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Georgia Institute of Technology

Neely Nuclear Research Center

Atlanta, Georgia 30332
(404) 894-3600 GEORGIA TECH 1885-1985

DESIGNING TOMORROW TODAY

August 15, 1986

Dr. M.L. Hyder

Analytical Chemistry

E.I. DuPont de Nemours and Company, Inc.
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29808

Dear Lee:

This is a progress report through August 1986 on the project
entitled, "Irradiation Studies of Activated Carbon," A-60-615.

I. Co60 Sources
The Neely Nuclear Research Center received a total of 150 slugs
of Co-60 sources encasedin aluminum tubes. These sources

arrived in two shipments: one on July 14, 1986 and one on July
16, 1986. The total number of curies received according to SRL

shipment papers, is 649,914 Ci.

The process of encapsulating these Co60 sources has already begun.
To date, 26 slugs have been encapsulated. We expect to finish
the encapsulation in one or two months.

IT. Experimental Setup

The experimental setu§ for the project is being assembled and
should be ready for use by the third or fourth week of
September, 1986.

We enjoyed your visit (August 15, 1986) to the Center and look
forward to further visits.

Best personal wishes.

Sincerely yours,

R.A. Karam
Director

RAK:jlr

An Equal Education and Employment Opportunity Institution A Unit of the University System of Georgia



Georgia Institute of Technology

Neely Nuclear Research Center

Atlanta, Georgia 30332 ;
(404) 894-3600 GEORGIA TECH 1885-1985

DESIGNING TOMORROW TODAY

October 6, 1986

Dr. M.L. Hyder

Analytical Chemistry

E.I. Dupont de Nemours and Company, Inc.
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29808

Dear Lee:

This is a progress report for the month of September 1986 on
the project entitled, "Irradiation Studies of Activated Carbon,"
A-60-615.

I. Experimental Setup
All parts have been ordered and most of them have been received
(details listed in Table 1). Assembling the apparatus has begun.
We expect testing and calibrations of the experimental setup to
be performed during October.

Best personal wishes.

Sincerely yours,

R.A. Karam
Director

RAK:jlr

An Equal Education and Employment Opportunity Institution A Unit of the University System of Georgia



TABLE 1

Components Order for SRL Project

Ordered

Thermocouples
Thermocouple Wire
Terminal Plugs
Rotary Switch
Psychrometer Probe
Thermocouple Calibrator
Thermocouple Meter
Pencil Lamp

Pencil Lamp Power Supply
Photomultiplier Tube
Tube Base

Filters

Flow Meter

Ball Valves

Fittings

Teflon Tools

Teflon Tubing
Plywood

2 X 4

Screws

Variac

Heating Tape
Electrometer

Pressure Gauges

Approximately $2,600

Quantit

ies

Ordered

3

100 ft.

=
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%)

75 ft.
1 sheet

N e

bag

Quantities
Received

3
100 ft.

—
[\S

received one pending
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75 ft.

1 sheet

3

1 bag

1

1

1

4 Pending



Georgia Institute of Technology

Neely Nuclear Research Center
Atlanta, Georgia 30332
(404) 894-3600 GEC GIA TECH 18851985

D’ SIGNING TOMORROW TODAY

December 9, 1986

Dr. M.L. Hyder

Analytical Chemistry

E.I. Dupont de Nemours and Company, Inc.
Atomic Energy Division

Savannah River Laboratory

Ajiken, South Carolina 29808

Dear Lee:

This is a progress report for the months of October and November 1986 on the
project entitled, "Irradiation Studies of Activated Carbon," A-60-615.

I. Experimental Setup

The experimental setup has been assembled and it is being tested. The as-built
apparatus is shown in Figure 1.

Several tests have been conducted. One test comprised the following: (1)
preheated air (200°C) is sucked through the apparatus for several hours. The
purpose of this preheating is to raise the temperature of all the pipes and
chambers so that steam condensation is minimized. (2) After the apparatus is
preheated, the steam line is opeued and steam is allowed to flow through the
apparatus until equilibrium temperature and humidity are achieved. Again,
this step lasted several hours. The equilibrium temperatures achieved were
as follows (refer to Figure 1): The temperature in theomixing_chamber was 95°C.
The temperature at the inlet to the test chamber was 84 C. The temperature
inothe test chamber was 81°.. The temperature at the photomultiplier was
347C. The humidity at the outlet of the test chamber was 100%.

The conditions achieved 'y this procedure appears to be appropriate for the
actual experiments. We plan to repeat this experiment with and without I, in
the system. The current through the photomultiplier will be monitored af%er
equilibrium conditiors have been achieved. The iodine content in the gas
mixture will be determined from knowledge of the partial pressure of iodine

at the appropriate temperature. For example, in the test chamber the wvapor
pressure of I, will be determined from knowledge of the temperature of the

gas mixture. "We are assuming here that excess iodine will condense out as the
temperature is iowered.

An Equal Edu'cation and Employment Opportunity Institution A Unit of the University System of Georgia



Dr. M.L. Hyder
Page 2
December 9, 1986

Other tests which were carried out included photomultiplier current measure-
ments with and without iodine. 1In these tests it was found that the temperature
of the photomultiplier was not constant and that the current depended on the
temperature. Effort has been successfully made to thermally isolate the
photomultiplier from the rest of the system.

If you have any questions or would like to make any suggestions please let
me know. We welcome your input.

With best personal wishes.
Sincerely yours,

R.A. Karam
Director

RAK:jlr
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Georgia Institute of Technology

Neely Nuclear Research Center
Atlanta, Georgia 30332
(404) 894-3600 GEORGIA TECH 1885-1985

DESIGNING TOMORROW TODAY

March 18, 1987

Dr. M.L. Hyder

Analytical Chemistry

E.I. Dupont de Nemours and Company, Inc.
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29808

Dear Lee:

This is a progress report for the months of December, January and February on
the project entitled, "Irradiation Studies of Activated Carbon," A-60-615.

Background Determination

At the suggestion of Dr. Marilyn Black and Dr. Robert Pierotti and with your
concurrence, an effort was made to determine the organic compounds background
found in the high bay area around the water pool where the Co-60 sources are
stored. The apparatus shown in Figure 1 was used. Ordinary room air was
passed through a column of molecular sieve type 5A to remove humidity. This
air was not filtered through the prefilter, absolute filter, and charcoal
filter; it was simply sucked through the molecular sieve and through the system
(percent humidity 15%). No iodine was added to the stream of air and no
radiation was involved in this experiment. A portion of the dry air going
through the apparatus was siphoned and passed through a sampling column, pro-
vided by Dr. Black, and containing Tenax and charcoal., Sample number 18588
was collected over a period of four hours and sample number 18589 was col-
lected over a period of five hours and 12 minutes. The results from the GS/MS
analysis are given in Tables 1 and 2. The vacuum system failed during the
early portion of sample number 18589 and some data were lost.

It is obvious that the organic material background is significant. A better
purification system is recommended. In order to filter out the organic
material the molecular sieve type 5A and the triple filter system will be
installed in a series instead of the parallel structure that exists now.
Additionally, any grease which was used in fitting joints will be removed and
replaced with a teflon tape. Dr. Black is investigating the possibility of
using industrial air purifiers.

An Equal Education and Employment Opportunity Institution A Unit of the University System of Georgia




Dr. Hyder
Page 2
March 18, 1987

If you have any questions or would like to make any suggestions please let
me know. We welcome your input. I look forward tohawving you with us on
Friday, March 27, 1987. We have an appointment with Dr. Black at 1:00 p.m.
on the 27th.

Best personal wishes.

Sincerely yours,

R.A. Karam
Director

RAK:jlr

pc: Dr. Black
Dr. Pierotti




TABLE 1

March 17, 1987

GEORGIA TECH RESEARCH INSTITUTE
GAS CHROMATOGRAPHIC/MASS SPECTROMETRIC
DETERMINATION OF ORGANIC COMPOUNDS FOR
NEELY NUCLEAR RESEARCH CENTER

Lab No: 18588 Method: TD/GC/MS
Sample Description: Background Date Received:
Chemist: LG Date Completed: 3/16/87

Sampling Media: Tenax/Charcoal Tube
CLIENT COLLECTED AND ONLY ESTIMATED COLLECTION VOLUME

Compound Concentration (ppbv)
methoxyethene 1.0
l1,1,2-trichloro-

2,2,1-trifluorocethane (freon) 0.30
methylene chloride 0.81
hexane 0.15
l,1,1-trichloroethane 0.17
benzene 0.86
heptane 1.0
trichloroethylene 0.04
toluene 0.05
tetrachloroethylene 0.01
ethylbenzene 0.05
l,2-dimethylbenzene 0.14
l,4-dimethylbenzene 0.04
2-butoxyethanol 0.07
l-methylethylbenzene 0.02
hydrocarbons 22

Identification of compounds (unless otherwise indicated) is
based upon comparison to NBS library spectra only.
Concentrations are only an estimate. Quantitation is based
only on the internal standard response factor. The
assumption is made that the identified compound will have a
similar instrumental response.

APPROVED:

DATE: __ 3/ 7/k7



TABLE 2

March 17, 1987

GEORGIA TECH RESEARCH INSTITUTE
GAS CHROMATOGRAPHIC/MASS SPECTROMETRIC
DETERMINATION OF ORGANIC COMPOUNDS FOR
NEELY NUCLEAR RESEARCH CENTER

Lab No: 18589 Method: TD/GC/MS
Sample Description: Background Date Received:
Chemist: LG Date Completed: 3/16/87

Sampling Media: Tenax/Ambersorb/Charcoal Tube
SAMPLE COLLECTION 5 HRS.12 MIN. SUPPLIED BY CLIENT.
VACUUM FAILED SO EARLY PORTION OF RUN WAS LOST

Compound Concentration (ppbv)
1,1,2-trichloro~

2,2,1-trifluoroethane (freon) 0.68
toluene 0.65
ethylbenzene 0.08
l,2-dimethylbenzene 0.17
hydrocarbons 66

Identification of compounds (unless otherwise indicated) is
based upon comparison to NBS library spectra only.
Concentrations are only an estimate. Quantitation is based
only on the internal standard response factor. The
assumption is made that the identified compound will have a
similar instrumental response.

APPROVED: _ DATE: \2/{7/697

o o J DU

PLEASE NOTE:

RE SAMPLES 18588 & 18589

High background in these samples may be due to:

1. Outgassing of o0ils used in pumps and used to lubricate
fittings.

2. Outgassing of polybutylene piping.
3. Inadequate air purification systems.
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seorgia Institute of Technology

NEELY NUCLEAR RESEARCH CENTER
SO0 ATLANTIC DRIVE
ATLANTA, GEORGIA 30332-0425

[104) 894-3500

May 13, 1987

Dr. M,L. Hyder

Analytical Chemistry

E.I. Du Pont de Nemours and Company
Atomic Energy Division

Savannah River Laboratory

Aiken, Scouth Carolina 29808

Dear Lee:
This is a progress report that covers work for the months of March and April,
1937 on the project entitled, "Irradiation Studies of Activated Carbon,”

Background Determination

Dr. Marilyn Black has been attempting to determine the background levels of
various organic compounds and the effectiveness of some of the adsorbents which
she uses to collect these compounds., Her results, which were discussed with
you during your May 5, 1987 visit, are shown in Tables I and [I.

Based on the results collected thus far, Dr., Black has concluded that the
collection rate through the adsorbent should be lowered to 200 c¢.,c, per minute
and that the total time for collection should not exceed 30 minutes,

The experiiments which were discussed with you and are being performed during
the week of May 11-15, 1637 are as follows:

1. Determine background level of organic compounds with no charcoal (new)
present in the system, Collect material for 30 ainutes at a flcw rate
of 200 c,c./min, on adsorbents prepared by Dr, Black,

2. Repeat step (1) but with "new" charcoal in system,

3. Repeat step (3) but this time have apparatus in radiation field.

4, Add iodine to step 3 for one hour, Obtain a sample through the
adsorbent mixture 30 minutes after the iodine is added.

