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Seven tests were also conducted at Refugio, Victoria, Carlos, and Livingston from
October 3, 1963 through June 15, 1966 with similar herbicides and rates. Twelve
scientists with the Agricultural Research Service were responsibly for designing,
conducting, and evaluating the research plots. Additional personnel from the Agricultural
Research Service provided the support for the treatments and mixing of the herbicides.
The two tactical herbicides, Herbicide Orange and Herbicide White (picloram-2,4-D),
were provided by Fort Detrick, Frederick, Maryland.

Sources: 1964): Proceedings of the First Defoliation Conference, 29-30
July 1963. United States Army Chemical Corps’ Biological Laboratories, Fort Detrick,
Frederick, Maryland. Document is unclassified but subject to export control. Available
Jrom the Defense Documentation Center, Accession Number AD0427874.

b6

*65): Proceedings of the Second Defoliation Conference, 5-6
August 1964. nited States Army Chemical Corps’ Biological Laboratories, Fort
Detrick, Frederick, Maryland. Document is unclassified but subject to export control.
Available from the Defense Documentation Center, Accession Number AD0329567.

: Proceedings of the Third Defoliation Conference, 10-11
65. United States Army Chemical Corps’ Biological Laboratories, Fort
Detrick, Maryland. Document is unclassified but subject to export control. Available from
the Defense Documentation Center, Accession Number AD89S001.

1968): Herbicide Combinations for Woody Plant
cience 16 (3): 332-335,

b
# 968): Resecarch Report...Response of Tropical and Subtropical Woody
ants to Chemical Treatments. Report Number CR-13-67. Agricultural Research
Service, US Department of Agriculture Under ARPA Order No. 424, Advanced Research
Projects Agency, US Department of Defense. :

1971): Effects of Aerially-Applied
eed Science 18 (1): 164-168.
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Site 20

Location: Seven Locations in Puerto Rico, including
Mayaguez, Maricao, Guajataca, Guanica, Toro Negro, El
Verde, and Jimenez

Date — June 1963 — October 1967

Activity Description: The importance of obscuring vegetation is particularly
important in tropical areas. The Luquillo National Forest of Northeastern Puerto Rico
resembled the evergreen forests of Southeast Asia. Precipitation is high and the constant
high humidity and abundant soil moisture contribute to the development of lush plant
growth. Numerous short trees, slender vines, and stout lianes obstruct horizontal
visibility. Heavy foliage in the contiguous crowns of top story hampers vertical
visibility. Vegetation in swamps or marshlands is a characteristic feature that was similar
in Puerto Rico and Southeast Asia. Another feature of the vegetation in Puerto Rico and
Southeast Asia was the contrast between lowland and mountain flora. The Department of
Army personnel at Fort Detrick, Frederick, Maryland recognized that defoliation of such
tropical vegetation similar to that found in Southeast Asia would reduce the amount of
obscuring vegetation. Thus, in Southeast Asia the possibility of ambush would be
reduced, and the movement of enemy equipment and personnel could be more easily
observed. It was concluded that research on tactical and commercial herbicides in Puerto
Rico would contribute to the understanding and use of such herbicides in Southeast Asia.

The research in Puerto Rico on the use of tactical and commercial herbicides was
sponsored the Advanced Research Projects Agency (ARPA), Department of Defense.
Reports of the research were reported at all three of the Defoliation Conterences (1963,
1964, and 1965). Personnel of the Agricultural Research Service, United States
Department of Agriculture, were responsible for the conduct of the research. The
objectives of the research in Puerto Rico were to “conduct advanced evaluation of
promising herbicides for tropical and subtropical killing vegetation; and, determine
optimum times and rates of applicalion, distribution parameters, formulations and
mixtures for most effective use of herbicides.”

The treatments and studies in Puerto Rico were conducted at seven locations providing a
wide spectrum of vegctative and environmental variability. The site at Mayaguez
represented a moist coastal forest habitat; the sile al Maricao was in the Lower Cordillea
Forest habitat; the Guajataca site was located in a most limestone forest habitat; the
Guanica site was on the southern, dry side of Puerto Rico and excluded many of the tree
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species found on the north side of Puerto Rico; the Toro Negro site was located in the
Upper Cordillera Forest and was characterized by lower temperatures and higher rainfall
than the Lower Cordillera Forests; the El Verde and Jimenez sites were in the Luquillo
National Forests in areas that represented the best developed forests in Puerto Rico. The
lands were the sites were located were provided by either private individuals, companies,
the Federal Experiment Station in Puerto Rico, or the Commonwealth Division of
Forestry of the Commonwealth of Puerto Rico.

Assessment: Herbicides treatments were made by two different methods. Ground
applications were made with a telescoping pole sprayer designed to cover a 40-foot
diameter circle. The sprayer was calibrated to spray 10 gallons of liquid per acre. Aerial
applications were accomplished with a Hughes 300 helicopter delivering 1.5 or 3.0
gallons per acre in a 35-foot swath at 45 miles per hour. All applications were made near
tree-top level. The herbicides applied in the various Puerto Rico sites included the
isooctyl esters of picloram (Fort Detrick formulation M-3142); a 2:2:1 mixture of the
isooctyl esters of 2,4-D:2,4,5-T:picloram (Fort Detrick formulation M-3140); a 4:1
mixture of 2,4,5-T:picloram (Fort Detrick formulation M-2993); and the tactical
herbicides Orange, Purple, and White. In addition to Herbicide Blue, three other contact
herbicides were evaluated, monosodium methanearsonate (MSMA), paraquat, and diquat.
The rates varied from 3 lbs/A (White), to 6 Ibs/A (Blue), and up to 24 Ibs/A (Orange).

A randomized block design with one or two replications was used in each test site. Land
availability, topography, number of treatments, and application equipment determined the
number of replications and plot size. For aerial applications, two replications of 1-acre
plots (175 by 249 feet) were treated with a helicopter calibrated for delivering 10 gallons
of liquid per acre; thus rate calculations were based upon that volume. Ester formulations
were sprayed in diesel oil, while amine and sodium salt formulations were sprayed in
water.

Twelve scientists with the Agricultural Research Service were responsibly for designing,
conducting, and evaluating the research plots. Additional personne! from the Agricultural
Research Service provided the support for the treatments and mixing of the herbicides.
The three tactical herbicides, Herbicides Orange, White, and Blue and the proposed
candidates M-2993, M-3140, and M-3142 were provided by Fort Detrick, Frederick
Maryland,

Sources: 1964): Proceedings of the First Defoliation Conference, 29-30
July 1963. United States Army Chemical Corps’ Biological Laboratories, Fort Detrick,
Frederick, Maryland, Document is unclassified hut subject to export control. Available
Srom the Defense Technical Information Center, Accession Number AD(0427874.

~65): Proceedings of the Second Defoliation Conference, 5-6
ugust 1964. United States Army Chemical Corps’ Biological Laboratories, Fort

Detrick, Frederick, Maryland. Document is unclassified but subject to export control.
Available from the Defense Documentation Center, Accession Number AD0329567.
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966): Proceedings of the Third Defoliation Conference, 10-11
. ifed States Army Chemical Corps’ Biological Laboratories, Fort

Detrick, Maryland. Document is unclassified but subject to export control. Available from
the Defense Documentation Center, ﬁgcession Number AD89800!.

968): Herbicide Combinations for Woody Plant
Control. Weed Eience 16 (3): 332-335.
968): Research Report...Response of Tropical and Subtropical Woody
Plants to Chemical Treaimenis. Report Number CR-13-67. Agricultural Resecarch
Service, US Department of Agriculture Under ARPA Order No. 424, Advanced Research
Projects Agency, US Department of Deffngse.

&7

* 1969): Response of Tropical Vegetation to
Herbicides. Weed Science 17 (3): 285-290. 45\(

“197@: Effects of Aerially-Applied
Herbicides on Texas and Puerto Rico Forests. Weed Science 18 (1): 164-168.
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DOD TACTICAL HERBICIDE SITE

Site 21

Location: Fort Gordon, Augusta, Georgia
Fort Chaffee, Fort Smith, Arkansas
Apalachicola National Forest, Sopchoppy, Florida

Date — July 1967 — October 1967

Activity Description: During the period December 1966 to October 1967, the
newly named “Plant Science Laboratories™ at Fort Detrick initiated a comprehensive
short-term project to evaluate desiccants and herbicidal mixtures as rapid-acting
defoliants. The objectives of this study were to evaluate rapid-acting desiccants as
defoliants and to assess the defoliation response of woody vegetation to mixtures of
herbicides and/or desiccants. The criteria for assessment was based principally on
rapidity of action, but included other features such as safety and ease of handling,
compatibility with dissemination systems, and low toXicity to man and wildlife.

The approach to the objective of an improved rapid-acting defoliant involved three
phases: (1) evaluation of commercially available rapid desiccants or contact herbicides;
(2) evaluation of improved formulations of rapid desiccants developed under industry
contacts and by in-house effort; (3) development and evaluation of desiccant-herbicide
mixtures containing the rapid defoliant characteristics with the sustained long-term
effects of Orange and other Tactical Herbicides. The project required an immediate
access to a diversity of woody vegetation. Accordingly, Fort Detrick arranged for test
locations at Fort Gordon near Augusta, Georgia; Fort Chaffee near Fort Smith, Arkansas,
and Apalachicola National Forest near Sopchoppy, Florida,

The Georgia site was described as a warm temperate, humid, moderate rainfall climate
with deep, well-drained sands in rolling topography. The vegetation type was an oak-
hickory-pine forest. The Arkansas site was described as a temperate continental,
moderate rainfall climate with fine sandy loam soils in rolling topography. The
vegetation type was an oak-hickory forest. The Apalachicola National Forest site was
described as a subtropical, humid, moderate precipitation climate with sandy soils in a
flat poorly drained topography. The vegetation type was described as a Southern mixed
forcst.  All sitcs were selected Dbecause of their isolation from any local human
populations, e.g., in Florida, the site was a ridge located in a swamp forest.

Assessment: The desiccants selected for evaluation included Herbicide Blue (a
tactical herbicide), and the commercial desiccants diquat, paraquat, dinitrobutylphenol
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(DNBP), pentachlorophenol (PCP), hexachloroacetone (HCA), and monosodium
methanearsonate (MSMA), pentachloro-pentenoic acid (AP-20), endothall, and various
mixed formulations of these desiccants. The systemic herbicides included the two tactical
herbicides Orange and White; the potassium salt, triisopropanolamine salts, and the
isooctyl ester of picloram; and, a ethylhexyl ester of 2,4,5-T mixed with HCA. Mixtures
of propanil, nitrophenol, linuron, and silvex were also evaluated. All chemicals were
furnished by Fort Detrick.

Aerial application at these three sites were made with a Bell G-2 helicopter equipped with
two 40-gallon tanks and a 26-foot boom with 6-inch nozzle positions adaptable for
volume deliveries of 3, 6, or 10 gallons per acre in a 50-foot swath. Spray equipment,
pilot, and support were furnished under contract with Allied Helicopter Service of Tulsa,
Oklahoma. Aerial applications were made on duplicate 3-acre plots, 200 by 660 feet in
dimension. A sampling and evaluation trail was established in each plot on a diagonal
beginning at 100 feet from one corner. Major species were marked along 500 feet of this
transect and individual plants were identified by combinations of colored plastic ribbons.
A minimum of 10 individuals of each species was marked unless fewer were present.
Evaluations were made at 1-, 5-, 10-, 30-, and 60-day intervals by experienced Fort
Detrick personnel. At each evaluation period the identical marked individuals of the
major species were rated for defoliation and desiccation. At each location, approximately
475 gallons (~10 drums) of Herbicide Blue, 95 gallons (~2 drums) of Herbicide Orange,
and 6 gallons of Herbicide White were expended.

The assistance of Department of Army forestry personnel at Fort Gordon, Fort Chaffee,
and the 3" and 4™ Army Headquarters were acknowledged in the report for their support
in the selection and preparation of sites in Georgia and Arkansas. The land and facilities
for the Florida tests were provided by the Supervisor, Apalachicola National Forest,
Tallahassee, Florida. Personnel from the Physical Sciences Division, Fort Detrick
assisted in the development of formulations and preparations of field test mixtures. They
also provided the data on the physical characteristics of the candidate tactical defoliants

and mixtures. j:)

Sources:

Evaluation of Desiccants and Herbicide Mixtures as Rapid Defoliants. Technical Report
114, Plant Sciences Laboratories, lfort Detrick, Frederick, Maryland. Document

unclassified but subject fo special export control. Available from the Defense
Documentation Center, Accession Number AD 8806835.
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DOD TACTICAL HERBICIDE SITES

Site 22
Location: Adjacent to the Demilitarized Zone, Korea
Date — 20 March 1968 — 1 July 1968

Activity Description: In carly 1967, as part of a general review of the
Demilitarized Zone (DMZ) defenses, the United Nations Command (UNC) and the
United States Forces Korea (USFK) found that dense vegetation within the DMZ and
contiguous arcas provided cover for North Korean infiliration or raiding parties. The
vegetation in these areas had grown unencumbered since the Armistice and was an
important part of the DMZ defensive problem. In March 1967, representatives of the
Plant Sciences Laboratory, US Army Biological Laboratories, Fort Detrick, Maryland
visited Korea and inspected typical vegetation growth in selected areas contiguous to the
DMZ. Based upon this evaluation, the Plant Sciences Laboratory recommended the use
of tactical herbicides, specifically Herbicides Orange and Blue, and a commercially
available soil applied herbicide (Monuron UROX 22) to control general and specific
vegetation growth adjacent to the DMZ.

The decision to use tactical herbicides required obtaining approval of the United States
Department of State. Numerous messages were dispatched during the period May
through September 1967. In early September, the US Secretary of State authorized
discussion of the program with the Republic of Korea (ROK) Government. These
discussions provided the acceptance of the program by the ROK Prime Minister and on
20 September 1967 both governments (ROK and US) granted permission for the use of
the tactical herbicides to be sprayed in the area between the DMZ South tape and the
Civilian Control Tise,

Following a series of planning conferences a comprehensive vegetation control program
was developed. On 4 March 1968, the Commander, US Forces in Korea
(COMUKOREA) was authorized to deploy tactical herbicides as part of the vegetation
control program in Korea. To preclude the possibility of unfavorable propaganda and to
ensure that defoliants would be properly employed with a margin of safety, the following
constraints were placed upon the vegetation control program: (a) Defoliants were not be
employed North of the Southern boundary of the DMZ; (b) During application, care was
to be taken to ensure that there was neither run-off nor spray drift into areas North of the
Southern boundary of the DMZ; (¢} Defoliants would not be applied during precipitation
or when rain was expected within 12 hours after application; (d) Extreme caution was to
be exercised to avoid damage to food crops; (¢} Defoliants would note be dispensed from
aircraft of any kind; and (f) a Korean Military Assistance Group (KMAG) Representative
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(a Chemical Corps Officer assigned to this subordinate element of the Eighth US Army)
would be physically present whenever defoliants were deployed. By 20 March 1968, the
first herbicide (Monuron) and equipment arrived in country. On 31 March,
implementation of the Vegetation Control Program CY 68 (for Calendar Year 1968) was
ordered to begin on or about 15 April 1968. On 10 April 1968 supplies of Herbicides
Orange and Blue were on-hand in forward locations near the DMZ.

Assessment: Soldiers from the First Republic of Korea Army (FROKA) were
assigned the task of applying the herbicides. Monuron UROX 22 was spread by hand or
mechanical broadcast beginning on 15 April 1968 and through 28 April 1968. The usual
technique involved dividing a selected area into several lanes and each soldier walked
along his assigned lane spreading the Monuron pellets along an area of 5 meters on each
side of his marked lane. Supplics of Monuron were spotted throughout the area to
facilitate individual re-supply along assigned lanes. In this manner, approximately 7,800
drums (397,800 pounds) of palletized herbicide were applied on 1,560 acres or at a rate
of 255 1bs/A.

Applications of the tactical herbicides Orange and Blue began on 15 May 1968 upon the
emergence of foliage, and terminated on 15 July 1968, The Orange herbicide was mixed
with diesel oil at a ratio of 3 gallons of Orange to 50 gallons of diesel. Since many
application areas selected for spraying with Orange were relatively inaccessible for use of
the modified M8A2 Decontamination Trailer, 22 liquid defoliant spray sets were
employed. These units were insecticide sprayers commonly used in Engineer
Entomological Services and consisted of a portable lightweight hypro-type pump with a
standard gasoline engine. The Republic of Korea Army (ROKA) aiso had available ten
M106 “Mitey Mite” dispensers that were used to supplement liquid spray capabilities.
The M106 was a commercial, backpack sprayer that consisted of a compact two-cycle
gasoline engine that dispersed the herbicide through a 6-foot hose. The tank contained 3
gallons of liquid. The modified M8A2 Decontamination Trailers were used for spraying
both Orange and Blue. The unit consisted of a 200 gallon capacity tank and a 25 HP GED
pump mounted on a | ¥ ton trailer. A single hose reel allowed the operator to move
approximately 50 feet from the trailer and direct a liquid spray through the adjustable
Beam type spray gun at a rate of 20 gallons per minute.

Approximately 380 drums of Orange (20,900 gallons) were applied on 6,966 acres (3
gallons/acre). Herbicide Blue was applied as a liquid spray mixed with water at a ratio of
3 gallons of Blue to 50 gallons of water for application on one acre. Approximately 625
drums of Blue (34,375 gallons) were applied on 11,458 acres (3 gallons/acre). As noted,
all applications were done by ground-based spray systems. The use of masks and
handling precautions were mandatory. The report noted that 3,345 FROKA soldiers were
involved in the actual spray operations. No US military personnel were used to spray the
tactical herbicides, or were involved in any of the spray operations, e.g., mixing of the
herbicides and diluents. US military personnel (Chemical Corps Officers) were used to
monitor and report on the activities of the ROKA Forces.
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Sources: nuary 1969): Final Report, Vegetation Control Plan CY
68. United Sties Arm ory Group, Korea, APO San Francisco 96302. Document

203-C69, Declassified from Confidential, source or date not legible.
04): Korea DMZ Vets & Agent Orange. VFW Magazine, January 2004,

page 44.

