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ABSIRACT

Plastic film materials have become widely accepted for use as vapor barriers.
Though not constituting an absolute vapor barrier membrane, lire glass or metal
folls, lhey usually offer more than adequate resistance to water vapor
permeation. Their relalive inexpensiveness, flexibility, and availability make
them 1dea’ for applications where large and/or uneven surface areas must be
profected from Ingress o~ ejress of moisture.

This applicaiion would suit that of an ice condenser containment system, used in
certain nuclear power plants, wherz ice is stored \n large refrigerated
compartments. This system entails a major maintenance problem in that the ice
cortinually subitmates away. Vapor barriers have not been incorporated in the
past because of the unknown effects on the heat transfer performance of the ice,
that is, ils ability to concdense the steam generated from a postulated pipe
rupture. 1If, however, the vepor barrier coulc disintegrate or dissolve away fast
enough under accident conditiors, tnen the use of such a vapor barrier might be
practicatie.

It was the purpose of this program, as summarized herein, to investigate and
evaluate the use and possible heat transfer effects of water-solubie plastic films
when used as vapor barriers around the ice stored in the ice condenser system.
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SUMMARY

Nuclear power plants using ice condenser containment systems inherently suffer
from ice sublimation with resultant diminishing ice inventories. Maintaining the
minimum ice inventory for containment building safety requirements necessitates
periodic i-e replenishment operations, with the plant shut down for the entire
operation. Up to 6 months downtime and 25,000 man-hours are needed to melt out,
reload, and weigh the typical plant ice inventory of 3,000,000 pounds

(1,360,000 kg) and it is estimated that the process could be required as often .s
every 7 years. Utilities having ice condenser system plants clearly need an
economical and feasible method to effectively suppress or eliminate ice
sublimation losses.

Plastic "1Im materials have become widely accepted for use as vapor barriers.
Though not absolute vapor barriers, they usually offer more than adequate
resistance to water vapor permeation. Further, their relative inexpensiveness,
flexibility, and availability make them ideal for applications where large and/or
uneven surface areas must be protected from ingress or egress of moisture.

The objective of this program was to investigate and evaluate the use and possible
heat transfer effects of water-soluble plastic fiilms when used as vapor barriers
around ice stored in ice condenser systems. The following tasks were involved:

0 Determination of suitable materials for sublimation shielding,
metheds of application, and costs

0 Assessment of the performance of the materials through
subscale tests

0 Evaluation of material characteristics such as solubility,
effects of residue on drain components, maintenance and repair
of the material, and =ffects of age and radiation

Through literature searches and discussions with the Westinghouse Chemistry
Department and plastic film manufacturers, the two most 1ikely water-soluble
plastic film candidates -- methyl cellulose and polyethylene oxide -- were
selected for evaluation. These materials are commercially avallable in liquid



form for spray-on or dipping anplication to iYce baskets, and in 1.5- to 3.5-mi}
(0.038 to 0.089 mm) sheet fFilm. Sheet film material for an ice basket column
would cost from $12 to $23 to cover a column; using liquid material would cost
about $20C. Repairs to both shielding films could be made by bonding additiona)
material to a damaged area with water-soluble adhestves.

Heat transfer performance was det2rmined by using various shielding material
application configurations and thicknesses on single ice baskets and performing
steam blowdown tests. Testing was done by electrically heating 10 1b (4.5 kg) of
water in an autoclave unti] steam at 1200 psig (B.27 MPa) and 580°F (304°C) was
produced. When an air-operated valive in connecting pipiny was opened, the
autoclave steam was blown into a sealed receiver vessel containing a test ice
basket filled with abou* 140 1b (63 kg) of borated flake ice. During blowdown,
pressure and temperature transients in the receiver vessel were recorded.
Following blowdown and pressure and temperature stabilization in the receiver
vessel, it was drained and the drain water was weighed.

The results of tests with shielded baskets were compared with those from tests
using unshielded baskets under identical steam m:ss and energy conditions.
Performance of the shielded ice baskets was based on the ability of the available
fce to suppress steam pressure in the receiver vessel. An acceptance criterion,
established by the Westinghouse Nuclear Safety Department, of +3.0 psig (21 Pa)
above unshielded ice basket reference test conditions was used.

Chemical and radiation effect analyses were also performed on samples of the
materials. Samples appeared unaffected by irradiation to 10% rads. The
chloride content of both irradiated and unirradiated samples was evaluated and
found to be acceptable based on the amount of dilution and pH of sump water.
Although methyl cellulose material dissolved faster than polyethylene oxide,
neither material appeared to go completely into solution. Instead, the two
materials disintegrated and left small amounts of solids residue. The particles
in the polyethylene oxide residue appeared to be larger than those in the methy)

cellulose residue, and also somewhat sticky.

Although test results show some variation in condensing pe:i formance due to type of
material, application configuration, and fiim thickness, the results of all
shielded ice basket tests me' the established acceptance criterion, and the
resulting receiver vessel pressures converged to the reference (unshielded basket)
test conditions in a sufficiently short time period so as not to affect the




posiulated peak containment pressure from long-term heat decay after the
containment ice bed is completely melted. It is delieved that application of the
shielding mater’al in an actual ice condenser plant could be defended.

The overall results from this program 'ndicate that a methy) cellulose internal
basket 1iner made from 2.1-mi1 (0.053 mm) f1Im would be the best candidate for ice
basket shielding. The polyethylene oxide fiIm material was disqualified primarily
because 1t appears to leave sticky, larger-sized residue particles which could
possibly plug containment spray nozzles. If 1t could be shown that th's is not a
problem, the 3.5-mi' (0.089 mm) polyethylene oxide fiIm could be recommended.

Recommendations for additional work include tests to determine the maximum size of
residue particles that could be circulated through actua) containment spray header
nozzles under accident conditions without causing plugging, and analysis of heat
transfer effects on the Tower containment compartments under the ice condenser
floor. These compartments are sensitive to the initial (first 2 seconds) pressure
peak seen by the containment building.




Section 1

INTRODUCTION

BACKGROUND

Nuclear power plants which utilize ice condensers inherently suffer from ice
sublimatiun, with resultant diminishing ice Inventories. To meet the minimum ice
inventory for containment building safety requirements, ice replenishment
operations are periodically required. These require the plant to be shut down for
the entire operation. Ice condenser plints require up to 6 months downtime to
completely melt out, reload, and weigh the typical plant ice inventory of
3,000,000 b (1,360,000 kg). It i< estimated that this process could be required
as often as every 7 years, and would require approximately 25,000 man-hours per
unit. Utilities with ice condenser plants clearly need an economical and feasible
method to effectively suppress or eliminate ice condenser ice sublimation losses.

SCOPE

The scope of this program was to (1) determine a suitable material for sublimation
shielding, its application, and cost; (2) assess the performance (containment
pressure transients during a LOCA blowdown) of various application configurations
through subscale tests (steam blowdown on a single ice basket); and (3) eval:ate
material characteristics, such as solubility, effects of residue on drain
components, maintenance anc repairs of material, and effects of age and
frradiation. The scope for future work was defined and the groundwork developed.

SUMMARY

Information gathered from 1iterature searches, the Westinghouse Chemistry
Department, and plastic film manufacturers led to identification of the two most
Tikely candidate water-soluble plastic film shielding materials for evaluation.
These were methyl cellulose and polyethylene oxide. The shielding materials are
commercially available, in fi'm thickness from 1.5 to 3.5 mils (0.038 to 0.089
mm), and in 1iquid form. The sheet film material could be furnished in a tubular
configuration which could be applied to an ice basket as an external wrapper or as
an internal basket liner. The 1iquid material could be applied by spraying, as
with a paint sprayer, or by dipping the basket. The sheet film material can be
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furnished at a cost of $12 to $23 for an individual ice basket column. Covering a
basket cofumn wit! 1iquid material would cost around $200. Repairs to the
shielding film could be made by bonding additional material to damaged areas with
water-soluble adhesives.

The heat transfer performance of shielded ice baskets, using the various
application configurations and thicknesses, was determined by steam blowdown tests
on single ice baskets. The performance of shielded ice baskets was compared
against that of unsnielded ice baskets under identical steam mass and energy
conditions. Performance was baseu on the ability of the available ice to suppress
steam pressure in a test receiver pressure vessel. An acceptance criterion of
+3.0 psig (21 Pa) above the resulting unshielded ice basket reference test
conditions was established by Westinghouse Nuclear Safety Department. This
criterion was established from the fact that in accident analysis studies a
maximum peak pressure of 8 psig (55 Pa) could be expected for the initial
short-term containment pressure transient. An increase of 3 psig {21 Pa) would
bring that initial pressure peak to 11 psig (76 Pa), which still leaves a 1.0 psig
(6.9 Fa) margin for the minimum containment design pressure of 12 psig (83 Pa).

Chemical and radiaticn analysis was performed on samples of the test shielding
materials. Irradiated samples were unaffected when subjected to 106 rads. The
chleride conient of samples was evaluated for both irradiated and nenirradiated
cases, and was found to be acceptable based on the amount of dilution and pH of
the water in the containment building sump. The methyl cellulose material
dissolved faster than the polyethylene oxide. Neither material goes into solution
completely; both appear to disintegrate and leave some small amounts of solids
residue. The residue remaining from polyethylene oxide samples appeared to be in
larger-sized particles than the methyl cellulose residue, and was also somewhat
sticky.




Section 2

TEST PLAN DEVELOPMENT

LITERATURE SEARCH

A 1ibrary 1iterature search identified 117 reports under the description of
water-soluble film or fiIms, and vapor barriers. These reports consisted of

technical journal articles, patent disclosures, and conference proceedings. Most
of the reports were not avatiable in English, and many were eliminated by review

of the report summary. The following reports were identified for possible

applicability and reprints were acquired:

s R. S. Lenk. "“An Unsupported Water-Soluble and Heat-Sealable
FiIm From Predominantly Nonfossil Raw Materials." Pnlymer,
21, pp. 371-373 (1980).

- J. ). Hatch. MWater-Soluble Sulfonium Derivatives of Dipheny)
Ether. U. S. Patent 3502710.

T. S. Blanco and ©. M. Dratz. Polyvinyl Alcohol Compositions
Containing a Plasticizer Mixture. U.S. Patent 3374195,

v J. Friedman. Laundry Package. U. S. Patent 3322674,

% E. M. LaCombe and W. P. Miller. Water-Soluble Interpolymers
of Acrylamido-Alkylsulfonates. U.S. Patent 3332904,

. M. Reintjes and L. Starr. Water-Soluble Films From

Hemiceilulose, Fpichlorohydrin, and an Alkanolamine or
Glycerol. U.S. Patent 3832313,

€ A. M. Mark and C. L. Mehltretter. High-Amylose Starch
Acetate. U.S. Patent 3553196.

3 F. H. Ancker. MWater-Soiuble Biaxially Oriented Poly (Ethylene
Oxide) Film. U.S. Patent 3377261.

. T. Tsuzuki. Edible Water-Soluble Collage Film. GB Patent
1219463.

B M. Freifeld and T. L. Thomas, Jr. Water-Soluble Package and
Method for Making and Using Same. U.S. Patent 3277009.

. E. D. Klug. "Properties of Water-Soluble Hydroxyalky]
Celluloses and Their Derivatives.” J. Polym. Sci., Pt. C,36,
pp. 491-508 (1971).




MATERIAL IDENTIFICATION

As a result of the literature search and discussions with materia) suppliers and
the Westinghouse Chemistry Department, two materials were identified for test
evaluation. These were meityl cellulose, wnich was furnished snder the Polymer
Fiims, Inc., trade name of {DISOL M, and polyethylene oxide, Polymer Films trade
name QUIK-SOL P. The materials were furnished in flat sheet stock roils, 45 in.
(1.1 m) wide, and in 1iquid form.

The following additional materials were identified from the information search,
but were eliminated as possible candidate materials for various reasons:

5 Polyvinyl alcohols

° Hemicelluloses

s Acrylamido-alkylsulfonates

. High-amylose starch acetate

E Sulfonium derivatives of diphenyl ether
. N-alkoxymethyl polypyrrolidones

. Polyacrylic acid

] Sedium polyacrylics

. Hydroxide propionate cellulose

TEST MATRIX DEVELOPMENT

The ice baskets tested were 12 in. (0.0 m) in diameter by 6 ft (1.8 m) long and
made of 16 gage perforated sheet metal. The perforations were 1 in. (0.025 m)
square on 1-1/8 in. (0.029 m) centers with 64 percent open area. The baskets were
open on the top end and enclosed on the bottom end with 1 by 1 in. (0.025 by

0.025 m) wire screen mesh. One ice basket was required for each test run. At
least six baskets were available for the test program.

