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August 7, 1979
eNDT ADMITED 'R D €

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

Dear Ceorge:

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
and/or Information of Reenonse
e et e——— ——— ——— el —— e et e S —
Information relating to the "hydrogen c/712-3.,a-f (Memorandum
bubble" problem (Items 3.a through d, f) of J. P, Moore, Jr.)

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

()?‘\ V/ Other documents reflecting hydrogen G/712-3.e-2 to 65

bubble data and analysis (Item 3.e)
?s»f\\a' Sincerely,
Ao
e M
Matias F. Travieso-Diaz

MFTD:ry

Enclosures

8001229013 V=
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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 coolant in the
event we could not operate a reactor coclant 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
p-ssible. 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
Babcocl a d Wilcox on April 1, 1979, and subsequently by others.

[tem 3.e Provide any documents reflecting the 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.

"tem 3.f Provide any report that has been prepar.d 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 Spucial

Inquiry Group upon its completion.
-éJ

. P. Moore

JPM:iry
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AP 1001 Three Mile Isiand Nucleas Station SIDE 1
Figure 1001-8 - Special Opsrating Procedure SOP No. - Z
(From SOP Log Index)
T e R s St UnitNo. __ =
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Date 4‘-4 7 ?

MOCHARLE OF \WbG=-T=I/8 Tv REAcoRr BLDG.

1. Title

2. Purpose (i -luce purpose of SOP)

To DISCHARGE \WDG ~T- /1B To REAcmoR BLIG

3. Attach procedure to this form written according to the following format.

A. Limitations and Precautions
1. Nuciear Safety

2. Environmental Safety :
3. Personnel Safety SEE ﬂ"' 7h m
4. Equipment Protection .

B. Prerequisites
C. Procedure &
4. Generated bJAm Mﬂdla /\7,; I&”e Date 4‘4’72
’
.~ 3
3. Duration of SOP - Shall be no ton & then 90 days from the effective date of the SOP or (a) or (b) beiow — whichever occurs firet.

(a) SOP will be cancelled by incorporation into existi new permanent

procedure submitted by

(b) SOP isnot valid after (. :
(m h%ncn which will resuit in SOP being cancelied) .'
6. (a) Isthe procedure Nuclear Safety Related?
If “yes”, complete Nuclear Safety Cvaluation. (Side2ofthis Form) « v v v v v o v v o o o o s YesCO NolJ
(b) Does the procedure affect Environmental Protection?
If “yes”, complete Environmental Evaluation. (Side 20f this Formd . « v v o v o o v 0 v s v s Yes(J Nol3J
(c) Does the procedure affect radiation exposure to personnel? . . . . . . . .o v v v v v e o Yes[J NoOD

NOYE: ©© all answars are "“no”, the changs may be spproved by the Shift Supervisor. If any questions
we amwered “yes'', the change must be approved by the Unit Superintendent. &

7. Review and Approval
Approved — Shift Supervisor

. Raviewed — List members of PORC contacted

Date

Date

Date

Date

Approved - Unit Superintendent A i
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11. COLLECTION OF GASES FROWM WATER N\ A~esa. i)
7 i W

""’"""‘-M “v- V

1.0 Introduction

Dissolved gases ere obtained from water ssnples by pumping & vacuum over
the sezple szad stripping the water vapor from the gas atress {n a cold
trap. The epparatus used to scparate the pases from the water aud to
s2asure the gas vo'une is rhown in Figure 1. The maximum volume of ges
that can be collected is limited by the mercury depth in the base of ths
Toepler pu=p. 7This maxizuz volune is approximately 100 standard cc;

however, optuzum ges collection is 25 standard cc or less., Avoid over-
precouring the systica becsuse the glass apparatus way shatter.

2.0 2-prratus

The coaponents £% described in Figure & include a 500-cc belleat volume,

@ cold trap, & Toepler purp, &nd & gas burette with levaling bulb, Hercury

{e the working fluid in boti the 3as burette and the Toepler pump. One
@echanical pu-p is used to evacuaie the gas system and to coperate the

Toepler pump; enotaer pump ie uged te evacuate the samzpling bulb. A Pivani
tube !s sealed into the . parctus to determine the quality of the vacuua

end to test for leaxs in the system. 1ihe gmall earpling bulb (spproximately

5 to 10-cc) is used %o eseparate a portion of the ges coilected frca the seauple
for analysis by mass specticaetry.

Water samplee to be degassed ususlly ere supplied in stelnless sleel boads
of about 500-cc, end these bonbs are cunnected to the baliest voluue by &
lencth of f£lexible tubing. OCther eize cazples can be accourodeted but
require that thz quantity of gas obtair~d be compatible with the volumetric
limitations of the apparatus,

2.1 Normal Opevation

The sample bomb is connected to the empty ballast volume with flexible
tubing. The mercury in the Toepler pump is lowered by carcfully opening
and sdjusting ntopcock D, which ie connected to tha mechanical puzp.
Stopcock B ie then turned to connect the Toepler purp &vd cold trap, and
the system is evacuated by opening stopcock A te the wchanicsl puap.
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While the gas syostem with the cold trap {s depassing, the gas burette,
sazplirg bulb, and small section of tubing between stopcocks B and C

are evicusted with snother mechanical purp. The mercury {s cutgassed
by ralsing end lowering the leveling bulb while pumping. Stopcock C 1o
turn 4 mo that the pas burrette and tubing between b and € can be filled
with  “rcury by rafsing the leveling bulb, The mechanical jump is left
puzping on the saspling bulb.

When the Plrani gouge indicates that the pressure in the gas systen is
less than 50 p, etopcock A 18 closed to cleck the system for leaks. leaoks
are evidenced by a rapid rise in pressure on the Pirani gauge. Stopcock D
should be closed during the lesk test because mercury can be forced out

of t2» Toepler puip system into the mechanical pump 1f a large leck ghould
appear in the ges system, The wosi cormon source of leakarce {s the conuec~
tica to the easple bomb; the valve on the scople bomb may not be tightly
cloncd; or water might still be evaporating frcm the bomdb fitting under the
partial vaguum,

When &1l lcaks have been eliminated, the system {3 pumr.d down to lees than
50 p, end liquid nitrogen 48 added to ths cold trap., (liote: {f carbon
dloxtde 48 a conponent of interest in the sanple, doy 1ice eénd ecetone must
be substituted a9 a coolant)., The pressura chown ")y the Pirani gauge should
now Le lees than 10 ;1. Stopcock A s closed next; no significant vise in
syrtca pressure should occur. At thias stace, the mercury in the Toepler
pump can bae in cither the raised or lowered positicnm,

The valve on the semple bomb 18 opened to allow water to run into the
ballast volume. As soon as the ballast voluse is partially filled, the
pacple bomb {8 lovered ro that no wmore water flows into tha baliast

volusa (do not allow the flexible tubing to become kinked). The ballast
voluoy is filled only partially so as to leave considerable water surface
arca exposed to the vacuua egystem; this assures moxizum release of the
gacce :.om the senple, A rise in pressure usually is chserved as the gases
ere released end generally is followed on the "Leak Test' scale of the
Pirani gauge since the pressures are normally hisher than cen be read on the
two pieosure scales. When no further increcse in pressure is cbserved, the
releaze of dissolved gases is considered coxplete.

If the mercury has been in the raised position {n the Toepier pump, the
mercury now is lowered by caretfully opening stopcock D to the vacuum pump.
Stopcock B 18 exanined to make sure it ¢ opem to the cold trap,
Approximately 1 wmin is allowed for the gases to come to equilibrium in the
eysten, The gas {s transferred from the Toepler pump to the gas burette
by opening stopcock B to the gas burette and by raising the mercury in the
Tocpler pump by carefully opening scopcock D to the atmosphere. When the
gee fo the Toepler pump has emptied into the burette, storcock C is turned
to eleae off the pas in the burette. The leveling bLuidb 13 used to equalize the
pressure in the ges burette with atmospheric pressure, and the gas volume
is read,
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A second Yoepler pump stroke Is taken by dropping the mercury
in the Tcepler pun after opening stopcock B to the cold trap and re
peating the operation as described. Toepler pump strokes are repeatied
until no increase in gas volure is observed, As many as 10 Toepler
pump strok=s may be required. The measured volumeof gas |s corrected
to stendard conditions with the following equation:

o

“s P! Tstp
Vstp ¢ = VI (1)
i Pstp TI

Vstp ® volume of gas at standard conditions, cc
Tstp * 273.16 *K
Pstp ™ 760 wm Mg

#i " barometiic pressure mm Hg

" room temperature °K
VI ® volume as gas measured, cc.

Another method for calculating the volume of qas recovered
orises from the fact that each Teopler pump stioke In a fixed parcent
of tha total volume of the system, |If the first Teopler purp stroke
doiivers LUX of the total cas In the system, then the second will
deliver L0% of the residual 60X or 247% of tha total., Usling this re-
latlionship, @ valus for the total css in tha sytem can be calculated
from each Toapler punp stroka - although It Is better to toke saveral
punp strokes to minimize any forcible {ractonation of tha cas during
relesse from the water or from the cold trep, The pursent of each
Teopler pump stroke to tha tozsi volurs must ba determined for each
slze sziple container but can be calculated from tha noroa) data taken

from the sccumuleted ¢os voluma and dumbars of Tooplaer purp strokes
as follows:

Yoepler Pump Stroke  Gas Accu-wiated (cc) Cag esch Stroke(ce)

5.7 >
9.
Bs
2

N -
oW &

The percent of gas remainlrg In system after each pump stroke Is:

22 = 6.8 »

5.7 = 6%
2.1 = 57% sverags = (0%

3.7

—— -
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Tharaefore, a pump stroke In this example Is LO% of the total
voluos,  Table 11 stous a typlcal cas volune calculation using this
relaticnship., This calculated total volume 8lso must be corrected to
standard condltions, After the gas has been cnllected and measured,
a portion s expanded Into the sampling bulb for snalysis by mass
spectrometry.

GRS 5 |
eAs V1 T CALCULATICH
Toepler Pump Cas Accunulated Total Cas Calculated Total Vol,
—stroteg (c-) (") (ce)
1 5.7 ko 14,3
2 9.4 64 14,7
3 1.5 78 14,7
Iy 12,0 67 14,7
5 13.5 92 4.7
3.0 Typa of Sarples
3.1 Ponctor Prirsey Conlant Vater Sa~dles

The gases normally obuervad In these samples are H2 Ha, M

03, Ar, and €02, If carbon dioxide Is requested in the nna‘ysls. Ery
lce end scatone must be uscd as ths coolant In tha cold trep to remove
water vepor, This typa of sarnle usually Is recelved In @ 500-cc
stéinless stell Hoke bomb., A 50-ml gas burette Is usaed to collect the
releascd gases, locults are reported as standard cc/lliter of water

for total gas rocovered, and from the mass enalysls of the gas, stan-
dard cc/liter for cach of the ohsarved corponents., The volume ¢f water
for each sample is measured after recovering It from the gas collection
apparatus and the sample bomb,

3.2 Miscellaneous

When sarnles are roceived with no estimation ef the quantity
of gases per sz ple, the 50-ml gas burette is used cduring cas coilectlon
bacausn this buretta s suitabie for volumes from earproximately | to SO
ml, A S-m) gas huret*e le available for use with scmples known to cone
taln less gas thoan can be eccurately measured with the 50-ml burette.

When opening any saopde contalinar to the gas collaction appar-
atus, care rust be taken bocouse @ a2ple contalning & Tarcs volume of
gas undar pressura could breask the qless system, Watching the Piranl
geugae while opening the so-ple container Is good practice; although,
soma oscceptable sanpies will have sufficient gas to be off scale on
ths gavge, An abnormally larce volume of gas will cause pressure suf-
ficlant to force gas and corcury threuch the tube In the Joepler pump
Into its reservolr, Approximately EO0-tm Hg pressure in the system is
required or about 50 stindard cc of gas if the Toepler pump reservoir
Is evacuated as It Is during nornal operation, If this occurs, the
velve on the sasple container should be closed immediately,

— ...
R P —

-

ot i



bd {

The sample arrived in Idsho Falle at 0640 hrs. MST on 4/14/79 vis air
transportation, Figure 1 {llustrates how the sarple wae packed, with I3
activity readings. Smears of the air craft and shipping drum indicated
no external contamination,

At 0715 the sample left the Idsho Falls Afrport, it arrived at INTL !
(CPP-502) at 0845 hre. Upon errival at CFP the sample (shipping drum) i
was off-loaded with &n overhead hotst onto a four-wiceled dolly and :
tranaferred to lab 103C. “At no time was the shipping drum allowed in & } ‘
nonvertical position. . :
In 'ab 103C, the shipping drum was opened and the 8" diameter pipe 1ifted ‘
{nto a chemical fume hood. 1In the fume hood & sample of the ergon atmosphere ’
within the 8" pipe was taken, The method used for teking this sample involved ‘
the followinm When valve 8 was opened on the T™I sample (w1105 hra. MST)
only & cmall rise in pressure was observed on the Pirual pauge (Figure 2)
wvhich indi{catcd a esnall amount of gas compared to the ATR semple. Conse-
quently, the TMl escople gas was collected for approximately 1 hir, or 10
Teopler pucmp strokes. 1The volume of gas collected wea 0,8 + .2 cc end
haed the following composition:

By 1.5 & .14
hee.n (vol, percent) |
Uz 3906 : ol
0‘ 8.1 t .l i
Ar 1.00 + 0.02

*Uncertainties are based on mars spectromotry measurerments only. The
mass spectrometry enalysis is detsiled {n reference 1CP-1031,

A gamma-ray pulse height analysies of the TII gas sazple indicated no
observable activities above background. I

W W——— — — — - ——
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APPENDIX A

Voluse Measurermeont

Due to the sensitive nature of the analysis, we initialiy attempted to
be extremely conservative and include all possible acurces of exror (no
matter how remote they mey be). The measuremente indicated a total gas
voluse of 0.8 cc, but to be conservative a renge of 0.8-1.7 cc was
reported.

The initiel wessurement vf the total gas volume performed at the gas
collector 48 supported by the pressure measurement performed when the
gas from tho 10 cc sample bulb was expanded f{nto the mass epectrometer
inlet.

Pased upon detailed analysis of the data, we conclude that the best
estinate of the total ges in the 31.5 wl boub is 0.8 std. cc and that
this value is good to + 30%,

Alr Inlesnkage

We estimate that the air inleakage to the TMI semple was less than 0.07 std.
cc. This estimata is based on the results using the AIR sample. Toc obtain
en upper linit Zor air inleakage, it was essumed that all the oxygen detected
fn the AIR se:ple was due to air inlesksge. Pumping time for the AIR sample
was sbout 15 winutes.
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APPEIDIX B

leslieme to Cover Gas

Based on evaluaticn of the cover gas analysis, the maximum detccteble
hydrogen leakeage from the 31.5 ml bosb te the cover gas {m estirated
to be 0.2 std. cc. This 1o based on the detection limit for hydrogea

(L.e., 0.02%%) end the assusjtion that the gas volume in the 8 inch
pipe waa 5000 cc.

Max. Hp ., 0.00004 (150 = 0.2 cc
1 150/5000
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TMI UNIT 2 REACTOR COOLANT GAS BUBBLE 3/2S/79 THRU 4/3/78
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April 2, 1909

Ketropoliten Ldlson Coapany

Attestion: Kz, CLbLD ftaud:
1088 OF P23 oo rses

dttezhed for execrtica by an euthorized peorvesentecive of youw e~y
i £2 ¢ ¢ t s {ne Jesh1licy for muclogr @ y Bzzsrds €8
incidente #;plicedle to two hylrores recoeoiner systene,

The rocoobicers ers belor losssd with the wolsrazeniing that oy will
te 1 jtatifatsecwce tica 3 ¢ "y vore tesived, cilaivise
TVA will ba equitadly compensated for the equijpueat,

The e-uitsent consiasts ef 2 IR bydrocea reconbiner systemsy /77 11272000008
Serial Yiolees M1A o4 S118; 2 coxirald ecasoles F/3 UL t«i 1 Cerind
Re=tzre JllA 29 ) { cae therwceesle test -9l 173 5L, 1

Sertal Kuser Jildl=4; end two cperating 6 Kalnlensnes Rumild L.~i5llB.
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Matremoliten Elism Co., in considereticn of TVA's losning two k'ro 70

recodinar systess to it, sgrees that if sald groperty is used in e
puclesr facility ovned er operated by Yotrop-litan Ellsca Co,, o by it8
pbcertractor, Vetroroliten EAfeon Co. vill fornich muclesy 1liedility
protectica in eccordesase vith section 170 of the Atomic Energy Act (L2
U.8.C, 0 2210) exd applicable regulsticns of the Atonic Lnergy Ca—lesica,
£rould Lids eystem of pretocticn be repcaled op chon g, Metropalilaa
Pdieca Co. will undertals to maintain i1 effect Muring the period of crorstion
of the plent, to the extrnt avalledle oo reascueble terms, Madility rroe
tection which would not result (o a crterial {-7airment of the pretzoction
effaried to TVA, Atwie Iolermetional Divistiea ef Rockuell Interseliomal
Corp., or thoir sudbcaxtiuctors under the existing cystes.

Petropoldtan Liieom Co, viives any clain 4t pisit bave egalast IVA, Atamis
Izterzeticnal Divisica cf Roelumell Internaticmal Corp., or their glionizuctors
beciuse of ¢y to, lote of, or lo3s of nuse of Metropalites £24z03 €o,'
preperty et the gite of (1o roclenr focility resnlting fica guclowr coeryy
bazards or .uoclsar incidints, Metropolitea Bdiws Co, will indemify TVA

its eperte and erpleyres ¢ eeve cach of thes burvless from ey end eld
b1y to Mrtropolitan Eiison Co.'s employues or auy cther third parties
for persamsl injuries, property €szooe, or loss of life or progerty resmililsg
from or in ey vy connected with tho locuing of the Iydroges recwmbinery,

Tre feoregeing provisicns will epply to tha full extzat permitted by law
and regardless of fault, Tha eudccotrectors peferred to wdove {ncluis eny
of TVA's or Atczle Interaaifomal Divisica ef Poclell Internatiocnal Corp.’s

ropliers of silerial, equirnoat, or eorvices for the vork, regsoiliss of tizr,

.
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1 rl » Uer the t t progerties of £ocYocp
poterial, “Hirardios froerties” clall include radicactive, toxic, oF

explosive properties of cuclesr material, "Buclear Material” skall
asiile goarce ralerial, special pucloar materiel, or byproduct pslerial
08 those mre defined {3 the Atcmic Lnorsy Act (L2 U.S.C. § 201L),
Muclear Incident® g52)) Lave the reantng eiyens that term in the Atante
Esergy sct (L2 U.8.C. E 201s(q)).

