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ABSTRACT

A nondestructive in-place test for detecting leaks
in a bank of installed carbon beds with "Freon-112"
tracer was developed by the Savannah River Laboratory
and demonstrated in the reactor confinement facilltles
at the Savannah River Plant. Leakage flow (flow that
bypasses the carbon) of 0.01% of the total ailr flow
through the beds 1s detected readily. Installed carbon
beds with about 2 years exposure to exhaust alr flow in
the confinement system were evaluated successfully with
the test., Standardization of the test is in progress
for general application to in-place testing of carbon

beds.
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NONDESTRUCTIVE TEST OF CARBON BEDS FOR
REACTOR CONFINEMENT APPLICATIONS

PROGRESS REPORT: OCTOBER 1964 - JANUARY 1966

INTRODUCTION

Halogen vapor (principally *®*I) that might be released
accidentally into the buildings of Savannah River Plant (SRP)
resctors would be removed by normal, routine passage of the
exhsuet ventilation air through carbon beds. New carbon beds are
tested for absence of leaks by a nondestructive technlgue in
which "Freon-12"* 1s used as & tracer. Development of this tech-
nique by the Savannah River Laboratory {SRL) is discussed in
progress report DP-870¢*’), The "F-12" technique 1s llmited to
testing new carbon beds with alr at a maximum veloclty of 20
ft/min and with carbon contalning no more than 5% sorbed H0. 1In
addition, the test is unsatisfactory for used carbon because ad-
sorbed impuritles cause the "F-12" to desorb too quickly (in less
than one minute) for a definitlive measurement of the leak path,

Because of these limitations, work was undertaken tc develop
s standardized nondestructive test that would be generally appli-
cable for in-place leak testing of installed, used carbon beds.
The limitations imposed on alr veloclty and sorbed H,0 were
reduced significantly by the use of "F-112", & halogenated hydro-
carbon less volatile than "F-12" (DP-910¢2), 920(®), and g950(4)),
This report discusses work (October 1964 - January 1966) to
develop an in-place leak test of used carbon beds installed in
the SRP confinement system. A final report will be 1ssued when
the test is standardized for general application to in-place leak
testing of installed carbon beds. :

% "preon" and combinations of "Freon-" and "F-" with numerals are
Du Pont's reglstered trademark for its fluorinated hydrocarbens.
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SUMMARY

An In-place leak test for a complete bank of installed carbon
beds was developed by SRL and demonstrated 1n the SRP reactor
confinement system. In-place "F-112" tests of used carbon beds
in five SRP filter compartments showed that the average leakage
flow (flow that bypasses the carbon) was <0.03% of the total ailr
flow through the beds. This leakage flow also corresponds to an
lodine adsorption effleciency of ;99.96% for all banks of carbon
beds, because small-scale tests (in which there were no detectable
leak paths) showed that the icdine adsorption efficiency of repre-
sentative samples of the carbon was >399.99%. The beds were
exposed for ~2 years to exhaust alr flow in the confinement system
prior to the "F-112" and iodine tests.

The in-place "F-112" test 1s relatively easy to conduct. The
precise values of air flow, "F-112" injection rate, and calibra-
tion of the "F-112" detectors are not required. Only the relative
calibration of two detectors for "F-112" 1s necessary. Mixed
air-"F-112" samples from upstream and downstream of the carbon
beds were supplled to the "F-112" detectors.

New carbon is "F-112" leak tested at air velocitles to 70
ft/min and with H,0 sorbed to ~20%. The air velocity and sorbed
Ho0 are reduced to 10 to 20 ft/min and to ~4% for a satisfactory
in-place test of used carbon (exposed to alr flow with trace
contaminants). Water 1s desorbed from the carbon prior to the
test by heating the inlet air (at 5 to 10 ft/min velocity) to
reduce 1ts relative humidity to <25%.

Exposure of the carbon beds to normal exhaust ailr flow desorbs
over 95% of the "F-112" in about 3 weeks, but "F-112" sorbed on
the carbon does not affect its lodine adsorption efficiency.

Standardization of the "F-112" test for general applicatilon
to in-place testlng of carbon beds is 1n progress, and will be
reported at a later date.




DISCUSSION

LEAK TEST DEVELOPMENT

Leaks 1n or around carbon beds can be measured by Injecting
a known concentration of adsorbable tracer upstream of the carbon
bed and measuring the downstream tracer concentration. If the
carbon removes all of the tracer that passes through 1t, the
ratio of the downstream tracer concentration to the upstream con-
centration represents the fraction of the total flow that bypasses
the carbon (leaks). This prineiple is used to measure leaks in
carbon beds by the "F-12" technique'?! and the in-place "F-112"
leak test discussed in this report. However, "Freon" 18 physi-
cally adsorbed and, consequently, willl desorb with time. Very
rapld desorption of the "Freon" i1s undesirable, because of the
difficulty in distinguishing between "Freon" penetration caused
by desorption and penetration caused by leaks. Therefore, the
tests must be conducted at conditlons that prevent rapid "Freon"
degorption.

