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Annex A (Format for Vegetation Contrel Opera.tions Report) to Det L

Vegetation Control SOP (U)
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Annex A (Format for Vegetation Control Operations Report) to Det L
Vegetatlon Control SOP (U)
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Annex A (Formt for Vegetation Control Operations Report) to Det L .
Vegetation Control S0P (U)
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Annex A (Format for Vegetation Control Operations Report) to Det L
Vegatation Control soP (U)
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SUMMARY OF- AREA COVERAGE (U)

1. (C) I US Corps (GP) Aves (Includes 2nd US INF Div, 98th ROK RCT, and Sth ROKMC EDE)

Materiel Aldocation

Monuron 145,000 1b

URQX 22 ’

Agent Orange 7,425 gal
Agent Blue - . 15,070 gal
2, {C) FROKA Area

Materiel Allocation

Monuron 25,000 1v

UROX 22 .

Agent Orange 13,475 gal
Agent Blue 19,305 gal

TOTAL

Coverage Capebility.

580 acres

2,475 acres

5,023 acres

Coverage Capablility

980 acres

L,491 acyres

6,435 acres

19,98% geres

S

Actugsl Area Coveraze Reporited

580 mcres

2,475 acres

5,023 acres

Actual Area Coverawe Reported

2,62h acres

3,792 acres

3,626 acres

18,120 acres

D006
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

ammonium thiocyanate and chiloride as
imarking and defoliation agents.. They
were conducted initially at ground level
and later from aircraft,

of Vietham
Location Dates Agents Project Description DoD
invelvement
Fort Chaffee, {5/16/1967-  |basic, in-house, [During the period of 12/1966 - 10/1 967, afYes
AR 5/18/1967, improved comprehensive short-term evaluation
7/22/1987- desiccants and  |was conducted by personnel from Fort
7/23/1967, Orange, Biue Derrick's Plant Science Lab in
8/23/1967 - coordination with confract research on
8/24/1967 formulations by chemical industry and
field tests by USDA and U of HI.
Pinal 1965, 1966, [2,4-D isooctyl- In 1965, the USFS began a land No
Mountains near| 1968, and esler, 2,4,5-t improvement program in the Pinal
Globe, AZ 1969 isooctyl-ester, Mountains. The program called for
silvex, spraying an area of chaparral with
propyleneglycolbutherbicides to accomplish the objectives
tylether ester, of multiple land use.
2.4,5-T butyl
ester, 2,4,5-T 2-e-
he
Brawley, CA  ]1950-51 2,4-D The purpose was to determine means of |Undetermined
accomplishing defoliation of tropical
forest vegetation by application of a
chemical agent.Here, irrigation water
studies were done with the agent. H.F.
Arte worked here.
Orlando, FL. at [3/14/1944, ammaonium The purpose was to determine means of JYes
Army Grove Air|4/12/1944 thiocynate, zinc  |accomplishing defoliation of tropical
Force's chloride, sodium  {forest vegetation by application of a
Tactical Center nitrate, sodium  Jchemical agent.
arsenate, sodium
fluoride
Marathon, FL  ]3/21/1944- zine chioride, The purpose was to determine means of [Yes
3/23/1944 ammeonium accomplishing defoliation of tropical
sulphamate, forest vegetation by application of a
ammonium chemical agent. Spraying was done here.
thiocynate
Near l.ake Spring 1944 ]zinc chioride The purpose was to determine means of {Yes
George, FL accomplishing defoliation of tropical
forest vegetation by application of a
chemical agent. Spraying here.
Orlando, FL, [1944 ammonium Tests were conducted in 1944 by the Yes
Cocoa, FL thiocyanate and  |Army in Ortando and Cocoa areas of
zIne chioride Florida to determine the value of

Department of Veterans Affairs
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of Vietham

Bushnell Army
Air Figld, FL

2/1945

LN *phenoxy

Smali plot expefiments were commenced
to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, it was aerial spray
experiments on potted plants

Bushnelf Army
Air Field,
Bushnell, FL_

2/1945.4/1945

2,4-D and its
ammonium salt

Trials, performed by CWwW.s, personnel
from Camp Detrick, MD tested the
practicability of severely injuring or
destroying crop plants sprayed from
smoke tanks mounted on tactical aircraft,

Yes

Avon Air Force
Base, FL

2/1951.
4/1951

butyl 2,4 D

Trigls were conducted at Avon Al Force
Base, FL. by Chemical Corps with
personnel of the Air Force and Nawy to
determine the practical effectivenegs of
spraying pure anticrop agents from at low
volume from aircrafi. C-47 and Nawvy
XBT2D-1 aircraft with various nozzles
were used.

Yes

Englin Air
Force Base, FL

11/1952-
12/1952

2,4-D, 2,4 5.T;

143 and 974,
respectively

Two trials; Chemical Corps- concerned
with basic fundamental work, using 2,4-
D, Air Force-concerned with evaluating
prototype large capacity spray system for
aircraft instaliation using 2,4,5-T,
primarily. Used 3 atomizing nozzles:
Bete Fog Nozzles, Whirljet Spray
Nozzles, and Fogjet 1.5F50

Yes

Avon Park Air
Force Base, FFL

Spring 1954

butyl 2,4-D, butyi
2,4,5-T, isopropyi
2,4-D

Series of tests were conducted at Avon
Park AFR during the spring of 1854 to
study the behavior of chemical anticrop
aerial sprays when released from high-
speed jet aircraft. The Navy F3D jet
fighter was uged with Aetu 14A Airborne
Spray Tanks to disperse the anticrop
ayents.

Yes

Jacksonville, FL

7118/1962-
7/21/1962

Purple, Fuel Gj] ,
Mix

The HIDAL 'was used successfully on an
H-34 helicopter to spray herbicidal
materiale. Therefore, it had not been
calibrated previously. Spray tests were
performed to do so. This was done

Yes

Eglin AFB, FL,
C-52A test
area

1962-70

Orange (1962-
68), Purpie {1662-
68), White (1967-
70), Blue (1968-

70)

under order b QOSD/ARPA.
CPT iacussed vegetation
chan ical studies of the 2

Square mile test area which had been
Sprayed with herbicides over the period

1962-70.

Yos

Department of Veterans Affairs
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam
Apalachicola  |5/3/1967- basic desiccants {During the period of 12/1966 - 10/1967, a|Yes
National Forest [5/8/1967 and Orange/Biue |comprehensive short-term evaluation
near was conducted by personnel from Fort
Sophappy, FL Detrick's Plant Science Lab in

coordination with contract research on
formulations by chemical industry and
field tests by USDA and U of HI

Eglin AFB, FL [8/11/1958- orange, Bifluid #1,JA spread factor study was performed by |Yes
9/12/1968 Bifluid#2, Stull the Army to correlate the spherical drop
Bifluid sizes of both Orange and Stuii Biffuid
defoliants. It involved development of
new techniques to determine spread
factors over an extended range of drop
sizes. A spinning cup drop generator was

used.
2 areas in FL, 2]1968 bromacit, Tandex, fin 1968, emphasis was given to soil Undetermined
areas in GA, monuron, diuron, lapplied herbicides for grass control.
and 1in TN and fenuron Applications were made by a jesp-

mounted sprayer on small plots or by
helicopter on larger plots.

GAand TN 1964 diguat and in 1964, helicopter spray tests were Yes
Tordon 101, conducted on fransmission line rights-of-
various way by the Georgia Power Company and

Tennessee Valley Authority in
collaboration with Fort Detrick to evaluate
effectiveness of several commercially
available herbicides.

Fort Gordon,  [7/15/1967- in-house During the period of 12/1966 - 10/1967, a|Yes

GA 7ATN967 desiccants comprehensive short-term evaluation
mixtures and was conducted by personnel from Fort
formuiations, Detrick's Plant Science Lab in

Orange and Blue [coordination with contract research on
formulations by chemical industry and
field teste by USDA and U of HI

Kauai Branch |6/1967, Blue,diquat,paraq {During the period of 12/1966 - 10/1967, alYes
Station near 10/1967, uat, Orange, comprehensive short-term evaluation
Kapaa, Kawai, }2/1968, PCP, Piclaram,  |was conducted by personnel from Tort
H! 12/1967 White, HCA, 2,4,5]Detrick's Plant Science Lab in
T, Endothall coordination with contract research on

formulations by chemical industry and
field tests by USDA and U of M|

State Forest 12/2/1966, Orange, M-3140, [The purpose of this project was to Undetermined
area, 3500 12/4/19686, TORDON ester, |evaluate iso-octyl ester of picloram
ft.elevation on 1/12/1967 2,4-D ester, 2,4,5-[(TORDON) in mixtures with ORANGE,

slope of Mauna T ester as a candidate defoliant agent, using
Loa, near Hilo, ORANGE as standard, There were
Hi personnel from Fort Detrick there.

Department of Veterans Affairs 3 (;) ey f



Information from Department of Defense (DoD) on Herbicide Tests and Storage outside
of Vietnam

Field tests of defoliants were designed to fYes

evaluate such variables as rates, volume

Hilo, HI 12/1966 Orange

of application, season, and vegetation.
Data from aerial application tests at
several CONUS and OCCONUS locations
are provided in tables. There were Fort
Detrick personnel there.

Kauai,Hi

1867

Orange

of application, season, and vegetation.
Data from aerial application tests at
several CONUS and OCONUS iocations
are provided in tables,

Field tests of defoliants were designed to
evaluate such variables as rates, volume

Yes

Vigo Plant
CWS, Terre
Haute, IN

5/1945-
9/1945

*phenoxy

LN (see attached)

to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, it was aerial trials
spraying field grown plants.

Small plot experiments were commenced

Yes

Jefferson
Proving
Grounds,
Madison, IN

Summer 1945

LN *phenoxy

to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, it was dropping
trials.

Srall plot experiments were commenced

Yes

Hays, KS,
L.angdon, ND

1960

stem rust of
wheat

Two studies on the slent rusl of wheat
were conducted during 1960 to obtain
data on the establishment, development,

stem rust epiphytotics.

and destructiveness of artificially induced

Unhdetermined

Fort Knox, KY

1945

various

In 1945, a special project known as
Sphinx was conducted jointly by CWS
and the ARML to investigate the use of
chemical agents for increasing the
flammability of vegetation prior to flame
attack.