The following material configurations were tested:
. Methyl cellulose - 1.5-mi1 (0.038 mm) thick sheet film,

internal liner

. Methyl cellulose - 1.5-mi1 (0.038 mm) thick sheet filim,
external wrapper
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Methyl cellulose -
internal liner

Methyl cellulose -
external wrapper

Polyethylene oxide
internal liner

Polyethylene oxide
external wrapper

Polyethylene oxide
internai liner

Polyethylene ox.de
external wrapper

Methy)l cellulose -

2.1-mi1 (0.053 mm) thick sheet film,

2.1-m1 (0.053 mm) thick sheet film,

- 2.0-mY1 (0.05) mm) thick sheet film,

- 2.0-m11 (0.051 mm) thick sheet film,

- 3.5-m¥1 (0.089 mm) thick sheet film,

- 3.5-mi1 (0.089 mm) thick sheet film,

heavy spray coating



Section 3

ICE CONDENSER SUBLIMATION SHIELDING TESTING

FACILITY PREPARATION

The sublimation shielding performance test wus a steam blowdown test. One
autoclave [8 in. (0.20 m) in diameter by 10 ft (3.0 m) long) provided steam at
1200 psig (8.3 MPa) and 580°F (304°C). The autoclave fed the receiver vesse)
threugh 1 in. (0.025 m) diameter high-pressure stainless stee) piping through a
3/4-inch {0.019 m) air-operated valve. The piping was heat traced and insulated
prior to its entering the receiver vessel to reduce heat losses.

The 18 in. (0.46 m) 0D by 10 ft (3.0 m) long vertical receiver vesse)l was rated
for 150 psig (1.03 MPa) at 600°F (316°C). It was equipped with a quick-opening
hatch on top and a blind flange on the bottom. A 1 in. (0.025 m) diameter
pressure relief 1ine was furnished off a side shell nozzle. The 1 in. (0.025 m)
diameter blowdown inlet pipe penetrated the center of the blind flange and
extended into the recelver vessel. The inlet pipe was capped off inside the
receiver vessel, and numerous 1/4 in. (0.0064 m) diameter holes were furnished
along the length of pipe, inside the vessel, to allow the steam to enter without
directly impinging on the ice basket. A 14 in. (0.36 m) ID by 1/4 in. (0.0064 m)
thick aluminum pipe extended along the entire inside length of the receiver vesse)
to provide an air gap next to the vessel shell for insulation purposes. Figure
3-1 s an overall schematic diagram of the test facility.

The receiver vessel instrumentation included five thermocouples and two pressure
transducers. Figure 3-1 shows the location of the instrumentation. Two
multichannel Visicorders recorded the temperature and pressure transients during
the steam blowdown.

Figures 3-2 through 3-9 are photographs of the test facility and test operations.

TESTING

The autoclave system was loaded with 10.0 1b (4.54 kg) of water and heated
electrically unti) steam at 1200 psig (8.3 MPa) and 580°F (304°C) was produced.




This saturated steam condition was chosen because it represented a main steam line
break LOCA. Preiiminary test runs showed that 10 1b (4.5 kg) of water had to be
loaded inte the bolier autoclave to produce a resultant receiver vessel pressure
of 7.0 psig (48 Pa) with an unshielded ice basket.

The test ice basket was filled with approximately 140 1b (63 kg) of borated flake
ice and loaded inilo the receiver vessel. This was the amount of ice necessary to
compietely fi11 the test ice basket. The receiver vesse)l was then sealed ana the
autoclave steam was blown into it by opening the air.operated valve in the
connecting piping. Pressure and temperature transients were recorded during the
blowdown.

Following blowdown and stabilization of pressure and temperature, the receiver
vessel drain valve was opened to collect the receiver water. The drain water was
weighed. The top cover was then opened and the ice basket was removed from the
receiver vessel and weighcd.

Appendix A sets forth the test procedure used.

TEST RESULTS

The test data sheets are presented in Appendix B, along with tabular and graphic
summar tes of the results.
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Pretest View of Ice Basket

Figure 3-7.
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Section 4

CATA tVALUATION

The results of the ice condenser performance test for the various water soluble
shielding materials, configurations, and thicknesses are shown ‘5 comparison to
the reference test case of an unshielded ‘ice basket in Figures B-2 through 8-10
(Appendix 8). The generation of the reference pressure transient curve for an
unshielded ice basket 1s shown in Figure B-1 (Appendix B). Here data from four
tests are showr in relationship to the reference curve, which is an average of the
plotted test points. The good repeatability of the test faci1ity and procedure is
indicated by the tight point scatter in the plot for the reference unshielded ice
basket test cases.

A1l but one of the shielded ice basket test results met the initia) criterion of
3 psig (21 Pa) above the reference test condition for the unshielded ice basket,
which was established by the Westinghouse Nuclear Safety Department. Test 8
(Figure B-7), for the 3.5-mi1 (0.089 mm) polyethylene cxide internal liner
shic’ded ice basket test, exceeded that criterion by 0.3 psig (2.1 Pa). However,
test 13, which was a duplication of test 8, did meet the criterion. Nuclear
Safety has reviewed the results of test 8 and has concluded that the results are
acceptable, since the resulting initlal peak pressure would still be 0.7 psig (5
Pa) below the minimum containment design pressure, and the pressure transient
reduces fast enough so as not to affect the second pressure peak of 12 psig (83
Pa) which occurs about 2 hours into the LOCA accident, after the ice bed has
melted out.

The only predictable pattern seen among the various film materials, thicknesses,
or application configurations is that, as the peak receiver vessel pressure
increased, so did the time into the transient that this peak occurred. That is, a
Tow peak receiver vessel pressure [<7.6 psig (<52 Pa)) will occur early in the
transients (<5.5 sec); the higher pressures occur later in time (up to 16.5 sec).

FiIlm thickness and appiication configuration (inside 1iner versus outside wrapper)
did not affect the pressure transient in a predictable manner. This might be
explained by a comparison of Figure B-11, which is a plot of the highest pressure
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points versus time from all the test cases, with Figure B-12, which s the pres-
sure transient for an insoluble plastic film shielded ice basket. The insoluble
FiIm material was commercially available polyethylene sheet film 4.0 mil (0.10 mm)
thick. The test shown in Figure B-12 (test 10) was not a3 scheduled test in the
program, but was run to determine the effect of the shielding medium remaining
intact. Both pressure transients (Figures B-11 and B-12) were similar up to
approximately 12 s .onds into the steam blowdown. After this time, the pressure
continued to rise for the insoluble shielded ice basket, but had peaked and
started to fall for the water soluble film shielded ice basket.

The pressure transient differences before 12 seconds for all the water soluble
shielded basket tests (Figures B-2 through B-10) might be an indication of how
Tong the water soluble film material for that particular test case remained intact
as a shielding medium along the length of ice basket. The pressure dip seen in
Figures B-6 and B-7 could be the result of a fast disintegration of the shielding
medium in the lower part of the ice basket and a slower disintegration higher up
on the ice basket; in theory, the steam was condensed and the ice was melted out
initially in the lower portion of the basket. Then, as the steam transient con-
tinued, the shielding fi1lm on the upper portions of the basket delayed the heat
transfer and steam contact with the ice, and thus caused the pressure rise.

Figure B-9 shows the pressure transient for an ice basket which had been snrayed
with methyl cellulose as a shielding fiIlm. The plot seems to indicate performance
at least as good as that of the reference case (no shielding film). However, the
appltcation of the 1iquid methyl cellulose material was questionable in regard to
producing a good continuous shielding coat over all the exposed ice surfaces.

Temperature .ersus time plots were recorded in five locations in the receiver
vessel: at elevations co.responding to the top and bottom of the ice basket and
at 1-1/2 foot (0.46 m) intervals in between. Peak temperatures and the time at
which the peak temperatures occurred were recorded and are shown in Tables B-1 and
B-2 (Appendix B). The actual temperature traces, from which peak temperatures
were taken, appeared very erratic and spiky. The temperature information is
included on the data sheets and data summary sheets (App' 'dix B). As expected,
the lowest temperatures occurred at the top of the ice L et in all cases; the
highest temperatures were at the basket bottom in most of the cases. The highest
top temperature occurred in test 10, which used the insoluble plastic film
shielding material. High top temperatures also occurred in those tests which
exhibited the higher peak pressures. There appears to be no correlation between
the times that the peak pressure and peak temperatures occurred.
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CONCLUSIONS AND RECOMMENDATIONS

fhe test results show some variation in performance among the types of film
material, application configuration, and thickness. However, all shielded ice
basket tests results are considered acceptable. The resulting receiver vessel
preisures converged to the reference test conditions in a sufficiently short time
period so as to not affect the postulated peak containment pressure from long-term
heat decay after the ice bed i1s completely melted. It is believed that the appli-
cation of the shielding material in an actual ice condenser plant could be
defended.

Chemically, both shielding materials are acceptable on the basis of chloride con-
tent. The methyl cellulose materta) would be preferred because of its ability to
dissolve faster and the smaller-sized, nonsticky particles in the remaining
residue. However, the steam blowdown tests show lower peak pressures using thin
polyethylene oxide material [2.0 mils (0.051 mm) thick] veisus thin methy)l cellu-
lose material* [1.5 mils and 2.1 mils (0.038 and 0.053 mm) thick]. This appears
to indicate that the polyethylene oxide material dissolve:s or disintegrates faster
than methyl cellulose when contacted by steam.

Tables B-3 and B-4 (Appendix B) summarize the chemizal analysis work performed on
unirradiated and irradiated fiIm samples, and on drain water collected after blow-
down testing.

The integrity of the shielding 711m on the test ice baskets was greatly affected
by atmospheric humidity. Several tests were cancellzd because conden-ation formed
on the plastic film surface and started to dissolve it. 3hielding fiims sustained
tears during handling operations from ice loading to lowering the basket into the
receiver vessel. It was also noted that when the shielding fiim began to break
down, the disintegration was usually more not'iceable or pronounced at the bottom
of the ice basket.

*Methyl cellulose 1s not commercially avatlabie in a thicker fiim at the present
time.
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From a handling point of view, the polyethylene oxide material was more rugged and

less sensitive to moisture iIn the air. If actual plant application of shielding
film material would be done in a dry, refrigerated environment where itmospheric
humidity would not be a factor, then nelther would have a hand1ing advantage over
the other.

Table 5-1 identifies the material costs associated with the incorporation of the
identified shielding materials into an ice condenser plant. Based on the fact
that a complete ice bed meltout and reload could cost on the order of $1,000,000,
excluding costs for purchase of replacement power, the use of these materials
would be very cost effective.

The internal basket 1iner proved to be the best method of material application on
the test ice baskets. The ice basket reinforced the sheet film liner during ice
loading operations and protected it during handling. The external wrapper config-
uration tended to blow outward during ice 1oading, allowing ice to be trapped
between the basket exterlor surface and the wrapper interior surface. Aiso, the
external wrapper was easily damaged when the basket came into contact with other
objects. The spray application of 1iquid material was messy and required applica-
tion of a considerable amount of material to the basket surface before complete
coverage appeared to be achieved. If more efficient and cost-effective techniques
for spraying the 1iquid material were available, this application might be the
most viable and attractive ootion for installation in an actual plant.

The results of this program indicate that a methyl cellulose internal basket liner
made from 2.1-mi1 (0.053 mm) thick film would be the best candidate for ice basket
shielding. The polyethylene oxide film material was disquaiified mainly because
't appears to leave sticky, larger-sizei residue particles that could possibly
plug containment spray nozzles. If it could be shown that .his 1s not a problem,
the 3.5-mi1 (0.089 mm) polyethylene oxide film material could be further
considered.

RECOMMENDATIONS

The following recommendations are made on the basis of the test results:

0 The possibility of the solids residue from the dissolved
shielding material plugging containment spray system header
nozzles has not been fully addressed. It 1s recommended that
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this topic be evaluated by testing. Tests should be conducted

to determine the maximum-sized residue particles that could be
circulated through the containment spray header. Tests should
be run with the maximum-sized particles pumped through actual
spray nozzles under containment accident conditions.

The heat transfer effects on the lower containment compart -
ments under the ice condenser floor need to be addressed.
These compartments are sensitive to the initial (first 2
seconds) pressure peak seen by the containment building. The
short-term heat transfer computer analysis of these regions
should be performed to determine its sensitivity to changes in
heat transfer performance of the ice condenser.
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_Material

METHYL CELLULOSE
Solution

Film
[1.5 mils (0.038 mm)])

Film

[2.1 mils (0.053 mm)]
POLYETHYLENE OX1DT
Solution

Film
{2.0 mils (0.051 mm))

Film
[2.5 mils (0.064 mm))

Film
{3.5 mils (0.089 mm)])

41944 columns

>1000 1b

MA

Cost per
Pound (%)

10.00
6.660

6.660

10.00
4.84b

4.84b

4.84b

Table 5-1

TERIAL COSTS

Cost per Cost per

Pounds per Column Plantd

Column ($) (s x 103)
20.54 205.40 400

1.€60 11.99 23.3
2.64 17.59 34.2
19.25 192.50 374.2
2.70 13.07 25.4
3.375 16.34 31.8
4,725 22.817 44 .5
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Appendix A
TEST PLAN

The test plan for the ice condenser ice basket sublimation shielding steam test is
reproduced o the following pages.
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Test Plan: Ice Condenser Ice Basket Sublimatior Shielding
Steam Test

Reference: EPRI Contract RP 2125-1

Prepared by: W
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Thermal Equipment Engineering
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—
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Rev. MNo. & Cate Revisions Preparer

¢ 6-11-82 Original C. M. Scrabis

1 6-23-82 AdZe1i revision page (8 pages C. M. Scrabis
in iieu of 7). Added
Rev. No. to each page.
Added IV.A.4, IV.B.9 and 10,
V.5, and shielding material
pre and post t-st weight
to data sheet. Added the
requirement to weigh in
IV.B.4 and 7. 1IVY.B.5 was
through 13, IV.B.11 was
repeat steps through 8.