Before the development of the in-place leak test of 1nstalled
carbon beds, prellminary tests were conducted on small-scale car-
bon beds to evaluate the performance of different "Freon" compounds
for improved adsorption characterlistics on new carbon52’5’4)

Based on this work, "F-112" was selected for primary evaluatlion
a8 the tracer in the development of an in-place leak test, with
"F-113" as a backup tracer., The principal properties of the
"Freon" compounds mentioned in this report are listed in Appendilx
A. The propriletary materials that were used were selected because
of convenient availablliity in standard, reliable quality. Pre-
sumably other materials might have been used. Studles contlnued
. with small-scale carbon beds of used carbon (carbon with several
months service in the reactor exhaust ventilation system) before
‘testing was begun on full-size carbon beds. The small-scale
tests showed that "F-112" was satisfactory for used carbon, so
further work with "F-113" was suspended. Only "F-112" was used
for tests of full-size carbon beds; these tests led to the devel-
opment of the in-place leak test described in this report.

“Freon’’ Tests of Small-Scale Corbon Beds

Small-scale carbon beds, described in DP—910(2}, were used
in the preliminary evaluation of the adsorption of "F-112" and
"F-113" on used carbon. The beds were packed wilth representative
samples of carbon removed from full-size carbon beds that had been
subjected to various service times Iin an SRP reactor ventllatilon
system,




Tests were conducted at air velocities to 70 ft/min and with
carbon containing up to 25% sorbed Hz0. The results for new and
used carbon are summarized in Table I. The results show that the
adsorption characteristics of "F-112" differ significantly between
new and used carbon. Tests with "F-112" on new carbon showed
acceptable results for leak testing at velocities to 70 ft/min
and up to ~25% sorbed H,0. However, "F-112" tests of used carbon
with 15 months service iIn the reactor exhaust ventlilatlon system
did not produce acceptable results at 70 ft/min and with only
3.5% sorbed H,0. These results showed that both velocity and
Hz0 content must be reducsd for an acceptable test of used carbon.
A moderate reductlion 1n veloelty dld not produce acceptable results.
The adsorptlon efficlency at 50 ft/min and 6 to 10% sorbed Hy0
was not satlsfactory. A typlcal adsorption efficilency curve of
an unsatisfactory test of a small-scale bed packed with used car-
bon is shown 1n Flgure 1. Further tests were conducted on full-
size carhon beds to accurately define the llmits for an acceptable
test of used carbon.

Subsequent tests of "F-112" on used earbon showed that the
conditions for an acceptable test are simllar to those for "F-12"
on new carbon.‘l) Similar tests on two used carbon beds showed
the superior adsorption characteristics of "F-112." The beds
were packed with identical carbon which was exposed in the P-
reactor ventilation system for 14 months. The carbon was heated
in air flowing at 20 ft/min and ~40°C for about 2 hours to remove
sorbed Hp,0. Both carbon beds were tested in the same manner
except one test used "F-12" and the other "F-112" as tracer. The
results (Pigure 2) confirmed that "F-12" ig unsatisfactory for
testing used ecarbon, because the efficlency was reduced to 99.9%
in <1 minute, whilech 1s insufficlent time to evaluate the per-
formance of installed beds. TUnder the same conditions, "F-112"
showed no penetration (<0.01%). '

TABLE 1

"Freon" Efficiency of Small-Scale Carbon Beds

Test Conditions "Freon"

Air Velocity, Sorbed Hz0, Temp, Upstream EfficienC{ 3t
Carbon ft/min % o¢ Type Conc, ppm 5 min, %2
New 70 27 20 “F-112" 10 99,98
70 25 25.5 YF-113" 5 99.9
R reactor 70 16 22 "F-112" 3 99.0
{15 months} 70 3.5 25 “F-112" 3 99.5
70 1.8 28 "F-113" 5 59.75
50 6.0 26.5 "F-112" 3 99.0
{repeat)
L reactor 50 10.4 25 "F-112" 3 99.5
{2 years) 50 7.0 23.5 "F-112" 3 99.7

{a] An acceptable test efficiency is 99.9+% at 3 to 5 minutes after “Freon”
injection.




TEST CONDITIONS

¢ I 2 3 4 5 & 7
Time ofter "F-112" Enters Bed, min

o 1000y Velocity: 50 ft/min
~9 .
:}- H,0 content of carbon: 6.0%

. 998 Temperature: 26.5°C

™

4 Carbon exposure: R reactor, 15 months

o 996

o FL = 100% ~€

= s94f-

.
;.9_ 99.2 |- :
a
2 990|-
< B
=§ 988 |-
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FIG. 1 TYPICAL “F-112" EFFICIENCY OF SMALL-SCALE USED CARBON BED

00,0

999
8
v o8 TEST CONDITIONS |
§ 99.7 = ''F. ]2” Tracer
s Velocity: 20 ft/min
2 996 - H,0 content of carben: <2%
o Temperature: 40.5°C

99 5 L "F-IZ"
c ) Corbon exposure: P reactor, 14 months
s .
§ 994 — “F-112" Tracer
] ——
§ 993 L Velocity: 20 ft/min
- H,O0 content of carbon: <2%
§ 992 |- Temperature: 40.5°C
=u: Carbon exposure: P reactoer, 14 months

99.1

F=100% - €,
0 1 2 3 4 5 6 7

Time aofter "Freon' Enters Bed, min

FIG. 2 EFFICIENCY OF USED CARBON FOR *F-12" AND “F-112"
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FIG. 3 FULL-SIZE SRP CARBON BED




“Freon’’ Tests of Full -Size Corbon Beds

Full-size SRP carbon beds, as shown in Figure 3, were uged
to evaluate the performance of "F-112" on new and used carbon.
The used beds were production units that had been in service in
the reactor exhaust ventilation system for several months before

- festing.