Yes

Area B, Camp
Detrick, ML

Spring/Summe
r 1953

3:1 mixture 2,4-D
and 2,4,6-T

Personnel at Camp Detrick tested the
feasibility of using an experimental spray
tower for applying a mixture of chemical
anticrop agents to broad-leaf crops.

Yes

Fort Ritchie,
MD

1963

Tordon, 2,4-D,
Orange, diquat,
endothal, and
combinations of
each with Tordon

|effectiveness of different herbicides.
They were all field trials. These studies
werg done by personnel from the US
Army Biological Laboratories.

Various studies were done to explore the

Yete

Department of Veterans Affairs
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam
Fort Meade, 1963 cacodylic acid, Various studies were done to explore the [Yes
MD Dowco 173, effectiveness of different herbicides.
butyediol They were all field trials, These studies

were done by personnel from the US
Army Biological Laboratories.

Camp Detrick, |1946-1947 2,4,5-T, 2,4,5-T |The experiments were directed mainly  Yes
MD-Fields A,B, triethanolamine, [towards the investigation of plant

and C tributylphosphate, |inhibitars applied as sprays or to the soil
ethyl 2,4-D, butyl fin the solid form to be taken up by the
2.,4,5-Ttriet 2,4-D, |roots.

Camp Detrick, |1948 2,4,5-T, isopropyt |The experiments were directed mainly  [Yes
MD- Fields phenol towards the investigation of plant

CD,and E carbamate, LN-  [inhibitors applied as sprays or to the soil

2426, 2,4-D in the solid form to be taken up by the
roots,

Camp Detrick, |1949 triethelyne. 2,4,5- |The experiments were directed mainly  [Yes
MD-Fields T, carbamates towards the investigation of plant

CDE inhibitors applied as sprays or to the soil

in the solid form to be taken up by the
T001s, i

an
Camp Detrick, |1950 2464, butyl 2,4-D, | The exXperiments were directed mainly
MD-Fields 974, butyl 2,4,5-T,|towards the investigation of plant

ABDE q:q 143 and 974 inhibitors applied as sprays or to the soil
in the solid form to be taken up by the
roots. Experiments were done b

Yes

Camp Detrick, {1950-51 2464, carbamate, | The experiments were directed mainly  |Yes
MD-Field F Jbutyl 2,4-D, 143 ltowards the investigation of plant
and 974 inhibitors applied as sprays or to the soil

(orange?),2,4,5-T [in the solid form to be taken up by the

2,4-D, Orange roots. Experiments were done b
\o
Fort Detrick, 1956-1957 various, 577 In 1956 And 1957, defoliation and Yes
MD; Fort compounds desiccation were carried out at Fort
Ritchle, MD Detrick and Fort Ritchie, Maryland by the

Chemical Corps and Biclogical Warfare
Research. These were bench tests.

Poole's Island, |7/14/1969- Orange, Orange |During the week of 7/14/1969, personnel |Yes

Aberdeen fplus foam, from Naval Applied Science Laboratory in}
Proving Orange plus foam {conjunction with personnel from Limited
Ground, MD Orange, Foam War Laboratory conducted a defoliation

te:st along the shoreline.

Department of Veterans Affairs 5 @ @ ;f 2}



information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam

Fort Detrick,  |8/1961-6/1963 [1410 compounds [From 8/1961 to 6/1963, compounds were|Yes
MD spray-tested in the greenhouse to
evaluate them as effective defoliants,
desiccants, and herbicides.
Near Wayside, {9/19/1967 ipicloram, In 1967, the Dow Chemical Company Undetermined
Miss., Wilcox bromacil, pyriclor, |was awarded a DoD research contract.
Road, and terbacil, The objective was to prepare as pellets
Greenville, Orange, cacodylic|mixtures of various herbicides and to test
Miss. acid them on varying vegetation situations for
the control of a range of plant species.
Fulcher Ranch, {4/15/1968 picloram and In 1967, the Dow Chemical Company Undetermined
Greenville, bromicil was awarded a DoD research contract,
Mississippi The objective was fo prepare as pellets
mixtures of various herbicides and to fest
them on varying vegetation situations for
the control of a range of plant species.
Guifport, Miss. [1968-1970 Orange While discussing the mandatory disposal {Yes
of Orange, it was mentioned that 15,161
drums were being stored at Guifport,
Mississippi.
Galatin Valtey [7/3/1953, 4- fluorophenoxy- |A preliminary series of field evaluations  iNo
jnear Bozeman, {7/6/1953, acetic acid and 2 |of chemical agents for attacking wheat
Montana 7/14/1953 of its esters, 3:1 jusing a miniature spraying system
butyl 2,4-D and  |mounted on light aircraft were performed
ibutyl 2 4 5-T by USDA,
Fort Drum, NY 1959 Orange The Commanding General, 1st US Army, {Yes
irequested that 't Detrick assist with
defoliation efforts at Ft Drum. Thirteen
drums were sprayed there on 4 square
mites from a helicopter spray device.
Stone Valley  {3/1969- bromacH, diuron, |Soil- applied herbicides were studied by |Undetermined
Experimentat  |10/1970 tandex, fenuron, Jthe U of Pa with Ft Detrick for 18 months
Forest in picloram for their effectiveness, rapidity of action,
Huntington and duration of response in native stands
County and of central PA grasses, broadleaf weeds
Inear State and woody plants. These herbicides
College in were spread or sprayed,
Centre County,
PA
Kingston, Ri 7/26/1949, trieth.2,4,5-T, The experiments were directed mainly  |Yes
1950-51 butyl 2,4,5-T,974 |towards the investigation of plant
inhibitors applied as sprays or to the soil
in the solid form to he taken up by the
roots. Experiments were carti ut
under supewisﬁ Ri
State College. as also
there. e

Department of Veterans Affairs
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information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam

Beaumont, TX

6/1944

LN *phenoxy

Small plot experiments were commenced|No
to test the effectiveness of LN agents,
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, they were testing

on rice crops.

Marinette, WI,
Weslaco, TX

5/1867-1/1969

arsenic
compounds,
Orange, cacodylic
acid, sodium

71 new arsenic compounds were tested
in primary screening against & plant

species in greenhouse tests. Then, 5 of
the most active compounds were tested

Yes

in field trials against Red Maple and
compared to formulations of cacodylic
acid and a 50:50 blend of orange and
sodium cacodyiate. The Ansul Co. for
DoD.
The purpose was to determine means of
accomplishing defoliation of tropical
forest vegetation by application of a
chemical agent. Here, irrigation water
We with the agent.

nd E worked
here. A {,
Small plot experiments were commenced
to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel al
Camp Detrick. Here, it was dropping
trials.
The purpose was to determine means of
accomplishing defoliation of tropical
forest vegetation by application of a

chemical agent. Here, irrigation wa
studies were done with the agent. ”‘
ol ﬂwrked here. b

Orange In 6/1969, the US government received
notice of charge by Cambodian
government that major defoliation
damage to the Cambodian rubber
plantation near the RVN border had
oceurred as a result of US defoliation
activity. This was confirmed by a team of
experts.

cacodylate

Beaumont, TX ]1850-51 2.4-D Undetermined

Granite Peak, [Summer 1945 |LN *phenoxy Yes

uT

Prosser, WA 1950-51 2,4-D Undetermined

6/1969 Yes

southeastern
part of
Kompong
Cham Province
and Dar and
Prek Clong
plantations,
Cambodia

During the period of 12/1966 - 10/1967, a|Yes
comprehensive short-term evaluation
was conducted by personnel from Fort
Detrick's Plant Science Lab in
coordination with contract research on
formutations by chemical industry and

field tests by USDA and U of Hi

basic desiccants
and Crange, Blue,
various

6/20/1967-
6/24/11967

Base
Gagetown near
Fredericton,
New
Brunswick,
Canada

7
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

was conducted by personnel from Fort
Detrick's Plant Science Lab in

coerdination with contract research on
formuiations by chemical industry and

field tests by USDA and U of HI

of Vietham
Kumbla, South 11945-1946 LN compounds  |The main objective of the experiments  |Yes
india *phenoxy was to determine the feasibility of
accomplishing severe injury or
destruction of tropical food crops by the
application of growth-inhibiting (LN*)
compounds in static trials. Field
plantings were treated with various
agents at different rates in different
forms.
Korea, third 7/23/1968- Hyvar XWS3, In 1968, chemicals were sentfromthe  |Yes
Brigade, 2nd  [7/24/1968 tandex, Urox B, {Plant Sciences Lab, Ft Defrick, MD, to
Division area Urox O the Republic of Korea for the purpose of
concentrate testing their effectiveness in the control
{{liquids) bromacil, Jof vegetation.
tandex, Urox 22
(solids)
Korea,2nd and |8/1968 Hywvar XWS§, in 1968, chemicals were sent fromthe {Yes
4th Brigades, tandex, Urox B, |Plant Sciences Lab, Ft Detrick, MD, to
2nd Division Urox Qit the Republic of Korea for the purpose of
area concenirate testing their effectiveness in the control
(liquids) bromacil, jof vegetation.
tandex, Urox 22
i({solids)
Korea, third 10/3/1968 Hyvar XWS, In 1968, chemicals were sentfrom the  [Yes
Brigade, 2nd tandex, Urox B, [Plant Sciences Lab, Ft Detrick, MD, to
Division area Urox Gil the Republic of Korea for the purpose of
concentrate testing their efectiveness in the control
(liquids) bromacil, jof vegetation.
tandex, Urox 22
(solids)
aos 12/1965- 1967 |Orange in December 1965, herbicide operations |Yes
were begun in Laos, with sorties being
flown from Tan Son Nhut and Da Nang.
Ihe purpose was the exposure of foot
trails, dirt roads and other 1.OCs that
crossed into SVYN. This network leads
from NVN, through the eastern
panhandle, to Combodian border.
las Marias, 2/1967- various, including {During the period of 12/1966 - 10/1967, aiYes
Puerto Rico 12/1967 Orange comprehensive short-term evaluation

Depariment of Veterans Affairs
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam
Las Mesas 5/24/1968, picloram, In 1967, the Dow Chemical Company Undetermined
Cerros, 5/26/1968, bromacil, pyriclor {was awarded a DoD research contract.
Mayaguez, 5/27/1968 The objective was to prepare as peliets
Puerto Rico mixfures of various herbicides and fo fest

them on varying vegetation situations for
the contro! of a range of plant species.

