS end could St tyttca

i

,

by becc.,:s3 clogged - flecoment lu.PA only, with bypass carsb!!!ty. -
.

2. Opt ion F1 - Thai c is r.ot a recnadiner Lt. the world that will landle t!.eflow rates that will be required. 1' '

|

t |,

Il.

b1

[ , "J
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~3. Opt ton f 4 - Sheutd not put t.anh in fuel P.>ol - it's being uscJ for

-

,.

itarA farm. Also, violates last c .nst raint en page '. ~ 3

,

i 1

4. Ortion 86 - h1;at is a "flydrogen cer.hr.t icin n e!.inife."
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.i(Dogas File)

i-
To R. F. Wilson tccr.m Three Mile Island [

il
g|-2

t:

l'

I asked Conrad McCracken to estimate the equilibrium dissolved
gases in primary liquid for the three conditions shown on the ;

attached. The request was made the afternoon of April 17, 1979.

I also asked him to think about how long it might take to go -

from condition 1 to equilibrium in Condition 2 and in Condition 3 b
assuming a step change from condition 1 to Condition 2 and
from Condition 2 to Condition 3.
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April 17, 1979 g /[h
|

Mr. Tom Crimmins
~

Three Mile IslandVisitors Center and Trailer Camp
hTrailer #11

Route 441 |Middletown, Pennsylvania

Estimate of Volume of Non-Condensabre Gas vs. TimeSubject:

Dear Mr. Crimmins:
Confirming our telecopy of 4/10/79, attached is the C-E writeup |

,

'

One comment received backregarding the subject gas release.
was that the lotdown flow was " recycled", not as assumcd by C-EWe do not sco this assumption as chang-to be "not recycled".
ing our conclusions as long as the makeup water tank is of suf-
ficient volume and at a prennure where degassing will occur in
the letdown stream. This appears to be the case.

The only potentially significant source of error would be the
estimated 20 GPM flow rate (given to C-E for pump seal leakoff) .
Based on 20 GPM it would have taken 10 days to reach a safe con-12, 1979, 10 days, as shoun on ,

dition (i.o., April 2 to AprilIn the event actual seal leakoff was loss, thothe curves).necessary dcgas time would increase proportionally (i.e., at
10 GPM degassing would have to continue for 20 days, untili

| April 22, and at 5 GPM degassing would have to continue for:

40 days, until May 12, 1979).
Very truly yours,

j
c

&

V. C. IIall

).i

VCil/es
Attachmentj
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|,Problen ,

'
Estinate the volume of gas released, if any, as a result of
cooling and depressurizing the reactor coolant systen, taking ,

into account continuous Cas removal by feed and biced at
'

approximately 20 GPM. ;

!'Initini Conditions.

. Pressurc = 1,000 PSIA /985 PSIG .

F
'

. Temperaturc = 280*F
i |-

Assumptions, j
*

,

' *

. Bubbic disappeared at 1200, April 2, 1979*
, ,y

it

. RC saturated 'with 112 at that time (1,560 cc H2 0 STP/Kg) |

. Letdown flow 20 GPM 8120*F (9,900 f/IIR) not recycled ,
*

. !!akeup flow sane, air-saturated water (18 cc/Kg air, assume
100% N f r most limiting case) .g2

. ;dcal Gas Law assumed for all Esses and water vapor

. Perfect mixing in RCS . ,

Results -

1. Calculation of limiting dissolved 112 gas concentrations.
,

_

The approach was to calculate limiting dissolved gas .

concentrations relative to:
1

-- bubbic nuc1 cation '
1

- formation of 100 ft3 of bubble . |
L

Results are presented on Tabic I.

These fiyeres should be taken as targets for degasification.
i -

^Conclusions |

(1) 112 must be reduced to < 1,100 cc/Kg to avoid bubbic 'b
formation due to cooling while maintaining 1,000 PSIA.'

;.

The maximun bubbic, as;iuming no derasification, uould |

.,
be approxima te'l-y 75 f ta at 1,000 PSIA /150*F. |

'

(2) 112 nust be reduced to < 30 cc/Kg to avoid bubbic formation
,

due to cooling and depressurizing to 50 PSIG.

(3) Total gases (11, plus air) must be reduced to < 50 cc/Kg
to avoid bubble formation due to cooling and depressurizing

'to 50 PSIG. .

e.
4/10/79*

,
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|
_- - - . . - - - - - - - - -- - ~ -

. . . _ , . _ _ , _ . _



, -

,/-- -. . . . . . . . .

..**C-
Page 2

'

!2.
Calepla t ion o f Ra te o f Ga s ngnnva l

<

* .<

Dased on a RCS mass of 6 X 105 {lb 0 9.9 X 103
112 concentrations will be reiluced with a half-life oflb/hr biced, fapproxinately 42 hours (1-3/4 day).
will increase to saturation (13 cc/Kg) with the sameCoolant air concentra tion

1

half-life. R:sults are plotted on Figure 1.
.

.'

!,*

Also plotted are the minimum pressures to prevent bubbic
*

formation at 200*F and 150*F as a function of time .I !
H2, and water vapo.r. curves include the partial pressurcs of air (assume.Theso ,

- e i

d N ).2 * '
,

'onclusions '

34_
.

,

1) In order to acct a target concentration of 30 cc !! /Kdegasification should continue until approximately noon.
1

Y

2 Ren April 12. I,

' '

2) in order to depressurize to 50 PSIG at
200'F without I

forning gas bubbles, degasification should continue until 1carly on April 12. -

'i*

>te: As final temperature increases, P~

the vapor pressure of
water becomes nore significant and reduces the allowed

. gas concentration (extends degasification times) .
Slightly increasing system pressure will

-

for the additional water vapor pressure. compensate e

'te:

from radiolysis.The above calculations assume no input of gases
.

.~

~'

* - ,

V'nmary Conclusion ~

,

f
..

gas bubbic will notsed on coolant bleed / feed and the associated assumptions, oform at '
psig primary pressure after 4/12/70.1500F primary temperature and 1

'

| t

f. ,

:
.

_

i-

1.

|||
..

- - p,,
'

.,

} [
.

.

|.: ,

:. . .

.

i i*.
.

\'
.

. *
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|| Based on discussions with fir. Paul Cohen (consulting che'mical entjincering from.

| Westinghouse, retired), review of data in his book, and discussions with Dr.
,j. Jenks of ORNL, it is their opinions that net recer.:bination, VIZ no coolant

radiolysis persists in the TMI-II core.
.

l
From my experience with a pressurized heavy water cooled and moderated reactor,
net radiolysis occured only under power operation, with a thermal neutron flux of

I3 2
10 n/cm , a dissolved hydrogen content of <1.5 cc/ksm coolant, and sub-cooled |

-

.

| boiling in the core. Even there, oxygen concentrations were (2 ppb in the coolant. !

!Thus, with current and anticipated primary system conditions at TMI-II, we do not
'

'

i expect any hydrogen generation frcm radiolysis.
'

-

.q . s'
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i April 19, 1979

!

Mr. Ton Crirnins
Three Mile Island

! Visitorn Center and Trailer Ca=p'
Trailer #11.

{ j Route 441
Middictown, Pennsylvania 17057

Subject: TMI FCS Total Gas Concentration

Dear Mr. Crimnins:

'
|

Please note the attached of sano subject that was prepared
per your request. Copies are telecopied herewith and will'
be sent to you on April 19, 1979.

.

Very truly yours,

COMBUSTIOli EliGINEERI!;G, II;C .

|bu /fm
J. C. Moulton
Project Manager
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RCS Total.

Gas Concentration

+ n F
i.e received'two qtestions on April 18, 1979, via you,'

fron Bill Lowe on total gas, as follows. |;
t

1. Can,,they a,dd hydrazine (N2ijal to scavenge the oxygen h|'

j in tne liCS?~

i If hydra:ine is added to scavenge oxygen, the RCS total
.

; j gas concentration will be increased. This occurs because

!
. hydra:ine reacts not only with the 02 being scavengedI

O 2 + 211 0 + N 2 t ) bu t also with metal oxides.(N 1124 2+

| in both cases N: is released. Extensive experience
indicates that in a RCS you will produce approximatelyi

j 2 cc/kg of N; for every ec of 02 which is scaver.ged.'

Thus,in thi.s. case, 4.4 cc/kg of 02 would be replaced with
approximately 8.8 cc/kg of N2

would notIf their concern is total gas, then adding N H24
be a good choice.

,
'

,

If their concern is chloride stress corrosion cracking
isdue to chlorides (7) and 0, in the RCS, then it

il to reduceobviously a weighted decision (i.e., add N2 4
chloride stress corrosion worry at the expense of total
gas).

2. Based on their April 14,_1979, pas analysis. (11 -31.2 cc/ke,2

N3 32.8 cc/ku O'-4.4 cc/kq, total-OS.4 cc/kg); how h ji
to IFF )would a III.Mii lic i f teuperIture werF~ reduced

(14.7 IGTA)? Iand pressure ucre reduced.to one atmosphere
l.

I'

Based on the April 14,31979, gas analysis, a bubbic of
approx nately 1,020 ft would be forme This includes t.

.

767 ft of non-condensables and 257 f t water vapor,

with a percentage distribution as follows: ,

,.

9

Ng -- 37.6.

*

H2 -- 38.0.,

4.502 --, ,

HOs 24.92.
,

At the above stated condition.10.1 cc/kg of gas would
-

r:aain in solution at the following concentrations.
N -- 3.8 cc/kg

I 2
-- s.s cc/kg

| ,nz
0 -- 0.8 cc/kg

2
.

~

wP ' ,F
.y - yqmy3

-

-

-

| |.,
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P.cstating the above sentence,
-

*

the solubility. of gasses ing
- *

sthe RCS at
14.7 PSIA and 150*F is approxinately 10.1 cc/kg,

' *

therefore that is the concentration necess.iry prior to '

deprersur;,:ation.

i f no bubble is to formed. Degassing theRCS to 10.1 cc/Lc can only be accompbe
,

! ?

lished (in a reasonabic [time span) if fully deaerated nakeup is used.-

accomplished in two ways: This can be '

j |' A.
Pull a vacuun on the RCS nakeu

a

const ructed as not. to collapse)p tank (if it; ; is so,

, * ;
I I B.

Discard letdown flow and only use deaerated nakeupI I
,,

(or ronchot.
the letdown flow through the deaerator).put

Other data which may be of interest ;

in understanding tho'problem: "
*

.

g 3
,

At this point--

the rajor probica prior to depressurization
|

is total gas, not,

its individual consti?.uents. -

To prevent a bubbic of less than 100 ftI (assuming it
--

forns at one location) at 14.7 PSIA, 150*F
the RCS totalgas must

be less than approximately 16 cc/kg.
The major differenca--

depressurization and s' PSIG (64.7in bubbic si:e between full
50 PSIG total PSIA) is that at
40 cc/kg while it .sility in coolantgas so-

1 ATM. is only approximately 10.1 cc/kg atis approxinately ,

The conservative thing to do would he degass to approximately
--

10 cc/kg prior te securing the reactor coolant
-

the pump is secured and natural circulation initiatedpump. Once-

perfect mixing of
the RCS which is assumed and probably

,

correct with a pump running, would no longer be the case.
-

,

-

;

i
-

.

i

In the natural circulation mode degassing rate or
success will be virtually impossible to predict or
neasure because of imperfcet mixing. ,

|
-

,
,

.

$. r
C. E. McCracken
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i {. .

To: D. A. Pullen ''E M '

*
. . .s i c. r : ':. e {

.,

From: P. W. Msrrfott SIN M F'RI'UG i

Subject: FUJ!*.*3!LITY OF ff AT ll!CH FTI.%'Ti i
''

2
i| -e

|On f.;:ril 3. Dr. Richt of !".SA. ein tiss consulting for r**l, tal * - ~1 c: I. ''

dir--tiv to rr"~ * rur c- * ra lits tr- - :1 fir .ilt're ! c ."- .5111ty11-. 2 4 r it, ct 1. J csta. :..cco tha r ~::.t did est cra tv- *: 1:- :211 'fra r"J. rr: 201 d:) t'] rc :::t c: : ... .1 refertM. I t u .r.3 1:.a r-~1
-

tus re- .04.1 ut t'cr t::2 r ::rd cur c .; n;s t'olics. Pl;. :3 give t.:.na to LO:I da t..,t kn.~..s h:w to contaet 1;r. litchl.
I

For 93 cendittees of 1000 Inf a. *CO'F ester. it, ced 0, c'-*:7 s. the !

refcreated scure:s cIva Cs fa11c. Ir.9 fcr Os 11:1ts c/1 L ;bility.,,.

'AILcrer 11:lt of fic::: blitty 2 *2

4 6 (1)
Fla2chtlity Itatt for IC'3 cc:&.:stfon S 7-1/2 (2) ,'.

Lower listt for cten:blitty 15 10 (3)
i

Refertmce(1): Cercate of tilnes Cu11stin C03 J
1

Rercrer.ce (2): t?4A R.epcet #17.33
.