2 10-5-82 Para. I1.B.2. was 2.2 mil. C.M. Scrabis

Para. IIl.A.1.a., III.A.3.C.,

and IV.A.2., was 576°F.

Para. II1.B.3.6 was number

required - 4,

Para. III.B.3.d. was 2 ft :pacing

Para. III1.B.5.b. was number reqd 7.

Para. IV.A. and IV.A.15, were 8 to

10 psig.

Para. IV.A.3. and IV.B.3. were

200 #4.

Para. IV.B. eliminated 2 steps

for recovery and weighing of pest

test film materials.

Para. V.5. eliminated post test.

Figure 1 - P7 and Air Operated Vessel,

Tg added to Receiver Vessel.

Data Sheet - Removed Post test weight
of film & Serial No's for
thermocouples.

- Added Tg and places for
Auotclave & piping temperatures.
Para.IV.B.6. was Para. IV.A.14.
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ICE BASKET SUBMI TMATION SHIELDING STEAM TEST

Objective

Determine the heat transfer performance of an ice filled (borated flake
ice) perfirated sheet metal ice basket, with 64% open area covered with
a vapor uvarrier of water soluable plastic material, when subjected to a
saturated steam hlast. Evaluate and compare pressure and temperature
transients of shielded versus unshielded ice baskets when subjected to
comparable steam conditions.

Test Item
A. Ice Basket

The test baskets shall be 12 inches in diameter by 6 feet long made
of 16 gauge perforated sheet metal. The perforations shall be )
inch square on 1 1/8 inch centers with 64% open area. The baskets
shall be open on the top end and enclosed on the bottom end with
perforated sheet metal. One ice basket is required per each test
run. At least six baskets shall be made available for the test
program.

B. Water Soluible Plastic Material

Two materials have been identified for investigation in this test
program; Methyl cellulose, and Polyethylene Oxide. These materials

will be furnished as sheet film and as a liquid for spray application.

The following material configurations will be tested:

Methyl Cellulose - 1.5 mil thick sheet film

Methyl Cellulose - 2.1 mil thick sheet film

Polyethylene Oxide - 2.0 mi1 thick sheet film

Polyethylene Oxide - 3.5 mil thick sheet film

Polyethylene Oxide - 2.5 mil thick sheet film*

Methyl Cellulose - light spray coating (approx. 1 mil thick)
Methyl Cellulose - heavy spray coating (approx. 4 mil thick)
Polyethylene Oxide - light spray coating (approx. 1 mil thick)
Polyethylene Oxide - heavy spray coating (approx. 4 mil thick)

W 00 N O O BwWw N

The sheet fiim materials will be tested in the configurations as an
external basket wrapper and as an internal basket liner.

* If test results on items 3 and 4 do not show any differences, then this
item (2.5 mil thick polyethylere oxide film) can be eliminated.
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Test Equipment and Setup

A.

Mechanical (Ref. attached sketch autoclave test facility schematic)
1. Boiler Autoclave

a. 1200 psig @ 530°F
b. 8" di-. x 10' long (or equivalent)
€. Number required - 1

7. Receiver Vesse!

. 150 psig @ 600°F

. 18" 0.D. x 10' long

. Quick opening hatch on top
. Blind flange on bottom

. Number required - 1

3. Air Operated Valve

a
b
¢
d
e

a. For 1" dia. pipe line
b. Number required - )
c. 1200 psig @ 580°F

4. Piping

a. 1" dia. high pressure stainless steel tubing
Instrumentation (A1l calibration shall be current)
1. Pressure Transducers

a. 0 to 50 psig

b. Number required - 2

¢. Transducers located at the top and bottom
of the ice basket location

d. Minimum response time shall be 0.090 sec.

2. Pressure Transducer

. 0 to 2000 psig + . 2 .sig

. 32°F to 800°F temperature range

. Minimum response time 0.001 sec.

Number required - 1

Location - steam discharge pipe to receiver vessel

Do oo

3. Thermocoupies

32°F to 600°F

Number wequired - 5

Minimum response time shall be 0.090 sec.

One thermocouple located every 1 1/2' along the ice backet length.

an oo
- - - -
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4. Load Cell
a. 0 to 250# + 1/2¢#
b. Capable of weighing in compression and tension
€. MNumber required - 1

5. Graphic Data Acquisition System (Visicorder)

a. Honeywell Model No. 1858
b. Number of channels required - 8

IV. Test Procedure

A. Preliminary test for determining the amount of autoclave water
required to produce a peak receiver vessel pressure of 7 to 10 psig.

1. Add 6.5¢ of water to the autoclave system,

2. Heat to saturated steam conditions (1200 psig and 580°F
initially).

3. Fill the ice basket with 15G# of borated flakice.
4. Weigh the ice filled ice basket.

5. Install the ice basket inside the receiver.

6. Secure the hinged cover.

7. Start visicorder.

8. Open blowdown valve.

9. Record pressure and temperature.

10. After pressure and temperature have stabilized, open drain
valve and collect water from the receiver.

11. Record the weight of receiver water.
12. Open top hinged cover.

13. Remove ice basket and weigh.

14. Increase the weight of water in Step IV.A.1 in increments
of 1/2 pound and re?eat test IV.A until a peak receiver
vessel pressure of 7 to 10 psig is reached or the weight of

autoclave water reaches 11.0#.
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B. Basket Performance Test

1. Add the amount of water determined in part IV.A. to the autoclave system.

2. Heat to established steam conditions.
3. Fill an ice basket with 150# of borated flakice.
4. VKa2igh and install material II.B.1. to the outside of the ice basket.
The entire ice basket shall be enclosed in the film material.
5. Repeau steps IV.A.4. through 13.
6. Photograph the ice basket.
7. Repeat steps IV.B.1. and 2.
8. Weigh and install material II.B.1. as in internal liner to the ice basket.
S. Repeat -teps IV.B.3, 5, and 6.

10. Repeat steps IV.B.1 through 8 for each of the water soluable film
materials identified in paragraph II.B.2 through 5.

11. Repeat steps IV.B.1 through 5 for each of the water soluabls spray
coating materials identified in paragraph II1.B.6 through 9.

12. Three (3) reference tests, on ice baskets without chielding materials,
shall be run to verify repeatability of system transients conditions
established in paragraph IV.A.14. One reference test run shall be done
after testing material 11.B.2, one after material 11.B.5, and one
after material II1.B.9.

V. Data Requirements (See Attached Data Sheet)

1. Pressure transient at the bottom of the ice basket location.
Pressure transient at the top of the ice basket location.

Temperature transients along the ice basket length.

bu!v

Description of shielding material (i.e. material, thickness, installed
configuration).

. Shielding material weight (pre test).
Weight of receiver vessel water after blowdown.
Weight of autoclave water before blowdown.

Pressure and temperature of autoclave before blowdown.

“w oo ~ o o
- - - -

Tare weight of empty ice basket.

10. Weight of ice basket before and after steam blowdown test.
A-10
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RP 2125-1
DATA SHEET Page 3 of B

Rev.2

TEST NO.
DATE

AUTOCLAVE

WEIGHT OF WATER IN AUTOCLAVES

PRESSURE  (P5) Serial No.

TEMPERATURE (Autoclave) (Piping)

BASKET
SHIELDING MATERIAL & THICKNESS
SHIELDING MATERIAL CONFIGURATION

SHIELDING MATERIAL PRE-TEST WEIGHT

TARE WEIGHT
ICE WEIGHT (PRE-TEST)
ICE WEIGHT (FOST-TEST)

RECEIVER VESSEL
PEAK TOP P.S.1. (Pg) Serial Na.
PEAK BOTTOM P.S.I.(Pg) Serial No.
WEIGHT OF WATER (POST-TEST)

MAX. TOP °F (T1)
MAX. MID. TOP °F (T2)

MAX. MIDDLE °F (T3)
MAX. MID. BOT. °F (T4)

MAX. BOTTOM °F (T5)

PREPARED BY: DATE ___

VERIFIED BY: DATE ___
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Appendix B
TEST DATA

The results of the preliminary and reference tests are summarized in Table B-1,
which 1s followed by the data sheets from these tests. The results of the plastic
film tests are summarized in Table B-2, again followed by the “ppropriate data
sheets. These data are presented graphically in Figures B-.1 through B-3.

Chemical and radlological analysis data are given in Tables B-3 and B-4.
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Table B-1

SUMMARY OF PRELTMINARY AND REFERENCE DATA
(UNSHIELDED ICE BASKETS)

Test Number
Parameter Preliminary 9 Preliminary 10 Preliminary 11 . )
Date 9/20/82 9/21/82 9/22/82 9/28/82
Bodler autoclave 10.0 10.0 10.0 10.0
Water weight (1b) 1200 1200 1200 1200
Pressure (psig) 580 580 581 580
Temperature (°F)
Z Ice basket
Initial ice welght (1b) 148.5 149.9 148.3 146.5
Final ice weight {ib) 133.8 134.4 130.3 126.9
Melted ice welight (1b) 14.7 15.5 18.0 19.6
Recelver vessel
Peak pressure (psiqg} 1.5 1.2 1.4 1.6
Recovered water (1b) 21.2 23.1 26.5 78.2
Lost water (1b) 3.5 2.4 1.5 1.4
Maximum temperature
and time (°F, sec)
Top 15.2 @ 4.1 69.8 @ 6.2 571.2 @ 8.1 35.6 @ 10.3
Midtop 141.8@ 7.8 132.8 @ 9.6 149 @ 7.9 4.6 @ 11.2
Middle 228.2 @ 1.0 222.8 @ 8.1 222 @ 1.5 132.8 @ 10.7
Midbottom 235.4 @ 6.4 231.8 @ 4.8 235.4 @ 7.8 197.6 @ 10.0
Bottom 249.8 @ 4.4 249.8 @ 5.5 251.6 @ 1.8 203 @ 8.8

Peak pressure time (sec) 4.0 3.5 3.0 3.4




RP 2125-1

DATA SHEET

TEST 0. Felmngry %G
DATE ?ML
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES 0.0 2é<
PRESSURE _(P7) (200 rAvs Serial No. /4379
TEMPERATURE (Autoclave) sgo% (Piping) 35:3%
BASKET
SHIELDIMG MATERIAL & THICKNESS A///A
SHIELDING MATERIAL CONFIGURATION 47//A
SHIELDING MATERIAL PRE-TEST WEIGHT 4,//4
TARE WEIGHT : 24.9 i<
iCE WEIGHT (PRE-TEST) L28.2 Lbs (Jee r osier)
ICE WEIGHT (POST-TEST) (635 lbs (e rGiste))
RECEIVER VESSEL
PEAK TOP P.S.I. _(Pg) 2S5 Psis Serial No. .. o420
PEAK BOTTOM P.S.I1.(Pg) LS A6 Serial No. (¢ 7032
WEIGHT OF WATER (POST-TEST) 2l d Lk
MAX. Top °F (T1) 1S 2%
MAX. MID. TOP °F (T2) /4. BF
MAX. MIDDLE °F (T3) 2282 F
MAX. MID. BOT. °F (T4) 235 YL
MAX. BOTTOM °F (T5) 245 8%
PREPARED BY: (7 Lok DATE" %5

VERIFIED BY: < é 7 DATE 7/;»/



RP 2125-1

DATA SHEET
TEST NO. _9(@»:4,7_ # /A
DATE 2-2/-82
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES /0.0 Lbe
PRESSURE _(P7) /200 Psis Serial No. <s/037
TEMPERATURE (Autoclave) <S¢ (Piping) 3¢ %
BASKET
SHIELDING MATERIAL & THICKNESS %
SHIELDING MATERIAL CONFIGURATION %/4;
SHIELDING MATERIAL PRE-TEST WEIGHT 4{/,4
TARE WEIGHT 29 2 s
ICE WEIGHT (PRE-TEST) /29 L Lée< (Lee ¥ ch)
ICE WEIGHT (POST-TEST) 164 | tbs (oo +1% A
RECEIVER VESSEL
PEAK TOP P.S.1I. (Ps) 2.2 P Serial No. £ c--2
PEAK BOTTOM P.S.1.(Pg) 22 Psis Serial No. £27432
WEIGHT OF WATER (POST-TEST) 23,/ Lés
MAX. TOP °F (T1) . 928%F
MAY. MID. TOP °F (T2) /323 R9F
MAX. MIDDLE °F (T3) =2 OF
MAX, MID. BOT. °F (T4) 23/ 9°F
MAX. BOTTOM °F (T5) 2424

PREPARED BY: /7 l/o- DATE %/az
4

VERIFIED BY: W‘f uATW/a/;
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RP 2125-1

DATA SHEET

TEST NO. eiomngrr % [/

DATE G-22 "B

AUTOCLAVE

WEIGHT OF WATER IN AUTOCLAVES (0.0 Lés

PRESSURE _(P) (200 FPsié Serial No. s5/037
TEMPERATURE (Autoclave) &g/ % (Piping) 3¢/3%
BASKET

SHTELDING MATERIAL & THICKNESS 2//4

SHIELDING MATERIAL CONFIGURATION L

SHIELDING MATERIAL PRE-TEST WEIGHT el

TARE WSIGHT 292 Ls

ICE WEIGHT (PRE-TEST) [ 28.0 e [ Tiet g/')