Las Mesas and |2/1956-6/1956 |2,4,5-T, 2,4-D, During February to June, 9 chemicals Yes
La Jagua !pentachloropheno were evaluated in PR on 16 genera
experimental I, ammate, fropical woody plants. The chemicals
areas at weedazol, were applied in highly concentrated
Mayaguez, endothal solutions with a microsprayer to the
Puerto Rico Harvestaid, leaves.

Butyne -1,4-diol
Guanica and  {6/1956-9/1956 |2,4,5-T, 9 chemicals were evaluated on 16 Yes
Joyuda, Puerto Ipotassium genera of tropical woody between June
Rico cyanate, and September. The chemicals were

amiendo, F-2, 6- |sprayed to duplicate small branches,

Ca-4, Y-F Tree  |using a microsprayer.

and Brush Kiler,

ACP M-118, Shed}

A-Leaf
L.as Mesas and |9/1956- {6-Ca-4,Liojn 16 compounds with defoliating properties {Yes
La Jagua, 12/1956 Qil,2,4,5-T, B- were evaluated using 28 different tropical
Mayaguez, 1613, B-1638, woody plants, each representing a
Joyuda at Cabo Ammate, V-C1- |separate genus. The chemicals were
Rojo, and 188, endothal, applied to duplicate small branches with
Guanica shed-a-leaf, M-  [a microsprayer and to single larger
Insular Forest 118, Y-F,esteron Jbranches or whole trees with a 2-gallon
at Guanica, 2,4- knapsack sprayer.
Puerto Rico D,F3,F4,F5F6
Las Mesas and |1/1957-3/1957 [V-C 3-105, V-C 1-J7 compounds were evaluated on 29 Yes
La Jagua, 21, V-C 1-443, F- fdifferent woody plants to determine their
Mayaguez, 7, TBP, Philips  |effectiveness as defoliants, desiccants,
Guanica 713, V-C 3-173  |and as killing agents. They were applied
Beach, Puerto with a microsprayer to the upper leaf
Rico surfaces of duplicate smalt branches,
Las Mesas and {4/1957-6/1957 |B-1676, B-1638, [7 compounds were sprayed on 25 Yes
La Jagua, NP 1098, 8D different plants in order o evaluate their
Mayaguez, 1369, Ammate, [effectiveness as defoliants, desiccants,
Guanica Shed-a-leaf and kifling agents. The compounds were
Beach, Puerio applied with a microsprayer o the upper
Rico and lower leaf surfaces of duplicate small

branches.

Las Mesas and {7/1957- MgClO3, Gelden |8 different spray formulations were Yes

La Jagua, 12/1957 Harvest Defcliant, Japplied to 16 different tropical trees and

Mayaguez, Dow-M562, F-8, Fishrubs in order to evaluate their

Puerto Rico 8, F-10, F-11, F- leffectiveness as defoliants, desincants,
12 and killing agents.

Department of Veterans Affairs
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam

H

Near Rio
Grande, on the
northeast coast
of Puerto Rico

8/23M967,
10/18/1967,
12/21/1967-
12/26/1967

ipicloram,

bromacil, pyriclor,
and terbacil

In 1967, the Dow Chemical Company
was awarded a Dol research contract.
The objective was to prepare as pellets
mixtures of various herbicides and to test
them on varying vegetafion situafions for
the control of a range of plant species.

Undetermined

Loquillo, Puerto
Rico

4/1966,
10/1966

Orange

Field tests of defoliants were designed to
evaluate such variables as rates, volume
of application, season, and vegetation.
Data from aerial application tests at
several CONUS and OCONUS locations
are provided in tables.

Yes

At Sea

Summer 1977

Orange

In 1977, the USAF incinerated 2.22
imillion gallons of Herbicide Orange at
sea in an operation entitted PACER HO.
Extensive industrial hygiene sampling
efforts supporting the transfer operations
at Guifport, MS and Johnston Island
indicated all exposures were
inconseguential (2-3 orders of magnitude
below the TLVs for 2,4-D and 2,4,5-T).

Yes, Gulfport
No, JI

Thailand

1964-1965

Purple, Orange,
Others

Sponsored by ARPA; ARPA Order 423,
Between the mentioned dates, there was
a large-scale test program fo determine
effectiveness of mentioned agents in
defoliation of upland forest or jungle
vegetation representative of SEA.

Yes

Thailand

1964-65

Orange, Blue

Field tests of defoliants were designed to
evaluate such variables as rates, volume
of application, season, and vegetation.
Data irom aerial application tests at
several CONUS and OCONUS focations
are provided in tables,

Yes

Replacement
raining Center
of the Royal
Thai Army near
Pranburi,
Thailand

1964 and 1965

Orange, Purple

An extensive serigs of tests were
conducted by Fort Detrick during 1964
and 1965 in collaboration with the Military
Research and Development Center of
Thailand. The objective was to perform
onsite evaluation of phytotoxic chemicals
on vegetation in SE Asia.

Yes

Department of Veterans Affairs
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Auther

Corporata Author

Roport/Article Titfa ?3?;’1'89'3 gorrespondanca. Notes: Project Pacer HO,
Journal/Bsox Title

Yosr 0000

Month/Day

Solor o

Nomuer ofimages 435

soriptwi Ngtas tems wera fllad together In & container fabeled, *Disposition

" of Harbicide Orange Project Pacer HO Reporta
Correspondance Masting Briefs." includes photographs of
storage drums {nol scanned) and the following reporis: Aerial
Moasuremertts of Hydrogen Chioride of Incinerator Ship
Vuleanus (December 1975); Land Based Environmental
Monltoring at Johnston Istand - Disposal of Herbicide Orange
{Seprambar 1978} and Proposed Two-Step Prooedure for
Gleaning the Waste Tanks of the M/T Vuicanus Following
Inginaration of Orange Harbisida.

Monday, December 31, 2001 Pago 3787 of 3802
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AGENDA
SCIENTIFIC ADVISORY BOARD
W O

~33 1972

12 DECEMBER 1972

0830~0900

0900-0930

0930-0950

0950~1020

1020-1035
1035~1130

1130~-1300
1300~1.350

ADMINISTRATIVE MATTERS, INTRODUCTION,
GROUND RULES, ETC,

INTRODUCTTON TO ORANGE
RACKGROUND
SUMMARY OF ALTERNATIVES

NATIONAL ENVIRONMENTAL POLICY
ACT AND ORANGE DISPOSAL

HERBICIDE CRANGE
{INCLUDING DIOXIN)
CHEMISTRY
TOXICOLOGY

HERBICIDAL ACTICN
BREAX '

DISPOSAL, BY USE
BRAZIL
FOREST SERVICE
DEPARTMENT OF HIGHWAYS
USAF
RETURN 70 ORTGINAL MANUPACTURERS

LUNCH

DISPOSAL BY INCINERATTON
CONUS COMMERCTIAL PLANT
JOHNSTON ISLAND PLANT
SUE BURVER

2026

gL

S ...
'OR, BOCKUS RESBARCH

INSTIIVIR, UNIVERSITY OF
PENNSYLVANIA :

ktik bE
U ¢ ADVISORY B

. )
SN ./

¢
MAJOR
HQ URAL

lole
OD.

ENVIRONMENTAT, HRALFE LAB/CC,
KELLY AFB .




1405-1455  DISPOSAL BY CHFMICAL CONVERSION IR, m bé
FRACTTONATTON NV TAL PROTECTION AGENCY,

CARBON TRIRACHLORIDE SOUTHEASTERN RESEARCH LABORATORY,
ATHENS, GEORGTIA '
14551510  BREAK
1510-1625  DISPOSAL BY BIODEGRADATION CAPTAIN Mb A
SOTI: BIODEGRADATION USAFA/D LIFE AND
MICROBIAL DEGRADATTON BEHAVIORAL SCIENCES

SLUDGE BURTAL
16251640 DA DISPOSAL

1640-1T00  SUMMARY/MATRIX REVIEW
RECOMMENDATIONS

SO0/




SECRETARY.OF THE_AIR FORGE

oR. (-

SPECIAL ASSISTANT TO THE SECRETARY
OF THE US AIR FOANCE FOR ENVIRONMENTAL
CUALITY -

ASAF/IL, DEPUTY FOR SUPPLY &
MA THTEHANCE

ASAF/IL, ASSISTANT DEPUTY FOR SUPPLY
¢ HATRTENANCE
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HQ_US_ Al FQRGE

. "
H. E. GOLDSWORTHY, LT ZENERAL, USAF

HQG USAF/DEPUTY CHIEF OF STAFF, SYSTEHMS
& LOGISTICS

(e
V. W. SKAVELY,” HAJIR CENERAL, USAF
ASSISTANT GEPUTY CHIEF OF STAFT,
SYSTEMS & LOGISTICS

» |
JONAS L. 3LANK," MAJOR GENERAL, USAF
DIRECTOR OF SUPPLY & SERVICES/DCS/SL

Re I, CLINKSCALEfLCOLONEL, USAF
CHIET, CENERAL SUPPORT & SLRVICES
DIVISION

CIRECTORATE 3 SUPPLY & SERVICES,
DCS/SL |

_.-, .;”;beT COLOMEL, USAF
CHIEF, TULLS® BRANCH

CENERAL SUPR0RT & SERVICLS DIVISION
OIRFECTIRATE OF SUPPLY & SERVICES,
DCS/SL o
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HQ_uS_AIR FIRCE_(CONTO)

P‘an

FUELS BnANCH GENERAL SUPPORT &
SERVICES DIVISION

DIRECTORATE OF SUPPLY & SERVICFS
pes/sL

R UOR, USAF

iNVIPONmENTAL PROTECTIIN. GROUP
DIRECTORATE OF CIVIL ENGINEERING
DEPUTY CHIEF, OF STAFF, PROGRAMS &
RESOURCES

B R AJOR, USAF
DIRECTORATE OF PROFESSIONAL SERV!CFS
SURGEON GENERAL

HOZO



HQ AIR_FORCE_LOGISTICS COMMAND

Mn .

