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Attachment to GNRO=91/00061

STANDBY LIQUID CONTROL SYSTEM
CALCULATION SUMMARY

Calculation Purpose

The current GONS Technical Specifications (7T8) allow the solution
in the Standby lLiquid Control System (SLCS) to have a sodium
pentaborate concentration of 28,5 weight percent (w/o) when at a
solution temperature of 130%F, The lssue of whether such a
solution is capable of being injected into the reactor vessel
without excessive sodium pentaborate precipitation occurring has
boen ralsed by the NRC,

To assist in resolving this issue, a caleulation was performed to
determine how the temperature of the SLCE process flow (starting
from the SLCS pump discharge) changes due to ambient temperature
conditions (in the vicinity of the BLCS discharge piping) when
being injected into the reactor vessel, The resulting sodium
pentaborate precipitation is calculated and totalled, Figure |
containg a schematic of the SLCS piping layout,

The caleulation consisted of two parts:

1) Caleulation of the S8LOS process flow temperature change under
steady stace conditions ({.e,, SLOS discharge piping warmed to
SLCF process flow temperature),

2) Caleulation of the SLCS process flow temperature immediately
after SLCS dnitiation (i.e,, SLCS discharge piping in the
comtainment is indtially at 70°F and the drywell portion of
piping Is fnitially at 110°F) unti]l process flow temperature
oxcends saturation temperature of the SLCS solution,

The results of the calculation a' - used to demonstrate anaiytically
that excessive precipitation does not occur,

Scoping Calculation

Before reviewing the caiculations discussed above, it is
instructive to take a look at a simple (and highly conservative)
calculation which should serve to place an upper bound on the
amount of precipitation which could occur in the GGNS SLCS design.
While we do not credit this calculation in resolving the question
posed by the NRC, it {s nonetheless useful in placing the
precipitation issue in perspective and serving as a check on
calculation results,

The scoping calculation assumes that the SLCS discharge piping
(including drywell piping) is initially at 70°F, The SLCS solution
is discharged at 130°F and 28.5 w/o sodium pentaborate,

69102264/ 8NLICFLR = 5
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Attachment to GNRO=91/00061

We assume that the discharge piping must be heated uniformly to
approximately 130°F (the steady state temperature reached during
SLCS injection). Until the piping reaches 130°F al)l SLCS solutien
passing through the piping (s assumed to transfer heat to the
piping represented by & final solution temperature of 70°F (l.e.,
oeach 1bm of BLCS solution cools down from 130°F to 70°F regardless
of the actusl piping temperature), The total precipitate is then
caleulated based on a SLCS solution temperature of 70°F,

First, we calculate the total amount of heat necessary to raise the
E1LOC8 dischaige piping from 70°F to 130°F,

The BLOE discharge piping nan.‘ in:

Diameter Length Lbm/ft Total

g 4. 68" 5,02 29,49

1.5" 166,09' 3,63 602,91

3" 3.258' 10,25 33,31
659.71 1bm

The necessary heat transfer is:
Q = Hcp A"
where: M = mass of discharge piping (1bm)
" = stainless steel specific heat (BTU/1bm®F)
AT = final = initial pipe temperature (°F)
= (659.71 Ibm) (0,12 DTU/1bm®F) (130 « 70°F)

= 4750 BRTU

g g ————— b o SRR e o e o e ey e b

lThe HPCS discharge piping is igrnred due to the low piping

. surface contact area to volume ratio for the SLCS solution and the
| resultant low heat transfer,

I
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Attachment to GNRO=91/000861

The heat lost per 1bm of 8108 solution is given by:

Q/M = op AT

where: M = 1 lbe of SLC8 solution

¢
P

AT

SLOS solution specific heat (KTU/1be®F)

initial « final SLCS solution temperature (°F)

(0.82488 BTU/1bm®F) (130 - 70°F)

= 49,49 BTU/ 1bm

Therefore, t'» amount of SLCS solution required to raise the
discharge pl, 9 temperaturs to 130°F (s :

4750 RTU/4L9.49 BTU/1bm = 96 1bm

At 70°F, the sodlum pentaborate solution concentration has heen
reduced to 16 w/o compared to the initial concentration of
28.5 w/o. The total amount of precipitation is:

Mp ~ (28,5 w/o = 16 w/o) (96 1bm)/100

= 12,0 1bm

As will be discussed in more detail later, this is clearly a
negligible quantity of precipitation,

I11. Genersl Assumptions

Although the scoping caleculation result may be conclusive, time and

temperature dependent calculations were parformed.

The following are the major assumptions used in both the steady
state and transient parts of the calculation:

1)

2)

3)

&)

5)

The temperature of the SLCB sodium pentaborate solution
(process flow) is assumed to be 130°F at the SLCS pump
discharge.

The SLCS flow rate for two pumps is assumed to be 82.4 gpm,

No credit (s taken for insulation on the SLCS discharge piping.
The ambient temperature in the containment is assumed to be
70°F (i.e,, the SLCS discharge piping in the containment is
initially at 70°F).

The ambient temperature in the drywell (s assumed to be 110°F

({.e., the SLCS discharge piping in the drywell is initially at
110°F),

G9102264/8NLICFLR = 7
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Attachment to GNRO=91/00061

The first step was to calculate the transit time through the pipe
increment, The S1CS flow rate used was B2.4 gpm for the common
discharge piping and 41,2 gpm in the piping which is pstream of
the point where the discharge piping from each SLCS pusp meets,
Dividing the SLCR flow rate by the cross sectional ares frr Lhe
appropriate pipe internal diameter gave the BLCS solution velecity
through the piping. Dividing the {ncrement's piping length by the
solution velocity gave the transit time for that pipe increment,

The second step was to calculate the area that the slug of 8108
solution had in contact with the pipe wall for the appropriate
diameter of discharge piping.