ICE WEIGHT (POST-TEST) (600 o5 (e Cuikel)
RECEIVER VESSEL

PEAK TOP P.S.I. (Pe) 24 rFus serial No. ¢oo0a
PEAK BOTTOM P.S.1.(Pg) De 407 #eccrp Serial No. 2400 3
WEIGHT OF WATER (POST-TEST) 2.5 s

MAX. TOP °F (T1) S22

MAX. MID. TOP °F (72) 144.0 F

MAX. MIDDLE °F (T3) S0~

MAX. MID. BOT. °F (T4) 2357/ F

MAX. BOTTOM °F (T5) =51, 7~

py Ay - A
PREPARED BY: /7Tl DATE o758,
VERIFIED BY: ,./;//,/,a, gf oare YUrfe
.5‘\/
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DATA SHEET

TEST NO. G

DATE F2R-B3

AUTOCLAVE

WEIGHT OF WATER IN AUTOCLAVES 0.0 lbs i
PRESSURE _ (P9) /200 Fss Serial No. <037
TEMPERATURE (Autoclave) spige (Piping) 339«
BASKET

SHIELDING MATERIAL & THICKNESS AI/A

SHIELDING MATERIAL CONFIGURATION A}{j

SHIELDING MATERIAL PRE-TEST WEIGHT N f

TARE WEIGHT 24.4 1bs

IGE WEIGHT (PRE-TEST) /24 7 lbe

ICE WEIGHT (POST-TEST) /ST /! he

RECEIVER VESSEL

PEAK TOP P.S.I. (Ps) 2.6 psig Serial No. gz 202
PEAK BOTTOM P.S.1.(Pg) 2.6 rPué Serial No. (¢ 77 2
WEIGHT OF WATER (POST-TEST) 282 thc

MAX. TOP °F (T1) 2S5 6F

MAX. MID. TOP °F (T2) 4 o2

MAX. MIDDLE °F (T3) /32 8°F

MAX.MID. BOT. °F (T4) i€}, L°F

MAX. BOTTOM °F (T5) 203 0F

s Z / 7 i 2 ,

PREPARED BY: A/ Jewnfo~—  DATE %234,
- ', '// ‘ ",

VERIFIED BY: o Zande L5 OATE 7224

=3
i
.
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RP 2125-1

DATA SHEET
TEST NO. A
DATE F-23-83
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES /0.0 lhc
PRESSURE  (P7) (200 psi& Serial No. s/0392
TEMPERATURE (Autoclave) __SBO%F (Piping) 2s0%
BASKET
SHIELDING MATERIAL & THICKNESS _ phrew Coccaiose = 0.00 1.5 "
SHIELDING MATERIAL CONFIGURATION _Chrmeis. wiRares 2

SHIELDING MATERIAL PRE-TEST WEIGHT

TARE WEIGHT 297. 7 Lbs
ICE WEIGHT (PRE-TEST) (B Lbs [(Jre rlesints fofer)
ICE WEIGHT (POST-TEST) 118, 4 tbs (e ¥ Losh £ rifier)

RECEIVER VESSEL

PEAK TOP P.S.I1. (Pg) G Pk Serial No. ,-2-42
PEAK BOTTOM P.S.1.(Pg) 95 Aué Serial No. 429432
WEIGHT OF WATER (POST-TEST) 1Sl Lbs

MAX. TOP °F (T1) S3¢CSF

MAY. MID. TOP °F (T2) 18/ H4CF

MAY, MIDDLE °F (T3) 240.0

MAX. MID. BOT. °F (T4) A5G 0 °F

MAX. BOTTOM °F (T5) _ 252,07

3PP
PREPARED BY: /-l /or  DATE %)%,

N 7a » o
VERIFIED BY: £ ;{‘A GE  oate 723
7
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DATA SHEET
TEST NO. .
DATE F-24-E2
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES /0.0 Lbs
PRESSURE _(P7) (200 pes Serial No. s/032
TEMPERATURE (Autoclave) sgo% (Piping) 3459%
BASKET
SHIELDING MATERIAL & THICKNESS _ pemyw Corcueose — 200/5 7

SHIELDING MATERIAL CONFIGURATION _ _Turwousc Liwes

SHIELDING MATERIAL PRE-TEST WEIGHT 0. 30 ¢

TARE WEIGHT R9.7 Lbs

ICE WEIGHT (PRE-TEST) (83, S the (Lo riodesr bt)
ICE WEIGHT (POST-TEST) 122, 7 lbe (o rfogtorr Ffn )

RECEIVER VESSEL

PEAK TOP P.S.I. (Psg) 8.5 ssis Serial No. eé %2
PEAK BOTTOM P.S.1.(Pg) 8.5 Fus Serial MNo. e 203
WEIGHT OF WATER (POST-TEST) /8. Lés,

MAX. TOP °F (T1) Lo Aor faprl

MAX. MID. TOP °F (T2) /S8 %~

MAX. MIDDLE °F (T3) 20/ ACF

MAX.MID. BOT. °F (T4) 2030 F

MAX. BOTTOM °F (T5) 208 0F

pREPARED BY: Ak G@lo— 0aTE 2244,

7 . /) £ e adrf,
VERIFIED BY: ::‘/%V/ DATE 22y/1:
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RP 2125+

DATA SHEET
TEST NO. -
DATE o A e e §
Al "OCLAVE
WEIGHT OF WATER IN AUTOCLAVES (0.0 Lés
PRESSURE _ (P5) /1208 P Serial No. £/d39
TEMPERATURE (Autoclave) =gn5 (Piping) ac) &
BASKET
SHIELDING MATERIAL & THICKNESS _/fvemwnsnge Axoe — 20020 7
SHIELDING MATERIAL CONFIGURATION Exrannae  WRAPER
SHIELDING MATERIAL PRE-TEST WEIGHT 0. 30 Lhs
TARE WEIGHT 2G D  Lhe
ICE WEIGHT (PRE-TEST) (B2 tbs (Joe#buchers filn)
ICE WEIGHT (POST-TEST) (28 lbs (T rictatr fa)
RECEIVER VESSEL
PEAK TOP P.S.1. (Ps) 2.5 Fsié Serial No. /¢ 702
PEAK BOTTOM P.S.1.(Pg) 25 osg  Serial No. L0413
WEIGHT OF WATER (POST-TEST) 2 9.0 Lbs,
MAX. ToP °F (T1) 2o por freao
MAX. MID. TOP °F (T2) 140.0 F
MAY. MIDDLE °F (73) /76.0F
MAX.MID. BOT. °F (T4) 20/. 2°F
MAX. BOTTOM °F (T5) 206, ¢FF

o |

7 . ‘/Z‘
PREPARED BY: _JOnma e  DATE Zze

S
VERIFIED BY: /’/5_4. L& e Y25
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RP 2125-1

DATA SHEET
TEST NO. 5
DATE - 3 e
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES /0.0 tbs
PRESSURE ngl (2C0 PS/I& Serial No. &/39
TEMPERATURE (Autoclave) s 8% (Piping) 294 %
BASKET
SHIELDING MATERIAL & THICKNESS _ Sxyerwyione (Oxice — 200207
SHIELDING MATERIAL CONFIGURATION LUTERNIA ¢ LINErT
SHIELDING MATERIAL PRE-TEST WEIGHT 0.4L57 s
TARE WEIGHT R).9 Lbs
ICE WEIGHT (PRE-TEST) (2. G Lbs (Zer Cockn?r /)
ICE WEIGHT (POST-TEST) /S22 _Lbs (Le »Cashpf *Fim)

RECEIVER VESSEL

PEAK TOP P.S.I. _(Ps) RS Py Serial No. 22 oo
PEAK BOTTOM P.S.1.(Pg) 5.5 pPug Serial No. .~ 92
WEIGHT OF WATER (POST-TEST) 28 8 (b

MAX. ToP °F (T1) HE2F

MAX. MID. TOP °F (T2) /8,8 °F

MAX. MIDDLE °F (T3) /G LEE

MAX. MID. BOT. °F (T4) 206. L€

MAX. BOTTOM °F (T5) 208 4%

" 95,
PREPARED BY: At dlo— DATE’ 2722

(& 1
VERIFIED BY: Zofaade SF  OATE %oty
¢ N s
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RP 2125-1

DATA SHEET
TEST NO. 7

DATE 10-4 -8

AUTOCLAVE

WEIGHT OF WATER IN AUTOCLAVES /0.0 Lbe

PRESSURE _(P3) 200 Pys Serial No. </p3+
TEMPERATURE (Autoclave) 49¢% (Piping) 3¢ 2%
BASKET

SHIELDING MATERIAL & THICKNESS _ 2iomwye (recuioce ~0.2027 "
SHIELDING MATERIAL CONFIGURATION LUTEAM S LNER

SHIELDING MATERTAL PRE-TEST WEIGHT PRT ak

TARE WEIGHT 300 tbs

ICE WEIGHT (PRE-TEST) [2S.S Lbs (et Locictr G/a)
ICE WEIGHT (POST-TEST) (o2 tbs (Lerlestetr fro)
RECEIVER VESSEL

PEAK TOP P.S.I. (Ps) €l Pug Serial No. 4ZcZo02
PEAK BOTTOM P.S.1.(Pg) 26  Fsig Serial No. 27032
WEIGHT OF WATER (PJST-TEST) 23l (bs

MAX. TOP °F (T1) lad o

MAX. MID. TOP °F (T2) 20/, 2°F

MAX. MIDDLE °F (T3) 08, 4°F

MAX.MID. BOT. °F (T4) 2 9F

MAX. BOTTOM °F (T5) 2/2,0%F

PREPARED BY: /ﬁ_@‘-—-'— DATE “¢/j,

. - ,4" 1 >
VERIFIED BY: 2 “aute 7% DATE 224
¢ \/“,
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RP 2125-1

DATA SHEET
TEST NO. =
DATZ B-5"
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES [8.0 b
PRESSURE  (P9) (200  psis Serial No. =S/03 >
TEMPERATURE (Autociave) <BFE (Piping) 33.2%
BASKET
SHIELDING MATERIAL & THICKNESS _ remycne (Dopse ~ 2000357
SHIELDING MATERIAL CONFIGURATION ITERNAC S IAIr?
SHIELDING MATERIAL PRE-TEST WEIGHT —_— ——
TARE WEJGHT 29 ¥ Lb<
ICE WEIGHT (PRE-TEST) 1252 Lbe ([ Tict Gohet »hofon )

ICE WEIGHT (POST-TEST)

/4.2 Lbs (Leerivckek, ﬁié,)

RECEIVER VESSEL
PEAK TOP P.S5.I. (Pg)

20.8 Fsi6

Serial No. @& 202

PEAK BOTTOM P.S.I.(Pg)

LB _EBus

Serial No. 70

WEIGHT OF WATER (POST-TEST)
MAX. TOP °F (T1)

S A Lbe

24 30F

MAX. MID. TOP °F (T2)

2. 0°F

MAX. MIDDLE °F (T3)

208 . 4CF

MAX. MID. BOT. °F (T4)

247 YOF

MAX. BOTTOM °F (T5)

2(3 8°F

/

PREPARED BY: DATE /¢/5/,

Vi S h
VERIFIED 8v: e YE
" N

DATE2 /5
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RP 2125-1

DATA SHEET

TEST NO. yi

DATE [8-5-82

AUTOCLAVE

WEIGHT OF WATER IN AUTOCLAVES (00 Lés

PRESSURE _ (P7) /P00 Ps/é Serial No. 57939
TEMPERATURE (Autoclave) <g, % (Piping) 3¢/ 35
BASKET

SHIELDING MATERIAL & THICKNESS _ 2cyvermvisne Oxie - 00035’
SHIELDING MATERIAL CONFIGURATION _ Eismessi  spismons?
SHIELDING MATERIAL PRE-TEST WEIGHT O. 87 ibs

TARE WEIGHT 2300 Lbs

ICE WEIGHT (PRE-TEST)

(83,2 tbs (Terilodlr 5/-‘)

ICE WEIGHT (POST-TEST)

18,9 Lbs (ler Loty 744

RECEIVER VESSEL
PEAK TOP P.S.I. (Pg)

=S s Serial No. et 20

PEAK BOTTOM P.S.I.(Pg)

&é: PSré Serial No. e W3

WEIGHT OF WATER (POST-TEST)

MAX. TOP °F (T1)

ALY Lbs
3.3 %

MAX. MID. TOP °F (T2)

20 /. 2°F

MAX. MIDDLE °F (T3)

2908, J°F

MAX. MID. BOT. °F (T4)

204.4°F

MAX. BOTTOM °F (T5)

23, 8°F

“y sl 2 . I
PREPARED BY: /{{ww,.._ _DATE 195,
Ay S V) 1
VERIFIED BY: fh/&.g E DATE s2-57i2
7 A
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RP 2125-1