R:fer=co(3): CI !.?Jt th.=ced D:st n f* 3 CSU

a) Tt:scendtitons11sted 9tra ebent M (cole fractica) cf ff 0 in t aCas, really a vary r.:311 infic:nce. 2

Eb) The 1m.r Ifelt of etc~.:b111ty is ca extrcpole. tics of r/SL iexpericcatal data. II

In e---.ry. cur =:?.:rces :h::t Dr. c! bi's pre. : ed if-f t: M f*3 c~.:crvativa.

wlO t a c ccpttca of tha g ccr.ccal,rstion rce.utre:S fcr ct=3tica. P j
I

is s :

( . . I .t* % )
.

e s
P. !!. f%rric t. Cattan 3'

.

T: c7 !:llo I:1r^ f Esk force
fi/C 194 Ext. 0 3?3 4 *

.

/ata L|
,

cc: Ln i:::bstt f!
L.t Ullkins/FD Judge || ;

i !-,

1 : i

-- -
_

F x.

i 4
..
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.

To: E. P. Strcupe
.D..A. Pullen

Fron: P. W. Marriott

"6).550RPTICM OF !!7. CC1DEMSISLE Cf6ES IN E01LII:G r.CDESe'aject: <

.

}
.

This c=0 rand:a s::=arizos the ir.forratica in the c1cycn pages of calculations
er.d catn3 teleccp;cd to D*tt:re at IAG cn April 17. EPS - it is for ycer use
a'.; you see fit. CA? - it is for ycu to give to CPU, who asked the ::.a
questica an April 8.

Tha TID 14">A/RG 1.7 : dlolysis snurce tcrn, i.e., fcr 1:5 of the core
difi ased 'into :4ater,1003 of the !;d rolca:ed, 50% of the inlegen in tha water,
uill 1e .-bcat 60 ::cih for 112 nd tpprcxt:sataly 30 scfD for 0 .3

IT the !!, cer. centration in the water nc:r i.he icnizir.g tource in 2 ppa or
abcve, it is e:gceted that radiolysis will be e:scrtially cc:pletely*

supp7cssed, i.e., !!g cencration rate telcu 3 refh.
.

.

The c:ce for boiling in the reactor, condanning in th2 stcr.a gensrator t!as
analy:.cd for n3ss transfer of !L into che condensed fi?n ca.the inside of
'the t'4:s and Tcr the ca:::ic*.c; p6ssfi>1e c=., tint of !!2 (or 0,) that cculd f.:o'

transfcerc4 to the c0nc:nred stcan.

Assumptiens: 1) !$ cut 27 feet of tube was availabic for condensing P.nd c; ass
tran::Ter frec the gas to the liquid.

2) 15,%0 tubes tvith 0.030" r:cll . 0.625 GD.
3) Cooling water approxis:tely 120*F. .

4) !! cting rata 3 N1t = boiling rcss trentfor of approxt=ately
4

. 10 lb/hr.'

' Conclusion : 1) Un:'cr t ure candittens it is calc' ?ated that at 2 ata of II,
cad 1 nta of 04 in tha noncondcn:4 ale gas partica of the -

a
st 'c.a sencrator tubes, the mr.i 'n rato of n.::'nval of it,

'is, ccascrvatively S.6 scfh * for 6,, the rato i'. -
and 0 )-arraxhately'3 scfh (rater saturated alth 112 ,2

.

J

.

S'y

4

-
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E. P. Strcupo
4D. A. Pullun

20 Ar,ril 1979
Paga 2

2) If the !! prcsst:re u3515 ata, the rcmval rate tculd to-

2
about 49 ccih and 0,, of 7.5 ata abcut 22 ccfh (u.:tt.r

u

saturated utih !!, and 0.,).
L L

in the liquid would3) In tath cases the cancentratica of 112
Le in exces cf 2.9 p;n.

2 ata, and accc=ing
4). Unde there ccaditions, with P '2

a
g

tha all the stcz.= is caricn:cd in tha first 12 feet of
the tube trd tr. s trar.:.fer in the reaining 15 fcat, core
th:n E55 scih of 10, could La tre.nsferred to the fikt versus

c
a car.i.?,ta cf 5.G nect!cd, (i.e. the process is linited by

the coitbility or '12 ^ f 0. et by filu transfer).
2

nag -

W N 6.w!),1
%

P. U. Ihrriott, Chair an
Three Mila Isic.c.d Ta-k Fcrce
II/C 191 Ext. C5350

'

/ aim

cc: CC Dit:,nre

L9 liesbitt ,

lli Sic 0 er
i12 Ulikins/FD Judge
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20 fpril 1979 .s . . . . -w v . :,, - :
. . . . . . . . . . ,

l.J:'. i.S. T. Ci " v5 'J'.11: :

TECil .T;'.'OR.' I
i

To: D. A. Pullen >

s : . . . . . u 1. u . w. . , , , ., _. . . . . _ . . .
....z

i
' (' " gi r . 3gy. -- -en' '";," " 2 Itv - " " '

Fi:c: P. W. !!arriott
,

Subject: F11&1.SILIlY OF !! AT lilGil FiESSUF.E
2

0.) A;.ril 3. Dr. Richl of !!ASA, teho 'tfas censulting for GPU, teicphonr_d us
N. dire:tly to rcgest c.ur crI=.cnts en his prepo:cd flc =;:bility and detcnabil".ty

licits for !!,, at 1000 psia. Since the rcqusst did not coa 2 thrcugh Roch: ell
frca CPU. .:e'haic treated the rcquest as seccnd i'rf arity. I realize the need
hcs passed, but for the rec::rd cur ccm:nts follo.t. Plev.se give them to GFU:
I do not kncts im to ccr. tact Dr. Richi.

For the conditions of 1000 psia, 200*F water. !!,, and 0,, ni;;tures, the
_

referenced scurces give the fc11o. fir.g for the licits oY ficmability.
M1 0

2 7
Lower limit of fle.t:sability 4 6' (1)
Flart ability limit for 100~ corbustion 8 7-1/2 (2) .I

Lorar limit fcr detonability 15 10 (3) 3

.

Reference (1): Bureau of flines Bulletin J503 i

'

Refestnce (2): !!ACA Report f1533
,

Refe mnce (3): GE SAR Advanced Design Mc :o !ES
i

a) The conditions listed give about 7% (c. ole fractica) of !! 0 in tiie '!
2 .

gas, really a vary smil influence.

. . - b) The loner liait of detonability is an extrapolation of PJtPL
cxpericental data. .

In su: nary, cur sources shest Dr. Richl's prof > sed 1:rits to be conserrative
with the exceptica of the 0 ccacentratien required for detenatic1.

7

.
'' '-

. :.

P. W. T,arriott, Chairman :.

Three Mile Islar.d Task Fcrce j
H|C 194 Ext. GS948 e\'

:
''/ain ;.

a

cc: LB !!csbitt.
DR Wilkins/FD Judge j

l
l

'

i

, .3
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u. J , wJ u Low ,

. '~~~"%53.t Recer:non<!ation for End Point of ~

Degas Mode
'

q,

To T. M. Cr1C:2inu Lo's.on Three Milo Island '

f '

;

Recommendations from CE (Conrad McCrahen, !!crb Cato, V.C. !{all)
and B&W (J. II. McMillan) all focus on total gas content of the

{primary coolant rather than individual partial contributors 1

such as hydrogon. I

The objectivo of the degas modo is to lower primary ecolant gas !
content sufficiently to acsure that gas evolution will no'c occur
as primary coolant pressure and terperaturo are lowered to
ultimate cold depressurized conditions ( < 1000F atmosphoricpressure). ,

'

For the ultimate cold depressurized conditions, CE and B&W
recommendations for dogas end point are 20 cc/kg (STP) total gas
and 15 cc/kg (STP) total gas respectively.

| ,

tF.acommendation: Establish the end point for dogassing as f15 cc/kg
(STP) total gas content of primary coolant. ''

|

i' |

!, j%
. l

m.

i

K. E ison
l.

jj /|KE/al
.

cc: R. W. Keaten i: k
*R. F. Wilson -

Staudt/ File | [
' 9

{'
|

i 0-

I

1 J
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Recorrendations from C". (Conrad McCraken,lierb Cato, V.C. Itall)
and B5W (J. !! . McMillan) all focus on total gas content of the
primary coolant rather t!.an individual partial contributcra i
nuch an hydrogen.

gi

The o!>jective of t.he datas av.le is to lower primary coolant g'as (content suf ficiently ta assure that gas evolution will not occur
cu prir.ary coo' ant preasure and tcrperature are lowered to
ultimate cold depressurized conditions ( < 1000F atmospheric
pressaro).

>

Tor the ultimate cold depresnuri::cd conditions, CE and B&W
-

recommendations for decas end point are 20 cc/kg (STP) to'.al gas
}

,

and 15 cc/49 (ETP) tot al cas rcspcet Avely. '

,

IP.cco: .r.cnda tion : Establish the end point for dogassing as 115 cc/kg i<
(STP) total gas content of primary coolant.4
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1.efctenco: 1:eno K. Ellison to T. 11. Ccirwins , Recornendation for -

End Point of Degas Mode, April 21, 1979 I
.

i <

The referenecd memo identified a recommended end point for the '!

degas mode of 515 ce/kg ( S'; P ) total Tis content of primary
coolant. This recorrendation was based on the ultimato cold j

depressuri: ation of the prin.ary system ( N 100 P, atmosphericpressure). 3

Since ultinate depressur1::ation to atmospheric pressure will not
occur in the near future, the end point for the current degas
n.odo c.ay be redefined to address long term cooling with the
prinary system in natural circolatica ( < 10 00F, 2. 50 poig) . To
prevent gas evolution frcm the primary coolant which could icopar- i

,

dize succersful natural ciret.laticn, CC cnd D&W have recommended
< 50 cc/kg and <40 cc/kg (STP) total gas content of the primary
coolant. * t

i

In addition to 13miting total gas content, D&W has recorrended
that S-15 cc/kg (STP) of hydro;cn be maintained in the primary
coolant to suppress the possibility of losg term radiclysis. Inaddition, Paul Cohen has indicated that no radiolysis is expected ioven with < l.5 cc/kg !!, in the primary ec olant. P. W. P.arriott '

has indicated that witfi 1 atz.. of 112 overpressure in the makeup j,tank (approximately 15 cc/kg 11 ) no radiolysis vould occur.2 ,
,

Recommendation: '

|- 1. Establish the end point for dcgansing (to support long term '

natural circulation) as 510 cc/kg (STP) total gas content of '
prinary coolant. '

2. To suppress the possibility of long tern radiolysis, raintain
5-15 cc/%g (STP) of hydrogen in the primary coolant.
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MASSACHUSETTS -

t, .[''gINSTITUTE OF TEClitlOLOGY
*

MAY 2 t97b
,

iI
DEPARTMENT OF
CHEMICAL ENGliJEERING -k

,

.

J
| Room number: 66-350 Cambridge. Massachusetts Telephone: (617) 253-4561

02139

MAY 8 1979

NApril 25, 1979*

[.

7#7tt -l7
A/e ,, S

Mr. Tom Crimmins M v---Three Mile Island
General Public Utilities

-
'

Trailer 11
j Middletown, Pennsylvania 17057

Dear Mr. Crinnins:

| I must apologize for the omission of the copy of the article 4

|
by Pray et al, " Solubility of Hydrogen, Oxygen, Nitrogen and Helium",

.

i
Ind, and Eng. Chem. 44_,1146(1952) which was supposed to be attached
to my recent memorandum or Hydrogen Degassing.

Please find a copy enclosed.
.

Sincerely,
(

t.Gl%"fbl?An |P

J. dward Vivian
Pro essor of Chemical Engineering :

Executive Officer

JEV:sje
.

: Attach.

