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Dear Sir:

Three Mile Island Nuclear Station, Unic II (TMI-2)
Operating License No. DPR-73
Docket No. 50-320
Analysis of MDHR System Startup and
Operation Effects on RCS Boron Concentration

On May 9, 1980, during a meeting with the on-site MNRC staff, the question of
the effect of MDHR system startup and operation on RCS boron concentration
was raised. We committed, at that time, to provide a detailed analysis

of the transient and steady state effects on boron concentration throughout
the reactor core region that could be anticipated as a result of putting the
MDHR system into operation.

The enclosed Tachnical Data Report (TDR-155) provides the results of the
analysis that has been performed. The analysis methodology defines eighteen
(18) finite elements that make up the RCS, the reactor core region and the
MDHR system. Calculations were performed, using these finite elements,’ that
show chat RCS boron concentration does not zo below the minimum required value
of 3000 ppm in either the transient case (startup) or the steady state case.

We ancicipate that the submission of this Technical Data Report is responsive
Lo vour concerns.

Sincerelv,
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3. X. Hovev
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1. 3rief Statemen: of Probles
R. C. Azaold - - -
J. 2. Barzon To swi:zzh from the natural convecticn coclizg mode of the
G. 2. Bond 20-2 reactzor coolant systzam =5 the forzed cizculation IoT
G. R. Capodanno decay neat Temoval, the Miai Decay Heat Rezoval System
?. . Clark (MDERS) will be used until the reactdT has been complerely
D. K. Croneberger defueled.
J. C. DeVine
3. D. ¢ As a result of this sizuation, an analysis was pericroed
®. 7. Cunn to ensure tha:t the borom concez=ztTation everwwvhere iz the
R. M. Jasan? reaczor vessel, especially ina the core, is higher than
R. W. Keaten 3000 ppm (cachmical specification requiremesnc) all the =3
G. Kunder during the Transient and steady state operation of MDERS.
J. P. Moore The effect of flow rate on boron comcentTation was also
A. ?. Rochiso s$tudied.

| : ! im
i I
*COVER PAGE ONLY

Suzmarvy of Xev Resul:s

Conservacion egquaticns of energy and =ass wvers applied
5 18 volume elemencs 2smprising zhe MDERSy . CoTe beat
genesaczion dusisg April, 1980 wvas 5.5 2 167 3tu/hr, ané asid
leg cazpeTiture vas iassumed I de 100°7. Tlow racas |
of 10, 20, 50 and 120 G iz the systa= 'n'n considesed. |
Sigmidizans fiaciags aze lissad Selow. |

2. The izimum Sorsn oncamsraticn it the Teacsav
7essel 15 approxi=ately JI07S :.-pu: fov.all Ilow Titas
basweez 10 and 220 zrm. Obvicusly, =he zechaical
speciiization reguirement of 300C »pm has been
satisiied,

2. The

far

szeady szaza HS0Ta32 concent
all Zlcwv -acas that

zasisn is 3705 »mm
Jere zonsidered,

3. The 2ize 20eded o achieve s:teady staza {=ifara
Yoron :soncentratisa L3 sthe eatirze MDERS) aze depiczad




DR 155
Page la
ABSTRACT: (continued)
Flow Rate, GPM Time z¢ Achieve Steadvy State, ==s.
10 94
22 bl
50 18
120 8
3. Conclusions

The results of this analysis has genevated thz Zcllowing

conciusions:

i. The hot leg texmpe-ature decreases with the increasing {lov rTate
for a fixed cold leg temperature.

2. The minimuz boron concentration in the reactcr vessel during transisnt
and steady state operation of cthe MDERS ls independenz cf flow rate
and is alwavs greater chan 3000 op= which is che cecamical specification
requiremenz. 7This valve is insensizive to the pumber of volume elements
that were utilized to model the reactcy core.