Additional Comment: The Sypko article noted that Agent Orange was used
from April 1968 through July 1969. The Buckner Report confirmed only that Orange
and Blue were used from 15 May through 15 July 1968 (three months). There was no
record found of the use of Orange or Blue Herbicides being applied in CY 1969. The
Sypko article confirmed correctly that all of the defoliants were applied by South
Korean Troops. The Buckner Report noted that all ROKA personnel who participated in
the project were well trained, prepared, and that the operation was adequately organized
and followed the planned schedule in an orderly manner.
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DOD TACTICAL HERBICIDE SITES

Site 23

Location: The Outport, Gulfport, Mississippi
Date — 17 August — 7 November 1969

Activity Description: In August 1966, the United States Department of the Air
Force consolidated the responsibility for the management of all tactical herbicides (used
in Vietnam) under the Directorate of Air Force Aerospace Fuels, San Antonio Air
Materiel Area (SAAMA), San Antonio, Texas. One action that resulted from this
consolidation was the selection of the Port of Mobile, Mobile, Alabama for the port of
embarkation of all tactical herbicides procured and shipped to Vietnam. Thus, all of the
producers of Herbicide Orange, Herbicide White, and Herbicide Blue were instructed by
the Defense Supply Agency {the procuring agency) to ship the tactical herbicides in 55-
gallon drums and by rail to the Port of Mobile. As the tactical herbicide inventory began
to build up in Vietnam (primarily at the Air Bases at Bien Hoa and Da Nang) in 1968,
SAAMA temporarily discontinued shipment from the Port of Mobile in order “to avoid
exposing large quantities of herbicides to possible damage by enemy action.” Since the
Port of Mobile was routinely used as the port of embarkation, SAAMA arranged for the
tactical herbicides to be temporarily placed in storage at the Port. However, it was
recognized that additional temporary shortage would be needed.

On 26 June 1968, SAAMA negotiated with the Naval Construction Battalion Center
(NCBC), Gulfport, Mississippi to receive and store additional drums of tactical
herbicides, Moreover, the NCBC outside storage area was about two miles from the
Gulfport Outport Docks. By December 1968, 66,700 drums had been moved to NCBC.
Over the next eight months (in 1969) drums were sgain being shipped (0 Vietnam out of
both the Outport at Gulfport and from the Port of Mobile. On 17 August 1969, Hurricane
“Camille” hit the Gulfport, Mississippi arca with winds in excess of 200 miles per hour.
There were 17 railroad cars on the Gulfport Docks containing 1,700 drums of herbicide
that were withdrawn to NCBC area before the storm hit. However, there were 1,466
drums of Orange and Blue in the berthing area awaiting loading and shipment to
Vietnam. These drums were scattered throughout the port area and into the water by the
hurricane.

Assessment: Of the 1,466 drums, 412 were recovered and shipped to Vietnam. The
remainder were dredged from the Gulf by the personnel of the Army Corps of Engineers
and piled in the Commercial Port Area at Gulfport. On 2 October 1969, the Air Force
Logistics Command directed the Eastern Area Military Traffic Management and

54

/2/0




Terminal Services to furnish labor, hoses, and heavy equipment for the redrumming of
the remaining inventory. SAAMA furnished new drums, marking and shipping
instructions. The Army Corps of Engineers (Gulf Detachment) disposed of the
contaminated soil and empty damaged drums.

The redrumming operations were completed on 7 November 1969. Contaminated soil and
the damaged drums that had been flattened were hauled to a Hurricane Camille “dumping
area” where they were plowed underground. Salvaged drums were placed on pallets and
delivered to the Gulfport Docks for loading and shipment to Vietnam. After the
completion of the operation, Port Officials and Air Force Logistic Command personnel
determined that 171 drums of Herbicide Blue and 74 drums of Herbicide Orange/Orange
II were missing from the inventory and despite recovery efforts, they were never found.
The issue of these “lost drums” was the subject of a Freedom of Information Request to
the Air Force Logistics Command, Wright-Patterson Air Force Base, Ohio, and a
subsequent newspaper article in The Sun/The Daily Herald, Biloxi, Mississippi, 11
March 1985.

Sources: | Y. ©75): Use of Herbicides in Southeast Asia. A History Prepared
for the Directorate of Energy Management, San Antonio Air Logistics Center, Kelly Air
Force Base, Texas. 1,) /(9

980): The Disposal of Herbicide
ir Force Logistics Command, Wright-Patterson

of H

range, 1971-1979. Office
Air Force Base, Ohio.

#{985): Freedom of Information Act, Case 85-325. Headquarters United States
ir Force, Department of the Air Force, Washington, DC. {(dated 9 April 1935)

Ty,
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DOD TACTICAL HERBICIDE SITES

Site 24

Location: Soil Biodegradation Studies of Herbicide Orange, in
Five Locations- Florida, Kansas, Utah, Oregon, and
Washington

Date — April 1972 — March 1979

Activity Description: One method selected for the potential disposal of the
surplus 2.3 million gallons of Herbicide Orange remaining after the Vietham War was
subsurface injection or soil incorporation of the herbicide at massive concentrations. The
premise for such studies was that high concentrations of the herbicides and TCDD would
be degraded to innocuous products by the combined action of soil microorganism and
soil hydrolysis. In order to field test this concept, biodegradation plots were established in
five climatically and environmentally different areas of the United States: Northwest
Florida at Eglin Air Force Base (AFB); Western Kansas at the Kansas State University
Experimental Station, Garden City; Northwestern Utah on the Air Force Logistics
Command (AFLC) Test Range Complex near the Dugway Proving Grounds; A Pesticide
Waste Disposal Site established by the Department of Entomology, Oregon State
University in Eastern Oregon; and the Agronomy Farm, Washington State University,
Pullman, Washington. The project was initiated in April 1972. Drums of Herbicide
Orange were available at Eglin AFB for the plots established on Test Area C-52A of the
Eglin Reservation. However for the other locations drums of Herbicide Orange were
shipped from the Naval Construction Battalion Center, Guifport, Mississippi to Garden
City, Kansas (one 55-gallon drum), Dugway Proving Ground, Utah (two 55-gallon
drums), NDepartment of Entomology, Oregon State University (one 55-gallon drum), and
Department of Agronomy and Soils, Washington State University (one 55-gailon drum).

Assessment: The amount of Herbicide Orange incorporated into field plots varied by
location. On Test Area C-52A, Eglin AFB, Florida, the herbicide was placed (simulated
subsurface injection) in 5 replicated 10 x 10-foot plots, 6 inches below the soil surface at
concentrations of 4,000 pounds per acre (inifial concentration in 6-inch profile was 5,000
parts-per-million). The 10 plots were periodically samples over a period of six years
(Apirl 1972 — April 1978). At the Garden City Kansas Experiment Station, Herbicide
Orange was pre-plant incorporated into one-acre plots via a rototiller at concentrations of
2,000 and 4,000 pounds per acre. 'L'he site was sampled and monitored for three years
(June 1972 — June 1975). At the AFLC Test Range Complex, Herbicide Orange was
placed (simulated subsurface injection) into replicated 10 x 15-foot plots, 6 inches below
the soil surface at concentrations of 1,000, 2,000 and 4,000 pounds per acre. The site was

/9%

56



sampled and monitored for six years (May 1972 — May 1977). At the Pesticide Waste
Disposal Site in Eastern Oregon, herbicide was subsurface injected at 1,000 pounds per
area (on one acre). At the Agronomy Farm at Washington State University, Herbicide
Orange was incorporated into 42 field Iysimeters at concentrations of either 1,000 or
5,000 pounds per acre. The lysimeters were established in December 1976 and were
terminated in March 1979.

At Eglin AFB, Florida, 2 civilians and 2 military officers were involved in the treatment
and monitoring of the plots. At Garden City Kansas, one civilian with the Kansas State
Experiment Station was involved in the sampling and monitoring of the plots. At the
AFLC Test Range, 2 military officers were involved in the sampling and monitoring of
the plots. At the Pesticide Waste Disposal site in Eastern Oregon, personnel from the
Department of Entomology were involved in sampling and monitoring. At Washington
State University, the research was the focus of a Ph.D. Thesis, and thus a graduate
student and his Major Professor were involved in the project.

The United States Air Force Scientific Advisory Board’s Ad Hoc Committee for the
Disposal of Herbicide Orange felt that this method was promising, but that more data and
evidence were needed to ensure environmental safety. Moreover, the permission to use
Federal lands for this disposal option would require not only an appropriate
Environmental Impact Statement, but also the approval of State and Federal Authorities,
with likely many legal challenges.

Sources:
Fate of 2,3,7,8-tetrachlorodibenzo-p- W Summary and
Decontamination Recommendations. Technical Repoxt USAFA-TR 76-18, Department
of Chemistry and Biological Scieg)ces United States Air Force Academy, Colorado.

~ (1975): Soil Incorporation/Biodegradation of Herbicide
range. Volume I. Microbial and Baseline Ecological Study of the US Air Force
Logistics Command Test Range, Hill AFB, Utah. Document No. DPG-FR-C615, US

Army Dugway Proving Ground, Dugway, Utah. Unclassified, limited 1o US Government
Agencies only. b g

”: Soil Incorporation/Biodegradation of Herbicide Orange. Volume I1.

eteorological and Chemical Studies of a Proposed Test Site on the AFLC Test Range,

Hill AFB, Utah. Document No. TECOM-5-CO-213-000-015, US Army Dugway

Proving Ground, Dugway, Utah. Unclassified, limited to US Government Agencies only.
G

# (1973): Waste Pesticide Management. Final Narrative Report. US
nvironmental Protection Agency Demonstration Grant No. 5-G06-EC-00222,

Department of Entomology, Oregon State University, Corvallis, Oregon.

N - 1982): Dissipation of Massive Quantities of 2,4-D and
1c1d Mini-Lysimeters. J Environ Qual 11 (4): 645-649.

,4,5- n-utylEtrs
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Mobility of 2,4-D and 2,4,5-T n-Butyl Esters
Ing pplications to Field Mini-Lysimeters. J Environ Qual 11

(4): 650-655.

-989): Final Decision Document for Herbicide Orange Test Area, Utah Test and
raming Range, North Range, Utah. US Air Force Installation Restoration Program, Hill

Air Force Base, Utah. Prepared Under Interagency Agreement No 40-1760-86 by
Science Applications International Corporation, MclLean, Virginia. Submitted to US Air

Force Logistics Command, Wright-Patterson AFB, Ohio. Unclassified, available for
public distribution.
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DOD TACTICAL HERBICIDE SITE

Site 25

Location: Reformulation of Herbicide Orange for Domestic or
Foreign Use, Bound-Brook, New Jersey

Date — April 1972 — January 1973

ACtiVity Description: One method selected for the potential disposal of the
surplus 2.3 million gallons of Herbicide Orange remaining after the Vietnam War was the
option of donating or selling the herbicide to private industry, or to another United States
Government Agency. For example, a significant portion of the total land area of the
United States was used for pasture and grazing purposes, and weeds and brush presented
a major problem on these lands. Various species of undesirable brush and trees and
numerous noxious (foreign) weeds dominated some 320 million acres of US rangeland
and pastures, and the application of phenoxy herbicides, such as found in Herbicide
Orange, could be an economical method of increasing the quality and grazing capacity of
these lands. Moreover, in April 1972 representatives from the Blue Spruce Company,
Bound-Brook, New Jersey and from the International Research Institute, a Rockefeller
Foundation affiliate, contacted the Air Force Logistics Command proposing to
reformulate Herbicide Orange and sell or donate it to a number of South American
Governments, including Brazil, Colombia, Venezuela, and Surinam. The basic plan was
to have the Air Force donate the herbicide for use to improve rangelands in the upper
Amazon Basins of South America. The Herbicide Orange would be reformulated
(diluted) and repackaged for ground application under controlied conditions. AFLC
advised the Blue Spruce Company that “it sad no objection, but recommended that the
proposed governments that would be involved would employ Blue Spruce Company to
reformulate and repackage the Ilerbicide Orange.” TFrom May 1972 through January
1973, 121 drums (6,655) gallons of Herbicide Orange were shipped to the Blue Spruce
Company.

Assessment: As a “Tactical Herbicide”, Herbicide Orange was not an EPA (US
Environmental Protection Agency) registered pesticide, and as such could not be
domestically used or sold. However, the 2.3 million gallons of surplus represented a
resource of considerable monetary value. Beginning in May 1972 the Blue Spruce
Company experimented on reformulating and diluting the Herbicide Orange.
Simultaneously, the Company (with the assistance of the International Rescarch Institutc)
initiated discussions with the Brazilian Government and with the US EPA. After more
than one year negotiating with US and South American Government Agencies, letters of
support for the proposal were not forthcoming. Accordingly, after a great deal of
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discussion, the United States Air Force Scientific Advisory Board’s Ad Hoc Committee
on the Disposal of Herbicide Orange rejected this alternative for the following reasons:
“Once sold or donated, the United States could not assure that the herbicide would be
handled with the proper technical and environmental controls. In addition, the
widespread publicity on the use of the herbicide in Southeast Asia had created an “anti-
people” image for the material that would probably result in adverse public opinion and
political reactions in the event the herbicide was sold to another country. In view of
these considerations, the Board felt that the herbicide’s sale or domation to a foreign
country would be against the best interests of the United States.”

No record could be found of how the Blue Spruce Company disposed of the reformulated
herbicide. The use of 2,4,5-T herbicide was not formally suspended until 1978.

Sources: Department of the Air Force (1974): Final Environmental Statement on the
Disposition of Orange Herbicide by Incineration. November 1974, Department of the Air
Force, Washington, DC, Unclassified, available for public distribution

Air Force Logistics Command (1976): Historical Records — Project on the Disposition of
Herbicide Orange. Office of History, Air Force Logistics Command Archives, Wright-
Patterson Air Force Base, Ohio, Unclassified
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DOD TACTICAL HERBICIDE SITE

Site 26

Location: Destruction of Herbicide Orange by Chlorinolysis,
Painsville, Ohio

Date — September 1972 — July 1974

Activity Description: One method selected for the potential disposal of the
surplus 2.3 million gallons of Herbicide Orange remaining after the Vietham War was the
option of chlorinolysis. From the theoretical engineering point of view, chlorinolysis
offered an efficient, controlled, and safe method for the disposal of Herbicide Orange.
The concept was that the chlorinolysis process would breakdown the molecules of
herbicides and add a chlorine molecule to produce carbon tetrachloride, phosgene, and
anhydrous hydrogen chloride, each of which had established commercial value. In July
1972, discussions and correspondence with the US Environmental Protection Agency
(EPA) commiitted the Air Force Logistics Command (AFLC) to pursue the testing and
research necessary to determine the feasibility of converting Herbicide Orange to salable
products by chlorinolysis. In September 1972 a Memorandum of Agreement between the
EPA and AFLC was initiated. The objective of the agreement was the development of a
laboratory program to evaluate the practicality of the application of chlorinolysis for the
disposal of Herbicide Orange. It was agreed that the EPA would manage the research and
provide a report containing all data collected, together with conclusions and
recommendations. AFLC agreed to fund the research. Three drums (165 gallons) of
Herbicide Orange containing 14 ppm TCDD were provided to the Diamond Shamrock
Corporation Laboratory in Painsville, Ohio.

Assessment: Chlorinolysis as a means to dispose of Herbicide Orange was evaluated
over a period of almost two years. Reports received in early 1973 confirmed that no
dioxin was detected {sensitivity level of 10 parts-per-trillion). Moreover, the 2,4-D that
was [ractionally distilled from Herbicide Orange by the Diamond Shamrock laboratory
contained less than 1 part-per-billion dioxin. The material remaining after distillation was
predominantly the dioxin-contaminated 2,4,5-T herbicide, which was then subjected to
the chlorinolyis process. EPA estimated that to convert 26.5 millions pounds of Herbicide
Orange to carbon tetrachloride, phosgene, and hydrogen chloride would require about
170 million pounds of chlorine. To undertake such @ large industrial operation, Diamond
Shamrock estimated that it would take from 36 to 90 months to build and cvaluatc a plant
large enough to handle the volume of Herbicide Orange available, In the Final EPA
Report, the Diamond Shamrock scientists concluded that chlorinolysis could be an
effective means of disposing of the surplus Herbicide Orange. Destruction of the dioxin
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(TCDD) was complete, and preliminary toxicology tests of the recovered carbon
tetrachloride on rabbits show no evidence of TCDI> contamination, i.e., the rabbit ear test
for chloracne was negative.

Owing to the uncertainties associated with developing this technique to a full-scale plant
capable of safely processing 2.3 million gallons of Herbicide Orange in a timely and
economic manner, chlorinolysis was not accepted as the method of disposal even though
it was shown to be satisfactory from an environmental point of view. The EPA Final
Report did not provide any information on the personnel involved in the laboratory
research, nor on the fate of any remaining Herbicide Orange or subsequent products from
the chlorinolysis process.

Sources: US Environmental Protection Agency (1974): Study of Feasibility of
Herbicide Orange Chlorinolysis. Technical Report EPA-600/2-74-006, July 1974, US
Environmental Protection Agency, Washington, DC. Unclassified, available for public
distribution.