;
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fraction *. A s,crious discrepancy is thcwn in Table VI11 between

M) Stair. IL J., J. R<smich Natl. /tur. Standards. 3 3 t ti .P,e ! I
,

Cnut. 41. 2292 (19 PA t ""

the paraffin.cydoparathn *pht e in the C, and heavier di.tillate
W N*U"' 07' N"912)."'"1 II.u usch. 31. It., Isn. Exa. Cn ac., a y p, , ,

- C ~

fract.mn bod. ing above 306 * l.. as calcuhted by the niass spec *
a ''14. 9 0

trometer aad rtfractivity intercept nmthodA f t 14 h. lieved that (s) PodtActrJ.ak. W. J.. IIJJ.,13, 039 (l')l t ). ( ~
-
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} j

much of this thfD n nc3 is due to the pic-ence of dieveljparaffing (9) llampton,11. C.. J. In.r. Mtr.Jcom. 35. 42 (1969).

and po .ibly tsicycloparatiins whi b aru shown in T'abhe VIII to (10) Ftarr, C. I:., Tilton. J. A., amt timLberger. W. G., l.w i , ; 4-,,
rC""

. (11) ,l'aylor, "u.39'.,N @ 87b k
--- /|

re high n 'C,' in one frar tion. ,I'he data of M.ard and h.untz(12) .J u anna n. D. Q.. M.illiam*. St. 6,.. Pita r, t o ~

I
show that the dilit tence in reft.u tivity intercept betwwn paraf! ins and ltocini. I'. D. J. krmarch Ltl. Itur. St.n J,u.I., ,3; , ! .. - 7'(19 m). '

8g.nd du ubparal5rw ia several times greater than that betwren y k
(12) Ward. A. L. and Kurta. S. S.. In. E.w. Cunt.. Asu. L. a [parathr$ and ruonocyclop.uarfin,. Ily ccrrecting the value of the of On559 (1933).

refractivity intercept of cs cloparadins for t he pre wnee of dievelo. fIt rcen n. for reiice my 2. t%1. Accreno becorer 3:parafGna, a fair agreenwn't w a4 reached betu ten the two methds PruentW n sortyf tp buipo=nant on Gnui<nMon of Peuolma no j
*. .

of analy m. for para!!in rent < nt. }.'uct agr(ement ran hardly be Ih dror:ution Drrm4ves :ivarnred tiefore the Dn nion of I'etrvleM .
.

i q
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AT ELEVATED TEMPEllATUllES I
,. _ _ _

l'.

" -

,.

11. A. PltAY, C. E. SCIIWEICKEllT, ANu B. II. .TIINNICil' } "
-

Ilattelle Menn.rinf lon<titute, Colunsbus 1, Ohir> I '.
{

u
Ollt increa3ing application of ldgh fcInperatorcs and picsmret
.b tu vasionsluo< rues has rnade a knowledge of the schtbilities } }" ~~

.

of compimed ga es in water necmarv for purpose * of engincering
*

tn
"" ] "" {decij;n. A mrvev of the literature has revealed that coniiderable D

data me availal[e on the solubilities of ga<cs under partial pres- b d[.csr..u,r d g 3. "
'}

#
y 7 "4""

tures of more than 2*2 attuo-phere* and at relatively low tempera-
$'h U I

h
5 .. I

[
Datt in th0 region from about S to about 2i atmo pheres *d

t u rca.

I e$
' g h

.I
]**' ~~(

e-

and innu about 12S* P. to to mperatuac< near the critical point of J}=
v J ts

Pw iter are s et v rucx: r and incompIrte. A determination of the >f .,4 V' N.

y' t,'
,. .. -e 2

FoInhihtir.* of osyceD, hydrogen, btlium, and nitrogen in u Jter at $ q: , e ;
*

*1 ----D f . ,| ' ~

temperature.= from 12S* to 6W F. and at prenures up to about

y* , * ] h;
. . _j

~ - '"*

.00 pounda per spiare inch ab<olute tcas, therefore, undertaken.
a M7 } c - - -,g g ,P. m ntut vrat Puocs.otia: For detennining the m!ubilities 9 |

,

un e =m
of gav in n ater, the apparatu= shua n in the 3rhematic dixr.un 4- T.)$ | N

,

(Figure 1) w as uml. ~ 'fi
A typical esample of the use of this ap- o'

;h. di g -g
parain,insr. u 4

jg p ; 7Valves .1 and il are doscil, valve.< C.tnd D are opened. and the 3I
"

H 7 P tW 4 4 --63.hter lemb iontainnt in the roching autoclave. E, i< esacuated *

by nman< of the va.vum pump, T. Vahe .114 then oprued and
.

),r< .o.r)w- N
9 . $.

M
i

U"{' .
#eaa

nimut 1500 ml. of di tilh d w ater am admitted to the bomb frome 'hmbN'' u *--a_ /t
'I.T "''"', |

-

e rrent aJ.tre... Nu nt ordnance Tr,s.nz seation. Inntern. cat.f. l issu e 3.*Figure 1. Diantam of Slobility Ippardn* I

I
t
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the water buret, C. Vahe .1 is then clow.! and the optem is temperature of thc austoclave is controlled by n Imb A %" 5 ' - :. t..L. n 9

e,,,,Qhm4

evacuate 1 to n preenc rorre-pondim: to the satur ated vapor pres-
,

Micrman temperature controller anel recorder, N. 'A'

pcrat me inoide of the bomb is determined by means of p,',', . ., ,,g ,,;, ysurc of watcr at reom temperature. Vahe tlis theu rl+ol an.1 *.h wthe rocking nutoc!..ve, w hich is heate.1 c!cetrically, is set in alumel thermoccuple inserted in a stainic.u stecl wellindI' .;.,, h ' *3
,

motion and bmucht to nunc pred.ncimined temperature. The bomie. The electromotive force of the thermocouph' ,
,

e 0

i
T,
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e

. yA2 ,

$. is clu*ed amt the campling linc eide of.,

; -

TAla 1. Soixpii.lly or Onux lx W m.n '
.

valve ni4 crened. Aliout 2 ilnl.of water
, ,

containNg an amount of gas which de-*

84 I,,,,;,,t Pr.d t le 11eim un.

leenils on M part. l prew.tre and waters.n

8 '" '' 3I| Ato.A rte
t'e. 0,*/G. of mt..e A wrece I.r ror lia i st a..a'

tetaperature are then collected over n!r r-., ~ ~ ~
' ( . p"

cury in the mea <uring butet L, which is-

'

! f j',2 ". ". SS earrounded by a water thermo. tat. The* * *
* *

.
.

gas and n ater volumes are then raen>uredOE -"
! 370 .. .. .. . .

and the need!c valve, .11, is opened.. Thi1 325* r. *

grip Anthen 0.14 0 in 0 tG 0 la 0 01 4 0.68 to -0.08 ullows the sater tgiat rema.med in theI '

A thors o.si u.si 0 at u.31 0 00 + o .00 t a - o 01"

oo Ause, 0.47 0.i7 0.4s 0. 4r, u.0: 4 0.0L to -0.01 sample line, because of capillary action,j ; .o
400* r. to drain into t!'c buret. After the totalI

! loo Aubre 0 19 0.18 0.17 0.14 OSI 4 0.0t to -0 01 am( unt of g.ns atul u nter h tve becH deter.
.

ga Authore 0 $U 0.216' O.27 0.26 0.01 vo.02 to -0 08 natucd, dry Mr is blown in throttgh the. . ,
.

g .

q . .,

inlet nt X and allowed to c* cape thri.us:h*,

-

} ,
* gno Auti.or. D.r4 0.61 0. r.2 0.51 0.68 0 04 + 0.33 to ~0.17 11. Th.i+ procedure dr.ics all of the sam-1 Da7 v. tre o. cn o.a

| a00 A ut h,.r. n32 0.Ne 0.98 .. 0.91 0.02 + 0.01 ta - 0 02 un preparat.mn por 194 ned.

( ihu Authors 3.52 1. r.1 l.83 1.0) 8.J5 0.00 10.3J to -0.26 ph.ng g. ins 9

8.37 1.28 .. sampic. The solubility of the gas in water 3,**
.

.
5-

# 400 Auttives 140 3.c3 3.70 1.74 0.03 to.03 to -0.17 is then determmed by redue.mg th I

and . water volumes, as found , e gas
,="

,. p, m the
8

100 A uthors 0.03 0.00 0. C'l 0.CJ 0.63 0 01 40 04 to -0 03' % . . .

.. .. 3.42 0.02 4 0 03 to -0.03 measurmg intet, to cubic centimeters of.

2o0 A uh. . 1.39 1.43 a.42
300 Authos s 2.2J 2.14 2.34 2.02 2.24 2.tv 0 05 + 0.13 to -0.17 gas at nortnal temperattire and prevure~.

82* F- per gram of water.
t

't.22 0.08 40 De to -0.03t Autbara 1.,17:. 1.26
.. i.n .. ...

*d '

.I se,3 i ..i &.ther.

i... j El n'd U2 'd* '" H: 'd* * * ".8* " io exPenmemt. asui.u i
|

..

2o Auhrs 2.51 2.61 2.56 0 03 to.04 to -0 05
auJ Au bro 2.14 2.9.J The present cNperimental resultA andI ,

. . '
'

| . At sea Jud semiersture arid .rmure. certalu previously reported data for the,

i

soluidlity of hydrogen,1 oxygen, helium,: _ i
i

tained with the aid of r6 leeds & Northrup
.Qni l'getision potentiometer, H. The TAnte If. Sott: sit.tTr or !!vi,nocr.x xx M*ATER

,

1

' ilrunocouple was calibrate) again^t the II Partial
4 Precure. Psal,able JLlanimum

autting po. ts of incials obta.ined from g,t,.m. go. At,s. Source Ce. IM/ri. cf Wat+r A wrace Error Deviation
,) ui-.

| ti.e lluteau o! Standards for that pmpo.-c. 3. p, e''

] W temperature durig any one tutt is 300 0.32 .. . .. . . .

1.41 ronetant to within 2* l'. Aftcr the 367 (s) . .. 0.44 . .... .g . .

g
t..uqisrature inside of the bomb reaches 200 Avitor. 0.3s 0.32 0.32 0.zi 0.3i 0.30 0.33. 0.01 4 0.03 to -O 03* *

0.48 0.00 +0.01 to -0 01 |-[ t?.e des.trasg (cMperature, t)acoug]' g %.3|VC. 300 Anthors 0.48 0.42 0.40 0.41 .. .
- * - *

, . 350 . Authore 0. 47 0. 4 4 0. 4 4 0. 4 4 0. 4 G O.45 0.01 4 0.02 to - J.01.

{
.1, leading to the Increury L. tube is 300* r.
.vems! nnd the saturatnl vapor prenm e 300 m ( 13 .. . ._

. . . .. . .

,,f water is determined with the dead. 200 tri 0.2s. .

300 (f) 0.40
y' [ tiinht g:.gc, .I. ,l,he mercury U-tube 375 (h

. . . .

0.52. ,. .. .. . .

OR
I tmlic9 the matciialin the bomb from the SW to - -- - - - -

M' 883* F-i .41 in the dead.wtir.ht rage. The prea-
,q f une, as d(tcrmintd by the dcad. weight j"j Q ; @ .;. - " .

, ,

pr ,is checkhl ngainst the vapor pres- 300 to . . 0.43 .
.

, 0.56- 375 (n
oc of water g. wen in the steam tables. SW tt) 0.75

. . ..,
*

, .. .. . .g

f.
ll'c gas under inve.stigation is then ad- 3s0. r.' -*

b}i | af salve C. The pressure is allowed to y y 3 ; y*,
tmlbst to the bomb by opening one side 300 (t) 0.sg, . , , ,, ,

- . .

,, , ,, , ,

--* n lent.1 up to s6 lightly over the desned 375 tis 0.6s .. .... .. .. . . . . . ..

h I eti.d precure at wideb the ruhddiity 433' r.' *

L olthegasis to bo dtteimined. Vnive C 100 (s) 0.22.. .. . .. . . .. . .: bg
, o it.cn slool and the splein is alloc wl E $ . . . | kN ** * * **

, . .

m.] 1arome tv equilibriuta. This is dono by y g p 7 ;, Q ,; y,-

,, ,,

Lping the autoclave in mntion over- go. p,} g
84ht At the drsited temperature. Th" 100 Aut ter s 0.45 0.38 0.31 0.32 0.39 0.02 4 0.04 to -0.02g
1rh4etatute I.s then readju?ted if nors% 200 A u C.cra 0. t.N O M I 0. 85 4 0 32

.

0.9L 0.10 4 M7 to ~ 0.M. .

300 Authors 3.2L 3.23 1.2S 1.24 0.01 4 0.03 to -0.02~~~~b .. .. ..

Ny, stul the premure of the gas is re- g. p,
qina f sl teted to ita desired partial presure.i 300 A u s t.or. 0.c6 0.cl 0.cs 0.c3 0.cs 0.01 4 0.03 to -0 0 8.

U kn the temIscrature:Ind prepulc have 200 Authore I.24 1.34 1.34 1.41 8.32 0.02 4 0.04 to -0 om.

300 A uthor, 2.05 2.00 1.96 1.94 2.01 0.02 4 0.05 to -0.03.. .
'. ma. mist ennstant f.,.- about 2 hours, n ,g. r,,

'wple is talen- Thia is donc by cin u-
. . 100 A uthar. - 3.40:sith, .' L, .. .. .. .. .. ...

dn< tce water throunb the romhwer. A. las A u br . l.63. .. . .. .. .. .. .. ..a
he k. . p "'*g then opening the purging S.ne 3rde of 323

l.caAut,t.or. 3,yi
. 120 .. .... .. .. .. ..

3, ho,,4 ,, ,, ,, ,, ,, ,, ,, ,,,
g,3 ,

I 8 'he R. Af ter about 2~ sul. of water . As ai. l.,.i ternpe,.e ur, ..a p,,..ure.
*

9 g g9
is d ... I ss t.bcen taken off, the put gingline valvo

|..

.

I

t *
/.

.

-
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f tt oml al

.

TAuto IV. . Son lipsi. Tr or N Tnoaxx x M*ATra.