DATA SHEET
TEST M0. L
DATE L2582
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES /0.0 Lbs
PRESSURE _ (Py) 200 _Psié Serial No. 57037
TEMPERATURE (Autoclave) Ssgo% (Piping)
BASKET
SHIELDING MATERIAL & THICKNESS Fovryrmare, (w-Sowen | = 0004 7
SHIELDING MATERIAL CONFIGURATION Zureapime  Linigre
SHIELDING MATERIAL PRE-TEST WEIGHT ? S
TARE WEIGHT 200 (bs
ICE WEIGHT (PRE-TEST) 1234 1he (e ikt r k)
ICE WEIGHT (POST-TEST) 1647 tbs . (e rlashirs 4‘/,, )
RECEIVER VESSEL
PEAK TOP P.S.I. _(Ps) /e pus Serial No. L& 262
PEAK BGTTOM P.S.1.(Pg) & Psik Serial No. L6 23
WEIGHT OF WATER (POST-TEST) /2.3 tbs
MAX. ToP °F (T1) L 38.2.°F
MAX. MID. TOP °F (T2) 2/3.8%F
MAX. MIDDLE °F (T3) 2.3.8%F
MAX, MID. BOT. °F (T4) 2030 F
MAX. BOTTOM °F (T5) S03,0F

PREPARED BY: __-\ixa/ \w DATE /0-7-51

VERIFIED BY: 4//;@,75 DATE /075,



RP 2125-1

DATA SHEET

TEST NO. /L

DATE -8 -8

AUTOCLAVE

WEIGHT OF WATER IN AUTOCLAVES 0.0 L

PRESSURE _ (P7) (200 pys Serial No. s/029

TEMPERATURE (Autoclave) s (Piping) 3¢8%
BASKET

SHIELDING MATERIAL & THICKNESS Plersye (Gecuain =~ faey rvvcnre

SHIELDING MATERIAL CONFIGURATION Senay (GATEQ Axresse
SHIELDING MATERIAL PRE-TEST WEIGHT _ "/ (Sumer

TARE WEIGHT 30.0 tes
ICE WEIGHT (PRE-TEST) (85,2 Lbe e+ Lokt s ot
ICE WEIGHT (POST-TEST) 1647 Lbs  (To rieterriite)

RECEIVER VESSEL

PEAK TOP P.5.1. (Pg) 2.8 OSi& Serial No. o294 2

PEAK BOTTOM P.S.I.(Pg) D 56 Serial No. 2903

WEIGHT OF WATER (POST-TEST) 29,9 tbs

MAX. TOP °F (T1) 356°F

MAX. MID. TOP °F (T2) (1/.R°F

MAX. MIDDLE °F (T3) /83 2°F

MAX. MID. BOT. °F (T4) /90, 4OF

MAX. BOTTOM °F (T5) | G265 |
PREPARED BY: //"z:../f»— DATE /%44/z.
VERIFIED BY: ,,‘{ /géc el DATE 2/

8-19




RP 2125-1

DATA SHEET

TEST NO. Fad

DATE [0-[-82

AUTOCLAVE

WEIGHT OF WATER IN AUTOCLAVES 0.0 gbs

PRESSURE _ (P7) (RO PS5 Serial No. S/037
TEMPERATURE (Auticlave) SBO~ (Piping) 255%

BASKET
SHIELDING MATERIAL & THICKNESS Pouvervycne Oxoe — 200357
SHIELDING MATERIAL CONFIGURATION _ Eomesm( (VRAAMZ

SHIELDING MATERIAL PRE-TEST WEIGHT —_
TARE WEIGHT 9.9 _Lbs
ICE WEIGHT (PRE-TEST) 186.d Lhe (e rlofetrii)

ICE WEIGHT (POST-TEST) [ 202 thbs  (Too r o horr sty )

RECEIVER VESSEL

PEAK TOP P.S.I. (Ps) Ay _pos Serial No. /¢ ox2
PEAK BOTTOM P.S.1.(Pg) Bd psi Serial No. L2973
WEIGHT OF WATER (POST-TEST) 245 Lhs

MAX. ToP °F (T1) 34.0°F

MAX. MID. TOP °F (T2) 180, 0°F

MAX. MIDDLE °F (T3) 203, 0K

MAX. MID. BOT. °F (T4) 203,0F

MAX. BOTTOM °F (T5) S0 4°F

Y, s A £ /U;/,,J/
PREPARED BY: //,;V;W.M. DATE/ ey
VERIFIED BY: c/,{/;“ f[ DATE 24,4
A

L
B-20




RP 2125-1

DATA SHEET
TEST NO. 13
DATE LO=l2=8 2
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES _ A0 Lls
PRESSURE _(P7) L2080 Px¢ Serial No. .Sv037
TEMPERATURE (Autoclave) 5B/ Z (Piping) 29c%
BASKET
SHIELDING MATERIAL & THICKNESS Boverinsug  Owoe - 000357
SHIELDING MATERIAL CONFIGURATION T, lwgr
SHIELDING MATERIAL PRE-TEST WEIGHT 2. 80 the
TARE WEIGHT 30,0 ¢és
ICE WEIGHT (PRE-TEST) 120,/ the (e *Cachel ¢ ffer)
ICE WEIGHT (rOST-TEST) (S9Y Lbs (To # Lochn? 7 fofon)
RECEIVER VESSEL
PEAK TOP P.S.I. (Ps) j{/ Serial No. L& 702
PEAK BOTTOM P.S.I.(Pg) 9¢ Serial No. o ¢ 7¢3
WEIGHT OF WATER (POST-TEST) /9 /[ Léc
MAX. TOP °F (T1) 522%
MAX. MID. TOP °F (T2)_ 2/2.0°F
MAX. MIDDLE °F (T3) 210,0F
MAX. MID. BOT. °F (T4) 2. 0°%F
MAX. BOTTOM °F (T5) 212,05

PREPARED BY: (7 %J«-{ DATE ‘%3 s>

VERIFIED RY: 7‘%‘0 g£ DATE/« Je




RP 2125-1

DATA SHEET

/
TEST NO. /&
DATE L4382
AUTOCLAVE
WEIGHT OF WATER IN AUTOCLAVES /0.0 Lbs
PRESSURE _ (P7) (200 Pyt Serial No. <S/037
TEMPERATURE (Autociave) <Ho% (Piping) 35027
BASKET
SHIELDING MATERIAL & THICKNESS _sfemwy (Friwose  ~ 0,002/
SHIELDING MATERIAL CONFIGURATION Gartana,  Hiemeose

SHIELDING MATERIAL PRE-TEST WEIGHT

TARE WEIGHT 297 ks

ICE WEIGHT (PRE-TEST) [83.2 lbs (e r Lashe? 7Kty |
ICE WEIGHT (POST-TEST) (o8 4 _lbs (Fip * Loshit # ﬁ@;
RECEIVER VESSEL

PEAK TOP P.5.1. (Ps) 22 Serial No. 6202
PEAK BOTTOM P.S.1.(Pg) 7.3 Serial No. ¢z 7¢ 3
WEIGHT OF WATER (POST-TEST) 23.8 Lbe

MAX. TOP °F (T1) R4°F

MAX. MID. TOP °F (T2) 190 4F

MAX. MIDDLE °F (T3) R2s00°F

MAX, KID. BOT. °F (T4) 22.0°F

MAX. BOTTOM °F (T5) 2/2.4%

PREPARED BY: _ AT w ot DATE/ny

4 “
VERIFIED BY: ;{Zm—_,.?éf DATE /0/4/,z
v / 7/
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RP 2125-1

DATA SHEET
TEST NO. /S
DATE L0-/3-82
AUTOCLAVE
WEIGHT OF WATER IN AUTCCLAVES O Lés
PRESSURE __(P7) L0  Psis Serial No. $/637
TEMPERATURE (Autociave) <g/ % (Piping) Je2 i
BASKET
SHIELDING MATERIAL & THICKNESS Beyermunnne Do 0003"
SHIELDING MATERIAL CONFIGURATION __ Fiowecys, wharres
SHIELDING MATERIAL FRE-TEST WEIGHT gonearet
TARE WEIGHT 30C s
ICE WEIGHT (PRE-TEST) (821 ths (Tec fusstt fifer )
ICE HEIGHT (POST-TEST) 1©3.2 Us (Fier lashi?+ :/..,/\:
RECEIVER VESSEL
PEAK TOP P.S.I. (Ps) 2.5 eug serial No. &g 20
PEAK BOTTOM P.S.1.(Pg) 7.5 Pse Serial No. (¢ 2¢3
WEIGHT OF WATER (POST-TEST) A). ¥ b
MAX, TOP °F (T1) dY4.6F
MAX, MID. TOP °F (72) L220F
MiA. MIDOLE °F (T3) 204 8%
MAX. MID. BOT. °F (T4)_ 20¢.6F
MAX. BOTTOM °F (T5) IS E

L A
PREPARED BY: /e buniin— _ DATE/iig

.

v 4 z E
VERIFIED BY: /;/ a /%' v :2_ DATE 273 F:
P

)
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62-d

PRESSURE (psig)

10

2
A
)
® o
K 3 o
; y ;
[ il
0O PRELIMINARY TEST 9 i
A PRELIMINARY TEST 10
O PRELIMINARY TEST M ]
® TEST 6
24 L a2 -t 5 4 3.1 73 L | 1
0 2 4 8 10 12 14 6 18 20
Th. '€ (sec)
Figure E-1. Reference Tests Pressure Transient Comparison

(Unshielded Ice Basket)
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12
TEST 2
/' LEMIL (0.938 iam) METHYL CELLULOSE
0 3 EXTERNAL WRAPPER
’M o
E E—
&
w —
o™ o - e 2
"\' ) —— — —— . = et
(= 4] [*2] T — —
w
Ly
a REFERENCE CURVE
!
" ——
I
2
i =
0 l ] | i l | l l |
0 2 4 6 8 10 12 14 16 18 20
TIME (sec)
Figure B-2. Pressure Transient Comparison -- 1.5-mil (0.038 mm)

External Methyl Cellulose Shielded Versus Unshielded Ice Basket

50

40

PRESSURE (Pa)



L2-8

PRESSURE (psig)

b —

TEST 3

15 MIL (0.038 mm) METHYL CELLULOSE
INTERNAL LINER

}-
e
REFERENCE
CURVE
—
.—4
l l l l | | | l 7
0 2 4 6 8 10 12 14 16 18 20
TIME (sec)
Figure B-3. Pressure Transient Comparison -- 1.5-mil (0.038 mm)

Internal Methyl Cellulose Shielded Versus Unshielded Ice Basket
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82-4

PRESSURE (psig)

12

10

2.0 MIL (0.051 mm) POLYETHYLENE OXIDE
/ EXTERNAL WRAPPER (TEST 4)

2.0 MIL (0.051 mm)

Fiqure B-4, Pressure Transient Comparison -- 2-mil (0.051 mm)
External Polyethylene Oxide Shielded Versus Unshielded Ice Basket

POLYETHYLENE OXIDE REFERENCE
EXTERNAL WRAPPER (TEST 15) CURVE
O TEST 4
O TEST 15
|
| 1 1 1 | l | | 1
0 2 a 6 8 10 12 14 16 18
TIME (sec)

70

20

10

PRESSURE (Pa)



P -

PRESSURE (psig)

12

10

TESTS
——
20 MIL (0.051 mm) POLYETHYLENE OXIDE
INTERNAL LINER
- L . T = ——
REFERENCE
CURVE )
l | | | | | |
2 a 6 8 10 12 14 16 18 20
TIME (sec)

Ficure B-5. Pressure Transient Comparison -- 2-mil (0.051 mm)
Internal Polyethylene Oxide Shielded Versus Unshielded Ice Basket

70

20

10
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PRESSURE (psig)

12

10

TEST 7
- 2.1 MIL (0.053 mm) METHYL CELLULOSE
INTERNAL LINER
P
/ — —— — —
— -_— e S i
~—REFERENCE *-—~—___—.—
CURVE
e S AR S S Y O SO S O R OO s R BT e
2 a 6 8 10 12 14 16 18 20
TIME (sec)

Figure B-6. Pressure Transient Comparison -- 2.1-mil (0.053 mm)
Internal Methyl Cellulose Shielded Versus Unshielded Ice Basket

40

30

20

110

PRESSURE (Pa)



v
X
m
w
w
—
X
«:14

‘Pd

19)5eg D] PAP|ALYSUN SNSUIA PIPLALYS BPLX) dud |AY3ak |04 [eudaju]
(ww 680°0) LlW-G"f -- UOSLJRAWOY) JUILSURA] dUNSSAAY */-f 84nbL4

(99s) JWII
oL

ﬁ

€L 1S31 O

8 1S31 O

IAHND 3ON3IH3I43IYH —

- ——— — —
. ——
— —
—
S
—

—
"/

- -
- -—
-
T ——— - ——

(€L 1S31) HANI) TYNHILNI 30IX0O
[_ INFTAHLIATOd (tuw 680°0) TN G'E—

R & SR e i

(8 1S31) HANIT TYNHILNI
JAIXO INFTAHLIATOM (W 680°0) TINSE




A%

PRESSURE (psig)

12

10

O TEST 9
0O TEST 12

3.5 MIL (0.082 mm) POLYETHYLENE OXIDE
EXTERNAL WRAPPER (TEST 9)

REFERENCE

TIME (sec)

Figure B-8. Pressure Transient Comparison -- 3.5-mil (0.089 mm)
External Polyethylene Oxide Shielded Versus Unshielded Ice Basket

CURVE \
\—3.5 MIL (0.089 mm)
POLYETHYLENE OXIDE d
EXTERNAL WRAPPER (TEST 12)
o
B T RN G L O RS RN B N e SO0 R
o 2 a 6 8 10 12 14 16 18 20