Department of the Air Force (1974): Final Environmental Statement on the Disposition of
Orange Herbicide by Incineration. November 1974, Department of the Air Iorce,
Washington, DC. Unclassified, available for public distribution.

mm: The Disposal of Herbicide
range, 1971-1979. Office of History, Air stics Command, Wright-Patterson

Air Force Base, Ohio.
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DOD TACTICAL HERBICIDE SITE

Site 27

Location: Fractionation of Herbicide Orange for Commercial
Use, Jacksonville, Arkansas

Date —14 March 1972 — January 1973

Activity Description: One method selected for the potential disposal of the
surplus 2.3 million gallons of Herbicide Orange remaining after the Vietnam War was the
option of fractionation (chemical distillation). Fractionation was the proposed process of
converting Herbicide Orange into its acid ingredients by means of high temperature
distillation. The concept was to separate the normal butyl esters of 2,4-D and 2,4,5-T
herbicides from the dioxin (TCDI)) contaminant. The 2,4-D and 2,4,5-T was then to be
reformulated for commercial use. The dioxin (TCDD) would then be destroyed by
chemical, biological, or incineration techniques. Actual distillation efficiencies
theoretically could approach 90% to 95%. In February 1972, Transvaal, Inc., a chemical
company in Jacksonville, Arkansas approached the Air Force Logistic Command (AFLC)
with a proposal to dispose of Herbicide Orange through a process of fractional
distillation. On 3 March 1972, a team of Bio-environmental Engineers from the AFLC’s
United States Air Force Environmental Health Laboratory, Kelly Air Force Base, Texas
visited the Transvaal Facilities in Jacksonville, Arkansas. On 14 March 1972, AFLC
shipped one drum (55 gallons) of Herbicide Orange from the inventory at the Naval
Construction Battalion Center, Gulfport, Mississippi to the Transvaal Inc. {aboratory in
Jacksonville, Arkansas,

Assessment: Immediately after the visit by personnel from Kelly AFB, Transvaal,
Inc. undertook a small-scale feasibility study funded by AFLC and with the Herbicide
Orange from Gulfport. The Kelly AFB personnel had informed Transvaal that their
Herbicide Orange disposal oplion must contain a {easible monitoring capability that
would cstablish what concentrations of 2,4-D and 2,4,5-T esters, and the TCDD
contaminant would be released to the environment during the re-distillation process.
Although the Transvaal research laboratory was very limited in instrumentation, they
were able to separate Herbicide Orange into its original ingredients. The Transvaal
Engineers stated that the TCDD residue would be isolated and destroyed during the
fractionation proccss. Howcever, subscquent rescarch did not demonstrate adequately the
fate of the TCDD. In addition, standards to control and monitor vapor and fluid emissions
into the environment were not adequately identified. In January 1973, the Air Force
Scientific Advisory Board recommended that further research into fractionation not be
supported, and that this option not be considered for the disposal of Herbicide Orange.
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No records could be found of how the Transvaal, Incorporated disposed of the separated
and reformulated herbicides, nor of any remaining Herbicide Orange. The use of 2,4,5-T
herbicide was not formally suspended by EPA until 1978,

Sources: . Trip Report to Transvaal Inc., Jacksonville, Arkansas.
Prepared for the Commander, USAF Environmental Health Laboratory, Kelly Air Force
Base, Texas (copy in the Alvin L. Young Agent Orange Collection, National Agricultural
Library — see Sources Page).

Department of the Air Force (1974): Final Environmental Statement on the Disposition of
Orange Herbicide by Incineration. November 1974, Department of the Air Force,
Washington, DC. Unclassified, available for publjc distribution.

' ¥ 1980): The Disposal of Herbicide
Orange, 1971-1979. Office of History, Air Force Logistics Command, Wright-Patterson
Air Force Base, Ohio.
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DOD TACTICAL HERBICIDE SIT

Site 28
Location: Reforestation Tests in Western Oregon
Date — 15 May 1973 — 1 June 1974

Activity Description: One method selected for the potential disposal of the
surplus 2.3 million gallons of Herbicide Orange remaining after the Vietnam War was the
option using it in reforestation programs in the Western United States. Forest surveys
taken in 1972 indicated that there were some 4.7 million acres of commercial forest lands
in Western Oregon and Washington that were either non-stocked or poorly stocked with
conifers (e.g., Douglas fir). Virtually all such lands were occupied by vegetation whose
presence precluded reestablishment of conifers. Concepts of selective brush control had
been developed for reforestation with the aid of commercial formuiations of 2,4-D and
2,4,5-T. In 1972, more than 100,000 acres were being treated each year with various
formulations of these materials, all as low-volatile esters. Success had been good,
especially in “release™ operations where the newly planted conifer species would have the
opportunity of out-growing the brush species that had been treated with the herbicides.
There were three general approaches to the use of phenoxy brushkillers in reforestation,
with the differences tied to season of application. Dormant sprays were applied in spring,
between the onset of plant growth activity in early spring and conifer bud busting.
Summer and fall foliage sprays were used when brush species were typically resistant to
dormant treatment. Summer treatments were the least selective in a Douglas fir
community, but tended to have the greatest systemic activity on sensitive species.

In May 1972, a Professor of Forestry with the Oregon State School of Forestry, Corvallis,
Oregon submitted a proposal to the Air Force Logistics Command (AFLC) titled: “Field
Tests of Herbicide Orange for Brushfield Rehabilitation and Conifer Release.” The
objectives of this proposed research were: (1) to evaluate the impact of high-volatile
brushkiiler on brush-dominated forest ecosystems, (2) to determine whether Herbicide
Orange could be used effectively in the re-establishment of conifers in Western Oregon
brushfields, (3) to evaluate the difficulties of using a technical grade ester without
adjuvants for field use, and, (4) to obtain a crude estimate of whether drift problems from
the high-volatile butyl esters were manageable. On 20 October 1972, after reviewing the
proposal with other Federal agencies, AFLC authorized the shipping of 5 drums of
Herbicide Orange from the inventory at the Naval Construction Battalion Center,
Gulfport, Mississippi to the School of Forestry, Oregon State University, Corvallis,
Oregon.
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Assessment: 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 Herbicide Orange was
applied were selected among sites available on the ownership of three industrial
cooperators, all of whom had on-going chemical brush control programs. The
cooperators provided the cost of application by helicopter and secured application
permits from the Oregon State Forestry Department. Tall brush plots were treated with
4.3 pounds per acre acid equivalent (one-half gallon of Orange in 15 total gallons of
diesel fuel), while low brush plots received 2.1 pounds per acre acid equivalent (one quart
per acre in ten gallons total spray). The treatments were made by a commercial
applicator. Oregon State University School of Forestry personnel conducted the field
flagging, field observations, and evaluations of the effectiveness of Herbicide Orange.

Although the brush control and conifer release with Herbicide Orange was excellent, the
resulting negative publicity, and concerns expressed by the US Environmental Protection
Agency over the transport and use of a non-registered pesticide caused AFLC to reject
this methed of disposing of the surplus Herbicide Orange. The remaining Herbicide
Orange (2 drums) was subsequently returned to the Naval Construction Battalion Center.,

Sources: ctober 1972): Field Tests of Herbicide Orange for Brushfield
Rehabilitation and Conifer Release. Oregon State University School of Forestry
Research Project F882A. Submitted to Air Force Logistics Command, Wright-Patterson
Air Force Base, Ohio.

Gazette Telegraph (1973): Weed Killer Banned in Vietnam Being Tested in Five States.
Sunday, June 10, 1973, Colorado Springs, Colorado.

75): Environmental Impact of “Agent Orange” Used in Reforestation Tests
regon. Abstract 144, pages 52-53, Proceedings of the Weed Science Society
of America, 1975 Annual Meeting held in Washington, DC.
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DOD TACTICAL HERBICIDE SITES

Site 29

Location: Incineration Tests on Herbicide Orange, Van Nuys,
California

Date — October 1973 — April 1974

Activity Description: One method selected for the potential disposal of the
surplus 2.3 miilion gallons of Herbicide Orange remaining after the Vietnam War was the
option of destroying the herbicide in a land-based commercial incinerator. Personnel
from the United States Air Force (USAF) Environmental Health Laboratory (EHL), Kelly
Air Force Base, San Antonio, Texas were directed in August 1971 by the Air Force
Logistics Command (AFLC) to prepare a statement of work for the disposal of Herbicide
Orange by incineration. The tasks involved first conducting in-house bench-sized
incinerations tests to determine feasibility of monitoring the emissions of incinerators
burning Herbicide Orange, and secondly, in identifying an appropriate commercial
incinerator capable of destroying the large quantity of surplus herbicide. The in-house
tests were augmented by studies conducted at Mississippi State University and at the
Rocket Propulsion Laboratory at Edwards Air Force Base, California. The EHL
personnel made trips to Monsanto Company’s Kruminrich Plant, Sauget, IHinois; and to
the Rollins Purle Commercial Incinerator near Philadelphia, Pennsylvania. The outcome
of these trips was the recognition that additional engineering studies were required to
fully understand the requirements that a commercial incinerator would need to undertake
the project. In 1973, AFLC contracted with the Air Force-Marquardt Jet Laboratory, at
Van Nuys, California to conduct the required tests. Twenty-eight drums (1,540 gallons)
were shipped from the Herbicide Orange Inventory at the Naval Construction Battalion
Center, Gultport, Mississippi to the Marquardt Company in Van Nuys, California. The
mean concentration of the dioxin (TCDD) in the Herbicide Orange was 13.3 ppm (parts-
per-million).

The tests objectives were to: (1) determine the capability of an incinerator system to
destruct the Herbicide Orange over a range of selected incinerator conditions; (2) obtain
the neeessary engineering dala {0 adequately monitor, control, and document the
incinerator operation during the project; (3) evaluate the test burns’ effects and project
the long-term effects of the combustion gases on the material of the incinerator unit; and,
(4) determine the combustion gas, scrubbed effluent gas, and “spent” scrubber water
discharge mass rales of herbicide constituents and any other organic compounds that may
be detected.
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Assessment: On 8 October 1973, tests were initiated with the Marquardt incinerator
system to evaluate the incineration of Herbicide Orange in a commercial incinerator over
a range of selected conditions. Particular emphasis was placed on the ability of the
incinerator to destroy the parts-per-million quantities (11-16 mg/kg) of 2,3,7.8-
tetrachlorodibenzo-p-dioxin (TCDD) present in the herbicide. A total of 30.5 hours of
burn time on undiluted Herbicide Orange fuel was accumulated during eight record burn
periods. Test data demonstrated that the incineration system operated very satisfactorily
using undiluted “Orange” Herbicide as a fuel and that the herbicide and TCDD was
effectively and safely destroyed in the combustion process.

The tests were accomplished between 8 October 1973 and 21 December 1973 at the Air
Force-Marquardt Jet Laboratory, Van Nuys, California. During the conduct of the tests,
twelve military personnel from the USAF Environmental Health Laboratories at Kelly
Air Force Base, Texas and McClellan Air Force Base, California performed the gas
sampling, scrubber water sampling, biomonitoring, noise testing, drum cleaning
experiments, and the combustion and scrubbed effluent gas monitoring.

With the success of the Marquardt studies, the Under Secretary of the Air Force
(Installations and Environment) recommended that the site location for a commerical
incinerator was probably the most important factor for the disposal of Herbicide Orange.
In 1976, the Air Force selected at-sea incineration aboard the M/T Vulcanus, a Dutch-
owned incinerator ship, to destroy the herbicide in Operation PACER HO (to be
described in the leaflets for the Naval Construction Battalion Center, Gulfport,
Mississippi, and Johnston Island, Central Pacific Ocean).

Sources: Department of the Air Force (1974): Final Environmental Statement on the
Disposition of Orange Herbicide by Incineration. November 1974, Department of the Air
Force, Washington, DC. Unclassified, available for public distribution.

Air Force Logistics Command (1976): Historical Records — Project on the Disposition of
Herbicide Orange. Office of History, Air Force Logistics Command Archives, Wright-
Patterson Air Force Base, Ohio.

The Disposal of Herbicide
Command, Wrigh{-Patterson

Jrange, -1 O
Air Force Base, Ohio.
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DOD TACTICAL HERBICIDE SITES

Site 30

Location: Reprocessing of Herbicide Orange, Gulfport,
Mississippi

Date — May 1975 — March 1977

Activity Description: In December 1974, the Department of the Air Force filed a
final environmental impact statement with the Council on Environmental Quality on the
disposition of Herbicide Orange by destruction aboard a specially designed incinerator
ship in a remote area of the Central Pacific Ocean west of Johnston Island. The US
Environmental Protection Agency (EPA) held a public meeting in February [975 to
consider the Air Force’s request for a permit for ocean incineration of Herbicide Orange.
During that meeting, public testimony was presented that suggested that Herbicide
Orange could indeed be reprocessed and the material commercially used. The EPA
requested that the Air Force Logistics Command (AFLC) again investigate the feasibility
of reprocessing the herbicide as a means of disposition prior to making a decision on the
permit of ocean incineration. In March 1975, a private company, Agent Chemical Inc.,
(ACI) submitted a proposal to AFLC proposing that a new process had been developed to
remove the TCDD from the herbicide, thus making it available to be reformulated,
registered with EPA, and sold in commercial channels.

From May 1975 to March 1977, AC], the Defense Supply Agency, and AFLC worked on
tests and pilot plant research to determine if the reprocessing of the Herbicide Orange
stocks could be preformed safely. During the period, the Defense Supply Agency took
the lead in managing the reprocessing program. The AFLC’s Occupational and
Lnvironmental Health Laboratory at Brooks Air Force Base, Texas provided the technical
expertise. AFLC retained responsibility for all project and cnvironmental safety
programs. In August 1975, ACI received permission from the Mississippi Air and Water
Pollution Control Commission to construct a pilot reprocessing plant at the Naval
Construction Battalion Center (NCBC) in Gulfport, Mississippi. The NCBC was the
storage site for 860,000 gallons of Herbicide Orange. The Naval authorities worked
closely with AFLC and the Defense Supply Agency in their reprocessing etforts. If the
pilot plant proved successful, NCBC would be the site for the reprocessing operation.

Assessment: In October 1975, ACI received a permit to construct and operate the
pilot plant. The plans called for reprocessing the herbicide at both Gulfport and Johnston
Island. The process consisted of heating the herbicide and then passing it through carbon
absorption cylinders to remove the TCDD. To reprocess all of the Herbicide Orange
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would require about 1,000 steel cylinders, each 10 feet long and 30 inches in diameter,
642 tons of activated charcoal. In a series of tests, ACI processed 354 gallons (6.5 drums)
of Herbictde Orange (taken from the NCBC Inventory). On 7 July 1976 ACI submitted
its report to EPA, the Defense Supply Agency, Under Secretary of Defense for
Installations and Environment, Air Force Logistics Command, and to the Occupational
and Environmental Health Laboratory. ACI’s process was judged successful, and the
Defense Supply Agency began negotiating a contract. Complications subsequently
emerged related to disposal of the TCDD-loaded steel cartridges, and with concerns by
the Navy over the construction of a major facility at NCBC, and from Environmental
Groups over the reprocessing of the 2,4,5-T herbicide. In March 1977, the Department of
Defense recommended that all reprocessing efforts be discontinued in favor of
incineration at sea. Since the incinerator ship MT Vulcanus was expected to be available
in April 1977, DoD requested EPA immediately grant the permit for the at-sea
incineration of the entire Herbicide Inventories at NCBC and Johnston Island.

Active duty Air Force personnel with the Occupational and Environmental Health
Laboratory, Brooks Air Force Base, Texas were intimately involved in all phases of the
pilot plant construction, the handling of the Herbicide Orange, the on-site environmental
monitoring, the oversight of the pilot plant operations, and the health and environmental
safety programs. In addition, active duty Navy personnel with the Naval Construction
Battalion Center provided additional oversight of the activities occurring on the Naval
installation.

Sources: Department of the Air Force (1974): Final Environmental Statement on the
Disposition of Orange Herbicide by Incineration. November 1974, Department of the Air
Force, Washington, DC. Unclassified, available for public distribution.

Air Force Logistics Command (1976): Historical Records — Project on the Disposition of
Herbicide Orange. Office of History, Air Force Logistics Command Archives, Wright-
Patterson Air Force Base, Ohio.

—%):élleport of Plant Operation and Proposed Reprocessing of Herbicide
range, 24 May -8 July 1976. Agent Chemical Company, | JI:?ustong, Texas.

_ s ) 0 e Disposal of Herbicide
Orange, 1971-1979. Office of History, Air Force Logistics Command, Wright-Patterson
Air Force Base, Ohio.
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DOD TACTICAL HERBICIDE SITE

Site 31

Location: Storage and Operation PACER HO, Naval
Construction Battalion Center, Gulfport, Mississippi

Date — December 1968 — February 1989

Activity Description: After August 1966, the Port of Embarkation for the
“Tactical Herbicides Orange, White, and Blue” was the Port of Mobile, Mobile,
Alabama. As the tactical herbicide inventory began to build up in Vietnam in 1968, the
San Antonio Air Materiel Area (SAAMA), a component of the Air Force Logistics
Command (AFLC), temporarily discontinued shipment from the Port of Mobile Outport
in order “to avoid exposing large quantities of herbicides to possible damage by enemy
action.” Since the Port of Mobile was routinely used as the port of embarkation,
SAAMA arranged for the excess tactical herbicides to be temporarily placed in storage at
the Naval Construction Battalion Center (NCBC), Gulfport, Mississippi. About 10 out of
every 10,000 drums received at the Outports during 1968 were damaged or defective.
Most of the leakage occurred as a result of punctures (from forklifts) or split seams. Thus,
when NCBC agreed to temporarily store the herbicide, it required SAAMA to provide
funds and 17 personnel (civilian, contract) to perform storage and warehousing functions
associated with the herbicide program.

The NCBC outside storage area was about two miles from the Guifport Outport Docks,
with convenient access to the railroad. It was fenced and isolated from public traffic. The
NCBC provided surveillance as well as controlled access. The outside storage was
planned and set up for fong-term storage. To provide good drainage, 2 x 6-inch dunnage
(creosoted lumber) was laid on a hard surface and drums, positioned horizontally with the
bung closure point outward, were stacked in double rows, three high, in pyramidal
fashion. With the decrease use of tactical herbicides in Vietnam in 1969, the inventory of
Herbicide Orange at NCTC began (o increase. On 4 November 1969, the Assistant
Secretary of Defense placed a restriction on the use of Herbicide Orange in Vietnam.
However, all Herbicide Blue and Herbicide White continued to be sent to Vietnam. On
15 April 1970, the Department of Defense issued a total suspension of the use of
Herbicide Orange in all military operations in Southeast Asia. These actions left
approximately 832,000 gallons of Herbicide Orange in storage at the NCBC that had to
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be continually maintained while the Air Force sought a final solution for the disposition
of the surplus.

After 1970, the Herbicide Orange inventory at NCBC was augmented by receipt of
shipment of surplus Herbicide Orange that had been in temporary storage at Eglin Air
Force Base, Florida, and by receipt of shipment of surplus Herbicide Pink (n-butyl 2,4,5-
T) that had been in storage at Kelly Air Force Base, Texas. The research efforts to
develop a viable option for the disposal of Herbicide Orange expended approximately
180 drums of herbicide, leaving the inventory in April 1977 at 15,470 drums (850,850
gallons). Immediately after the US Environmental Protection Agency issued the permit
for the at-sea incineration of Herbicide Orange, Operation PACER HO (pacer an Air
Force term for movement, and HO for Herbicide Orange) was implemented at NCBC on
29 April 1977.