"E.112" tests of a new full-size carbon bed are shown in
Figure 4. Although the "F-112" efficlency decreased to 99.9% in
~3 minutes, the tests were satisfactory, because any leakage flow
could be determined with confidence due to the shape of the curve.
The leakage flow that bypassed the carbon is calculated from the

followlng equatlon:

Fr, = 100% - €, (1)
where
Fp, = leakage flow, % of total flow through bed(s)
€y = "F-112" adsorption efficlency extrapolated to time

zero from a plot of the "F-112" efficiency versus
time after "F-112" enters the carbon bed(s).

In Figure 4, the efficlency at time zero is >99.99%; hence, the
leakage flow 1s <0.01%.

The first test shown on Figure 4 (Curve A) was made at a
face velocity of TO ft/min and with 22.4% sorbed Hy0 In the car-
bon. After the test, "F-112" was desorbed from
the carbon, and a repeat test was made. The re-
peat test (Curve B) was at 60 ft/min velocity
100.00 — and 21.7% sorbed H,0. A slight improvement 1n
the adsorption effilclency occurred because of
less severe test conditions.

R
WV 9998
>
o
& 9996
2 c B
- rve
E 9994} TEST CONDITIONS Curve A (200t tost)
§ 99,92 Velocity: 70 ft/min 60 ft/min
§ H;0 content of carbon: 22.4% 21.7%
§ 99,90 Curve B Temperature: 23°C 21°C
- ¢

99.88 -  Curve A
Fo = 100% - €

| ] | 1
[ 2 3 4 S 6 7

Time ofter "F-112" Enters Bed, min

(1] F" IZ"

el
0
@
o

o)

FIG. 4 "“F-112" EFFICIENCY OF FULL-SIZE NEW CARBON BED
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The "F-112" adsorption efficilency of carbon 1s gradually
reduced with service in the SRP reactor ventilation system. This
effect 1s caused by the loss of adsorption sites due to the
adsorptlon of trace impurlties in the ventillation system air.
Thug, used carbon must be tested at a lower Ho0 content (when
compared with new carbon) to compensate for the loss 1n active
sites. Reductlon in face veloclty also provides more time for
"Freon" to adsorb. The effect of the carbon's service on the
"F-112" adsorption characteristics is summarized in Table II.

By comparing the test conditions and efficiencies of new carbon
and carbon with 7 and 15 months service 1in C reactor, it is
apparent that less severe test conditions (lower velocity and /or
lower HzO content) are required for an acceptable test of older
carbon. Loss 1n "F-112" adsorption efficiency will probably
continue with increased carbon service as indicated by the "F-112"
test results of K-reactor carbon with 2 years service.

IABLE 1T

“F-112" Efficiency of Full-5ize Carbon Beds

Test Conditigns Desorbed Upstream
Air VeTocTty, Sorbed Hz0, Temp, Bef?r? "Freon" Eff1c1enc¥ st
Carbon ft/min % o¢ Testld Conc, ppm 4 min, %P
New 70 22.4 23 - 10 99.85
P reactor 30 16.6 21 No 10 99.98
(15 months) 35 i5.9 23.5 No 10 99.92
¢ reactor 25 9.1 28 Yes 10 99,87
{7 manths) 20 5.6 33 Yes 10 99,99+
25 6.9 36 Yes 10 §9.99
25 2.0 46 Yes 10 9%.99+
C reactor 20 20.7 31 No 20 99.5
(15 months) 20 4.3 31 No 10 99,94
20 2.0 40 Ko 20 99,99+
K reactor 20 4.0 32 Yes 10 99.5
(2 years) 15 4.7 32 Yes 20 95.68
15 2.0 43.5 Yes 20 99.98

{a} Desorption was performed by purging carbon with afir at ~90°C for
at least 20 hours.

(b) An acceptable test efficiency is 99.9+% at 3 to 5 minutes after
"Freon" injection.

Tests have shown that under humld condltions heating the
amblent alr before 1t passes through used carbon beds improves
"Freon" adsorption. This occurs because heating the air reduces
the relative humidity which in turn reduces the H,0 content of
the carbon., Air with a dew point of <20°C can be heated to 50°C
and passed through carbon to reduce the H0 content from up teo
~30% to <U%. This method was used to successfully teat used car-
bon with as much as two years service {Table II). The method,

- 12 -




when applied to testing installed SRP carbon beds, was Implemented
by installing heaters upstream of the carben beds and reducing

the air flow. Filgure 5 shows the time required to descrb a new
SRP carbon bed with up to 22% Ho0 to <4% H,0 with air at ~50°C

and flowing at ~4.5 ft/min velocity. Within 20 hours, the Hp0
content could be reduced to <4%. The desorption time can be
decreased by increasing the air flow and/or temperature.

N
o
1

TEST CONDITIONS

(2}
o° Velocity: 4.5 ft/min
Q, Temperature: 50°C
I
)
2 IO+
]
[
©
<
0 | | | 1 | ] l 1 }
0 | 2 3 4 5 6 7 8 9

Drying Time, hours
FIG. 5 DRYING TIME FOR CARBON BED AT REDUCED AIR FLOW

The abillty of the "F-112" technique to detect a known leak
path was successfully demonstirated by simulating a leak In a used
carbon bed, as shown in Figure 6. Extrapolation of the curve
(Figure 6) to zero time confirms the expected efficiency of 99.95%
for the known leakage flow of 0,05%.