5. Obtain anotner sample through the adsorbent mixture 3 hours later,

A Unit of the University System of Georga An Equal Education and Employment Opportunity Institution




Dr. M.L. liyder

Page 2
May 13, 1987

I will keep you informed of the results., Should you have any questions, please
let me know,
With best personal wishes,

Sincerely yours,

R.h. Karam

Director
RAK:jlr

Enclosures



TABLE I

Collection of Background Levels of Organic Compounds in Tenax,
Tenax and Charcoal, and in Tenax, Ambersorb and Charcoal

(All Units are in PPBV)

Tenax/Amb./ Tenax/Amb.
Tenax/Charcoal Charcoal Tenax Charcoal
Organic Adsorbent Lot # 18588 Lot # 18589 Lot {# 18751 Lot # 18752
Compound — —_¥ol. Collected,L 108 125.2 -57.3 75.6
Methoxyeth;ﬁe 1.0
1,1,2-Trichloro-2,2,1-Trifluoroethane 0.30 0.68 0.1 1.9
Methylene Chloride 0.81 0.14
Hexane 0.15 0.70 5.6
1,1-Trichloroethane 0.17 0.80 6.5
Benzene 0.86 0.40 0.30
Heptane 1.0 0.20
Trichloroethylene 0.04
Toluene 0.05 0.65 1.5 0.80
Tetrachloroethylene 0.01
Ethyl benzene 0.05 0.08 0.1 0.70
0-Xylene 0.14 0.17 0.4 1.0
P-Xylene 0.04 0.10
2-Butoxyethanol 0.07
1-Methylethylbenzene 0.02
2-Propanone 4.0 8.1
Trichlorotrifluoromethane
1,1-Dichloroethene
2,2-Dimethylhexane
1,5-Hexadiene
2,2,4-Trimethylpentane
2,2'-Dimethylethylene Oxide 0.60
(1-Methylethyl) Cyclopropane 0.50
2-Pentanone 8.1
Oxygenated HC 2.9
Hydrocarbons 22 66 9.7

15



LaBhb ti

Collection of Background Levels of Orpanic Compounds in Tenax,
Tenax and Charcoal, and in Tenax, Ambersorb and Charceal
(A1l Units are in PPBV)

Tenax/Anb. / Tenax/Amb. /
Charcoal Tenax Charcoal
Lot 4 18835 Lot # 18972 |Lot {# 18973

‘ Tenax
Organic Adsorbent Lot # 18834

Compound \VO]T._‘C(JlleCtC.d“,_Ii; L 48 L 48 1 15 L 15 L

Methoxyethene

0.27
.9 14 9.6
1.1 0.91

.7 6.6 7.0
Benzene 17 27 36 34

|
i
i
1,1,2-Trichloro-2,2,1-Trifluorocethane 1
Methylene Chloride 33 I

Hexane 0.88

o O W
£~
@)

1,1,1-Trichloroethane 13

Heptane
Trichloroethylene
Toluene 14 1.8
Tetrachloroethylene
Ethyl benzene
0O-Xylene

P-Xylene
2-Butoxyethanol
I-Methylethylbenzene
2~-Propanone 5.2
Trichlorotrifluoromethane 1.7 0.19 1.3 0.48
1,1-Dichloroethene 1.4 0.63
2,2-Dimethylhexane 3.0
1,5-Hexadiene 0.24
2,2,4~Trimethylpentane 0.80 1.5 1.1
2,2'-Dimethylethylene Oxide
(1-Methylethyl) Cyclopropane
2-Pentanone

Oxygenated HC

Hydrocarbons

e T




Georgia Institute of Technology

NEELY NUCLEAR RESEARCH CENTER
S00 ATLANTIC DRIVE

ATLANTA, GEORGIA 30332-0425
(404) 894-3600

June 1, 1987

Dr. M.L. Hyder

Analytical Chemistry

E.I. DuPont de Nemours and Company
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29808

Dear Lee:

This 1is a progress report that covers the month of May 1987 on the project
entitled, "Irradiation Studies of Activated Carbon." The report contains a
description of experiments and results obtained,

I, DESCRIPTION OF EXPERIMENTS
The experiments which were performed during this month were as follows:

1. The first experiment was run to determine background level of organic
compounds with no charcoal present in the saniple holder, An air flow
velocity of 54 feet/minute was maintained in this and subsequent
experiments, Sampling of the air flowing through the system was
obtained by wusing a small pump and a flow rate meter forcing system
air into a molecular sicve column prepared by Dr. M. Black and
containing charcoal, ambersorb and tenax, The flow rate through Dr.
Black's collection column was 200 c.c, per minute, Collection time
was 30 minutes for a total volume of air flowing through the column of
6 liters,

2. Experiment (2) was a repeat of Experiment (1) but with activated
charcoal GX 176, batch 8, lot 3327 (this charcoal is new), inserted in
the saiiple holder, The amount of this charcoal used was 17.95 graus,

3. Experiment (3) was a repeat of Experiment (2) except 1in this
experiment the apparatus was placed 1in the irradiation pipe. The
field of radiation was 5.62 Eb rads per hour,

4, Experiment (4) was a repeat of Experiment (3) with one exception:
iodine was added for two hours and five minutes. The saupling of gas
through Dr, Black's column was begun at 1 hour and 29 minutes from the
point of iodine introdgction into the system, The temperature in the
iodine vaporizer was 142 C.

A Unit of the University System of Georgia An Equal Education and Employment Opportumity Institution
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Dr. M.L. Hyder

Page 2
May 28, 1987

5. Experiment (5) is a repeat of Experiment (4) except that the sampling
time was begun one hour and five minutes after iodine flow was valved
off.

Figure 1 shows the latest schematie diagram of the apparatus.

II. RESULTS

The results which Dr, Black obtained are summarized 'n Table 1, The
thermocouple readings for Experiments (4) and (5) were as follows,

Experiment 4 Experiment 5
TC1 (Return from charcoal bed) OC 39 39
TC2 (Mixing Chamber); C 38 38
TC3 (Room Temperature); OC 38 38
TC4 (Charcoal Bed); oC 48 47
TC5 (Iodine Vaporizer); C 142 4y

ITI. PLANS FOR FUTURE EXPERIMENTS
Dr. Black recommends that the 5 experiments which were performed this month be
repeated but with a collection column containing only ambersorb and tenax;
i.e., without the <charcoal, If this meets with your approval we will go with
it,
Also you requested that the 5 experiments be repeated but with carbon 1502-1
instead of GX 176, This will also be done during the month of June,
If you have any questions or would like to make any suggestions please let me
know,

Best persomnal wishes.

Sincerely yours,

K.A. Karam
Director

RAK:jlr



TABLE I

Analysis of Chemicals Collected on Charcoal, Ambersorb and Tenax

(All Units are in PPBV)

Experiment 2
(Same as Expt. 1
But Sample Holder

Experiment 3
(Same as Expt. 2
But in Radiation

Experiment 4
(Same as Expt. 3

Experiment 5
(Same as Expt.

Organic Experiment 1 Contains Carbon Field 3.62 E6 but Todine Flowing | 4 but no
Compound (Background) | GX 176) Rads per Hour) into System) TIodine Flow)
1,1,2-Trichloro~2,2,1-Trifluoroethane 0.16

Methylene Chloride 1.50 2.0
1,1,1-Trichloroethane 3.00 3.20 4,10 5.40

Benzene 1.70 2.00 2.60 3.40

Toluene .89 3.0
2-Propanone 2.80

Trichlorotrifluoromethane 0.08 0.64 0.71 1.60 3.2

1,1-Dichloroethene
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Georgia Institute of Technology

NEELY NUCLEAR RESEARCH CENTER
Q00 ATLANTIC DRIVE

ATLANTA, GEORGIA 30332-0425
[404) 894-3600

July 13, 1987

Dr, M.L. Hyder

Anaiytical Chemistry

E.I. DuPont de Nemours and Coilpany
Atouic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29308

Dear Lee:

This is a progress report for the month of June, 1947 on the project entitled,
"Irradiation Studies of Activated Carbon." The report contains a description
of experiments and results obtained.

I. Description of Experiments

The experiments which were performed during this month comprised a repeat of
the experiments reported for the month of May, 1337 using charcoal GX 176,
Baten 8, lot 3327. This charcoal is new. Another set of identical eXperiments
using charcoal 15021 (a bottle also marked M.L. Hyder G4od4d) was aliso
perforumed, Each set comprised five runs. The runs are described below agaln
for convenience,

1. The first run was pertformed to determine background leve:r of organic
compounds with no charcoal present in the sample holder. A4ir flow
velocity of 54 feet/minute was maintained in this and subsequent
experiments. Saupling of the air flowing through the system was
obtained by using a small pump forcing air into a molecular sieve
column prepared by Dr, M. Black and containing charcoal, umbersorbdb and
tenax, The flow rate through Dr. Black's collection column was 200
c.c., per minute. <Collection time was 30 minutes for a total volume of
air flowing througn the column of 6 liters.

The second run was a repeat of run (1) but with activated charcoal GX
176, batch 8, lot 3327 (this charcoal is new), inserted in the sample
holder, The amount of this charcoal used was 17.95 grams.

[AV]

3. The third run was a repeat of run (2) except .n this run the apparatus
was placed in the irradiation pipe. The field of radiation was 3.62 Eb
rads per hour,

4, The fourth run (4) was a repeat of run (3) with one exception: 1iodine
was added for two hours and five minutes. The sampling of gas through
Dr. Black's column was begun at 1 hour and 29 uwinutes frow the point of
iodine introduction into the systeu,

The fifth (5) run is a repest of run () except that the sampling tine
was begun one heur and five ninutes after iodine fluw was valved off,

(6]

Figure 1 shows the latest schematic diagram of the apparatus,

A Jnt of the University System of Georgia An Equal Education and Employment Opportunity Institution



Dr, M.L. dyder
Page 2
July 13, 1987

The conditions set for the second set of experiments using charcoal 15021 were
identical to the one using GX 176. The only difference was that the quantity
of 15021 charcoal was 17.77 g instead of 17.95 g for GX 176,

II. Results
The results are summarized in Tables I and II. The thermocouple readings for

runs 4 and 4' and 5 and 5" (runs 4 and 5 refer to GX 176 charcoal and runs 4
and 5' refer to charcoal 1502) follow:

Runs Runs

4/4" 5/5"
TC1 (Return from charcoal bed); OC 39/37 39/*x
Tc2 (Mixing chamber); oC 38740 33/38
TC3 (Room temperature); °c 38/35 38738
1C, (Charcoal bed); °C 48 /66 (/63
TC, (Todine vaporizer); °c w2/ v

Tnermoccuple failed
III. Plan for Future Experiments

Dr, Black 1s recommending that we try to collect the effluents in toiuene and
isooctane, I will discuss this with you over the phone later,

It you have any questions or would like to make any suggestions please let me
Know,

Best personal wishes,
Sincerely yours,

S~

R.a. Karauw
Director

RAK: jlr
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Georgia Institute of Technology

NEELY NUCLEAR RESEARCH CENTER
Q00 ATLANTIC DRIVE
ATLANTA, GEORGIA 30332-0425

(404) 894-3500

September 8, 1987

Dr. M.L. Hyder

Analytical Chemistry

E.I. DuPont de Nemours and Company
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29808

Dear Lee:

This is a progress report for the month of August, 1987 on the project entitled,
"Irradiation Studies of Activated Carbon." The report contains descriptions of
experiments and results obtained. (Although the results have already been
given to you during your recent visit on September 1, 1987, this letter formal-
ly transmits the progress to date.

l. Descriptions of Experiments

The basic five runs we have run in the past were repeated using charcoal 15021
(the bottle also marked M.L. Hyder 94646). The specifics of the runs were as
follows:

l. The first run was to determine background level of iodide compounds.
This was achieved by having fresh outside air flow through the appara-
tus at 54 ft/min. with no charcoal in it. The air was sampled at a
rate of 200 ¢.c. per minute for 30 minutes through a toluene impinger.
The sample was later analyzed for methyl and ethyl iodides by electron
capture chromatography. I understand from Dr. Black that this is an
extremely sensitive method.

2. The second run was a basic repeat of run (1) but with charcoal 15021
in sample holder. The amount of charcoal was 17.99 grams. The appara-
tus was not in irradiation pipe.

3. The third run was a repeat of run (2) except that the apparatus was
placed in irradiation pipe. The field of radiation was 3.80 x 10
rads per hour.

4. The fourth run was a repeat of run (3) except in this run iodine was

added for one hour and 10 minutes before sampling commenced. Sampling
lasted for 30 minutes.

A Unit of the University System of Georgia An Equal Education and Employment Opportunity Institution



Dr. M.L. Hyder
Page 2
September 8, 1987

5. The fifth run was a repeat of run 4 except sampling in this case
began 25 minutes after the addition of iodine was turned off. Again,
sampling lasted for 30 minutes.

The results are summarized in Table TI.

The thermocouples readings at the various stations were as follows:

Run
1 2 3 4 5
*
TC, (Return from Charcoal Bed); °c 40 39 37 49 42
TC, (Mixing Chamber); °c 39 39 36 41 40
TC3 (Room Tempberature); OC 39 39 37 38 40
TC, (Charcoal Bed); °c 38 38 50 70 70
TC. (Iodine Vaporizer): °c 42 40 36 102 43

The iodine vaporizer temperature for run 5 is low because the heat to the
iodine container was turned off and the flow from that section was completely
valved off.

If you have any questions with regard to the results, please let me know.
Best personal wishes.
Sincerely yours,

}
R.A. Karam

Director

RAK:jlr

*
Please refer to Figure 1 for exact locations of thermocouples.



TABLE I

METHYL AND ETHYL IODIDE ANALYSIS BY ELECTRON CAPTURE CHROMATOGRAPHY

Lab . Air Volume Methyl Iodide Ethyl Iodide
No. Sample Description {Liters) Units ppbv Units ppbv
Blank Tolune used in impingers = =  =—==— Non-detected Non-detected
Toluene
20805 Background; Run #1 6 L <0.5 <0.5
20806 Charcoal (15021); Run #2 6 L 6.7 <0.5
20807 Charcoal (15021 in Gamma 6 L 17.0 <0.5
Field); Run #3
20808 Run #4; Same as Run #3 but 6 L 197.0 299.0
with Iodine Added
20809 6 L 4.7 <0.5

Run #5; Same as Run #4 but

JTodine Turned Off
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Georgia Institute of Technology

NEELY NUCLEAR RESEARCH CENTER
800 ATLANTIC DRIVE

ATLANTA, GEORGIA 30332-0425
(404] 884-360¢C

November 6, 1937

Dr. M.L., Hyder

Analytical Chemistry

E.I. DuPont de Nemours and Cofipany
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29808

Dear Lee:

This is a progress report for the months of September and October, 1987 cu the
project entitled, "Irradiation Studies of Activated Carbon," The report
contains results cobtained during this period.

I. Description of Experiments

The basic five runs we have conducted in the past were repeated using the
following charcoals:

Charcoal Batch # NRL 5340

Charcoal Batch # NRL 5338

Charcoal Batch # P.3 (29 month)

Charcoal Batch # K.2 (24 nonth 1384)

Charcoal Batch # 15732 C.6

Charcoal Batch # 2Vu.,2 INEL

. Charcoal Batch # 15021 (marked radicactive 12/22/36)

N~ N EWN -
.

For convenience we report the conditions for each run below.

1. A control sample, comprised of toluene in an impinger, was prepared
exactly as other impingers used in this experiment but had no air flow
through it, The toluene was analyzed for ilodine couwpounds. This
control sample served as a reference for the other % sauples.