.%* Partis! a g tuod,

Prc..ue . ! ..q.t l=W".

1.b.f & . In.t *

3tu, 's ge in tl 'Trot,atile *

Abs. Source Ce, Ns*/U. of %fer Average 1:rror De,f g pue 10-
O

85 7F* F.
. 3nt A tend294 (t) 0.28 ... .. ..ar.7 td) 0.35 .,go. indical.

.. . .. *ass . (f) 0.55
.

* s. .. .

gm o ttre m..
,,

122* F./ 367 (A) 0.27.. . . ..
,,

167* F.
}g367 (s) 0.23"

o! { ,O .
.. .. .. ..

,,
212* F. d-a s3r,7 (s) 0.26 }

.. .. ..* ..! 500*Y. I
..

as 150 Authors 0.4/ 0.41 0.41 0.le 0.01 +063t,.0t400 Authors 3.21 1.38 1.18 1.24 0.02 +0.10 e. .o e.,ir *
e

80 600* F. k/ 130 A u thor. 0.36 0.34 0.56 0.53 0.00 4 0.01 to .3 e ,

/o 300 A ut hors I.OG ..

2.26 2.32 0.02 +0.05 to .0 a

'
, 400 Authors 2.40 2.29

.. - .. . . .
'

e carGt.e * At standard temperature and pressut*.o enOnoGtn

c$ N o5o. Tanon V. 11xxny's Lrw Co.:STANT, K, Fo8 YAR!ots Gm
.

! #es
Gaa. A' X Id -5' rem (**} Oiygen Ilydrogen lleliuru NQi

*

.. It'0 . 2. k.J IDC77 6.46 21.75 33.00 a. enot bO122
16.00. .. ..125 8.72 ...

. . . n.trelated..
167 18.10 IS.r4g q( .. .

212
13.00 e avaiha.o aw ea m w w .;, 300 .. 9.30 grt wt n ar ut t.ar.

.. ..

...323 5.00 .. 8.04 ture, tyfC. *

rigure 10. Solubility Consta n t sers" 390 .. s.ss
315 8.34 tv rfae. I lo

.

*. . la
Teeng>crattare ne.ar the Critical Poin t h 6[6 .

.
.. .,

k ur
500 2.77 2.90 3.56 4.1 % j .600 1.74 1.86 2.20 2.33 etudied Stand nitrogen arelisted in Tables I. II. III, an.! IV, anel are alu 650 1.22 0.885 . . t

,

"'"g ' "'g '-

shona graphienlly in Figurs I to 9. The probable error shown ;

Inch and i(t - molo traction of ess. .t. in solution.* x - :{. .here ra - parti.i1 pressure of gu. .t. in poun.t. per scir."I.i'I' r.eca
in column 5 of the tables was calculated frota the usual formula ;

j J.wlopnu

h#probable error = 0.07F,T n (n - 1)
~

; lated with
,

j * * ' " "
j r.umin r 00

} f..r every
} .'ratum ie

TAnix 111. coLUnit.rry or IIeLitat ax M*. urn t The tin'

PreI..[4.'N./ dich giv.s an indication of the proi. f
'

the >uital
Probbt. stauimum sion of the data, where 3.1 = it- ( tmmla it- sq. s a. Abs, sou.c. ce. it.*/c. of waier Aman 1;rror Deviation

arithmetical sum of th0 deviations anl i eulrtrata32' F.
n = the number of nvasurements. that theit367 (4) 0.23 It is interesting to observe from d e ran he ne

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

,gy. F. tables and graphs that the solubilitirof ' termi.ang9 367 (4) 0.22 these gases in water increase with 3"-
. .. . . . .. ... .

( I run+sjg , p, creasing temporaltare, in the high trin- ; tLe. vari.>20, (4) 0.24 pcra ture range, whereas it haa I,een cetA.. .. .. .. o.n.t utr:*
. .. WW i d.- uidi n Di325' r*

region f' rom about :'0' to '00* F. t!a' t inian r-
100 Authors 0.20 0.20 0.19 0.20 0 00 10.On ta .0.01

'*
2N Authors 0.3t 0.J1 0,30 0.31 OIOO 4 0.00 to -0.01 Mlubilib'cs tIecream w*th inertung t** , tor Iit.ct.,

..
*300 Authore 0.33 0.37 0.37 0.3S 0 00 + 0. 01 to - 0. 01 peratunc. eundput

i
*.

g. ..

300* F. Within experimental ;iccuracy, the , : llure t
3

wo Authors 0.12 0.as 0.42 0. 3 't G.40 0,to G.01 + 0.02 to -0.02 sohtbilitiesof hytIrogen, oxygen, helic.
.

b .Iu"tNr's* b Its h.N Ot$t 037 .

0.05 4 0 37 to -0.37

"I"im8.I ' . . . and nitroge n appear to lac lir. car funo
{ dl indi'
.

I.la 1.o.' O.M 1. 0.8 1.03 0.914 r*0 Authors 1.3% 1. 11 8.32 1.-17 l.M 0. 0'I + 0.o9 to -0. 07 tions of presure over the ;:enge inve H' ,' lan td. a's40J Aut hor s 1,74 148 1.Ed 1.70 1.5J B.7G 0.03 + 0.10 80 -0. 8 2 gated. The restillm.g str:u. ht linr *
..

g gCg.goreg;
.coo. y,

(l'igures 2, .I, (1, anil .8) >l.ow th.it (17 s :.unn n2oa Authms 0.92 0.9a 0.s9 0. M 0.d 0.0 +0.0:s to -0.n i w!ubilitics in stuestion foll.nr llenr.i * { t utm ne:
,

3oa A ut i.m t.r un t.70 t.ca s se 0.03 +o. Git,-0.0a
.

,.

4N A u t hen s 2.41 2. M 2.59 2. 3 |
..

law and em* *, be predicted within t!<*.. .. ..

-4 0. 35 to -0.1 A h.tmts of e nginerting acrttrsey over 4
-

I.le aden ;2.El 2.37 .
* ....2. 4't 0.0s.. .. ..40J Aus t.m s 2.7J 3.1J 3.07 3.23 2.82 2.93 0.00 4 0.23 to ~0JJ7

.

l.iede s* a.
.

e At sisnJarJ temiserature and preasure. faitly wide range of teroperatitres n"I 1"ns ate .
ple.+ttiv.4 frotu the llenry':s I:6u r.s*8 * **,havion

!

etants, w hich are listed in Table V. sitic det

.

e
+

, i ; WSt.h m..*g ge Wg.p pg g g m.g g* ".gg .p. =.m. pfe.ep g99.g. g.p gigg.g p.m g , eqpe. h t |.g .. __p.,e a.T-M.mA -
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N ""U"'d'" ','u and above the critical temperatuin of water (705* I .), the--
. (1) l'rolich et al.. lxn. INo. Cnmi. 23. .*> ts (1931).a

p.rs '''PL l't' nifmitely soluble and the llenry,a hw constant'

,g ,g .g.c. 4n uvnh. J. Ga re. CAcm. (l'.N.N.R.). 4. No. 3. 395,
.

p.u t , rome relatively very small. The con tants for the four (1931).
'

,

,.rp in the segion of the etitical temperature are plotted in (3) Wiebe and Ga.bly. J. ,lm. CAmt. N..c., 55,9U (1933h g

, cure 10. It is apparent that in thi< region the solubihty ron- ff f
. |

'

'tants tend to converge ated approach very low values at 70Y P., j
.. k ru iv a u tor review July 14.1%0. Accorrro Decemt.cr37.1951. ,

thu. indicating that the data are con-istent with the fact that the mM nrriot w tu. der cenernet with tim Atoonic Ihicy Cmi mis.
'

p.e* are sniveible in all proportions at the critical point for water. aion. Coiarut flo". enr+L ,

Selection o i Curface ' etive \ gents :
,,

jI e y " o o .

I lOF eEeINeH F deOlDOH8 $
,,

2
.L . 1

SUSPENDING POWEll AND MICELLAll SOLUlHLIZATION j*
r Ci

~

A. M. MANNOWICII_

w| l'ain t & Clwmical Inlooratory, .-liseruicen l*rveing Gronints, .-flier <lcen,11<l.
~

N

l
I 1:1.ll' TION of smfa e activeagents(surfactant 3)forspecific case: w here asi otherwim sati> factory agent is deficient in one or 1c

I metal cleaning .,pplications is usually made on a trial and more prime factors. When it is neeenary to select two or more 1

| error ba.ds, using bhoratory detergency tests which have been rurfactants, the mnimum numenical ratingfor each prime fatter i
corr (lated with field test results. l'xperieme plus the fragmen- of the combination is estimated by adding the respective ratings j'
tary available infomation on such properties as molecubr str,ic- of the individual surfactants involved. Preliminary work itali- j
tare, type and (hemical stability of surf actant, suiface and in- cates that the numerical rating of a piime factor approaches a defi- !
Inf.cial tensior.8, and Draver and Clarkson sinking times (2) nite maximum u hich is not execeded, regardless of the number of j
snay be uml as enipiiical screenisig rindia. It is imperative that surfactants combined for a specific deleigent application. This ji

| all gelble cornbir.ations of compatible types of surfactants he maximum is usually the highest vnlue attained by any of the in- ) i

[Ig ttudied, sinw it is not ponible at present to prnli< t svnergistic dividual surfactants invertira ted. llowever, additivenen of
I combinations. Buildci action varies with type of ver.; and soil, numerical rating, of a combination of surfactants i< obtained un-

.| '! shich necceitates investigation of additional comb:..ations. The til the maximum tor the piime factors is reached. It is intendedm
g development of a hboratory detcigency test that can he corre- to tover the determination of cofactors and clauification of soils 1

d_t Lted with field rc=ults is a problem. An obviously considerable and sub trata in a later paper. -

amount of research must he peiformed even w hen only a limited An advantage of the proposed method of selection is that it will
r, umber of mifactants are tedted. This proem bas to he repeated indicate a number of surfactants or combinations of surfactants

'

for cvery detornt application in w hich the soil and/or sub- for each roilmurface application, thus permit ting a final selection j

stratum is varied. on an economic basis. No attempt is made to evaluate the rela- j
The timsconmmine, tilal and error approach in determining tive importance of the various prime factors, and the methm! does i

aci- the suitability of various surfactants for u c in cleaning com- not depend on such evaluation. The propoced method is not to l
the rounds intended for the iemoval of specific soils from specific he confused with the > peculations (21) that detergency will even-

{md . euh*trata is viewed unfavorably in this laboratory, it is believed tually be calcuhted from a formula < ontaining weighted phy>ico-
t slat the alection of an fartants for >pecific detergent applications chenucal factors. Auuming that these speculations are realized .) ,

the ' run he accomplished more reientifically and economically by de- eventually, they will not etid in the >clection of surfactants for ope- ']i of termining the inndamental or prime factors in the detergency cific detergent applications. The formula will mdy gis e nn index j
in. proce=s; studying each factor to establiwh numerical critmia for of detergency. The proposed method indicates the minimum et

the various types of suifartants and buihlers under varying pif, physicochemical requiiements inr a detergent application, to- ]m-
sh- runeentration, and temperature ronditions; and classifying soils gether with a number of rurfactants or combinations of mrfac- 14 <

the hith reference to the nunu rical vahics of the prime factors, oh- tants capable of meding the requirements. It i4 important to f
the taining sofattors (minimum runnerical uitcria for ent h prime fac- realire that the proposed method indicates synergi tic combina- l

tar meessary to accompli-h soil removal in specific wil->mface tions of surfactants. 0'm- ,

t inmhinations). ;
the Onm the prime fattors for various types of suifartants and the'

g.,gggcoggigigc33, gyroggs og gig 7, g gges;,scy ,

im, mfartors for the mil 4 are determined, an in=pertion of the data '

till indic . appmpilate suifadants or combination < of rurfac. Present-day hnowhsige indicates that detergency is the teralt-nc- .

sti- but*, rm wrli as tuitahln temperature, pli, concentration, and ant of many factms (1, IJ,00, JJ). It is under.standahic, there-
nct teilder data. Thi4is donc by relecting the urfactant.or s ombi- fore, that attempts to conchte detergency with one furtor only I

the t'ation of rm factants, w ho-e prim, factors have equ:d nr greater have been unsucw.cful. Ib ich and Snell (IS) (mpha-iie a fur- I'
y's tu.meri.al ratings tIrm the omrespomhng cof:uims. The princi- ther error made in attempting to evahiate detergency with one |;he I,h* advanent is that dewrgency in a >perific soib miacc apphen. fnetor. Detrigency is dependent on thace groups of variables

c inrt b anomphshed only if the numnical ratings of all the rofac- (lJ): those originating in the voil, in the smfartant, nr.d in the Ij
.nd fors arc equahwl or esree.h d by the prime factors of the rienning ru rface. A factor involving only one of the groups, such as our- l

mlution. The inni for uiilizing more t han one um factant for n ope- face tension, or two of the group <, turh as miecllar solubilixation,m-
,

rtfic de tergency appliration will la readily apparenL in those is basically not in correlation with detergency,
|
.
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MEMORAUDUM T0: Mr. Tom Crimmins - gg
1979Three Mile Island

General Public Utilities /500
Trailer 11
Middletown, Pa. 17057

FROM: J. Edward Vivian
Professor of Chemical Engineering
Massachusetts Institute of Technology
Cambridge, Mass. 02139

SUBJECT: Hydrogen Degassing

DATE: April 17,1979

In response to a telephone call from Donald Rockwell on April 7
asking me to consider the operating conditions which would expedite the
degassing of hydrogen from the Primary System loop during cool-down this
memorandum is submitted to you and confirms my comments to Mr. Rockwell
by telephone on April 8.