10000 ~
3
YV 9998
) TEST CONDITIONS
8 9996
-4 Velocity: 30 ft/min
o 9994 \'\ H,0 content of carbon: 9.3%
c ° ® o Temperature: 24.5°C
’g 99,92 — Leak path: 0.05% of total air flow
(- % N
b Carbon exposure: P reactor, 15 months
& 9990
< Fy = 100% - €,
=g 99.88
T
4% o986 | 1 | I l | |

0 | 2 3 4 5 6 7

Time ofter "F-112" Enters Bed, min

FIG. § ‘““F-112" EFFICIENCY OF USED CARBON BED WITH LEAK PATH
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Tests also showed that the upstream "Freon" concentration
signifiecantly affected the "Freon" adsorption efficiency of used
carbon beds, Higher concentrations increase the "Freon" loading
on the carbon but reduce the effect of adsorbed lmpurities, as
shown by Curves A through D of Flgure 7. The four tests were
made with one used carbon bed, which was desorbed of all signifi-
cant residual "F-112" prior to each test. The tests were conducted
with inlet "F-112" concentrations of 2, 10, and 20 ppm by volume.
The best adsorption efficlency was obtalned at the highest "F-112"
upstream concentration as explained below. In adsorption, the
capaclty of the carbon for most gases increases as the relative
pressure (concentration) increases. Activated carbon contains
many adsorption sites with various energy levels. Adsorption
occurs first on the most active sites and proceeds to the less
actlive sites as the relative pressure 1s increased., When the
carbon contalns small amounts of adsorbed impuritiles (as does
used SRP carbon) the most active sites are oceupled by the
impurities. Therefore, at very low "Freon" concentrations the
capaclty of the carbon for "Freon" is reduced, and the "Freon"
penetrates the bed more quickly with time. At higher inlet con-
centrations, at least the same absolute amount of "Freon"
penetrates the bed, but the percent penetration is less and
therefore the indlecated efflciency is higher,

100.00 —
\

9998
*
o 99.96
& 9994
.g D
r 9992 A
w TEST CONDITIONS
c 9990
’._? Curve A B C D
a
§ 95.88 B Velocity: ft/min 35 35 35 35
2 H,0 content of carbon: % 15.9 154 16.8 155
_ 9986 Temperature: °C 23.5 25 245 24.5
g 99,84 Concentration: ppm 10 10 2 20
=|.l.‘ ) Corbon exposure: P reactor, 15 months

9982 c

F_ = 100% - £,
o] i 2 3 4 5 6 T 8

Time ofter “F-12" Enters Bed, min

FIG. 7 EFFECT OF UPSTREAM CONCENTRATION ON “F-112" EFFICIENCY
OF USED CARBON BEDS
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Carbon removed from the SRP reactor ventllation system after
geveral months service contains several impuritlies that cause
loss in the "Freon" and iodine adsorption efficlency. Mass spec-
trometric analyses of gas (vacuum extracted from carbon at ~100°C)
showed as much as 7 mol % NO.(B’ Qualitative analysis alsc showed
the presence of trichloroethylene (which 1s used in the reactor
bullding to degrease fuel elements) and two other unidentified
substances. The analysls was performed with a gas chromatograph
and electron capture detector, so the unknown substances were
probably high boiling point (>50°C) halide compounds with concen-
trations in the low ppb range.

lodine Tests of Small-Scale Carbon Beds

Tests showed that the in-place "F-112" test of i1nstalled
carbon beds would not signiflcantly affect the iodine adsorption
efficiency of the carbon. The lodine adsorption efficlency of
new carbon containing 3.4 mg "F-112" per gram of carbon and tested
with an lodine-air mixture was 99.9+%. The "F-112" loading repre-
sented at least ten consecutive "F-112" leak tests, each with a
duration of A5 minutes, at an inlet concentration of 20 ppm by
volume. Carbon with 15 months exposure in the C-reactor venti.
lation system and contalning up to 0.33 mg of sorbed "F-112" per
gram of carbon (equivalent to at least one "Freon" test) was
evaluated. JTodine tests (with alr or steam-air mixture) showed
that the removal effilclency for elemental lodine was 99.9+%. The
carbon was not desorbed prior to the tests, and the results are
comparable with those reported(e) for used SRP carbon wilith no
"F-112" loading on the carbon. Desorption of the more volatile
impurities (e.g. NO) from the used carbon prior to the lodine
test improved the efficiency for iodine removal (99.99+%) even
with carbon containing up to 0.73 mg "F-112" per gram of carbon
(equivalent to at least two "F-112" tests). The carbon was
desorbed with air at 80 to 95°C for 2 hours. Table III summarizes
the lodine tests of used carbon containing "F-112".