2. The first run was to determine background level of iodide compounds,
This was achieved by having fresh ocutside air flow through the
apparatus at 54 ft/min, with no charcoal in it. The air was sampled at
a rate of 200 c.c. per minute for 30 minutes through a toluene
impinger., The sample was later analyzed for methyl and other iodides
by electron capture chromatography. The other iodides which were
analyzed for but not found were: Ethyl Jodide, Iodoproupane,
Iodopropene, Iodobutane, Iodopentane, Icdohexane, Icdobenzene,
Iodotoluene, Tododecane,

A Unit of the University System of Georgia An Equal Education and Employment Oppertunity Institution
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November 6, 1986

3. The second run was a basic repeat of run (1) but with charcoal in
sample holder. The amount of charccal in each sample is listed in
Table I. The apparatus was not in the irradiation pipe.

84, The third run was a repeat of run (2) except that the apparatus was
placed in,the irradiation pipe. The field of radiztion was
3.80 X 10" rads per hour,

5. The fourth run was a repeat of run (3} except in this run ioding was
added for about one hour befcre sampling comnenced, Sampling lasted
for 30 minutes,

6. The fifth run was a repeat of run (4) except sampling in this case
began about one hour after the supply of iodine was exhausted. Again,
sampling lasted for 30 iminutes.

ITI. Results
The results are summarized in Table 1,

Dr. Black stated that the measurement uncertainty is plus or wminus 0.5 ppbv.
This uncertainty does not include systematic error such as loss of iodide froa
the toluene.

The iodine in all cases was completely gone (evaporated) before run #5 was
begun, Adequate iodine supply was in the container however all tirough Run ##,

The humidity varied between 0.6% and 12%. The variation is attributed to the
condition of the drying agent, molecular sieve type 5A.

The current through the iodine analyzer does not return to the pre-iodine
introduction level, This indicates that a certain vapor pressure of iodine
remains in the system after the supply of iodine has been consumed,

The variation in the temperature at each measuring location varied
significantly from experiment to experiment and within an experiment frouw run
to run. This indicates that in order to maintain a basis for temperature
comparison, the measurement mmust be made at definite time intervals from the
start. The reason for this is that there are three sources of heat in the
system: (1) heating tape around the mixing chamber, (2) heating the lodine
container, and (3) heating in the irradiation pipe due to gamma heating. It is
difficult to reach equilibrium in every case. However, we can and will have
better control of temperature variation in the future,
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Page 3
November 6, 1987
III. Future Experiment
It is planned to repeat the seven experiments described above with steam being
added to the mixing chamber. The eXperiments will be perfornmed during, the
month of November.
If you have any guestions please let me know,

Best personal wishes,

Sincerely yours,

R!A. Karam
Director

RAK: jlr




TABLE I

Methyl Iodide Analysis By Electron
Capture Chromatography*

EXPERIMENT 1. CHARCOAL BATCH 5340 (18,128 GRAMS USED)

Run Time Tine TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iocdide
# On off Amps ppbv
Control ND
1 (Background) 0847 09:17 66 30 31 31 87 8.00E~-10 12.6% 0.19
2 (Charcoal) 09:31 16:01 90 32 30 31 108 8.40E-10 9.6% 0.45
3 (Charcoal in Gamma) 10:29 10:59 98 32 33 35 109 9,21E-10 8.9% 4 .80

4 (Iodine Introduced) 11:32

(9.502 G in container) 12:25 12:55 51 32 32 T1 68 2. UUE=10 10.8% 13.00
5 (Residual Iodine) 14:00 14:30 9y 31 32 T0 106 5.26E-10 9.6% 3.20

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the Mixing Chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature) )
TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface tempe}ature of the mixing chamber)

ND = not detected

*The following substances were analyzed for but were not detected: Ethyl Todide, Iodopropane, Iodopropene,
Todobutane, Iodopentane, lodohexane, Iodobenzene, Iodotoluene, ITododecane



TABLE I CONTINUED

Methyl JTodide Analysis by Elgctron
Capture Chromatography

EXPERIMENT 2. CHARCOAL BATCH 5338 (15.671 GRAMS USED)

Run Time Time TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
{ On off Amps ppbv
Control ND
1 (Background) 11:00 11:30 79 29 29 30 98 5.90E-10 63 ND
2 (Charcoal) 11:53 12:23 91 33 32 24 107 6.18E-10 9% ND
3 (Charcoal in Gamma) 12:35 13:05 99 31 30 38 115 6.63E-10 1.2% 0.16

4 (Iodine Introduced) 13:10

(9.075 G in container) 14:12 14:42 51 29 30 50 73 2.21E=-10 0.86
5 (Residual Iodine) 15:42 16:13 102 4o 33 52 117 5.02E-10 10.8% 0.94

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the Mixing Chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

ND = not detected

*

The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,
Todobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



Run

#

Control

(Background)
(Charcoal)

(Charcoal in Gamma)
(Iodine Introduced)
(9.625 G in container)
(Residual Iodine)

EWN =

5

All temperatures in degrees Celsius
TC
TC 2
TC 3
TC U

TC S

ND

not detected

Time
On

11:10
11:47
12:35
13:25
14:32
16:21

not observed

Time
off

11:40
12:18
13:05

15:02
16:51

thermocouple measuring room temperature)

thermocouple located in the charcoal bed)

EXPERIMENT 3.

TABLE I CONTINUED

CHARCOAL BATCH P.3 (22.7266 GRAMS USED)

TC 2

39
36
38

65
38

TC 3

33
N
3

32
33

thermocouple located in the return from the charcoal bed)

*
The following substances were analyzed for but were not detected:
Todobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane

TC 4

31
27
38

37
63

thermocouple located in the internal volume of the Mixing Chamber)

thermocouple measuring surface temperature of the mixing chamber)

Methyl Iodide Analysis By Electron
Capture Chromatography*

TC 5

116
116
118

52
83

Current

Amps

8.13E-10
8.32E~10
8.32E-10

3.40E-10
8.17E-10

1.3%
1.2%
NO

12.432
1.1%

Ethyl Iodide, Iodopropane, Iodopropene,

Humidity Methyl Iodide
ppbv

ND
0.70
0.65
0,74

0.95
0.99



TABLE I CONTINUED

Methyl Todide Analysis By Elictron
Capture Chromatography

EXPERIMENT 4, CHARCOAL BATCH K.2 (23.59746 GRAMS USED)

Run Time Time TC1 TC 2 TC 3 TC U TC 5 Current Humidity Methyl Iodide
# On off Amps ppbv
Control ND
1 (Background) 10:03 10:33 TH 32 30 29 91 6.88E-10 0.6% 0.23
2 (Charcoal) 10:43 11:13 96 41 34 23 106 7.35E-10 0.7% 0.29
3 (Charcoal in Gamma) 11:22 11:52 94 35 32 34 109 7.35E-10 1.2% 0.31

4 (Iodine Introduced) 11:54

(11.03 G in container) 13:01 13:31 55 1 37 75 T4 2.96E~10 1.3% 0.66
5 (Residual Iodine) 14:35 15:05 96 37 31 13 "M 7.52E~10 9.8% 0.75

All temperatures in degrees Celsius

TC 1 (Type X thermocouple located in the internal volume of the Mixing Chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

ND = not detected

*
The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Jodopropene,

Iodobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



TABLE I CONTINUED

Methyl Iodide Analysis By Elsctron
Capture Chromatography

EXPERIMENT 5. CHARCOAL BATCH 15732 C.6 (22.,85725 GRAMS USED)

Run Time Time TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
# On off Amps ppbv
Control ND
1 (Background) 11:484 12:14 93 31 29 27 108 6. T1E-10 11.42 1.80
2 (Charceoal) 12:29 12:59 99 37 31 27 109 6.75E-10 11.8% 1.80
3 (Charceal in Gamma) 13:23 13:53 100 32 30 41 113 7.20E-10 10.4% 1.50

4 (Iodine Introduced) 15:01

(10.03 G in container) 16:00 16:30 57 41 35 45 75 2.30E-10 ~ 8.7% 0.92
5 (Residual Iodine) 17:36 18:06 54 37 32 u2 77 7.7T0E-10 8.7% 0.70

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the Mixing Chamber)
TC 2 (Type K thermocouple located in the return from the charceoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

D = not detected

*
The following substances were analyzed for but were not detected: Ethgl Iodide, Iodopropane, Iodopropene,
Todobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



Run

#

Control

(Background)
{Charcoal)

(Charcoal in Gamma)
(Iodine Introduced)

in container)
(Residual Iodine)

1
2
3
m

5

All temperatures in degrees Celsius
TC 1
TC 2
TC 3
TC 4
TC S

ND

(Type K thermocouple
(Type K thermocouple
(Type K thermocouple
(Type T thermocouple
(Type T thermocouple

not detected

Time
On

10:43
11:18
12:00
12:32
13:35
15:05

Time
off

11:13
11:48
12:30

14:05
15:35

TABLE I CONTINUED

Methyl Todide Analysis by Elgctron

TC1

28
33
57

70
56

measuring room temperature)

located in the charcoal bed)

TC 2

29
29

31

68
39

TC 3

28
28

30

30
31

located in the return from the charcoal bed)

Capture Chromatography

TC 4

28
238

38

36
69

located in the internal volume of the Mixing Chamber)

measuring surface temperature of the mixing chamber)

TC 5

28
44

72

53
30

EXPERIMENT 6. CHARCOAL BATCH 2U8.2 (17.95295 GRAMS USED)

Current

Amps

6.70E-10
6.70E-10

6.93E~10

3.37TE-10
6.62E-10

*
The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,
ITodobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane

Humidity Methyl Iodide

ppbv

ND
3.30
2.40
1.80

2.50
1.80



TABLE I CONTINUED

Methyl Iodide Analysis By Elgctron
Capture Chromatography

CXPERIMENT 7. CHARCOAL BATCH 15021 (20.8699 GRAMS USED)

Run Time Time TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Jodide
# On orf Amps ppbv
Control ND
1 (Background) 11:24 11:54 90 35 29 28 100 7.87E~-10 4% 8.00
2 (Charcoal) 12:05 12:35 56 34 30 24 52 T7U47E-10 ¥ A 2.50
3 (Charcoal in Gamma) 13:01 13:31 36 31 30 32 38 7.20E~10 1.0% 1.80

4 (Iodine Introduced) 13:35

(9.238 G in container) 14:30 15:00 42 34 31 71 4y 2.57TE=10 1.0% 1.60
5 (Residual Iodine) 16:04 16:34 37 31 30 77 49 6.12E~-10 12% 4,60

All temperatures in degrees Celsius

TC 1 {Type K thermocouple located in the internal volume of the Mixing Chamber)
TC 2 (Type X thermocouple located in tpe return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC U (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

ND = not detected

The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,
Iodobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



Georgia Institute of Technology

NEELY NUCLEAR RESEARCH CENTER
S00 ATLANTIC DRIVE

ATLANTA, GEORGIA 30332-0425
(404) 894-3600

December 15, 1987

Pr. M.L. Hyder

Analytical Chemistry

E.I. DuPont de Nemours and Company
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29808

Dear Lee:

This is a progress report for the months of November and December, 1987 on the
project entitled, "Irradiation Studies of Activated Carbon." The report
contains results obtained during this period.

I. Description of Experiments

The basic five runs we have conducted in the past were repeated using the
following charcoals:

. Charcoal Batch # NRL 5340

. Charcoal Batch # NRL 5338

. Charcoal Batch # P.3 (29 month)

. Charcoal Batch # K.2 (24 month 1984)

. Charcoal Batch # 15732 C.6

. Charcoal Batch # 2U8.2 INEL

. Charcoal Batch # 15021 (marked radioactive 12/22/86)

SN oW EWwWwh o

One major difference from previous experiments was the fact that this time the
humidity was high, approximately 90-100%. This high humidity created a minor
problem in the toluene impinger--condensation of water vapor. This
necessitated inserting in the line a moisture trap prior to the impinger. The
material collected in this trap was also analyzed for methyl iodide. The
results for this analysis are labeled run #6 (condensate collected) in Table
1., For convenience we report the conditions for each run below.

1. A control sample, comprised of toluene in an impinger, was prepared
exactly as other impingers used in this experiment but had no air flow
through it. The toluene was analyzed for iodine compounds. This
control sample served as a reference for the other 6 samples.

A Unit of the University System of Georgia An Equal Education and Employment Opportunity Institution




Dr, Hyder

Page 2

November 15, 1987

2,

The first run was to determine background level of iodide compounds.
This was achieved by having fresh outside air flow thorugh the
apparatus at 54 ft/min. with no charcoal in it., The air was sampled at
a rate of 200 c,c, per minute for 30 minutes through a toluene
impinger. The sample was later analyzed for methyl and other iodides
by electron capture chromatography.

The second run was a basic repeat of run (1) but with charcoal in
sample holder, The amount of charcoal in each sample is listed in
Table I, The apparatus was not in the irradiation pipe.

The third run was a repeat of run (2) except that the apparatus was
placed in the irradiation pipe. The field of radiation was
3.80 x 10 rads per hour.

The fourth run was a repeat of run (3) except in this run iodine was
added for about one hour before sampling commenced, Sampling lasted
for 30 minutes,

The fifth run was a repeat of run (4) except sampling in this case
began about one hour after the supply of iodine was exhausted. Again,
sampling lasted for 30 minutes.

II. RESULTS

The results are summarized in Table 1.

Dr. Black stated that the measurement uncertainty is plus or minus 0.5 ppbv,
This uncertainty does not include systematic error such as loss of iodide from
the toluene,

The iodine in all cases was completely gone (evaporated) before run #5 was

begun,

Adequate iodine supply was in the container however all through Run #i4,

The humidity varied between 90 and 100%.