¥atropalit=a Llleca Co, ¢hall not trunsfer oy icterest in the cald property
without first providing TVA eod Atomic Intercaticmal Divisicn of Pockwell
Ioteorueticoal Corp. willh written essurences of lizitalion of acd protection
egadnst 1ioLility following the promozed removal orF treasfer (o &3 eoout
at leoost equlvalesat to that efforded unler thls egreemagt, 18 the event
of & treosfer, such sscurances shall be cbtained Uy Metropoliten Ilisan Co,
fram the trecsferee. Trensfer contrury to the provisto of this e-romet
2], in eflitica to oy otler legal o epultadle rictts of TVA or Atamie
Intersaticnal :.Lrhlca of Rockwell Icternaticeal “orp., sake Jotronolitan
Ellzaa Co, Lhe indezcitor of TVA ed Atomde Intercetional Divislca of Rochwll
Geinational Corp,, €34 their pudcostractors, to the eme extant that ITVA
end fteule Iotermaticoal Divisica of Rockwell Internaticnal Covp., &nd thedr
subccotraciors, would have beed yrotected Dad po such transfer (oten place,
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prccauro to 340 (+50 =0) psi.
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lo wiave €lmiolvol @ 1223 bock out of sol cion dus to reduced polubility
- » £° 2 exn ook cut(df wa have .lozk rath 4o boodde

e Live KD ' L1707, €his 23 in soluticn 48 not Lot Tooaved
vory ¢ffidciontiy ¢ 1 ¢old prez-oat 2 real hazard 42 valocoarressur
‘" re=~idly. Could c7279 1) I'CP eas birding, 2) cas bind natural ecircue

lotica flcw, 3) vos bloiot tha core.

FOTE: @ 1000 reda c2n 1old 1.3 m1 M, .@ STP/cm H.0 in £olution

(Finure 4)., 91ie efuates to 18,314cuTt of "2 @ sSTP poesibly

dis.olved An poiialy coolenit, -5 eed 3

(314,043,000 ¢ 3 10 x 1.0 - x 3.53 % 107° [~ = 18,314 £t°)

1f ve do rot driva diccolved gac=rs ont vhile ve have flow, any prossure
reduction while cn natural circulation may result in gas binding of
cir.? cines IL lost flcw at 1000 p=i, wa may have to stay at 1000 psi
irniclinitely with conly precsurizer or HPI purps available to maintain
prezoure,

SRR SO, SR . o B i i i i -

2. Get to point vl re we hava a -backr»s pressure control rmechanism that is
relatively pacuive. Relow 600 psi could flocat on core f£lood tanks to
preclude furthor pressure roduction.

3. Less cycling of pressurizer heaters so may extend their life. |

4. Delow 300 psi Cocay heat system is usabla.

S5. Pelow 125 pai, ¢ one funl cooling and cleanup eystem is usable 4if

interconnected thiru dcony heat.
LicHilitics of T cod Presanres
i 3. Cleogex to prusm 17710 1inits, Howavor, at 1000 psi and 280 P, we are 1
Eroroninstely €U0 £33 ! oF thon L H requircaonts. At 600 psi, ve
i would etill bLavae e@r rozivately 350 pai cushion before reach pump NPSH
; Cuzva. : ‘
| 2. Yoteer propevcc- o foa iother patural recircnlation flows to kesn
| 2 T : J @ .e Data available to us is as iollows: |
' |
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Reauired atural : ! 3 natvral i
Pocey V0% Circulation rlca2 @i -S4 Cir-inl-ti~n Flow {
1.66 x 10° |2 09 x 100 Lbaviir £I52GemM + 7.6 x 200 avavur ’

ROTCs Va ere working with EI teo run neTPAN for natural circulaticn mode
and predict flow analytically.

. Alzo using model ‘
to sce if one loop by itself will establish natural circulation. ‘

-
g ——
-t . ——

-

3. If nced hichor pressures later on, reducing pressures now may complicate
raising pressure later if pressurizer hcaters or level is lost.

pnother Penefit of Prduced Pressurae:s

riv-l, Diive2 and Div~171 cre all inside conta sment and operators may beccms

irc-aereule dus to high rroiations There iz & school of tihsught that they

gtould La orzned &8 £ooh &8 practical and leit open to giva us asgurance that ‘
ccay licat is a viable option. Thcy are intcrlocked to not open above 320 psi. |
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S%tl. RESPONSE TO QUESTIONS RELATIVE TO EREE GAS TESTING “cle

—

PLA .

D FOR 1200, FRIDAY, APRIL 6, 1979

APRIL 6, 1979 072%S

‘ T s large 6 Mme e Gerosw end G ioss edy

THE

FILLOYING ARE RESPONSES TO YOUR QUESTIONS RELATIVE 10 TI53

PLANTD TESTING TO DETERMINE THE PRESSURE LEVEL AT ¥AIQW FPZE

CAS

FRESINT IN THE FEACTCR COOLANT SYSTIM WILL CCIZ OUT OF

SOLUTICN:

1.

¥HAT IS THD VOLISGE OF THE PRIMARY SIDE OF THE CONTROL [.2D DRIVE?

ANSWER: THE PRIMARY SIDE VOLUME OF TIE CONTROL R3D DRIVES
IS 58 CuBlC FCET.

WHAT IS5 BEW'S POSITICN ON LOWERING PRESSURE AND CHICEIXS
FOR GAS. THAT IS, SUAT 1S TUE LONWEST PRESSURE VE EOULD
RECOMEZND COING TO IN DETERMINATION OF TiE CCNING CUT OF
SOLUTICN OF DISSOLVED GAS?

ANSWER: THE LINITS ON PPESSURE FCOR THIS TEST SHOULD
BE TIC SAME AS THQSE PROVIDED IN THE KU
FROM R. E. KOSIBA TO LEE ROGLRS DATED 4/Ct/79
TRANSMITTED AT 11:10 P.N. TRANSMITTAL LOS €175,
THESE LIMITS ARE THOSE RELATIVE TO THE NVSH
CURVE FOR THE PLDS.

PE SUSE THE REACTOR DIAGNOSTIC GROUP IS READY FOR PINLTORING
DURING THE SUBJECT TEST.

THE REACTOR DIAGNOSTICS GROUP HAS BLEN ISNFORIZD OF
THE PESDING TEST AT NCON ON AFRIL &, 1979 A KILL
BE READY FOR TAKING GF DATA DURING TH1S TL5T.
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EMAREY TQ LEATCH PAGE Tw2
FESFUNSE TQ QUESTICNS

APRIL 6, 2979

5.

DOES BLN'S TEST PROCEDURE WHICH REQUIRES LOVERING PRISIUR

Y0 DITEININE THE PrICSURE AT WUMICH GAS CCITTS CUT OF STLUTICH

¥IPE AT LCUCR PRESCURES THAN TUHOSE PREVIOUSLY USTD. TIAY
IS MILL GAS BE DETECTED IF THE PRESSURE IS REQUIRED TO BE
LOKIRED IN THE 400-500 PSI RANGE?

ANSKER: THE PPACEDUTES SHOULD BE JUST AS EFFECTIVE IR
THE LOVIR p“vscv.m PANGES AS AT TIS UPPER
PRESSUZE PANGES AND AT THE TENPERATURE OF
200°F ECCAUIE TIZ SA°T RCLATIVE VOLUE OF
GAS CCIII%NG OUT OF SOLUTION AFPPLIES AND
HENRY'S LAW IS A LINEAR FUNCTION WETH PRESSURE.

CAX BSW SUCGEST AN ALTERNATIVE HETHOD FOR DETERMIKING TIE
PRESSURE AT WHICH GAS CCMES CUT OF SCLUTION TiLs TUE C.E
OF PRESSURE SICNAL NOTSE CONDITIUISGY

ANSYER: ANOTHMER POTENTIAL KETHOD 1S TO KIASURE TV
PRESSURE BUILDUP IN THE MAKEUP T XK ¥ITH TR
VENT VALVE CLOSED. BY ENCUING TiE HAKTUP TANK
PRESSURE, WATER LEVEL AND PRESSULE AT TIE
RECINNING £'D EAND OF THE TEST, AND THE IXTDOEN
FLO¥, THE DISSOLVED GAS IN THE REACTOR COULANT
SYSTEM CAN DE ESTIMATLD WITH AN ASSUIED GAS
RIS:OVAL EFFICIENCY IN TilE MALLUP TANK. BPATED
ON NIAT ¥E THINK THE DISSOLVID CAS LEVELS IN
THE RCS ARE NOW, TUE RIMOVAL EFFICIENCY SUOULD
BE VERY CLOSE TO 100%.

IF YOU HAVE ANY FURTHER QUESTICNS WITH RESPECT T0 TIZ CAS
BUBBLE TEST PLANNED FOR THIS NOON, PLEASE LET US ENOJ.
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DFLIYSIY NATST "ISIAL LTAD T14T £03 ONTAINIYS TUYERE ITFYS 1S 6 TO 9
VAUTHE, CI¥ FATH UYRINATY CTIVARC TAVYLE, wAX]'4'v CONE preIny
MULTILAYFR TANKS FOR GAFFET €2ayinT [V ARITICAL APPLICATIONS, as
FOLLAWS: 2 Fafy HIny prTee ne pavwysg yiT< HORIZ0NTAL STAMDS 4 FFET
DIAVETEN BY § TETT NAL, WY 4§ CF wAXIvVIIY NESIAN WP /4013 PSLA,
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P% As TANX CTANES 12450 AP, FLATRA CpARE REYJIIED 23 (NCHES BY 14
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Lizits @2 Frocautic e

§5.C = Uicica proisure for BC puop operotion is lizited to pup prossure curve
IafFicre l pd A 222t 17 rsf ix 7°'4 fop {2 Pn=t orvOr,

e A~

£5.0 = 2 pop vitratiog should ot excoed 1izits of 3) mils prik-to-peak
ghaft vidraticn 274 5 nils fro-» yibration,

€5.€ - T2 higest core outlet Ueromcouple reziing shall be safntaincd et least
10 F beloe e stturation toperature for the RIS pressure existing ot the

givin point o Cioe, (FOTE: This fafomation r-~7--=s the previcus eritoricn.)

€3.1 = (To b2 e22:2) Tomirate further prossure red:cticn stors fn R3S pressure
stt2cdclf e Sdpst stpscunnce tf Cirleg e st U B4
Eolze Ponitortsy porsonvel fndicate that the solulility Tisit has Lo
rexchod bascd ¢a sigmal moise.

£5.9 = {To b2 22%22) Tha eooxicum rate of pressure refuction Gurfeg ey sequerce
t'ouid b2 5 pit por minuta.

P feftens

s et~ ——

LA - Could aVion 1P 1R es the bachup RC puap.

€5.8 « Prosturizor 12 0or control should b2 fa maval. (Dote: If heztae control
13 e.tomatie, U4 13 concommad atout statys of hoater control durieg

] T L ” L
gcorcasurizaiicn stegs).

€3.€C = S0y flos £2002%03 to maxfsize doszsificaticn vate 24 BT~y t5e
g2letirg bovtap fervip,

- — -

€5.€6 = {To b2 g7 7) U728 Rafse ionitering Porsomm:l increse strip chart spo2
to 2 i/ein.

"
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§7.C - Lower §riosry ss50oa prossoe by controlling sproy flow (en2 heater
cperation) 4 i-"~rmittent vemting of pressurizer wis tha 1 inch
':—.lt A\ ‘t'\! ( ;‘-¢.fa ,0

§7.€ - $~2 11~it or2 proz2utions #5.3 (to be 22°~2). 1f ¢ériry the prosoure
porastion eo~oowce efther ¢5.0 or 65.E ere excoedad, retum to tha
pressure level ot the end of the previous soquonce.

e procsurizor Boi0le stze based ca the (S parascler changes ovar U2
50 p3t pressure. recuction sequence.

V1 o2 outlet Uiermocoipla readings should be submitted to BN for
eoatinuingy evalustion.

58 008 ralza oaftering Perzemsl reoart thst motse sichals fnlicata that
@2 g2t Nty Hinit hos besn reschod dring (e setuonce, wainiain the
platocu prosswe of this sequence untll csise analysis {ndlicatos BISlcs
are o looger prosent.

€7.6 - D3 rot procesd to rext pressure reduction sequence wntil @11 portulations
of tomsre thorzocowple readiess have beon stabilizad.

§7.8 « L34 rocomwends that after test i3 cooplcted, tha RCS pressure be stoaly
reiscd o silud gt

Mt Prewtred for © Sl Cloulstion

3. S P (leco AG C)
2. B3 (T,8T,) Fath
3. M Tamx Level eod Topersture Prevared Oy, '

e

-~ , Y '_,
8. Pressuriccr Lewel 223 Toepersture Reviemg 00 - ¢ = bot

8. Pecssurizer Koater Laat Irput Roorosed By | L b Bats
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10 Kilt Levenson Date: April 6, 1979

Subject: Hydrogen in (JRCS From: F, E. Mas)in

J. W. Thiesing
Copies: ., Hurley

of: Inlaostrial Advisory Group
At: ™I

Degassing Nistg:z

Rapid degassing of Feactor coolant occurred in the make-up
tank, with the letdown systen in nornal alignment (except

for bypassing the block orifice), until about 0716 on 3/20/79
at which tine the waste pas decay tank Pressures approached
the shutoff head of the waste ras coupressors. At this tine,
letdewn was diverted to the B reactor coolant bleed tank.
Leidown continued using the A, B, and C RCB tanis until 1920 °
on 3/30/79 when the A tank went full. During this tine, nmakeup
to the zakcup tanks was demineralized water and boric acid
which reduced mikeup cank pressure fron a 65 Psig level by .
redesolving makeup tank pases and injecting then into the

PRCS. By Ji40 on 3/30/7?2, both “aste gas decay tanks were

essentially at the waste gas conpressor shutoff head., At

2036 on 3/30/79, nakeup to the rakeup tanks was <hifped to

the bleed tanks, letdown fros the PRCS was stil: *0 the bleed

tanks, which also vent to the wvaste £a5 compressor. Operation

tn this mode continued unril et least 4/2/79 ae 1835 (the

end of available operator log data). Svietine after this

tine, letdown was shifted bsck to the makcup\tnnk and

SPpparently continues in this node at this thie. RCS makeup

to balance RCS leakage and Pressurizer leakage is being taken

from the reactor coclant bleed tanks.

Clearly, the waste cas decay tanks have bsen unable to

8cconodate additional hydrogen sas since about 1440 on 3/30/70
8t which tipe the tank pressures were ahout 84 psig, estiuated
to be the Coupressor shutoff hoed, During the ensuing

Period, regardless of vhether the Rakeup tank or the bleed
tanks are receivine letdown, offgas must have folloved one

or more of the folloutuz paths: S 1

1. Relessc? ¢o tho'zwxlliﬁry buflding via the reactor !
ceolant blead tankfy rolies vaives,
2. Leaked to 2!, tuxiliery bullding theou~y leakage
Paths, pretouly Covasiresn of the Compressor,
3. Leoeked to ths fuxiliary bulldicr~ fren wvacte gas *
collection hoecder Crsvivea of cunpr_ssors,
s
ﬁir,
NS
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We estirste theot this gode of deglsslnq is probably ar rite
efficient and fg §s ro- le sble, that ! o} |

Clhceutsaticus 1 the FulsS .ro qutlo low,

F. E. Haskia

J. W, Thiesing
FEH/JINT/dns

Tt is also of importamce #i4, prior fo 2036
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PROCEDURE FOR MEASURING REACTOR CODLANT MYDRa~=ip Coosrs tqir ool
Bring MU t27% leve) to errroximately S5° pu-ping by trensierring, 1f
necessary, licuid from 1T Bleed Tank., Matntatn letdown flow at raxirm
avatlable rate, hold constent. (ﬁ’au) < 2.;8‘7,1-:\) .
Align MU-VB to take reactor conlant letdown directly to makeup tank,
:‘:
Open efther MJ-VI3 or MU-VI34 2nd pull the makeup tank pressure down as ) 7
\
far as possible with the waste gas ccrpressor. ) 4 \
‘\
Fromptly close MU-V13 and MU-V134 to fenlate Gas srace in makeup tank, L’
(Ug, ”‘I aand S:lmpla'ua_ lines should ge !30/&&"0‘),
Record:
e. Time
b. NOG vent [ ~ader pressure
C. Hakeup tank pressure
d. Vakeup tark leval
Q. Makeup tonk temperature
f. Lletdown Hrv‘ :m’ vetura ;[Mo :
Ficord these parcosters &t the inftfation of Step 3 and every tire the
rile-up tenk pressure increases 1 to S psig, Cepending on rate of pressure
{ncrease. |
rue pr ira Tor a8 lcng as possible, consistont with - "=in (- \> ’Sb '
piiat coorating mecessitios. ' “
- e P v L,
FEVFea fooioeaie, roturn to normal opersting code. . i A s
i ‘ 4 20 ' ey -
' * ‘7\,4' "QNL
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To J. C. DeVine Locaton ™I Site @é‘?
R leaton

On 4/5/79 you received a reply to TTS #3107 concerning the saount

of gas in the RC system and how wuch will come 03€ of solution into the
makeup tarnk.

Later calculations indicate that the original astimate of 15,000 (:.3
was high by at least a factor of two. A calculation showing that the
equilibrium conceatration of hydrogen in the primary lecp at 235°F @
and 1000 psig is approximately 6000 ft. 2 (STP) {8 enclosed (Noted

Hydrogen is the predosinant gas by far eo 6000 ft.? 4s probably a good
estimate for total gas).

Also enclosed is a proposed method for degereing without releaning
any pas bubble,

If you have uny questions, contact John Danlel or Jack Thorpe at
Mt. Lakes.

‘qu-»’i/ c

J. R. Thorpe
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PRIMARY_PLAMT CO'DITIONS § \

Temperature = 290°F

1. Maintain temperature ard pressure while degassing vig a'"bleed and
feed" process.

a) Degss letdown being returned as much &s possible.
b) Makeup with degassed water only.

Pressure ~ 1000 psig ;
2. Continue preocess until hydrogen concentration in the primary coolant

is approxirately 40 ce/liter, This 1s the equilibrium conditions for

290°Y and 100 pgig. ’
3. Slovly depressurize primary luop to 100 psig, holding primary
temperature at 290°F. Monitor prirary syatem inventory to assure
that no gas bubbles are being evolved (liote: 7There should be nono)."

4. Maintain the orimary pressure at 100 puig and cool the primary.
This will fncresse the solubility of gus in the liquid, increasing
our safety margin in this area.

5. Continue to makeup with degassed water, =

KOTE: Since hydregen . is the predominant gas dicsolved in the primary
locp, control of it will aszure centrol cof other gases in the
loop.
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TASK TRACKING SHPEY

TASK DISCRIPTION:

Cowyrvmeconn 5 AT A eTpNETE L4

ASSIGUED T0: JSasw Dawwse MR(
DATE/TIME ASSICNED: 0/8 28.50 00

LETAILS/STATUSS

- ——— . "
iinsathaneiuiitioe
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This pr=o comeorirey our ¢ ts on several hydrocma-related srdjects
requesvid Ly W J cver L past LoD days.