TABLE I11
)

Iodine Tests of Used Carbon Exposed to “F-Hz“(a

"F-112" Loading, Carban Todine lodine Removal
mg “F-112"/g9 carban pesorbed{b} Carrier Efficiency, %
0.18 No Atr 99,92
g.18 Ne Steam-air 99.98
0.33 Ne Air 99.94
0.73 Yes Air 99,99+
0.73 Yes Steam-aijr 99.99+
0.73 Yes Steam-air 99.99

Ta) Theé carbon was removed from C reacter after 15 months
exposure 1n the ventilation system. 3

{b) Desorption of the carben was performed by exposure to
flowing afr at 80 to 95°C for 2 hours.
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**Freon'’ Detector

The detectors used for measurement of the "Freon" concentra-
tions were model 680 Aerograph Pestilizer ges chromatographs with
an electron capture detector. A gas sampling valve was alsc
attached for ease in sampling the air stream. The instruments
are made by Varilan-Aerograph (formerly Wilkens Instrument &
Research, Inc.), Walnut Creek, California. & prhotograph of the
detector is shown 1n Figure 8. The operating principles of the
instrument were discussed in DP-870, (+)

FiG. 8 "F-112” DETECTOR

The chromatograph column used during the tests to separate
the "F-112" from the air sample for deteection by the electron
capture cell was a 5 ft long x 3/32 inch ID stainless steel
column. The column, which was originally packed with 30% SF-G6
on 45/60 "Chromosorb"* P, was modified by baking In an oven at
350°C for 16 hours to remove most of the statlonary phase (SF-96)
from the "Chromosorb". Nitrogen at a flow of ~75 ce/min was
purged through the column during the baking operation. 'This
column produced sharp peaks and good resolution of 0y, and "F-112";
"F-112"-air samples could be analyzed every 50 seconds.

* "Chromosorb" is a registered trademark of Johns-Manville Company.
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The sensitlvity of the electron capture detector 1s affected
by the sample size and operating condltlons such as the cell
temperature, Np f1o0w, and cell voltage. However, these factors
are relatively unimportant for the ngp_112" leak test, because the
detectors are calilbrated prior to each test. The sensitivity of
the detectors for "F-112" 1s ~1 ppb by volume. Therefore, leaks
of <0.01% can be detected with a "p_112" concentration of 20 ppm
by volume upstream of the carbon beds.

“Freon - 112"’ Desorption

nFreon-112" is physically adsorbed and therefore can be
desorbed from activated carbon. Desorption of "F-112" from SRP-
type activated carbon ocours very slowly at the conditions recom-
mended for in-place leak testing. Thus, a repeat test of carbon
peds can be accompllshed without desorbing the previously adsorbed
"p_112"., Several satlsfactory repeat tests nhave been conducted
on new and used carbon beds without desorbing the previously
adsorbed "F-112".

Desorption of "F-112" from activated carbon 1s enhanced by
high temperature and high Ho0 content as shown hy Table IV. These
desorption times and conditions are applicable to carbon beds with
loadings of ~0.4 to C.8 mg "F-.112" per gram of carbon. The "Eo112"
was adsorbed on the front of the carbon bed and desorbed by driv-
ing the "F-112" through the bed and out the back, except where
noted. Desorption of a given amount of "Freon" becomes easler with
increased "Freon" loading. The air veloeity 1is also a factor
affecting "F-112" desorption tlme, but 1ts influence was not
studied.

TABLE TV

Desorption of "F-112" From New carbonla)

Air Canditions

nE_112" Velocity, (b} Relative Humidity, Desorption
Desorbed, % ft/min % Temp, 9C Time
>95 70 <3 100 3 weeks
>95 70 75+ 30 3 weeks
~90 70 <3 130+ 5 days
~70 70 55 to 65 30 10 days
~1 70 <40 30 T day
>95 70{c) <3 95 3 days

Ta) Data for new small-scale carbon beds with ~0.4 to 0.8 mg
"F-112"/g carbon at starting conditions.

(b) The "“F-112" was desorbed from the opposite side to which it
was first adsorbed except where noted,

{c) The air flow was reversed through the carbon bed to desorb
the "F-112" from the same side of the bed on which it was
first adsorbed.
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IN-PLACE LEAK TEST OF INSTALLED CARBON BEDS
Technique

As previously discussed, leaks in a carbon bed can be deter-
mined by measurlng the concentraticn of an adsorbable tracer both
upstream and downstream of the bed and calculating the concentra-
tion ratlo. Previous teste of SRP carbon beds had shown that
this method was satisfactory in measuring leakage flow under
specifled conditions. Details are given in section, "Freon" ILeak
Test of Full-Size Carbon Beds.

The maxlimum ascceptable leakage flow for SRP carbon beds is
0.1% of the total air flow. However, the in-place test was
designed to detect at least a 0.01% leak (one-tenth of the maximum
acceptable leak) by injecting at least 10,000 unite of tracer
upstream of the test carbon bed with the capability to detect 1
unit downstream of the carbon bed.

Figure 9 shows a dlagram of the equipment for testing installed
carbon beds at SRP. Only three connectlons to the filter compart-
ment are required. One connectlon at the top of the compartment
1s used for the "F-112" injection. The other two connections are
required for the sampling system; alr samples are pumped from
upatream and downstream of the carhbon beds and conveyed to two
detectors for measurement of the "F-112" concentrations.