I1I. FUTURE EXPERIMENT

We await your instructions for the next set of experiments,

If you have any questions please let me know,

Best personal wishes.

Sincerely yours,

L4

R.A. Karam

Director

RaAK:jlr



TABLE I

Methyl Iodide Analysis By Electron

Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 1. CHARCOAL BATCH 5340 ( 17,4622 GRAMS USED)

o o - o . = o S = e o M A e o e e e e A v WD e Em e S e e e e = o o e S = SR m e e o = e WP Wy A e o e o S e o e = B o e An e e S S e 8 = s =
=t Rt bR i i b3 i 3l S i $ iRl =3

(Control)
1 (Background)
2 (Charcoal)
3 (Charcoal in Gamma)
4 (Iodine Introduced)
1.0015 G in container
5 {(Residual Iodine)
6 (condensate collected)

START SAMPLE TC1 TC 2 TC 3 TC 4
TIME

10:43 30 MIN 55 28 29 25
11:39 61 31 30 32
12:21 T4 33 30 us5
13:16

14216 73 39 30 78
15:38 71 4o 31 83

10:43 (cumulative)

Current Humidity Methyl Iodide

Amps

1.53E-08
1.49E~08
1,46E-08

1,24E-08
1.23E-08

Percent ppbv
nd

100 0.2408

91 5.934

91 12.642

92 52.7524

93 155.0236

7.224

B N B T L L L b L L L L T D T T T
= A At Y I R R P R - -

All temperatures in degrees Celsius

TC 1
TC 2
TC 3
TC 4
TC 5

nd

(Type K thermocouple
(Type K thermocouple
(Type K thermocouple
(Type T thermocouple
(Type T thermocouple

not detected

located in the internal volume of the mixing chamber)
located in the return from the charcoal bed)
measuring room temperature)

located in the charcoal bed)

measuring surface temperature of the mixing chamber)

Page 1



TABLE I CONT'D

Methyl Iodide Analysis By Electron
Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 2. CHARCOAL BATCH 5338 ( 16,2289 GRAMS USED)

- - > D Y 4 > b = Y D WE b = = 4 A b e e e A = D o Y M I D ¥ D A e A D e e o et D S = A M e D e W D iy 4 o = A D e o b e e Dt D = = = e > > =
=ttt 353ttt ¥ 52—t it o=t A2 R A A A - f -t b S 3 - S A S5 2 - F 4 £ 5 2SS 4 4 0 2 4

RUN
# START SAMPLE TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
TIME . Amps Percent ppbv

(Control) nd

1 (Background) 10:18 30 MIN 73 34 29 31 78 1.33E-08 100 1.8232

2 (Charcoal) 11:07 72 31 29 37 8u 1.23E-08 100 o.u4u72

3 (Charcoal in Gamma) 11:86 T1 37 29 52 83 1.24E-08 98  0.4u72

4 (Iodine Introduced) 12:16
1,001 G in container 13:16 70 39 30 66 8 1.29E-08 96  3.1476

5 (Residual Iodine) 14:08 71 39 30 67 79 1.29E-08 96 u4,2656

6 (condensate collected) 10:18 (cumulative)

o . a4 . . . D R 4 Y o P D 4 P D D WD e A o A b Y P S b D b N Dt W 4 e B e AP e D = D —a D e = SR e e A S D M A b o Ak = W e D D D = e A e =
it Ittt it it i i e e i i s i e

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC ¥ (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd not detected



TABLE I CONT'D

Methyl Iodide Analysis By Electron
Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 3, CHARCOAL BATCH P.3 ( 23.8185 GRAMS USED)

e vt o= e o v vt o = g e Y= e S P e = e s = e S SR = g Yl o == S e e e s v e P e = e Um s e s o S g e P e e g S o S S S s s e e b o o P P R P N S e g = S R o= 8 T g M P e o= K8 e v P = e e B e P e = e e e M e g = W = e = P vm S U e W8 = e S
HEA S S R M s P R i i

RUN
i START SAMPLE TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
TIME Amps Percent ppbv
(Control) nd !
1 (Background) 10:33 30 MIN T2 33 30 32 8u 1.31E-08 93 0.1032 i
2 (Charcoal) 11:14 T0 34 30 40 84 1.35E=-08 g2 nd :
3 (Charcoal in Gamma) 12:06 71 33 31 35 89 1.36E-08 95 1.2212 i
4 (IodinIodine introduced 12:41 '
1.0000 G in container 13342 T2 33 31 58 80 1.29E-08 96 2.5112 |
5 (Residual Iodine) 15:12 T2 34 33 61 81 1.35E-08 93 2,494
6 (condensate collected) 10:33 (cumulative) nd

ot o s o Pyt ot e o o = o s e = o e o o e NS e S T S M S ME e e R e e WS S N ME ST S SR S s EN S e St P U e s =t =S w8 e A e m e = e e M m e S e N S EP S S A = e S =P == e NS =S S e P e e R e = e e Sm s e = e e
- e e e e P e b A e A

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber) :
TC 2 (Type K thermocouple located in the return from the charcoal bed) i
TC 3 (Type K thermocouple measuring room temperature) E
TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd

not detected




TABLE I CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 4. CHARCOAL BATCH K.2 ( 22,5374 GRAMS USED)

o . > e Y = P . 8 o st o Y = o Y am i e e = Er US E Em Em  am a8 o e e e o e e P e P e = P o o D = e i o A e D = D e R D A S R e P e 0 > - -
S 344 4 2 S S Pt Attt A A A A A A A A A I i

RUN
# START SAMPLE TC1 TC 2 TC 3 TC 4
TIME

(Control)
1 (Background) 09:38 30 MIN 73 31 31 37
2 (Charcoal) 10:28 73 31 30 33
3 (Charcoal in Gamma) 11:23 71 31 30 u3
4 (Iodine Introduced) 12:24

1.001 G in container 13:24 T4 32 31 68
5 (Residual Iodine) 14 :54 73 32 31 63
6 (condensate collected) 09:38 (cumulative)

e = 08 o o P 48 P P P =t e T e A A EE S S e N A A e e SR A A N T m e Ee SV v A i SR e e A8 e e M PW R e e e e ¢ = D S e D e e YD e B e D M Ee A8 MR M= e R s 48 e Ee 4= wv e A A s e w
e A A A A A A A N N T M R i i s

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd

not detected

Current Humidity Methyl Iodide

Amps

1.28E-08
1.39E-08
1.38E-08

1.32E~08
1.20E-08

Percent

96
93
91

PpbVv
nd

nd
nd
1.,0148

2.6144
2.7692
3.8184

Page U



TABLE I

CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 5, CHARCOAL BATCH 15732 .6 (24,8596 GRAMS USED)

(Control)
1 (Background)
2 (Charcoal)
3 (Charcoal in Gamma)
4 (Iodine Introduced)
1.0012 G in container
5 (Residual Iodine)
6 (condensate collected)

All temperatures in degrees Celsius

START

09:59
10:57
11:39
12:10
13:12
14:42
09:59

SAMPLE
TIME

30 MIN

(cumulative)

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd not detected

Current Humidity Methyl Iodide

Amps

1.12E-08
1.23E_08
1.22E-08

1'22E-08
1.30E-08

Percent

97
97
98

ppbv
nd

nd
nd

Page 5



TABLE I CONT'D

Methyl Iodide Analysis By Electron
Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 6, CHARCOAL BATCH 2U8,2 ( 20.1721 GRAMS USED)

-t o 4 = -y o Y7 S8 = M = m= E= v v v Y S ey S e = Y v YT YT R YE S e e R v S e v o ey S R S R e SR e e SR R e e e e B R e mm = e M S R vw SP mm Y = S P Y B S M —n = SR vy mm = Y v SR R e —m = v = e
- AR -4 - - A A R P - - - R P A e R -4 P A - ]

RUN
i START  SAMPLE TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide

TIME Amps Percent ppbv

(Control) nd

1 (Background) 09:12 30 MIN 71 32 32 uy 88 1.16E=08 98 nd

2 (Charcoal) 10:01 T2 32 32 49 86 1.25E-08 97 nd
3 (Charcoal in Gamma) 10:38 71 32 32 45 86 1.34E-08 97  0.4938

4 (Iodine Introduced) 11:52

1,001 G in container 12:52 72 33 33 59 80 1.26E-08 97 0.4816
5 (Residual Iodine) 1U4:26 72 34 33 62 88 1.32E=08 98  0.5504

6 (condensate collected) 09:12 (cumulative) nd

" o = e v 0 " Em  n e e T v o v % D gr R % o ow T o Em e o D R S ST 9 VY SR D P vw EP e e S Em w2 e m e S —m YT = S ER v v P I Yv R e S SR = R P A e v P v S e AT vy G2 S Ee vy — v m e mm vv = G A S YY Em S ww e e o
-2 2 b A - A R e L A A A - A A 2 - A A B A R R B P i

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd

not detected

Page 6



TABLE T CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 7. CHARCOAL BATCH 15021 ( 22,5068 GRAMS USED)

e R an m em e e an wm e e m e R e P R e n TE ae TE ST A4S om A% =E e em e e Se an =R AL = e P A A A4S AL MR e ER o= SR m wm v e M o TR am SR e T e B = LE AE e A e M e 4e At A A e B R AE e N we wm R e = MR EE R M e e we e S R TR TR em R R ae R e e e e SR R e = G em = a = ae - . —
Rt R A R R A A R e e A R e Bl bd R R

RUN

# START SAMPLE TC1 TC 2 TC 3 TC 4
TIME
(Control)
1 (Background) 10:06 30 MIN T4 41 34 42
2 (Charcoal) 10:47 75 37 33 ug
3 (Charcoal in Gamma) 11:19 73 34 35 48
4 (Iodine Introduced) 12:16

1.0003 G in container 13:16 76 35 36 65
5 (Residual Iodine) 14346 75 35 36 67

6 (condensate collected) 10:06 (cumulative)

Py R L T R L D D D D b b b B T L D R T L D L L L L
L2 It 2 A 2 P 2 2 A A M A A A A A R A A A N I R I P i it s s e

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 8 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd not detected

Current Humidity Methyl Jodide

Amps

1-39E—°8
1.35E—08
1.30E~-08

1.29E-08
1.33E-08

Percent

98
98
96

ppbv
nd
nd
nd

0.7568

2.9584
4,.8504
1.7372

Page 7




Georgia Institute of Technology

NEELY NUCLEAR RESEARCH CENTER
S00 ATLANTIC DRIVE
ATLANTA, GEORGIA 30332-0425

May 5, 1988

Dr. M.L. Hyder

Analytical Chemistry

E.I. DuPont de Nemours and Company
Atomic Energy Division

Savannah River Laboratory

Aiken, South Carolina 29898

Dear Lee:
This 1s a progress report through the month of April, 1988 on

the project entitled, "Irradiation Studies of Activated Carbon."
The report contains results obtained during this period.

I. Description of Experiments
A. Charcoal Absorptive Capacity in Radiation Field

The five basic runs we have conducted in the past were repeated
using the following charcoals:

NRL 5349

NRL 5338
P.3 (29 month)

1. Charcoal Batch

2. Charcoal Batch
3. Charcoal Batch

= S o e S o

4. Charcoal Batch K.2 (24 month 1984)
5. Charcoal Batch 15732 C.6

6. Charcoal Batch 2V8.2 INEL

5

. Charcoal Batch 19921 (marked radioactive 12/22/86)

For convenience we report the conditions for each run below.

1. A control sample, comprised of toluene in an impinger, was
prepared exactly as other impingers used in this experiment
but had no air flow through it. The toluene was analyzed
for ilodine compounds. This control sample served as a
reference for the other 5 samples.

2. The first run was to determine background level of iodide
compounds. This was achieved by having fresh outside air
flow through the apparatus at 54 ft/min. with no charcoal
in it. The air was sampled at a rate of 200 c.c. per
minute for 3P minutes through a toluene impinger. The
sample was later analyzed for methyl and other iodides by
electron capture chromatography. The other iodides which

A Unitof he: University System of Georgin An Equa! Educaten and Fmplnymert Oppertun ', 11 Hiiye




Dr., M.L. Hyder

May 5, 1988
Page 2

were analyzed for but not found were: Ethyl Iodide,
Iodopropane, Iodopropene, lIodobutane, Iodopentane,
Iodohexane, Iodobenzene, Iodotoluene, Iododecane.

3. The second run was a basic repeat of run (1) but with
charcoal in sample holder. The amount of charcoal in each
sample is listed in Table I. The apparatus was not in the
irradiation pipe.

4, The third run was a repeat of run (2) except that the
apparatus was placed in the irradiation pipe. The field of
radiation was 3.80 E6 rads per hour.

5. The fourth run was a repeat of run (3) except in this run
iodine was added for about one hour before sampling
commenced. Sampling lasted for 39 minutes.

6. The fifth run was a repeat of run (4) except sampling in

this case began about one hour after the supply of iodine
was exhausted. Again, sampling lasted for 3¢ minutes.

B. Surface Area and Pore Size Analysis

The surface area and pore size characterization was performed
at the recommendation of Dr. Robert A, Pierotti by Micromeritics

Instrument Corporation. Three types of carbons were used: (1)
carbon 5348; ({(2) carbon 15021; and (3) carbon P.3. Three samples
of each type of carbon were used: (1) a reference sample from the

bottle; (2) a sample which was used under dry conditions; and (3) a
sample which was used under wet conditions.

All samples were degassed at 3590°C for 16 hours under vacuum.
II. Results

A. The charcoal adsorptive capacity results are summarized in
Table 1.

Dr. Black stated that the measurement uncertainty is plus or
minus 0.5 ppbv. This uncertainty does not include systematic error
such as loss of iodide from the toluene.