'. v .o il ; s Y a- ¢ ' -k o ol P ,,
I°1T ¢ . tr1t &) pity of » F the
SE;e € g GaSiGavld D | §+ B RRET " Veud -/ 3 (.3 L-e \. i i ,_4).

b) €or £ D rstaof Iy crotcure 2t 180°F €09 escuat of B, €izzslvnd (0 Ua water
is 0.63 «i/ge (we <2t 0.57 mifca).

c) ‘ha gment of My Citinlved i cater at Zu psta of 3 and a terperatere of
SCIF s 0.2 (w8 it Ui s ml/5a),

d) tha gmeat af 1y dleenived 49 vater ot 20 p3ia of M; ond § tesratuve of
VeO'F 13 Coul (we o2t 0.022).

The practical conclutrions gre:

1) e 2gvea as (1ch @ prossure a8 prectfcal will e28 €% mazfos eoomt

¥ My disiiived 1o L00 watar, and L Ureiomm, L2 o Ll relgase on
the let dosa.

2) t2 talfcve, trsod on CF e-~cricnce fn Co srmerest = "*~n ef M {3
water, Uit tl@ toxpevatore 3 rot taportast 10 the r2noe of i.d 8 P

3) Tore s a rorstnility that flashies from 270°F (ov r-t {reg 200°F)

could fooviorm wilh fi0w In L2 let dow Vine. Varefora, . .- eould be
better tiin L U°F for nat dogassing.

I oo Conmrztion Pate longeTeorm
Input: Thermal Power 5 FUT

Case ¥, Without any totling fa the core, and with an evarpressaye ef P, ia
the Tet com Tank at =120 F of 1 ota of i, tha radiolysis s'suld be zore o e.

e —————_

Caem 2. (1N ot 2oy totfing In tho core, 279 with pn 0t et cove, thoe rate
Baicd vt 1LAL2 pg. B 20d coaparison with L. Catd sixuid be S0 5.
. Wy sl
S(ﬁ-’,, x 0.03 (""_) x 0O “"'”_) x 0.0 "“’ ""‘"'_"1) » . -

. r “r '\.-.l.‘i(l,

e ——

Crro 3, Citeq PS5 V.3 and 1.2 ezruocttons on flssion pro” ot reiciza, bollitng
v re rritalysis 43 occverirs, far @ ¢ roiod core, ( “0.% Tor w1829 | s).

e gincration vele of & sature /o9 a.’.Jt ie al 19 cays 13 (25 .2 of W,

T ——. -
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Case 4. ExpeMence data fros GE U2 on shut down at S wiy (o3 In 2 etove) 8 e-th
Cne 5, The eost Yikely volue 13 case 3 with the AMS56S non totling corrective
fecior of 0.03;: 73 (scih) x 0.C3 (nen tailing )

Fropre s 22 250h

He reocual rate by solubtlity bated on 515 pste end 200°F, we cam resove 100 sofh.

Conclusicn: Even fa the eorst c22e at 515 o3t the rodfolveis M, cen ke oaved
evin at 10 ¢ with & faclor of safety greater tian 10 (Lostd on red Lotiing).

As por 1779 PSY ¢h4s date o« bovs ¢atn fren it that shows poceftilftv of
slie Loiling fm core = 1f we yse U2 Ca1V0r) €ata cur rotes voLid ta 1o ) scfh.

1IT..00t2osfum Porsnnenate e 8 Mmmosa Cottep

K2 have considercd ehat prodioms eicht be errowmtered. In euing K I 9 pemsve
Ma. Assum=ally (ottrated Jood et L0) o3t 27 0°F:  this eruld vr e LI livin
of 1.6 2 1.° kg of =oivpated €00 water solution - sdout U2 of the tolsl ericzzry
Toop Colize or 400wt 14 ) e'mtcs at 3 cra.

™is woulid e oot 1070 Ey 0f & #00, gnd yletd ptout (T2 B4 4% 17 2 7 &1)
the My wore rezci . This eueh sl 2 could tntoriore with €2 jotdos 4 M,

£ 1s ry end e 2t of €42 prection, €2 e crnisnt could ¢t e 4 L -

(i1 %2 12). Paterinls eronerttiss ore still) tefrg stodicd, Atetter o iiive e'™Ne

be 11,0y Lecause Lig reacticn procact is 1,0, 1.2 e3icp ene3tion 18 ¢ 2 ¢ Toraitton
of il:03 to forw Oy (7r-0) uhtch could 102d 10 f1ee ’s 28 the crisibiVitve? rrid
reaction, The dooormasitton vouid be less troublosose with ¢ 02 fo ~c0 -3 o that
the H:0p could fomeuistely resct with aeple Hp i the vicialty of woa o 2ction
point.
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To: Milt Levenson DPate: April 9, .79
Subject: RCS Behavior From: J. W. Thiesing

Copies: J. C. Judd of: ™I - IAG

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

Initial Conditions n
~ L

1. Secondary side solid -- cold water 7

2. Pressurizer vented to containment atmosphere, either by relief valve open

or through 3/8" sample line re-plumbed to containment.

Primary system solid

. Core flood tanks floating -- either under N, head or on head tank .
Little or no non-condensibles

RC pumps off

. Assume little or no natural circulation

NOUVaEWw

Behavior

1. Heat generation in core will form steanm
2. Steam will form bubble in top of vessel
3. Steam bubble will displace water and raise press .“izer level (are—hcads
4. When bubble uncovers top of hot legs, steam will (eventually) slide out hot
leg, forming bubble at top of candy cane quite rapidly (roughly 5000 - 10000 cfm).
S. The increasing bubble volume continues to drive water into pressurizer (ende
~ore—Llod—-—Oa—drmnt—tarric. .
f. The increasing bubble volume in candy cane uncovers cold tubes in steam
generator uantil such time as the condensing rate in steam generator equals
or exceeds the steaming rate in the core.
7. Then,
a. 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-condensibles 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.

No - Condbusibles ‘fOr‘Mtd Ay f/u‘g Y e u}'(,// écwf)a‘ff){ le
the p of 7ha C’C’r“d(‘i_ Cave_ éJ/(u*c # wll form a

bubble. ot te fopof the bewl.
% = ’|
0 § By 05 W




Step 11

4/8/79
M. Levenson

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 NZ tanks outside containment. This is to
expedite conversion to Step Il if and when deemed desirable.

A1l valves from primary system to Auxiliary Building closed

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

up losses,

Conversion to Benign Building

A.
B.

Remove high pressure N2 supply from core flood tanks.

Open Pressurizer Vent valve. Leave open. Pressurizer Sample

Line should have been rigged in reentrant mode 'ack to contain-

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

sample line is a fall back.

Eventual steady state may result in occasional bubbles rising

through Tlooded pressurizer. .

1. Water (plus additives such as H,0, if desired) can be added
via core flood tank fi11 line. |

Eventual state may permit isolation of steam generator seccndaries

and uce of hot drain coolers as heat sinks--needs to be looked at.
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OVERVIEYW OF NYDROSLN CAS PROSLIM IN THE REACTOR CUOLANT SYSTEM

THE FOLLOUING SUYMARY ATTEMPTS TO CONNECT THE KNOWN TECHNICAL FACTS ASSCIIAIEZS

WITH THE QUANTITY OF HYDROGEN CONTAINED I} THE REACTOR COOLANT SYSTEM. THE
METAL WATER REACTION “HICH AP?APEX{ZY OCCURRED DURING INITIAL PHASES OF THE
ACCIDENTS CENERATED LARCE QUANTITIES OF HYDROGEN GAS. THE TECHNIQUES FCR
MEASURING THE AMOUNT OF CAS IN THE REACTOR COOLANT SYSTEM WERE NOT MMCEDIATELY
AVAILABLE AND REQUIRED SEVERAL DAYS TO DEVELOP. AFTER THE TECHNIQUES W“IiE
DEVELOPED, MEASUREMENTS OF BUSSLE SIZ2L SEEMED TO CORRELATE VERY WELL AS
EVIDENCED BY FIGURE 1. FICURE 1 INDICATES THAT THE BUBSLE VOLUM® TEXDID TO

DECREASE AT A LINEAR RATE WHICH IS REASONABLE CONSIDERING THAT THE REACTCR

" COOLANT SYSTEM WAS HELD AT CCHSTANT PRESSURE. FICURE 1 ALSO INDICATES THAT

WMEN CAS SOLUBILITY IS CONSIDEREID, THE BUBRLE VOLUME SHCULD HAVE DECRZASZD
70 0 AT ABOUT 1500 HOURS ON APPIL 1. AT 1510 OX APRIL 1 WE OBSERVED A
MARKED INCREASE IN THME AMOUNT OF NOISE ON THE PRESSURE SIGNAL FROM THE
TRPANSMITTER MONITORING THE REACTOR CCOLANT SYSTEM PRESSURE ON A iOOP.

THIS CAN BE SEEN BY REFERRING TO FIGURE 2. FIGURE 2 IS INTERPRETTED AS
FOLLOWS: THE RICHT MAND TRACE IS A TRACE OF THE REACTOR COOLANT SYSTEM
PRESSURE MONTTORED ON LOOP A. THIS IS THE DC PRESSURE SIGNAL. THE LE%T
HAND TRACE IS THE AC NOISE COMPONEWT OF THE DC SICNAL FROM THE A LOOP
PRESSURE TRANSMITTER. KEEPING IN MIND THAT TIME PROCRESSES FROM THE BOTTOM
TO THE TOP OF THE CHART, THE 3OISE SIGNAL IS INTERPRETTED AS FOLLCWS:

THE LOWER PORTION OF THE SIGNAL IS AT A VERY HIGH GAIN SETTING AND THERZTCR
DHIBITS HICH AMPLITUDE. THAT GAIN SETTING WAS REDUCED AT ABOUT 1555 HCOURS,

THE NEXT PORTION OF THE CWART 1S THE 15 MINUTE PERIOD AT LOW CALIN SETTILLG
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FROM 1555 TO 1610 ECURS; Tl UPPCR PORTION OF THL CHART WEICYH STARTS AT 1513
HOURS IS THE PCRTION THAT REFLECTS THE HIGH NOISE CO.PONENT VHEN BUas:=3 a2z

ROT PRISENT 1IN TUE REACTC LANT. WE BELIEVE TPAT A BUBBLE VILL DA? T:iE

*VIBRATION. INITIALLY THIS VAS INTERPRETTED TO MEAN THAT ALL OF THE HYDR0SDN

s JALG L

CAS VOID VOLUME FAD BEIN RENOVED .}'RE)‘X'THE REACTOR COOLANT SYSTEM. SUBSIQLTNT
THINKING HAS LED US 70 BELIF'.’!ZT}U\T IT IS ONLY INDICATIVE OF TEE AZ:Z:il:Z

OF BUBBLES WHICH ARE CIRCULATING AROL "D THE LOOP IN THE REACTOR CCOLANT. IT
CAN LE SE.N BY ACAIN REFERNING TO FICURE 1 THAT IF SOLUBILITY OF THI CAS IS
ROT INC.UDED IN THE BUSSLE SIZE CALCULATICYN ONE L'OU.LD ESTIMATE TAAT TEZSE
IS STILL A SMALL VOLLME OF KYDROGEN REMAINING IN THE REACTOR COOLANT SYSTZM.
OUR PRESENT THINKING IS THAT THIS CAS IS CONTAINED IN THE CONTRCL RCD DIVE
HOUSING AND AS SUCH iS5 NOT READILY AVAILAELE FOR REMOVAL BY ABSORPTICY 1170
THE REACTOR COCLANT. OCWE WOULD EXPECT THAT UPON PRESSURE REDUCTION TEIS Ga
CAUGHT IN THE CONTHEOL R0D DRIVE WOULD EXPAND AND BE SWE?T INIQ THE REACTOR
COOLANT FLOW STREAM. SUCH AN EVENT IS DOCLMENTED IN FICURE J WEICR SECUS

THE EFFLCTS OF A PRESSURE REDUCTION WHICH OCCURRED AT 0333 EOURS ON APRIL 2.

NOTE THAT THE HICH NOISE LEVEL CONTINUED UNTIL 0220 HOURS ON APRIL 2 A°D THZXN

SHOWED A MARKED DECREASE IN A.‘IPLITL'DE FOR THE TEN MINUTE PERIOD THAT THEE
PRESSURE WAS BELOW 9CO PSIG. THE MINIMUM PRESSURE REACHED DLRING TZIS
PRESSURE TR‘\.‘\'SXE?I‘ WAS AROUT 865 POUNDS AS SHOWN IN FIGURE 4. DCRINS T=
PERIOD FROM APRIL 2 TO APRIL 6 EXTENSIVE EFFORTS WERE MADE TO DEGAS T=T
REACTOR COOLANT SYSTEM VIA THE PRESSURIZER AND THE MAKEUP TANK. BASED ON
THESE EFFORTS ONE WOULD EXPECT THAT THE DISSOLVED HYDROGEN CONCENTRATIZN IN
THE REACTOR COOLANT SYSTEM SHOULD HAVE DECREASED FRO!M AZOUT 1300 STANDATD
CC'S PER KILOCRAM TO ASOLT 300 STA.‘ID,<RD CC'S PER KILOGRAM. HOUE'TR, &7
0041 HOURS ON APRIL 7, WHEN ANOTHER REACTOR COOLANT SYSTCM PRESSURI 2ICRIASE
OCCURRED SOME ADDITICHAL CAS WAS EXPELLED FRO' THE CONTROL ROD DRIVT A”IA.
.

FIGURE 5 SHOWS THAT WHEN THE PRESSURE WAS DECREASED TO 825 FOUNDS, WiHIC! 1S

35 POUNDS LOUCR THAY THE PREVIOUS PRESSURE REDUCTICH, A CORRESPONDING

REDUCTION WAS INDICATED IN THE NOISE SICNAL ATSOCIATED WITH THAT SAZ
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PRESSURE TRACE., 1IN COLCLUSION, WE (EEL THAT THEREC IS STILL SOIE CAS TR'»PPC

J
IN THE CONTAOL ROD DRIVE AREA, THAT THAT CAS IN THE CONTROL ROD DRIVT wise

“--

EXPAND UPON EACH SUCCESSIVE PRESSURE REDUCTION AND WILL BE SWEPT INT) ==r

REACTOR COOLANT FLOW, THAT THE A‘C NOISE TRACE WILL OBSERVE THE APPE. i vic:

e e L
® »

™

OF THESE BUBBLES UPON RELEASE INTO THE FLUID STREAM, AND THAT IF TRE Fitssuns
IS HELD CONSTANT AT THE LCW VALUE TEE BUBBLES CIRCULATING IN THE COOLANT WILL
SLOVLY DISSOLVE AND THE HIGCH AMPLITUDE AC NOISE SICNAL SHOULD RETURM. T¥E
TIME REQUIRED TO DISSOLVEI THE BUBLLE IS AN INDICATION NF THE COOLANT'S
PROXIMITY TO SATURATION. THAT IS, IF THE COOLANT IS SATURATED THE 3U3:LTS
WILL REMAIN SUSPENDED INDEFINITELY PROVIDED THAT THE COOLANT SYSTEM P22S5ims
REMAINS CONSTANT, BUT IF THE SOLUTION 1S FAR FRCM ITS SATURATION CONDITIZY

whsavanyy

THE BUBBLES SHOULD DISSOLVE RATHER RAPIDLY. 1IT IS THEREFORE INPERATIVE

THAT WE CONDUCT THE TESTING PER PROCEDURE GPUZS7 WHILE THE RC PLM®S A%%

AVAILAELE AND BEFORE ATTEMPTS ARE MADE TO GO TO NATURAL CIRCULATION.

SIGNED,

Vot Atk YWy Beid |

DONALD A. NITTI
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FICURE 7 SOLUBILITY OF HYCROGEN IN WATER
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ACTION ITEN RESPUNSE

[.B.5 define end point for degas mode,

Requirements:

Do depressurization test to determine gas content of coolant.

Do MU tank measurement procedure to measure gas content/degas
rate, 1f possible,

Get results of gas content from primary pressurized sample, 1f
avaflable,

Plan:

Using results from above tests & samples, as start point, project the

Gas content by calculating the degas rate and rate of coolant 0as con-
centration. Plct against time,

Continue to degas at hinh pressure, epproximately 1000 psi vhile cooling
down to point B on the “Rase Case Surary" (about 220 = 230°F primary

temperature), At that point determine value of proceeding further
considering;

- 8
/ Ultimate condition pressure:tire needed for further deqas;
2.compatability of domas onerations with next cooldown
(solid SG) rode.# Radiolysis generation rate.
S MNeed to keep radiolytic gas in solution.

PERE—

PSRRI
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THREE MILE TSLAND BOILING MODE EVALUATION

NON-CONDENSIELE GAS EFFECTS ON BOILING MODE
OTHER TOTENTIAL PROBLEMS
METHODS TO VERIFY EXISTENCE OF BOILING

METHODS TO DETERMINE STATE OF SYSTEM

CONTROL NEEDS AND MET.'ODS WHILE IN BOILING MODE

TRAISITION FROM FORCED CIRCULATION TO SIIGLE PHASE
NATURAL CIRCULATION

REVIEV OF IAG DOCUMENT

OPERATING PRESSURE CONSIDERATIONS

PREL}M!N.’\R‘.’ AND UNVERroirn
NOTTOBE USEDIN DESIGN
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WHAT MAY HAPPEN ASSOCIATED WITH NON-CONDENSIBLES .

CONTINUOUS SOURCE
oF 112

CONTINUOUS SOURCE OF

H2 WITH SYSTEM BELEED

KADIOLYSIS

UL

Continuous H

buildup é

Continuous degradation
of heat transfer

Reduction of level in
§.G. and hot leg, with
venting through
pressurizer when

surge line uncovers

Equilibrium H
achieved due %o
pressurizer venting.
Part of heat load
out S.G. and
remaincer through
vented steam.

level

H, buildup to equili-
b%ium level (depenczant
on bleed rate)

Heat Transfer degradation
to associated equili-
brium level

Reduction of S.G.
hot leg levels,
determined by heat
transfer coefficient
(expect above surge
line)

and

Heat load out S.G.

H, buildup to
edquilibrium

level (sufficient
to balance
radiolysis)

Heat transfer
degradation to
associated
equilibrium level

Reduction of S.G anc
hot leg levels
determined by heat
transfer coefficient

| (expect above surge

line)

Heat load out S.G.

PRELIMINARY AND UNy: 0 o r
: INVER'UIED
NOT TO BE USED iN DLIIGN
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WHAT SHOULD BE DONE TO EVALUATE PERFORMANCE WITH NON-CONDENSIBLES

4 ssume Continuous Source of H2

e Calculate level in S.G. when surge line uncovers

@ Estimate equilibrium H, concentration after pressurizer
venting starts

@ Istimate the associated H, concentration in the
condensing loop of the S.&.