The "Freon" injection apparatus conslsts of a pressurized
"P-112" reservoir containing an immersion heater to preheat the
"F-112" (freezing point = 23.8°C) to ~40°C and thin-welled stain- ‘
less steel tubing. The tubing (3/32-inch OD with 0.010-ineh wall
by 45 ft long) 1s attached to the reservolr and isolated from the
liquid "F-112" by a valve. The stainless steel tubing 1s used as
a resistance heater to vaporize the "F-112" before injection in
the filter compartment. The tublng 18 insulated electrically
from the "Freon" reservoir and filter compartment. During opera-
tlon, the reservolr is pressurized with nitrogen to a maximum of
75 psig and about 15 amperes {at 115 volts) 1s passed through the
stainless steel tubing. The reservolr pressure forces liquid
"F-112" into the heated tubing where 1t 1s vaporized and super-
heated before 1t enters the filter compartment. Tests demon-
strated that the injection apparatus provides a uniform and hydro-
dynamlcally stable flow of superheated "F-112" to the filter
compartment, and no detectable "F-112" condensation occcurred when
the superheated "F-112" was mixed with air at the end of the tube.
Reservoir pressures above 75 psig caused saturated "F-112" vapor
at the tube effluent.
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FIG. 9 DIAGRAM OF EQUIPMENT FOR TESTING INSTALLED SRP CARBON BEDS

The sampling system consists of a pump to draw alr samples
from both the upstream and downstream sidea of the test carbon
beds. Two identical gas chromatographs with electron capture
detectors are used to measure the "Freon" concentrations; esach
has s llnear range for detection of ngp_112" of about 1 to 100 ppb
by volume. This detectlon range 18 i1deal for the downstream
"Freon" concentration, but the upstream concentration exceeds the
linearity range of the instrument. The upstream sample 18 diluted
wlth a known quantity of air to reduce the concentration to within
the linear range before measurement by the detector. Calibrated
rotameters are used in the dilution system to permit determination
of the dilution factor.
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As discussed previously, the leakage flow (Equation 1) 1is
determined from a plot of the "F-112" adsorption efficiency versus
time. The "P-112" adsorption efficiency as a function of time
after "F-112" enters the carbon bed is calculated from the follow-
ing equatilon:

Ra 1 Cy
€ = 100 [l —(R—u'ﬂ'@'fc)} (2)

€ = "F-112" adsorption efficiency, %
Rq = downstream detector response for "F-112", recorder units
R, = upstream detector response for "F-112", recorder units

fq = dilution factor of sample from upstream carbon bed to
upstream detector, dimensionless constant

Cu = upstream detector response to standard calibration
solution, recorder units per microliter

= downstream detector response to standard calibration
solution, recorder units per microliter

fo = calibration conversion factor, dimensionless constant

During the "F-112" tests, it 18 not necessary to know the
absolute values of the following: tracer concentrations; air
flow through the carbon beds; or calibration of the "Freon"
detectors. However, an eatlimate of the air flow 18 necessary to
set the upstream tracer concentration at 10,000 to 20,000 times
the minimum downstream detector response 80 that leaks of 0.01%
of the total flow can be determined. '

Relative calibration of the detector 1s accomplished by
Injecting a solution of "F-112" in hexane onto the chromatograph
column.* The solution contained a given mass of "F-112" per unit
volume (e.g., 107* g "F.112"/ul of hexane). The response cf
both detectors to the same "F-112"-hexane solution is determined
in recorder units per microliter (RU/ul).

* This 1s a standard chromatographic technique, The hexane 1s
used to dilute the "F-112" and enable injection of very small
quantities of "F-112"., The hexane does not interfere with the
detection of "F-112" because the chromatograph column separates
the sample components. One sample can be analyzed every 50
Beconds.
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Equation (2) contains two constants. The dilutlon factor
(f4) converts the relative "F-112" concentration measured by the
upstream detector to the relative value upstream of the test
carbon beds. fg4 is equal to the dilution ratio of the rotameter
dilution system (e.g., if dilution ratio = 500:1, fg = 500) .

The second constant of equation (2) is the calibration con-
version factor (f,), which converts the relative "F-112" calibra-
tion determined from the "F-112"-hexane mixture to the relatlve
"p_112" calibration in an "F-112"-air mixture. This factor 1s
needed because "F-112" 1s detected in alr durlng the leak test
and not in hexane. Although the detectors respond equally to
equal masseg, whether in air or hexane, the ratlo of mass injected
to the detectors by each method is not necessarily equal. For
the "F-112"-hexane method, the ratio of mass injected to each
detector wag set equal to one (1 ul for upstream detector per
1 ul for downstream detector). For the "F-112"-alr callbratiomn,
the volume of sample inJected to each detector 1is fixed and depends
on the measured volume of the sample loop (Figure 9). TFor example,
the sample volume may equal 0.60 ml on the upstream detector and
0.50 ml1 for the downstream detector. The calibration conversion
factor (f,) would then equal 0.60/0.50 or 1.20. The callbration
conversion factor is not necessary, if the detectors are cali-
brated with an "F-112"-air mixture. However, such calibrations
are inconvenlent for most in-place tests, because a small quantity
of "F-112" must be vaporized and stored in a relatlvely large
eylinder of air,

Equation {2) contains two quantitles, Ru and Rd, which are
the upstream and downstream detector response to "F-112" only.
If the test system contains an lmpurlty that appears at the same
point on the detector chromatogram as "p.112", then the lmpurity
provides a background signal that must be subtracted from the
"F-112" signal for the correct quantitles of R, and Rg. This
condition occurred in the leak test of SRP carbon beds when tri-
chloroethylene appeared in the confinement gystem alr. A back-
ground signal would alsoc exist 1if "p_112" desorbed from the carbon
at the time of a repeat test.