This analysis is based on the description given to me of the
Prin.ury System loop and its interaction with the Pressurizer and the
Let-down System. The simplified schematic shown in Figure 1 was assumed.
It was also assumed that the high recirculatior, rate in the Primary System
gave the equivalent of a well stirred reactor and that the overall system
was in pseudo-steady state for the two cases analyzed, i.e. hydrogen gen-
eration rate equalled venting rate. No data on the geometry of the system
were available by which to allow input-output rates and accumulation or
depletion to be included in the analysis. However, the pseudo-steady state
assumption serves to indicate the effect of system parameters on the hydrogen
venting rate.

Solubility data for the hydrogen-water system for the high temperature
region are given by Pray, Schweickert and Minnich (Ind. Eng. Chem. 44, 1146
(1952)). A copy of this reference is attached. Low temperature soTubility
data given by Lange: Handbook of Chemistry were also used to prepare the
smoothed data on llenry's law constant given in Figure 2. Solubilities are
expressed in milliliters of hydrogen at standard conditions per gram of
watere nd pressures in lb/sq. in. absolute. The Henry's law constant varies.
widely with temperature but appears to be independent of pressure at a given
temperature.

The two pseudo-steady state cases analyzed are based on data provided
by telephone concerning the pressure at which nucleation in the core began
to occur. The nucleation pressure is taken to be the same as the saturation
pressure for the mixture of hydrogen and water. Case I is based on a
nucleation pressure of 950 lb/sq. in. and core outlet temperatures of 300 F
to 350 F. Case II is based on a nucleation pressure of 535 lb/sq. in, and
core outlet temperature of 300 F. These data permit estimates of the hydro-
gen concentration in the Primary System. For Case I the concentration was

.
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calculated to be in the range of 1.15 to 1.22 ml/g H O (or an average of
about 1.2 ml/g 110) and for Case II 0.61 ml/g H 0. 2(Appendix A)-

2 2

Because of the increase of hydrogen solubility with temperature above
200 F the effect of temperature on nucleation pressure is complex: at
high hydrogen concentration increase in temperature lowers the nucleation
pressure while-at low concentration increase in temperature raises the
nucleation pressure (Table I). Alternatively at high temperature and
pressure the effect of change in solubility with temperature appears to
reduce the effect of increase in vapor pressure of water.

An analysis of the Pressurizer venting system to remove hydrogen
from the Primary $ystem, within the assumptions indicated, is given in
Appendix B. The calculations are summarized in Tables II and III to show
the effect of venting rate and temperature (or pressure). in the Pressurizer.
Since no information was available concerning the actual venting rate
(either continuous or intermittent), the venting rate of steam with the
hydrogen has been expressed as a fraction of the water supplied in the
spray. The spray rate was assumed constant, and the indicated temperatures
were assumed to be maintained by heat input to the Pressurizer. The rela-
tive hydrogen venting rate is given by the fraction of the constant spray
water rate which is' vented multiplied by the mols hydrogen per mole water
in the vapor phase.

The calculations show that for both Case I and Case II at a given
water vapor venting rate an increase in temperature (and pressure) reduces
the hydrogen venting rate, although the effect is not large except at low
venting rates. Thus unless other factors such as the effect of total
pressure on the let-down rate indicate otherwise, the lowest feasible
pressure to prevent nucleation in the Primary System appears to give
the '.ighest hydrogen purge rate through the Pressurizer vent for the
assun .d conditions.

The effect of temperature on vapor formation in the Let-down System
is shown in Table IV for the reactor conditions assumed in Case II. Data
on the geometry of the system were not available so that pressure drop
considerations could not be included in the calculations. However, if it
is assumed that the maximum mass discharge will occur with minimum vapor-
ization in the system, the calculations indicate the advantage of cooling
the let-down liquid before reducing the pressure significantly, even
though the solubility of hydrogen decreases with decrease in temperature
in the range above 200 F. These calculations are summarized in Table IV.

The Let-down System was assumed to discharge into a vented vessel
at approximately atmospheric pressure (15 lb/sq. in. abs). The volume of
vapor phase, y, generated in the system as the pressure is reduced at
selected temperatures, (assuming essentially adiabatic conditions) has .
been expressed as_ml vapor per gram water. These values may be inter- -

preted to indicate approximately the volume of vapor flowing per volume
of liquid at various locations in the Let-down System.

J
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The calculations indicate that the residual hydrogen concentration
in the liquid discharge decreases with increasing system temperature.
However, the volume of vapor to be handled by the vapor venting system'

. increases significantly with increase in temperature. At a Let-down-
| system temperature of about 200 F there appears to be a reasonable balance

between vent steam generation and hydrogen removal for Case II conditions.

Since my telephone conversation with Mr. Rockwell on April 8 Appen-
dix C has been prepared to give a brief comparison of the relative vent- ,

ing rates of hydrogen by the Pressurizer vent system and by the Let-down,

System for conditions existing in Case II and an assumed Pressurizer
vent rate (B = 0.01) and assumed spray and let-down rates. The venting

j rates appear to be the same order of magnitude for the conditions assumed.
-

; .

4 -

d,
f Y/N V/

'

.

4

d

4

1

,.

i

;

i

N

.

l-

,

| :.

e



0

0 4

4--

YENT )<
'

*

, i'
2-<

_

O

$

,

) .

v

.

Sret>tn

GEncren1 os' *##

s .

'l

'g
vs.,=,

,

der .cown Sysren
'i hrax>

,

I

f/4. $

.

N-

, , ' .



.
.

. . .

5-.

.

.

& c. 2
i i _....i.... i . I

| ,
g g.._-.. . . . ..i ! '

. g -. . .[ i!
-

g ,

l i i t 1

,

! .
,*

|' l
, ,

'c -
-

T- 1
_a. . 't t.. '

r ; 7'
i 'i I i

.

. _|__ ..._
._.:. |//FNR y W |. !A W $.C/V57 ANTiI . n .. i

.
'

- -

:-_ . L._ -Q00 '* -'

1 '
'

,' . i. i=or. a'. 7; ! - :_.; .
*

k}/DROGFN...//V, W/17F/s'
'

;o . . .. .

;.4 - f ! ._ _ L _ _ , _La._.r; ~
i

! '- i
.'
i ;pgg I ! !

_

..i i 4 ..i.

' '
- - ' ''

>

'___
. . . . | . r. . . ,i

. . :__p_.3_s. .
,

'
r_. _.| | -| .U*

. g- [ -!- . .f,, |
, ;y

.

ji ,: . --
.

.-
. . i.

.. . .
.

700
. - - --*y . s .,!. .

,
.1 .l ,., .

i . .I-
. . .

j. si i- i.I ! ..F1 - .l.;

.! | ~l - + i
| . ,.

~

j j.I t

.

';--

T- t]:'.. . . . .-| v i -

-] . ..| ---1 . ..
1-gg

.

-- - -,m ! . . - - - .l <' --| |- : ~; ...-~ '! +:- ~ ' - ' ,g g =p; .g, .
.

~\,, .i ~ j g. ~|:
_ |~ -! .-j .W ;i ~ , ,_

. ,.

.
. .q

k ,,: . d.~,.
p...

y .Q_
'

~ .:
....# .,- . _ .500 '~

: . ,.
.

.
.tr ,

i .- .___ i -T *-g .n: . ~ . - c ~ .a..

Q t . .] _ _ _~:. | :f 1] _ _ <- 'i=
' I*

. | - *~::.::
~

:

_% :- ; . T-t -i
,

.

_ ' . ,
-

.,o : 3-

,

.:i r
'poo i -

|: - -- . I
,

" -. , .

.!:
-tj

, i a _.
-

.

i . .
-i.

.K _ ' f !< d' ;. -p.__. - 1 - -

soo d : . .'7'
- .

,
- - p-

-

.

.I r .: 1: . . , . -

i - q- .r - l- 1 T!-
ri i t:

, .

--+-II .
..

t.. I: , ;-- t: i.1 i :l !- |
-- | |

.--

.~. . . . . .

} | ';-
. , ,

't, { .
,

'' .. ., .
1^-

" \h - i .
| 1h00 '

i |. . .
;

j
,

,_ .. . ; _ g.
. t ..; .

, ..'. . . .i | t ,
i1*d , '

N '

, .

: .

.-.;.-| 0 ...L sume(//db. on Cwr. 4ra ro) . .|-i i .
. u.

:.- --
-

/Od _' i . . . : I i
.

; '8 Ps ny er nr._.;f. rec. 2.<i si<iairs20i .
. W . -- T

- '

'
; :

|i >
,

I ; | r.i. t
-

:. . >

- t-
.' f g

.

. *

4/,y.._ - . . . _ __:.. ... . : .
' .

.|. I. . : . . .. . . . . . . _q .. ... a.
. _ . _ . . . . . _ _. g, g .o .

. .,
,-

Ig iop Asp 300 //bo Soo 400 7DD
.

G

e



y-
- -

3
,

.

. .

''

-6--

.

APPENDIX A4
.

.

Estimation of hydrogen concentration in Primary System

Operating conditions (Case I)

Core outlet temperature: 300 F to 350 F

M'inimum pressure without nucleaticn: 950 lb/sq. in. abs.

At 300 F-4

Steam partial pressure: 67.0 lb/sq. in. abs.

Hydrogen partial pressure: 950 - 67 = 883 lb/sq. in abs.2

'

Henry's law constant: H = 765g

Hydrogen concentration: C = 883/765 = 1.15 ml/g H 0
2

At 350 F_

Steam partial pressure: 135.5 lb/sq. in abs.
Hydrogen partial pressure: 950 - 135.5 = 814.5 lb/sq. in abs.

; Henry's law constant: H = 665-

H

[ Hydrogen concentration: C = 814.5/665 = 1.22 ml/g H 0
2

Case I average hydrogen concentration: C ~ 1.2 ml/g H 0
2

Operating conditions (Case II)

Core outlet temperature: 300 F

Minimum pressure without nucleation: 535 lb/sq. in. abs.*

'At 300 F

Steam partial pressure: 67.0 lb/sq. in, abs.
Hydrogen partial pressure: 535 - 67 = 468 lb/sq. in, abs.

.

| Henry's-law constant: H 65=

H

Case II hydrogen concentration: C = 468/765 = 0.61 ml/g H O
2

f
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f,TABLE I
.

- Effect of core temperature on nucleation pressure
i*

(P = lb/sq. on. abs, and C = ml/g H O at STP) -

2 ,

I

P(atC=1.2) P(at C=0.61) P(at C=0.3)T F. H pgg

280 800 49 .1009 537 289

300 765 67 985 534 297

350 665 135 933' 540 335

.
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APPENDIX B .

Hydrogen removal in Pressurizer vent

Assumptions:

(1) The liquid and vapor in the Pressurizer are in equilibrium (including

the spray liquid after contact with the vapor).

(2) A fraction, B, of the inlet spray water is vented continuously as

steam with the hydrogen.

(3) Steady-state conditions. .

(4) Only hydrogen and water are present in the Pressurizer.t

Let C0 = concentration of hydrogen outlet liquid, ml/g H O2
P = total pressure in vapor space, lb/sq. in, abs.

p = partial pressure hydrogen, lb/sq. in abs.
H

= steam partial pressure, lb/sq. in, abs.pg

H = Henry's law constant, (lb/sq. in.)/(ml/g H 0)
H 2

y = vent composition, mol fraction hydrogen
'

Then P =pg+pg

pH " HH 0C

and y = p /Pg

Vent composition, expressed as ml H /g H O at NTP
2 2

'(p ) (22,400)g
*

(p ) (18)g

(li C )(1244) -

g0

. EW

Hydro' gen balance around Pressurizer -

(Basis: 1.0 g spray water)

s

-

9'
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APPENDIX B (cont'd)~ -

.::

'

C =(1244)BH C IPW + (1.0 - B)Cs g O 0
,,

where C = concentration of hydrogen in spray, assumed to be the same as ins

the Primary System.

B = water vented with hydrogen, expressed as a fraction of the spray water.

; _ Solving for C0 gives:
; . .

c

C 1.00,. ;-=
C .

s [(1244)BflIPW + (1 - B)]H i

..

Calculations to show the effect of Pressurizer temperature and venting rate on

.
hydrogen removal are summarized in Tables II and III.