® Dectermine value of heat transfer coefficient associated
with S.G. “2 concentration

® Calculate heat load out of S.G.
e Calculate steam venting rate from pressurizer
e Calculate system pressure to achieve vent rate

® Re-estimate equilibrium H, concentration (iterate above)

II. Assume Continuous Source of i, with System Bleed

e Specify blced flow rate

@ Calculate H, concentration in bleed flow to compensate
for H2 source '

@ Estimate the associated H, concentration in the
condensing loop of the S.a.

e Dctermine value of heat transfer coefficient associated
with S.G. n2 concentration

e Calculate expected mixture levels in S.G. and hot leg (for
entire heat lead out steam generator)

e Dctermine operating pressure required to achieve bleed
rates

PRELIMINARY AND UNVERYIED
NOT TO BEUSEDIN DESIGN
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OTHER POTENTIAL PROBLEMS

LOSS OF STEAM GENERATOR FEEDWATER PUMP

® LO0SS OF HEAT EXCHANGER

e LOSS OF PRIMARY FEEDWATER PUMP

® STUCK OPEN RELIEF VALVE

e FURTHER CORE DAMAGE - DUE TO PRESSURE OSCILLATION

o CAN VENTING KEEP UP WITH STEAMING?

o CONDENSATION SHOCKS/WATERHAMMER

o CONDENSATION (INSTABILITIES)

e VENT VALVE INTERACTION

o INADVERTENT CHANGE IN S.G. COCLANT FLOW TO SECONDARY SIDE

e CORE HEAT TRANSFER - LOCAL LARGE BUBBLES BELOW BLOCKAGE

* MUST BE RE-EVALUATED AFTER SYSTEM ANALYSES COMPLETED.

* PRELIMINARY AND UNVERIZITD
NOT TO BE USED IN DESIGN
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METHODS TO VERIFY EXISTANCE OF BOILING

e T.C.'S TOP OF CORE - T (P)

sat

e DECRCASED NATURAL CIRCULATION FEOW DETECTED IN HOT LEGS
FLOW INSTRUMENTS (DEPENDS ON FLOWMETER RANGE)

e SYSTEM PRESSURE INCREASES OR PRESSURIZER LEVEL CHANGES

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

METHOD TO DETERMINE STATE OF SYSTEM

o ULTRASONIC DETECTOR

e INTEGRATE BLEED OUT FLOW

o FEED FLOW

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

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

n PRELIMINARY AND UNVERISIZD
NOT TO BE USED IN DESIGN
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CONTROL NEEDS & METHODS WHILE IN BOILING MODE

e BLEED AND FEED SYSTEMS

e FEEDWATER HEAT ECHANGE AND FLOW CONTROL

e PRESSURIZER (MAINTAIN VAPOR BUBBLE)

TRANSITION FROM FORCED CIRCULATIOM TO SINGLE PHASE NATURAL CIRCULATION

EXPECTED PERFORMANCE

e HOT LEG TEMPERATURE SHOULD HEATUP TO NEAR STEADY TEMPERATURE IN A
FEW HOURS

DEVIATION LIMITS

o CORE TEMPERATURE RISE AT HOT LEG,
AT/ At > 0.1 %F/sec

e PRESSURIZER WATER LEVEL SHOULD NOT CHANGE--AN INCREASE IMPLIES
BULK BOILING IN CORE

e NOT STEADY SYSTEM PRESSURE

@ IN-CORE T.C.'s > T (P )

sat ' sys

PRELIMINARY AND UNVTRIr 17D
NOT TO BE USED IN DESIGN




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
hj}roqen concentration in S$.G. would approach 100% is
unlikely due to it going into solution in the water on the

condensing tubes. Postulated level reduction and venting through the
pressurlzer is possible if a continuous hydrogen source

exists in the system. Howevey, even for that case, the steam
generator should have some effectiveness to handle part of
the heat load.

PREULNNARYAND INVER- D
NOT TOBLEUSED CLNQ%
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The subiect docunent depsarta somewhat from the provious Ia6
bolling mode description, but &till centers uvpon the possibility
of a non-condensible gas bubble forming in the “candycane”
of the THI plant under boiling mode oparation. It is telt
that such a bubbhle ie extremely unlikely. The most likely
operation mode huae previcusly been defined (cf, Raferente).

. w wrPeg

The formation of a gas bubble could cccur in the single
phane natural circulation mode due to gas coming out of
anlution as the prececure {8 reduced. Such a bubble could
£311 the candycane ond stop the circulation. However, the
significantly increased driving potential that wourld result
Cyom subszequent boiling should ecarry such a bubble into the
stenn genorstor and provide thorcugh mixing with the cteom,
Thorecarter, the non-coadensible gas would move with csteam flow
and by d¢iffusion while remaining well mived with gtesn.
Henca, the conclusion that a gas bubble with boiling rode
is unlilely. 1f a gas bubble is assumed to occur in the
candycane during the boiling mnde, it would subsequently
bo climinated. 6Steoam gencrated by the boiling wvould rice
through the candycane and increase the gas bubblas gize
by mixing with the non-condeneibles, and thus lovering the .
1iguid level in the steam generator. The liguid level would
continue to drop. Fventually, a portion of the tube
surface would become erxpeted and steam condensation wouvld
ocenr. With the on-set of condensation, non-condensible
gas would Le abeorbed in the liquid filwm. &5 more tubo
surface became exposcd, more condensation and abeorption

would occur, with time, the non-condensible gas bubble would ' .
Asminish in 2izc and be clininated. . /-," ,
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The reconended actions of tha subject docunsent are
appropriate in any case, except for the recormended gcaled

SRS
80

\

tosl on bresking the "gaa seal”, which mon mot ba.racecfany of

isevsseadr obovs, Nowevey, a represontative test of
condznzation effectivensss in a BeW steam generator
geom2tyy with non-condznsible gas would be banaficial
to defina thd expacted liquid levels that would zreszalt
in the THI systoem,

Anothar possible concern 18 tha asystem reeponce in
the boiling mode 4§ the pressuriter relief valve coatrol
is lost with thz valve closad. This could reault in high
prescures to relieve the veporizatioa volume changes. ‘Thia
ralcee assoclated ductility concerns,
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To: ‘ilt Levenson Date: April 16, 1979

Subject: Lmergercy tontatnnent
benting Paclage

From: J. W, Thiesing

Comments €2 (aergency cortainrent vootang jachage received fron Sandaa/z\RC follow:

(1) FPape 1 - 10 i 1 release repre<erts about 10% « f current total activity of

1=131 (core & RCS) scems reason.ble - given core melt (no containment or
vessel coolin?) and containrent tiilute Jhove grade.

(2} Pace ! - "Stear-continse” and " te.n-no condense” labels appear to be !
interchanged,

(3) Pare 3 - Containnent pressure -
SPAAE up Lo 70 jsig at 374 hours is teo tast,  Would expect only s*nut a

12 p5ty er Lour superheat frun core heat) at todav's decay heat level., [ °
do not cnderstand ropld drop in coathansent Yrecsure after vetsel tatlure

(na cooling of coniainnent was assumed). Pressure would remain constant
at 70 psig urtil delris heated water 1021 In centainnent and began steaning.
End result is the sane, however, failure above grade,

(1) FPere 4 - Appears to postulate 5% Cure 1-12) Peco-es airborme,

-
s . nea—
/_‘...«—‘_‘_ 2 s . . A A s

P A e .

(3) Paga 5 - System Le<don

i

. ———

1. ALl ajr hendling systems <hould be desizned for 189 prig if vuzimm
utility is to be gained (159 i3 probadble containment fallure pressure),

2. What Qs purp te of M, svstem - 1 presum@ It is inerting for ity tut

_ the utility of this Ts questionabie. ("revent H2 burn in eslinust line,
I suppose).

3. 3 x 10% Pru/hr eooling on diffuser tanks will not keep up with decay '
heat until ebout July 1, 1579,

o ———

4. Why insta2ll return line to . nteinmeat. The presurption of ceatainsgn

overpressure mitigates apatrst fts ute except as a routine cle '™ genld ‘
If there is urgoucy to krstall thys s¥stem, 1t can prebadly not Le welle ‘
enough thought out to serve as the ultirate clean up nechanisa, |
S+ Diffuser tinks should be buried n yard cutside suz building. Line frow . . \
Lontairmont to diflfuser tanks shou'd 2lso he buried. Cooling system
Bust aleo 1 ¢ shielled.
6.

Keed valves in filter bipass.
(6) Przo 6 - Opeiong

1. Backup filters (Ontion 2) will reculre demistere.

1
{

it ol . 3

anl ferpef s Dol ‘
!

, 274 could it syilom
by becoui 3 clogged « Recomrent 1uPA only, with bypass ca;-" [Il1y,
t
2. Coti57 2% - Thase f8 rot o recoatiner ir the world that will herdle tle |
fiow rates that will bte required,
so |



‘it levenson
.“;l‘. "

\pril 16,1979

3. Option €1 - Should not put tunks tn fuel pool - it's being used for

tana tarm.  Also, violates lust constraint cn pige °

1. Option #6 - Wlat 48 a “lpdro,en corbustion mochantem.

s —

s & <l <
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Prama.y System Dissolved Cascs
(Degas File)

R. F. Wilson lecaton Three Mile Island

I asked Conrad McCracken to estimate the equilibrium dissolved
gases in primary liquid for the three conditions shown on the
attached. lle reguest was made the afternoon of April 17, 1979.

I also asked him to think about how long it might take to ao
from Condition 1 to equilibrium in Cendition 2 and in Condition 3

assuming a step chance from Condition 1 to Condition 2 and
from Condition 2 to Condition 3.
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C-E Power Gytlems Tel 2068 1911 /E’
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Comtgrtan b aqineenng InC letex 9-9297 u p ( r
i

1000 § ruspect 1k Hoad
voinasor Connechicut 06095 )

' POV/ER. s ek i 1
s SYOT eees CC’ V-/. _;dd:'/ !
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April 17, 1979 ! Vv
' & Byl |

Mr. Tom Crimmins )’N_

Three Mile Island

Visitcrs Center and Trailer Camp
Trailer #11

Route 441

Middletown, Pennsylvania

Estimate of Volume of Non-Condensable Gas

o —
v

T

Subject: vs. Tine

pear Mr. Crimmins:

Confirming our telecopy of 4/10/79, attached i{s the C-E writeup

regarding the subject gas release. ne comment received back

was that the letdown flow was “recycled", not as assumzad by C-E
tc be "not recycled". We do not sce thie assumption as chang-
irg our conclusions as long as the makcup water tank is of suf-
ficicnt volume and at a pressure where degassing will occur in

the letdown stream. This appears to Le the case.

gnificant source of error would be the
estimated 20 cPM flow rate (given to C-E for pump geal leakoff).
Based on 20 GFM it would have taken 10 days to reach a safe con-
dition (i.e., april 2 to April 12, 1979, 10 days, as shown on
the curves). 1n the event actual seal leakoff was less, the
necessaxy degas time would increase proportionally (L.e., at

10 GPM degassing would have to continue for 20 days, until
April 22, and at 5 GPM degassing wol

40 days, until May 12, 1979).

The only potentially si

Very truly yours,

U € Ml ‘

v. C. Hall

VvCili/es
Attachment
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PREL 1M NARY

Problen

[stimate the volume of pas released, if any, as a result of
cooling and depressurizing the reactor coolant system, taking

- §nto account continuous gas remcval by fced and bleced at

approximately 20 GPM.

Initial Conditions

« Pressurce = 1,000 PSIA/98S5 PSIG
« Temperature = 280°F

Assunptions

« Bubble disappecared at 1200, April 2, 1978
« RC saturated with Hy at that time (1,560 cc Hz @ STP/Kg)
« Letdown flow 20 GPM @ 120°F (9,900 #/HR) not recycled

« Makeup flow same, air-saturated water (18 cc/Kg air, assume
100% N, for most limiting case)

« .dcal GCas Law assumed for all gases and water vapor
« Perfect mixing in RCS
Resuits

1. Calculation of limiting dissolved Hz gas concentrations.

The approach was to calculate limiting dissolved gas
concentrations relative to:

= bubble nucleation
-~ formation of 100 ft3 of bubble
Results are presented on Table I.

These fi....es should be taken as targets for degasification.

Conclusions

(1) Hy must be reduced to « 1,100 cc/Xg to avoid bubble
~formation dve to cooling while maintaining 1,000 PSIA,
The maximun bLubble, assuming no depasif{ication, would
be approximately 75 ft2 at 1,000 PSIA/LS0°F.

(2) 112 must be reduced to < 30 cc/Xg to avoid bubble formation
duc to coeling and depressurizing to S0 PSIG.

(3) Total gases (1» plus air) must be veduced to < S0 cc/Ke
to avoid bubble formation duc to cooling and depressurizing
to 50 ¥CIG.

4710770




Pape 2

2. Caleulation of "ite of Gasg Removal

Pased on a RCS mass of 6 x 105 1b2.9.9 X 103 1h/nr bleed,

H2 concentrations Will be reduced with a half-life of
approxinately 42 hours (1-3/4 day), Coolant air concentration
will increase to Saturation (13 c€c/Kp) with the same

half-1ife. Rosults are plotted on Figurs 3,

Also plotted are the minimun PTessurcs to prevent bubble
formation at 200°F and 15¢°p

a5 a function of time. These
curves include the partial pressures of air (assumed N2),
H2, and water vapor,

onclusions

2) In order to depressurize to S0 PSI

forning gas bubbles, degasificatio
early on April 12,

G at 200°F without
n should contirnue until

-
(ad
o

£

As final temperature increases, the vapor pressure of
water becomes more significant and reduces the allowed
82s concentration (extends degasification times).,

Slightly increasing System pressure will compensate
for the additional wate

r vapor Pressure,

te The above calcul

ations assume no input of gases
fron radiolysis, '

mmary Conclusion

scd on éoblant bleed/feed and the associated assumpticns,

£as bubble will not form at 1500r primary temperature and
Psig primary pressure after 4/12/770,

4/10/79
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b . PRELIMINARY

H - Based on discussions with Mr. Paul Cohen (consulting chemical engincering from
, Nestinghouse, retired), review of data in his book, and discussions with Dr.

o Jenks of CRNL, it is their opinions that net recombination, VIZ no coolant
i: radiclysis persists in the TMI-1I core.
|

From my experienze with a pressurized heavy water cooled and moderated reactor,

ret radio1ysis occured only under power cperation, with a thermal neutron flux of
;‘ b 10‘3 n/cm » 8 dissolved hydrogen content of €1.5 cc/kgm coolant, and sub-cooled

i; boiling in the core. Even there, oxygen concentrations were €2 ppdb in the cecolant.

Thus, with current and anticipated primary system conditions at TMI <11, we do not
expect any hydrogen generation from radiolysis,

References

———— e e

1. Cchen, P, Water Coolant chhnology of Power Reactors, Gordon and
Breach. 1969, page 100,101,

2. Jenks, ORNL 2243, 1965

3. Jenks and Greiss - ORNL 4173, 1967
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C & Power Systems Tel 20708 167
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T PO NER
. .. 1SYSTEMS

: April 19, 1979

! ! Mr. Tom Crirnins
Three Mile Island

Visitors Center and Trailer Camp
] Trailer ¢11

! i Poute 441

Middletcwn, Pennsylvania 17057

Subject: TMI FCS Total Gas Concentration
Dear Mr. Crimnins:
Please note the attached of same subjoct that was prepared

‘ per your request., Ccepiles are teolecopied herewith and will
be sent to you on April 19, 1979.

P S —

Very truly yours,
COMBUSTION ENGINEERING, INC.

| vé‘)'/Zu // M’

|
i : J. C. Moulton
: Project Manager
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RCS Total
Gas Concentration

Ke rceeeived two questions on April 18, 1979, via you,
fron Bill Lowe on total gas, as follows.

1. Can they add hvdrazinc (N2hia) to scavenge the oxygen

In the KLS7

| If hydrazine is adled to scavenge oxygen, the RCS total
pas concentration will be increased. This occurs because
hydrazine rcacts not only with the 02 being scavenged

! (NaHg + 02 + 21120 + Nz¢) but also with metal uxidces.
‘ In beth cases N» is released. Extensive experience
| indicates that in a RCS you will produce approximately

2 cc/kg of N2 for every cc of 07 which is scavenged.
Thus,in thi. case, 4.4 cc/kg of O3 would be replaced with
' approximately 8.8 cc/kg of N2.

| If their concern is total gas, then adding NaH, would not
- be a good choice.

——— e —
P
»

: If their concern is chloride stress corrosion cracking
| due to chlorides (?) and O, in the RCS, then it is

obviously a weighted decision (i.c., add N2Hg to reduce
chloride stress corrosion worry at the expense of total

| gas).

‘ 2. BRaeced on their Anril 14, 1979, cas analysis (2-31.2 cc/kg,
|

L

e ————

Na-3°. 8 cc/hn, Ur-3.4 cc/ka, total-o4. 4 cc/ke): how bl
— e —— . g ————— e y 5] s ——
Would a Luhic be ii teuperature were reduced to 150°F
and prossurc were reduccd,to one atiosphere (14,7 '51X)?

v Based on the April 14,.1979, gpas analysis, a bubble of
approx&natcly 1,020 ft” would be formed. his includes
767 £t> of non-condcnsables and 257 ft” water vapor,
with a percentage distribution as follows:

e v —————— T —————

° Ny -+ 37.6
H, -~ 35.0
0, -- 4.5
H,0 ~ 24.9

+%e above stated condition, 10.1 cc/kg of pas would
.in in solution at the following concentrations.

| Ny =- 5.8 cc/kg
My -- 5.5 cc/kg
02 s o.. CCIk‘

. —_
————

o e —
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Restatin: the ahove
the RCS at 14.7 1519 and 150°r
therefore,
deprecsur ., zatien
RLS to 10.1 cc/k» can onl
tine span) if fully deaer

-2-

seatence, the solubility of rasses in

IS approximately 10,1 cc/kg,
thit 15 the concentration necessary prior to

10 no bubble is to be formod. Depassing the
y be accomplished (in a recasonable

ated makeup is used. This can be
accomplished in two ways:

A.

Pull a vacuum on the "CS rakeup tank (if it is so
Constructed as not to collapse);

Discard letdoun flow angd only use

deaerated nakeup
(or <o Yo iut the letdown flow th

rough the deacrator),

Other data which may be of interest in understanding the
problem:

)

*10 ce/he prior to securing t

.

At this point tie mjor problen

prior to depressurization
is totul £as, not its individual

consti‘ucnts.

To preveat a bubble of less than 100 fts
forms at one location) at 14.7 PSIA,
£as nmust be less t}

(assuminp it

150°F, the RCS total
Wan approximately 16 cc/hg.