B. The surface area and pore size analysis results are
summarized in a brief memo from Dr. Pierotti to me. The memc 1is
attached., The original computer output giving analysis results
from Micromeritcs were sent to you previously.




Dr. M.,L. Hyder
May 5, 1988
Page 3
III. Future Experiments

The details of future experiments will be worked out in
accordance with your desires.

If you have any questions please let me know.
Best personal wishes,
Sincerely yours,

R)A. Karan

Director
RAK:jlr

Attachments




GEORGIA INSTITUTE OF TECHNOLOGY
School of Chemistry
Atlanta, Georgia 30332
(404)-8924-4003

MEMORANDUM

TO: D-. Ratib Karam, Director
Muclear Heactor Center
FROM: Fooesrt A.  Fierotti, Director -
Schoosl of Chemistry
SUBJECT: Summary of Swrface Area and Fore Size Analvs
Data of Micromeritics February and March 1583
Carbon sample a.d hictory new gy wet =3
carbon 340
BET zreaisg m/g? 71 P24 733
Fore volume {(cc/qg) Q. 403Z O.513 0.429
FPore Diamester (A3 14.5 14.3 14.
carbon 15021
3ET areal{sg m/g) 542 266
Fore volume (cc/g) 0.2%8 .15
Pore Diameter (A 14.6 15.1 14,72
Tarbon F
areafsg m/q) R4
i P Sgl C.214
Elkmafhr (3 L5
3l = were degassed at 250 O 4o 16 hRoovs unoo-
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I+ the zrea and pores volams of thess samples are
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TABLE I

Methyl Iodide Analysis By Electron
Capture Chromatography
(Low Humidity Conditions)

RUN

¥ START  SAMPLE TC1 TC 2 TC 3 TC 4 ™ 5 Current Humidity Methyl Iodide

TIME Amps Percent ppbv
(Contrel) nd

1 (Background) 10:45 30 MIN 41 29 28 28 55 9.02E-09 0.7 nd

2 (Charcoal) 11:53 49 31 31 27 60 8.97E-09 0.7 .40

3 (Charcoal in Gamma) 12:30 48 29 29 39 59 8.52E-09 0.6 3.14

4 (Iodine Introduced) 13:006

2.5000 G in container 14:06 43 32 29 68 49 8.46E-09 9.7 5.06

5 (Residual Iodine) 15:36 48 33 31 79 58 8.83E-09 17.6 2.44

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

It

nd not detected

Page 1



TABLE I CONT'D

Methyl Iodide Analysis By Electron
Capture Chromatography
(Low Humidity Conditions;

3
4

(Control)
1 (Background)
2 (Charcoal)

(Charcoal in Gamma)
(Iodine Introduced)
P.5025 G in container
5 (Residual Iodine)

START

19:22
11:01
11:46
12:17
13:18
12:58

All temperatures In degrees Celsius

TC

TC

TC

TC

TC

nd

SAMPLE TC1
TIME

30 MIN 54

49

48

43

49

TC 2

29
29
30

33
34

29
29
27

29
30

28
28
41

68
68

69
57
57

48
60

Current Humidity Methyl Iodide
Percent

ATpS

9.85E-09
9.85E-99
9.72E-09

8.36E-09
8.34E-09

0.2
0.2
2.3

ppbv
nd
nd
nd
0.17

nd
nd

1

2

4

(Type K thermocouple located in the

(Type K thermocouple located in the return from the charcoal bed)

(Type K thermocouple measuring room temperature)

(Type T thermocouple located in the charcoal bed)

internal volume of the mixing chamber)

(Type T thermocouple measuring surface temperature of the mixing chamber)

not detected

Page 2



EXPERIMENT 3. CHARCOAL BATCH P.3

TABLE I CONT'D

Methyl TIodide Analysis By Electron

Capture Chromatcygraphy
(Low Humidity Conditions)

{ 23.3151 GRAMS USED)

RUN
# START SAMPLE
TIME
(Control)
1 (Background) 39:55 30 MIN
2 (Charcoal) 11:93
3 (Charcoal in Gamma) 11.39

4 (Iodinlodine introduced 12:13
#.5041 G in container 13:13
S (Residual Iodine) 14:43

47
47
48

44
51

32
32
33

34
36

TC 3

32
390
33

31
34

30
25
60

64
65

60
60
60

50
61

Current Humidity Methyl Iodide

Alps Percent ppbv
nd
8.75E-09 8.5 nd
8.99E-09 2.5 2.14
9.01E~-29 2.7 ?.07
8.28E-09 1.2 0.03
9.54E-09 12.0 2.07

all temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd not detected
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TABLE I CONT'D

Methyl Jodide Analysis By Electron
Capture Chromatography
{Low Humidity Conditions)

EXPERIMENT 4. CHARCOAL BATCH K.2 ( 21.6936 GRAMS USED)

RUN

# START  GAMPLE TCl TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide

TIME Amps Percent ppbv
(Control) nd

1 (Background) 09:32 39 MIN 44 28 27 27 56 9.85E-09 2.1 nd

2 (Charcoal) 10:50 44 29 26 22 55 9.86E-09 g.1 nd

3 (Charcoal in Gamma) 11:34 45 29 27 61 57 9.98E-09 9.1 ¢.490

4 (Iodine Introduced) 12:23

#.5032 G in container 13:23 40 31 28 65 46 8.64E-09 1.2 2.10

5 (Residual Iodine) 14:58 46 31 28 65 58 8.61E-09 1.2 2.19

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd

il

not detected
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TABLE I CONT'D

Methyl Todide Analysis By Electron
Capture Chromatography
(Low Humidity Conditions)

EXPERIMENT 5. CHARCOAL BATCH 15732 C.6 ( 24.1689 GRAMS USED)
RUN
# START  SAMPLE TCl TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
TIME Amps Percent ppbv
(Control) nd
1 (Background) 19:23 30 MIN 41 25 28 28 52 8.87E-09 0.6 nd
2 (Charcoal) 10:59 43 27 28 25 54 8.87E-09 2.3 nd
3 (Charcoal in Gamma) 12:09 47 31 29 56 58 9.06E-09 0.3 .31
4 (Iodine Introduced) 12:44
0.5074 G in container 13:508 45 32 28 63 54 8.12E-09 2.3 ?.80
5 (Residual Iodine) 15:25 46 32 26 64 59 8.76E-09 0.3 .58

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd

not detected
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TABLE I CONT'D

Methyl Iodide Analysis By flectron
Capture Chromatography
(Low Humidity Conditions)

EXPERIMENT 6. CHARCOAL BATCH 2U8.2 ( 19.4761 GRAMS USED)

RUN
# START  SAMPLE TC1 TC 2 C 3 TC 4 TC 5 Current Humidity Methyl Iodide
TIME Anps Percent ppbv

(Control) nd

1 (Background) 99:38 30 MIN 46 29 28 28 56 8.62E-09 8.4 nd

2 (Charcoal) ' 11:40 47 29 28 28 58 8.62E-09 8.4 nd

3 (Charcoal in Gamma) 12:12 48 32 29 53 56 8.54E-909 2.4 nd

4 (Iodine Introduced) 12:44

$#.5146 G in container 13:50 45 32 29 62 48 7.80E-09 9.5 nd

5 (Residual Iodine) 15:22 49 33 30 62 62 8.02E-99 2.6 nd

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 {Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd not detected
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2w b

9.5005 G in container

(
(
(

EXPERIMENT 7.

TABLE I CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
{Low Hunidity Conditions)

CHARCOAL BATCH 15021 ( 20.8784 GRAMS USED)

Control)
Background)
Charcoal)

(Charcoal in Gamma)

(

Iodine Introduced)

5 (Residual Iodine)

START

09:31
10:06
10:46
11:27
12:27
14:01

SAMPLE
TIME

30 MIN

49
50
52

43
53

TC 2

33
34
36

35
38

TC 3 TC 4
33 28
35 22
36 58
34 60
35 61

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the

TC

TC

TC

TC

nd

2

3

TC 5

60
60
6l

50
63

Current Humidity Methyl Iodide
Amps Percent ppbv
nd
1.02E-08 2.1 nd
1.02E-98 0.1 nd
1.00E-08 f.1 0.45
8.44E-09 2.1 0.40
8.28E-09 2.1 nd

internal volume of the mixing chamber)

{Type K thermocouple located in the return from the charcoal bed)

(Type K thermocouple measuring room temperature)

(Type T thermocouple located in the charcoal bed)

(Type T thermocouple measuring surface temperature of the mixing chamber)

not detected
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INTRODUCTION

Activated Carbon is used in the operation of the Savannah River
Plant to trap and retain radioactive iodine in the reactor
building effluent air.

Airflow is directed through the carbon bed. Its ability to
retain organic iodine degrades over time. Small traces of
organic impurities in the air can have important cumulative
effects over the service life of carbon.

Tests of the effects of organics on the release of radio iodine
from carbon in high radiation field were conducted at the Neely
Nuclear Research for Georgia Institute of Technology the Savannah
River Laboratory over a period of 18 months. This report
documents all results obtained during this period.

1. Experimental Apparatus

The Neely Nuclear Research Center designed and built the
apparatus shown in Figure 1. Design features included the
ability to do the following.

1. Determine background levels of organic compounds with
no charcoal in the System. This simply meant fresh air
circulation through the apparatus and collecting
organic iodine compounds on different adsorbent
columns.

2. Determine background 1levels of organic compounds in
fresh air that has been circulated through activated
carbon. This step is essentially a repeat of step 1
but with charcoal (old or new) in system. (0ld
charcoal refers to charcoal that has been used at SRP
in ventilation beds and therefore was exposed to
organics in the atmosphere. New charcoal is charcoal
that has not been exposed to organic contamination).

3. Determine effects of intense radiation fields on
background levels. This meant that the sample holder
(shown in Figure 1) containing activated carbon was
placed in the irradiation pipe of the Neely Nuclear
Research Center. The dose rate in the pipe was
approximately 5 x 10° rads/hour.

4. Determine organic iodide levels after about 1 gram of
iodine vapor has been added to the system. Collection
of iodide compounds on adsorbants starts 30 minutes
after the process of iodine addition has stopped.

1.



5. Determine organic iodide 1levels 3 hours after the
process of iodine addition has ceased but sample of
activated carbon remained in the intense radiation
field.

Measurements with several types of activated carbon were made
under dry and also under high humidity conditions.

II Results

Initial background 1level determinations of organic compounds
collected in Tenax, Tenax and charcoal and in Tenax ambersorb and
charcoal are listed in Table I. These results indicated that
collection rate through the adsorbent should be lowered to 200
c.c. per minute and collection time should not exceed 30 minutes.

Conditions for the next set of measurements were as follows:

1. The first experiment was run to determine background
level of organic compounds with no charcoal present in
the sample holder. An air flow velocity of 54
feet/minute was maintained in this and subsequent
experiments. Samples of the air flowing through the
system were obtained by using a small pump to force
system air into adsorbent columns containing charcoal,
ambersorb and tenax. The flow rate was 200 c.c. per
minute. Collection time was 30 minutes for a total
volume of air flowing through the column of 6 liters.

2. Experiment (2) was a repeat of Experiment (1) but with
activated charcoal GX 176, batch 8, 1lot 3327 (this
charcoal 1is new), inserted in the sample holder. The
amount of this charcoal used was 17.95 grams.

3. Experiment (3) was a repeat of Experiment (2) except in
this experiment the apparatus was placed in the
irradiation pipe. The field of radiation was 3.62 E6

rads per hour.

4. Experiment (4) was a repeat of Experiment (3) with one
exception: iodine was added for two hours and five
minutes. The sampling of gas was begun at 1 hour and
29 minutes from the point of iodine introduction into
the system. The temperature in the iodine vaporizer
was 142°C.

5. Experiment (5) is a repeat of Experiment (4) except

that the sampling time was begun one hour and five
minutes after iodine flow was valved off.

2.



The results obtained from these experiments are shown in Table
II.

The next set of experiments were performed using charcoal Gx176
and charcoal 1502. The run by run descriptions are similar to
those described above. The results are given in Tables III and
IV.

From here on the Columns used to collect organic iodine compounds
were changed from charcoal, Tenax and ambersorb to toluene. The
reason for the change was that collection in toluene is about
1000 times more sensitive than of the other mixtures.

The five basic runs to determine background and effects of
radiation which were described above were repeated using the
following charcoals:

1. Charcoal Batch # NRL 5340
2. Charcoal Batch # NRL 5338
3. Charcoal Batch # P.3 (29 month)
4. Charcoal Batch # K.2 (24 month 1984)
5. Charcoal Batch # 15732 C.6
6. Charcoal Batch # 2V8.2 INEL
7. Charcoal Batch # 15021 (marked radioactive
12/22/86)
The results are summarized in Table V. Note that only methyl

iodide was determined in the analysis.

The experiments with the 7 types of charcoal were repeated at a
humidity range of 90-100%. This high humidity created a minor
problem in the toluene impinger: condensation of water vapor.
This necessitated inserting in the line moisture trap prior to
the impinger. The material collected in this trap was also
analyzed for methyl iodide. The results for this analysis are
labeled run #6 (condensate collected) in Table VI.

Finally the same 7 types of charcoal were used to remeasure
charcoal adsorptive capacity in the high radiation field in dry

atmosphere. For convenience we repeat the conditions for each

run.

1. A control sample, comprised of toluene in an impinger, was
prepared exactly as other impingers used in this experiment
but had no air flow through it. The toluene was analyzed
for iodine compounds. This control sample served as a

reference for the other 5 samples.