'
The relative rates of hydrogen renting, given by the product of B and y/(1 - y),"

4

3are expressed in Tables I and II as [B y/(1 - y)](10 )
'

i
i

j.,
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TABLE II
,

Effect of Pressurizer Vent Rate and Temperature

Case I (C = 1.2 ml/g~H 0)
s 2 Relative

C H Vent
R!te0

B T C P y7- 0 PH

0.1 520 0.030 0.036 8 *820 0.010 1.01
540 0.041 0.050 9 972 0.009 0.91 .

550 0.049 0.059 10 1055 0.009 0.91

0.01 520 0.237 0.285 60 *872 0.068 0.73
540 0.301 0.360 65 1027 0.063 0.65
550 0.339 0.407 67 1112 0.060 0.64

0.001 520 0.757 0.908 191 1003 0.218 0.28
540 0.812 0,974 175 1138 0.154 0.18
550 0.837 1.004 165 1210 0.136 0.16

0 1 550 1.00 1.2 '198 1243 0.159 0
.

* Below core nucleation pressure for assumed core temperature.

"
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TABLE III
.

Effect of Pressurizer Vent Rate and Temperature

Case II (C 0.61 ml/g H 0)=
2s

Relative
C

~

H2 Vent
B T C pg P y Rateg- g

s

0.1 460~ 0.010 0.0062 2 *469 0.0048 0.48
480 0.015 0.0091 3 569 0.0048 0.48
500 0.021 0.013 3 684 0.0047 0.47
550 0.049 0.030 5 1050 0.0047 0.47

0.01 460 0.093 0.057 21 *488 0.043 0.45-

480 0.132 0.080 24 590 0.041 0.43
500 0.180 0.110 27 708 0.039 0.41
550 0.339 0.207 34 1079 0.032 0.33

0.001 460 0.507 0.309 113 580 0.194 0.24
480 0.602 0.367 111 677 0.163 0.19
500 0.687 0.419 105 786 0.133 - 0.15
550 0.837 0.511 84 1130 0.074 0.08

'

v_
0 500 1.00 0.61 153 834 0.183 0

550 1.00 0.61 101 ~1146 0.088 0

Be' low core nucleation pressure for assumed core temperature.*

.

__mm-m_- m.-___.__-_._m._ ._ .m.-___.w__ -_ _ _ .A . -.__m._ _ _____. _m-.____.m_



-
.

,

',
* -12-. .

'
.

TABLE IV
'

.

Vapor Generation during Let-down

Let-down temperature: 300 F

P lb/sq. in. abs. >535 500 300 100 15

* v ml/g 110 0 0.0026 0.030 0.390 ~186
2 -6* c ml/g H 0 0.61 0.560 0.305 0.043 4.8 x 10
2

-

Let-down temperature: 200 F
'

P lb/sq. in, abs. >570 500 300 100 15
,

y ml/g H O 0 0.0032 0.020 0.114 5.412
c ml/g H O 0.61 0 0.530 0.315 0.097 0.00382

Let-down temperature: 140 F

P lb/sq. in, abs. >564 500 300 100 15

y ml/g H O 0 0.0025 0.0157 0.0933 0.8912
c ml/g H 0 0.61 0 0.540 0.323 0.105 0.0132

.

v = actual volume of vapor, ml/g H 0
2

c = dissolved hydrogen cot. centration, ml at STP per g water.

|

1

|

|
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APPENDIX C
,

Comparison of vent rates (Case II),

Pressurizer vent rate

20 gpm (or 167 lb/ min.)Spray rate (assumed) =

i

Steam vent rate = B (167)
'

Assume B = 0.01

i At 550 F: y = 0.032 (TABLE III)
,

2 0.00367 lb ll /lb steam=,=
lb steam ) 2 -

H vent rate = (0.01)(167)(0.00367)(60)2

= 0.37 lb H /hr.2
!

^

j Le_t-down vent rate .

Flow rate (assumed) = 20 gpm (or 167 lb/ min.)

Inlet H conc. = 0.61 ml/g H O; 2 2
-

lb H, (0.61)(2) 2- .

22400 lb watet

= 0.0000545 lb H /lb water2
,

i
i H removal =.99% at 200 F (TABLE IV)2

H vent rate = (167)(0.99)(0.0000545)(60)
'

2

! = 0.54 lb/ min.
:

.
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TASA 14 D040'e A*.!) r,A', CONCENTRAT!nf45 IN _FRIP/.RY SYSTEMS _
|'

r,ro,b_1,et:. {
Identiff irportint factors in de'ernininq the bnron and gas concentrations in 'I
the prirary system in current r. ode of oper.ition. (i.e. nat.aral circ on ''A", i!
''B" s tra ti f led. )

Bor_on Cor. centration: '{
1) fi3te-up line enters prv'ary sy'.te t on discharge side of P.CP IB. iI

Flow splits with part going into ''B" stean generator and part going into j
Reactor '/cssel,

g

'I*2) Baron cnuld be concentratina at Cotto: of "B" steam generator
fif Tcold B is less than the c.16c * p t.' perature,

3) Baron in pressurizer is concentrating because of low (or zero)
flow out of pressurizer into coolant lines and because of stearning in '

pressurizer.
}

4) Let-down line co es of f of suction side of RCP 1A. As long as there is
natural circulation in "A" 1 cop, boron concentrations ty'asured frc, the;

let-down fica is representative of toren concentraticns in cerc'. ^ver,"

if natural circulation on "A" Icnp is lost. It will be very dif fic n c to
interpret the results of borcn concentration t:asurn:nts. C .: - 2.) on '

the ca:'a of e olfr.1 the rmturenents could L.a cc71ctoly unrelt b. In
that case L:a cperation would be the preferecd altctnative ceti.;J cf .

,

cporation.

'

!
'

Gas Concentr.itiony
_

1) Gas in make-up system should be reduced by degassing take-up
water. ;

'
2) If local boiling cccurs in the core, c:as can be released. The gas

content nessured in the let-down lina sa ple will be subject to the sam
uncertaintics as the boron cont.entraticn.

.

'

':,

A
.

'
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For y0ur request here are s:co further thcughts on reducing prosture to
cr.e at.asphera (c2rlier trougt.ts s.ere sent to Rockwell on Aprti 10).

{
Mir?Sla Felturns of Cc.n12.n fydt t

(1) Rca:ove d<csy heat in ary of fear ways:

- catural circt,'3 tion to CT!,0
|

- RJiR Cporetten

- pot tntitnq to ccntstr.-ent vis pressurtur
- reflux bollinry to OT5G

(2) Minimize chance of core MtMnical disntptica k,
,

Another feature thought previcusly to ba de.strable for Its cwn sake is avoidanctof Itcal totilng. h wil'. to thcw tMt local tellin.) rny be a ainer concern.
Rav 1 nf rway lis t. intursi circulstien rsy not portist indefinitely at one

t

,

a ., ~ . , 4 e u1uout ce935 sing tecause, assaning arte local tot 11ng in th.t core. '

a rc . .'i n s i bi c b'.t bl e cly (cr::: at the top of the het le] c ndy-cano.* lt is
90!$1310 tnt nenet'1 cent.1cles, strip?!J CVt by 10c31 colling tv.uld c0 tack inte
sclutica. depending on t.te axtent of Iccal toiling. The uncertatnty could be
avote.d by instilltr.4 4 $/s tea .,hich v:uld dt. gas pef r.ary coolant, fec-) cne Ast x-" ere (va m cN:.sser). Given t!.is catural circulation will roove ha3t '

fre1 t.' ? core ic13 finitely as 1cng as tre sten generater is cooled. So if tb
cccIO.it can be trot Qgassed there 15 r.o nced to copart fec:n natural Circulatic
e wt ci strostt.r. rte pressuro.

'

\
*

P@ caratten wil) prebably give de;,ern13ble core flow. l(ow cuch core flow is
i

.

cocertsta, t,cc3U50 due to tr.e higher-ttan-roms) core resistance th2re will ta I

r.c.re !> :Lfic< la tha stuut generatcrs thaa in norcal RhR c;.araticn. K0 tw -t.t .ithat i 7 treratica t,* cilcaltted, now tnet tne core resiat.:::co can be inf arred, q|t.cfore it is etcupied.

: i

*lt u .+tta - a ceasting wt11 also te needec while presture is Loing reducco
dae to the icwer solubiltty of r.occc.ncensibles at icwor prc53uro. '

I
t - ~.

_ _ _ __._; . _ .;;2 1.,
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'c'1*-* m f refi;s .' ? t i ? n 1 c r c . h a t i .. s ? r.:::, t . Eitwt fed: fr#~.-:r .

.

fes Ible, h't tctn ora te s:t to co". tid.wdle r.*certetr.ty, Jr.1 C?lculetical t is
2 ra.:t:. I ' f!', a i.c ! ! !! g S W.q 1 v' r; d t,t 0, : ct--n;h r: aycn ytth e..- a n.m- , ,

u . . o t t .. . .. [t . m ? , d.::, +, .w d a g s s i ng 1, e r :u .c i,y ge.d tt abi li ty 1. Of i

4 3 ; * ri . L t's t:t 6:i! irs N (pt-ing cut th: ;. et;tr110 . n.occ.:ihnflbitse

s ".+ .: l ' n : t r .s t t - r . W8.% er, in : :t 1; 111. i t ra , v. Se po, .i:: :s t> ett:In I at

0 S LL ' .:r: 1Le t.% tins .I .2 :: LM smil t i .' .* Of ths Ortstu.i~;;r (ci'ef |g

valv0; 6M WicP.hsr f t vllt .+r *< O! all withe;1. tWMring the CCr0 CJC to I
tre le:p :t ) in th* Dwar.urite r *.. m.- 110e M s > ?t to t'4 e solueted. - !

! '

'
,1v e l f ! .-a eT '

.I'*1 1.b -Q jfen .* Catt. The .3,1:cs tairs conditic 1 of th.t"
I'e -+ I..W E r t rad l: t n .w i''d 'a$ to re e t f'<v s urps c$- othc? r ehanict)'

M. . 4M a t. f : t'.t c.) circuistic,o is soit, kS f6 r0t gre3tly dif'ferent 1794 {.

mt9 :! c :' 1-tic .w:cer fet :.*- st rt.g. t *r.:.icnt. Th i::M starten trer'sicoto '

fCCeld t'& : ~ 'l liht '. h.et tf by S IsMiy 0,>C.;1b.4 f.ht injecf.iC'1 VSlyC: in any ' y

e":st it ie f -d to ser sb it i .wid % mrv sam a thw uhtn pri nry
*

:cularit pw;. u em, started en A;:ril 6. welch (goamtly) hw nn ill affects,.
k.11u L-:ilir.; is qusti u.,certete. at lent tmril cales16tions an ocnty

.. j
Mr.tv. it 1: ::1bly v4.ry so .ctatili): t,4 fl v end p.cisurc curce... rot .

tcilir.;. thw,a proteably gc.1 tic r .Osntcoliy, is yet to be ovatust.cd for its
fsastb111ty.

1.mel colling in tnt com icy c3t:st m3 pr.tentiel for re3rrenpc st of core ;
frer.ts d>e to bub 10 fortution. Tais is the bist rev.on tn evold 1raal ' '

Wi fr.;, bat it is nast stalt to c.:nsidar how igr.rt. ant it is. .

Ifu t a s. e of ' - s1 23111 1. The critorion for dbc0Mir$ (ref. Iff, t-Co . .

'41Adi.~' T,%,,.1 bos ub.;J for T 'st (bulk) tu be et it;sst 100. ndeceir;d. fd.h |<
thr cc. rent em 4T of 12, this wuld se:ptra tr.a cold 1W tectratum to 69
212 101 13 = '../. which simnds ettalatble 31f ven th0 nW etcr/cw :.;ccadry
side het ew.or.:e egititcot. Nt .: ore cM t TC .*F.9 bas consisttntly be.n mut ' .

1 W cyty T sin:e r,aturel circulstion was r.itetnerj ca April 27, ed 1311 !, t.ot .

i
di f f e r te.cc ( r .. . Tbh.) da:s not sm. to be doctvutng like the other " bat t; pots.'' !r. ,

The (TTC - TMt) vaIV63 Th C.h9 Othf.*S, for Y0bl035 UMWNap IsBV4IC3 IOIIIUY
fetrly ccnstSttatly, appoytnoterty ns tha :wsre root of c0ra tVmr* At this |rt:ti, it wt.1 * t:l a sevrc.41 cW.hs for the next n3tte:t TC (rfli'.) to meh '

10;: rub colir et ca' c'.Xi:,5here. Thus 2 3. Cnc BU'M1 hsc tr.e 1c01 boillDO
cr;:tri tt; br: incyl Leble. t-tita if only in 4 few locations. |.