The major differenca ‘n bubble size
depressurization and " PSIG (64.7 PSIA) is that at

50 PSIC tota! E45 50 Lility in coolant is approxinately
40 cc/kg while it js only approximately 10.1 cc/kg at

1 ATM.

between full

The conservative thing to do would be d

the pump is secured and natural circula
perfect mining of the RCS which is assu

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

In the natural circulation mode degassing rate or

success will he virtually inpossible to predict or
Fcasurce because of imperfect mixing,

E. McCracken

f:/é’% Q.0




APR 19 1979

s % v 9 1w il ’,) !7,

b\"

xorivania 31785

i e OV I Total Cas Coacontrutiom

Lone I, Crir=iass

- . e

- - . - .- U

Y oTte 2T et ~2 of axme erhicct that wos rromrred

e (™ '~3 gre t+~ ooyied Bercwitd and wuill
g Y - | :_.-4 D. 1232e

Vary tuly yours,
CETTSTIANN LEIrTRisd. B,
/p £ ] o——
/P A

’o C. fienl ton
Frojest oo

!

2

W

" 2R /
T Je
- e

/ ),,....u

‘I‘ 1.,4»\.&

at WL
‘_ -’v ’ﬂ‘ L;‘

anv wa’l

3‘\/ -

J st 46 Qs

.,_‘J/ o

. o

. ——
|

B e e |

B ——

e ol Sl



» B EIITTX €9

1.2 CIAATICTS

£OITTAL 10

T L. 12228 TRnodNTIAL f
-

LPR 20 1979 EERE
U""‘TP , :

PO .
459 TELECOPY TO: Z7 R ey w0 70 310)

457 BROTRANER 26 TRARSATIAL #2031 A

i
(e ere PPN 2, 177 !
ey "'“.r . REMCTTR COSUUT € TUISTRY ROCS  —roATICS | f
e e w lﬁ ’ - ;
i R - TR
CPioVED BY _ A ’{/‘-”"--/r_.___ By aovicn ¢ 533 TR
Coiiothdiesd toounil 7 |
. R
- s FAH
( A d
C: R. C. ARNOLD ! i |
R. F. WiLsoj '
R. W. Lravs L 4
e M. CRIDIING ¢ ' to
J. DANTELS bl
J. G. LprpeIy .
D. MONTUGMITY |

ADM, ASET, GPU ON SITE
TECH SUProORT

DATA REDUCTION & NOMT
STWLT/FILE (CRIGINAL)

—— e

——

—— ———— .

~ e et .

-

W s a————



.

BATLCLK & WILCOR COMPANY
Coownalluld G 0up

5; . ' LSTRUCTICN FD. 543

C. 8.7 -

0. “ {lL

(S 3 2R

Fila 'y,
or Lal,

Lle
TSRS CCOUAT CLEUSTRY RICCITRDATION

ISTIL 19, 1279 €205

' on Lo 18 toses con ewtenoe ead tee aljew e he

Aant g dopie N pctiemmics 3.0 § 4% fobtwes: | rpaw B (i U‘""TF"" “UTTD BTALTCR AN
&TE LTSS ‘.:‘,'“":mt SEINITSINL G IS 1
Cesle ASSoonCRRRC ..L..A(".. Pa.ﬂn‘;)r"" TIZMETTIES 1S
:. V1IN0 __.,,.(,J. At> o~ B ¥ "')c-g:.:xr's

e I 52 bo) I o B vl Jt".’“.’:"Jt..- u( j.s.L). | oot £~ 3 3§ 2w
‘.,"."‘.""‘ by I S b § 53 9% L Dot R ISR e t'"‘.“'.’.'!
W R ETRE AT =rrAan tI..' redbon Ti:t..?f:i'-.f(’.‘.’.‘.‘;LJ
NLUCNUS CSTT006Y 10000 S1ck 102 58 &2.o1es IZENAAYTDD AR
ASTTRILZINTIR. VIR : VST T KISt Liaa rouas
A Y S T T SUS IS G S ITI o TA S C Y IR T
VLETIZEVACISE IS oY I S LS ALS (CIU), LT (200000 BT S 7L
LECTT D USTIULACTINDITO IS SISy -

ML CF TE SNTUES IOICATE TUE (TT5TNCE OF VoD (1.09.8 eefto). £
DISCIIETD I TRUSUNYAL €203, FO0UT 67,070 ec OF O3 BAY CE /-0 T3 TE
FLS AT A 2 CPM WUEP FTE. THIS CXYT0 1500 0F Eomrry T romm

UTTH TE 22-3Y ¢/t CF K- " I T I I O (T T I T o5
RULYSES, 1O R L R T st R I D EZ Fo o YO L2

Ry S

WHRERS IO NUSARE LS eI L I U CNE NE CGIIOLL

FC? O CUT0CE. B2 08 0.8 ee O- ~[+3e IZ25T 7.5 LITTS CF 203 INICARINE

. ® -L_ l'.. ._JTJ L R ic-)o ls ls‘.-.a‘..i‘.rm’m“ ’~~l CJ' ?2
fvawmia -—<l....c (-Mlb.d‘ L—.--Uu‘bl‘il\;‘o

% B
d '

THT ASDIVICY OF INVCUTIE 80U RTSULT IWOTRE FCOIUTIONOF €°F IRT €8
ISTE£2S. IFIT IS FOo0 D RO 'L OF BT 1o SIS TO HITSIIe

> -
- -'.{.v--u -

31 L O FU0 OF BICEZNE e 3(--...‘2-..’3.4(&;")(..‘&..&1?

:..'( ' ;’n P 3 € _;. l- 0".0 L... - ‘.—' En. s ::;.L...__’( ‘) ‘..’.._)To T._:
RCS, ASOUT 20 €&/t OF IRTTRAS (0, £ 1) 1T A0 ie o L T b2 1o
- - e -
" o - ¥ews gl eut 3

-
——

e
e S ————

- il
- -

.4

e —— e —

e

‘.‘



Pane 2
tocd He J. Beil to D, W, Porove
£oril 19, 1773 04s

PECTS BT T2 IU070700T, 16.8 eaftg OF IAT 605 F2SAS. THIS RoACYIO:

IS Oy O T S T L B IoTED O Lo ST I TS RoOIATIEN

+ FICLES TO WIITCTEN, W00, 00 £3TIIA. 13 IS €OSF, €LY 6.4 oty
TSI CS VA0 LI €IS (S MIE 7.5 LITES OF SOLUTIeN £77). TUIS

I35 T2 1o Dt OV L0 L2 CRULE T KAAITY OF THE DECOWOSITION BIL oo,
TV O, TT OIS IS OT T2 1000 €008 1700 en8 1 B2 0CS

(W2 TOLEST5, BT, OT T eI I O I Y £ TS RIS
CiTA, I Il oo il L AL LS A C A D T IS

GRSERYEDS s 0L ITIS O PO
RECCITTATION DU AT U5 £ 20 137 ) 177771008 (7.5 LTae OF 27

SCLUTICT) TO TIE RES 1O rongy 2 v~

- -

/= _ it o s
cc: DG e

e S VTS AT R,

W i A— ol A — e At —— —



-
—

e ——
—— e ——

e -

—— ey . -t 2.

Bone, S

——— — — ——

ORGSR 7 -7/ LY
DC_ r«~¢ C’“‘"'L"' ,(Ct./’.*‘

' Ll -~ .

o, ,  —— -
gt J.LA* {LL;__‘_;..-A- ‘ ax tetdiis o Prony, IJ" J '7 = (]‘
TNV Mt et T b M LTI LY, L D

- . . iy . . - et 25 . AN | ) .
B . e g e .- - e 3
> : IR Attt T T
v ey et m—
e oo -tade |y —+ SRR e R et R L o
E a.-.-.‘_*“" R, i bt B S I I —
E " putes; - i ’ R - ‘.9.--:.. -*-7 !-“r;-m . L
. 2 —T e o dded o @ .__'...__..__....
—— oy g R e s St peuih - . s : 2 2 Y -
: s . - e B S SR ———
- b — e ol . L - ——————— el . : - 3 ]
‘ ¢ ” ‘*FJ‘-‘ i B B s T v ey e e b o e e ¢ ———
. - e R o SRR IS NI S SR ) e, i
i ~— vt - —— ‘ RS I i i e -l meame 9w ——
3 » - A . T ¢ e —— <
-*.. - =t .‘_‘ e g Peterad ey r—— ~ - e f e 1. ....—-..—-‘-a—-..l-;..-. m]
r v -y DS TR AL WA A N e _1 . [ 4
' | i =2 b o Sy @ ws oy .' - — g . Ty ?“.‘.'-:~ S - e -.’"-.-"“'—”.‘
. - - e e 54 . -
o o maal e e——— T I FrTYe s L R e
. s i —v s o : - LK S oy s ov gra—
e S ] I L M M : : 1._. :
. ' ; = . ) LIS - PR— S R—
e v - - .- - 3 s
~\ i = \ E 3 s Ii e =y N B SUp— ---‘\‘- .« ddras- ®
| .‘."—.-. ‘- - ) AR S ———— [ G oA o iR
. - -
¥ st o e e T T ) r — . ]
‘.—-“,‘-—-'—' - ey s ‘.* ¥ .8 - . ® oo
3 O - ¢==§ a0} oosrpp4 U, St . - i
t"‘" Tt i ey H-{I -‘-———*--—-—-1- e e e e L ...._....\-. \“‘ .
S ] -~y - PO TSt
! . - .- v : L w 1 - —a - - g Par fanar- - ', S Siodigs 3
- Pl VR | - SERLR S . : R B LN S N 0 R R AL L S I R
- - . L 4 T 1 - 't v i
s 7 . -
FTETYTTRrTL | v T sty - : & L. i
P | R S R N . v B W 08 L R > el - SR .
| DR SRR e 2 At e e AR N T A N SO0 T T 1 o ) byt it s »-—....., .
TN y———- ',‘ >'~_-4":.'T Vo o T T Yoty rorees —- - yu.
R ! 4 T I 4 | 3 Shree an o | - - - - ""Q"-" -Q-.*—...{' ]
T T e A N L R i § P ¢ ¥ 3
P Tt e - e 3 K FYT ¢+ 17 s 10 8 5 =3 o o -
g e ' v R S v T e e - A -t g ¢ ) $ 1 . .
—— . 7_7 o gtk o451 ! s ~—p—— tom vy —- e |
e LT et i f ey e e ot - 2 i N ' ¥ . [
el 12 : . -~ - — g
- r v 4 . L r"———' e - l‘ “ I‘
v —— Y " o ....,.......- —~
i - 18 - amam.n ' wenbets
e . ‘ - s wd
. — iy — — .'.p-...'..'v [ 3 S 4 a» ~,"_ PRI S b, Y e s
P ot 5 7"““4""‘"’-..- - Sl yorand 2 !
R e s i L'—‘i - * g AR |7 = o
-~ 4 -......,.,_i.','..*‘._v S e . , " 'Yy ey U & 3
- .{-b,:.g.;|~~ b — 3 . ¥ [ v ’ ¢ ’
-{-3 o R i | N L 0 SN Y ¥ ’
r e o e et e P | ' t 1 ‘ ] , Y v
. b «L..—L.~.L..., . 4 g, B Y Yyt it ) t - - e e D S rp—
- i : - . St o i *s.‘_._.“ d . - 2
O s o e S W N O SN sy 4 & I SR are B S SR RS
. ' { . . S P : - 4 - .
- | et
f—-’—- ! v-, ;g — . - - . 3 ‘s ]
- . 43‘-—-)----‘.. 1 o L 2N, 5 0 B 0 4 * bt =
- ] NN ——— —_——a—— . » 4 i )

3 | Bn
4 ' 1 B e
’ - -
..—.-...-’ “...--o—--1

.m. ..:“ L]

]
'
{77 Ty e
:

.
4 . )
H N Vgt A 1 i Y
 gar - —g-.. 6-..*“&.44
.o e 1 e
1
P ——— ———— ———— o - ——
) 3 1 ! 3
3 g 3 v '
b S B B R R o e S —

E O W A G R A — bt
B S Anran S T SR . SO
% B9 Banagwna

f ""“"'11" l""”‘j".'{?

'- > A-~" ’4’.' v - - —— —

P [ —— v T R — - — | e mpp——4
v e § ' olo-‘-' L "'"""‘-""”——J‘
- T ———— . -. -.-M.- - : ’“ i. -.—<’~A —— S—

R et b FUTUSEERUR - S g """‘Q -
e BT S L - =K. .
. seiee s el - - - e L i n - 0 . A L
Curnpmenis oyt [ 2o g 4 B9 Seiwd 104 2 ..o-—+‘ - c a"" "“‘—“7 -
e Saees - e wobes oy bad i ;-3! o o0& b s 0
<o - e—— - a O D L L - o e Tt ""‘—’—*“ )0
- co — -
iy e - —gnain v e - .;—-—0..1-—.—-——_. - - =
3 b *.'-‘-1 B - wate s e R L L T : .: g i i
o o B ot A ia 0
R e . . .

L e e B it

. s -

ol e et o adi b
' v¥ile . 4 L L B L o ~
A% 8adcaid B4 LAAS L'l ; S S Tl ¢ g med i
i et o S & 0 gog dea A g B8 P
~0~‘ Vg N Se s gy e ] s . La ey .-
f@ '--‘c . .‘i"*."’ IR L4 "".‘"ff‘}*—.-.'——-—f—.
jrodods wgeid Y e e e




. ( e i
X wy . .
\‘/o f)Ofgm TR
v ;
20 Aoet) 1979 . s
To: D. A. Pullen b K

. . .
'.v-JA." oy ves &

From: P. W. Marriott STALUTINILY GIRIGIAL)

Subfect: FLATVBILITY oF H, AT HICH pPRITIUR

On Aort) 3, Or. R105) of V754, i was consuliting fopr r'"o._rﬂ--'--_--«a vs

dir -1y ty poos rop g ‘200 his ¢ el Fo Lty oot “Hility
Mois wor i, 28 1. ) rsfa. L. cotla et did ot o TR L) Ponlaeal)
frea 0779, voslove 4o 3ty st 2% ¢ beefertt e B i Lia79 Caennd
has pooicd, tuR 1oP U2 Promrd cop € A3 vollcw. Pilaza give v.cm to W oUs

I @ ot know how €9 contect Ur. Richl.
For ¢ 9 conditions of 17 rrfa, I70°F smatep, . 274 O, rivtermg, the

reforenced scurtcs give Ue follcuing for L@ Vizits o/ ¥, Laliity,
' )
Lower Vizit of flazzadilivy n:z ‘2 (1)
Flazmebility Viatt for 1073 combustion 8 72 (2)
Lowar IMait for Catonadittey 15 10 (3)
Raference (1): Curcsw of Rines Culletin €793 N

Refevence (2): WACA Report €123
Raferemce (3): Cf SAR Advanced Ceston Koo (78

8) Thaceni'*fons Hstsd atve o5ut 77 (=le fraction) of #C i tha
$38, roaiily a vory szull indlucnce.

‘B) Tha 1m=p Vit of ¢atomadility s an extrepolation of KAPL
experis atal dats,

In co==ipy, cur “urces oty Dr. RISNY'S pro~c=rd Vi=123 ¢4 ps e azervativa
wilh © 2 execcpticn of Qe u? Coanclawration voutred for ¢ .ooitioa.
' -
ﬂ.' . ¢
& oy \-\Mw )
P. B, [ ‘viclt, Chatrman

Tioroa Ule Is1- ) Task Force
e 193 Exe. L0348

/ala

ce: LN ' =Hitt
Ld LHIRIns/FD Judge
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To: £. P. Stroune
D. A. Pulien

Fro: . ¥, Marriolt

Subicct: REANSORPTICN OF RUUCCHDENSISLE CASES IR BOILILG ¥500

1his memgrandun summarizes the inforwat*c1 ia the cleven pates of calculitions
and notos teloce u "d to Uitccre nt A5 on Mordl 37, EPS - 1t is for your us2
au you tce 18, AP - it is for you O give to CPYU, =ho aszked the sie
cuastiva sn April 3.

The IID 14“4/?3 1.7 radiolvsis snuprce term, {. e., for 1% ef tho core
a¥f. uzcd into water, 1062 of the N8 realeazed, 503 of che nalesen 'lﬂ tha water,
will t; f“Jt £0 scih for Hz and enproximately 30 scth vor on.

1f the H, concentration in the water nc2e the fenizing cource s oo or
aheve, i“ is exgoctes that radiolvsis will ba essertially corpictely
suspressod, t.0., i, generation rate below 3 scth.
-
The cice for b
L3

in the reactoe, condencing in the <fec a nenarator uas
aralyznd fo i

i

L3 fer of 1, into ¢h: conde n'ei film oo the insice o
the tubzs and fo a vazimas pussivle aswunt of | “2 {or 0.) t 1at coulic be
transforred (9 the condonsed stean.

)

Assunuticns: 1) About 27 feet of tube was availadle far condensing and wmass

tearsfeor from the cas to the iguid.

2) 15,500 tubas with 0.030" wall, 3.825 LD.

3) Caoling water aporexizatlely 120°F.

4) Neating rate 3 PHt = Dodiing mass transfer of approximately
10" /A,

- T

Conclusions: 1) Under there conditions 1t 1s calculatod That 2t 2 zta of U,
and ) aty of U, in tha n"ﬁ-rudcnﬁ'alo 138 porticn of the -
st e r*‘crat‘" tutes, the "3V1"ﬂ rate of e oval of u

s, _.n,.rvoti aly 5.6 scfiy, for O, the rate 15
areroxieately 3 sefh (rater saturitid aith My aad ).
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€. P. Strcupe
n. A, Pullun
20 April 1975
Paga 2

about &9 ccih and 02 of 7.5 ata about 22 scfh (water
saturated wilh i, ard 0.).
-

3) 1Ia toth case: ihe comcentratica of Hy in the liguid would
Le §n excess of 2.9 pr=.

4) Un?:r these conditions, with Py, = 2 813, and assuning

tha’ all tha stoem 1s :ﬂcsn:cdzin tha first 12 Tect of
i

ths tube grd race tran for ia the ~cmaining 15 fext, rore
than 255 scih of B, rould La transicrred to the flim versus

5.0 nocded, (i.e., tha Drecess s limited by
iy of 4, n .0, not by Tiln transfer).
-~ -

: 2) If tre N, pressure was 15 ata, the vemoval rale would e

walis =y

P. ¥, larriott, Chairman
Threa Hilz Island Task Force
WeC 193 Ext. £8348

Jat

ce: L€ Ditore
19 Hoshitt
M Sieqgicer
U2 Wilkins/FD Judza
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To: D. A. Pulien NI L A
: W s ale 4 s f

From: P. M. Harriott
Subject: FLATUSILITY OF "2 AT HIGI PRZSSUSE

02 Aznfl 3, Dr. Rieh) of 1587, who was consulting for CPU, talephancd us
dr‘e:ﬂy to request cur ca*“‘"ts on his propozed flenmcbility ond dalenabili ity
limits for !L, at 1000 psia. Since the request dic not caaz th ""J:"l Rocivell
frenm €20, wehaie -Matr‘d tha YC’:'..".ft '«5 second pridrity. 1 realize the nced
hes passed, tut for the reccrd cur cotrents follow. Tense give J.(.n te GFU:
I do not Ln*w low to contact Dr. Rieid.