3. The steadyr state boron concentration is independen:t of the
flov rate.

-. Time required to achieve steady s:tate iz the MDHRS varies inversely
with the svstem flow race. ;

4. Recormencation

It is recommended zhat a moderate flow rate of 50 gom be uzilized
during start uc of the MDHRS to afford reasonabie and sufficient
time o assess any urcusual trends that may occur in the resacter
vessel during the transient phase of the operationm.
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FURPOSE AND STMMARY

To switch from the natural convec:sion cooling =ode of the TMI-1 raac:or
coolant syscem to zhe forced cirsulatice mode of decay heat removal,
the Mir: Decay Heat Removal Svstem (MDERS), with flow pazx shown o
Figure 1, will be utilized unzil zhe reactor has been completely
dafueled. As shown in Figure ., some 2f che flow pach volume have lovw
boron concentration wnich can pocentially lower the boron concencration
in the reactor veasel.

Conservation equations sf energr and mass vere utilized in analyvzing
deasity changes and variazion of boron coccentration during transieat
anc steady sczace operatior of MDHRS (Peference 5). The zinimm
required boronm concenzratios of 3000 ppm inm the Teactor vessel per
TMI-2 technical specification will be checked o make sure zhat

tnis has not been viclaced any ctime during the operation of the MIE2S.
The eflect of Zilow races on the transient and s:teady state variatlios
¢ boron comcen:tTation were aisc considersd iz the study.

thods of analysis, resul:s, conclusions, recommendacions and
reference will be highlighted in che following sections of this
Techanical Data Report (TDR).

Ii. ETHODS

The following methods were exploved to amalrze the operatizg MDERS with
differen: flow rates.

1. The MDHRS wvas divided into a finite number of volume elexments.
Figure 2 depiccs 18 velume elements. The reacter vessel core has 6
elements.

2. Epergy equation was applied to each elemen: o determine the
temperature and deasity distributions of reactor coolaant in the
MDHRS .

3. HMass balance, with a consideration of densicy vaciatzion of reac:zor
coolant, was used for each elemen: 2o determine the distriducien
of Yoron concentration during ctransiens and sceady state operation
9f the MDHRS.

oIs. Z=YALTATION

A. Sot Lag Temperature

& i
“his evaluaction assumes a2 zold leg =amperacura of 00T and
utilizes zhe Ipilowing assumptions:

1. Heat loss through the Teacz=or vessel and zipizg iasulation is
negliigzibie with rasspec:t :o the heat Zeneratad iz the reactor
core.
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2. Once the MDHRS i{s iz operatiom, coclant {low will be in
steady s:ate, and heat ex:tracced froc the MDHRS heat exchanger
s squal to the heat produced iz the core. Consequently, the
coolant temparature and densitr are uniform withir the element
during the transient operaticn of the MDHES.

The firs:c lav of chermodvnamics was applied to each element. 2
Consequenzly, the increase iz enthalpy or temperature can be

avaluacec as a resul:t of heat addicion zo each element. The energy
balanca in each eliement is expressed as follows:

g = (hi_ T et hi-l, ) (1)
Where: § = heat addiction =0 each elemen:t, Btu/Sec.

£ = mass flow race of reactor coolanz, lbm/Sec.

h,_, , = Coolant eachalpy a the lower boundaty of £
='® elexent
h, Y = Coplant emchalpy at the upper boundary of
o

i— element.

The coolant densicy for each element was deter=ined Irom steam
tables considering the coclant pressure and temperature. These are
consequently used in the mass balance of boron for ‘each elemant.

Boron Concentration:

This evaluation is based on the assumption that mass concentration
of boron is uniform in each volume elemenz. Forced convection

due to pump action and nmatural convection due tc heat generationm in
the reactor vessel core can provide a good mixing of borom for each
element, which consequently make this a realistic assumption.

The transient variation of boron concentration in each element
depends on mass flow rate, differance of boron zoncentration between
inlez and outle:z of each alement, and total zass in each element

Ccaservazion of boron at each element can be expressed by the folllowing
ifierential eguatiom:

dci - 'n (c‘-1 - C‘,)
oy L @
wWith the iamizial eondizionm, €, »C°©
wWhere: Ci = Iize dependent Horon zoncentration iz elemest %,

=bz Yoron/lbm coolant

C,.y ® =ize dependent boron conceatration iz elemen:
i=i, lbm Soren/ldm coolant.

Tile, sec.
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z = Mass flowv rate of coolanz, lbhm/sec.