ASSISTANT DEPUTY CHIEF OF STAFF/
DISTRIBUTION

Ny T COLONEL, USAF
E.C 10, OF PROFESSIONAL SERVICES
OFF[CE OF THL. SURGEON

b

R . .
SPECIALIZED TRAFFIC DRANCH, TRAFFIC
DIVISION

DIRECTORATE CF TRANSPORTATIOM, DCS/
DISTR!FUTION

HQ_US_ALR_FORCE. ACADEHY
A. L. YOUNG, CAPTAIN, USAF

DEPARTMENT OF LIFE & *EHAVIORIAL
SCIENCES

HO 3/




b s s bt e W

HO™ SAN ANTONIO AIR MATERIEL
AREA/AFLC

. Q )
R. R. MOULTON, COLONEL, USAF
01RECTOR OF AEROSPACE FUELS

b
MR

PRODUCT ENGINEERING BRANCH, QUALITY

DIVISION |
DIRECTORATE OF AEROSPACE 'FUELS
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US AR FORCE ENVIRONMENTAL
HEALTH LASORATORY, KELLY AIR
FORCE BASE, TEXAS |

WALTER W. MELVIN,”M.D. (COLONEL, USAF)
COMMANDER |

MR,
SUPERV | SORY CHEMIST

US ENVIRONMENTAL PROTECTION
AGENCY

vr. NS bl
lHDUSthAL POLLUTIOP ONTROL
OFFICE OF RESEARCH & MONITOR!NG
WASHINGTON, D.C,

SOUTH"’AS'r FNVIRONMFBTA! RESFARCH
LARQRATORY
ATHENS, RFORFIA
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USAF SCIENTIFIC ADVISORY BOARD
AD HOC COMMITTEE ON THE
DISPOSAL OF HERBICIDE ORANGE
12~13 December 1972

ATTENDANCE

Committee Members

Bockus Regearch Institute
Univ of Pennsylvania

Oak Ridge National Lab
Univ of Minnesota

Dept of Agriculture
Duke University

Univ of Maryland

EPA Qffice of Solid Waste
Management Programs

Univ of Washington
Univ of Towa

General Electric Co
Univ of Pennsylvania
PACAF

SAB Secretarilat

Briefers/Observers
Lt Gen H. E. Goldsworthy| | DUS/Systems & Logistics
Maj Gen Jonas L. Blank " ‘ Bir of Supply & Services

- AR/LGS




Dep for Supply & Maint
SAF /181 :

Asst for Environ. Quality
SAF /T&L

Asst Dep for Supply & Maint
SAF /18,

AF /LGSKE
AF/LGSKE
AF/PREV
AF /SGPP

Asat Dep Ch of Staff,
Distyibution (HQ AFLC)

HQ AFLC (DST)

Lt col [Ny HQ AFLG (SGP)

Col Ralph Moulton Dirx Aerosﬁace Fuels
b Hq San Antonio Materiel

Area

Hq San Antonio Air Materiel
Area (SFQT)

Commander, USAF Environ
Health Lab

b Staff Engineer Industrial
PollutionﬁControl, Cffice
of Resch & Munitoring

EPA

Southeasgstern Resch Lab
EPA
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Col Daniel W. Cheatham, Jrx.
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Dept of Life & Behavioral
Sciences, USAFA

Hill AFB, Civil Engineering
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USAF SCIENTIFIC ADVISORY BOARD
AD HOC COMMITTEE ON THE
DISPOSAL OF HERBICIDE ORANGE
The Pentagon, Room 5C1034
14 March 1974

AGENDA
' 0900 ,"' Administrative Details
0930 Introduction and Brief Overview of

the Alternatives
-~ What we propose~-What we reject

0945 . - Brief Discussion of Weak Solutions that
~ were Rejected and Why

1000 Expanded Discussion of Stronger Solutions
that were Rejected

~~ CONUS incineration--Biodegradation«-

Chloronolysis~~Use
1130 Lunch
1230 Discussion of Proposed Solution(s)

~=- Technique:
a, Shipboard Incineration
b. Johnston Isiand Incineration
- Suppogtiﬁg Data:
a; Test Data
s B. Environm?ntai‘impaéé

¢. Economics

26 February 1974

S0 7




1430 o Summary

-= Technical Feasibility
-« Cost

-- Eqviro_nmenﬁal Impact
we Time -

-~ Political Ramifications
1445 Discussion

1515 Bxecutive Session

1700 Adjourn -

c;?@é =



0900-0930
0930-0945

'0945-1000

1000-1130

1130-1230
1230~1300

1300-1430 .

1430~1445

14451515
1515~1700
1700

SCIENTIFIC ADVISORY BOARD AGENDA

HERBICIDE ORANGE
14 MARCH 1974

Administrative Detail

 Introduction to the Problem and

Brief Overview of Alternatives

_Aiterﬁa£1ves Rejected Upon
Minimal Evaluation
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DEPARTMENT GF THE AIR FORCFE

DEPARTMENT OF LIFE AND BEHAVIORAL SCIENCES
USAF ACADEMY, COLCRADD 80840

14 March 1974 gaes
FIELD TESTS OF HERBICIDE ORANGE FOR BRUSHFIELD REWABILITATION AND CONIFER RELEASE
SUMMARY

A total of 358 acres of test plots in western Oregon were treated with
Herbicide Orange on 10-11 May 1973, The plots on which Orange was applied
were selected amoung sites available on the ownership of three industrial
cooperators (Publishers Paper Company, Starker Forests, and Roseburg Lumber
Company), all of whom had on-going chemical brush control programs. The
cooperators provided the cost of application by helicopter and secured the
application permits from the Oregon State Forestry Department. Tall brush
plots were treated with 4.3 pounds per acre acid equivaient (one-half gallon
Orange in 15 total gallons per acre), while low brush plots received 2.1 pounds
per acre acid equivalent {one quart per acre in ten gallons total spray).
Field observations and evaluations of the effectiveness of Orange were made by
Oregon State University School of Forestry personnel.

Brush control with Herbicide Orange was excellent, with selectivity for
conifers outstanding. On the basis of four months of observations, Orange was
fully as effective for selective control of various woody brush and hardwood
species in western Oregon as commercial brushkiller.

The test plots were treated under circumstances that would have shown up
drift hazard to a maximum extent. That is, plots were applied at the very
end of the dormant season, with maximum temperatures prevailing, and also a
small amount of air movement. A small amount of leaf deformation outside of
each plot was, in fact, observed. In no case, however, was this observable
more than 200 yards beyond the boundary, which is no different from the
pattern expected with commercial brushkillers of Tow-volatile formulation.

It would appear that the activity outside the boundaries may have been
attributable to fine dropiet movement, a factor which is independent of
volatility. Moreover, the degree of deformation was limited to minoy curling
of sensitive species. The plaot boundaries were generally clearly defined and
not characterized by irregularities typical of mass vapor movements. In
summary, volatility is clearly a manageable problem, and need not restrict the
use of Orange for dormant spraying for conifer release. In western Oregon
Orange should not be sprayed when temperatures are above 60°F at the time

of application, nor later than 15 May so as to insure avoidance of sensitive

Crops.
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Project F 882 A.
Title:
Field Tests of Herbicide Orange for Brushfield Rehabilitation and Conifer

Release

Objectives:

1) To evaluate the impact of a high-volatile brushkiller on brush-dominated

forest ecosystems,

2) To determine whether Orange can be used effectively in the re-establigh-
ment of conifers in western Oregon brushfields,

3} To evaluate the difficulties of using a technical grade ester without
adjuvants for field use,

4) To obtain a crude estimate of whether drift problems from the high-volati

butyl/ester are manageable,

Personnel:

Project Leader
bl
C tors:
ooperators L .

Capt. — U.8, Air Force;‘m’i

Starker Forests; blishers Paper Co. and
of Roseburg Lumber Co.

Background:

Recent forest survey data indicate that there are some 4.7 million acres of
commercial forest land in western Oregon and Washington that are either non-
stocked or poorly stocked with conifers. Virtually all such land is occupied by
vegetation whose presence precludes reestablishment of conifers. Much of the
area is in the highest productivity class for growth of forest products (Gratkowsk
et al., 1973}, The productive potential of this area exceeds present levels of
timber exports Lo Japau.

Concepts of selective brush control have heen developed for reforestation
with the aid of commercial formulations of 2,4-D and 2,4,5-T. There are pre-
senlly sorne 100, 000 acres being irealed each year with various formulations of
these materials, all as the low-volatile esters. Succese has been good, especial
in release operations, and on the slower-growing brush species {Lauterbach, 19¢
Thelsen, 1967),

There are three general approaches to the use of phenoxy brushkillers in
reforestation, with the differences tied to season of application. Dormant sprays

20947
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Background (cont. )

are applied in spring, betwcen the onset of plant growth activity in early spring
and conifer bud bursting. Dormant sprays arxe applicd in pure oil, with emphasis
on penetration of bark of species not controlled eflfectively by foliage spraying.
Dormant sprays are effective in reaching understory species, but are limited in
effectiveness on species such as bigleaf maple, which are highly resistant at that
time (Newton, 1961). Dormant sprays have maximum selectivity in favor of
Douglas-fir, buf are damaging, in general, to elongaling pines (Newton, 1963},

" Because esters are compatible with oil, dormant sprays require no formulation
adjuvanta. This type of treatment is widely applicable in Qregon.

Summer and fall foliage sprays are used where brush species are typically
resistant to dormant treatment and where costs are lower for comparable effect.
Summer treatments are the least selective in Douglas ~fir, but tend to have the
greatest systemic activity on sensitive species, They are low in cost because of
the use of water as a carrier, but they are relatively high in public relations
hazard because of crop sensitivity at that time, and because of brown-out. They
also occur when surmmez flows are low in streams and contamination problems
are apt to be most severe. If drift is likely to be a problem, it will be least
manageable in the summer season, Coastal fogs often prohibit their use in the

Coast Ranges.