70

30

20

10

PRESSURE (Pa)
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PRESSURE (psig)

10

A
TEST 1
——
REFERENCE CURVE
—_— — — S— — /—
— —~—
—
— §‘ e
METHYL CELLULOSE
SPRAY COAT APPLICATION _
2 4 6 8 10 12 14 16 18 20
TIME (sec)

Figure B-9. Pressure Transient Comparison -- Methyl Cellulose
Spray Coated Versus Unshielded Ice Basket

70

40

20

10

PRESSURE (Ma)



bE-8

PRESSURE (psig)

12

10

TEST 4

2.1 MIL {0.053 mm; METHYL CELLULOSE
EXTERNAIL WRAPPER

REFERENCE - ————
CURVE
—
| l | | | l
2 4 6 8 10 12 14 16 18 20
TIME (sec)

Figure B-10. Pressure Transient Comparison -- 2.1-mil (0.053 mnm)
External Methyl Cellulose Shielded Vers.s Unshielded Ice Basket

70
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9¢-8

PRESSURE (psig)

12

10

TEST 10 - ADDITIONAL TEST FOR
COMPARISON PURPOSES

REFERENCE CURVE

| I l | | l l l

4.0 MIL (0.10 mm) INSOLUBLE (COMMERCIAL)
POLYETHYLENE INTERNAL LINER

2 4 6 8 10 12 14 16
TIME (sec)

Figure B-12. Pressure Transient Comparison -- 4.0-mil1 (0.10 mm)
Internal Polyethylene Shielded Versus Unshielded Ice Basket
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30
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10

PRESSURE (Pa)



Table B-3
SAMPLE ANALYTICAL DATA

Unirradiated Samples

At Room Temperature At 180°F (82°C) ___At 200°F (93°C) irradiated Samplesd
Chloride Dissolve Chloride Dissclve Chloride Dissolve Chloride SolidsP
Sample __(ppm)  Time (min) (ppm)  Time (min) (ppm)  Time (min)  (ppm) (%)
QUIK-SOL P
polyethylene oxide,
1.5 mils (0.038 mm) 350 >15 400 >15 500 >15 400 0.022
EDISOL M
methyl cellulose,
2.1 mils (0.053 mm) 1000 <15 800 <15 1100 <15 1200 0.029
Lo )
& QUIK-SOL P
polyethylene oxide,
2.5 mils (0.064 mm) 700 >15 400 >15 650 >1% 600 0.057
QUIK-SOL P
polyethylene oxide,
3.5 mils (0.089 mm) 450 >15 500 >15 600 >15 600 0.056
Methyl cellulose
aged for 10 years 1000 <15 500 <15 700 >15 900 0.045

2106 rads

bFrom centrifuge



ge-g

Sample

Polyethylene oxide
Polyethylene oxide

Polyethylene oxide
(from stirred drain
water sample)

Polyethylene oxide
(from stirred drain
water saiple)

Table B-4
RESICUE AND CHLORIDE CONTENT FROM BASKET TEST

Test Weight of Sol'ds Chloride in Total Chlor\de
Date Residue (g) Residue (%) Dried Residue (ppm) in Residue (ppm)
1075782 0.5938 0. 72 1517 645

10/5/82 0.1886 0.08 189 2500
10/5/82 1.3586 0.63 174 43)

10/5/82 0.2830 0.1 166 552



Attachment 3

Effect of Water Soluble Plastic Wrap
on the Short-Term Containment Analysis
for the Catawba Nuclear Station

In an ice condenser ccfainment, une operational problem that exists is the
sublimation of ice in tie ice baskets. Due to the high heat load on

the row of ice baskets nearest to the crane wall, this row of baskets
experiences sublimation rates of about 5% a year. One method to eliminate
this problem would be to wrap the ice with a soluble plastic filn

One effect of this plastic film is that the ice condenser perfcrmance for
the first few seconds following a high energy 1ine break will change. Thus,
the short-term subcompartment pressure analysis will be affected This
study was done to determine the effect of wrapping one third of :ha ice
cordenser with a water soluble plastic.

In a review of the short-term subcompartment analysis for Catawba Units
and 2, it was determined that a Double-Ended Cold Leg (DECL) break in
compartment 1 was the worst case. The design Lv1terwon for this analysis
is that the peak pressure against the CLnta.n ant shell cannot exceed the
design pressure of 10 psig.

Three sensitivity studies were done to bound the effect of the plastic

wrap on the peak pressure against the containment shell. The first sensitivi
study assumed that trere was no heat transfer from those ice baskets which
were wrapped, Thus, the effective heat transfer area was reduced by one
third. The TMD computer code, which was used in the original FSAR analysis
was used with the only change from the FSAR case being the reduced heat
transfer area. A comparison plot of pressure versus time for a compartment
located against the containment shell is shown in Figure 1. This figure
shows that the reduced heat transfer causes the peak pressure to rise about
1 psi and that the pressure remains below design.

Tne second sensitivity study was to determine the effect of increasing the
JAC

empirical coefficient, EL. This parameter is a pseudo-condensing length
resistance. The resistance through the wrapped ice condenser section is
assumed to be infinite. Therefore, the value of ELJAC will be increased

by 1.5. Figure 2 shows the pressure transient against the containment shell
for this revised ELJAC. This figure shows that the peak pressure is 28 psia
which is below the design pressure.

The third sensitivity study was just a combination of the first two sensitivity
J Y g

1 rS
studies. This had to be done since the ELJAC parameter was je rmined empirica
and may be a function .f the heat transfer. Therefore, this case should be

the most appropriate case. Figure 3 shows a comparison of the pressure transien

CAL

for this case to the pressure transient of the FSAR case. The results show

that the neak pressure is still below design pressure.

Therefore, since all of the sensitivities showed a peak pressure below the
design pressure, the idea of wrapping one third of the ice condenser with a
soluble plastic wrap does not present a problem with any containment design
pressure criteria. This analysis will allow the wrapping of any three of the
nine rows in the ice condenser.




TOTAL PRESSURE (PSIA)

Figure 1. Reduced Heat Transfer Area
Pressure Transient
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Figure 2. Modified ELJAC Pressure Transient
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TOTAL PRESSURE (PSIA)
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Figure 3. Combined Sensitivity Study
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ATTACHMENT 4

DUKE-6412
CATAWBA-3540

Westinghouse : Water Reactor Nuclear Operations Division
Electric Corporation Divisions Box 385

Pinsburgh Pennsyivania 15230

January 30, 1984
PWO No. 5

MPS #4100/#35924
S.0. No: DCP-902

Mr. S. K. Blackley, Jr. Ref: CATAWBA-3512, 1/18/84
Chief Engineer

Mechanical and Nuclear Division

Duke Power Company -

P.0. Box 33189

Charlotte, North Carolina 28242

Attn: D. L. Canup
CATAWBA/McGUIRE NUCLEAR STATION

UNITS NUMBER 1 AND 2
Ice Condenser Sublimation Shielding Spray Test Report

Dear Mr. Rlackley:

Attached is a final test report entitled, “Water Soluble Sublimation Shieldirg
Material Effects on Convainment Spray Systems", January 1984. This effort was
completed under contract to Duke Power and reports on the tests conducted for
determining the acceptability of the coating material for the Ice Condenser
Containment ice. As a result of these tests methyl cellulose is shown to be
an acceptable coating material. Recommendations are made in the report for
«mplementation of an anti-foaming material into the containment spray system.

At this time we are enclosing only one copy. Upon availability from
reproduction, additionai copies will be transmitted to you. A previous draft
copy (January 13, 1984) was forwarded to Robert Sharpe to initiate the Duke
Power NRC submittal preparation. This submittal to you and the report given
in the referenced letter, regarding the containment pressure effects of the
sublimation shielding, should ¢1low your completion of a report to the NRC for
implementing coating of the remaining three rows of ice baskets on Catawba
Unit 1.
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Please direct any questions on the attached report to Chuck Scrabis
'412-374-5578 or this office.

Very truly yours,
WESTINGHOUSE ELECTRIC CORPORATION

F. J. Twogood, Manager

Duke Power Projects
ICR/cm/5811D:1
Attachment

cc: H. Purcell, 1L *
S. K. Blackley, Jr. 6L, 1A
E. D. Lindsay, 1L /4
G. W. Hallman, 1L
R. 0. Sharpe, 1L /4
D. L. Canug, L A
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TEST REPORT: WATER SOLUBLE SUBLIMATION SHIELDING MATERIAL EFFECTS ON
CONTAINMENT SPRAY SYSTEMS

Reference: Duke Power Company General Order I.D. CH-14695

Prepared by: M //?J,’/?/
C. M. Scrabis, Engineer

Process & Thermal Equipment Engineering

Q__eviewed by: _ZJ e 1/25 /2y

P. A. Linn, Engfneer
Operations Safeguards Analysis
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K. A. Kloes, Engineer

Process & Thermal Equipment Engineering
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Test Engineering

;)‘%2 cé'ak%- oo /26/57/
J! 1aherty. Engi
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Section 1

INTRODUCTION

A1l operating Ice Condenser Nuclzar Power Plants ire experiencing a common
heat and mass transter process called the ice sublimation. A 2.Sx106 1b.

fce inventory, which is stored in 1944 cylindrical perforated sheet metal ice
baskets one (1) foot in dizmeter and 48 feet high, is continuously being
depleted. The main mechanisms causing this sublimation are the formation of
convective air currents from heat conduction through the ice bed boundaries
causing fce to redistribute as frost onto cooled surfaces, and leakage of the
saturated ice bed air through the lower inlet doors, which is replaced by dry
air from the upper plenum area.

One method of ¢1iminating the ice sublimation problem is to seal the ice in a
vapor barrier medium, such as plastic film. This has a significant drawback,
however, *n that the film will reduce the rate of heat transfer from the steam
to the ice in tie uiiiikely event that a LOCA occurs.

A water soluble plastic film material minimizes the heat transfer effect.
This concept has been investigated and proven feasible under a test prograr
sponsored by EPRI in 1982. An unanswered question from that test program was
the unknown effects of the dissolved sublimation shielding material, which
will be washed down into the containment sump, on the spray nozzles in the
containment spray system. These nozzles were selected for study since they
are the limiting diameter in the Energency Core Cooling System (ECCS).

It was postulated that if the sublimation shielding material could come out cf
solution or if any resulting residue were circulated through the containment
spray system, the potential may exist for the material to plug the spray
nozzles or to reduce the effectiveness of the system for long term heat decay
removal. The purpose of the :es® prugram described in this report is to
determine what possible effects might occur to the containment spray system
when a chemical water solution with sublimation shielding material is
c¢irculated through it.

5521Q:10/012484 1-1



Section 2

TEST PLAN DEVELOPMENT

MATERIAL IDENTIFICATION

Methyl Cellulose and Polyethylene Oxide were tested as sublimation shielding
materials in the EPRI sponsored Steam Blowdown Test Program. Only the methy)
cellulose material was used in this spray nozzle test program. Polyethylene
oxide was eliminated for several reasons. The EPRI test program had shown
that polyethylene oxide would not totally dissolve in water, but would leave a
residue of relatively large sticky particles as compared to methyl cellulose.
Subsequent information research showed that polyethylene oxide film can become
inscluble if stressed by heat, radiation, or mechanical working. In addition,
the supplier of these sublimation shielaing materials (Polymer Films Inc.)
advised that methyl cellulose has become the industry standard for water
soluble plastic flims. No polyethylene oxide film material has been made by
that company for iicariy a year, and because of the lack in demand, no plans
are being made to produce it in the near future. Investigation into other
sourccs and users of these types of materials has revealed that no existing
stocks of polyethylene oxide film material are available for procurement.

TEST MATRIX DEVELOPMENT

Spray nozzle tests were performed per the requirements of the Test Plan "Ice
Condenser/Containment Spray Systems, Water Soluble Plastic Effects on Spray
Systems," which is furnished as Appendix B of this report. The first test run
#as to establish the operational performance of the test loop and data
acquisition systems. It consisted of operating the test loop for
approximately 4 hours, without chemical additives or methyl cellulose
material, and at whatever equilibrium temperature the system established
without auxiliary heaters.

Nine (9) subsequent spray tests were conducted using 2.1 1bs. of methyl
cellulose material per each 1000 1bs. of system chemical water solution. The
chemical water contained 2200 ppm boron as boric acid, and/or scdium

5521Q:10/012584 2-1




tetraborate at temperatures of 100°F, 145°F, and 190°F. Each test was run
(T . continuously for 24 hours after reaching the required temperature and boron

and methyl cellulose concentrations. The following identifies the test matrix
used for this test program.

Test No. Boron Source Water Temp. Time Ouration
40000 N/A Ambient 4 hrs.
40001 Boric Acid 100°F 24 hrs.
40002 i 145°F 24 hrs.
40003 ‘ . 190°F 24 hrs.
40004 Sodium Tetraborate 100°F 24 hrs.
40005 . 145°F 24 hrs.
40006 . 190°F 24 hrs.
40007 50/50 Boric Acid-Sodium Tetraborate 100°F 24 hrs.
40008 - ' 145°F 24 hrs.
40010 - 180°F 24 hrs.