P. = Coolan: density i: element i

V. = Coolant volume in element 1

C,0 = Inicial boron concentractionm
dCi

When steady scate is reached, the unszeady term, :ET becomes zaro
and consequently Ci-l -ci. This implies tha: during steadv sctace,
boron concentrations for the whole MDERS cooverge to a single
value wnizh is independent of mass low rate.

Application of equation(2)to each volure elemen: Tesulcs in the
following set cf ordinary differential equations with che consequent
inizial condizions:

Inizia® Condirions

c, = D, (€,gC,) =0, C, = 3800 ppm
¢, =9, (¢, -C,) t =0, C, = 3800 ppu
¢, = D, (€, =C,) Tt =0, Cy = 3800 ppm
€, = D, (€ =C,) €t =0, C, = 3800 ppa
€y = Dg (C, ~Cy) t =0, Cg = 3800 ppm s
g = Dg (Cg =Cg) t=0, C, = 3800 ppm
¢, =0, (Cg =C,) € =0, C, = 3800 ppm
Cg = Dy (Cy ~Cg) t =0, Cg = 3800 ppa
Cy = Dy (Cq =Cg) T =0, Cy = 3800 ppm
c'm = Dy (€ =Cyp) =0, Cy = 3800 ppm
é._ " Dyy (€9 =C;y) =0, Cp, = 3800 ppu
C3 * 0.y (€, =C:,) €t =0, C,, = 3800 ppm
élJ - D.,_.! (CI: -sz) e =0, f::.3 = 1500 ppm
€y =Dy, (Cyy =Cy,) =0, ¢, = 2250 ppm
Cs = Dy (Cy, =Cy) $°0, G =0

q6 * O (G5 -G¢) =0 G ® 2250 ppm
i = 37 (Cpg =) R0 Sy 1000

:18'318 { 3 -C.s) teQ, c,s-zzso.m
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Values of D and P vere calculated for each element at differsnt
flov rates. Resulting svsctem of simultaneous differencial
equations vere solved numerically using the computer code depicted
in the Appendix I. Sample output is alsc shown. Flow rates of
10, 20, 50 and 120 gpm in the MDHMRS were comsidered.

RESULTS
A. Hot Leg Tempezature

The consequent hot leg temperature for each “low rate are
depicted in the table below. These resulcss are based op 3
coolant temperature of 100°F in the cold leg.

Coolant Mass Flow dot Leg Temperature
_Race, GPM oF
10 210.5
20 155.4
30 122.2
120 109.2

Boron Copcentrazion

Transient and steady state vaiues of boron concenrration for
volume elements 2, 3, & and 9 inside the reaccor vessel are
shown in Figure 3, 4, 5 and § for velume flow -azas of 10, 20,

50, and 120 gpm respectively. Key Tesulcs are summarized below:
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The sinimum boron concentrazios ia the reactor vessel is
approximately 3575 ppm Zor all flow rates between 10 and
120 gpa. Obviously, che cecanizal specification requirement
of 3000 ppm nas been sacisfiud.

12
.

The steady sctate valus of boror concentration is 3705 ppa
iz MDERS for all ilow races.

3. The zime needed to achieve scteady state, i.e., umifora borom
concepnzration in the encire MDHRS,are tabulated below.

Tlow Rate Time te Achieve Steady
GPM Stace, H=s.
10 . 9%
20 Lb
50 18
120 8
CONCLUSIONS:

This inveszigation has come up with the following conclusiomns:

1. The hot leg temperaturs decreases with the increasing flow rate for
a fixed cold leg temperature.

2. The minimum boron concentration in the reactor vessel during
transient and steady state operation of the MDHRS is independent
of flow rate,and is always greacer than 3000 ppm which is the
technical specification requirement. This value i3 insensitive
zo the number of volume elements that were utilized =o model the
reactor vessel core.

3. The steady state boron concentration in the MDHRS is independent
of che flow race.

4, Time required to achieve steady state in the MDERS varies izversely
wizh zhe syscam flow race.

RECOMMENDATION:

Z2 &5 recommended :thar a moderata flow vace of 50 gpm be urilized
during star: up of the MDHRS :to afiord reasonabie and sufificient
time o assass any unusual ctrends that zay ocsur im the Teactor
vessal during the ctransient phase of che oparacioan.
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