Fall foliage sprays are used primarily where selectivity is desired on pines,
Shrubs tend to be somewhat less sensitive in fall than at other times, but the
sensitivity of pines before midsummer precludes the use of phenoxy herbicides
selectively., There ig thus inceative for investigating dormant season applications,

The Air Force is storing some 2.3 million gallons of Herbicide Orange, This
formulation ¢ontains 8. 6 pounds per pallon of 2,4-D and 2, 4, 5-T, ac the butyl esters.
It contains no other formulation adjuvants. The Air Force has been charged with
responsibility for getting rid of the chemical by an environmentally acceptable
means,

Orange varies in ite diowin content from less than 0, 05 parts dioxin por
million parts 2,4,5-T to 14 ppm. The Air Force is able to identify a substantial
quantity of low«dioxin material. Dr. of the Air Force, has indicated
that some 575,000 gallons are below the EPA dioxin standard for production of new
2,4,5.T, and can be readily identified by lot. Since the Crange appears to meet
dioxin standards, and to be uncoufounded by formulation additives, there appear
to be no undue hazards in attempting to evaluate its use for dormant brush control
in reforestlation, The existence of large areas in a poor condition of reforestation,
and the continuation of the trend toward an increase in brush domination, are the
incentives for making every possible tool available for reforestation, consistent
with public safety. These tests are directed toward evaluating Orange as a reforesta-
tion aid, with reference to solving a public problem that extends to both forestry
and military affairs,

¥
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TABLE 1. Soil analysis for potential} sites for soil incorporation of Herbicide Orangea

Organic Electrical Moisture
LOCATION Inches pH Carbon Conductivity €a/Mg K Na Sand 8iit Clay at
%) (EC x103)0 meq/100g soil 3] Saturation

AFLG 0-6 7.8 0.82 28.0 23.7 3.9..13.4 27 53 20 31.1
Test Range,

Utah ) 6-12 7.9 3.95 3.9 23.8 3.9 13.2 26 52 22 34.2
Nellis AFB,

Nevada 0-6 8.5 0.70 0.40 21.8 5.5 1.6 &7 13 20 NDE
Luke AFB,

Arizons 0-6 8.2 0.70 .28 24.1 1.9 0,2 64 18 18 ND
Moumtain

Home AFB,

Idahe G-6 7.2 1.60 0.24 i4.6 0.8 0.5 41 38 21 ND

a
Determined by Soils Laboratory, Utah State Umiversity, Logan, Utah, and the Scils Laboratory,

Kansas Agricultural Experiment Station, Garden City, Kansas.

b
Electrical conductivity in millimhos per cm at 25 C.

c
ND = not determined



TABLE 1. Soii analysis for potential sites for soil incorperation of Herbicide Orange®

Organic Electrical Moisture
LOCATION Inches PH Carbon Conductivity EBa/Mg X Na Sand 8iit Clay at
%) (EC x103)P meq/100g soil % Saturation

AFLC 0-6 7.8 0.82 28.0 23.7 3.9. 13.4 27 5% 20 31.1
Test Range,

Utah 6-12 7.9 .95 31.0 23.8 3.9 13.2 26 52 22 24,2
Nellis AFB,

Nevada 0-6 8.5 0.70 0.40 21.8 5.5 1.6 67 13 20 Np©
Luke AFB,

Arizona 0-6 8.2 0.70 0.28 24.1 1.9 0.2 64 18 i3 i
Mountain

Home AFB,

Tduho 0-6 7.2 1.60 0.24 i4.6 0.8 0.5 41 38 21 KB
a

Determined by Svils Laboratory, Utah State University, Logan, Utah,
Kansas Agricultural Experiment Station, Garden City, Kansas.

b

Electrical conductivity in millimhos per cm at 25 €.

G

ND = not determined
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AERTAI. MEASUREMENTS OF HYDROGEN CHLORIDE

OVER THX INCINERATOR SHIP VULCANUS

INTRODUCTION

The dumping of chemical waste in the ocean has concerned the
‘Environmental Protection Agency (EPA) for wany years. Recently chemircal
companies were required to discontinue this method of disposal. In an
affort to find an alternate to ocean dumping, the EPA permitted the
Shell Chemical Company to test the use of a specially designed ship, the
Vulcanus, to incinerate chemical waste, The Vulcanus, which sails under
Dutch registry, is uniquely designed to burn waste liquid organic materials
at temperatures from 1400° to 1650°C, with greater than 99% efficiency.
However, when the wastes contain chlorinated hydrocarbons, the combustion
products include hydrogen chloride (HCl) vapor in addition to water and
carbon dioxide. Thus, depending upon the chemical makeup of the waste,
‘the projected concentrations of HCl in the exhaust plume from the Vulcanus
ranged from zero to as high as 100 parts-per-million (ppm} by volume.
Because of the potential hazard assoclated with HCl mist, the issuance
of a permit to experimentally burn waste chlorinated hydrocarbons was
contingent upon an extensive monitoring program to assure the environ-
mental safety of the incineration process.

Two experimental tests of thée Vulcanus were conducted. Fach inveolved
4200 metric toms (9,261,000 1b) of waste chlorinated hydrocarbons (approxi-
mately 66% chlorine by weighd), and both were conducted in an avea 40 by
46 mtles (64 X 74 km) in the Gulf of Mexico approximately 165 milies
{265 km) from Galveston, Texas. The first test was conducted 16~28 Octo~
ber 1974 and was monitored by instrumentation located on 8 surface ship,
the Oregon II, which traversed the sea-level exhaust plume behind the
Vulcanus at distances ranging from 0.2 to 1.9 miles (0.3-3.1 km).
Although the maximum surxface concentration of HCL1 weasured in this test
was approximately 1.2 ppm, the need to measure plume concentrationa at
altitude became apparent to satisfy environmentalist concern,

Hence, a secoud test was scheduled for 2-% December 1974, during
whieh the Vulcanus exhaust plume was aerially monitored to obtain HCL
concentratlon data as a function of altitude and distance from the
Vulcanus. Because of Air Force experience in monitoring HC1 in solid-
rocket motor exhaust, the USAF School of Aerospace Medicine was requested
by EPA to aid in this endeavor, This report details the instrumentation
used for HC1 aerial monitoring, the calibration procedures, and the re-
sults obtained.
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METHODS

Three airborne monitoring missions were flown; one each on 2, 3,
and 4 December 1974, which corresgponded to the first three davs of a
‘programmed 9-day continuous burn. The sampling platform was a C-45%
(Beech) tramsport aircraft modified with turboprop engines. The onboard
instrumentation included a USAFSAM microcoulometer (repackaged Dohrmann
model €-200-B, Fig. 1) foxr chloride detection, a chemiluminescent analyzer
{(Geomet Model 401, Fig. 2) for HCl, and an EPA condensation nuclel counter
for Aitken nuclei. The gampling probe for the HCl instruments was a
1/4~in-0b (0.6 cm) polypropylene tube, sheathed in a 2-in-0D (5 em) aluminum
tube which projected about 3 feet (0.9 m) from the aireraft nogse {(Fig. 1).
The polypropylene line supplied ambient air sample to both the micwro-
coulometer and chemiluminescent analyzer at a total flow rate of 9 liters/
min, with a ram air pressure of 5.5-in Ho0 (10.3 mwHg) above ambilent at
130 krnots. _The actual (demand) sampling rates draw% by each instrument
wexe 100 cm3/min to the wicrocoulometer and 1600 em”/min to the chem~
iluminescent analyzer. The sample velocity in the polypropylene tube
wag 20,2 ft/sec, which gave a time delay of about 0.8 seconds between
aircraft contact with the plume and instrument reaction.

Figure 1. Repackaged Dohrmann model C-200-B
microcoulometer for airborne tests.

2
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Figure 2, Geomet model 401 chemiluminescent HC1
analyzer deployed for airborne tests.

Microcoulometer

The microcoulometric detection of HCL is based on automatic titration
of chloride lon as silver chilorlde precipitate. The continuous-nonitoring
instrument consists of a microcoulometric titration cell, electronilc con-
trol console, integrating recorder, alr pump, and flowmeter. The heart
of the system is the titration cell, which contains acetic acid electro-~
lyte, and four electrodes—a sensing pair (silver vs. silver acetate) and
a generating pair (silver vs. platinum). The concentration of silver ions
in the cell is adjusted to 10-7 molar by applying a bias potential of 250
millivolts across the sensing electrode pair, The sensipg electrodes
detect any change in silver concentration (by precipitation of AgCl) as
a potential difference which leads through the coulometer amplifier to
generation of silver titrant at the generator slectrodes. The current
required is recorded, via a precision series resistance, on a potentio-
metric recorder. The peak area provides the quantity of electricity, in
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coulombs, required for the reaction. Because Faraday's laws are obeyed
and the reaction is stolchiometric, the micrecoulometer is a primary
standard for chloride and the quantity of chloride in the sample is
easlly calculated from:

_ 35.453 6 A A (1)

where w = welght of chloride, ng
A = coulogram peak area, mV-sec
R = series resistance, ohms

The detection 1limit for batch sampies is about 3 nanograms of chloride ion.

In the continuous sampling mode, the response and dynamic range of
the microcoulometer can be varied by adjusting the sample flow rate and/or
instrument range (series resistance). Again, since Faraday's laws apply,
the steady state concentration of HC1 may be calculated from:

- oo GG

where HCl1 concentration in ppm
steady state responsg, oV
sample flow rate, cm™ /min
range ohms o
gample temperature, K

ambient pressure, mmHg

{2 I I 3 1
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In the continucus sampling mode the instrument lag time is about
7 seconds, and the response time to 907 of full scale is approximately
35 seconds. The threshold detection limlt for the coulometer in the con-
tinuous sampling mode is about 0.10 ppm at a range setting of 50 ohms
and a sampling rate of 100 em3 fmin.,

Chemiluminescent Analyzer

The chemiluminescent detection of HCl 1s based on exothermic oxidation
of luminol {(5-amino-2,3 dihydro-1,4-phthalazinedione) in alksline solution
by hypochlorous acid. The intensity of light generated by this reaction
is linearly proportional to the HCl concentration in the incoming gas
stream and is monitored by a photomultiplier detector. The analyzer con-
tains two reaction cells, one for detecting HCLl and the other for refer-
ence. The hypochlorous acid is formed in the detector cell inlet hy
reaction of HCL with a sodium bromate/bromide coating of a 48-cm x 2-mm-ID
alumina tube. An identical but uncoated tube is used in the reference
cell inlet to account for any interferent gases of which molecular
chlorine 1s the only known signal contributor. At a nominal sample flow
rate of 1600 cm3/min, the response time of the chemiluminescent HCL
detector is 1 second to 90% full-scale deflection, with an HCl detection
1imit of about 0.01 ppm. The instrument may be operated on any one of
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three operating ranges to provide nominal HCl detection capability over
zere to 0.5 ppm (1X scale), zero to 5 ppm (10X scale), and zero to 50
ppm (100X scale).