2. The first run was to determine background level of iodide
compounds. This was achieved by having fresh outside air
flow through the apparatus at 54 ft/min. with no charcoal in
it. The air was sampled at a rate of 200 c.c. per minute

3.



for 30 minutes through a toluene impinger. The sample was
later analyzed for methyl and other iodides by electron

capture chromatography. The other iodides which were
analyzed for but not found were: Ethyl Iodide, Iodopropane,
Iodopropene, Iodobutane, Iodopentane, Iodohexane,

Iodobenzene, Idotoluene, Iododecane.

3. The second run was a basic repeat of run (1) but with
charcoal in sample holder. The amount of charcoal in each
sample is listed in Table VII. The apparatus was not in the
irradiation pipe.

4, The third run was a repeat of run (2) except that the
apparatus was placed in the irradiation pipe. The field of
radiation was 3.80 E6 rads per hour.

5. The fourth run was a repeat of run (3) except in this run
iodine was added for about one hour before sampling
commenced. Sampling lasted for 30 minutes,.

6. The fifth run was as repeat of run (4) except sampling in
this case began about one hour after the supply of iodine
was exhausted. Again, sampling lasted for 30 minutes.

The results of these measurements are summarized in Table VII.

The surface area and pore size characterizations was
performed by Micromeritics Instrument Corporation. Three types
of carbon were used: (1) carbon 5340; (2) carbon 15021; and (3)
carbon P.3. Three samples of each type of carbon were used under
dry and wet conditions. All samples were degassed at 350 C for
16 hours under vacuum.

The surface area and pore size analysis results are

summarized Table VIII. The original computer output giving
analysis results from Micromeritcs were sent to Dr. Hyder
previously.

Table VIII

Summary of surface area and pore size analysis

Carbon sample and history

new dry wet average
carbon 5340
BET area(sq m/q) 731 926 783 813 757
Pore volume (cc/g) 0.403 0.513 0.429 0.448 0.419
Pore Diameter (A) 14.3 14.3 14.4 14.4



carbon 15021

BET area(sq m/g) 542 266 507 438 424.5
Pore volume (cc/g) 0.298 0.15 0.278 0.242. 0.296
Pore Diameter (A) 14.8 15.1 14.8 14.9

carbon P 3
BET area (sq m/g) 429 384 322 378
Pore volume (cc/g) 0.235 0.214 0.181 0.210
Pore Diameter (A) 14.8 15 15.1 15.0

It appears that the two samples designated dry 5340 and dry
15021 may have been misweighed, although Micromeritetics does not
think so. The BET surface area and the Pore volume are per gram.
If the area and pore volume of these samples are normalized, it
appears they would yield essentially the same area and volume as
their "new" and "wet" counterparts respectively (see the last
column above). The pore size and the pore size distribution are
not on a per dgram basis and they seem to be unaffected by
treatment.

It appears that the history of the sample including
irradiation does not effect either the surface area, the pore
volume, the average pore radius, or the pore size distribution
and hence the ability of the carbon to physically adsorb vapors
should be unaffected by the extent of irradiation that these
samples have undergone.
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Collection of Background Levels of Or
Tenax and Charcoal, and in Tenax, Ambersorb and Ch

TABLE 1

ganic Compounds in Tenax,

arcoal
(A1l Units are in PPBV)
Tenax/Amb./ Tenax/Amb.
Tenax/Charcoal Charcoal Tenax Charcoal
Organic Adsorbent Lot ## 18588 Lot # 18589 Lot # 18751 Lot {# 18752
Compound _——~—Yol. Collected,L 108 125.2 '57.3 75.6
Methoxyeth;he 1.0
l,1,2-Trich10ro—2,2,1-Tr1fluoroethane 0.30 0.68 0.1 1.9
Methylene Chloride 0.81 . 0.14
Hexane 0.15 0.70 5.6
1,1-Trichloroethane 0.17 0.80 6.5
Benzene 0.86 0.40 0.30
Heptane 1.0 0.20
Trichloroethylene 0.04
Toluene A 0.05 0.65 1.5 0.80
Tetrachloroethylene 0.01
Ethyl benzene 0.05 0.08 0.1 0.70
0-Xylene 0.14 0.17 0.4 1.0
P-Xylene 0.04 0.10
2-Butoxyethanol 0.07
1-Methylethylbenzene 0.02
2-Propanone 4.0 8.1
Trichlorotrifluoromethane
1,1-Dichloroethene
2,2-Dimethylhexane
1,5-Hexadiene
2,2,4-Trimethy1pentane
2,2'-Dimethylethylene Oxide 0.60
(1-Methylethyl) Cyclopropane 0.50
2-Pentanone 8.1
Oxygenated HC

Hydrocarbnons

2.9




TABLE II

Analysis of Chemicals Collected on Charcoal, Ambersorb and Tenax

(A1l Units are in PPBV)

Experiment 2
(Same as Expt. 1

Experiment 3
(Same as Expt. 2

Experiment &4

Experiment 5

But Sample Holder } But in Radiation | (Same as Expt. 3 (Same as Expt.
Organic Experiment 1 | Contains Carbon Field 3.62 E6 but Iodine Flowing | 4 but no
Compound (Background) | GX 176) Rads per Hour) into System) Iodine Flow)
1,1,2-Trichloro-2,2,1-Trifluoroethane 0.16
Methylene Chloride 1.50 2.0
1,1,1-Trichloroethane 3.00 3.20 4.10 5.40
Benzene 1.70 2,00 2.60 3.40
Toluene .89 3.0
2-Propanone 2.80
Trichlorotrifluoromethane 0.06 0.64 0.71 1.60 3.2
1,1-Dichloroethene




Organic
Compound

Adsorbent

TABLE 11 CONTINUED
Collection of Backpround Levels of Organte Compounds In

e

in PPRV)

Tenax,
Tenax and Charcoal, and in Tenax, Ambersorb and Charcoal
(A1l Units ore

Tenax
Lot # 18834

Tenax/amb. /
Charcoal
Lot # 18835

Tenax
Lot # 18972

Vol.

Collected,L

48 L

48 L

15 L

Methoxyethene

Methylene Chloride

Hexane
1,1,1-Trichloroethane
Benzene

Heptane

Trichloroethylene

Toluene
Tetrachloroethylene

Ethyl benzene

0-Xylene

P-Xylene

2-Butoxyethanol
1-Methylethylbenzene
2-Propanone
Trichlorotrifluoromethane
1,1-Dichloroethene
2,2-Dimethylhexane
1,5-Hexadiene
2,2,4~Trimethylpentane
2,2'-Dimethylethylene Oxide
(1-Methylethyl) Cyclopropane
2-Pentanone

Oxygenated HC
Hydrocarbons

1,1,2-Trichloro-2,2,1-Trifluorocethane

33
0.88
13
17

1.7
1.4
3.0
0.24

3.9
0.46
2.7
27

14

0.19

0.80

—_—

0.27
14
1.1
6.6
36

1.3
0.63

1.5

Tenax/Amb. /
Charcoal
Lot # 18973

15 L

9.6
0.91
7.0
34

1.8

5.2
0.48

1.1



TABLE IIX

(All Units are in PPBV)

Analysis of Chemicals Collected on Charcoal, Ambersorb, and Tenax

RUN § 1
Background

RUN ¢ 2
(Bame as Run 1 But
Sample Holder
Contains Carbon

RUN ¢ 3
(Sams as Run 2 But
in Radiation Pield

RUN § 4
(Bame as Run 3 But
Iodine Plowing

RUN ¢ 5
(Sams as Run 4 But
Bo Ilodine Flow

RUN § 6
Control (Molecular
Sieve Column

3.62 B6 Rads Into System Never Opened)
GX 176, Batch 8, Per Hour
Organic Compound Lot 3327)
Chlorodifluoromsthane 5.9 3.5 23.00 7.3 6.3 9.0
Oxiranemsthanol 0.77 0.26
Trichlorofluoromethane 0.96 5.7 3.8 1.8 0.71
2-Propanone 0.88 12.00 9.9 0.69
1,1,2-Trichloro-2,2,1-trifluorcethans 0.18 0.64 0.89 8.7 0.86 3.0
Methylene Chloride 8.7 17.00 73.00 7.9 7.3 13.00
Hexane 0.89 1.1 1.2 3.6
Ethyl Acetate 0.86 46.00 1.4 2.5 4.6
1,1,1-Trichloroethene 9.4 26.00 31.00 8.9 15.00 12.00
Benzene 0.41 23.00 1.4 0.77 0.77 0.82
2,2,4-Trimethyl pentane 0.39 0.44 0.61 1.2
Toluena 8.1 1.6 13.00 13.00 9.5
Propane 0.85 3.5
1,1-Dichloroethens 1.5
2-Bthyl-2(hydroxymethyl)-1, 3-propanediol 22,00
Trichloroethene 0.38
Tetrachloroethene 0.25% 0.08
2,2-Dimsthyl Oxetane 1.1
Ethenyl Acetate 1.6
3-Methyl Hexane 3.4
3,4-Dimethyl Reptane 0.92
3,5-Dimethyl Heptane 6.6
Methyl Cyclohexane 2.3
Hydrocarbon 13 ug/cu m
2,2,3,4-Tetramethyl Pentans 2.0
2-Methyl Propane 2.7
Ethanol 7.1
2-Methyl-2, 4-Pentanediol 0.39
2-Butanone 0.86
2,3,4-Trimethyl Hexane 0.12
Acetic Acid Anhydride 0.65
3 Methyl Pentane 0.31
3,4-Bpoxy-2-Hexanone

0.24 |




TABLE IV

(All Units are in PPBV)

Analysis of Chemicalis Collected on Charcoal, Ambersorb, and Tenax

RON # 1 RUN ¢ 2 RUN ¢ 3 RUN ¢ 4 RUN ¢ 5 RUN § 6
Background (Same as Run 1 But|(Same as Run 2 But|(Same as Run 3 But|(Same as Run 4 But|Control (Moclecular
Sample Holder in Radiation Field| Iodine Flowing No Iodine Flow Sieve Column
Contains Used 3.62 BE6 Rads Into System Never Opened)
Carbon 15021 Per Hour
Organic Compound

Chlorodifluoromethane
Oxiranemethanol 0.73 3.5 2.0
Trichlorofluoromethane 0.44 . 2.9 2.6 0.36 5.0
2-Propanone 2.0 23,00 58.00 51.00 9.5 7.3
1,1,2-Trichloro-2,2,1-trifluoroethane 5.3 15.00 27.00 0.91
Methylene Chloride 2,1 15.00 2.3 45.00
Hexane 2.1 16.00 1.5 58.00
Ethyl Acetate
1,1,1-Trichloroethane 1.0 48.00 93.00 1.2 0.93 9.2
Benzene 0.53 6.0 30.00 6.3
2,2,4-Trimethyl pentane 2.8 6.6 0.886
Toluene 1.3 2.9 21.00 16.00 24.00 26.00
Propane
l,1=-pDichloroethene 5.2 11.00
2-Bthyl-2(hydroxymethyl)-1, 3-propanediol
Trichloroethene 1.6 6.7
Tetrachloroethene 0.48 0.25 0.28
2,2-Dimethyl Oxetane
Ethenyl Acetate
3-Methyl Hexane 1.1 14.00
3,4-Dimethyl Heptane 3.4 40.00
3,5~-Dimethyl Heptane 15.00
Methyl Cyclohexane 1.2 4.3
Hydrocarbon
2,2,3,4-Tetramethyl Pentane
2-Methyl Propane
Ethanol 23.00 29.00 6.2
2-Methyl-2,4-Pentanediol
2-Butanone
2,3,4-Trimethyl Hexane 13.00 11.00
Acetic Acid Anhydride
3 Methyl Pentane 13.00 1.1

3,4-Epoxy-2-Hexanone




TABLE IV CONTINUED
Analysis of Chemicals Collected on Charcoal, Ambersorb, and Tenax

{All Units are in PPBV) p2
RUN ¢ 1 RUN § 2 RUN ¢ 3 RUN # 4 RUN ¢ 5 RUN § 6
Background (Same as Run 1 But]{Same as Run 2 But|(Same as Run 3 But|(Same as Run 4 But|Control {Molecular
Sample Holder in Radiation Pield Iodine FPlowing No Iodins Flow Sieve Column
Contains Used 3.62 BE6 Rads Into System Never Opened)
Carbon 15021 Per Hour
Organic Compound

1,2-Dichloroethene 0.35

(1-Methylethyl) cyclopropane 0.83 5.8 6.7

2,2,6-Trimethyl octane 0.59 0.42

2,2,3,4,6,6-Hexamethyl heptans 0.53 0.23

5-Methyl~-5-propylnonane 0.22

Chloromethane 0.82

1-(Ethenyloxy)-2-methylpropane 0.35

2-Butene 23.00 6.3 6.5 3.3

2-Methyl butane 28.00 20.00

2-Methyl butane 16.00

Diethylmethyleser borinicacid 22,00

2-Bthyl-4-methyl-l-pentancl 0.64 1,2

Heptane 0,88

1,4 Dioxane 0.43 1.2

2-Methyl-2-propene~1-01 acetate 18.00 6.3

1,2-Propanediol 24.00

3,3-Dimethyl pentane 32.00

3-Methyl pentane 22.00

Mixture 2,3 Butadione/2-Methyl pentane

7-Methyl-l-octane 8.5

5-Methyl-l-heptene 0.47

4-Methyl nonane 7.2 85.00

5-Methyl nonane 0.54 26.00

1,3-Dimethyl cyclohexane 0.77 3.0

1,2-Dimethyl cyclohexane 0.45

1-Ethyl-l-methylcyclohexane 0.32

Butyl cyclohexane 0.52

2,3-pimethyl hexane 0.37

bifluoromethylsilana 1.7

Dodecaflucropentane

Iodomethane 6.5

2-Propanol
2-Methyl-2-propancl

[
VN~ o~
* s s s »