Assessment: Operation PACER HO required the dedication and coordination of
military and civilian personnel from numerous state and federal agencies and from the
military installations in Texas, Mississippi, Alabama, Florida, Ohio, Hawaii, Utah,
Georgia, Oklahoma, and California. The Programming Plan detailed requirements for (1)
de-drumming operations at Gulfport, Mississippi and Johnston Island; (2) environmental
monitoring at Gulfport and Johnston Island; and (3) disposal by at-sea incineration in a
remote area off Johnston Island. The plan also included personnel requirements, medical
and environmental surveillance, emergency protocols, public relations coordination, and
technical guidance for all of the engineering and transportation requirements. The active
duty military at the AFLC Occupational and Environmental Laboratory, Brooks Air
Force Base, Texas played key roles in the oversight of all activities during Operation
PACER HO. The physical operation for PACER HO commenced on 2 May 1977 at
NCBC. The schedule called for all actions to be completed at Gulfport within 38 days at
which time the operation would shift to Johnston Island, with final activities including at-
sea incineration to be completed by day 123 (5 September 1977).

The need for Operation PACER HO personnel for the NCBC portion of the operation
was met by issuing a call for active duty military volunteers from the Air Force Logistics
Command’s five Combat Logistics Support Squadrons (CLSS). More than 200 men
volunteered from Robins Air Force Base Georgia (the 2955™ CLSS), Hill Air Force Base,
Utah (the 2952™ C1.88), Kelly Air Force Base, Texas (the 2954™ CLSS), Tinker Air
Torce Base, Oklahoma (2953" CLSS) and McClellan Air Force Base, California (2951%
CLSS). Additional civilian and military personnel came from Andrcws Air Force Base,
Maryland, Wright-Patterson Air Force Base, Ohio, and the United States Air Force
Academy, Colorado.

The members of CLSS teams were responsible for carrying out all phases of PACER HO
including empting drums, loading tank cars, pumping the herbicide onboard the AM/T
Vulcanus at the Guliport Outport Dock, and crushing and stacking the emptied 55-gallon
drums. The uniform of the day for all CLSS members in the processing of the herbicide
included protective clothing, masks with respirators and goggles, and personal
monitoring devices that were checked at regular intervals. The medical staff from the
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Aerospace Medical Division at Brooks Air Force Base, Texas provided pre- and post-
exposure physical examinations to all active duty members of the CLSS units and other
active duty military participating in PACER HO. The operation was completed at NCBC
on 10 June 1977.

Following the completion of Operation PACER HO at NCBC, military from the
Occupational and Environmental Health Laboratory, Brooks Air Force, Texas supervised
the initial clean up of the NCBC storage site including disposal of dunnage, contaminated
protective clothing, and other waste materials. These were subsequently disposed of in an
approved landfill at the National Space and Technology Laboratory in Bay Saint Louis,
Mississippi. The crushed 55-gallon drums were sold to a smelter. In August 1977, a soil,
sediment, and biological monitor program was put into place to track the fate of TCDD
and residues of Herbicide Orange in the NCBC environment. This monitoring program
was conducted by Active duty Air Force officers from the Occupational and
Environmental Health Laboratory, San Antonio, TX and from the Engineering and
Services Laboratory, Air Force Engineering and Services Center, Tyndall Air Force Base,
Florida, conducted the monitoring program. In February 1989, the Air Force in
accordance with the Defense Environmental Restoration Program completed a final site
cleanup at NCBC by incinerating all remaining TCDD-contaminated soil.

Sources: Department of the Air Force (1974): Final Environmental Statement on the
Disposition of Orange Herbicide by Incineration. November 1974, Department of the Air
Force, Washington, DC. Unclassified, available for public distribzg‘ca.

Environmental Fate, and Human Risk of Herbicide Orange and Its Associated Dioxin.

Technical Report OEHL-TR-92, USAF Occupational and Environmental Health
Laboratory, Aerospace Medical Division, Brooks Air Force Base, Texas. Approved for
public release, distribution unlimited. }) 6

: The Disposal of Herbicide
Orange, 19 /% Oftice of Hlstory, Alr Yorce Loglstlcs Command, Wright-Patterson
Air Force Base, Ohio.

: 984): Herbicide Orange Monitoring Program, Technical
eport ESL-TR-83-56, Engmeermg & Services Laboratory, Air Engineering & Services
Center, Tyndall AFB, Florida. Approved for public release, distribution unlimited.

b6
-(_ 1990} Full-scale Incineration Demonstration at the Naval
-onstruction Battalion Cenfer, Gullport, Mississippi. Final Report prepared by EG&G

Idaho, Inc., Idaho Falls, Idaho, Technical Report ESL-TR-89-39, Engineering & Services
Laboratory, Air Force Engineering & Services Center, '1'yndall AFB, Florida. Approved
Jor public release, distribution unlimited.
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DOD TACTICAL HERBICIDE SITES

Site 32

Location: Storage and Operation PACER HO, Johnston
Island, Central Pacific Ocean

Date — April 1972 — June 2004

Activity Description: On 15 April 1970, the Assistant Secretary of the Defense
suspended the use of Herbicide Orange in Vietnam. The suspension lasted from 15 April
1970 to 13 September 1971. On 13 September 1971, the Secretary of Defense directed
the Chairman, Joint Chiefs of Staff that “all stocks of Herbicide Orange in Vietnam will
be returned to the Continental United States as quickly as practicable for disposition. A
Joint State/Defense message has been prepared requesiing the US Embassy wnegotiate
with the Government of Vietnam for the veturn to US control of all stocks of Herbicide
Orange in the Republic of Vietnam.” Based on this directive, the 7" Air Force in Vietnam
initiated Operation PACER IVY, the removal of all Herbicide Orange in Vietnam to
Johnston Island. In mid-April 1972, the cargo ship, the M/T TransPacific, arrived at
Johnston Island, Central Pacific Ocean, and off-loaded 25,200 55-gallon drums
(1,386,000 gallons) of Herbicide Orange. From mid-April 1972 until mid-July when
Operation PACER HO commenced, the Johnston inventory of Herbicide Orange required
continual maintenance because of the deteriorating condition of the drums. The Pacific
Test Division of Holmes and Narver, Inc., a civilian contractor, was responsible for the
maintenance of the storage site and drums.

Asscssment: When the Herbicide Orange stocks arrived at Johnston Island, the
entire inventory was placed in the northwest corner of the Island and immediately fenced
to restrict access to the storage area by civilians and Army personnel stationed on the
Island, i.e., the inventory storage area was identified as an area “off limits” to military
and civilian employees. The location of the storage area was important because it was
located in an arca where the prevailing winds would blow any vapors (and hence odor)
away from the Island and away from where the temporary personnel or semi-permanent
residents were quartered and messed.

The Johnston Island component of Operation PACER HO required the dedication and
coordination of military and civilian personnel from State and Federal agencies and from
many military installations. The Programming Plan detailed requirements for (1) de-
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drumming operations at the Naval Construction Battalion Center (NCBC), Gulfport,
Mississippi and Johnston Island; (2) environmental monitoring at Gulfport and Johnston
Island; and (3) disposal by at-sea incineration in a remote area off Johnston Island. The
plan also included personnel requirements, medical and environmental surveillance,
emergency protocols, public relations coordination, and technical guidance for all of the
engineering and transportation requirements. The active duty military at the AFLC
Occupational and Environmental Laboratory (OEHL), Brooks Air Force Base, Texas
played key roles in the oversight of all activities during Operation PACER HO. The
physical operation for PACER HO at Johnston Island commenced on 27 July 1977.

On Johnston iIsland civilian employees were hired by a contractor to perform the de-
drumming operations. USAF officers from OEHL monitored all operations. Two 10-hour
shifts of approximately 50 men each were used. All workers were provided daily changes
of freshly laundered work cloths, and men working within the de-drum facility wore
protective clothing consisting of cartridge respirators, face shields, rubber aprons, gloves,
and boots. Men on each crew remained in the same job through the de-drumming and
transfer operations. A requirement for employment was pre- and post-operational
physical examinations similar to those given to the active during military at NCBC.

In the actual de-drumming operation, the drums were handled using techniques similar to
those at the NCBC. The herbicide and rinsing liquids from the drums were pumped into
modified fuel tankers and transported to the Johnston Island Dock where the material was
pumped aboard the M/T Vulcanus. A total of 24,795 drums of Herbicide Orange were
processed between 27 July and 23 August 1977. Both environmental and occupational
monitoring was accomplished on land and aboard the M/T Vulcanus. All sampling on
Johnston Island was conducted by Battelle Columbus Laboratories, Columbus, Ohio.
Personnel from TRW, Inc., Redondo Beach, California, and military officers from OEHL
did the shipboard sampling.

Following the completion of Operation PACER HO at Johnston Island, military
personnel from OEHL supervised the initial clean up of the storage site including
disposal of dunnage, contaminated protective clothing, and other waste materials. These
were subsequently disposed of in an approved burn site on the island. Afterward the
residue was buried, and the remaining 36,000-plus crushed 55-gallon drums were sold to
a smelfer. Tn Augnst 1977, a soil, sediment, and hiological monitor program was put into
place to track the fate of TCDD and residues of Herbicide Orange in the Johnston Island
environment. This monitoring program was conducted by active duty Air Force officers
from OEHL, the Department of Chemistry and Biological Sciences at the United States
Air Force Academy, and from the Engineering and Services Laboralory, Air Force
Engincering and Services Center, Tyndall Air Force Basc, Florida, In February 1989, the
Air Force, in accordance with the Defense Environmental Restoration Program,
completed a final site cleanup at Johnston Island by destroying all remaining TCDD-
contaminated soil by the use of an on-site thermal desorption system employing low-
temperature thermal desorption technology. The site was covered by approximalely 6
inches of topsoil and planted with vegetative species native to the region,
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Soureces: Department of the Air Force (1974): Final Environmental Statement on the
Disposition of Orange Herbicide by Incineration. November 1974, Department of the Air
Force, Washington, DC. Unclassified, available for public distribution.

Young AL, ):Vél‘he Toxicology,
Environmental Fate, and Human Risk of Herbicide Orange and Its Associated Dioxin.
Technical Report OEHL-TR-92, USAF Occupational and Environmental Health
Laboratory, Aerospace Medical Division, Brooks Air Force Base, Texas. Approved for
public release, distribution unlimiled.
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R . ..
nvironmental Monitoring at Johns — Disposal of Herbicide Orange. Technical

Report USAF OEHL TR-78-87. Prepared by Battelle Columbus for the US Air Force
Occupational and Environmental Health Laboratory, Brooks AFB, Texas. Distribution

Unlimited,

_ X ¢ Disposal of Herbicide
range, 1971-1979. Office of History, Air Force Logistics Command, Wright-Patterson
Air Force Base, Ohio.

. erbicide Orange Monitoring Program. Technical
Report ESL-TR-83-56, Engineering & Services Laboratory, Air Engineering & Services
Center, Tyndall AFB, Florida. Approved for public release, distribution unlimited.

b
”Final Corrective Measures Implementation
Report, Solid Waste Managemen it No.2, Johnston Atoll. Prepared for the United

States Air Force 15" Airlift Wing Environmental Restoration Program. Available at the
following web site: hittp://projects.ch2m.com/johnston_atoll/JA17_ Public.htm
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Summary of Assessment of Site Exposure

The issue of “meaningful exposure” to Tactical Herbicides is a subject of debate in the
scientific literature. The most reliable information has shown that the esters of the
herbicides, 2,4-D and 2,4,5-T, that made up Herbicide Orange, and its associated dioxin
contaminant (2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD) rapidly dried within minutes
of being sprayed on vegetation, rendering them unavailable for absorption. The process
of drying involved the chemicals being absorbed within the waxy layer of the plant
cuticle, where they were not readily dislodged [1]. Studies of Herbicide Orange and the
associated TCDD on both leaf and soil surface demonstrated that photolysis rapidly
decreased the concentration of TCDD (within hours), and this process even continued in
shade [2]. Studies of ‘dislodgeable foliar residues’ (the fraction of a substance that is
available for cutaneous uptake from the plant leaves) showed that only 8% of were
present 1 hour after application. This dropped to 1% 24 hours after application [3].
Moreover, studies in human volunteers confirmed that after 2 hours of saturated contact
with bare skin, only 0.15-0.46% of 2,4,5-T entered the body and was eliminated in the
urine [4]. The implications of these studies and observations are that individuals who
entered a sprayed arca one day after application of Herbicide Purple, Herbicide Green,
Herbicide Pink and Herbicide Orange received essentially no “meaningful exposure.”
These are important findings because military and civilian personnel from Fort Detrick,
United States Department of Agriculture (in Puerto Rico and Texas), and the Air Force
Logistics Command that participated in the evaluation of the spray and monitoring
operations were not likely to have been exposed. Certainly, any local civilians who
entered the spray area days after spraying were at no risk of exposure.

What is meant by a “measurable” human exposure to Tactical Herbicides is difficuit to
estimate for personnel who were not monitored by non-evasive blood or urine techniques.
In the years before and during Vietnam, these techniques were not available [5]. The
components of the Tactical Herbicides, 2,4-D, 2,4,5-T, cacodylic acid and picloram can
now be measured in the urine. The excellent studies by Lavy [5] and Hood [6] have
provided convincing evidence that in forestry and brush control programs mixers and
applicators of the phenoxy herbicides, picloram or cacodylic acid would have had
“measurable”, albeit generally very low, levels in their urinc. Howcver, these studics also
indicated that individuals who walked through the sprayed areas even 2 hours after
application did NOT have measurable levels of herbicides in their urine. Thus, il was
unlikely that either short term or prolonged time spent in sprayed areas 24 hours after
spraying would have resulted in any “measurable” levels of exposure.

Testing of serum dioxin levels has heen widely regarded as the gold standard for
epidemiological studies of TCDD from Herbicide Orange since its development in the
late 1980s [7]. Studies conducted on the men that actually handled the liquid Herbicide
Orange showed measurable levels of 'I'CDD in their blood serum |8,9]. Moreover, the
major industrial studies since the 1980°s have relied upon it to validate estimation of
exposure [7]. The significance of these studies and observations is that those Active
Duty military personnel who mixed, loaded, and participated in the actual spray programs
during the development of the tactical phenoxy-related herbicides and spray equipment,
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and those who participated in Operation PACER HO, may have received a “measureable
exposure” to TCDD. This was most likely true even though participants were generally
instructed to use face shields or respirators, rubber gloves, and aprons. Many of these
studies were conducted in subtropical and tropical climates; the wearing of protective
clothing was very uncomfortable. In Operation PACER HO great care was taken to
monitor the safety of the hundreds of men who participated in the de-drumming and
transfer of the liquid Herbicide Orange and rinse, but the process was not free of minor
spills and accidents.

Although most of the studies on the disposal options for Herbicide Orange involved
Active Duty military, the use of safety protocols was an important part of the studies, and
they were less likely to be exposed to the liquid Herbicide Orange. Safety protocols were
also required in the site monitoring and remediation programs that followed PACER HO
at the Naval Construction and Battalion Center and at Johnston Island. Active Duty
military personnel handled contaminated soil. Studies of the binding of TCDD to soil
particles likely minimized the cutaneous availability to naked skin (e.g., hands) and to
many biological organisms associated with that soil [10,11]. Moreover, The handling of
these soils generally occurred many months to years after the soil had been contaminated
and most the residues would have been degraded by chemical and biological mechanisms
[12]. Nevertheless, it cannot be concluded that “no measurable exposure” occurred.
Indeed, three of the individuals who had participated in these monitoring programs did
have analyses of their adipose tissue performed in 1978, and levels of 5-7 parts-per-
trilion (ppt) TCDD were measured [10]. RANCH HAND personnel who handled the
liquid Herbicide Orange a decade before the above individuals still had in 1986 levels
that were orders of magnitude greater than those involved in the monitoring programs [8].
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VEGETATION CONTROL PROGRAM CY1968 (U)

I (C) INTRODUGTION

a. BACKGROUND:

-1, In1963, CGIUS Corp#(GF) proposed the use of
herbicides in the DMZ to improve cbservation and fields of
fire and to deny hostile forces the concealment provided by
vegetation. A feagibility study was requested and ultimately
provided by the U, 5. Army Biological Labaratories, Fort
Detrick, Maryland. The study recommended that applications
of herbicides be made using C-123 aircraft. Due to the
possibility of accusations of armistice violations, and a
resulting potential propaganda harvest by the Communist world,
approval was denied by CINCUNC, However, the then ROK VI
Corps Chemical Officer has reported that in late 1963 a small
quantity of a commercial herbicide (2,4, D) was used in selected
areas such as observation posts and guaxrd posts to clear flelds
of fire, lLacking specific technical guidance, ROKA forces
applied 2,4, D to grassy areas unaware that 2,4, D is specific
for broad leaf vegetation and has Httle or no eifect upon annua.l

.and porennial grasses,

2. In October 1965, the 2nd U, S. Infantry Division

requested that herbicides be investigated for use in controlling

growth within the anti-infiltration barrier. It was pointed out

that certain chemicals, i.e, Post Engineer R&U herbicides and
TO/E equipment were already on~hand and capable of employment
The request was staffed and once again denied due to posasible
adverse North Koxean or third-country reactions,

3. In early 1967, as part of a general review of the DMZ
defenses, UNC/USFK found that cover, provided North Korean
infiltration or raiding parties by the vegetation within the DMZ
and contiguous areas, had grown unencumbered since the
Armistice and was an important part of the DMZ defensive

“problem. Dense uncontrolled growth significantly hampere UNC
defensive cperations while enamy infiltyation operations are ephanced,

SRR N

/9 46

W



Effective use of night vision devices was affected by dense
foliage and frequently movements of UN Forces into defensive
positions were being hampered. It was decided to study how
best to control vegetation, provide selected cleared areas and -
yet atay within the Armistice dgreement, Various means in-
cluding hand clearing, mechanical clearing, and use of
herbicides were studied with regards to effectiveness, initial
and recurring costs, and other pestinent factors to include
adverse Communist and third-country reactions, As partof
this evaluation, testas of herbicides were conducted in small
selected areas near, but South of, the DMZ South tape to _
establish the parameters for vegetation control in Korea, Based
on test results, plans were to be prepared for future full scale
application in the area between the DMZ South tape and the

Civilian Control Line,

4, The planning for the herbicide testing in Korea

. revealed the desirability of obtaining State Department approval

of the p fogram._ This approval was requested by a Country team
message. Numerous messages were dispatched during the :
period May through September 1967, During this period, the
political implications were carefully analyzed and the U. S.
Mission to the United Nations (USUN) was contacted for comment,
Based on USUN support and Country team assurance that political
implications were manageable, Secretary of State, in September
1967, authorized discussion of the program with the ROK
Government, These discussions provided the acceptance of the
program by the ROK Prime Minister and on 20 September 1567,
permission for herbicide testing in Korea was granted,

5. Ae a regult of the 20 September 1967 State Department
Authority to implement he rbicide testing plans, HQ Eighth U,S.
Army (EUSA) isgucd implementing ingtructions to First ROK Army
(FROKA) and I US Corps (GP) to make test applications of avail-
able herbicides Monuron {Telvar) and 2,4, D on flat terrain (2Znd
US Inf Div) and in the mountaine (21st ROK Inf Div). Despite the

lateness of the g_rowing geason, it was decided that these appli-

cations were necegsary in order to train personnel, evaluate
available dispensing equipment, test North Korean, ROK and third-

country reactions, A summary of test results is attached as

Amnex A,




6. Based on the assumption that Secretaries of State
and Defense would approve a herbicide program in Korea and
1US Corpe (GP) were alerted on 16 January 1968 to initiate
planning for a comprehensive vegetation control program.