Calibration Procedure

The coulometer was used as & primary standard for on-site calibration
of the chemiluminescent analyzer. The coulometer itself was standardized
daily by injection of 5 microliters of a standard solution of sodium
chloride (26 ng/ul). The average chloride recovery from at least three

- injections was 99.2 * 1.1%, 97.4 % 4.3%, and 102.7 % 4.7% on each of the
three days.

For calibration of the chemiluminescent apalyzer, several calibration
points were obtained before and after each mission, using 2 pressurized
HCl-in-nitrogen source standard and ambilent air diluent (Fig. 3), Flight-
sampling flow rates were simulated by a 2 liter/min air pump attached to
the end of 30~ft sample line in parallel with the two Instruments. Varied
concentrations of HCl were obtained by adjusting the BCl flow from the
standard cylinder with a micrometer valve. Each calibration concentration
was held constant until steady state reaponses were achieved by both
instruments. The actual HC1 concentration (ppm) was calculated from the
microcoulomater response using Equation 2, and correlated with the chem-—
iluminescent response (V) at a given scale setting.

MODERED YWIN BRECH AMRCRAFY

SAMPLE LINE

SAMPLE LINE

RSy LT 2T =
0
OAS MIXTURE LINE {ﬁ
s

COVEOMETER  CHEMHUMINESCENT AWM PUMF

OLASS MIXER

REQULATOR AND
MICROMEIER VALVE

MAOHETIC STIRRER

HO BOFELE
(#8 pam)

@ EXTENSION <OnD
e

Figure 3. System adapted for omboard (on the ground) caliibration
of chemiluminescent analyzer.
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For the chemiluminescent responses for each mission to be interpreted,
the pre- and postflight calibrations had to be combined intc a single line.
This was done by fitting each of the pre~ and postflight calibration
}ines to a least gquares cutrve and averaging the coefficients. The re-
sulting single calibration curve for each migsion is shown by the solid
line in Figures &4, 5, and 6.

The numerical data for these plots is tabulated in Tables 1, 2, and
3. Owing to minor complications and s tight schedule, the preflight
calibration was not accomplished for Mission II. On Mission III, the
relatively large variation observed between pre- and postflight calibra-
tions was due in part to large changes In temperature and humidity from
early mworning to late afternoon.
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RESULTS

Each aerial monitoring misslon was flown £rom the Corpus Chrisri
Naval Air Station, Texas, escorted by a radar-equipped Coast Guard aircraft
to locate the Vulcanus, Each flight lasted about 4 hours, which permitted
70-100 minutes of measurements and data collection, While on station, the
atrcraft flew low~level crisscross and circular flight patterns over and
around the Vulcanus to locate the essentlally invisible exhaust plume.
Hydrogen chloride measurements were then made at various distances and
altitude combinations. Distances ranged from 0,25 to 3 miles (0.4~4.8 km),
and altitudes ranged from 100 to about 4800 feet (30.5-1464 m). The lower
altitude range (100-1600 ft or 30.5-488 m) was monitored in 100- and 200-ft
(30.5 m, 61 m} increments, to obtain a comprehensive profile of plume
concentration.

The HC1 measurements at each distance/altitude are tabulated in
Tables 4, 5, and 6 for Missions I, II, and IIL respectively. These tables
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1ist esgentially every measurable response recorded by either the chem-
iluminescent analyzer or the microcoulometer. For convenlence the data
have been grouped by plume penetration, which, because of plume trans-
parency, necessarily correlated with instrument response. The coulometric

concentrations have been estimated by two techniques: area and slope.
Coucentration estimates by the area method were calculated by assuming all
HCl associated with the coulometric peak was admitted during the titration
rise {time from initial response to peak apex). Concentration by slope

is based on laboratory correlation, which shows linear relationship be~
tween HC1 concentration and rate of instrument response (mV/min) (Fig. 7).
The maximum concentration recorded by the chemiluminescent analyzer was
lower than by the coulometer in almost every penetration, thus substanti-
ating the specificity of the chemiluminescent instrument for gaseous HC1
only, and of the coulometer for total chloride (gaseous plus aerosol).

The concentration listed for each penetration reflects the maximum value
recorded, above baseline, for each instrument. No microcoulometric data
are listed for Mission I because the coulometer was used for cabin moni-
toring throughout that mission.
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Figure 7. Slope calibration for coulometer
peak analysia,

The chemiluminescence concentration data in Tables &4, 5, and 6 reflect
s spike in some penetrations, and in others, a spike immediately followed
by a more prolonged response. In Tables 5 and 6, the more prolonged re-
sponse was very closely corxelated with the response recorded on the wicro-
coulometer {(e.g., see Figs. 8, ¢, and 10)., Because of this close corre-
lation In both peak size and chape, the more prolonged response m the
chemiluminescence analyzer is believed to more closely represent the
actual plume concentration. Tn penetration 13 (Fig. 8) two single chem—
iluminescent spike responses were recorded, with no response from the
microcoulometer. The phenomenon of a chemiluminescence spike immediately
followed by a longer response has not been reproduced in the laboratory
and, although of some comcern, is not considered representative of plume
concentration. The relatively large spike assoclated with a longer
chemiluminescent response is apparently due to the IX scale (compare,
for example, with Fig, 9 on 10X scale). The 10~ to li~sec time delay’
in the coulometric peak was expected, because of ity koown initial lag
and reaponse time delay.
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The HCl concentration data for the three missions are .summarized in
Figures 11 and 12 as functions of altitude and distance, respectively,
from the Vulcanus. The dashed lines represent our best estimate of the
maximum concentration profile. The variation in response with replicate
penetrations was almost certainly due to the problem of plume invisibility
and the attendant difficuwlty of replicating centerline penetration by the
aireraft. Hence the bulk of the recorded data must be considered to
represent nonmaximal concentrations.
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DISCUSSTON

The measured concentrations of HCl were considerably lower than had
been predicted in court depositions and technical hearings. The maximum
concentration recorded during the three monitoring missions was 3.0 ppm,
estimated by slope of the coulometer response. This measuvement occurred
during Mission III at an altitude of about 800 feet (244 m) and a distance
of 0.25 miles (0.4 km) from the Vuleanus. Op Misstous I and I1, the
maximum concentrations were 2.3 ppm [350 ft (107 m) directly overhead] and
1.8 ppm (unknown position) respectively. While perhaps lower than ex-~
pected, these values nonetheless correlate well with previous sea~level
measurements recorded by NASA using similar instrumentation during the
Gctober test of the Vuleanus, Overall, the test results submit to
several conclusions:

(1) The close correlation of real time response between. the chemi-
luminescent and coulometric analyzers, after kaown response corrections,
provides mutual substantiation of measured HCI exposures and concentration,

(2) The variation in pre- and postflight calibration data for the
chemiluminescent analyzer indicates a maximum uncertainty in this instru-
ment of plus or ninus 1007,

{3) The maximum HCl corxicentration, obtained by slope analysis of the
microcoulometer titration curve, may be assigned a maximum uncertainty of
plus or minus 20%, based on laboratory verification of theoretical response.

{(4) Despite evident scatter in repiicate plume penetratiouns,
apparently due to nonoptimal aircraft penetration, the recorded maximum
concentrations are well below the threshold limit value concentration for
HC1 (4 ppm) and hence support the aafety of the incinermtion method for
disposal of chlorinated hydrocarbon waste material.
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TABLE 1. .CALIBRATION DATA, VULCANUS MISSION I

Preflight
Coulometer Range Concentration Chemiluminescent
{(mV) (ohms) {ppm) apalyzer (V) Scale
0.0 10 0.0 0.0 100X
0.49 10 6.4 3.9 100X
0.69 10 9.1 5.5 100X
0.96 10 13 7.7 100X
0.48 10 6.3 2.8 100X
Pogtflight
6.0 10 0.0 0.0 100X
0.40 10 6,1 2.7 100X
0.66 10 190 4.7 100X
0.86 10 13 6.0 100X
0.36 10 5.5 2.0 100X

Equation of least squares line: 1IX scale: ppm = 0.02 » V
10X scale: ppm = 0,19 « V
100X gcale: ppm= 1.9 « V
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TABLE 2. CALIBRATION DATA, VULCANUS MISSION II

Postf 1ig_ht

Coulometer Range Concentration Chemiluminescent
(V3 (ohms) (ppm) analyzer (V) Scale
0.0 10 0.0 0.0 100%
0.80 10 13 2.6 100X
0.66 10 10 2.2 160X
0.48 10 " 7.6 1.8 100X
0.32 10 5.0 1,2 100X
0.45 10 7.1 1,0 100X
1.03 10 16 1.4 100X
0.0 10 0.0 0.0 10X
0.32 10 5.0 10,1 10X
0.19 10 3.0 5.9 10X
0.13 10 2.1 3.7 10X
0.05 16 0.79 2.1 10X
0.02 10 0.32 0.9 10X
0.40 100 0.63 1.2 10X
0. 66 100 1.0 1.8 10X
0,14 190 2,2 4.8 10X
0.0 100 0.0 0.0 1X
0.09 100 0.14 3.4 1X
0.15 100 0.24 5.3 X
0.34 100 0.54 9.1 1X
0,37 100 0.58 10.1 1X

Equation of least squares line; 1X scale: ppm = 0.05 + V

10X scale: ppm = 0.50 = V

106X scale: ppm = 5,3 + V
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TABLE 3, CALIBRATION DATA, VULCANUS MISSION IIY