The third step was to caleulate the heat transfer rate per {t? of
contact area for each increment of piping., The caleulation for the
heat transfer rate was performed using a computer program, The
heat transfer rate was calculated for each increment of piping.

The enthalpy change was then calculatad as a product of the heat
transfer rate and the transit time divided by the slug mass

(0.8685 lbm), The temperature change of the 8LOS solution was
caleculatea by dividing the enthalpy change by the specific heat of
the SLOE solution. The temperature change of the piping was
similarly calculated by dividing the amount of heat transferred

(Q * transit time) by the product of the mass of steel for the pipe
section and the piping specific heat (M * c’).

Finally, the amount of precipitation (if any) for each slug oi SLCS
solution was caloulated, Precipitation was assumed to occur if the
solution temperature was less than 114°F (the saturation
temperature for 28.5 w/eo sodium pentaborate solution) and was
calculated separately for the containment and drywell piping.

The preceding steps were performed separately for each slug of SLCS
solut fon until SLOS solution temperature exceeded 114°F at the RPV

¥ jection point,

An additional calculation was performed to determine the period of
time during which sodium pentaborate precipitation was possible -
in other words, the amount of time required to heat up SLCS piping
sufficiently that SLCS solution is injected into the RPV at a
temporature greater than 114°F, The transient calculation was
terminated when the SLCS solution temperature exceeded 114°F at the
RPY, Therefore, the time required to pump the solution mass
calculated for the transient case, added to the transit time for
each piping section, determines the duration of the precipitation
transient.

69102264/8NLICFLR = 9
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VII. Sample Transient Calculstion

A sample calculation demonstrating the above described methods for
the first slug of SLCB solution in the last full 1 foot section of
common 1+1/2" diameter piping in the drywell follows:
The transit time for this 1 foot increment:
1}L10'b = {ncrement length/fluid velocity
®= 1 ft / 14,96 fps = 0,066845 seconds
At this location the calculated initial SLCS solution temperature
(t. ) is 74.69°F, the pipe temperature (t_ ) ix 77,.161°F, the SLOS
wolut ton velocity {8 14,96 ft/sec, and the internal pipe diameter
is 1=1/2", The heat transfer coefficient is given by (Source =
Mark's Standard Handbook for Mechanical Engineers, #th ed,, Page
464, equation 6¢):
h = 160%(140,012¢ )V " */(D)""?
m i |
where: h_ = mean value of h for entire surface (BTU/hr feter)
k- film temperature = (t' »tb)/z (*F)
t' = pipe wall temparature
tb ® SLCS solution temperature
V.' average fluid velocity (ft/sec)
n‘- ingide pipe diameter (itches)
® 160 * (140,012 * 75,9255) * 14,96°'%/1,5 °'2
® 2455.45 BTU/hr fL?OF
The heat transfer rate at this location (s therefore:
* A W
Q= hm A' AT
where: h_ = mean film coefficient (BTU/hr ftPoF)
A = surface contact area (ft?)
AT = S1CS solution temperature = pipe temperature (°F)

= 2455,45 BTU/br fLP°F * 0,3927 ft? * (+2,471)°F

= «2382.7 BTU/hr = «0,66186 BTU/sec

69102264 /8NLICFLE - 10
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where: AH = heat transferred by the SLCS slug (BTU)
M= piping mass (lbm/ft)
L ® length of this increment (ft)
cp ® stainless steel specific heat (BTU/1bm®F)

®= («0,66186 BTU/sec * 0,066845 sec)/ (3,63 lba/fL *
1 ft. * 0,12 RTU/ 1be®F)

& «0,1016°F

And, the piping temperature after the S8LOS slug exits this
increment is:

77.161°F ¢ («0,1016°F) = 77,0589°F

All of the values caleulated above approximate the values
caleulated by the computer program slgorithm,

Transient Calculation Results

The total amount of sodium pentaborate precipitation was caloulated
to be 6,993 lbm.

The duration of the precipitation transient was calculated to he
79,4 seconds, After this time, the S8LC8 solution temperature at
the RPV injection point remains above 114°F,

SBafety Significance of Precipitation

BLCE injection is designed to meet a 3% shutdown requirement and
includes a 25% margin to allow for uncertainties such as imperfect
mixing in the core, leakage, etc, A minimum of 5800 lbm of sodium
pentaborate is necessary to fulfill this requirement., The

6,993 1bm of sodium pentaborate which may precipitate during
injection vepresents only 0,001% of the minimum sodium pentaborate
woight ~ a negligible amount compared to the 25% margin,

Since little published information exists on the precipitation of
sodium pentaborate, GGNS conducted a controlled laboratory
experimaent to obhserve and record the behavior of an approximate
8.5 w/o sodium pentaborate solution when cooled below its
saturation temperature of 114°F, Briefly, a solution of 28.3 w/o
sodlum pentaborate was prepared and heated to 130°F, The heat
source was removed and the solution cooled to room temperature
(approximately 77°F). The solution was constantly stirred at rates
well below those necessary to reach turbulent flow conditions,

G9102264/8NLICFLR ~ 12
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