- 7. On 4 March 1968, COMUSKOREA was authorized
to employ herbicides as part of the vegetation control program
in Korea. To preclude the possibility of unfavorable propaganda
. and to insure that defoliants would be properly employed with
a margin of safety, CG EUSA directed that the following re-
straints be placed on the vegetation control program (Annex B,

appendix 1}:

. (a) Defoliants will not be employed North of the
Southern boundary of the DMZ,

- (b) During application, care will be taken to insure
that thére is neither run~-off nor gpray drift into area.a North
of the Southern boundary of the DMZ,

(c) Defgliants should not be applied during pre-
cipitation or when rain is expected within 12 hours after

application,

(d) Extreme caution will be exercised to avoid

damage to food crops,

(e} Defoliants will not be dispensed frorn aircraft

of dny type.

(f} A KMAG representative will be physically
present whenever and wherever defoliants are employed.

8., Planning Confarences were held on 3-4 March 1968
in the Enginecr Operations Division EUSA to review FROKA
and I US Corps (GP) plans and to coordinate details for antici- -
. pated implementation, Action personnel from EUSA G-3, G-4,

and Engineer, HQ KMAG, Det L. KMAG, BQ FROKA, HQ1US
Corps (GP) and HQ 2nd US Inf Divieion attended the conference.
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As a result of the planning conferences, detailed plans were
approved and on 10 March 1968, the EUSA directive for the
Vegetation Control Program CY68(U} wae released with
instructions to implement on order (Annex B, appendix 1),

9. By 20 March 1968, material and equipment began
to arrive in the country and in an orderly manner was
distributed forward to using unitg. At this point, confusing
informition was received from supply agencies in CONUS
concerning the soil-applieéd herbicide, Monuron. The original
CIGCOREP requirament requested UROX 22, however, EUSA
G-4 was informed that Monuron (Telvar) was being shipped.
Since there is a vast difference in the amount of active -
ingredient in Telvar and UROX 22, different application rates
are used; therefore, 250 lbs of UROX Z2 per acre as compared
with 50 Ibs of Telvar per acre, Accordingly, plans and
allocatione were quickly changed, However, on 8 April 1968,
supplies of Monuren"arrived in Korea and were confirmed as

AROX 22, a pelletized form of Monuron,

10, In mid March, compreheneive briefings on vegetation
control including technicsl information on herbicides, means of
application, and expected results were presented to key
pérsonnel of HQ.1 US Corps (GP} and 2nd US Iof Divisfen by
Senior Chemical Advisor, Headquarters, KMAG, These
briefings specifically presented the restrdints and controls
directed by JCS and CINC/UNC, The Chemical Advisor,
Detachment L, KMAG presented identical briefings in bilingual
format to key personnel of HQ FROKA, each ROK Corps HQ,
and KMAG Detachments West, Center, and East, '

11, On 31 March 1968, CG EUSA ordered implementation
of the Vegetation Control Program CY68 to bo initiated on or
about 15 April 1968:(Annex B, appendix 2).

b, GENERAL:

la. In March 1967, at the direction of the éG EUSA, a
study group was organized for the purpose of conducting a study

4
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to determine the requirements for clearing vegetation and

. foliage in areas contigucus to and immediately south of the
southern boundary of the DMZ, The EUSA Engineer wes assigned
responsibility for this task and was asaisted as required by
representatives from EUSA G-3, Gr4, and KMAG, As defoliation
was included asg & paxt of the CIGOCOREP plan which was

sctioned prior to completion of the study groups findings, a
formal documeated study was neve,r staffed nor published, The
decision to employ defolisnts oevertook the need for staffing the
study; hawever, it has been yetained in the Opearations Division,
EUSA Engineer Section for historical value in two complete copies,
It has been used as & reference document in the preparaﬂon of

certzin portions of this. report,

1o, Although the EUSA Engineer Study was neither staffed
nor publigshed, its piimary conclusion was that the use of :
chemical control of vegetation along the DMZ, in conjunction
with marual and mechanical means, is practical, manageable,
pelitically acceptable, and if apprepriate chemicals are supplied
is within the current capability of EUSA and the Republic of
Korea Army. The cemparison of techniques and resultant
estimated costs in funds and manpower revealed the following

comparison: (Annex C, Comparisoa and Estimated Costing of

Cloaring Techniques, } : _

Technique of Clearing Cost per Acre PMan-hours per Acre
Manual $467 227
Mechanical , $1 60 20
Chemical $408 25

2, The planning responsibility for vegetation control was
delegated to EUSA Engineers rather than to a staff agency within
EUSA headquarters where a staff chemical officer war aasigned,
However, technical advice and assistance was provided by the
Senior Chemical Advisor, KMAG and efforts were closely coordi-
nated between EUSA Engineer, Nuclear-CB Divigion G-3, and
Chemical Advisory Section, Hesadquartera, XMAG.
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‘¢. WEATHER, VEGETATION, SOIL, AND TERRAIN:

A summary analysis of weather, vegetation, soil and
terrain extracted from the EUSA Engineer Study "Clearance
of Vegetation and Foliage in the DM Area' (U), 31 J anus.ry

1968 is attached as Annex D,

- d. CHARACTERISTICS OF Hm‘amcmz:s:

1. In March I967, representatives of the Plant Sciencea
Laboratory, U,8, Army Biological Laboratories, Fort Detrick,
Maryland visitead Korea and inspected typical vegetation growth
in"selected areas contiguous to the DMZ. Based upon this~ -
evaluation, ‘the Plant Sciences Laboratory recommended the uge
_of Agents Orange and Blue and a soil applied herbicide to control
general and specific vegetation growth in Korea. : _

2, Considering both the field evaluation conducted in
October 1967 and the recommendation of the Plant Sciences
Laboratory, requirements for Agents Orange and Blue, and
Monuron were Included in the CIGCOREP Flan. A diascussion
of the technical characteristics of t:he recommended herbicides

i= attached as Annex E

LT - - Ay

e, EQUIPMENT AND MA'I'ERIEL'

1. Requirements for equipment and materiel to support
the Vegetation Control Program were established by the
CIGCOREP Plan of which portions were approved and funded

in early January 1968, A summary of vegetation control equip-

ment and materiel requirements is attached as Annex F.

2. Discussion:

(2) As Monuron UROX 22 fs spread by hand or
mechanical broadcast, no particular problem was anticipated
in its applicrtion. 50 Mechanical BORAX weed killer dispensers
were received to be used in mechanical broadcast of this agent,
A photograph of this didpenser is attached as Figure F-l.
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' (b} Both _applied as

‘ , liquid spray,. In a.ddltion, it had been anticipated that Momaron
Telvar, which is applied in a liquid suspension, would be used
in Korea, Accordingly, a requirement wawn egtablizhed for a
portable Hght-weight hypro-type pump spray apparatus with
the capability of dispersing 2 liquid spray sand a wettable powder
suspension. The actual equipment received we
gaeoline cngine-driven insecticide sprayers commuonly uaed
in Engineer Entomotegial Services, Upon test operation of

‘the sprayer, it was determined that it was satisfactory for

' spraying agents Orange and Blue, but not capable of spraying
a wettable powder suspension, Ultimately, this problem was
solved by the receipt of pelletixed Monuron UROX rather than
Monuron Telvar, A photograph of this sprayer is attached as

Figure F-2,

: (¢} Based on the limited herbicide testing conducted
in Qctober 1967, FROKA recommended the use of hand-held -
— . ingecticide sprayers for amall area spraying of liquid agents.
200 of thege 2 and 3 gallon gprayers were provided for this
purpose, A photograph of these sprayers is attached as

Figure F-3,

s o o {d} In addition to the equipment provided by the
CIGCOREP Plan, within ROKA and U. S, units there were
available several types of TOE and TA equipment which were
used for application of liquid defoliants as follows:

(1) ROKA had available 48 ea M8A2 Decontamination

Trailers which were used to spray Agents Orange and Blue :
- and to supplement storage and transportation of water for

mixing and application, The M8AZ Decontamination Trafler
conglata of a 200 gallon capacity tank and a 25 HP GED pump
unit mounted on & 11/2 ton trafler, A single hose reel allows
the operator to move approximately 50 feet from the trailer
and direct a liquid apray through the adjustable Beam type
spray gun at a rate of 20 gallons per minute, A photograph of
this equipment is attached at Figure F-4, -
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(2) 'ROKA bad available 10 en M106 "Mitey Mite"

* dispensers which were used to supplement liquid spray

capabilitiess. The M106é Dispenser is » commercial, ba.ck-pack
agricultural duster-sprayer that has been adapted for military
use, It consists of a compact two-cycle gascline engine which
powers a blower to disperse liquid or powdered defoliants er
riot control agents through a six foot flexible hose, A self
contained tink provides the capability of dispersing 3 gallens
of liquid agent, total weight of the disperser is 25 lbs less fuel
or agent, A plwtoguph of thls disperser il attached as

Figure F-5,

- {3) For liquid application of Agents Orange and Blue
to small areas, the FROKA Chemical Officer devieed a field
expedient consisting of crimping a perforated metal cap to the
end of a flexible nozxle, then by attaching the flexible nozxle to
a 5 galion "GI" gasoline can, the liquid agent was literally
poured over végetatien similar to the manner a garden watering
can is used, A photograph of this expedxent is attached as

Figure F-6.

I1. (C) DEFOLIANT OPERATIONS

a. GENERAL

l. Prior to initiation of defoliant operations, a compre-
bensive briefing was prepared to inform commanders and staffs
of the technical aspecte of defoliant operations and to apecifi~
cally delineate controls and restraints pertaining to application .
of defoliants. The Senfor Chemical Advisor, HQ} KMAG,
asgisted by EUSA Engineer Project Officer, briefed the com-
manders and staff peroonnel of HQ 2nd U, S, Inf Divielon and
1 US Corpe (GP) on 21. and 22 March 1968, Sentor Chemical
Advisay, Detachment L, KMAG presented this same briefing in .
bi-lingus! format to the commanders and staffs of Headquarters
FROKA, each ROK Corps, and Detuchmenta East, West, and

Center in sarly Aprﬂ
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2. To insure & coordinated offort in planning defoliant

operations, a series of planning conferences were held in late
March 1968 in the EUSA Engineer Operations Division, Those
in attendance were rapresontatives of EUSA Engineer, G-3, and
G+4, Headquarters and Detachment L. KMAZ, I US Corps (GP),
nd US Inf Div,, FROKA snd ROKA, For guidance in planning -
operations, conferees were instructed to prepare plans for
defoliant operations along the £ollgwing guidelines
S (a) Defoliant apijcaﬂoaa——wﬂi~bo—mde mﬂy"hr\-\\
the area north of the Civilian Control Line (CCL)} and south of )
e gouthezrn bou.ndary of the DMZ (South Tape). —

(b) Priorities of applications were established as
follows:

(1) Priority 1: A 100 meter strip on each side
of the DMZ Security Fence System.

(2) Priority 2: Tactically significant areas in
the vicinity of OP's, CP'g and other vital areas., In order to
preserve nptural camouflage, manual clearing would be
accomplished first and then defoliants would be applied to
improve firing lanes and to deny concealment to would be

o infiltrators,

(3) Priority 3: A 30 meter strip on each side
of tactically significarnt roads in the forward areas,

(c) Based upon planning guidance, FROKA and
1 US Corps. (GP} submitted plans for implementation listing
quantities required by priority. See attached Annex G. Plans
submitled were based on the planned receipt of Monureon Telvar
(80% active ingredient) which required an application rate of
50 pounds per acre, The Eighth Army execution order -
informed appropriate action officers of the change in type of
material and application rate and advised that quantities of
Agent Orange and Blue be shifted into FPriority 1 requirements
to fill in the shortfall of 6 340 acres caused by the change in

Atypoa of defolient,
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(d}) By 10 April, supplies of defollants and material
for vegetation control were on-hand in forward locations in
preparation of planned implementation date of 15 Apxril 1968.

A summary of material allocations is attached at Annex H,

b. OBSERVATIONS

I, Defollant applications were initiated on 15 April 1968
with the application of Monuron {n Priority 1 areas (see Annex
L for photographic coverage), No particular difficulties were
found in dispensing Monuron as it is spread by hsnd similar to
the manner by which Korean farmers spread deeds orx
fertilizer, The usual technique involved was that an area selected
for Monuron application rwas divided into several lanes and each
man walked along his assigned lane spreading Monuron by hand
or the mechanical spreader along approximately 5 meters on
each side of his marked lane., BSupplies of Monuron were spotted
throughout the area to facilitate individual resupply along

agdigned lanes.

2. As of 28 April 1963, Monuron applications were com-
pleted in I US Corps (GP) area. 1In I US Corps (GP) area, the
terrain is generally flat with some rolling hille along the DMZ
Security Fence -System and {s relatively accessible by vehicular
traffic; however, {h the FROKA ares the terrain becomes
increasingly difficult moving eastward from the CHORWON Valley.
In the extreme eastern area of the DMZ in the 111 ROK Corps . .

- area, some application sites were a four hour foot march from

the nearest road. Work in these inaccessible areas progressged
very slowly but improved when material and men were flown in
by helicopter when availsble, .

3. The action of Monuron is dependent upon rainfall to
soak the active ingredient into the soil and penetrate the plant
root zone, Almost coincidental with the application of Monuroen,
there was & minor drought in most of the areas which resulted
in an unusually delayed responsge time to the defoliant, Once
absorbed into the plants, the initial response to Monuron isvery

10
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similar to reaction to fertilizer and very little visible evidence
is exhibited except a slight yellowing is apparent and then '
slowly foliage begins to turn brown and eventually defoliates
completely as if the vegetation had been struck by a killing
frost, In those areas where annual and perennial grasses
appear, most vegeta.tion did not even emerge legving & strip

almost devoid of all plants, .
¥ .

4. As Monuron is an all-purpose defoliant rather than
a pelective defoliant it effectively kiils annual and perennisl
grasses which may lead to sofl erosion problems in future
years in those areas where it was applied along the DMZ Security
System Trace, To counter this problem a soil erosion program
has been planned in which sheep fescue and white dutch clover
will be plauated in susceptible areas to prevent serious erosion
problem, This plan is being carefully coordinated at the working
level to insure that seed and fertilizer will not be applied to
areas that have been previously treated with Monuron, In this
respact, it would appear that in future defoliant programs ‘the
use of a selective defoliant to control broadleaf vegetation and
not affect grasses has merit, There are several off the shelf
commercial herbicides that dre specific for use against broad-
leaf vegetation but do not affect grasses. Agent WHITE, known

‘commereially as TORDON 101, bas been used in Vietnam for -~

gpecific problem areas in which {t was desired to preserve
grasses. The use of liquid WHITE or pelletized formulation

such as Tordon 10K aleng the DMZ Security System Trace should
be more gatisfactory than the use of Monuron in that annual and .
perennial grasses would not be affected and once the bushy

woody growth i{s reduced grasses would remain to prevent serious
erosion problems. The remaining grasses could then be controlled
through manual or mechanical means utilizing the jeep and
tractor drawn mowers and other equipment provided by the

CIGCOREP Plan,

5. Application of the liquid Agents Blue and Orange began
in mid May 1968 npon the emergence of t'ohage.

11




_CORFTOENTIAL
{a) Aé;.ﬁt Orange!

(1) Agent Orange was mixéd with diesel ofl at
a ratio of 3 gallons of Orange to 50 gallons of diesel which was
recommended as the application rate per acre to preclude .
regrowth of resistant vegetation, The only significant problem

_area involved was the lack of adequate spray equipment, Most

application areas were 3:’e1at11re:1~yi juaccessible to vehicular
traffic which precluded the uae of the MB8AZ Decontamination
Trailer, As only 22 liquid defoliant spray sets were available,
expedient means of applying Orange were devised, Generally
epeaking, the expedient devices to apply liquid defoliants were
ineffective in that they regulted in a waste of materiel as there

is no way, other than by visual estimation, of accurately -
measuring an application rate per acre. In applying liquid
defoliants, the most critical factor is liquid particle size. In
aerial application, as employed in Vietnam, undiluted Agent
Orange is sprayed from aircraft through specifically deesigned
equipment to produce an aerial spray of the optimum particle

" size to facilitate abgorption through the leaf surfaces of fullage.