Work 1s in progress to standardlze the leak test for general
applications. The leak test apparatus is being modlfied to make
it more portable. Upon completion of this work, a final report
will be issued on details of the equlpment, technique, and pro-
cedure. However, a general outline of the leak test procedure 1s
presented in Appendix B.
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Mixing

For a definitlve measurement of leakage flow through carbon
beds, the upstream "Freon" concentration must be nearly uniform
across the face of the carbon beds and the sample removed down-
stream of the beds for "Freon" analysls must be representative of
a nearly uniform mixture. Otherwise, if a rarified or concentrated
mixture occurred upstream or downstream of the location of a leak
path, the indleated amount of the leakage flow would vary by the
same percent variation in the local "Freon" concentration from
the mixed mean concentration. Hence, a significant leak might
not be detected 1if the mixing was inadequate.

Mixing tests were conducted in a SRP filter compartment to
determine (1) the "F-112" upstream mixing performance, and {2)
a method of obtaining & downstream sample representative of a
mixed sample. The tests showed that the upstream mixing was
satisfactory when "F-112" was injected at the point shown on
Figure 9 and without any other device to promote mixing. The
upstream mixing was within *7% of the calculated mixed mean
cencentration.

Sampling for measurement of the downstream "Freon” concen-
tration had to be done in the short dilstance (9 feet) between
the carbon beds and the plenum. Sampling could not be done in
the plenum, because the "Freon" concentration would be diluted by
the alr flow from other systems. Downstream mixing tests showed
that a completely mixed air sample could not be obtalned with a
single point sampler and a single mixing orifice 1installed in the
compartment effluent nozzle,

Figure 10 shows the locatlon of the mixing and sampling
devlces that were developed to obtain a mixed sample from down-
stream of the carbon beds. The mixer consists of two coaxial
pipes; 1t is 36 inches long by 35 inches in diameter. Mixing is
promoted by flow 1n the annular sectlon of the mixer and by 35
holes (3.5 inches in diameter) at the inlet end of the inner pipe.
The mixer is concentric with a 23-inch-diameter hole in the center
of a cover plate that i1s installed in the effluent nozzle of the
filter compartment. A multipoint sampler 1s installed downstream
of the mixer. The sampler consists of & hub with eight radial
spokes and two circumferential arcs between each spoke., The
sampler was made of 1/2-inch-diameter stainless steel tubing, and
96 holes {0.021-inch diameter) are located at ~2-inch intervals
in the spokes and arcs. A sample flow of about 0.7 c¢fm 18 removed
from the hub with an alr pump.
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FIG. 10 ‘'F-112" AIR MIXING DEVICE
(Section Through Effluent Nozzle)

Tests of the mixer and multipoint sampler showed a maximum
variation of *10% from the calculated mixed mean Tp_112" concen-
tration downstream of the carbon beds. The tests were made by
injecting "F-112" at a known rate and at several different posi-
tions downstream of the carbon beds.

Measurement of the percentage leakage flow during in-place
leak tests of SRP carbon beds can be predicted with a gtandard
deviation of +9% when all errors in measurements of the "F-1l2"
concentrations are combined. The errors result from incomplete

mixing, both upstream and downstream, and varlation in calibration
of the "Freon" detectors and the dilution rotameters.
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Test Results

The technique and equipment previously described were success-
fully demonstrated on banks of carbon beds installed in C reactor
at SRP. The "F-112" adsorption efficiency for the five compart-
ments is shown in Figure 11, and the leakage flow 18 summarized
in Table V. Each compartment passed the leak test, and the
average leakage flow for the five compartments was <0.03% of the
total air flow. The leakage flow for each bank of carbon beds 1s
obtalned by subtracting the "F-112" adsorption efficiency at time

zero (Figure 11) from 100%.

100.00
M 5,6
M 4

9998

89.96¢
**H 3

(m]
99.94 —\-D\-Q\j F_ = 100% - €,
O 2

“F-112" Adsorption Etficiency, €, %

99,92 |- j
9990 |- Comportment No.
C reactor
99,88 -
99.86 | | | | 1 1 I
0 | 2 3 4 5 6 7

Time ofter “F-112" Enters Bed, min

FIG. 11 “F-112"" EFFICIENCY OF BANKS OF INSTALLED SRP CARBON BEDS

TABLE V

Measured Leaks in Carbon Beds Installed
in C Reacteor Confinement System

Filter Leakage Flow,
Compartment %

0.05
0.04
0.07
<0.01
<0.01

Average <0.03

CY O L ™
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Compartment 3 required two tests because the flrst test
showed leaks of ~0.2%. Inspection of the carbon beds and mount-
ings showed that several mounting bolts were loose. After the
bolts were tightened, the leakage flow was reduced to 0.04%, well
within the acceptable range. Apparently, the bolts were not
tightened adequately during installation of the carbon beds,
because this condition was not experienced in any of the other

compartments.

The leakage at normal alr flow 18 probably less than the
value measured by the "F-112" leak test at reduced flow. The
Jeak tests were conducted at 10 to 25% of rated flow. The normal
operating flow varies from ~70 to 100% of rated flow. If tur-
bulent flow exists in the leak path, the actual leakage flow at
T0% of rated flow 1s ~30% less than that measured during the leak
test, because the pressure drop across the carbon beds varles as
the 1.3 power of the flow.