'

Tt i cf r :t r,f 7 :s1 t Jilin; er. M.it ;w.c for vaeld pred:bly not ba of contcm.e

ihu it. certainiy tt%1 (Or 16tF.t r')d5. bnd car. De ci.MlDfd 05103 0C0D1b9
'. 3 r .'.m.% f or :( ite Wilc ts. On July 1, Van cera pm ar is d>wa tu ).O 1:!.

t h: ave;repe t- r psr felt! 911ct triil be Wont .J.I sJ.tt. Asstr.if n't f hd P?.Uyil. -

f e .: s i t (1 int ( - r tr. . ~1 f -.. unt' d into f:f rl) hr;;r fr:7t*,) it it d a
te tra; ire a r - > tty in wh!ch 0.1 s.att per pallet cculd 110t bir di::UstM Os I
1; g .22 int ta e region 1, eattrely (011 of Wtor (0.1 utt 12. atat U.L.A D/sec.
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p '. * : % e: ! t':t if e-1'e' (?:iir' . . e t - f r.. !y c,. v a a - i n t t er , ch:,t 10'' Ic/s ec '

ef wit-r. e.crtsiniv i r1'nis:elo 's ce t, v ci: o vt. te fir.? fis H y i'to t':
v:ct*. tty.cf enn p211e:). f r. 53 3r f m>3tio rce r:11ct w:Jia La c~elvSitr,t.
t c. : b:.s t 10 cia l e.'. e, f 0.1 i n t.h d * :2.cter rt' :t.oM can if all tu c001tnra verit 'i

eue *: mert : thn, which it w ;;te r:t te e'.t t ;ma: in es .4 ;iy C OM' J;tc?

r t) f ('$ . 70 c"c:P te.1 r ig .i f t t e* *,c c f thi s i t.1!- 7 enti ta tt g e ly , i t tmulf tf.kC
c'%t 1CM cf' vet: 1W!.ics e.! f .;fc; t: s ;tlic: to 1f f t it in ster. The
p.rf e:4 t o c.f f r.:llet is sv:5 t .s t 'e.ss . J s 1N 5t cr. L,u'.,t.f c5 coald fem i
e- th e re' ! c '. w-fe ra . 7t.: t. 1? '. : ,14 tis: ti: l' *, h -b:d ey r f : f r; h,t d es
f ree icwer pslicts. H., e /or , 6 t., it c51 but.sle ri s e selecity fr st: r. ant W er '
it ctout 1 ft!- C. /.vt. r c y: fitw .els:ity of s t::cled 11:uid with c Q Cirv>lta i

tici a rp cur:ntn3 (6 cvnditio.- tu cve is Prun to lie Pl.lc to teit* ! Mot) 11 '

e:a.: a f ".cc; e-c 11 weclJ r-:;.:re a: ir nt 4 f t/s: . to t'4:.; . e ::ilet n
f it tr. ; su c.colet wata . Tra tne ct.in:c of dis ur.tice cue to riste r tvblu ';
g::.s sa lt. ;. s e a r; . v.a t i. (w W, . t *. m n .reri ce l ly s t: t e d , c r.: r- 11v

|Or.ly c:1 tetfu) 4t::;;;t t'et 10:e1 boilin; ces: no: p:se ev:t cf a pro:,la fes fer as cero r ::banir.31 cit. ption is c:r.:emed. '

fr. Smry. tS can r I r.o'. cre cue te lo:a1 l'oflir1 is en9: rate.d fo.T:tfert
'

of n:,r.dissolv J c2af,71ch cyJid th*:etcr ntt ral ef rcultttes c.t raflux
boilin; if ('G 51rg isf printry ,:0:1c9: 1s n:t possible.

Th?;e thv-Ma M- tit th'.t e>Jretice. at o's at et;;tara af te.r July 1 imld. ,

n0t 51 undt'h .12. Tino is, of ccvPLC. PS citer c;L)ff c:tc: f, n t ic.r
,i

cryraats could I ? mde for eNmt'n; :t ett 3* c :*:re r . ;2rt1 :1: Fly ~

witt Wt ir, n.. ice. T.'2 bt ;;t::
-

a .J.sth or t ) it, tc i!5t t wMt tht t .1 cm f t th.~m ; caste 5 do in th?! tD.c.e d. an t e a i s v41 s t r.; A.13 8 5 ! v,' ' ' 0 1.".,.

ry April 10 r' 3, th9 CGre exit IC'% CiV1d L'c t-taituted carefcliy Cufr.1 th2 '

s

eteresturtu. tics for cvtence of : rad:en in:resses, wnich would ts;;Mt the
tricid:nec of 1c:31 t>:1 Mn;.

I b:sa these tt"/ ; hts are useftal ir estisting in a da:{sfon on the t.ngsofct
tre:sure bnd tha tief n,1 of c: pressurization.
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May 8, 1979 ,

.

Mr. John Potman , ,

Three Mile Island
Box 480
Middletown, Pennsylvania - 17057

Dear Mr. Polman:

I found that I have the original of the attached
copy of bubble calculations. I thought a copy should
probably be in your collection.

Very truly yours,

I'

William W. Lowe -
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Ig"Sutr,cct. TDR-Tt!I-104 : PRIMAIJ SYSTEM CAS A!1ALYSES '

.

To T. G. Broughton location Ilartz Building
.

.

Enclosed is a collection of reports, memos, correspondence, etc. regarding
the TI!I-2 primary system gas analyses. This collection was assembled by Bob
Ryan, a Coubustion Engineering staff member temporarily assigned to the GPU
Technical Planning Group. In addition to thic material, J. Moore's 3-ring
"Lubble !!otebook" in on file in the TMI-2 Data Reduction and Management Center.
Jerry Weiser is making a copy of the notebook which will be delivered to
Parcippany in the next day or two.

The collection of material is probably not complete, but I hope it will
serve as a basis for starting on TDR-T:!I-104.

g,/ pe/ *

6

R. L. Lon
Manager - Generation Productivity

.
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Enclosure
cc: w/o encl.

R. U. Keaten
R. F. Wilson
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g 35 llYDROGrfl LVAttfAllori p
itEl AL-UATER RLAcil0:1 tIlll! TliE TUEL El ADDl!!G gel:ERATED LARGE QUAll-

- 3
e. ;
1

' TITil'S Or llVDROM:! DUR!;;G lilt lillTI AL filASES OF Tile Titl-2 It!CIDEtiT
.

l 4 .

O!! MAitCl! 28, 1979 Tills llYDROGil: 10al;E0 A BUDDLE \lillCil CECAtiE

i TRAPPED lt! Tile !!EAD OF Tile REACTOR VESSEL. Tile 1.ARGE QUAtlTITY
:

! -OF llYDR0GEtt 111 Tile DVDDLE PRODUCED A !!!Gli PARTI AL PRESSURE UlllCO-

CAUSED T!!E REACTOR COOLA!!T TO BECOME SATURATED \flTil !!YDROGEll.*

,

AFTER Tile Dull' 0'F Tl!E DVDDLE VAS REMOVED 0:1 APRIL 1, Tile C00LNIT
i

REllAlliED SATURATED UlTit 1300 TO 1600 STD. CC OF !!YDROGEtt PER KILO.-

GRAlt OF C00LNIT. EXTEllSIVE DEGASSil G OF Tile REACTOR C00LAtlT
!

DURlilG Tile TIME PER10D FRO t APRIL 2 TliROUGil APRIL 12 IIAS SIGl!!-
t

FICAllTLY REDUCED T!!E C0!!CEt!TRAT10l! 0F DISS,0LVED :lYDROGEtl. Tile
i

N!ALYSIS OF A PRESSURIZED SN4PLE OF REACTOP, C00LAllT TAKEll O!!

'

APRIL 25, 1979 S!! OWED Tile FOLLOWiliC DISSOLVED CAS C0ilTEllT:

HYDROGE!! 41.6 'STD.'CC/KD

HITROGE!! 4.6 STD. CC/KU

]
- .

'
TOTAL 46.2 STD. CC/Rg

A SliALL PORTION OF Tile ORIGlilAL GAS DUCDLE BECAME TRAPPED !!!
,

Tilt CONTROL ROD DRIVE MECilAlllSitS (CRDits) NID llAS Il0T READILY
'

DISSOLVED lilTO Tile IlEACTOR C00LAllT. DURING Tile PEltl0D FROM
.

APRIL 1 TilROUGil APillt 12, MUCil 0F- Tile TRAPPED llYDR0GEit UAS
.

REMOVED TROM Tile CRDits BY'CYCLillG Tile REACTOR COOLNIT SYSTEM

j PRESSURE TO PROGRESSIVELY LOWER PRESSURES, REACill!!G A MilllMUli

PRESSilRE OF 300 PSIG. TilESE PRESSURE REDUCTl0tl5 EXPAllDED Tile,

~

CAS TRAPPED 111 Tile C0!! TROL R0D DRIVES NID ALLOWED Ti!E GAS TO
.

BE I:l!IRAltlED ll! T!!E RC _ FLOU. Tile AC I!OISI: SIGt!ALS Oil Tile,q
.I e

' '

...

.

l

.



'
. . .

'

RfACT0lt C001.AllT PRESSURE TRA:lSillTTERS C0flFillitED TilAT DVDULES UERE' *

lt!DELD I;LLEASED EACll TiltE 'lllE PRESSUni RFAEliED A !!LU. LOU. TilLRE-
f..
f F01 E, IT IS CLEAR TIIAT, AT PRESSURES At:0VE 300 PSIG, Tile GAS VILL'

'

BE CollPRLSSED DACK lilTO Ti!E CRD:ts. .

Tile 46.2 CC OF G/sS PER Kit.0GRA!! 0F REACTOR COOLANT CAtt EXERT A

liAXIttutt PARTI AL PRESSURE OF 74 PSI REGARDLESS OF Tile C00LAllT
'

TEliPERATURL OR Tile RELATIVE Att0UtlTS OF llYDR0GEli A!!D lilTROGE!! 111

Tile GAS filXTURE. TilEREFORE, At!Y PRESSURE GREATER TilAtt 74 PSI

ABOVE Tile VAPOR PRESSURE OF UATER UILL KEEP ALL Tile GAS Ill SOLU-
'

T10!I. IF ALL Tile GAS lil Tile CRD!! UERE TO DISSOLVE lilTO THE

C00LAtlT3 IT UOULD litCREASE Tile PARTI AL PRESSURE OF GAS BY A

HAXiltu!! 0F 138 PSI. IF IT UERE TO BE ASSU4ED TilAT llALF OF Tile

FUEL RODS STILL C0!1 Tall!ED Tl!EIR PRE-PRESSURIZATIO!! GAS AllD

[ STABLE FISS10|1 GASES, FAILURE OF TilESE FUEL RODS COULD lf! CREASE

Tile PARfl AL PRESSURE OF Tile GAS BY 88 PSI . FIGURE 3.5-1 Sil0VS

A PLOT OF Tile C0!1 Bit!AT10t! 0F TilESE TliREE PRESSURES UtilCH ACCOUl!T
)

FOR ALL Tile GAS Kt10Vi! TO BE lil Tile REACTOR C00LAt;T SYSTEli.

FIGURE 3 5-1 ALSO Sil0VS Tile Att0VilT OF fiARGill !!EED TO ACC0!!!!0DATE

MAKEUP REQUIREttEllTS AtlD RADIOLYTIC GAS GENERATl011 FOR O!!E VEEK.

Tile 11AKEUP RATE VAS ASSUl1ED TO AVERAGE 1 GPli At!D WAS ASSUllED

TO DE SATURATED UlTil AIR A!1D TREATED UlTil 20 PPli ilYDRAZillE TO
,

Rett 0VE Tile OXYGEll. EVEN Til00Gil !!0 flET RADIOLYTIC CAS PRODUCT-

10!1 IS EXPECTED IF Tile COOLA!!T IS DE0XYGEllATED AtlD 5 TO 15

STD. CC' 0F 11 REllAltl DISSOLVED lit Tilt UNILR (REF. 1). FIGUl:E
2

3 5-1 ALLOUS itARG.lli FOR A ULEKS BUILDUP OF RADIOLYTic GAS PRO-

@- . DUCT 10:1, tisillG A G-VALVE OF 0.025 llYDROGLH AT0ftS PEli 100 EV 0F
s

I

.V

"
.

a' r -t -- - + - ~ -
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,
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.

. .

AlsS0 riled IRKADI Allutt. All ADDITIO!!AL llAhGl!! I!!CLUDED lil lilE Milli-

11011 Pl! ESSURE CURVL S S!!0'.l:1 !!! FIGURE 3 5-1 IS TilAT Tlic A|100tlT OF
_ 06
' ' GAS REliOVL D FR0!! 'llir SYSIEM UlTil COOLA!!T LL fD01!:1 Arid trAKAGE VAS

liEGLECIED Af!D AT lilGil DISSOLVED GAS C0?iCEtiTRAll0!!S AMOUflT TO A

SIGillFICAlll' RCt'0 VAL RATE.