There is no visible evidence of plant damage for a period of
several weeks ae the agent is being translocatéd throughout the
plant; Then, dramatically and vividly, the systemic herbicide
exhibite its effect of defoliation and killing of the plant, .Both
methods of liquid dissemination used in Korea produced large
droplets of liquid, in fact, the expedient methods of Orange
application resulting in literally pouring the agent/oil mixture
on foliage, The high concentration of diesel oil in the mixture
immediately caused a browning of foliage which, in most cases,
prevented the absorption of Agent Orange and its subsequent
translocation, As a result of this "drenching" vegetation was
defoliated and most of it eventually died; however, in some -
cases where controlled burning was not used to clear defoliated

areas, there was some regrowth by mid July, In the opinion
of Dz, Plant Sciences Lakoratory, U. S. Army
Biologic oriesd, ‘i"‘crt Detrick, Maryland, the diesel

oil was primarily responsible for defolation and retarded growth
rather than the Agent Orange, In an attempt to achieve optimum
particle size from ground epraying operations, units were '

12
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advised to spray Orange in a fine mist and to direct the spray
high into the air allowing the mist to eettle on follage,

Although this procedure increased the risk of undesired spray
drift, the effectiveness of Orange was increased, In regard

to spray drift, it was realired that u.nder certain conditions
when the windspeed exceeds § knots per bour, that there was
the possibility of spray being carried downwind and damaging
sensitive vegetation. In the Znd U§ Infantry Division area, the
'"Yine gpray" technique was employed successfully between the
Imjin River and the South Tape where no farming is allowed,
This technique war used only when distance and wind speed and
direction precluded drift into the DMZ, end it was noted that
sensitive foliage (primarily locust trass) within 100 to 200 meters
downwind of the application area were frequently effected by -

spray drift,

(2} Although in advigory viaits and briefings to
key ROKA personnel, it was stressed that Agent Orange is a
specific systemic herbicide for broadleaf plants and is ineffective
against most annual and perennial grasses, a large quantity of
Agent Crange was applied to grassy areas with the result that

. the growth of grass was retarded by the effect of diesgel oil and

within two to three weeks the grass began to grow again, This

procedure in effect was a waste of time, manpower, and
materiel in that a.lthough the application sites were tactically '
important, vegetation could have best been controiled by manual

clearance or controlled buraing.

(2) Uased properly, Agent Orange produces
excellent results and in those areas covered with woody growth,
broad leaved plants, vines, and trees, produced good results
within s minimum period of time and required lees effort than
would be required by manual methods.

¥ (4) There were no gerious problem areas in
maintaining the equipment used to apply Agent Orangé, Spray
equipment was thoroughly cleaned and flushed at the end of
each day's operations; therefore, deterioration of rubber
compohnents, as expected, from the Orange/oil mixture was .

minimized, Theare were some cases reported of checking and
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cracking of rubber gaskets in the 2 or 3 gallos hand-held
insecticide sprayer, In some instances, the 180 GPH
Insecticide Sprayers were damaged by rough handling in which
the pressure value indicator glass was hroken and the carrying
frame bent. In mid June, 3 of the 22 sprayers were deadlined
because of engine faflure and there were no repair parts
available in Korea. Five new engine sssemblies were procured
from CONUS and direct-exchange #f engines was performed by -
2nd S&T Battalion, 2nd U, 8. Infantry Division, For future
operations, & supply of repair parts and direct exchange parts
should be stocked in-country to facilitate maintenance,

(b} Agent BElue:

(1) Agent Blue was mixed with water at the ratic
of three gallons of Blue to 50 gallone of water for epray
application. The majority of locations sprayed with Agent Blue
were located along roadsides and areas easily reached by’
vehicles; consequently, the MBA2 Decontamination Trailers were
used exteneively for spraying Blue. As Agent Blue is particu-
larly effective against rice and other cereal grain crops,

. precautions were taken to avold damaging adjacent crop areas.

T

(2) Agent Blue was particularly eifective against
wild rice and a tell grass commonly referred to as ""Buffalo
-Grass' which grows in abundance in abandoned rice paddies
and along rivers and streame. It was highly effective in drying
out these grasses with g high water content and preparing them
for cantrolled burning, In general, Agent Blue causes
dessication of broad leaf and narrow leaf vegetation ultimately
causing effective defoliation, but it does not neceasarily cause
plant kill in all cases, In those areas where applications of
Blue were followed up by controlled burning, vegetation
clearance was complete; in those areas not burned off, there

has been considerable regrowth,

6. (a) Not all plant species react similarily to defoliants.

The differential susceptibility may be a function of time of
treatment, naturo of the leaf surface, variable capacity for

14
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abaorption and translocation of the defoliant, plant cheamistry,
or the nature of the defolliant itself, Thus one can expect
different reactions of vegetative types, some will be easlly
defoliated and killed while others will bé comparatively
resistant to the defoliant, Locgust trees and scrub oek sppeared
to be extremely sensitive to Agent Orange., However, some -
grasses exhibited regrowth after.the initial application of

Agent Blue requirlng a second appdication of the agent by mid

summer.,

(b) In general, all three defoliants produced the
expected results with the exception that regrowth following Blue
and Orange application was greater than anticipated, In
measuring the overall tactical effectiveness of the defoliation
project, one must consider the priorities that were directed by
higher headquarters. Application of 2ll three agents along the
DMZ Security System fence line (Priority one) was tactically
the most sound as it provided a clear area for observation and
fields of fire and to a certain degree improved the effectiveness
of night vision devices by producing an area of high contrast.

. When applied in Priority 2 areas around OP's and ‘'CP's, frequently

an entire area was cleared thus exposing thele instellations to -
enemy observation, Applications in Priority 3 areas were not
too effective because the width of the area covered was usually
lese than 30 meters on each side of the road, This distance is
not adequate to afford protection from ambush.

7. There were no serious major accidents or incidents
as a result of defoliant application nox were there any safety '
problems in handling any of the material. The most serious
accident occurred immediately prior to the application phase of
the program when the Chemical Officer, 6th ROK Infantry Div
was accldentally killed by .a booby trap as he was returning
from & reconnaissance of planned application areas.

. (a) There were several minor incidents in which
ROKA personnel detonsted uncharted mines and booby traps,
"but no serious injuries were sustained, '

15
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(b) There were no problems encountered in the
handling, storage or application of defoliant materisls, It
had been anticipated that some of the defolianta could possibly
cause eye, nose, throat, and skin irritation; however, this .

effect was minimised by the wearing of gauxe masks and
gloves when handling the material and hy washing upon com-~

pletion of application. : .

. £
. 8, Ground application of defoliante requires extensive
manpower and time, In addition to manpower actively employed
in application, overhead {5 required to provide security and to
provide mixing, filling and transportation of defoliant material
to application sites. Use of relatively unsophisticated spray
equipment results in estimated application rates, further,
Agent Orange applied by ground spray means is not as effective
as it could be, Use of an aerial spray system such as the :
AGRINAUTIC system developed foy the UH-1 series helicopter
would result in 2 mozre efficient plant response, require less
time in application, and require considerably less manpower
support than ground application means. The AGRINAUTRIC
'« : spray apparatus is not limited to liquid spray but can also be
: used to digperse pelletized solid herbicides such as Monuron
UROX 22, BROMACIL, and TORDON 10 K which are soil-applied
" defoliants, The average application rate for ground applied
liquid agents was approximately 200 acres per week depending
upon the ruggedness of the terrain, By contrast, one UH-1
helicopter equipped with the AGRINAUTIC sprayer, flying at a
height varying from I2 feet to 50 feet at 90 knote per hour,
could spray a swath 100 feet wide with Agent Blue at an application
rate of 3 gallons per acye for a total area coverage of 65 acres
in approximately 2 1/2 minutes in one sortie. A minimum of
four sorties per working day would thus yleld an avea coverage of 250
acres which would require more than seven working days by
ground application means, Swath width can be adjusted by
varying the flight heights and more poaitive control of spray drift -
can he accomplished by flying at low altitudes but at a reduced
gwath width. Nozzles can be calibrated and adjusted to spray
optimum particle sixes, The AGRINAUTICS sprayer is designed
for rapid installation in the UH-1 B/D helicopter and can easily

16
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be removed in the field within a minimum of timé should the
helicopter be required for another type of miesion. A
technical description of the AGRINAUTICS, Model 3090, is

attached as Anzia_x 1.

9. The Chemical Officer, FROKA, monitored the entire

program in the FROKA areéa in an outstanding professional
manner, The corps and division €hemical Officers, along

. with the r_egi:ri.ental Chemical Officere, actively supervised

defoliant applications. The overall staff planning and the initlal
plans submitted were complete and thorough in every detail.
Initially, all commanders including corps, division and regi-

- ments) displayed a great deal of interést and enthusiasm in the

program; unfortunately, this enthuaiasm was the result of the
concept that defoliants would be applied in these areas considered
to be most tacticelly significant, i, e. north of the South Tape
within the DMZ. In initial plans for application, FROKA had
planned to apply defoliants to extensive areas within the DMZ
and adjacent to the MDY, The FROKA Chemical Officer was
repeatedly briefed on the restraints and controls directed by

CG EUSA but his afforts to prepare plans based on application
only in the area between the South Tape and the Civilian Control
Line were thwarted by the fact that the corps and division
commanders involved in'the project chose to make their own
interpretation of directives, Thus, from the outset of planning,
the diviaion Chemical Officers prepared their plans based on
guidelines received from the division commander which were
contrary to the published guidelines, At thig point, it was
detected that corps commanders were exerting pressure and using

personsl influence to FROKA and ROKA Headquarters to lift the

reatrictions, It was only after positive gtatements were made

by the CG FROKA to the effect that he was a soldier and was
duty-bound to obey directives from higher headquarters and that

he expected the same from his subordinate commanders that it
became apparent to all manders that viclations would be
reported and apprepriaftt command action taken, Onee commanders
accepted the fact that they were bound te cbey the restraints and '
control, planning proceeded in an orderly manner in sccordance
with Eighth U, 8§, Army guidance, However, it was readily
apparent that once the commandere were finally convinced that

17
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restrictions on the use of defoliants within the DMZ would not
be relaxed, they lost all interest in the program and shifted
their interest to projects which they considezed moze important.

" I an advigory visit to & ROK Corps hesdquasters, the commander

openly stated to the Senior Chemicel Advisor, KMAG that he

- could not understand why the United States would spend such &

large amount of maney for expensive defoliants and then waste

them by not allowing him to use thgm in the DMZ whevre they"
were needed and desired, However, in almost tho samse breath,

-he stated he was impressed with the results of Mosuron ard
" desi{red to use additional quanﬁties of Monuren in future

defoliant aperations,

- 16, {a) In upite of ths apparent loss of {nterest by
commanders, the Chomical Cfficere in the field were highly
metivated and enthusiastic conceming the use of defoliants.

. For them it was ah opportunity to prova that a technical service

was capable of providiag cperstional support {n a tactical
miseion, Duaring the plasaing périod, an cuilstanding training
program was conducted on the uss of defoliants aid the equip~
ment provided for the operation. Persoane] turbulence during
the five month application phase necessitated repetition of
training, consequently, all ROKA personnel who pa.rticipated in
the projact were well traiaed and prepared, , _

(b) Initially, the main battle area (MBA) divisiona
experienced difficulty in defoliant application in that a lack of
organization was evident, This was no doubt due to last minute
changes {o the plans, the lack of conunand interest when it was
finally rezlized the defoliants could not be utilized as desired,
and o reluctznce on the part of lower unit commanders to datail
their troops to this project when they had so many other high
priority projocta confronting them., Howeves, within a short
period following the initial shaky start, the operation was

-adequately organinad and, in gene ral. followed the planned

schedule in an orderly manner,

{¢) Tha physical stamina of the individual Korean
coldmr wag remarkebly demonstrated by the tedious and hard
Isbor performed by troops in applying defoliants.,: Working in
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difficult tervain for long hours, and transporting their equipment
and materiel on their backs, they diligently performed their job
in the face of many dangers such as uncharted minefields and
even friendly booby traps lite z-ally undex the hoses of obgesrving

North Koxean troops. ‘

¢. OPERATIONAL CONSIDERATIONS
¥

l. Command, Control, :;.nd Coordination:
{a) General

(1) Chief, KMAG was assigned responsibility for
technical assistance and supervision of the vegetation control
program by CG EUSA, This responsibility required KMAG to
assume an operational mission, yet it is organized and staffed
only te provide an advisory mission. As of April 1968, there
were only four Chemical Corps Officers agsigned to KMAG, two
in the Chemical Advisory Section, HQ KMAG, one assigned to
Det L, XMAG and one agsigned to Det F, KMAG, The Chemical
Advisory Det F KMAG is assigned specific logistical advisory
duties and due to distance and travel Iimitatxons did not participate
in the rmssmn.
(2) As stated previously, responsibility for -
planning defoliant operations was delegated to the Engineer EUSA
sincé that section had been originally tasked to make the feasi-
bility study. At the time that the CG EUSA authorized the
application of defoliants and stipulated that ROKA troops apply -
defoliants, the decision was made to task KMAG with supervision
of the program. This was done for several reasons; BG James \pb
H., Batte, Senior Logistics Advisor, KMAG, as a Chemical
Corps Officer, has had extensive experience in many technical
ficlds of chemical operations; further, KMAG is a subordinate
element of Eighth U, 8. Army, thus reducing administratively
the epan of control, Execution erders and implementing
instructions of a directive nature were released by P&P Div., G-3
XUSA. Other matters of an informative nature were released
through Senior Chemical Advisor, HQ KMAG for the Chief, KMAG,
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ANNEX A: HERBICIDE FIELD EVALUATION, 2let ROK INF DIV (U)

1. (U) The only materials available for field evaluation were
Monuron Telvar, an B0Z active ingredient wettable powder formulation
and 2 commercial weedkiller (2,4 D) which was released from Post

Engineer asgets for testing purposes,’

2. (U) No special equipment was provided for testing as one
objective of the test was to determime if the defoliants could be
applied using TOE and TA equipment ncrmally available to both US

and ROKA units,

3. (C) Testing commenced on 9 October 1967 and was completed in
approximdtely 10 working days.

4. (€) A summary of test findings are as follows:

(a) Applications were made at far from ideal conditions; the
growing season was over and in the 21st ROK bivision area, some

killing frosts had been experienced.

(b) No visible reaction was noted in areag where Monuron was
applied; this was anticipated. As of 8 June 1968, there was visible
evidence that Monuron persisted in the soil over the winter season

and is retarding growth effectively.

(c) Vegetation sprayed with 2,4,D began to react within 7 to
10 days as noted by discoloration and wilting,

(d) M106 dispenser (Mitey Mites) did not effectively dispense
vettable powder. Hand sprayers (standard 2 gallon insecticide
sprayers) worked adequately but the M8A2 decontamination trailer
worked begt and is the recommended equipment to be used im a ground

~ applied herbicide program.

(e) Equipment- application capabilities and operation'fequire-
mente were determined to beo:

(1) Hand sprayer, 2 men, 0.15 acres per hour
(2) Mi06, 3 men, 0.63 acres per hour
(35 MB8A? decon trailer, 5 men, 1.26 acres per hour
(f) There were no safety probiemslencounfered'and material in
no way appeared to be injurious to rubber componenté of equipment.
A-1
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{(b) KMAG Supervision

(1} Quidance from CG EUSA directed that when-
ever and wherever ROKA troops applied defollants, a KMAG
. representative would be physically present to provide technical
assistance and guidance, KMAG supervisory reaponsibﬂities

were discharged in the following manner:
£

a Inthe I US Corps (GP), direct supervision
of ROKA woarking teams was provided by Chemical Corps Officers
and enligted personnel assigned to the U, 5. 54th CBRE Detach-
ment and the Chemical Section, 2d U. S. Infantry Division. The
Deputy Chemical Advisor, HQ KMAG was placed on TDY to.
HQ I US Corps (GP) and maintained daily contact with working

teams applying defoliantas,

_ b In the FROKA areca, KMAG supervisors
were detailed from advisory personnel assigned to the subordinate
detachments of Detachment I, Detachments East, West ,and

Center,

(2} To provide guidance for KMAG personnel
assigned supervision duties in defoliant application and to pro-
vide further guidance to ROK application teams, a comprehensive
Standing Operating Procedure for vegetation control was published
in bi-lingual format and distributed in sufficient quantities to be
igsued to working personnel., A copy of the SOP is attached as

Annex J,

' {3) There were some problem areas concerning
KMAG supervision at the onset of defoliant applicatione which

can be sttributed to last minute changes in plans and the fact
that U. ‘5. -personnel monitoring 2 ROKA cperation was not
entirely palatable to ROXA commanders, Initially when it was
learned by ROKA commanders that KMAG eupervision would

‘be present throughout the entire operation, a considerable number
of questions were tactfully asked by ROKA personnel as to why.
When it was finally realized that the KMAG personnel were
assigned by higher headquarters to assist and guide the defoliation
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program, they were quickly accepted as members of the
defoliation team and excellent relationships were developad
at the working level. This, plus the fact that there was no
serious injuries, accidenta or incidents involving KMAG
supervisors, indicates that the supprvisory role of the
operation was a success.

(4) As a parellel it was equally unpalatable to
U.5. personnel in I US Corps that ROKA persennel only would
make actual application of defoliants, a mission that U. 8,
Chemical Corps personnel are trained in and fully qualified to
perform, However, as with ROKA personnel, when it was
realized thatthis was a mandatory requirement it was accepted
as such. Only one significant problem developed. In the 2d
U, S, Inf Div area defoliant application was conducted by personnel
of the 98th ROK Regimental Combat Team. Administrative delays
due to c¢learance and access into areas north of the Imjin Rivar
plus the time consumed traveling to and from application areas
significantly increased the time required to complete operations
in the division area, Use of U, S, troops whose compounds are
located north of the Imjin River could have redueed the time

required to apply defoliants,

: (5) -The task of KMAG supervision did, howeve T,
exert its toll on the averall advisory function of Detachment L,

"KMAG. During the height of the defoliant operations, 15 June

through 1 July when a massive effort was mounted to apply
defoliants prior to the beginning of the rainy season, it was
estimated by Detachment L, that its advisory function was
reduced by 70% in order to accomplish its supervisory mission

over FROKA defoliant operations.