For a definitive measurement of leaks, the Hz0 content of
used SRP carbon beds had to be less than ~U%, as previously dis-
cussed. The H,0 content of the carbon varles from 10 to 25% by
wt (in equilibrium with air at 50 to 80% relative humidity) so
the carbon was dried in place before the test., Four heaters
(total capacity 72 kw) were installed at the separator bank near
the bottom of the filter compartment. The heaters increased the
temperature and consequently reduced the relative humidity of
the air to <25% at the carbon beds. Carbon 1n equilibrium with
alr at <25% relative humidity will contain <44 H0, The carbon
was desorbed at approximately 5 ft/min alr velocity for ~l1 day
prior to the "F-112" leak test. This drying method was satis-
factory in reducing the Hg0 content below 4% and, secondly,
increased the elemental iodine efficlency of the carbon by
desorbing No'lel, -

Trichloroethylene was detected downstream of the carbon beds
during the "F-112" leak tests. Because of detector operating
conditions and similarities in the compounds of "p.112" and tri-
chloroethylene, the detector does not distinguish between the two
compounds, However, tests showed that trichloroethylene (in the
low ppb concentration range observed during the test or in con-
centrations at least equal to the "E-.112" concentratlon) has no
significant effect on the sensitivity of the electron capture
detector for "F-112". Thus, any background signal from trichloro-
ethylene was subtracted from the total signal to obtaln the actual
"F-112" concentration.
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Application

The "F-112" leak test was developed to measure leakage flow
through carbon beds installed in reactor confinement systems,
The test was successfully demonstrated at SRP. The same technique
can be used to evaluate other carbon beds of different deslgn and
different carbons. However the maximum test conditions (maximum
face veloclty and moisture content of carbon) may vary for dif-
ferent systems. The bed deslign and service experience will
probably be the most important factors governing the test con-
ditions, Test conditions for carbon beds in standby confinement
systems should be similar to those of new SRP carbon beds if of
8imilar design. Carbon beds in systems that are continuously on-
line and exposed to impurities in the air should require test
conditions similar to those used at SRP. The maximum permissible
test conditions should be determined experimentally for each
system. However, the best "F-112" adsorption will oceur at the
lowest face velocity and H,0 content that can be maintained in

the system during the leak test.

Figure 12 shows a dilagram for the application of the "F-112"
leak test to a typical carbon bed installation. "F-112" is
iInjected upstream of the test carbon beds, preferably before
several elbows or far enough away so that thorough mixing of alr
and "F-112" will occur before reaching the carbon beds. Down-
stream of the test carbon beds, a mixed sample must be obtained.

To Stack
Sample Poimts _____ l
"F-12" ;P T s
Injection / I
’l '
'l'
] I
; N
!
Exhaust ___ A o — —
Air O = b / ¢ ES
\\’ El't_lnuﬂ
Separators Particulote Corbon an
Fiiter ({for ramovol of  Filters Beds
Compartment water porticies)

FIG. 12 DIAGRAM OF EQUIPMENT FOR "“F-112" LEAK TESTING
OF TYPICAL CARBON BED INSTALLATIONS

This can be accomplished by installlng a mixing device or by
removing a sample downstream of the exhaust fan. However, 1if the
"F-112" must travel a significant distance before reaching the
sample point, the system should be checked to make certain that
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no significant "F-112" 1s adsorbed by the duct and that a repre-
sentative sample reaches the sample polnt., Otherwise, an error
could be introduced in measuring a leak. In the tests at SRP,
there was no significant "p_112" adsorption on the duct between
the carbon beds and the sample point. Adsorptlon of "#-112" on
gsurfaces upstream of the carbon veds was of no conecern, because
the "F-112" concentration was measured immedlately upstream of
the carbon beds.

Significant "F-112" adsorption on the sample lines must be
avoided to ensure that a representative sample reaches the detec- P
tors. Both the line material and transit time are important
factors. Tubing materials such as stainless steel, "Teflon"*,
and glass are satisfactory for conveylng "p_112"-air samples to
the detector. Sample transit times limited to several seconds
are also satisfactory. In the tests of SRP installed carbon beds,
flexible sample lines of "Teflon"* were used. The lines were 50
ft long by 1/4-inch ID and conveyed a purge flow of ~0.7 cfm.

* "Teflon" is Du Pont's registered trademark for 1ts fluorocarbon
resing,
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APPENDIX A

PROPERTIES OF HALOGENATED HYDROCARBON MATERIALS

Boiling Point,
Trademark Chemical Formula °C at 1 atm.

"g.qo" CC1F2 ~-29.8
"F-112" CClaF-CCl,F 92.8
"F.113" CC1,F-CC1F, 47,6
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APPENDIX B

GENERAL PROCEDURE FOR “F-112" LEAK TESTING

Set up test apparatus in aresa convenlent to carbon beds to
be tested. : .

Fstablish that all edquipment 1s functionlng properly.
Dry carbon beds with alr at a relative humidity <25% so
that the HoO content of the carbon will not cauee rapld
"F-112" penetration of the beds.

calibrate each detector with "F-112"-hexane solution,

Establish test air flow through the carbon beds at a
velocity that will not cause rapld "p.112" penetration of
the beds,

Inject "F-112" upstresm of the test carbon beds.
Sample air and analyze for "F-112" upstream and downstream

of the carbon beds, The first downstream gample should be
analyzed as soon as equllibrium conditions are established

at the detector.

Continue "F-112" injection and sampling for % to 5 minutes
and then stop the inJectlon.

Analyze test data.
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