For the conditicns of 1002 psia, 200°F wate r. ‘L. and 0, miztures, the
referonced scurces cive the felioring for the limits oY fie'—.':.-:bihty.
wz :.’-02
Lozer limit of flarmability s 6 (1)
Flazmability linit for 1003 cochusticn 8 7-1/2 (2) :
Lower Tinit for detenability 15 W9 (3) :
Reference (1): SBurcau of Hines Bulietin S503
Refercence (2): HACA Peport £1383
Refercace (3): GE SAR Advanced Losign ile=o ¢E5
i
a) Thecenditicns 1istcd give about 7% {ole fractica) of '%20 in the
gas, really a very swall infiuence.
-b) The lower Yimit of dotonzbility is an exticpolation of KAPL
experiormial data.
In sumilry, cur sources show D Riehl'’s pro; sed 1.-1ts to be conservative
with tbn excepticn of tre 02 ceagentraticon requiced for detenaticn.
/
\V‘ ’J/\‘A.hﬂ 3
. P, N, Kariott, Chairman
Three Hile Islond Task Ferce §
M/C 154 Ext. 55548 ey ok ,

Jaim

cc: LB Nesbitt
DR Nilkins/FD Judge '

P —
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»t  Reccrmondation for Ind Point of i '

Degas Mode 1
lo T. ¥. Cricains Lo won  Three Mile Island !
R

Recormendations from CE (Conrad McCralen, Herb Cato, V.C. Hall)
and B&W (J. H. McMillan) all focus on total gas content of the {

primary coolant rather than individual partial contributors
such as hydrogen. !

The objective of the degas mode is to lower primary ccolant gas
content sufficiently to assure th:* cas cvoluticn will no: occur
as primary coolant pressure and tornerature are lowered to

ultirate cold depressurized conditions ( €100°F atmospheric
pressure).

For the ultimate cold depressurized conditiona, CE and BaW
recommendations for degas end point are 20 cc/kg (STP?) total gas
and 15 cc/kg (STP) total gas respectively.

Focommendation: Establish the e¢nd peint for degaseing as =15 ce/kg
(5T?) total gas content of primary coolant.

K. ElTison
KE/al '
cc: R. W. Foaten !

R. P, Wilson
Staudt/r'ile

R—

i ki . -
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Recormendation for I'nd loint of

Povas Mode

T. M. Criraans Thrce Mile Island

Recormmendations from €8 (Conrad McCraken, lierb Cato, V.C. Hall)
and BsW (J. H. Mcu

McMillan) all focus on total gas content of the

pPramary ccolant roticr than aindividual partial contributces
such as hydrouon,

The objective ol the drgas avde is to lower primary coolant aas
content sufficiently to wssure that cas evolution will not cccur
&8 prarary coo'ant preasure and tcrperature are lowered to

ultimuite cold depressurized conditions ( € 100°F atnospheric
prussure) .

For the ultimute could dryressirized conditions, CE and BsW
recemmendations for deeas ond point are 20 cc/kg (STP) to%al gas
and 15 cc/ka (£ETP) t3tal cas respectively.

Pecorrendation: Establish the end point for degassing as €15 cc/kg
(STP) total gas ceontent of prisary coolant,

a2/

K. £iliscn

KE/al
cC: R. W. Keaten

R. F. Wilenn
Staudt, Fi.io -
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fstutnate Recorinoncation for Lrd o o
Paint of Degrs 'lode (Including Lo:
Term !\".'3101'{.'225 Cur‘il'»':“ VEASE ANG ind .‘\.“l:;‘;

T. M. Crimmins Thiee Mile 1sland

e

cCacrees Hemo K. Ellisun to T. M. C inauns, Recommendation for

End Point of Degas Mode, April 21, 1379

ihe rceferenced memo identified a reconmended end point for the
cegas node of 215 co/kg (55F) totul ~as content of primary
coolant. This recommendation was based on the ultinmate cold

depressurication of the pritary syustem ( <100°F, atnospheric
pressure) .

Since ultinmate depressurization to atnospheric pressure will not
occur in the ncar {uture, the enc point for the curreat degas

node ray be red~fined to address leay term cooling with the
primary system in natural circalasien ( <100°F, 250 psia). To
prevent gas evolution frem the prinary coolant which could jcopar-

dize suece sful natural circulatich, CK and BeW have récommended

<50 cec/kg and <40 cc/kg (STP) total Jus cuntent of the primary
ccolant.

In addition to limiting total aac content, D&W has recomrmended
that 5-15 ce/xg (57TP) of hydrosen be maintained in the primary
coolant to suppress the Fo55ibility of loig term radiclysis. In
addition, Paul Cohen has indicated that r, radiolysis is expected
cven with <1.5 cc/kg H+ in the pPrirary ccolant, P. W. Marriott
has indicated trat with 1 atn. of K overprcssure in the makeup
tank (approximately 15 cc/kq i) no radiolysis vould ocenr.

Recommendation:

1. Establish the end point for degassing (to support long term

natural circulation) as 40 cc/kg (STP) total gas content of
prinary coolant.

2., To suppress the possibility of long tern raciolysis, raintain
5=15 cc/"g (STP) of hydrcgen in the pPrimary cecolant,

Lesis,;

- res
e tllason

rr/al

2ct R. F. Wilson
R, W. Kerten
P W ) .
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MASSACHUSETTS
INSTITUTE OF TECHNOLOGY
DEPARTMENT OF MAY 2 1979
CHEMICAL ENGINEERING f
Room number:  66=350 Cambridge, Massachusetts Telephone: (617) 253-4561
02139
MAY 80 1979
0
April 25, 1979 />
fe! 7{?,:‘)/
Jj - 1 ML
Mfff{,m -G"
Mr. Tom Crimmins Adan 7 |
Three Mile Island il
General Public Utilities
Trailer 11
Middletown, Pennsylvania 17057
Dear Mr. Crinmins:
I must apologize for the omission of the copy of the article

by Pray et al, “Solubility of Hydrogen, Oxygen, Nitrogen and Helium",
Ind. and Eng. Chem, 44, 1146 (1952) which wis supposed to be attached
to my recent memorandum or Hydrogen Degassing.

Please find a copy enclosed.

Executive Officer

JEV:sje
Attach,
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vd. u .,

Fracnoxs

(By mase spectrometer analysis and refractivity intereept method)

Valume 2 of Naphtha

Tawvre VIIL  Coveanisos or Cycrovamarniy Coxresrt or Cy ano Heavien

—

]
for dicycloparafing pro.
change in the refractivig
termination for paraffing,

lum] ' . .
y L] P
. -

‘LR TURE Ty

- S—— :
-8 Mones [_‘mu.:_m- ted ST _}:_ul_rgi:d_’____ )
.:i“:v‘lf’h;:f. ey:h- Dicyelo- Cyelo. Cyeln- (1) Bell, M. ¥., Anal, CA:.._' . i
“r. Parafling  paraifng paralline®  Paraifing paratling  Paraffine ~ parailing (1950). ",
Maes Srectnourren Ansuraie Rermscriviry Invencirr Mrruoo g)) {;::::' l:‘ ‘A Ib!;?" fa. 130y ¢
270 306 o i 0 37 9 87 43 Mer, F. W, chgrtb vy §
306-158 55 10 3 " i (¥ 40 poaers ¥o Wo. and Young }
368 39 a1 a0 6 33 61 16 54 Ibid., 20, 5 (1945).
391 and higher 2] kL] 9 25 i o 55 (1) Cady, W, K., Marschner, n ) 1
* May alsa include small auounts of teiev: loparatfine, V Cropper, W, P, PAIRE Proe. '
b Refractivity intercept of the eyelopasating corrected for the presence of ~ cyeloparafing indieated 10th M- ting, Aw e . I
N mAss sjectrometer ntalysis Cleveland, Ohio, Apwil 195 .
(5) Glasgow, A. R., Willinghars, ¢ {
and Rossini, ¥, D, I 4, 4
Curn, 41, 2202 (194, ;
fractions. A serious discrepancy is shewn in Table \ I between (15) -\.lrlir. M..J.. J. Rescareh 1\'0!\[, Hur, .Sl.ml:{w-h. 34, 133 e H
the paraffin-cycloparatiin phits in the Cy and heavier distillste ) '\‘;“:""’u(,?' ::";‘,:"d Haruseh, MR, Ixo. Exe. Curs, Avae o, H
fractions Voiliug above 306° F. as caleulated by the mass £pece (8) Poduicluiak, W. J.. 1bid., 13, €39 (1941). g
trometer aad refractivity intercept methods, It is bolieved that (9) Rampton, I C., L. Inet, Petroleam, 35, 42 (1949). i
much of this differenes is due to the presence of dicyvelopurafiins (10) Stare, C. E,, 'i.ll.lun.' I. A, and Hockberger, W, G., [xs I :
and pos<ibly tieycloparatfine whish are shawn in Talle VI to Cura, 39, 195 (1947),

as high as 9% in one fraction. The data of Ward and Kurtz (12)
show that the difference in refractivity intercept between parafling
and dicycdoparatlins is coveral times greater than that between
paraflins uud monocycloparathine, By eorrecting the value of the
refractivity intereept of ey cloparaffing for the presence of di velo-
paraffing, a fair agreement was reachiced between the
of analy«is for paruffin content.
expeeted since a small deviat

two methods
Exact agreement ean hardly be
on in the mass spectrometer » nalysis

H. AL PRAY, C. . SCHWEICKERT, axp B. 11, MINNICH!

Battelle Memorial Institute, Colimbus 1, Olio

’ﬂ‘llrl inereasing application of high temperaturesand pressures
to various processes has made a know fedge of the solubilities
of compres sed gaves in water nece wary for purposes
design, A survey of the literature has revealed th:
data e availubile on the solubilities of gaces un
#ures of iwore than 23 atmosgsheres and at relative

of cugincering
it considerable
ler partial pres-
Iv low tempera-
tures.  Datain the region from abaat 5 to about 23 atmephores
and from about 125° F. 1o temperatities near the entieal point of
water ure very meager and incomplote, A determination of the
solubilitivs of oxyueen, hvdeogen, holium, and mitrogen in water at
temperatiures from 125 to 630° F. and at pressares up to about
S0 pounds per square incl aheolie v. as, therciore, und rtaken,
Exerni Neat Prockng ke For determining the solulilities
of pases in water, the apparatus shown in the sehiematie diacean
(Figure 1) was used. A tpical example of the use of this ap-
partus is as follows:
Valves 4 amd 7 are closed, vidves Cand D
3Niter bomh contained in the rocking smtoel
by means of the vaceum pump, £,
about 1500 ml, of distilled water are

are opened. and the
ave, £, i« evacuated
Vadve o i then opened and
admitted to the bowb from

P Present addeess, Naval Ordnsnece Trating Station, Inyokern, Caldt,

B e el ol

Solubility of Hydrogen, Oxygen,
Nitrogen, and Helinm in Water

AT ELEVATED TEMPERATURES

(11) Taylor, W. J., Wagmuan, . D., Williama, M. .,
and Rossini, F.
J916).

(12) Ward, A. L., and Kurtz, 8. 8., Ixo. Exe. Cuenm, Axar Ba 3
559 (19383),

Recsivrn for review May 2, 1931, Accrrreo Desenbor 31+,
Prescnted as part of the Symposium on Composition of Petroleum o .
Hydroenrbon Derivatives pre<ented before the
istry at the 110th Mecting of the Aurnicay C
Olio, April 1931,

Pita, r b
D., J. Rescarch Natl, Bur. Standards, 32

-
Division of Petroloyyg ¢ -, .
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- PAATIA, PRESSURE ,PSIA E
',::", PARTIAL PRCTSUNE K S 1A Figure 4. Solubility of :lydmpen in Water with Varying '
. Pressure
LT w hv¥y
Chereiner Figure 2. Solubility ﬂrl'on‘;!ﬁfr"e in Water with Varying 4 Tpatiell and Teodoravieh ()
R, Authors
C. Wiebe and Galdy (3)

Authors
., Frohlich et ol. (1)

RO

B

.

SOLUBILITT o1 8,78 %0
. .
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Figure 3. Solubility of Ovygen in Water with Varying
Temperature
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Figure 5. Solubility of Hydrogen in Water with Varying

Temperature




ol P
e
"
ot
" 4
.
t ]
£ ——
H '
A e /‘”"-f-
B
a e i-‘
oy SRS -
!‘.
L1 ————
L)
o | SRS ST § L Samag P
A 3 /J%Tf
as S = g
: G s
— miﬂ""‘ A& I
".»-/4_;;5-’-—-“"‘1— 'M————-'-
| H
o 499 s ) g w5 =
PARTIAL PRESSURE, PSS A
oy ito e 3 TS Cey :rl. s , : ' o )
S, SSSAE. Sl Figure 8. Solubility of '}:‘I:;ol‘;:: in Water with vy |
Figure 6. Solubility of Helinm in Water with Varving A, Frohlich et al. (1)
Pressure B. Wiche and Gaddy (5)
A. Wiehe snd Gadd
0. Anﬂm:-“ " s
e S .
[ 1 I OPS LA 8 — .
e — e :
a st
: T
L e T SESO—
i
. . T
" o |
“ » {
© i
= T
€
$ " s,a
FT) e
» 2
e . »
o -
4
g :
5 .
" i
. 10}
ol -
- O8)
ve -3 . “r S 2
. . " L
o1l e < g — X g rt” = - ) | -;)/
o =
L o T 34 =3 5 - o on.—$:;: S eI
e i ' ay TEMPCRATURS ¥, 1 -
Figure 7. Selubility of Helivm in Water with Varying Figure 9, Solubility of Nitrozen in Water with Yar ©

Temperature

the water buret, G. Valve A is then elosed and the system ia

Temperature

temperature of the autoclave is controlled by a Leeds & N

evacuated toa presawe corresponding to the saturated VAPOT pres- Micromax temperature controller and recorder, V. e
sute of water at 3’\‘:‘"‘ temperatura. Valdve 24y then elosed and peratare inside of the homb is determined by meansof a¢*
the rocking autoclive, which is heated eeteically, is sot in alumel thermocouple inzerted in a stainlesa steel well ine?

motion and brousht to some predeterminad temperature,  The bomh.  The

electromotive force of the thermocouple
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N - i* elused and the sampling line side of
Tarrr 1. Sorvmuary or Oxvaes iy Waren valve Bisopened.  About 25 ml of water
: o "'f'.?' - " containiig an mmount of gas which de-
: h.' '.-.-o 'ln.'AlQ. fyuice e 02/G, of Watae Avernge Voator Deviation pemds on he partial pressure and water
_ ¢ P temnpernture are then collected over mer-
f o " .28 ) cury in the measuring buret, L, which is
. 45 g ’-l.} a serrounsled by a water thermostat,  The
| 3o ;"-; . : : g8 and water volumes are then measared
' " Anid 0.4 018 016 o 015 ° o" 0.l =W and the needle valve, M, isopened.  This
Ll L i i 5 ’ - . s
. pe foinors O3 Bar @30 .31 800 40001 —0 09 allows the water that remained in the
o e Authoas ©0.47 047 045 0 40 v 0! 0.0l 10 <001 sample line, beeause of capillary action,
; LLCTA N to drain into the buret,  After the total
: 100 ::::"“:: o8 2y g:_: 83: is - o = wmount of gas and water have been deter-
: 508* ¥ ’ mined, dry air is blown in through the
: ' i “and allow seape thioug
. 100 Authors 008 063 062 0.5 061 40.3510 ~0 17 inlet at ‘ and allowed .u“ cape through
- ? ol 0 47 g g 0.6 0,56 s P o408 as M. This procedure dries all of the sam-
Ky thors 092 0 2 to = J g i ¢
: : 2060 Aathars : ;7 : 4 1S 1 135 0.06 +0.33 s _8 2% pling lines in preparation for the nest
" ! 400 Authoss 1.80 1.63 170 LT 003 ~00%10 ~0.17 sample. The solubility of the gasin water
i is then determined by reducing the gas
6on* | Y © [
- g 100 Authors 063 060 063 062 .. 0.63 001 40 08t0 —0 03 and water volumes, as found ia the
! 200 :m:.m, ;..’;f: 1.48 $5 s b 132 002 400310 ~0 03 measuring buret, to cubic centimeters of
; 300 oo AL ‘;o‘.’"_ 24 AW 0.04 +0.13 10 ~0.17 gas at rormal temperature and pressure
— g : r gram of water.
e ) [ Authors 1.17 1.26 1.22 0.0y -0 0sto ~Q 03 e
] V13 :v.n‘..... ; ‘m 53 3 1 85 -~
\ PR i hngs g 2 19 . . X1
g ¢ 70 Autlors 296 R ol e B it EXPERTMENTAL RESULTS
71 Authors 2. 51 2.61 2.56 003 «0 03te ~0 05
i 5 b + i
h 3 Authors 2.90 | 2,99 e The present experimental results and
{ o At standard wperature snd pressure. certain previously reported data for the
: o solubility of hydrogen, oxygen, helium,
}
14
i wined with the aid of n Leeds & Northrup
‘ soni- Precision potentiomcter, M. The . Tawmee I, Sorusiury or Hyovrocex ix WateR
l ‘ 3 thamocouple was calibrated aguinst the ll!. Partial
" } ine: Bot s oWtained fron o X Piobable Maximuom
i meliing points of metals obtained from Lb./&q. In. Abs, Source Ce, My /0. of Water Ave E i
_ ! ! the Bureau of Standards for thot purpose. o '";;.”:"" e - ——-
? The tempernture during any one rui is 300 .
' ; Ll constant to within 2° F.  After the 367 (£ DA 833 e, A
‘ . tewpurature inside of the bomb reaches 200 Autbors 0.38 0.32 0.32 0.3 4
. ¥ 2 g 2 2 10.37 0.30 0.33 001 0.05t0 ~ 3
/ E the desived telaperature, theoutlet valve, ggg 2::;-0:‘ 8 :l g:i 8 ﬂ"g 4 g ; .. 0.41 0.00 10.0; to -8 gl
4 d > o ors . H 4 % -
bt 8 1, kending to the mercury Us-tube is ' e ‘;00"; ' . . FRIE R
: spened snd the saturated vapor pressure 100 .
; of water is detenmined with the dead- 200 ] ad gg .
Sy { widght e, 4. The mercury U-tube §‘,’2 :f.’, P ’ g“g . .
. i vedies the material in the bomb from the 500 2) . . 0.70 ;
i wil in the dead-weight gage.  The pres- 345° F.
ipi i wire, s determined by the dead-weight 100 (" . . a» .18 .
i o 200 (® . . 035
e Gaee, i chockad against the vapor pres- 300 (2) ; = 0.43 o3
e ware of water r.?wu in ﬂnp steam tables. 253 {3 . £ g;’g
1 ’ Ihe gas under investigation is then ad- 360° ¥
l_ . H ottt Lo the bommb by opening one side 100 ® ) 0.18
! ; of valvie €. 2he pressure is allowed to 200 () .  ime, 2k 0.34 -
T 4 ) ) - (£ * . - - » 0.52
. } bl up to slighdly over the desied 75 (7] % - » AR s 0.68 .
s : retal pressure at whicl the solubiiiy PR
v ! wl the gas is to be doteomined.  Valve € 100 ) o : 0.22 :
—_—" e closad and the system is allov ;‘o’g ::{ AR D :g .
N9 weome toequilibricsn, This is done by m {:)) 5% . 1w 0 04 g .
| Loping the sutoclive in motion over- < m.' ' po ~ [~
—— vl bisod e ature. The ’
| Melt ot the desivol tomperature.  The 100 Authors ©.450 38 0.3) 6,92 0% 0 +0 00 to —0 0%
——y trmperatare is then veadjusted, of neees- 200 Authors 0.95 0.91 0.51 0,92 . 0 91 0.10 40 67 to -~ 0 .00
KU Authors 1,21 1,23 1.2 .25 0.01 0.02 (U VR
sy, and the pressure of the gas is re- ' ‘ = m;". : & ' T 5.0
arying 1 Miusted to its desired partial pressure,
! When th X P ! ; 100 Authors 068 0.61 0.€50.62 . 0.¢5 001 0.03 10 ~0 04
Wi the temperature and pressure: have 200 Awthors  0.24 131 1.34 1410 . 1.32 002 0.07 10 -0 08
wmained constant for about 2 hours, a 00 Authors 2.05 2,06 1,958 1.94 ; 201 002 40 0it0o -0 03
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At and sbove the eritical temperature of water (705° 1), the
gases W wst be infinitely soluble and the Henry's law constant