Wwaouvo
ow




TABLE IV CONTINUED
Analysis of Chemicals Collected on Charcoal, Amberscrb, and Tenax
(All Units are in PPBV)

p4é

Organic Compound

RUN ¢ 1
Background

RUN ¢ 2
{Same &3 Run 1 But
Sample Holder
Contains Used
Carbon 15021

RUN ¢ 3
(Same as Run 2 But
in Radiation Pield
3.62 E6 Rads
Per Hour

RUN # ¢
(Same as Run 3 But
Icdine Plowing
Into System

RON ¢ 5
(Same as Run 4 But
No Iodine Flow

RUR % 6
Control (Molecular
sieve Column
Never Opened)

3-{Methylbutyl) cyclopentane
4-Methyl octane

2-Propenyl cyclohexane
1,3,5~-Trimethyl cyclohexane
Bthyl benzene
2,5,6~Trimethyl octane
2,2,8-Trimethyl decane




TABLE V
Mothyl Iodide Analysis By Electron

Capture Chromatography'

EXPERIMENT 1., CHARCOAL BATCH 5340 (18,128 GRAMS USED)

Run Time Time TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
¢ On off Amps ppbV
Control ND
1 (Background) 08:47 09:17 66 30 3 31 87 8.00E-10 12.6% 0.19
2 (Charcoal) 09:31 10:01 90 32 30 31 108 8.80E=10 9.6% 0.45
3 (Charcoal in Gamma) 10:29 10:59 93 32 33 35 109 9.21E=-10 8.9% 4,80

4 (Iodine Introduced) 11;32

(9.502 G in container) 12:25 12:55 S1 32 32 71 68 2.44E-10 10.8% 13.00
5 (Residual Iodine) 14:00 14:30 94 31 32 10 106 5.26E=-10 9.6% 3.20

All temperatures in degrees Celsius

TC 1 {Type K thermocouple located in the internal volume of the Mixing Chamber)
TC 2 {Type K thermocouple located in the return from the charcoal bed)
T TC3 " (Type K thermocouple measuring room temperature)
"TC 8 (Type T thermocouple located in the charcoal bed)
TC S

(Typé T thermocouple measuring surface temperature of the nixing chamber)
ND = not detected

'The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,
Iodobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane

S |lllIlIIIIIIIIIIIIIIIIIlllllllllllllllllll-.-



Run

'

Control

1 (Background)

2 (Charcoal)

3 (Charcoal in Gauma)

8 (Iodine Introduced)

{(9.075 G in container)

5 (Residual Iodine)

All temperatures in degrees Celsius

TC 1
TCc 2
--TC.3
TC &
TC S

ND = not detected

*

The following substances were analyzed for but were not detected:
Iodobutane, Iodopentane, Iodohexane, Icdobenzene, Iodotoluene, Iododecane

Time
On

11:00
11:53
12:35
13:10
14:12
15:42

Time
off

11:30
12:23
13:05

14:82
16:13

Methyl lodide Analysis by Elcctron
Capture Chromatography

EXPERIMENT 2.
T
79
N
99

51
102

(Type K thermocouple measuring room temperature)

TABLE V CONTINUED

CHARCOAL BATCH 5338 (15.671 GRAMS USED)

TC 2

29
33
31

29
40

(Type T thermocouple located in the charcoal bed)

TC 3

29
32
30

30
33

(Type K thermocouple located in the return from the charcoal bed)

TC 4

30
24
38

50
52

(Type K thermocouple located in the internal volume of the Mixing Chamber)

(Type T thermocouple measuring surface temperature of the mixing chamber)

TC S

98
107
115

73
17

Current
Amps

6.18E~10
6.63E~10

2.21E-10

Humidity Methyl lodide

ppbv

ND

6% ND
9% ND
1.2% 0.16
0.86

10.8% 0.93%

Ethyl Iodide, Iodopropane, Iodopropene,



TABLE \J CONTINUED

Methyl Iodide Analysis By Elcctron
*
Capturc Chromatography

EXPERIMENT 3. CHARCOAL BATCH P.3 (22,7266 GRAMS USED)

Run Time Tine TCY TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
0 On erf Anps ppbv
Control ND

1 (Background) 11:10 11:40 106 39 33 3 116 . 8.13E-10 1.3% 0.70

2 (Charcoal) 11:47 12:18 105 36 n 27 116 8.32E-10 1.2% 0.65

3 (Charcoal in Gamma) 12:35 13:05 108 38 31 38 118 8.32E-10 NO 0.74

8 (Iodine Introduced) 13:25

{9.625 G in container) 14:32 15:02 7 65 32 37 52 3.80E=-10 12.8% 0.95

5 (Residusl Jodine) 16:21 16:51 53 38 33 63 83 8.17E=10 11.1% 0.99
41l temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the Mixing Chamber)
TC 2 (Type X thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC & (Type T thermocouple located in the charcoal bed)

TC 5

(Type T thermocouple measuring surface temperature of the mixing chamber)

ND =z not detected NO = not observed

®
The following substances were analyzed for but werc not detected: Ethyl Iodide, Iodopropane, Iodopropene,
Iodobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



TABLE NV CONTINUED

Methyl Todide Analysis By Elgctron
Capturce Chromatography

EXPERIMENT 4. CHARCOAL BATCI K.2 (23.59745 GRAMS USED)

Run Time Time Y% TC 2 TC 3 TC 4 TC S Current Humidity Hethyl Jodide
¢ On off Amps ppbv
Control ND
1 (Background) 10:03 10:33 74 32 30 29 91 6.88E-10 0.6% 0.23
2 (Charcoal) 13:43 11:13 96 u 34 23 106 7.35E-10 0.7% 0.29
3 (Charcoal in Gamma) 11:22 11:52 94 35 32 34 109 7.35E-10 1.2% 0.31
4 (lodine Introduced) 11:548
(11.03 G in container) 13:00 13:31 55 81 37 75 74 2.96E-10 1.32 0.66

S (Residual lodine) 14:35 15:05 96 37 31 73 18 7.52E-10 9.83 0.75
All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the Mixing Chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC & (Type T thermocouple located in the charcoal bed)

TC S

(Type T thermocouple measuring surface temperature of the mixing chamber)
¥D s not detected

*

The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,
Iodobutane, Yodopentane, Iodohexane, Iodobenzene, Iodotoluene, ITododecane



TABLE V CONTINUED

Mcthyl Todide Analysis By Elgctron
Capturc Chromatography

EXPERIMENT S. CHARCOAL BATCH 15732 C.6 (22.85725 GRAMS USED)

Run Time Time TCY TC 2 TC 3 1c A TC S Current Hlumidity Methyl lodide
) On orfs Amps ppbv
Control ND

1 (Background) 11:448 12318 93 31 29 27 108 6.7T1E-10 11.4% 1.80

2 (Char ~oal) 12:29 12:59 93 . 37 3 27 109 6.75E=10 11.8% 1.80

3 (Chius..al in Gamma) 13:23 13:53 100 32 30 41 13 7.20£-10 10.4% 1.50

8 (lodine Introduced) - 15:01

- (10,03 G in container) 16:00 16330 57 81 35 s 75 2.30E-10 ° 8.7% 0.92

S (Residual lodine) 17236 18:06 54 37 32 n2 7 7.70E=-10 8.7% 0.70

+') temperstures in degrees Celsius

TC 1 (Type K thermocouple locateavin the internsl volume of the Mixing Chamber)
1c 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

7Cc 8 (Type T thermocouple locsted in the charcoal bed)

TC 5

(Type T thermocouple measuring surface tempersture of the mixing chamber)
¥D = not detected

. »
The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,
Iodobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



TABLE Yy CONTINUED

Methyl Todide Analysis by Elgctron
Capture Chromatography

EXPERIMENT 6. CHARCOAL BATCH 2u8.2 (17.95295 GRAMS USED)

Run Time Time TC1 Ic 2 TC 3 Tc & TC 5 Current Humidity Methyl Iodide
0 On off Amps ppbv
Control : ND
1 (Background) 10:03 11:13 28 29 28 28 28 6.,70E-10 1% 3.30
2 (Charcoal) 11:18 11:48 33 29 28 28 4y 6,70E=10 1% 2.40
3 (Charcoal in Gemma) 12:00 12:30 5T k3 30 38 12 6.93E-10 .13 1.80
4§ (Iodine Introduced) 12:32
(10.08 G in container) 13:35 18:05 70 68 30 36 53 3.37E=10 .53 2.50

5 {Residual Iodine) 15:05 15:35 56 39 3 69 80 6,62E~10 1.8% 1.80
All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the Mixing Chamber)

TC 2 {(Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type X thermocouple measuring room temperature)

TC 8 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple

measuring surface temperature of the mixing chumber)
RD = not detected

The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,
Iodobutane, Iodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



Run

’

control

(Background)
(Charcoal)

(Charcoal in Ganma)
(Iodine Introduced)
(9.238 G in container)
S5 (Residual lodine)

EWN -

All temperatures in degrses Celsius

TC 1
TC 2
TC 3
TC 8
TC S

ND = not detected

Tize
on

11:28
12:05
13:01
13:35
14:30
16:08

Tine
off

11:54
12:35
13:31

15:00
16:34

TADBLE NV CONTTHUED

Methyl Iodide Analysis By Elgctron

CXPERIMENT 7.

3

g0
56
36

82
37

(Type K thermocouple measuring room temperature)

Capturc Chromatography

CHARCOAL BATCH 15021 (20.8699 GRAMS USED)

TC 2

35
34
3

34
k3]

(Type T thermocouple located in the charcoal bed)

TC 3

29
30
30

N
30

(Type X thermocouple located in the return from the charcoal bed)

TC 4

28
2a
32

(A
7

(Type K thermocouple located in the internal volume of the Mizing Chember)

(Type T thermocouple measuring surface temperature of the mixing chamber)

TC 5

100
52
38

4y
89

current
Amps

70“75"‘10
T.4T7E=-10
7.20E-10

2 oS?E“O
6.12E=-10

Humidity Methyl Iodide

ppbV

ND

4% 8.00
.84 2.50
1.0% 1.80
1.0% 1.60
123 8.60

]
The following substances were analyzed for but were not detected: Ethyl Iodide, Iodopropane, Iodopropene,

Iodobutane, Icodopentane, Iodohexane, Iodobenzene, Iodotoluene, Iododecane



TABLE VI

Methyl lodide Analysis By Electron
Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 1, CHARCOAL BATCH 5320 ( 17,4622 GRAMS USED)

et L e e R T T E P R R P e LY L T L T R T s e LTIy
RUN
0 START SAMPLE TCY TC 2 TC 3 Ica TC S Current Humidity Methyl Iodide
TIME Amps Percent ppbv
(Control) nd
1 (Background) 10:43 30 MIN 55 28 29 25 as 1.53E-08 100 0.2u08
2 (Charcoal) 11:39 61 k3! 30 32 ] 1.09E=08 91 5.934
3 (Charcoal in Gamma) 12:21 T4 33 30 a5 53 1.86E=08 91 12.642
& (lodine Introduced) 13116
1.0015 G in container 18316 73 39 30 78 53 1.20E~08 92 S52.7524
S (Residual lodine) 15338 T ap 31 83 53 - 1.23E=08 93 155.0236
6 (condensate collected) 10:83 (cumulative)

7.228
- 2+3-3-3-3-1 33343 13321 3+ 1-3-22- 1243231 22t i3t 4t X 4 i3 3212 32222222233 2% PR3 EREIEL IRl RY Y IR R IR IR Y TR E I TR IR

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamder)
TC 2 (Type K thermocouple located in the return from the charcoal bed)
TC 3 (Type K thermocouple measuring room temperaturé)

TC & (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)
nd = not detected

Pase 1 '(




TABLE VI CONT'D

Hethyl Iodide Analysis By Electron
Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 2., CHARCOAL BATCH 5338 ( 16,2249 GRAMS USED)

-3 334 i i it it ittt it ittt ittt it ittt it i i i it i it it it i it it i i i i 1 i 1 i i it it i 1t i i i 1 1 1
RUN
0 START  SAMPLE TC1 TC 2 TC 3 TC & TC S Current Humidity Methyl lodide
TIME Amps Percent ppbv
{Control) nd
1 (Background) 10:18 30 MIN 13 34 29 31 78 1.33E-08 100 1.8232
2 (Charcoal) 11:07 72 31 29 37 84 1.23E-08 100 0.ua72
3 (Charcoal in Gamma) 11386 71 37 29 52 83 1.24E=-08 98 0.3472
8 (Iodine Introduced) 12:16 '
1.001 G in container 13:16 70 39 30 66 18 1.29E~08 86 3,1476
S5 (Residual lodine) 15358 n 39 30 67 79 1.29E~08 96 18,2656
6 (condensate collected) 10:18 (cumulative) :
13381 3t 333833331311t i i1 i ittt it i3t it it i3t ittt it i it it i3 i it i1t i i1 it it i i i3t 1111311 i1ttt

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)
TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charccal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected



TABLE VI CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 3, CHARCOAL BATCH P.3 ( 23.8185 GRAMS USED)

-3 1-I3 3t ittt ittt i i i it i i1ttt it i It it It it it i i It i i it i it it 1 i 1 it i
RUN
¢ START  SAMPLE TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
TIME Amps Percent ppbv
(Control) nd
1 (Background) 10:33 30 MIN T2 33 30 32 84 1.31E-08 93 0.,1032
2 (Charcoal) 11:18 70 34 30 40 84 1.35E-08 92 nd
3 (Charcosal in Gamma) 12106 71 33 31 35 89 1.36E-08 95 1.2212
8 (Iodinlodine introduced 12:41
1.0000 G in container 13:82 T2 33 3 58 80 1.29E-08 96 2.5112
S (Residual Todine) 15:12 172 33 33 61 8 1.35E-08 93 2.594
6 (condensate collected) 10:33 (cumulative) nd
F-f t T t-£4-33-2-3-3 13 3323ttt ittiitr i3t rri1i ittt itttz iisiiiiIziiiiiiiIti i riiiirii ittt i it Ittt