Preflight
Coulometer Range Concentration Chemiluninescent
(mv) (ohme) (ppm) analyzer (V) Scale
0.0 50 0.0 0.0 1X
0.17 50 0.54 4.9 X
0.19 50 0.60 10.0 1X
0.19 50 0.60 1.1 10X
0.46 50 1.5 1.4 10X
0.63 50 2.0 1.9 10X
0.19 10 3.0 3.3 10X
0.15 10 2.4 2.8 10x
0.20 10 3.2 3.9 10%
0.31 10 4.9 5.7 10X
0.35 10 5.5 0.8 100X
0.61 10 9.6 1.0 100X
0.%0 10 14 1.6 100X
Postflight
6.0 90 0.0 0.0 b ¢
0.0 90 0.0 1.7 1X
0.88 90 1.7 : 10.0 1x
0.43 50 1.5 0.8 10X
0.23 10 3.9 1.9 10%
0.38 10 6.4 3.5 10X
0.47 10 7.9 4,7 10X
Equation of least squares line: 1¥ scale: ppm = G.12 » V

10X scale: ppm = 1.2 « V
100X seale: ppm s
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TABLE 4. HC1l MEASUREMENTS, VULCANUS MISSION T

Chenlluminescent
analyzer
Plume Altitude Distance Conc®
penetration Time (ft) (mi) Volt Scale  {ppm)
1 13L7 600 1.5 4.1 X 0.08
2 1318 1000 1.5 5.4 1X 0.11
3 1319 700 Q.5 6.0 1X 0.12
4 1319 600 1.5 6.0 X 0.12
5 1320 300 0.5 0.4 16X 0.11
6 1327 600 6.25 6'0b 1X 0.12
7 1329 500 0.25 13.0 1X 0.26
8 1331 400 0.25 8.5 10X 1.6
9 1335 400 0 9.6b 10X 1.8
10 1339 350 0 12.0 10X 2.3
11 1343 400 0 4.4b 10X 0.84
12 1345 600 0 10.4 10% 2.0
13 1347 800 0 2.6 10X 1.8
14 1356 4"6b 10X 0.87
15 1359 13.7 10X 2.6

L]

Concentration over background (average hackground: 0.11 ppm)
Offscale response, voltage estimated by peak triangulation,

:
b
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TABLE 5. HC1l MEASUREMENTS, VULCANUS MISSION TI

Chemiluminescent Coulometer
Plume Alt. Dist. . Conc? Conc, in)
penetration Time {(ft} (mi} Yolt Scale {ppm) Slope Area

1 1059 8.6 X 0.43 noP

2 1102 800 1.1 1.8 X 0.09

3 1104 600 1.0 X
4 1106 400 1.0 X

5 1107 200 1.0 1X

6 1110 1000 1.0 X

7 111} 1600 0.5 1X

8 1132 1200 0.5 7.1 X 0.36 NQ

9 1116 1400 0.5 11.6c X 0.58 NG

10 1118 1200 0.5 2.5 ix 0.13 8.11 0,25
11 1120 1000 0.5 1.6 X  0.08 6.07 0.14
12 1123 800 0.5 1.8 iX 0.09 4,13 .32
13 1122 600 0.5 1.3 ix  0.47 NQ
14 1124 400 0.5 1.4 15 0.07 0.09 C.1l1L
15 1126 200 0.5 1.9 X 06.10 0.07 0.22
1a 1130 2.2 1X .11

17 1134 1100 3.0 2.4 X 0.12 0.17 0.30
18 1143 1400 0,25 2.7 X 0.14 0.06 0.15
19 1148 1100 0.25 X

20 115¢ 1000 0.25 1¥%

21 1151 860 0.25 7.2 1 0.36

22 1152 600 0.25 0.7 IX 0.04 NQ

23 1155 800 0.25 0.9 £ 0.05 NQ
24 1157 800 0.25 7.2 1X 0.36 NG d
25 1200 800 0.25 24.6° X 1.23 1.5 1.4
26 1205 7006 0.5 0,7 10X 0.35 0.81 i.1
27 1206 700 1.6 iXx 0.08 NQ

28 1207 700 4,1 X 9,21 NG d
29 1209 2.1 10x 1,10 1.6 1.3
30 1213 1.8 10x d.90 1.8 1.4
31 1214 1.5 108 0.80 1.3 1.2
32 1216 1.5 108 0.80 1.2 1.3

Bconcentration over background {(average background: 0,17 ppm).
NQ = coulometer response not quantifiable.

Offscale response, voltage estimated by peak triangulation.
Offscale responsge, area estimated by peak triangulation,

¢
d

17

N3
.
ey
.



TABLE 6. HC1l MEASUREMENTS, VULCANUS MISSION III
Chemiluminescent Coulometer
Plume Alt. Dist, Concé " Conc. (ppm)
penetration Time {ft) (mi) Volt. Scale (ppm) Slope Area
1 1044 1100 1.0 0.4  1X 0.05 NoP
2 1049 800 0,5 6.2 X 0.74 ¢.13 0,17
3 1050 600 0.5 1,7 1X 0.20 NQ
4 1052 400 0.5 1.7 X 0,20 NQ
5 1054 200 0.5 0.8 ¥ 0.10 NQ
3 1056 100 0.5 ¢ 1X 0
7 1059 1100 0.5 1.1 ¥ 0.13
8 1106 800 0.25 2.9 X 0.35 0.63 1.1
9 1108 800 2.0 bob iX  0.53 0.81 1.5
10 1110 800 3.6 1IX 0.43 0.49 1.0
11 1114 2600 © 2.4 X 0,29 NQ
12 1123 2600 7.8 6.8 1X 6,10 NQ
13 1125 2700 0-3.4 0 1X¥ 0
14 1130 2800 1.2 11X 0.14
15 1136 800 0,25 0.3 1X 0.04 NQ
16 1137 800 0,25 1.4 X 0.17 0.39 0.7
17 1139 800 0.25 12,0° 1x 1.4 3.0 2.8
18 1141 500 0,25 17.4% 1 2.1 2.7 2.4
19 1150 500 0.25 4.0 1 0.48 NG

a
b

Concentration over background (average background: 00,25 ppm).
CNQ.w coulometér response not quantifiable.
Offscale reaponse, voltage estimated by peak triasngulation.
Offscale response, area estimated by peak triangulation.
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PREFACE

Headquarters US Air Force Logistics Command, Wright-Patterson AFB,
OH, the office of primary responsibility for the project to dispose of
Herbicide Orange, designated the US Air Force Occupational and Environ-
mental Health Laboratory (USAF OEHL) as the agency responsible for land
based environmental monitoring of this project. The Armament Development
and Test Center, Tyndall AFB, FL negotiated and monitored this contract
with Battelle Columbus Laboratories, Columbus, OH. Personnel of the

USAF CEHL served as Technical Representatives of the Contracting Officer.
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DETAILED ENVIRONMENTAL ANALYSIS
OF PROJECT PACER HO

1. INTRODUCTION MATERIAL

This report is Part I of a three-part report on the envirommental
consequences of a project conducted on Johnston Island, labeled Project
Pacer HO, designed to remove and incinerate the egtocks of Orange Herbilceide
stored on Johnston Island since 1972, The three parts to the report are
as follows:

Part I Executive Summary

Part IT Detailed Environmental Analysis of
Project Pacer HO

Part 11T Supporting Data

in April, 1970, the Secretaries of Agriculture, HEW, and
Interior jointly announced the suspension of cerxtain uses of
2,4,5-Irichlorophenoxy acetic acid, As a result the Department of Defense
suspended the use of Orange Hetrbleclde since this herbicide consists of
approximately 50 percent 2,4,5~T and 50 percent of 2,4-Dichlorophenoxy
acetic acid. This suspension left the Air Force with 1.5 million gailons
of Orange Herhicide (HQ) in Vietnam and 0.8 million gallons in Gulfport,
Mississippi. In September, 1971, the Department of Defense directed that
the Orange Herbicide in Vietnam be returned to the United States and that the
entire 2.3 million gallons be disposed of in an ecologlcally safe and
efficient manner.  The 1.5 million gallons were moved,ﬁrom Vietnam to

Johnston Tsland for storage in April, 1972. g

The cost of maintaining the storage areas, and the ever present
danger from the stored HO stocks, let the Air Force to conduct a study to
develop procedures for the ecologically safe, efficient, and, 1if possible,
low-cost disposal of the approximately 2.3 million gallons of HO.

As part of their final EIS? the Air Force stated " a monitoring

* The final FIS for incineration of HO at sea. There were public
hearings, and an EPA ocean dumping permit was issued.
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program will be conducted to document herbicide exposures and environmental
exposures should they occur. It is anticipated that this program will
generate sufficient data to demopnstrate that personnel and environmental
safety of this operation". This report contains the results of the land-
based monitoring program conducted during the HO disposal program on

Johnston Island.

2. THE ORANGE HUERBICIDE DISPOSAL PROGRAM

The Orange Herbicide stored on Johnston Island represented
approximately 25,000 drums of 55-gallon capacity. These were gtored in
rows stacked three high in an area of about 3.5 acres on the northwest
corner of the island, where the prevailing winds rapidly removed any
atmospheric HO away from Johnston Island and the atoll and dispersed it
in the open Pacific., There were nc other locations containing HO.

Prior to the disposal operation, the sea environment caused
drums to corrode and thus leak. The leakers were taken to a dedrumming
facility where they were allowed to drain and were redrummed and restacked,
while the old drums were crushed and stacked. The leaked HO caused a

persistent and intense oder downwind of the drumyard.

For the HO disposal program, the dedrum facility was modified
to allow transfer of the material from drums to bulk carriers for transport
to an incinerator ship. The facility and operation basically consisted
of a concrete pad and two fabricated metal racks upon which the full
drums were placed in four groups of 12 each. Drums were transported from
the drum vard Lo the racks in sets of four, The drums were then drained
into 4 collection sump and spray rinsed twice with diesel fuel, exceeding the
quality EPA requirements of 90 percent confidence of 85 percent residual
removal,

After drainage, the drums were carried to the crusher, which
conslsted of a large weilght suspended between two I-beams. The drums were
compressed along the longitudinal axis.