come relatively very small.  The constants for the four

it
goed in the 1egion of the eritical temperature are plotted in
pugrre 10, It is apparent that in this region the solubility con-

srants tened to converge and approach very low values at 705° F.,
s indicating that the data are consistent with the fact that the
posvs are miscible in all proportions at Illc eritieal poiut for water,
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Surfzce Active A\O"GI{“ ts

for Deter rgent Apph@&t@vs

SUSPENDING POV Ll{ AND MICELLAR ¢

SOLUBILIZATION

: . A. M. MANKOWICH

Paint & Chemical Laboratory, Aberdeen Proving Ground,

Qlll,ll(f'l'l().\' of snface uetive agents (surfactants) for specifie
Y metal cleaning applieations is usually made on a trial and
error basis, using laboratory detergency tests which have been
corrclated with ficld test results,  bExperience plus the fragmen-
tary available information on sueh properties as molecular stme-
ture, type and chemical stability of surfactant, smiface and in-
teefacial tensions, and Draves and Clarkson sinking times (2)
may be used as empirical sereening media, I is imperative that
oli possible combizations of compatible types of surfactants be
studied, since it is not possible at present to predict synergistie
combinations.  Buildir action varies with type of aren and soil,
s hich necessitates investigation of additionul comn'yliations, The
development of & laboratory detergency test that ean be corre-
kited with ficdd results is a problem.  An obviously considerable
amount of rescarch must be performed even when only a limited
number of surfactantsare testesl,  This procsss has to be repented
for every detorpent application in which the soil and/or sub-
stratum is varied,

The time-con=uming, trial and error approach in determining
the suitability of various surfactants for use in cleaning com-
pounds intended for the remaoval of specifie soils from specifie
substrata is viewed unfavorably in this laboratory, 1t is believed
that the selection of surfactants for specific deterpent applications
run be accomplished more seientifically and economieally by de-
termining the fundamental or prime fuctors in the detergeney
process; studying each factor to establish numerical eriteria for
the vurious types of surfactants and builders under varying pl,
roncentration, and temperature conditions; and elas<ifving soils
with reference to the numerical values of the prime factors, ob-
taining cofactors (uinimum numerieal eriterin for ench prime fac-
Wr necessary to accompli=h soil removal in specific soil-surface
vombinations)

Onee the prime factors for various types of surfactants and the
colartors for the wils are detenmined, an inspection of the data
willindies - appropriate surfactants or combinations of surfue-
Lty ns well as suitable temperature, pll, concentiation, and
tailder data.  Thisix done by sclecting the sariaetant, or combi-
Pation of spfactants, whose prwe Lictors have equal or greater
Fumerienl ratings than the correspondg: eoletors. The prinei-
e advanend is that detergeney in o specifie soil-anface apphiens
tion i aevomplishad only if the numerieal ratings of 2l the cofue-
tors are equaded or excecded by the prime factors of the cleaning
mhition. The need for utilizing more than one s factant for s spe-
efic detergeney wpplication will I readily apparent in those

Aberdeen, Md.

enses where an otherwise satisfactory agent is deficient in one or
maore prime factors.  When it is necessary to scleet two or more
surfactants, the maxinum numerical rating Jor each prime facter
of the combination is estimated by adding the respective ratings
of the individual surfnctants involved. Prelimivary work indi-
cates that the numerical rating of a prime factor approaches a defi-
nite maximum which is not exceeded, regardless of the number of
surfactants combined for a specific detergent applieation,  This
maximum is usually the highest value attained by any of the in-
dividual surfactants investicated. Tlowever, additiveness of
numerieal rating  of a combination of surfactants i= obtained un-
til the maximum tor the prime factors is reached. Tt is intended
to vover the determination of cofactors and classification of soils
and sub-trata in a later paper. $

An advantage of the proposed method of seleetion is that it will
indicate a number of surfactants or combinations of surfactants
for each soil-surfuce application, thus permitting a final selection
on an economic basis,  No attempt is made to evaluate the rela-
tive importance of the various priine factors, and the methed docs
not depend on such evuluation. The proposed method is not to
be confused with the speculations (21) that detergeney will even-
tually be caleulated from a formula containing weighted physico-
chemeal factors,  Accuming that these speeulations are reaiized
eventually, they will not aid in the selection of surfnetants for spe-
cifie detergent applications.  The formula will only give un index
of detergeney.  The proposed method indicates the minimum
physicochemienl requitements for a detergent application, to-
gether with a nuinber of surfactants or combinations of snrfae-
tants eapable of mecting the requirements, It is impartant to
realize that the proposed method indicates synergistic eombina-
tion= of surfactants,

PHYSICOCHEMICAL VACTORS OF DETERGENCY

Present-day knowledge indieates that detergeney is the result-
ant of many factors (1, 12, 20, 22). Tt is understandable, there-
fore, that attempts to correlate detergeney with one factor only
have been unsuccossful. Reich und Soell (18) emphasize a fur-
ther error made in attempting to evaluate detergeney with one
factor.  Detergeney is dependent on three groups of variahles
(12): those originating in the soil, in the swifactant, and in the
furfaee. A factor involviog only one of the groups, such as sur-
face tension, or wo of the groups, such ns micellar solubilization,
is busically not in correlation with detergencey,
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MEMORANDUM TO: Mr. Tom Crimmins J
Three Mile Island MAY & 1979
General Public Utilities 15300
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
Primuary 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 solubility
data given by Lange: Handbook of Chemistry were also used to prepare the
smoothed data on Henry's law constant given in Figure 2. Solubilities are
expressed in milliliters of hydrogen at standard conditions per gram of
water und pressures in 1b/sq. in. atsolute. The Henry's law constant varies
widely with temperature but appears 10 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
nucieation pressure of 950 1b/sq. in. and core outlet temperatures of 300°F
to 350°F, Case II is based on a nucleation pressure of 535 1b/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..5 to 1.22 ml/g HZO (oé an average of
about 1.2 ml/g HZO) and for Case II 0.61 ml/g h20. (Appendix A)

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 System, within the assumptions indicated, is given in
Appendix B, The calculations are summarized in Tables Il 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 multiplicd by the mols hydrogen per mole water
in Lhe vapor phase.

The calculations show that for both Case I and Case Il a% a given
waier vapor venting rate an increase in temperature (and pressure) reduces
the hydrogen venting rate, although the effect is not large except at Tow
venting rates. Thus unless other factors such as the effect of total
pressure on the lei-down rate indicate otherwise, the lowest feasible
prescure to p.event 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 assuimed 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 1b/sq. in. abs). The volume of
vapor phase, v, 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.



we

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 remcval 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
rates appear to be the same order of magnitude for the conditions assumed.

d%f/,,m;/ﬁ,,mh
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APPENDIX A

Estimation of hydrogen concentration in Primary System

Operating conditions (Case I)

Core outlet temperature:
Minimum pressure without nucleatican:

At 300°F

Steam partial pressure:
Hydrogen partial pressure:
Henry's law constant:
Hydrogen concentration:

At 350°F

Steam partial pressure:
Hydrogen partial pressure:
Henry's law constant:
Hydrogen concentration:

300°F to 350°F
950 1b/sq. in. abs.

67.C 1b/sq. in. abs.

950 - 67 = 883 1b/sq. in. abs.
HH = 765

C = 883/765 = 1,15 ml/g H20

135.5 1b/sq. in abs.

950 - 135.5 = 814.5 1b/sq. in abs.
HH = 665

C = 814.5/665 = 1.22 ml/g H20

Case I average hydrogen concentration: C ~ 1.2 ml/g H20

Operating conditions (Case II)

Core outlet temperature:
Minimum pressure without nucleation:

At 300°F

Steam partial pressure:
Hydrogen partial pressure:
Henry's law constant:

Case II hydrogen concentration:

300°F
535 1b/sq. in. abs.

67.0 1b/sq. in. abs.

535 - 67 = 468 1b/sq. in. abs.
HH = 765

C = 468/765 = 0.61 ml/g H20



Effect of core temperature on nucleation pressure

A

TABLE 1

.

(P = 1b/sq. on. abs. and C = ml/g H,0 at STP)

T°F H,, Py P(at C=1.2) P(at C=0.61) P(at C=0.3)
280 800 49 1009 537 289
300 765 67 985 534 297
350 665 133 933 540 335

T P SO T—————



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, cof 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.

Let C0 concentration of hydrogen outlet liquid, ml/g HZO
P = total pressure in vapor space, 1b/sq. in. abs.

partial pressure h:drogen, 1b/sq. in abs.

=l
x
1

Py = steam partial pressure, 1b/sq. in. abs,

HH = Henry's law constant, (1b/sq. in.)/(ml/g HZO)

y = vent composition, mol fraction hydrogen
Then P = Py + Py

Pu = My Co
and y = pH/P

Vent composition, expressed as ml H2/g H20 at NTP

(p,) (22,400)
(p,) (18)

(HHCO)(1244)

"
Hydrogen balance around Pressurizer
(Basis: 1.0 g spray water)



APPENDIX B (cont'd)

m]
"

(1244)8 HH Co/pw + (1.0 - B)C0

where C_ = concentration of hydrogen in spray, assumed to be the same as in

the Primary Sy:tem.

=
n

Solving for Co gives:

1.0
3 [(1244) B HH/pw + (1 -8)]

o

o

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),

are expressed in Tables I and II as [B y/(1 - y)](103)

water vented with hydrogen, expressed as a fraction of the spray water.
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TABLE 11

Effect of Pressurizer Vent Rate and Temperature

Case 1 (CS = 1,2 ml/g'dZO)

Relative
Co H, Vent
B T f;' C0 Py P y Rate
0.] 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
0 550 1.00 1.2 198 1243 0.159 0

* Below core nucleation pressure for assumed core temperature.



TABLE 111

-]1=

Effect of Pressurizer Vent Rate and Temperature

Case 11 (CS = 0.61 ml/g H20)

Relative
Co Hz Vent
B T C;' Co Py P y Rate
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 0.51 84 1130 0.074 0.08
0 500 1.00 0.61 153 834 0.183 0
550 1.00 0.61 101 1146 0.088 0

* Below core nucleation pressure for assumed core temperature.
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TABLE 1V

Vapor Generation during Let-down

Let-down temperature: 300°F

P 1b/sq. in. abs, >535 500
v ml/g ”20 0 0.0026
¢ ml/g H20 0.61 0.560

Let-down temperature: 200°F

P 1b/sq. in. abs. >570 500
v ml/g H20 0 0.0032
c ml/g H,0 0.610 0.530

Let-down temperature: 140°F

P 1b/sq. in. abs. >564 500
v ml/g H20 0 0.0025
¢ ml/g H20 0.610 0.540

300
0.030
0.305

300
0.020
0.315

300
0.0157
0.323

actual volume of vapor, ml/g HZO

100
0.390
0.043

100
0.114
0.097

100
0.0933
0.105

dissolved hydrogen corcentration, ml at STP per g water.

15
~186
4.8 x 107

15
.41
0.0038

15
0.891
0.013
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APPENDIX C

Comparison of vent rates (Case IJ)

Pressurizer vent rate

Spray rate (assumed) = 20 gpm (or 167 1b/min.)
Steam vent rate = B (167)

Assume B = 0,01

At 550°F: y = 0,032 (TABLE III)

b H :
—e °°gg§ f% = 0.00367 1b Hy/1b steam
1b steam 1

(0.01)(167)(0.00367)(60)
0.37 1b Hzlhr.

H2 vent rate

Let-down vent rate

Flow rate (assumed) = 20 gpm (or 167 1b/min,)
Inlet H, conc, = 0.61 ml/g HZO

_ (0.61)(2) 10 M,
2400 1b water

0.0000545 1b Hz/lb water

n

H2 removal 99% at 200°F (TABLE 1V)

H, vent rate (167)(0.99)(0.0000545) (60)

0.54 1b/min.



TASR CLCSE CUY Coooont 0

Tosk Scepa P E ity 1l

lu/
To: N, Levenson L
S. Leovy
€. L. rosk

Task i, e dete Cooplets ¢ ..," /. s ot ¢

Reazon falt task s cooplate:

o
/ ” . . iy ’ . > b X
LS 0 Fhe P s ol i IRy A L S A eyt o sy 1.
. ) - : " A R S ' "y . 2 . -
- / L £ o S e "’/_ y "’_/-’, TP o I CA
) ’ - ’ . & ) ; !
Bor PE; B ARG R pb il . L irn e nl sanee, Ve # W el 2 O
2 - i A oW i - ¥
. . -
/I .« ” ‘--‘".’A_A-/ » NS R p o AP s By 'A‘_ 2 g f
-~ = : ’
2 ’— -‘:;\'~ © #le - TV
i 7/ ¢ :
; 4 . " = " ’
/< o"/ ot At /’&M(‘b‘f—tu—s‘d( ——_— -
- » . -
/ .«

Fealare of Comitton

eete o .°
. - A -—
“
o TLEpesT S e e L
LN s &
N R T BREENACY Ao !( i 2
. ~
. 4
L}
e e

PR
s

3
|
|
|
|
".
!




Lo
st YT o
e

5/5/719
kolar

TASK 18 _OR0% A% GA CONCENTRATIONS_IN FRINZRY_SYSTEMS

———————

Mr )h?f""_:

ldentify {rportant factars in deteymining the boren and qas concentrations in

the primary system in current rode of operation, (1.e. natural circ on “Aj
“B" stratified.)

Boron Cuncentration:

1) Mate-up line enters pricary system on discharae side of PCP 18,

Flow splits with part goirg into "B stean generator and part going into
Reactor Vessel,

2) PBRoron could be concertrating at Eottor of "B” stesm gentrator .
if Tcold B 1s Yess than the myke-up te-perature,

3) Boron in pressurizer 15 concentrating because of low (or 2ero)
flow out of pressurizer into coolant lines and because of stecaming in
pressurizer,

4) Let-down line comes off of suction sids of RCP 1A, As long as there fs
natural circulation in "A” loop, boron concentrati-ne measured from the
let-cown flca 16 representative of boron concentrations in core., Tgrp
if natural circulation on “A" lcop 14 'ost, it will be very dtific i¢ to
interpret tho results of boren concentration poasurc-oats, ( 3 on
the made of c-oliny, the roreurcrents could b2 eo~plctelygnroil 'y, In
that case L.t cperation would be the preferred aliermative cetlicd of
Qporaticn,

Gas_Concentration:

- - -

1) Gas in make-up system should be reduced by degassing pake-up
water,

2) If local boiling cccurs in the core, nas can be releaz-4, The gas
content measured {n the let-down lire sample will Lo subject to the same
uncertainties as the boron concentration,

- ——————— s . A — R 7>
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Yo R. A. Abrosing
From: P. %, Birriott
Sublects THIUTUTS ON BECLIING PRESSURE 1) ONF ATHOIPHERE AT THI=2

Fer your request, here are suma further thoughts on reducing prostura to
crn® oo Liphera (Carifer troughts were sont td Rockwell on April 10).

Dasir:tla Foatyces of Coolinn Made
(1) Ruwove cecay heat 12 ary of feur vays:
- natgrl! circLation to CTY
= RIR cporation
= pot Botling %o coatafr-ent v!a sressurizer
o reflux botling %o 078G
(2) Minisize chance of core »azranical disruptica

Irothar feature thounnt previcusly €0 ba cesirable for 1t o sake 48 avoldase
of Tccal vatling, It will ta shown thst l1ocal Do1lin) may be » winor concern.

v

Rovsisl a2 Nosay Navt, Ketursl cireulaticn m3y rot povsise fncefinitely at wne

e LR WA LUG Lo0assIng because, assuning scme local matlir2 (n tha cove,
ar Ansibie BoIole ray fera at the top of the het 103 candyecane, ® e v
FLfsiofa that noncencengities seripnat eyt ty o

0cdl e2ilirg weuld o¢ tgah fato
sclulica, copending on the oxtent of iceal tsiling,  The vncertsinty could be
avot I By oty i3 8 S5t which would cenas privary coolant 7rom cne

3t ‘e (vdt. a2 croasser), Civen 4his, Aatural Circulition wiil reoave hare
frem T2 eore 1o 2finitely as Ycng #s the stasm dererstor i8 coolnd, So 1f t'.»