§521Q:10/012484 2-2




Section 3

SPRAY SYSTEM TESTING

FACILITY PREPARATION

The test loop for this program was a closed system including a header assembly
of four (4) 1-inch containment spray nozzles arranged to discharge into an
open 4' x 8' x 2' stainless steel tank. A centrifugal pump drew water from
the spray header tank, discharging 1t though a 34 KW electric heat exchanger
and into the spray nozzle header assembly. A clear plexiglass hood assembly
was fashioned over the header assembly and tank to reduce spray and
evaporation losses. An auxiliary electric heater submerged in the spray tank
furnished additional heat as required for the 190°F temperature tests.

A calibrated orifice meter with AP cells was installed upstream of the spray
nozzle header assembly to measure the total flow to the nozzles. A separate
pressure transducer between the orifice meter and spray nozzle header measured
the system pressure.

Thermocouples were installed in the inlet and outlet piping across the
electric heat exchanger and upstream of the spray nozzle header. Temperature
control was maintained via one of the thermocouples upstream of the header.
Flow control was maintained on the pressure drop across the spray nozzle
header.

Sketch #BRS082983C in Appendix A is a schematic flow diagram of the spray
nozzle test system.

TESTING

The testing procedures followed are described in Section VII, titled "TEST
PROCEDURE," of Test Plan: Ice Condenser/Containment Spray Systems, Water
Soluble Plastic Effects on Spray Systems, which is enclosed in this report as
Appendix B.

$521Q:10/012484 3-1



The test system operating temperatures correspond to the minimum and maximum
containment spray system operating temperatures of 100°F and 190°F,
respectively. The additional test temperature of 145°F was arbitrarily chaosen
as a midpoint temperature of that range. Each test was run continuously for
24 hours in conjunction with the requirement that the containuent spray system
is capable of continuous operation for 24 hours after initiation of a LOCA.

The test system water chemistry, in regards to boron concentration and pH
level, enveloped the expectedvéonditions that the containment spray system
will see during operation. The boron concentration should not fall below
2000 ppm, and by the addition of boron as strictly boric acid or sodium
tetraborate, and as a 50/50 mix of the two chemicals, the extreme cases of an
acidic or basic, and as a neutral chemical solution are examined.

5521Q:10/012484 3-2



Section 4

DATA EVALUATION

SPRAY DISTRIBUTION PATTERN RESULTS

The initial test run (ref. lest series #40000) established the spray
distribetion pattern of each nozzle prior to testing with sublimation
shieiding material. The Spray pattern was measured by collecting the sprayed
water in two sets of collecting tubes. The collection tubes were laid out to
collect water in a quadrant under each spray nozzle. The layout of the
collection tube header system is shown on sketch BRS100783 enclosed in
Appendix A.

Spray distribution data was collected after each test run to compare with the
data taken in the initial test run. This data is furnished in Appendix A as
part of the data sheets identified as "NOZZLE SPRAY TEST," for test series
numbers 40001 through 40070, Note that test series 40009 was suspended due to
excessive evaporation of the test of system fluid media, and that this test
was repeated 2ad is referenced as “est series 40010. No test data is
furnished for series 40009.

The variations in nozzle spray pattern distributions are acceptable and are
considered to be the result of the temperature differences for each test run
as compared to the initial test reference conditions, and to variations in the
total system flow rates.

FCAM PHENOMENON

Introduction of the methyl cellulose material into the test system water
produced a foawing action when the fluid was aerated by the spray nozzles. To
reduce foaming, an antifoaming agent was gradually added to the chemical water
solution until the foaming action was reduced to an acceptable level. At this
point, the foam would guickly dissipate and only a light surface covering
remained. The light surface covering would entirely dissappear in a few
minytes after termination of the spraying.

$521Q:10/012484 4-1




Without the antifoaming agent, foaming was heaviest when the spray nozzles
discharged into a piping cover which extended over each nczzle and down below
the water level in the spray tank. These covers were installed to reduce
splash and misting effects. When the piping covers were removed, and with no
antifoaming agent added, the spray from the nozzles tended to beat down the
foam bubbles in the spray tank.

The antifoaming agent used was Dow Corning DC-1520 silicone emulsion. The
Westinghouse Chemistry Department performed a chemical evaluation of the
DC-1520 material and has found it acceptable for use in the containment
building. The chemistry evaluation report and a spec sheet on DC-1520 are
included in Appendix A.

POST-TEST EXAMINATION

A1l the test spray nozzles were removed from the test loop after each test
run, visually examined by engineering and quality assurance, and reinstalled
into the test loop. No cleaning or other operations were performed con the
spray nozzles throughout the entire test program. Each of the 4 spray nozzles
was subjected to nine (9) 24-hour tests with no indication of blockage or
buildup of any foreign substances. Inspection records on the spray nozzles
are 1nc1gded in Appendix A.

At the conclusion of the test program, the centrifugal pump, electric heat
exchanger, and associated piping were disassembled and visually examined by
engineering and QA. No evidence of the sublimation shielding material or any
other abnormalities were found. This demonstrates that the methyl cellulose
did not come out of solution nor adhere to internal surfaces. A copy of the
1nspection'report on the test equipment is included in Appendix A.

The methyl cellulose concentration in the test water was examined by
nertorming liquid chromatographic analysis on samples taken before and after
each test run. The analysis verified that the sublimation shielding remained
in solution to an accuracy of +15%. A summary of that analysis is included in
Appendix A.

5521Q:10/012584 4-2



© SUMMARY OF TEST DATA

Plots of the test system fluid temperature, flow rate, pressure, and pump
Motor pover, as a function of time are also included in Appendix A. A1l
deviations from the test paramoters are fdentified in Deviation No.ices
included in Appencix A. None of these deviations were significant with
respect to the test results or objectives of the program,

Table 2 in Appendix A is a summary of all the test paramet rs. Max imum,
minimum, and average water temperatures are shown in compdarison to the
required reference test condition, as well as boron concentration variation
during the test run and the amount of antifoam agent that had to be added to
the system. Variations in boron concentrations were the result of water
evaporation from nczzle aeration and temperature. (As the water evaporated,
the boron concentrated.) Water was added periodically to bring the boron
concentration into the specified range of 2200 ppm + 200 ppm.

55219:10/012484 4-3




Section §

CONCLUSIONS AND RECOMMENDATIONS

Ji (S CIURAT LUNG

This test shows that both methy)

emulation are acceptable for use

cellulose is therefore acceptable as sublimation

applications, with no impact on balance of plant or safety systems.

Four (4) containment spray nonzzles were subjected to nine (9) 24-hour tests

o >

with the maximum postulated methyl cellulose concentration. he operating

conditions for spray system temperature and chemical water pH were bounded.
There were no indications that the performance of the spr. o0zzles was

degraded, that the methyl cellulose came out of solution

system componant was affected.

The form produced by aeration

because, if unchecked, a

suspended in the foam, thus decrea

and neutron absorption. Dow Corning
available commercially, s an effective and
While it does not elimina

acceptable level. (See

RECOMMENDATIONS

sump. A concentration
recommended. This coul
require further stud)

of the antifoaming
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Store the antifoaming

$ | + M
agel.L 'n The

the simp 1s flooded. The agent

-~ 14
. wWOU

the minimum required concentration wo

amount of dilution during sump flooding.

Develop an injection system that wil)

and <oncentration into the sump.

Formulate the antifoaming agent into the sublim

+4in 1
dation ()' e

If the shielding in the ice condenser is dissolved, th

ne antifoam agent

will be avallable at a fixed ratio to the amount of sublimation shielding

a 4l

material flushed into the sump.

Freeze the antifoaming agent into the bora flakice in the ice bed.

the ice bed melts and drains into the sum h ‘ tion of

antifoaming agert will be in a fixed ratio

The first method wou! the simplest to implement

extensive development. sure tha

cases, the minimum ired conc ition of antif

aresent in the sump water.

The second method

qualifi
dete

termine
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APPENDIX A
( ¢ 5 TEST DATA

... The following information is furnished in this section as supporting
documentation for the test program:

1. Sketch BRS082983C - Test system flow diagram
2. Sketch BRS100783 - Nozzle Spray Distribution Collection System
3, Table 1 - Test Numbering Nomenclature
4. Table 2 - Summary of Data
5. Table 3 - Summary of Data
Letter SGTD-7.1-23-3370 - Analysis of D.C. 1520 Silicon Emulsion
1. MWestinghouse R&D Center letter dated 1-3-84 - Methyl Cellulose in Aqueous
_Solutions :
Dow Corning Spec Sheet - 1500 Silocone Emulsian
9. Inspection Repo.t - Visual Inspect Spray Nozzle
10. Inspection Report - Spray Nozzle Test
- . 11. . Test Data - Spray Nozzle test 40000

‘: 12. Test Data - Spray Nozzle test 40001
13. Test Data - Spray Nozzle test 40002
14, Test Data - Spray Nozzle test 40003
15. Test Data - Spray Nozzle test 40004
16. Test Data - Spray Nozzle test 40005
17. Test Data - Spray Nozzle test 40006
18. Test Data - Spray Nozzle test 40007
19. Test Data - Spray Nozzle test 40008
20. Test Data - Spray Nozzle test 40010
21. Spray Nozzle Test Data Plots
22. Deviation Notices
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Test Prospectus

#83-0248
12/8/83
SPRAY NOZZLE TEST
TEST NUMBERING
NOMENCLATURE
COMP. TEST TEST L .ZCHEMICAL
TEST PLAN TEMP. ADDITION
40000.05 - ROOM | CITY WATER
40001.02 1 100°F BORIC ACID
40002.01 2 145 BORIC ACID
40003.01 3 190 BORIC ACID
40004.01 4 100 BORAX
40005.01 5 145 BORAX
40006.01 6 190 BORAX
40007.01 7 100 BORIC ACID & BORAX
40008. 01 8 145 BORIC ACID & BORAX
40010.01 s 190 BORIC ACID & BORAX
40010.02

TAQLE |
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Test Prospectus

$83-0248
12/8/83
SPRAY NOZZLE TeST
. SUMMARY OF DATA
TEST | Reg'o. AV. MAX | MIN BORON |
NO. TEST TEWP. | TEMP. | TEMP. [TTONC T TTHER T ANTISFORN
- TEMP. o oF oF PPM HRS. ADDED
+2°F +200 ML
40001.02] 109° 99.4° | 103.4° | 96.7° | 2002 5 180
2536 24
40002.01| 145° 145.4° [ 147.3° | 141.8° | 2008 0 720
2229 8.5
2356 17
2241 24
40003.01] 190° 187.2° | 192.1° | 124,40 | 2110 0 180
' 2320 1.5
2193 g
2120 18.5
40004.01 | 10g° 100.1° | 100.8° | 97.9° | 1976 0 180
: 2065 1.5
2168 18.5
40005.01 | 14s5° 148.8° | 147.2° | 136.7° | #1s 9 360
' 2376 10
2385 23.5
40006.01 | 190° 186.7° | 194.4° | 168.5° | 2121 0 180
2531 9.5 -
2152 21.5
40007.01 | 100° 100.4 | 102.3 %.6 | 2023 0 180
212) 10.5
1772 24
40008.01 | 145° 146.3° | 148.3° | 143.2° | 2097 0 360
2527 13
| 2201 21
40010.01| 190° 188.0° | 193.1 | 180.7 | 2022 0 270
: 2375 8
40010.02 Ta7z 13.2
1987 15.2
2031 17.8
2548 23.8

* ELAPSED TIME FROM START OF 24 HOUR TEST

TAGLE 2



Test Prospectus

1278083
NOZZLE INLET PRESSURE “
" SUMMARY OF DATA
:gfr ggg;ggns éXEssuns gééés. PRESS.
PSIA PSIA PSIA PSIA
i 54.7 55.4 §5.7 54.5
2 54.7 54.4 54.6 54.2
3 54.7 56.4 56.7 53.1
4 54.7 54.1 55.0 52.4
5 84,7 54.5 54.9 54.2
. 54.7 54.8 57.6 53.2
7 54,7 54.1 55.8 42.7
8 54.7 55.4 56.1 54.6
9 54.7 54.4 56.3 53.5

TACLE &

27



SGTD-7.1-23-3370

Zr * fom  SGTD - Steam Generator Technology Di“is’on
WN  244-3887
Gt November 11, 1983
Supject

Analyses of D. (. 1520 Silicor Emulsion for Use as a Antifoaming
Igent for lce Condensar Plants

To - B. R, Sinwell FH/A200

cc: W. D. Fletcher FH/A100 L. F. Becker FH/A200
5 M. .J. Wootten FH/A200 C. M. Scrabis MNC 311
A. S. Calderwood FH/A200 T. J. Gerlowski MNC 743

It is proposed to use Dow Dorning DC-1520 Silicon Emulsion for an anti-
foaming agent to counteract the foaming effect in boric acid solution

-~ of the methyl celluose. This is to be used to bag the borated ice in
the reactor containment of ice condenser systems,

Chemical analyses were performed on one lot of this material. The re-
sults of these analyses and the analtyical methods Jted, are presented
in the following table and recorded by westin?house Advanced Reactor
~ Division Analytical Laboratories as Analytical Service Number 83-3360
<: dated 11-2-83 and in Westinghouse Notebook 137981 page 31.

TABLE 1

Impurities in DC 1520 Silicon Emulsion determined by Pyroh/dralysis.and
'Ion Chromatorgraphy.