Crushed drums were bundled and placed in storage on the seaward
(dowmwind) side of the dedrum/crushing area. A large plastic sheet was

used to protect the crushed drums from rain. s




Herbieide was pumped from the collection sump into standard
Alx Force R-5% refueling trucks via a dry coupler bottom connection.

The refuslers transported the HO to the wharf via a road which
was get aside for this purpose. Non-project related vehicle traffic was
forbidden along this section of roadway,

Once the refueler had reached the main wharf, the procedure wag
essentially reversed. The same type of dry couplings and spill prevention
equipment were employed to pump out khe tank and bulk transfer the
material to the M/V Vuleanus, & ship designed for the incineration of
hazardouws materlials. The area in which the pumps and hoses were located
was diked with sand bags and plastic so that potential spillage could be
contained.

The drum ripsing activities were subjected to constant monltoring
to assure compliance with the FPA requirements. The second rinse From every
100th drum was sampled and analyzed for H0. A quality control chart was com-
piled from these analyses to assure that EPA requirements were being mel on
coptinuous basis.

A certified industrial. hygienist was present during the complete
operatfon. In addition to preventing deficiencies in personal hygiene and

gsafety, he was responsible for the siting and operation of personnel samplers.
3. AIR

Surface trade winds were essentially constant throughout the
study period with winds from the ENE te BESE ar 10 te 200 mph an most days.
Being remote from other terrestrial environments, the air at Johnston Atoll

iz clean, with none of the pollutants normally associated with urban aresas.

Alr sampling for 2,4~D and 2,4,5-T was accomplished utilizing
Chromwosorb 102 as an adsorption medium, a granular polymexry well suited for
collection of chlorinated hydrocarbons. This material was packed in
micropipet tubes through which a sample volume of 150 liters was pulled
act the rate of 0.50 liters/minute.

* on termination of the project, all equipment was decontaminated with a diesel
fuel wash, which was then loaded on the ship.
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Air sampling for the herbicide contaminant, tetrachlorodibenzo-
para dioxin (TCDD), was accomplished utilizing benzene as the absorption medium.
The apparatus consisted of a tyain of four impinger columns, the first two

contained benzene, and the final two conteined activated carbon to trap

evaporating benzene,

In oxder to determine the impact of dedrumming and transfer
operations on the air environment, four monitoring areas were chosen for
sampling. These were the meteorology building (located 2 miles upwind
for use as a background station}, the wharf (300 feet downwind of the loading
area), the dedrum facility ( to determine occupational exposures), and a
point 310 feet downwind of the dedrum facility. The chromosorb samples
taken over the duration of dedrumming and loading operations yielded the
following observations:

¢ Concentrations in samples taken at the upwind meterolegy

building ranged from levels below detection to trace

amounts { less than 1 microgram per cubic meter).
¢ There was little difference between data recorded at

the meterology building and that at the wharf. The impact

on air due to the loading procedure at the wharf was negligible.
¢ Total herbicide* concentrations detected 310 feet down-

wind of the dedrum site ranged from 3 to 23 micrograms per

cubic meter,

» Concentrations inside the dedrum facility were only slightly

higher, from 7 to 27 micrograms per cublc meter,

The OSHA 8-~hour time weighted average sllowable concentration
for either/or 2,4-D and 2,4,5-T acids is 10 milligrams per cubic meter.

All of the amwbient measurements were negligible in comparison to the OSHA TWA.

The analytical results on aiy samples in the dedrumming facility
show that personnel exposures were two t¢ three orders of magnitude
below the TLY of 10 wg/cubic meter for either 2,4~D or 2,4,5~1. No
injuries or illness that eccurred during dedrumming could be attributed to

%
HO exposure.

%  Comcentration reported as sum of 2,4-D and 2,4,5~T.
*% Two cases occurred when HO was splashed in eyes. The eyes were lmmediately

flushed without consequence. e
O G




Analysis of twenty benzene impinger samples showed all samples
to contain less than the mininum detactable Timit (MDL) of TCDD., MDL's
ranged from 6.6 te 20,3 nanograms per cubic meter,

The impact of the disposal operation on the atmospheric environment

was thus found to be insignificant.

4. UWATER

The existing water environment of Johnston Island consists of
several components of the hydrologic eyele. The saltwater cycle Is
comprised of the lagoon circulation and the groundwater underlying the
island while the freshwater cycle includes the rainfall and the drinking
water and sanitary system, Johnston Island's water system uses both
fresh and saltwater.

Thae saltwater around Johnston Island and the freshwater system
have been monitored for the presence of 2,4-D and 2,4,5-T7 since 1973. The
maximum concentrations observed in the offsghore area near the herbicide
storage were on the order of 3 ug (mlcrograms) 2,4-~D/liter and 0.6 ug
2,4,5-T/1liter and those near the saltwater intake were 2.3 and 0.7 ug/l,
respectively, The other two offshore sites exhibited maximum concentrations
below 0.5 ug/l. Sample taken in the distillation plant never showed
meagsurable conceéntrations, yet one sample from the storage reservolr
showed 1.6 ug/l of 2,4,5-T. By comparison, most stringent standard appears
to be the National Interlm Primary Drinking Water Standacd al 0.1 wg 2,4-D/1.

The sampling program for the water environment during the oper-
atrion consigsted of four offshore sites and two onshore sites. Samples were
taken of the water near the main wharf at two points just off of the bow of
the ship at 10-11 meters of depth. The saltwater intake for the desal-
ination plant was sampled daily at about the same times as for the wharf
samples and at a depth of five to six meters (about one meter from the bottom).
The third offshove location sampled on a regular basis was the sewage outfall
on the south side of the island. The fourth offshore site, sampled four

times, was the shallow offshore area near the drum storage vard,
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The location of one of the onshore samplers was in the fresh-
water system equilization tanks immediately downstream from the desal-
ination plant and prior to chlorination. The other onshore sampler
monitored sewage in a sump near a lift station.

The water in the vicinity of the intake for the desalination
plant was monitored on a daily basis. The level of herbicide ranged from
below detection limits {O.Llppb) to 3.43 pph. Over 50 percent of the samples
analyzed had concentrations below 0.2 ppb, a factor for 500 less than

the drinking water standard.
Potable water samples taken before the operation showed trace

concentrations of 2,4-D in ong sample. Duxing the operation, herbicide
coacentratiuns* were Found at trace levels (0.1 - 0.2 ppb) in 20 percent
of the samples, again a factor of 500 below the drinking water standard.

Water samples were taken on alternate days in proximity to the
sewage outfall, which is approximately 530 feet offshore, Oaly trace
level of either 2,4~D or 2,4,5-T (0.%L - 0.2 ppb) were detected in the
samples analyzed.

The sewage samples, contaminated from the washing of work clothes
showed concentrations of herbicide** of from 20.7 ppb to 137.8 ppb. An
estimated total of 0.94 pounds of herbicide was released into the'sewage
system, a markedly small figure in comparigon to the amount handled.

Water samples were taken offshore and downwind of the dedrum
facility four time during the operation, Onc sample contained tracce levels
of 2,4,5-T while all other samples analyzed had no detectable levels.

Water samples were taken on a daily basis in the vicinity of the
wharf, which included special grab samples during the two deballasting
periods from the M/V Vulcanus. The water in the immediate vicinity (10
feet) of the deballast discharge contained levels of herbicide that ranged
from below detection to 8,117.7 ppb. The concentrations of these chemicals
in the composited water samples at the wharf in the days following the
deballasting 1llustrated an effective dilution process. The concenttrations
of herbicide dropped from 8116.7 to 1,90 to .75 ppb in the 2 days
following the second deballast period. Including the deballasting perlods,
the concentrations of both 2,4-D and 2,4,5-T stayed below 0.2 ppb (trace) in

over 530 percent of the samples taken.

% Concentration is reported as sum of 2,4-D and 2,4,5-T.
#% Concentration is reported as sum of 2,4-D and 2,4,5-T.
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The 11 water and sewer samples analyzed to date for TCDD
show no measurable concentrations (MDL's ranged from 3.6 to 8.0 nanograms per
liter).

With the exception of the deballast operation, the effect of
the disposal operation on the aquatic enVironment was found to be in-
gignificant. The deballast operation produced no signs of biotic impact,

and aquatic concentrations decreased rapidly to nearly undefectable levels
after deballastings

5. BIoTA

The terrestrial environment of Johnston Atoll has been extensively
studied. Although large numbers of aquatiec, terrestrial, and avian
gpecies have been ldentified at Johnston Atoll, there is a paucity of

native species, the atoll being a link in a migratory chain.

The large number of birds present on the atoll were nearly
exclusively found on the three islands, unaffected by the presence of the
disposal operation on Johnston Atoll. Wo signs of aquatic distress or change

were noted in any aguatilc community during disposal operations.

Young, potted tomato plants, Lycopersicon esculentum, 25-38 cm
in height were used as bilomonitoring organism to detect the presence of
Orange Herbicide in the air, Tomato plants were used because of their
sengitivity to HO damage in the parts per trillion range. The injury
symptom typical of HO damage, know az epinastic gyowth, is described as
a curling and/or twisting of the apical portion of the plant. Fourteen
aix biomonitoring sites or stations were selected on Johnston Island.

Three days of preoperational observations indicated that
concentrations of Orange Herbicide sufficlent to cause injury to the tomato
plants only at two of the 14 stations. These two stationsg were approximately
500 feet from the dedrumming site and directly downwind. During the operation,
these two stations experienced the most frequent and most severe injury.
Occasional damage was experienced at two peripherally dowmwind stations.

However, during the monitoring program, no significant physical or
morphological changes were notgd in any indigencus plant species on Johnston

Island attributable to Orange Herbicide. é;ﬁ? ? f::w




6. QUALITY CONTRCL OF DRUM RINSING

Statistical sampling was made of drum rinse samples to assure
the residual in the drums was less than that which would be left by the

EPA triple rinse procedure, The drum rinse procedure was modified several

times to improve removal; the druma on the average exceeded the required

triple rinse efficiency.

7. SITE RECLAMATION

The U,.S8.A.F. has developed a continuing soil sampling program
on Johnston Island, im the area of the drum storage yards, The purpose of
the program is to monitor the degradation of HO in the old seepage
areas from drum storage, 80 as to assure that the residual poses no

environmenial threat.
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