CCoiial ¢on be koot c2gassed, thare §8 ro novd to cepart Yrom natural Circulesic
even ol atrosiharic preseurg,

PR cooratien wil) prebadly giva dependadle core flow. How such core flow §s
uncerising Lesause Cue 10 the hinher-than-nrorma) Core resistince ¢ oare will bt

Kere L Tlow I tha stexa generators then 1n normal RER cparatien, NQ 2urssct
trag ! creration e ealcginted, now tnot tne core reststiinde cun ba infarved,
tefore It 15 atlempted,

® JTTVUVUMCG Lt co3a531ng wil? 8189 te neoded while pressure fs Laing reduces
G6ue Lo the Tower solubility of rorcoanensibles at Ycower pressura,

SUED— it . R o S A — . A R . 1
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Teyt ¢

.‘r-' 73 .‘."'Mc ¢ *odey 9% last »usovt. Eitast wode re s
faszltle, ey toth orn WLl a3t to Conwidavadle roestatnty, ant -1Lulet1nn!
-y "‘ Worirk 8t G2 A4SERETE BVeA With LT ) Rune

2 " ¢ o & 2
s . - ' -d . 1Y Sven oV

aRe LML PELENTYy D2 AN darisving 1, recidagry and ntadility 15 of

sap YWp'Yien

o G g g 8 “th P20l 221tipg G €a:ming cul e wressiriger, nunscnlunstdlies
b i ﬂ-o r-,v‘-r Iy ey, » T ]"‘]1¢" 1 e Az KB b 3] oip ¢ ettnin
%2 I or S °‘,... dua 2ot 5maY) tiss of ths preccucisir reliof

v3lvd: o0 --c'rar 't wEYY aar e 0t 210 withous x..q»(rin. LHe COre JJt W
e jeip zeunl) In the presaurizer < o Yipe b8y yot to ba e-aluzted,

Ayglisnse o2 ! celeay Pl mddes 30 Core.  The ungeitafs conditicn of tha
erva T TU (FIETE TSNS eresire or oy gurces v ditem ¢ ochandes)
pRveRN,  PrlareY ewrcuiatlion s ot Rk P not greatly differeat tree
~enlrtion uwiont FOr Lhe gtartul Lrveciont, TR RUL st1avtyp trerssent
cvid ba 822k 1shed g AR by sloeiy €ncnttyg the |r1Cyl‘Lﬂ valve: in ony
grant, 1t te Pand 1o s whv T w2202 Lo forw Shvame thad whin oristry

SNt P o o W startod on Anril 6, wrcch {epoarently) Lind na 1|l Pffﬂ¢!b.
k Yiua Lovisr ) s qutt: uacarteatn at 1»\»t until caleuletions ara done, :
beeeune 18 48 S1hly vory guseeotihls ta fhie dad DuCssure surnis, Vot
ilirg, thoi n probabiy gratle wetranfcolly, $3 yet to be evaluaind vor tis
""‘b“'tyl

Lozl poiling n the care way Chuse xand prisatis] !cr rearranaement of core
frac=-nte ¢t ta bulble formation. nis 1L the Yist ressen th evold lozal
{¢'75L3. tul U 18 naw wall to convidar how iopertant 1t s,

Bvot=enze of to0] Batli=a,  Tha criterion for sbiwetiing (ref. IS rian

LRGP, L) Tas beea fOP Taay (oulR) to bu et lcast 1007 subeociod, AR '

the gurrent ¢o o AT of "F. this vould requirs the cold Yeg tumgaralury: 10 he
Q1o-1L3=33 = ., whichsaunds agealashle 2fven thy naw wator/watey Lo oooncory

side Peat exstor e equit Tﬁt. fL core extt YL #H? hes cunsistantiy bran anoye
VIOF over TMt §inse nalurel circulation was 2toineg on AprtY 22, cud wWis

differecce (}L; . Yhﬂt) to28 not saem to be decrevning 1ike the othar "hot rpots.”
The ‘T?C - 7&;t’ values th Lhe othess, for rorsans untmoam, have taon fallimg

fotrly constst o otiv, apiaoxtrata’y ns 4he square ool of rore piaee, At this
réte, € woul? (oke sovecaY eendthe for the osxt nattest TC {£12) w rexeh

0OF cudsenllr 2 2t a2 um0sphore, Teus ed one sumdsihore sovwe locs) Lotling
epvaere i Lo dneviledie, even ¢ cnly in a few locaticne.,

Tre ¢ffect af 77220 021V ing on hoat svangfer vould predably not By of consorn.
Ince 45 corinl iy Srud (0~ 1RL324L vds, 8nd c2n B¢ Cxiainrg LBING SCoDing
Browronte for (0080 PRitetse Ca July 1, wien core povar 15 duen 0 3.0 il
tht dverpce v e par feal c2llat wiil be tbout .1 watt, Assuninn tha v-tlaty
e s144Y fn° (7o weoy fraonanted into foirdly laray fri~~ants) & $8 v 3
te radire 1itry tn whlch 0.1 watt per paliest covld not b dissinated o8

"3 4 e Lo region 15 eatively (URY of weter (G.1 watt 18 &lout vau.Job BJsec,

R AR & . s B was

i
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whish mpcee et 49 Aelle® (V17 apme gmtivaly £ wanarizatier, 6ot 10T 12/sec
of witer, cevininlv 9 mintgiute 2ooort, wolld ave tr 02 {0y wav § 43 the
vi¢tuity f =22n palles). Th? waior fordtte- pes ra2llet wouio b euivalent

Lo thzut 10 vululen of 0.1 Yneh 4vrseter pes teiLnnA G(‘ﬂ tf 1) ts (:')."('2 wore
€8 ®T vacortIatitn, whieh o wiitC 22 40 Sniact 267308 100 0rts Cralniiwe
reaicrs. e chock %ae ~09°1'1v:~»a ef trie gavdegiantieatively, it L*-IO teke
ed2.e 1002 efculh budbies <195t b3 9 2alles tn 11FL 12 In water, Sho

bLrTezd even of 8 Bailep 43 sush ! 4t test traa V00 gegr bublles could fom
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feie lcaar pellats, Hﬂaoxor. b Lty Sursle rise volecity fr SSEONENG WAtaE

th evant ¥ felerg, Avtrene fluw walosity of sotzzoled 19360 with < Cireyife
then 5D A RNy (8 tumireenn the care 18 brcwm 2o he Bbic 40 withytend) 1y
23,8 & 1% t0iy 6m8 11 wiuld recaive 28 Yot 6 07500 19 gusond @ Liilot om
fiyeins sLiitolns vatu' Trus 'n- crante Of Siswuntior Aue te rising buthleg
Biaed eyt i 3. At [walch, thaLon nr::c.ty pieted, ara ac iy

Orly quelicattyi) eit gt thet 1022t Batling coes not pose musk of 8 BroLliY

o3 fer as cove rithantes) clempticn 4s concened.

Iro gir=ary, 050 crnm wen) mancern oue t 1028) 1211402 18 Crasmirrtrd farmstion
OF =urdin3atv. d cires, wnteh CoulS Lhraates r°' wradl circuleticn cf rarlux
bbiltnn 1 Ceoissing oF prisdry cosleas 13 nst possitle.
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FEIER P uiCNiAR2
CAHROLL L Ca1E
FOLAND J GuiHILY
LUCLAS C VLN
FICHARD vV T2 LABKRESE

HAMID A RED

May 8, 1979

Mr. John Poltman
Three Mile Island
Box 480
Middletown, Pennsylvania - 17057
Dear Mr. Potman:
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,

William W. Lowe

:jam
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TDR-TMI-104: PRIMAKY SYSTCM CAS ANALYSES

T. G. Broughton Location Hartz Building

Enclosed i5 a collection of reports, memos, correspondence, etc. regarding
the TiHI-2 primary system gac analyses. This collection was assembled by Bob
Ryan, a Coubustion Engineering staff member temporarily assigned to the GPU
Technical Planning Group. In addition to this material, J. Moore's 3-ring
"Bubble Notebook" is on file in the TMI-2 Data Reduction and Management Center.
Jerry Weiser is making a copy of the notcbook which will be delivered to
Parsippany in the next day or two.

The collection of material is probably not conplete, but I hope it will
serve as a basis for starting on TDR-TMI-104.

%

R. L. Long

Manager - Generation Productivity

RLL:a

Enclosure

cc: w/o encl.
R. W. Keaten
R. F. Wilson
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3.5 HYDROGEH EVALUALION
METAL WATCI REACTIOH WD THE TUCL CLADDING CERURATED LARGE QUAN-
TITHLS OF NVOROGDN DURECG THE IHITIAL PHASES OF THE TMi-2 IRCICENT
on l‘.;\i-‘x,i! 28, lf)'/fi.. THIS HYRROGIH 1OL0 A BUBDLE WHICH CILCANE
TEAPFED 1IN THE MEAD OF THE REACTOR VESSEL. THE LARGE QUANTITY
OF NYDROGEN IN THE BUBBLE PRCDUCED A ILiGH PARTIAL PRESSURE WHICU
CAUSED THE REACTOR COOLANT TO BLCOME SATURATED WITH HYDROGUN.
AFTER THE BULKX OF THE DUBBLE WAS REMOVED ON APRIL 1, THE COOLANT
REMAINEG SATURATED WITH 1300 TO 1400 S1D. CC OF MYDROGEN PER KILC-
GRAM 0i° COOLANT. EXTENSIVE DEGASSING OF THE REACTOR COCLAN
DURING THE TIME PERIOD FRUA APRIL 2 THROUGH APRIL 12 HAS SIGHI-
FICANTLY REDUCED THE CCNCENTRATION OF DISSOLVED AYDROGEN. THE
ANALYS1IS OF A PRESSURIZED SAMPLE OF REACTOR COOLANT TAKEN ON
APRIL 25, 1979 SHOWED THE FOLLOWINC DISSOLVED CAS CONTENT:

HYDROGEN! §1.6 STD. CC/Kg

NITROGEN L.6 STD. CC/Ky

TOTAL 46.2 STD. CC/Kg
A SMALL PORTION OF THE ORIGINAL GAS BUEBLE BECAME TRAPPED IN
THE CONTROL ROD DRIVE MECHANISHS (CRDMs) AND HAS NOT READILY
DISSOLVED INTO THE REACTOR COOLANT. ODURING THE PERIOD FROM
APRIL 1 THROUGH APRIL i2, MUCH OF THE TRAPPED HYDROGEN WAS
REMOVED FROM THE CRDMs BY CYCLING THE REACTOR COCLANT SYSTEM
PRESSURL TO PROGRESSIVELY LOWER PRESSURES, REACHING A MININUM
PRESSURL OF 300 PSI6G, THESE PRESSURD REDUCTIONS EXPANDED THE
GAS TRAPPED IN THE CONTROL KCD DRIVES AND ALLOWLD THE CAS TO

BE ERTRAINED IN THC RC FLOW. THE AC HOLLE SIGNALS OH THE




REACTOR COOLANY TRFSSURET TRAUSHITTERS CONFIRMED THAT BUBBLLS WERE

INDELD KLLCASED EACH TIME tH0 PRESSURE REACHED A NIV LOW, THLERE-

FORE, IT IS CLEAR THAT, AT PRESSURES APQVLE 300 PSIG, THE GAS WILL

BE COMVELSSED BACK INTO THL CRDHs.

THE 46.2 CC OF GAS PER KILOGRAM OF REACTOR COOLANT CAM EXERT A
MAXIMUM PARTIAL PRESSURE OF 74 PSI REGARDLESS OF THL COOLANT
TEMPERATURE OR THE RELATIVE ANMOUNTS OF HYDROGEN AND NITROGEN IN
THE GAS MIXTURE, Thsaaroaa, ANY PRESSURE GREATER THAN 74 PS|
ABOVE THE VAPOR PRESSURE OF WATER WILL KEEP ALL THE GAS IN SOLU-
TION. |F ALL THE GAS IN THE CRDM WERE TO DISSOLVE INTO THE
COOLANT; IT WOULD INCREASE THE PARTIAL PRESSURE OF GAS BY A
MAXIMJt OF 138 PSI. IF IT WVERE TO BE ASSUMED THAT HALF OF THE
FUEL RODS STILL CONTAINED THCIR PRE~PRESSURIZATION GAS AND
STABLE F1SSI10N GASES, FAILURE OF THESE FUCL RODS COULD INCREASE
THE PARTIAL PRESSURE OF THE GAS BY 88 PSI. FIGURE 3.5-1 SHOWS
A PLOT OF THE COMBINATION OF THESE THREE PRESSURCS WHICH ACCOUNT
FOR ALL THE GAS KNOWN TO BE IN THE REACTOR COOLANT SYSTCN,
FIGURL 3.5-1 ALSO SHOWS THL AMOUNT OF MARGIN NEED TO ACCOMMODATE
MAKEUP REQUIRCMENTS AND RADIOLYTIC GAS GENERATION FUR ONE WEEK.
THE MAKZUP RATE WAS ASSUMED TO AVERAGE 1 GPM AND WAS ASSUMED

TO BE SATURATED WITH AIR AND TREATED WITH 20 PPM HYDRAZINE TO
REMOVE THE OXYGEN. EVEN THOUGH NO NET RADIOLYTIC GAS PRODUCT-
ION IS EXPECTED IF THE COOLANT 15 DEOXYGLHATED AND 5 TO 15

$TD. CC OF i, RCMAIN DISSOLVED 1 THE WATLR (REF. 1). FIGURE
3.5~1 ALLOWS MARGIN FOR A WLLKS BUILDUP OF RADICLYTIC GAS PRO-

DUCTION, USING A G-VALVE OF 0.025 HUYDROGIR ATOMS PER 100 EV OF




ABSORBED ITRBADIATIGH. AN ADDITIONAL NAKGIN TNCLUDLD 1 THE MING-
BUM PRESSURE QURVES SHOW W FIGURE 3.5-1 IS THAT THL AMOUNT OF
CAS REMOVLD FROM IHT SYSTEM WITH COOLART LLIDCWN AND LTAKAGE WAS
NEGLECI LD AND AT HIGH DISSOLVID GAS CONCLNITATIONS ANOUNT TO A

SIGNIFICANT REMOVAL RATE.

PERIODIC ANALYSIS OF RCACTOR COOLANT SAMPLES WILL PROVIDE A
DIRECT MEASURE OF TiE GAS CONTLNT OF THE COOLANT AND WILL PROVIDE
THE BASIS FOR REDUCING SOME OF THE CONSERVATISM.IN FIGURE 15,31

THUS PERMITTING FURTHER PRESSURE REDUCTIGHS.

REFERENCES :

1. VWATER COOLANT TECHNOLOGY OF POWER REACTORS, BY PAUL COHEN,

GORDON AND BREACH SCIENCE PUBLISHERS OF NEW YORK, 1969.
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PURPVOCSE AND SCONT

A. This proceduie establiches the methods for preparation and control
of Technical bDiva Repocts (TOR's).

TDR's consolidate and record results and conclusions gencrated

in technical studies (e.g., trade studies, plant perforuance
evaluations, plant transicent analyses, material selection studles,
nuclear fuel cycle options, ecovonic evaluations, safety studies,
evaluations of operating plants, and failure analyses, etc.) and
sunnarfze their impact on overall plant design, operating plant
reconmendations or {nput to baseline documents (e.g., plant eriteria,
SDD, tech specifications),

APPLICABILITY

This procedure applies to activities performed by all departuents
within the Technical Functlons Group, Ceneraticn Division.
REFERENCES
EP-006 "Preparation, Documentation & Contvol of Calculations”
EP-016 "Records Retention and Control”
DEFINITIONS
Refer to "Glossary of Engineering Terws"™
3
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{ T DATE OF KtV o f
{ : ; Preparation of Teelinlcal Data Reperts 3/2i1i9 FASE A OF " 3
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Vv PPEPTARATION of TIR's
: A, ‘!'.',::;nf reuents
Each TDR shall:
1. Comprise a written document, prepared in accordance with the
i forwmat as digcussed in B below,
2. Be assigned a unique docusment nunber from Fnglneering Stan- F
dards.
i 3. BEe distributed by the Responsible Engincer and the master filed
' by the Engincering Standards lancger, '
B. Forsat
1. Page ]
; The first page of every TDR shall be the cover sheet shown in
{ Appendix A, 1f additional pages are required, the numnbering
( shall be la, 1b, le, etec.
The cover sheet shall be typed and include the following
technical information in the abstract:
a, Brief statement of problem
b. Summary or Key Results
cs Conclusion
d. Recovmmendations
The Responsible Enginecer(s) who prepared the TDR shall sign
and date the document in the space provided on the cover sheet,
2. Revision Fage
The page following the abstract shall be as shown in Appendix B,
A brief description of each revision fnecluding page nusbers shall
be given and approval of the revision shall be significed by the
initials of the Kesponsible Engineer and the Responsible Enpi-
neer's Manager. The vevisfon pages shall be numbered page 1, i1,
etc. )
3. Table of Contents
The next page of each TDR shall be a Table of Contents. A sug-.
i gested forwat 4s ws follows: !
. I l. Purpose & Suuwmary s
! ?. '\'. foerentes ' E
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i
3. Mathods ¢
4, Evaluation E
3. Results i
6. Conclusions i
7. Recomacndations !
8. Appendices {
. : f
The format way be modified as necessary to suit the particular '
subject belng addressed. However, the above format should be !
used whenever possible. '

Subsequent Pages

All pages shall be sequentially numbered, starting with 2,

a. Discussion of Major Headings

(1) Purpose & Sumnary
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. Iui-
tials and acronyms to be used in the text such
as HWR (Heavy Water Reacter) shall be identified
the first time it occurs in the text,

(2) References

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
reference shall be identified as to number, title,
edition, date, volume, page or figure number, pudlisher,
and revision nunber as appropriate,

Each reference in the 1list shall bLe 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
of pages in one document is required, page numbers
shall be part of the text reference and shall not be
shown in the Reference Listing.

(3) Methods

The YMethods section shall clearly iandicate the sequence
of steps that have been used such that a coupetent Engi-
neer can trace the analysts process without recourse to
the ardginator, t

.
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(4) Evaluation

Al significant sections of the material or velercenced
material should be highlighted,

(5) Results

All calculations and computer printouts upon which
the results were bascd chould be referenced. Exten=
sive caleulations shall not be reported in a TDR
(see EP-006) but rather referencing to such docu-
ments using their results and conclusions to subs=
tantiate the point of the TDR, Craphs, tables,
charts, ctc. should be used and included to support
the results, conclusions and/or recommendations
generated by the TDR,

(6) Conclusions

State the conclusions reached based on the results.
(7) Recoumendations

State any reconmendations made based on the conclusions.
(8) Appendices

Appendices should be attached which serve to make the
meaning of the report explicitly clear.

Dircctions to Prepare a TDR

(Refer to Procedural Flow Diagram Appendix C)

The Responsible Engincer prepares the draft according to the
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
review,

The Responsible Engincer's Manager reviews the draft to
insure that the TDR is technically sound and meets the
requirements of this procedure, lle may, at his discretion,
request review by others,

The Responsible Enpgfncer resolves comments and obtains the con~
cutrrence signature of his Section Manager,
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b DIRECTOR OF The Director of Technical Functions authorizes distribution
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A. Director of Technical Functions .
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