2. Intelligence Implications:

(a) It has been assumed that the North Koreans would
use any vegetation control program in or adfacent to the DMZ
as the basis on which to charge the UNC with violating the
Armistice Agreement and further would probably charge that
the use of defoliants would be either ‘chemical" or ‘‘germ"
warfare similar to charges by North Vietnam regulting from
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the employment of defoliants in Vietnam, On 12 January 1968,

news releases originating from the ROK Ministry of National
Defense openly indicated the ROK Government's intention to
employ defoliants in the DMZ area {Fig II.I}. Though not
acknowledged by the United Nations Command, these releasas
provided a factual test of ROK, North Korean, and third-country
resction. As of this date, the only rescticn that has been
registered was at a meeting of thesMilitary Armistice Commission
as discussed in the 22 J'nnua.ry 1968 Stars and Stripes news

release (Fig 11-Z).

(b} Within ROKA, all frformation cancerning defoliation
plans and operations were classified as *“SECRET" with a limited
‘distribution on a2 need-to-know basis, Defoliant application teams
employed deceptive measures in those areas under obeervation

from Narth Korean outposts by labeling equipment and supplies
with the code worde ""CORN' for Monuron, "RICE" for Agent

Blue, and "BEANS" for Agent Orange to give the impression that
the working teams were planting crops.

(¢) In mid-July, cne EM of a FROKA unit that had
been assigned to a defoliant application team defected to North
Korea, however, there has been no Information which would in-
dicate that he revealed defoliation plans to the North Koveans.

{d) As of this date, there has been no reported
indicdtion that North Korca is aware of the testing and subsequent
application of defoliants, Present indications are that the North
Koreans have not exploited the use of defoliants in the vicinity of

the DMZ by UNC personnel.

3, Coverage Accomplighed {see Annex K}: Although the

‘total requiremant of priority application totaled Z4, 115 acres.
The quantities of defoliant materiales received provideda
_‘coverage capability of only 19, 984 acres. Based on reports

submitted from I US Corps (GP) and FROKA, a total of 18,150
acres were reported covered which reflects a shortfall of I, 834
acres, This digerepancy in reported coverxage can be explnined
by several considerations. as follow: -

22
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(a) Fleld expedient methods of mixing and applying
defoliants regulted in rough approximation, For example, in
FROKA it appears that the average actual application rate
varied for each agent as follows:

PR
R

4

Recommended Application Kate Average Application Rate

Agent

Monuron 250 Ibs per acre# 95 1bs per a.cre
Qrange 3 gallons per acre 3.3 gallons per acre
Blue 3 gallona per acre 5.5 gallons per acre

(b) Arean treated with defoliants were not measursd
or approximated as acre plots but were visually estimated as 100
meter or 30 meter wide strips based on the priority designation

of the arca.

{c} In the case of Monuron appiications, the low .
averags applicatiop rate cculd be responsible along with the lack
of rain for the delayed response time seen in Monuron treated

. areas. In the case of Orange and Blue, if appears that there
f were glightly heavy applicaticns which may account for the
extremely rapid responses gained from these agents.

i

225 : 4, Cost Estimation and Comparison oa Téchniﬁues: .

(a) Cost estimeates of defoliation operations were
developed from statistice obtained in actual defoliaut applications
in a 44 day period in which 3, 345 ROKA personnel were engaged
in applying defoliants over an area of 1, 653 acres. :

{t) Cost estimates of manual clearing were developed
from data cbtained by FROKA from manual clearing operations s
in the summer of 1967 in which 425 square kilometara were
cleared at the expense of approximately 400,000 man days over a

30 day peried.

{c) Estimates of both funded and unfunded costs
indicate that clewring vegetation by the application of deéfoliants
can be accomplizhed at a total cost of $165 per acre. If the cost
of troop lahor is funded on the assumption that the Iahor force

/76




is always available and will be used as the requirement dictates,
then the average cost of defoliants is estimated as $63 and T10

manhours per acre,

{d) A comparison of techniques and resultant costs
and manpower per acre revezl the follewing comparison (See

A:inex M}- .
£

(1) Funded and unfunded cost estimates:

Technique Cost Per Acre Man Heurs Expended
Manual  $0.12 (105, 019 acres) 4,200,000 °
Defolinate §165 (1, 658 acres) 1,177,440

(2} Funded Cogts Orly:

Technigue Gont Fer Acre fan Heure Pex Acre .

Manusl ©  None 4.6
Defolisnts $63 (average) 718

(e} Fegardleas of whick method of vegetation ciear-
ance is employed, the ‘mostcritical factox is the use of mnpowb.:_-v'.
rather than coats ib that BOKA Forces are faced with many high
priority projecte such as Main Battle Area constrizction and
hardening of defensive poeitions which require z ataggering amount
of manpower to accornplish; congequenily, the use of rilitary
labor results it a zignificant decreare is militery operations due
to the hmpact of cemmitting troop labor to such tasks.

(f) The canditions in Koresn ;?cr!:uin'izrg to accessikility,
working bazards (duc to minefields, and cbstacles), vegetation
and practicability (due to cost, labor and maszgement) appear to
dictate that no one method of clearing vegetation 1s best. A
proper amalgamation of three mefhods: manual, mechanical and

_defoliante appear to be the best techrique of vegetation cléarance.
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" location for their use from the tactical point of view,

=ORFIDENTIAL

III. (C) FINDINGS:

a, That cleared areas to improve vislbility, increase
contrast for night vision devices, and the reduction of cover
and concealment for infiltration are ,an esscntml requirement

in the DMZ Security System.

b, Monuron applications in the vicinity of the DMZ Security
System fence contributed significantly fo the strengthening of
the defensive capability along the fence line, However, removal
of vegetation cover may cause erosion problems in the future,

c. That the effects of Agents Blue and‘Orange were negated
by regrowth of vegetatior in those areas that defoliation wae not

followed up by controlled burning, The application of these

agents in areas other than the DMZ fence trace was of doubtful '
tactical value, It addition, the drenching of vegetation with Agent -
Orange/oil mixture and the use of Orange on grassy areas were

g waste of time and effort,

d, That the use of defoliants was a costiy program of
margmal success because:

1. Restraints and controll precluded the application
of defoliants north of the southern boundaty of the DMZ along

the most logical approach routes and clearly the most desirable
As a

result, a resource that could have had a very favorable impact

. from a tactical viewpoint was expended at considerable time and

effort in far less critical areas,

2. The political value of the project was negated when,
after providing the defolidnts and selling the program to ROKA,
the use of defoliants was restricted to the point where commanders
lost interest id the nroject and turned their gupport dand interest
to other priority projects. Additienally, U. S. military perscnnel
were used to monitor and report on the activities of the ROKA
Forces. Although it is felt that the rapport of the advisor-
counterpart relationship did not suffer under thie arrangement,
there were some minor feelings of mistrust at times,
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. That due to a last minute change in the type of defoliant
allocated, there exists a requirement to continue control of
vegetation by the use of a soil applied defoliant to the remaining
6,240 acrez along the DMZ Security Systern trace.

f. That KMAG supcrvision of the defoliation program
geverly tasked the overall advisory mission to the point that
the Detachment L. advisory effort was reduced by 70% during

the peak of the operation,

g. That the ground application of defoliants requires a
massive amount of manpower and time, In addition, in the case
of Agents Orange and Blue, the dilution, mixing, and liquid
spray reduced the overall effectivenese of the defoliants and
led to significant regrowth of vegetation,

h, That there has beern no reported indication that North
Korea is aware of the use of defoliants and thére have been no
attempts by North Korea to make a political harvest of propaganda
by accusiag the UNC of Armistice violations or the accusations
of employing "chemical" or "biological' warfare as was anticipated,

i. That the aerial application of defoliants, particularly
pelletized defoliants, is feasible and deasirable for uge in those .-
_ areas agjacent to the DMZ Seéurity System fence under carefully

controlied conditions and under the proper metsorological
conditions,

jo That the estimated cost of defoliant operations is $63 and
710 man hours per acre. ' ' ‘

. k. That insofar az a combination of practicability and costs
are concerned, neither clearing by the use of defoliants nox the '
clearing by manual means can stand alone due to the consideration
of weather, terrain, vegetation, and enzmy and friendly
capabilities, A careful combination ¢f the two methods ueing the
best one for specific problem areas appear to be practical,
reagonably expensive, yet within the current capability of the

United Nations Command.in men and equipment,
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1. That the stipulation that ROKA Armed Forces oaly could

make actual application of defoliante considerably slowed down
application progress in the U. S, 2nd Infantry Div. area.

m. That nupervisi.on and monitoring of the operational
aspects of defoliant applications should be conducted by a head-
quarters adequately staffed to perform an operational mission

- with the techrical guidance of qualified staff chemnical officere,

IV, (C) CCNC Lﬁswms:

a. There is a need to continue the control of vegetation along
the DMZ Security System fence and to extend this control beyond
the southern boundary to include the most logical approach routes
and other locations within the DMZ to deny enemy infiltrators '
the use of vegetation for cover and concealment, .

b, The use of defoliants in conjunctien with manual and
mechanical clearing means in practicable, manageable and
politically acceptable and if appropriate defoliant materiale are
again provided, is within the curzreat capability of this command.

c. The use of Monuron significantly contributed to the
strengthening of defensive capabilitice .along the DMZ Security

System traco.

d. The use of Agents Orange and Blue in areas other than
the DMZ fence line located to the rear of the South tape contribu{:ed

vary little to improving defensive positione,

e. The application of defoliants by ground means ir difficult,
expensive and requires a staggering amount of manpower,
Carefully controlled acrial application would reduce the timie
and imanpower required and in the case of Agents Orange and
Rlue would resull in a more effective responze,
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f. Although it is probable that North Korea has concluded
that defoliants have been used in Korea by UN Forces, there
bhas been no reported indication. of adverse propoganda. or
complaints of armistice violations,

g. ROKA Forces have shown that they have the technical
competence and capability to conduct defoliant operations on a
masesive scale. Although this wa:e‘; accomplished under KMAG
supervision, it {s believed that future operaticns could be
conducted with & minimum of supervisicn by U, 8. personnel,

V. (C) RECOMMENDATIONS:

a. That defoliant applications in corjunction with manual
and mechanical clearing be continued to provide positive extended

control of vegetation,

b. That future defoliation plans he baged on the use of a
soil-applied selective herbicide to control bushy growth and not
affect grasses in order to prevent soil erosior problems, First
priority of applications should be established as the 7, 800-aczre

along the DMZ Security System Fence.

c. -That future defoliation plans include the controlled use
of aerial spray systems foxr application of liguid and dry defcliants
along the DMZ Security System trace and that the use of ground
applied means of application be extesdzd to include the use of
defoliants in areas of tactical significance south of the MDIL

- within the DMZ,

d. That action be initiated to expedite procurement and insure
delivery in~country of the following defclianfs prior to May 196%:

Défolia;ﬁt Quantity Expected A;ea'.C ave rage_.
TORDCN.10K 624, 220 lba, u, 240 acree
ellets ' :
Agent 6range 10,600 -Qrals. | 3,500 acres
Agent Blue 3,000 gals.. 1, 000 ecres
28
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e¢. That action be initiated to procure three each

AGRINAUTICS Aerial Spray Systems (FSN 3740-866-4481).
Equipment should be delivered ASAP so that necessary training

can be conducted prior to actual application operations, It
ie further recommended that epray equipment be allocated on

the following basis: ‘
FROKA - I Unit

¥
1 US Corps (Gp) - 1 Unit
Reserva ~ 1 Unit
f. That future defoliation projects be supervised by a head- |
quarters staffed to seupport an operational mission with the
guldance of staff chemical personnel, :

g. That ROKA units be authorized to apply defoliants without
the direct supervision of U, S. personnel and that U, S. units ,
be allowed to make applications as required,
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(g} The greatest problem area encountered was the resupply
of mlxing water to prepare a wettable powder suspension of Monuron.
Using units recommended the use of granular ot pelletized Monuron
(URGX 22) which could be spread by hand, or mechanical broadcaster.

(h) As of this date, there have been no indications of
adverse political reactions from North Korea.or in the ROK itself.

(1) Based on a hypothetical l0-year program and using funded
and unfunded costs, it is estimated that effective chemical control
of vegetation can be conducted at an average cost of $408 and 25 :

man hours per acre.

5. (C) Figure A-1 illustrates a portion of the DMZ Sectirity System
fence trall along which Momuron Telvar was applied during testing
in October 1967. As killing frosts had been experienced in this
area, vegetation was dormant., Figure A-2 illustrates this same
area as of July 1968, Note that some of the short grass is still

‘active but in general, the area resembles that of typical vegetation
in the dormant growing season,
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ANNEX C: COMPARISON AND ESTIMATED COSTING OF
CLEARING TECHNIQUES (U)

1, {C)} INTRODUCTION: Estimated costing duta for the three
clearing techniques has been extracted and summarized from
the data contained in Annexes (i, H, and I to the study,
"Clearance of Vegetation and Foligge in the DMZ Area (U},

"EUSA Engineer 31 January 1968,

1. Clearing vegetation by the use of manual and mechanical
techniques in both I US Corps (GP) and FROKA arcas has been
accomplished in the past and will probahly continue in the future,
In the FROKA area there are areas where steep slopes and ‘
rough terrain preclude the use of mechanical equipment.
Conversely, there are areas in FROKA that could be more ex-
pediticusly and eificiently cleared by mechanical means, The
use of defolfants in clearing and maintaining vegetation control
in inaccessible areas due to minefields and trafficabﬂity appears

to have merit,

2. The slow laborious technique of manual clearing of
vegetation along the DMZ, includes the use of civilian and
military personnel equlppad with saws, axes, brush hooks and
gickies,

3. Although cutting by hand is normally the accepted means
in Korea, certain areas, such as minefields, cannot be cleared
by this method without subjecting personnel to undie hazards.
Any clearing operations near the DMZ alsc draw down on tropp
strength as well as subjecting pe rsonnel to pogsible enemy

att ack.

4. The mechanical method of clearing vegetation is defined
as an effort expended by efther civilian (contract lahor) orx
. military personnel using equipment such as chain saws, bulldoxers,
" road graders, etc. which increascas the cléearing rate per acre
bayond what would be achieved by manual Iabor,




II. (C) COSTING ESTIMATES:

1. Assumptions: The model arsa for computation purposes
consists of a corps area of 20,000 acres {38 miles long and 0,8
rmflas deep) which reguires manual, mechanical, or herbicidal
clearance over a 10 year pariod, ,

a. Estimated costs are ‘ha.acd on current pricess

b. Where labor or operator wages are required, the

' average ROK wage of $1, 50 per day will be used,

€. The model area will be covered with vegeotation
ranging from old Field te Forest Community with topoguphy

ranging from flat plains to steep mountains,

2. Manual Clearing:

_ a. Using datia obtained from FM 5-34 manual clearing of
undergrowth and trees lese than 12 inches in diameter can be
accomplished at the rate of 0,36 acres per 8 hour work day.
Based on that rate, the sample area would require a 1, 550 man
work force each day of the year (4,526, 000 man hours per year)

. to clear the area one tims. . It has been assumed that mianual

clearance once a yeaf fs adequate,

b. Utilizing the estimated prices for Korean hand tools
and labor the I, 550 man work force, considering tool replacement,
and a ten yeoar period, ths following estimate of funded and
unfunded costa i& provided:

{1} Equipment: _
Unit  let Year Life Supnly Total Total

T ool Cost Roquirnment {Yrs) Frequency Reg'd Cost

Saw $7 00 1, 560 21 1,500 $10,500

Axe 2.00 800 2-3 5 4,000 8,000

Sickle 1.20 200 z - 5 4,000 4,800
c-2




Unit lst Year Lifs Supply Totgl Total
Toel Coat Requirement (Yrs) Frequency Reg'd Coat

Brusk  $2.60 400 2 5 2,600 4,800
Hook
File .40 106,000 2 2 20,000 8,000

\,

Sharpening .25 400 2} 4 1, 600 400
Stone

(2) Lgbatl 550 men; $1, EG/day; 365 dtyl/ycar.
10 yoars = $8. 486,250, _

{3) 'I'mnspomtioé: 56 trucks; $1. ;G/tn:ck hour;
3 hours/day, 365 days/year; 10 years = $821, 250,

(4¢) Grand total §$9. 344, 009,

{5} Based op the toal cost and the 20,000 acre requizre-
ment, the mantal clearing cost per acre would be $467 and 229
raan hours per acre over a 10 year period,

3. Mechanioal Clearing:

2. Data presented {s bised on experience of the end US

Inf Division in clearing the anti-infiltration barrier trace in 1966 -

and ig as follows:

Item Estimated Capability
Doser w/blade 0.13 acre per izour o
Chain sawe 0.17 acre per hour
Mower w/tractor 2,00 acres per hour

b, The model area has been costed on a reascnsble
utilizration of equipment; based on & 2C% grees land and §0% scrub-
forest vegetation, The use of chain saws has been costed baned on
a requirement to asgist in the 80% area with a 4 hour day.

C-3
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¢. Total Equipment:

(1) Chain saws at 0,17 acye/day for .80 X 20,000
acres, working 5 each four hour equipment days per week equals
23,275 equipment days or 4, 655 equipment weeks, or 90 equip~
ment yexrs. For purposes of cost, estimate 150 chain saws
will be used, . ' _

£

(2) Mower at Z scres per hour for 2 X 20,000 acres,
working 5 each & hour equipment days per week equals 2,000
equipment days or 400 equipment weeke or § equipment years.
For purposes of cost estimate 12 mowers will be used,

(3) Bulldogzer with angle blade at 0.13 acres per hour
for .86 X 20, 000 acres working 5 each 8 hour equipment days per
week equals 15,400 equipment days or 3,080 equipment weeks or
60 equipment years, For purposes of cost estimate 60 bulldozers

will be used,

(4) 10 Year Cost (Funded and Unfunded):

Cost/ 1 Year Application Daily

Item 2ty hour Cost Frequency 10 Yr Cost Cost

Mower 12 $2,00 $ 54,600 100§ 546,000 $17.50

Bulldozer 60 4,00 $546,000 - 4 $ 2,084,000 $35.80.