PERIODIC Af!ALYSIS OF REACTOR COOLA!!T SAf;PLES UILL PROVIDE A

DIRECT liEASURE OF Tile GAS C0!lTEliT OF Tile COOLA!!T At!D WILL PROVIDE

Tile DASIS FOR REDUClllG SOME OF Tile C0tlSERVATISil.!!! FIGURE 15 3-1

TilVS PERMITT!!!G FURT11ER PRE 3SURE REDUCTIO !S. -

9

.

REFEREfCES:

1. VATER C00LAtlT TEClit:0 LOGY OF POWER REACTORS, BY PAUL C0llEN,

GORD0ti AllD BREACil SCIEtlCE PUBLISHERS OF !!EU YORK, 1969

.
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|

_. _ - ;

| A. Thin procedut e establichen the ractbods for preparation and control.
'

of Technical Dr.ta Reporto (TOR's).

|BTDR's connolidate and record recults and conclusions generated -

'

: in technical ntudies (e.g.,. trade studi.'s, plant perforu.ince
j evaluations, plant transient analyses, material selection studies,

!
j nuclear fuel cyc.le options, economic evaluations, safety studies,

evaluations of operating planto, and failure' analyses, etc.) and ''

1
. sur aarize their impact on overall plant design, operating plant

| recoracendations or input to hancline documents (e.g. , plant criteria,'

,'
SDD, tech specifications). '

i
,

j II APPI,1CABILITY

I

IThis procedure applies to activities perforned by all departraents
| j within the Technical Functions Group, Cencration Divis1'on.

I

! III REFERENCES
i

r

|( EP-006 " Preparation, Documentation & Co:itrol of Calculations"
; EP-016 " Records Retention and Control"
|

I IV DEFINITIONS

{ i Refer to " Glossary of Engineering Terms"

!,
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./ r
,

l V _P..P.E.P.A.R A.T I ON_o.f.__TPR. '. s..
-

,

| |
''

; A. Pa; qui remen t c
,

-
i,

Each TDR shall:
i

'

l. Comprine a written document, prepared in accordance with the
'

I format as discussed in B below.

2. Be assigned a unique document number from Engineering Stan-
'

i dards. ;
?

|- 3. Ec distributed by the Responsible Engineer and the master filed ('
; by the Engineering Standards Manager. *

,

|

B. Format

4 1. Page 1
i

!
I The first page of every TDR shall be the cover sheet shown in'

Appendix A. If additional pages are required, the numbering'
,

- shall be la, Ib, Ic, etc.

! The cover sheet shall be typed.and include the following

j technical information in the abstract:

a. Brief statement of problem
b. Summary or Key Results' -

c. Conclusion
d. Recommendations

The Responsible Engineer (s) who prepared the TDR shall sign
: and date the document in the space provided on the cover sheet.
:
|

| 2. Revision Page
!
I

I The page following the abstract shall be as shoun in Appendix B. ,

!, A brief description of each revision including page numbers shall|
| be given and approval of the revision shall be signified by the
; initials of the Renponsible Engineer and the Responsible Engi-

;

i neer's Manager. The revision pages shall be numbered page i, 11,
i etc.

3. Tabic of contents

; The next page of each TDR shall be a Table of Contents.. A sug . i

i gested format. i t, ar. follovs: |
L i,

,

'
[ 1. Purpose & Sum 1ary'-

~

2. Re f e re nce;. (i s-

322 000ft
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DM C 01: H LV. t't

i Pre pa ra t f on ..f Techn li{IL:t a P. port n 'i/? 7 / P) PAGE S OF 11
3;g -

g, :
-

. ! .

fq. 3. N iho.h;

i 4. Evaluatton 'e,,

i S. Resultr.
6. Conc luid ons e

i 7. Reco:mae nda tions j

! 8. Appendiwu I
I !

! The format m.iy be modifIcd as necessary to suit the particular L

| subject being addressed. However, the above format should be i

j used wheneve r possible.

f 4. Subsequent Pares .

> i

J All pages shall be sequentially numbered, starting with 2.
t . .

a. Discussion of Major Headings
|

(1) Purpose & Sumn.ary

! This section clearly states the purpose of the
! TDR and a summary of what the report covers and

! how the material is used within the Report. Ini--

;k
| tials and acronyms to be used in the text such f

'
,

| as IIWR (!! cavy Water Reactor) shall be identified '"

r the first time it occurs in the text. '

I
, i
!

i (2) References
i

References such as Documents, Specifications, Drawings, !

Codes, Standards, Calculations, Texts, Reports, Computer

| Data and Equations shall be clearly noted to identify -

! the source of the particular statement or formula. The'

j reference shall be identified as to number, title,
j edition, date, volume, page or figurc number, publisher, i

j and revision number as appropriate,

i,

Each reference in the list shall be consecutively num-
bered. The text of the Report shall indicate by
reference No. .the reference document for a particular

! operation or set of data. Where extensive referencing
I

of pages in one document in required, page numbers
! shall be part of the text reference and shal] not be

shown in the Reference Listing. ;
..

(3) Methods
i I

The Methods section shall clearly indicate the nequenec ;,

of st epn that have been uned noch that a competent Engt-|
, ; neer. can trace the analynt s procenn w.i t hout recourne to j

[ t ht- o r l y,i na t o r.
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*

'

f PreparatInn of Technical Data Reportn '1/ ? // 7') Pact 6 or 11
r b

' Q..'', h
a .

(4) Evaluation,

i All signifi. cant sections of the inatetial or referenced ,

| material should be highlighted. (
,

r

: (5) Renults
i

l

All calculations and computer printouts upon which ;j '
' the results were based rhould be referenced. Exten-
' I

i
sive calculations shall not be reported in a TDR ,

(see EP-006) but rat.her referencing to such docu- |j-
ments using their results and conclusions to subs-

f tantiate the point of the TDR. Craphs, tables,

| charts, etc. should be used and include <! to support
,

the results, conclusions and/or recommendations
i

| generated by the TDR.
i

! (6) Conclusions,

{ State the conclusions reached based on the restilts.

| (7) Recommendations |
.

t

State any recoamendations made based on the conclusions.
i

! (8) Appendices

Appendices should be attached which cerve to make the
meaning of the report explicitly clear.

| C. _ Directions to Prepare a TDR
(Refer to Procedural Flow Diagram Appendix C)'

RESPONSIBLE The Responsible Engineer prepares the draft according to the
ENGINEER format described in this procedure, obtains a TDR number

from the Engineering Standards Manager, and forwards the TDR
to his Manager and affected Section Managers for support or 2
review.

ORIGINATING The Responsible Engineer's Manager reviews the draf t to
SECTION insure that the TDR is technically sound and meets the !<

| MANAGER requirements of thin procedure. He may, at his discre. tion, | _|
I rrequest review by others.

RESPONSlh!X The Renponnible Engineer resolves comment.s and obtains the con-
,

ENGINEER currence signature of hic Section Manager.'

,,

,

t
- i

s ! !
. ,

- i ba
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p TITi l' DME or nry.
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,fs g prepas .it vn of Technical D.it a 1:eportn 4j37779
j

' w. t .__. ._ .i
, . . _ . . - . . . . . _ . _ - . _ - . . . . - . . . . _ . - . . . _ - - _ . . . . _

|. E

i

k RE SECTiON Reviewn f inal .TDR t o insure that all con wnts were resolved and
, M?.NAGEl; prope r di st ribut ion in evident. The TDit is .;tgned indicating f

!approval f or internal GPUSC dist ribut.f on and forwarded to
Fngineering Standards Ibnager.'

I

t DIRECTOR OF The Director of Technical Functions authorizes distribution
'

i TECllNICAL outside of CPU by his cpproval signature in the appropriate }
, !

L FUNCT10NS block on the cover page.,

k
! VI RESPON'SIlilLITIES
t

,

A. Director of Technical Functions ;.

I
P

* Aut.horizes Distribution Outside of GPUSC -

f

B. Responsible Engineer's Manager
,

I * Assigns Responsible Engineer
*

I f * Reviews and Approves TDI!

]
' * Establishes Distribution

Y', .

38 j C. Responsible Engineer

'
I

| * Prepares TDR
j * Obtains TDR Number

; * Signs TDR as Responsible Engineer
,

i j * Arranges for Typing
j * Obtains Approval f rora Section Manager,-

,
i

'
D. Engineering _St_a,ndards Manager

: * Issues TDR Nur.:bers
,

| * Files Originalsi

f
| VII REVISIONS

1. The first issue of the approved TDR shall be identified
as Revision 0. Subsequent revisions shall be identified

,

in ascendtag numerical sequence.
!

2. Revisions shall be reviewed and approved by the llanager(s) ,

that approved the original document. !
'

!

3. A brief su:anary of the revision and the approval signatures !

of the originator (s) and iaana;;cr(s) shall be documented as-
shown in Appendix li and placed twacdiately behind the
abstract. Additionil revisiona can be documented on the;

sar.e pay,e or subawquent page n.
,f

f
'

i -

. - .-. _ - .... :F - - - . - - ..- - .. . - . - . - . - - - . --.-- -
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7 1.r-.001 g
'

.

! TlH f Iut,1 E of I:1.v.
'

ji 't i Frr p.u a t f on of Te i 'v a lc.a1 Dst. Itepyrta 3/2 / / /') PAGE 8 OF 11
|

, , , __..,
I

\.

l~!
4 !!Loor ch in:, t to :o'aly:.es ch. ell be maile as revin f ons on

the orir.inal shietn. Revis,fonc shall be idientified by
. ,g

i drawing,a vertical line in the right hand margin next t.o |

the entire. length of the revision. The revinion shall'

be idnntIfLed by placing the revision number immediately4

I under the vertical line.
> .

I e
.

I

5. Revinfona whic51 cannot be com.pleted on existing cheets shall

; be continued on additional cheets. Mded sheets will bea

i placed inmediately after the revised page . carrying the same

i page number with a cuf fix letter added. Exampic: page ;,10
supplemented by page 10a. r
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DATA 11 SED TC' CCMERATE TMI-2 RC CAS $UBBLE

****tt**********t*****************************t*****t****..*****
' * TIME * BU3SIZC * LCCATION ** TIME * BUBSIZE * LOCATION *

****************************************************************
* E3.SG * 1839 * .8 ** 127 * 203 * *
* 78 * 113.3 * ** 127.2 * SG4 * *
* 72.24 2 829 * ** 127.9 * 152 * *
* 73 * E3.2 * ** 123.16 * 535 * *
* 79.2 * SS3 * ** 128.7 * 47 * *
* E4.48 * 328 * ** 129.36 1 531 * *
* 85.4 * E39 * ** 130.56 * 627 * *
* S2.32 * 3C6 * ** 132 * 486 * *
* 33.52 * 225 * ** 132.93 * 343 * *
* S3.S6 * 1806 * ** 133.5 * 203 * *
* 91 * 82 * ** 134.5 * 194 * r,

* S3.3 * SS9 * ** 134.64 3 224 * *
* 96.9 * 117 * ** 135.12 * 347 * *
* 97.3 * E94 * ** 136.25 * 175 * *

f-
* 93 * 248 * ** 13G.56 2 224 * *
* 101.4 * 333 * ** 137 * 43 * *
* 101.9 * Cf3 2 ** 137.01 * C33 * *
* 1C2.24 * C50 * ** 137.52 * Ed3 * *
2 103.3 * 710 * ** 133.2 * 433 * *

j
* 104.75 * 564 * ** 242.5G * 159 * *
* IGG * 535 * ** 143.5 * 221 * *
* 105.32 * Ef3 1 ** 144.24 2 215 * *
* 107.3 * 501 * ** 145.2 * 543 * *
* 103.44 * ELO * ** 146.1G * 211 * *
* 110.3 * 4ES * ** 147.12 * 205 * *
* 112.00 * 621 * ** 140.03 * 254 * *
* 113.23 * 742 * ** 149.04 * 13e * *
* 113.7 * 224 * ** 149.52 * 203 * *
* 113.2 * Sci 1 ** 153.42 * 118 * *
* 115.7 1 223 2 ** 150.48 * 152 * *
* 11G.4 1 755 * r* 151 2 09 * *
* 117 * 438 * ** 151.44 * 47 * *
* 117.3S * C39 * ** 152.4 * 60 * *
* 118.5G 2 EE4 * tt 156 *- 208 * *
* 11G.52 * 717 * ** 156.24 * 195 * **

* 120 1 151 * ** 157.2 * 174 * *
* 120.9 * E55 * ** 1ES.08 * 48 * *

.Y* 120.95 * E4B 2 ** 161 * E2 * *
* 101.92 3 813 * ** 1G2 * 143 * * .

* 122 * 193 * ** 1F4.16 * 222 * *
* 123.12 * 200 * ** 172.53 * 118 * *
* 124.25 * 225 * ** 181.44 * 163 * * Cts
* 124.32 * 833 2 ** 1E3.33 2 0 1 * K
* 124.5G * GOS * ** 104.03 * S2 * *' s

* 123.1 * 130 * ** 202.7 * 0 * * D2j
| * 125.24 * 710 1 ** * * * 'pg

*******t*tst******************t*******************ttt*******t*** ;
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