CHLCRIDE, pem FLUORIDE, ppm SULFATE, ppm
65 B 155 (52 ppms)

The maximum DC 1520 antifoam agent used will be less than 625 ppm re-
sulting in a chloride concentration of less than 0.04 ppm. This level
is within the specification 1imit of 0.15 ppm for the reactor coolant.

" The sulfur level is even below this concentration and should pre: :nt
no corrosion prublem for any of the materials of construction of the
reactor system or spray system, ‘

D. D. Nhyte.:jtincipa1 Engineer
Chemistry Field Development

DDW/kr

Discarg Date



File 83-796

R&D Center - 501 3Y22

236-2232 .

January 3, 1984 s Y
. * . Methyl Cellulose in R e G e
Aqueous Solutions r At '

N

C. M. Scrabis
NTD Thermal Equip. Engrg.
Nuclear Center - MS 311

cc: H. Shellaby - NTD, Forest Hills
B. Sinwell - NTD, Forest Hills
G. L. Carlson - R&D Center
K. A. Kloes - Nuclear Center - MS 311

The samples of methyl cellulose in aqueous ‘solutions were

initially examined using water and water-ethanol as elements for the
( samples. These analyses showed very little change in the amount of

high molecular weight species present in the solutions, but the total
amount of organic material was calculated to be at least twice the
amount (0.2% wt.) which was supposed to be in the solutions. This vari-
ation occurred because a silicone anti-framing agent had been added to
the solution and was interfering in the determination of methyl cellulose.
The interference was eliminated by using a saturated borax solution as
the eluent in the liquid chromatographic analysis.

The results of this analysis again shows very little difference
in the concentration of methyl cellulose in the solutions. The overall
concentration is at the projected level of 0.2%, but the analytical technique
is only accurate to + 15% due to the high noise level of the detector during
these tests.

John R. Ray
Senior Engineer
Analyti al & Laboratory Services
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Dow Corning?® “-30 Emuision

This 30% antil. .n emulsion has a long history of use in adhesive and printing inks.
It contains a special formula of emulsifiers.

cal Properes
values are not intendad for use in crepanng soecifications.
mi & flVWC! Fon (25"0) ................... Y R s S 6 S Wr;na
g‘amcy DRET P RIITRR o o v o a5s s mnmt nn o e bR st s Light cream
Active Detoamer, percent ... "I el Wt A S 30
I+ /s 8.0.0 K5 1.3 5 R B £00 b b bas e e P24 8, Nonionic
i sabra s vgaa el oy oo L ISR PR e sduanastay TN Water

Dow Corning?* 1500 Silicone Emuision
This 100% antfoam compound 1s recommended for oil-based and solvent-based
Systems, for best economy It is for 1000-related uses, when systemn will aliow its use”

ical Preperies
vaives are not infended for use in prepanng specfications
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Appendix B
TEST PLAN

The test plan titled "Ice Condenser/Containment Spray Systems, Water Soluble
Plastic Effects on Spray System" is reproduced on the following pages.
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TEST PLAN: Ice Condenser/Containment Spray Systems Water Soluble Plastic
Effects on Spray Systems

REFERENCE: Duke Power Company
General Order ID. CH-14695

Prepared By:

Reviewed By: |
i Gerlowski, Engineer
Fluid Systems Design

( 2 W 14 [s/E3

B R. Sinwell, Engineer

Tes* Engineering

N / .
Approved BY: ,/{\h,[z,[\_é@’ '/és/‘- ":'/'7;/?3

D. W. Alexander, Manager

Process & Thermal Equipment Engineering
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C. E. Conway, Manager

Test Engineering
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J. FlanertyS—Engineer
Q.A. Engineering
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WATER SOLUBLE PLASTIC EFFECTS ON SPRAY SYSTEMS

( . I. OBJECTIVE

To determine the effects of circulating a water chemical solution with a
soluble plastic dissolved in it, under simulated LOCA conditions through
the Containment Spray System. Evaluate and compare post-test versus
pretest flow characteristics of spray nozzles. Determine if the water
soluble plastic material will come out of solution during the
recirculation phase of the containment spray system, anc plug or have the
potential for plugging up the spray nozzles.

11, BACKGROUND

An EPRI sponsored program was completed in 1982 and documented in
WCAP-2125-1 titled "“Steam Pressure Suppression Characteristics of Water
Soluble Plastic Membrane Shielded Ice for lce Condenser Containment
Nuclear Power Plants." This program identified two areas of questions,
which required further investigation before proceeding with full

(: implementation of the sublimation shielding material in an ice condenser
plant. One area dealt with the pressure suppression characteristics of
this material in the dead-ended compartments below the ice condenser floor
which are sensitive to the initial phase (<2 seconds) of the pressure
transients. Tne other question dealt with the unknown potential for this
sublimation shielding material to plug or change the flow characteristics
or performance of the containment spray system. It is this latter
question that this test program will address.

111, TEST ITEMS
A. Spray Nozzlas

Sprayco Nozzle Model No. 1707141707. Four (4) nozzles shall oe used
in each test run.
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c.

Water Soluble Plastic Material

The material Methyl Cellulose will be used for investigation. It is
supplied by Polymer Films, Inc. of Rockville, Conn., under the

Catalogue number of Fd4isol M-1100. The material will be furnished for-
dissolving in a chemical wacer solution, as a liquia form or a solid
sheet film form and can be used in this test program in either form or
combination of the two forms. The quantity of material used in each
test will be 2.1 1bs. of methyl cellulose per every 1000 1bs. of
chemical water solution.

Chemical Water Solution

Individual tests will be run at temperatures of 100°F, 145°F and 190°F
using chemical water solution as follows:

1. 2200 ppm Boric Acid Solution
2. 2200 ppm Sodium tetraborate solution
3. 2200 ppm Boric Acid and 2200 ppm sodium tetraborate solution.

In addition, one test run using only water (city supply or tap water)
will be run initially to verify that the test system operates properly.

IV. TEST EQUIPMENT

A.

0952€:1

Mechanical

1. Centrifugal Pump
a) Minimum fiow - 60.8 gpm at 40 psid
b) Number required - 1 (minimum)

2. Heat Exchanger
a) Electric type
b) Croable of heating and maintaining fluid temperature at |00°F,
145°F and 190°F,
¢) Number required - 1| (minimum)



3. Spray tank
a) 4' x 8' x 2' high
!r . ’a b) Stainless steel
c) Number required -1

4. Spray Nozzles
a) Sprayco Model No. 1707141707
b) Required flow - 15.2 gpm @ 40 psid
c) Numder required - 4 per each test run. The nozzles may
be used for multi-test runs.

B. Instrumentation

1. Calibrate Orifice Plate & aP cell
a) Test flow rate 60.8 gpm at 40 p510
b) Accuracy - + 0.3 gpm

2. Thermccouples
a) K type
( b) Number required - 3
¢) Accuracy + 2.0°F

3. Pressure Gages
a) Bordon Tube type
b) Pressure range - 0 to 100 psig
¢) MNumber required - 2
d) Accuracy + 0.4 psi

V. DATA REQUIREMENTS

1. Temperature of the water upstream of tne spray nozzles + 2.0°F.

2. Flow rate through the spray nozzles + 0.3 gpm

3. Pressure drop across the nozzles + 0.4 psi




vi.

4. Chemical concentration of the test water + 200 ppm

5. Time duration of the test run + 1.0 min.

6. Water soluble plastic material concentration of the test water + 0.1
1bs. per 1000 1bs. of water, at the start and completion of the test.

7. ldentification of how the water soluble plastic material concentration
was made up (i.e. 1bs. of liquid material and/or Ibs. of solid film
material + 0.1 1bs.;

8. Evaluation of spray nczzle spray pattern.

TEST MATRIX

A total of 10 test runs are proposed per attached sketcn BRS082983. The
first test run wiil use amdient temperature or tap water with no chemical
additives or water soluble material added. It will las:t a time duration
of at least four hours and has the primary purpose to establish the
operational performance of the test loop and data acquisition systems.

The remaining 9 test runs will use 2.1 1bs. of methyl cellulose material
per each 1000 1bs. of chemical water. Each test run will last fcr 24
hours after reaching the required test temperature. The following is a
listing of the 9 tests.

1. 2200 ppm Boric Acid water at 100°F

2. 2200 ppm Boric Ac’d water at 145°F

3. 2200 ppm Boric Acid water at 190°F

4, 2200 ppm Sodium Tetraborate at 100°F

5. 2200 ppm Sodium Tetraborate at 145°F

6. 2200 ppm Sodium Tetraborate at 190°F

7. 2200 ppm Boric Acid and 2200 ppm Sodium Tetraborate at 100°F
8. 2200 ppm Boric Acid and 2200 ppm Sodium Tetravorate at 145°F
9. 2200 ppm Boric Acid and 2200 ppm Sodium Tetraborate at 190°F
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VII. TEST PROCEDURE

¥

3.

6.

7.

10.

1.
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Prepare chemical water solution in the test spray tank.

Start up the spray test loop and establish the proper flow rate and.
pressure drop through the nozzles.

Test each flow nozzle to establish the initial flow spray pattern
characteristics.

Dissolve the sublimation shielding material in the chemical water
solution in the ratio of 2.1 1bs. of methyl cellulose to 1000 1bs. of
water.

Heat up test solution to proper test temperature with required flow
rate and pressure drop across the spray nozzles.

After establiishing proper test parameters, operate the test loop for
prescribed test time period and record the required test
parameters.

Before stopping the test run, retest each of the spray nozzles for
flow pattern changes and comparison to the initial spray pattern check.

Take a sample of tne chemical water solution for chemistry evaluation
of concentration level of methyl ceilulose.

Stop tne test loop, remove the spray nozzles and visually inspect for
traces of the methyl cellulose material. Record the findings.

Prepare for the next test run.
After all the test runs have been completed, the piping, orifice,

valves and centrifugal pump shall he disassembled ana visually
examined for traces of methyl cellulose material.
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ATTACHMENT 5
Proposed FSAR Changes

Insert into Section 6.2.1.3, page 6.2-4
(after topic titled Sensitivity Studies)

ICE_CONDENSER

In an ice condenser containment, a concern that exists is the rublimation
of ice in the ice baskets. Due to the high heat load on the row of ice
baskets nearest to the crane wall, this row of baskets experiences subli-
mation rates of about 5-10% per year. One method to elimirate this occur-
rence would be to wrap the ice with a soluble plastic film (as described
in Section 6.7.4.2). A side effect of this plastic film is that the

ice condenser performance will change for the first few seconds follow-
ing a high energy line break, and therefore, the short-term subcompartment
pressure anaiysis will be affected. A sensitivity study was performed

to determine the impact of wrapping one-third of the ice baskets with

a water soluble sublimation snielding wrap. The sensitivity study assumed
the following:

1) a Doubie-Ended Cold Leg (DECL) break in compartment 1 is the limit-
ing case

2) a decrease in the heat transfer area

3) an increase in the condensing length resistance to account for the
water soluble plastic.

The results of this study are shown in Figure 6.2.1-19a., This figure
illustrates that the peak pressure, as a result of the sublimation shield-
ing wrap, is below design pressure and hence, does not adversely impact
the Short-Term Containment Analysis.



Insert into Section 6.7.4.2, page 6.7-14
(after last paragraph)

The three (3) rows of ice basket columns closest to the ice condenser
crane wall incorporate a water soluble plastic sublimatica shielding
coating around the stored ice. Westinghous< has demons.rated the
acceptability of the sublimation shielding material on all ice condenser
and other interfacing equipment and systems.
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Attachment 3. of 3

Design Consideration

The structural stability and deformation requirements are determined to
ensure no loss of function under accident and safe shutdown earthquake
loads.

The ice baskets ar« designed to facilitate maintenance and for a lifetime
consistant with that of the unit.

The .trurture is designed to maintain the ice in the required array to
maintain the integrity of performance of the ice condenser. In particular,
the hydraulic diameter and heat transfer area are maintained within the
limits established by test to be consistent with the containment design
pressure.

Any section of the ice basket is capable of supporting the total weight
of the ice above that section.

General Thermal and Hydraulic Performance Requirements

The ice baskets are fabricated from perforated sheet metal which has open area
to provide sufficient ice heat transfer surface. The adequacy of the design

and the performance were confirmed by tossﬂ

Interface Requirements

1.

2.

and an¢/7rar ,

Lattice Frame

The lattice frames at every 6 ft act as horizontal restraints along the
tength. The design provides a nominal 1/4 in. radial clearance between the
ice baskets and the lattice frames. Lattice frame and basket coupling
elevations coincide to prevent damage to the basket during impact.

Lower Support Structure

Ice basket bottoms are designed to be supported by and held down by attach-
ments to the lower support structure. The basket supports are designed for
structural adequacy under accident and safe shutdown earthquake loads and
permit weighing of selected ice baskets.

Basket Alignment

The ice condenser crane aligns with baskets to facilitate basket weighing
ard/or removal. The baskets are capable of accepting basket 1ifting and
handling tools.

Basket Loading

The ice baskets are capable of being loaded by a pneumatic Ice Distribution
System.

External Basket Design

The baskets are designed to minimize any external protrusions which would
interfere with 1ifting, weighing, removal and insertion.

6.7-13
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Figure 6.2.1-19a. Sensitivity to Sublimation Shielding Wrap
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