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 8 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected
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TABLE VI CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 4, CHARCOAL BATCH K.,2 ( 22,5378 GRAMS USED)

I3 42344 1 i3 i -1 FE ¢ it F i i i i it -t it it it ittt i1ttt ittt ittt i It it ittt it it 11313t 11 1 i 153
RUN
0 START SAMPLE TC1 TC 2 TC 3 TC 4 TC 5 Current Humidity Methyl Iodide
TIME Amps Percent ppbv
(Control) nd
1 (Background) 09:38 30 MIN 73 31 31 37 86 1.28E-08 96 nd
2 (Charcoal) 10:28 3 K} 30 33 86 1.39E~08 93 nd
3 (Charcoal in Gamma) 11:23 7 31 30 a3 87 1.38E£~-08 91 1.0138
8 (Iodine Introduced) 12:24
1.001 G in container 13:28 T8 32 31 68 86 1,32£-08 92 2.6144
5 (Residual Iodine) 14:53 13 32 3 63 89 1.208-08 g4 2,7692
6 (condensate collacted) 09:38 (cumulative) 3.8188
-3-3- -1 3333 33ttt i3ttt ittt riititiitiiiit ittt itiiiiiti

EREC RS C e s C R A C SRS R SR E SRS SR SE RS cITIcRSssEEIVIAST=oER=82

All temperatures in degrees Celsius
TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 8 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected

Page U



EXPERIMENT 5. CHARCOAL BATCH 15732 C.6 (24,8596 GRAMS

USED)
333 i i i ittt 1ttt ittt it i i i i i i i i i it it i i i1ttt i it i it i i
RUN
g START SAMPLE TC1 TC 2 IC 3 Ic 8 TC S Current Humidity Hethyl Iodide
TIME Amps Percent ppbv
(Control) nd
1 (Background) . 09159 30 MIN 12 31 31 1.} 88 1.12E-08 97 nd
2 (Charcoall 10:57 12 31 32 37 85 1.23E-08 97 nd
3 (Charcoal in Gamma) 11239 71 31 31 an 85 1.22E-08 98 1.2212
.8 (Jodine Introduced) - 12210
1.,0012 G in contsiner 13212 18 N 31 61 85 . 1.22E-08 98 3.0272
€ (Residusl lodine) 18382 72 32 32 68 86 1.30E-08 100 1.52968
6 (condensate collected) 09159 (cumulative) 26,148
(3333 ¢+3-3 38 3382228233 3833323348333 F%333 321313233ttt iittii ittt

All temperatures in degrees Celsius

TABLE VI CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
(High Humidity Conditions)

Sasaee

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 8 (Type T thermbcouplo located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd s not detected

SEC e R I S C SRS CE S S AR CRESES I USRI EARS SIS ERTUTECS
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TABLE VI CONT'D

Methyl lodide Analysis By Electron
Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 6. CHARCOAL BATCH 2u8.2 ( 20,1721 GRAMS USED)

i3+t ¥ 3t ittt it it i it ittt i it it it st i i i it i1t iy s sttty
RUN )
9 START  SAMPLE TC1 TC 2 TC 3 c s TC S5 Current Humidity Methyl Iodide
TIME Amps Percent ppbYv
{(Control) nd
1 (Background) 09:12 30 MIN T 32 32 uy 88 1.16E-08 98 nd
2 (Charcoal) 10:01 12 32 32 49 86 1.25E=08 97 nd
3 (Charcoal in Gamma) 10:38 (A 32 32 us 86 1.38E-08 97 0.b988
8 (Iodine Introduced) 11:52
1.001 G in container 12:52 T2 33 33 59 80 1.26E=08 97 0.8816
5 (Residual Iodine) 18:26 T2 38 33 62 88 1.32E=08 98 0.5504
6 (condensate collected) 09:12 (cumulative) nd
1-%-4-3-3-3+-3-4-1-3- 13 3 ¢t 31 1 2 ¥t 3 23 1133t i1ttt ittt it ti ittt ittt i tit ittt iiti ittt ittt tiiti it tiitiiiiiriiiititiiit
All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chember)
TC 2 (Type K thermocouple located in the return from the charccal bed)
7C 3 (Type K thermocouple. measuring room temperature)

TC & (Type T thermocouple located - in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)
nd = not detected
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TABLE VICONT'D

Methyl lodide Analysis By Electron
Capture Chromatography
(High Humidity Conditions)

EXPERIMENT 7, CHARCOAL BATCH 15021 ( 22.5068 GRAMS USED)
S=ZZ2352235SSSCSSSSTISSTSSESSSSSSSESSSSSS88C3CESENSCSECSSS S 2RSS RSSS SR EC RS RS S NS SRS S oIS SCS RS S S SS S S S S S S S S22 REET S22
RUN

¢ START SAMPLE TC1 TC 2 TC 3 TC & TC S Current Humidity Methyl lodide
: TIME Anps Percent ppbV
2 (Control) nd

1 (Background) 10:06 30 MIN 74 a1 34 &2 86 1.39E-08 98 nd
i 2 (Chercoal) 10:487 75 37 33 ag 86 1.35E-08 98 nd
.3 (Charcoal in Gamma) 11319 73 3n 35 48 86 1.30E-08 96- 0,7568
. & (Iodine Introduced) 12:16
! 1.0003 G in container 13:16 76 35 36 65 86 1.29E=08 96 2.958a
" 5 (Residual Iodine) 18186 75 35 36 67 86 1.33E-08 96 48,8508

6 (condensate collected) 10:06 (cumulative) 1.7372

::2:::38:23::=BB:SS‘:ESBBS'-'EBBGQBBBS:B.3.33838B..BBSSBSBESSBBBSBB’BBESB::3835l'3358888:3:88=Bﬂ’==8===3=ﬂ88.:3:3388:383:3823:383328

All temperatures in degrees Celsius

" TC 1 (Type K thermocouple located in éhn internal volume of the mixing chamber)
E TC 2 (Type K thermocouple located in the return from the charcoal bed)

2 TC 3 (Type K thermocouple measuring room temperature)

2 TC 8 (Type T thermocouple located in tho charcoel bed)

TC S (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected

Pege 7




TABLE VII
Methyl lodide Analysis By Electron
Capture Chromatoyraphy
(Low Humidity Conditions)

EXPERIMENT 1. CHARCOAL BATCH 5349 ( 15.8585 GRAMS USED)

I o P Lt et e e S e e e g e e e e A e e A P S L L S T P P T L S L P P S T T L P Y T Y Y

RUN

] START  SAMPLE TC1 TC 2 ™ 3 TC 4 ™S Current Humidity Methyl lodide

TIME Anps Percent ppbv
{Control) nd

1 {Background) 10:45 30 MIN 41 29 28 28 ) 9.02E-09 8.7 nd

2 (Charcoal) 11:93 49 31 31 27 60 8.97E-29 8.7 2.40

3 (Charcoal in Gamma) 12:30 48 29 29 39 59 8.52E-09 2.6 3.14

4 (lodine Introduced) 13:06

2.5000 G in container 14:06 43 32 29 68 49 8.46E-29 9.7 5.06

5 (Residual lodine) 15:36 43 33 31 70 %8 8.83E-29 17.6 2.44

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)
TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)
nd = not detected
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TABLE VII CONT'D
Methyl lodide Analysis By Electron
Capture Chromatography
(Low Hunidity Conditions)

EXPERIMENT 2. CHARCOAL BATCH 5333 ( 17.2389 GRAMS USED)

RUN
¢ START SAMPLE TCl TC 2 ™ 3 ™ 4 TC 5 Current Humidity Methyl lodide
TIME Anps Percent Pebv
(Control) nd
1 (Background) 10:22 30 MIN 54 29 29 28 69 9.85E~09 0.2 nd
2 (Charcoal) 11:01 49 29 29 28 57 9.85E-09 0.2 nd
3 (Charcoal in Gamma) 11:46 48 30 27 41 57 9.72E-09 0.3 0.17
4 (Iodine Introduced) 12:17
©.5025 G in container 13:18 43 33 29 68 48 8.36E-09 0.3 nd
S (Residual lodine) 12:58 49 34 30 68 60 8.34E-09 1.1 nd
- = ==

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected
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Capture Chromatoyraphy
(Low Humidity Conditions)

TABLE VII CONT'D
Methyl lodide Analysis By Electron

s=omSoSosSsa e e e e e B S S S e e e e T T
RUN
] START  SAMPLE ™l C 2 ™3 ™ 4 TC S Current Humidity Methyl Iodide
TIME ApS Percent ppbv
(Control) nd
1 (Background) 09:55 30 MIN 47 32 32 39 60 8.75E-09 f.5 nd
2 (Charcoal) 11:03 47 32 30 25 60 8.99E-09 B.5 .14
3 (Charcoal in Gamma) 11.39 48 a3 33 60 60 9.01E-29 9.7 0.07
4 (Iodinlodine introduced 12:13
9.5041 G in container 13:13 44 34 31 64 50 8.28E-09 1.2 0.03
5 (Residual Iodine) 14:43 S1 36 34 65 61 9.54E-09 12.9 0.87
fICEXLT:

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected
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EXPERIMENT 4. CHARCGAL BATCH K.2

TABLE VII CONT'D

Methyl Iodide Analysis By Electron

Capture Chromatography
(Low Humidity Conditions)

{ 21.6936 GRAMS USED)

RUN
° START  SAMPLE TCl ™ 2 ™ 3 T 4 T 5 Current Humidity Methyl Iodide
TIME Anps Percent ppbv
(Control) nd
1 (Background) 99:32 39 MIN 44 28 27 27 56 9.85E-99 0.1 nd
2 (Charcoal) 10350 44 29 26 22 55 9.86E-29 0.1 nd
3 (Charcoal in Gamma) 11:34 45 29 27 61 57 9,98E-99 0.1 0.40
4 (lodine Introduced) 12:23
9.5032 G in container 13:23 40 3l 28 65 46 8.64E-09 1.2 2.10
5 (Residual Iodine) 14:58 46 31 28 65 58 8.61E-09 1.2 2.10

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected
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1 (Background)

2 (Charcoal)

3 (Charcoal in Gamma)

4 (Iodine Introduced)
9.5074 G in container
5 (Residual Iodine)

EXPERIMENT 5. CHARCOAL BATCH 15732 C.6

BTSNl IR IIBRIRS SRS SIT RIS =R EEITAESS

START  SAMPLE

19:23
19:99
12:069
12:44
13:58
15:25

( 24.1689 GRAMS USED)

TABLE VII CONT'D
Methyl lodide Analysis By Electron

Capture Chroratography
(Low Humidity Conditiongs)

TCl

41
43
47

45
46

< 2

25
27
31

32
32

TS ZSONVTESISTEERS

o b ot ot oo e et i 2 nm . m e m e e o A e S T o e O e e At et s ek et e > ot P At e ko o e i s ot .

=E==

DTS

52
54

54
59

Current Humidity Methyl Iodide

Amps

8.87E-09
8.87E-09
9.86E-09

8.12E-09
8.76E-09

nd = not detected

All temperatures ln degrees Celsius

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)

TC 2 (Tybe K therwocouple located in the return from the charcoal bed)

TC 5 (Type T thermocouple measuring surfacCe temperature of the mixing chamber)

R



TABLE VII CONT'D
Methyl Iedide Analysis By Electron
Capture Chrumatography
{Low Humidity Conditions)

EXPERIMENT 6. CHARCOAL BATCH 2u8.2 ( 19.4761 GRAMS USED)

RUN
¢ START  SAMPLE 1 TC 2 <3 TC 4 T 5 Current Humidity Methyl Iodide
TIME Amps Percent ppbv
{Control) nd
1 (Background) 09:38 30 MIN 46 29 28 28 56 8.62E~09 0.4 nd
2 (Charcoal) ’ 11:40 47 29 28 28 58 8.62E-09 0.4 nd
3 (Charcoal in Gamma) 12:12 48 32 29 S3 56 8.54E-09 2.4 nd
4 (Iodine Introduced) 12344
9.5146 G in container 13:58 45 32 29 62 48 7.80E-09 0.5 nd
5 (Residual Iodine) 15322 49 33 30 62 62 8.02E-09 0.6 nd

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located in the internal volume of the mixing chamber)
TC 2 (Type K thermocouple located in the return fram the charcoal bed)
TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)
nd = not detected
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TABLE VII CONT'D

Methyl lodide Analysis By tlectron

Capture Chromatography
(Low Huidity Conditions)

EXPERIMENT 7. CHARCQAL BATCH 15021 ( 20. 8784 GRAMS USBD)

RUN
8

(Control)
1 (Background)
2 (Charcoal)
3 (Charcoal in Gamma)
4 (Iodine Introduced)
0.5005 G in container
5 (Residual Iodine)

—

P~ e 3

START SAMPLE TCl
TIME

09:31 39 MIN 49
10:06 50
10:46 52
11:27
12:27 43
14:01 53

33
34
36

35

33
35
36

34
35

==

60
60

59
63

——a——y

Current Humidity Methyl Icdide

Amps

1.02E-08
1.02E-08
1.00E-08

8.44E-09
8.28E~09

Percent
0.
0.
0.

1
1
1
2.1
0.1

prbv

All temperatures in degrees Celsius

TC 1 (Type K thermocouple located i{n the

TC 2 (Type K thermocouple located in the return from the charcoal bed)

TC 3 (Type K thermocouple measuring room temperature)

TC 4 (Type T thermocouple located in the charcoal bed)

internal volume of the mixing chamber)

TC 5 (Type T thermocouple measuring surface temperature of the mixing chamber)

nd = not detected
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