Chain 150 © .20 345 2 690 $ 2,30

Saw ‘ :

Transpor- $ . 468,000
tation . ‘
GRAND TOTAL . § 3,198,690

P SO

. %40 Vehicles: $1. SOIvehit_:lc hour, 3 hours/ day; 260 days for

10 years,

(5) First year manhours: |




(=) The total manhours, based on equipment
operation for the first year of the proposed program, is based
on the following total by plece of equipment:

1 Mcwera 12 X 260X 8 = 24,960 hours
2 Chain Saws: 150 X 260 X 4 =156,000 hours
3 Bulldozers:' 60 X 260 X 8 = 124, 800 hours

¥
4 Support: 40 X 260 X 8 = 83,200 hours
(not costed)

(6} Based on the noted total cost and the 20,000 acres
requirement, the mechanical clearing cost would be $160 and
20 man hours per acre over a ten year period

e Rt st e e
T AT b o i et rodesan o,
-

4., Clearing with Defcliants: Data prasented is based on the
field herbicide evaluation conducted in September and October 19 67

{Annex A),

a. Capability of an augmented chemical Combat Suppoxt
Company, based on:field evaluation, is computed to be 110 acres
per day. Assuming that defoliants must be placed on the 20,000

acres in the model corps area in 90 days, it would require
2 chemical Combat Support Compames to acccmplish the job.

b. 10 Year Cost for Model Area per Acre:

: Supply
Hem  1YrCost Fregueney 10 Yy Cost
Egquipment (20 Co's} § 40,000 PA $ g5, 000
Agent Blue 70,000 10 - 700, 000
Agent Orange 131, 250 10 1,312, 500
UROX 22 - 1, 080, 000 5 5, 400, 000
Personnel (2 Co's 49,250 10 - 492,500
350 men)

‘Transportation {est) 18,000 10 ‘180, 000

| TOTAL $ 8, 165,000

C-5 '
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Cost
per acre = $8,165,000 - $408,20/mcre
20,000 acres o

Manpow = .
er = 504,000 man/hour -.25.2 m/h per acre >

20,000 acres
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ANNEX D: Weather, Vegetation, Soil and Terrain (U)

* 1. (U) Genersl: This analysis of weather, vegetation, soil and terrain
' has been summarized and extractsd from Amex D to study "Clearance of
Vegetation and Folisge in the DMZ area (U)", EUSA Eangineer, 31 January

1968,

2, (U) The DMZ Security System Trace can be divided into three areas
o the basis of topographic chamteristics. The three areas include:

&, West DM - Extending from the moxﬂ:h of the Imjin Valley to the
point where the Imjin enters the ROK.

b. Center DMZ - From the point where the Imjin cmters the R(K,
egst to the Soyang River, .

East DMZ - From the Soyang River to the Eastern cosst of the

e
ROK.

3. (U) Weather:

- a. General: The source of most of the variation in Korea's
climate is the annual progression of the seasons, The cyclic alter-
nation of the south and north monsoons of summer and winter, re-
spectively, decisively control the climate. Due to the predominance
of this monsoon control, the climate seasons are best delineated by
wind flow. Within the lower layers of the atmosphere, immediately

o above the land euri‘ace, a persistent northerly wind flow characterizes

e the winter season. A persistent southerly wind flow distinguishes the

© summer season. In the intervening periods when the wind flow has no

persistent direction, are spring and fall, .Climatalogically the DMZ
Security System Trace is also divided into three distinet areas.
Temperatures, precipitation and winds will differ in the highground
area of the Central DMZ, from the relatively low laying area of the
West DMZ and the East DMZ.

L b, Orowing Season: Spring normally commences during the first
week in April with the last frost occurring around 20 April, in the
eentral portion of tho DMZ, Broadleaf trees in Qld Field, Scrub
and Forest communities begin budding in late Aprdl. Flowering
follows during early and mid Msy. Leaves begin to appear in late
April and are fully developed in all species by late May., The

- effective cover of this folisge extends then from late May until the
first severe frosts in late October. New shoots of grass specles
begin to emerge from the cld plants in early April., Full growth is
dependent on the species, the maximm height (one to one and a half
meters) §5 reached hy A1l specins by mid June,

. é. Dormant Seasc;n: Dormant season or winter '3easor£ commenc es
about the first of November, terminating about the last of March.

I
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The following data shows the mesn dates of surfage frost and thawing,
Dates will vary, depending on the locality.

MEAN DATES, FREEZING AND THAWING OF THE SURFACE SOIL

West DMZ - Central DMZ . East DMZ
-F‘reezing 20 December iO December 20 December
Thewing 20 February 1 Mareh 20 February
L. (U) Vegetation: Y,

a. Deeeription of Communities along the Trace: Vegetation along
the DMZ Security System Trace can be divided into four types of plant
commnities, The classification is based on four factors: Dominant
apecies, soil type, water availability, and Influence of men. These

aggociations includes

(1) 14 Field Commmnity: The dominent species in &n Old Field
Community along the Trace include several grass species and sedges -
(Carex), Growth of these plants will reach height of one to one and
one half meters during the growing season. Scrubs are common in the
{ld Field Commmnity. Two of the most coumon are alder (Alnus) and
willow (S2lix), For a typical example see photograph, figure D-1,

(2) Secrub Community: The SCRUB community can be dominated by
elther needle leaf plants, mostly pine (Pimus) and juniper (juniperus)
or broadlezf plents, or & mixture of the two. The broadleaf is .
dominated by oak (Quercus) and chestnut (Castenea), Other commen
species include birch {Betula), popular (Populus) and alder species,
Trees vary in size between two and three meters. Though the soils of
the SCEUB commmities usually lack moisture and contain few nutrients,
large areas along the Trace are covered by 5CRUB as a result of man's
influence through cutting, burning and clearing. This commnity
occupies the larges percent of land along the Trace. For a typical

example see photograph, figure D-2.

(3) Forecast Associatfon: Trees in the FOREST community
innTude mostly oak and chestnut. Pine 18 common and occasieonsally
spruce eénd maple &re obgerved. FOREST cormmmities are limited to
mountainous areas alog the Trace particularly in the central DKZ,
For a typical example see }ixotograph, figure D-3.

(L) Cultivated Lands: Cultivated lands are found in the low
wet aress along the rivers and streams both north and south of the DMZ
beyond the 1imited access areas. For a typical example see photograph,

figure D4,

b, DNZ Vegetstiont An anslysis of the DMZ restricted area and
the area to the south-indicates the following percentage by type of

community s
D=2
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(1) a4 Pield - 15%.

(3) Forest — 10%.
(4) Cultivated - 5%,

+

5. (U) Soils: Seils along the Trace are both deep and shallow, Deep
soils of finegrained clays and silte atf a depth exceeding 2 feet are
located at the extreme western portion gf the Trace from the mouth of
the Imjin River to & line connecting Kaesong and Munsan. From this
line to Chorwon the soil is shallow to moderately deep and is composed
of course and fine-grained sands and clays. Between Chorwon and Kumwha
a third type, moderately deep fine-grained clays, is the dominant type.
Finally from Kumwha to the eest.coast the soils are shallow and charsc—
“terlized by coarse and fine—grained sands and clays with rock fragments.
Al soils along the Trace are rated uncompacted

6. (U) Terrain:

a. Topography:

(1) Kest DMZ: The area of the western part of the DHZ consists
of rolling terrain and grassy plains, relatively easily accessible to
o vehicular traffic. The ¥mjin valley is the dominant feature. The
: - eastern part of the wéstern DMZ becomes mountainous with ragged and
steep slopes up to 39 degrees, rising to an elevation of approximately

300 meters. The drainage pattern is mainly southerly.

it

{2) Central DMZ: Immediately south of the south tape, the
. western pert of the Central DMZ consists of rolling terrain and grassy
plains in the Chorwon area, BRast of Chorwon it becomes mountainous
. with elevetions ranging excess of 350 meters. Oteep slopes up to 70
degrees and ridges are characteristic., Trafficability ie extremely
difficult. Rivers drain south into the Han River basin.

(3) ‘Lastern DMZt Kast of the Soyang gang valley the terrain
continues to be mountainous with slopes from 50 to 70 degrees and
elevations in excess of LOO meters. Trafficability is extremely
difficult, The terrsin slopes relatively steeply towards the coast.
‘Bivers in this area flow generally north into the Nam gang,

b. Drainage: When applying herbicides the following run-off
characteristices should be considered: ,

(1) West DMZ: In the US sector, although there are virtually
no cultivated areas north of the Imjin river, consideration should be



given to possible pollntion of the southern bank where rice is the
mredominent crop., .The Yokkok Chon, originating in the Chorwon area,
flows north through the DMZ into North Korsa and meanders through
North Korea for approximately 30 Kilomelers to join the Imjin River
at coordinates CT 1729. The mein erop in this ares is rice,

'{2) Central DMZ: In the central part of the Centrel DMZ, =
nameless streem originates at coordinates CT &,36 and drains north
into the Kumgong River north of the DMZ, The Kumaong flows into the

Pukhan River which in turn drains into {he Hwachon resevior,
¥

(3) Eastern DMZ: - Stresms and brooks slong the eastern DMZ ‘
drain into the Nam Gong River. Rice fields are to be found within the
Kogsong area in North Korez and may become subject to pollution,

3
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"herbicides &8 & new military weapon has been pioven,

ANNEX B: Technical Charecteristics of Herbicides (U)

1. (U) Chemical control of vegetation and foliage has been an eccepted
agriculturel practice for a number of years, The various chemical
herbicides that are commonly used for this purpose are classified
according to thelr effects ag follows:

2. Dessicants are chemicala which rapldly dry up foliage ceusing .
the leaves to fall off of treated vegetation, Dessication can be
effectively used to prepare vegetation for controlled burning during

the growing seasm, £

b. Herbicides are chemjcals which sre sbsorbed inte the plant
inhibiting growth and eventually killing the plant. Initial plant
regporise is that the lsaves and stems of the plent begin to die first
causing the plant to be "defoliated®, The second response is the
eventual death of the plant which may occur two to three wesks later.

c. OSoil applied herbicides are chemicals that are placed into the
soll and ere absorbed through the plant root system and then trans-
located throughout the plant causing defoliation end eventual killing

of the plant,

2. (U) As 2 common meaningful designatimm and to prevent confusion
the term "defoliant" rather than the term dessicant, herbicide, etc
has been used throughout all briefings, correspondence and directives
pertaining to the Vegetation Control Program CY 1968,

3. (U) Spraying defcliants as & means of improving both horizontal
and vertical visibility where vegetation is deénse has become an
accepted practice in military operations in Vietnam:. Research, which
has been conducted for more than 20 years at the US Army Biological
laboratories, Fort Yetrick, Faryland, has been confireed for its use
on a large scale, for certain defoliants by their successful use during
the past aix years in Vietnam., In Vietnam the military worth of

The improvemart
of air-to-ground and ground-to-ground visibility has uncovered enemy
positions, permitted observation of his movements and has been & primary
factor in reducing the incidence of ambushes with 8 resultant saving of

lives of &llied military perscnnel,

4. (U) The defoliants that have been used in Korea have been in use

in the United States for over 20 years. They are &vailable commercial-
ly in the United States under & varlety of trade names at most seed

stores, garden shops and farm supply stores, In the ewmer of 19067 &
commercial variety of 2,5 U was sold in the TONGSAN PX Garden Shop.

“Although the use of defoliants is recognized and is taught at

agricultural colleges in Korea they a&re not generally used in
agriculture in Kores due to the relstive expense of the sctive
ingredients and the plethore of cheap manval lsbor,

E-1
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5., (U) In order to avoid misunderstandings on what can be accomplished,
by the use of defoliants on vegetation, it should be bome in mind that
the utlimate effect of the chemicals will be to provide a vegetation
condition similar to that of winter. With certain chemicals, the
vegetation growth is completely stopped. While with others it mey be
temporarily defoliated and later refoliate. In any oase the chemic&ls
_do not ceuse the vegetation to vanish, ' The trunks and tranches of
trees, for example, remain in place wntil removed by wan or nature.

In any case the chemicals do not causs the vegetation to vanish,

The trunks and brenches of -trees, for example, remain in place until
removed by mn or nature. In Vietnam, 1§ has been noted that when
trees 50 to 100 feet high were defoliated by aerisl epray, there was
an increase of approximetely 80 in vertical visibility and horigental

visibility was improwd 50%.

6, (U) As & result of tests and data obtained from defoeliant opera-
tions in Vietnam and field evaluation in Korea &s well as reccmmendstions
from the US Army Biological laboratories, Fort Detrick, Maryland the
following defoliants were selected for use in Korea:

‘a, Agent Orange: A 50:50 mixture of normal butyl esters of 2,4-
diphenoxyacetic acid (2,4~D) and 2,4, 5-triphenoxyacetic acid (2, 4,
5T). It is a systemic plant poison which when absorbed into the plant
through foliage and translocated throughout the plant causes a rapid
withering followed by death of the plant within 2 to 3 weeks, It is
gpecific for broad leaf plants and is effective against most trees and
woody brush including evergreens, locust and serub odk. GCenerally
speeking narrow leaf plants which include most grasses are not affected
by Agent Orange. FEffective defoliation and death of most susceptible
vegetation can be expected from an application raste of three gallons
of active agent per acre. Agent Orange was applied as a liquid spray
and was mixed with Lo 1 diesel oil 2t # rate of 3 gallons of Crange to
50 gallons oil for spray of =z one acre area, Agent Crange is relatively
non toxic and no danger exists to warm blooded animals in connection
with its handling and application. Figure E-1 illustrate the vegetation
cover along & road near the DMZ, Figure E-2 1llustrate the same ared

after treatment with Azent Orange.

b, Agent Blue: A liquid formulation of cacodylic acid known
commercially as PHYTAR 560G. It is used for the rapld dessication, or
drying out, of the leaves of woody and grassy growth, particularly
narrow leaf growth such as annual and perennial grasses. It has an
extremely fast response time of 3 to § days for this type of vegetation
and 1s especislly effective in preparing vegetation of & high water
content for controlled burning, Rice and other cereal grain crops
belonging to the narrow leaf family of plants are extremely sensitive %o
this agent, in fact Elue has been used in Vietnam &s a specific agent
to destroy Viet Cong rice crops. Agent Blue is applied &8s & liquid
spray and is mixed with water at & ratio of 3 gallons of Hiue to 50
gallons of water for @&pplication to a me aore area, Figure E.3 shown

E-2
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. treated with a basal application on 10 April 1968,

a possible ambush area adjacent to & tactical road Figure E-4 is the
same ared following application of Agent Elue.

¢, Honuron UROX 22: This agent is a pelletized solid containing
22% Monuron trichlorcacetic acid and is en 811 purpoge semi-permenent
soil applied herbicide, It is effective for the long term control
of perennial and annual grasses, vines, broadleaf weeds, trees and
woody plante., This agent is spread by hand or mechaniczl broadcast
in the same fashion as pelletirzed fertilizer and is applied to the
soil immediately prior to or at the beginning of the growing season, .
Once spplied to the soil Monuron slowly dissolves and is absorbed into
the soll where it is absorbed into the root systems of plantes and is
further translocated throughout the plant causing defoliation eamd
eventual killing of the plant. Rainfall is required to dissolve the
pellets and cause absorption into the eoil; therefore, two Lo three
months may be required before & visible effect of the agent miy be
observed. Once applied to the moil Monuron is expected to be effective
for up to two growing seasons, It is camparitively non-toxic and no
danger exists to man or animals in handling and spplication.
To illustrate the effect of Monuren URCK the tree in Figure B.5 was
Figure -6 shows
that as of 3 July 1958 the leaves were browning and the tree was begin~
ning to die in contrast to the fullv developed folisge of adjacent un-

treated vegetation.

E-3
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AGENT 2

CLASSIFICATIONS

CHEMICAL COMPOSITION:

EFFECTED VEGHTATION:

METHOD OF
DISSEMINATION ¢

DURATION OF
EFFECTIVENESS:

REJPONSE TIMZ:

TOXICITY ¢

COMPARISON OF HWRBICIDE KFFECTS

QRANGE
HERBIGCIDE

50:50 MIXTURE 2,4D

- AND 2, 4, 5T

WOODY GROLTH, TREES
BROAD LIAF WEEDS

LIQUID SPRAY
(0IL BASE)

ONT GROJING SEASON
2 TO 3 WEEKS

NG BFFECT ON VWARM
HLUODED ANIMALS

BLUE

DEFOLIANT (DUSSICANT)

£ACODYLIC ACTD
(PHYTAR 56013)

WOODY MDD GRASS
LIQUID SFRAY
(WATTR BASE)

YAXIMUM DEFCLIATICN
IN 2 TO 3 WEBKS

3 TO 5 DAYS

LOW (COMPARATIY 10
ASPIRIN}

MONURON UROX 22

SOIL APPLISD HERBICIDE

COMMERCIAL PEEPARATION
(ALLIED CHEMIZAL CO.)

WEEDS, TREES, WOODY

PLANTS AND PFRENNIAL
GRASSES

HAND OR MECHANICAL
ERCAD CAST

WO GROWING SEASONS

2 TO 3 MONTHS
NON-TOXIC

/788
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_SUMMARY OF EQUIPMEWT AND MATERIFL FOR VEGETATTON CONTROL

{OMENCLATURE

Agent Rlue
Agent QOrange
oFM Ummmmw 0il
Monuron UROX 22

Herbicide Dispenaer

Insecticide Sprayer
GED, 130 w#al per hr

Insectic¢ide Sprayer

‘Eand-hald, 2 or 3

gal capacity

e e, .

Lo

L

&

o

L5

UNET PRICE

275 ﬁww drum

38% per drum
5.50 per drum

30 per drum

25 each

160 each

25 each

UANTITY,

6435 drums

380 druns

7,000 drms

7,800 druns

50 each

22 esch

200 each

b o Rhi 191 .t Lo g ks

BOURCE . OF SUPPLY

Vq Stocks, Vietnam
AP Stocks, Vietnam
EUSA

COoMus

CONT2

CCRUE

EUSA

TOTAL COST:

. _TOTAL COCT

§ 38,500
$ mwrwooo
a_ 1,250
$ 3,520

§ 5,000

$ 603,195

b
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PRIORITY, SCOPE, AND DEFOLIANT REQUTREWEITS

I CORPS (np) FROKA . - TOTAL
SCOPE " BCOPE , :
PRIORITY MATERTAL {ACRES) QUANTTTY {ACTES) QUANTITY WUANDT Y ACR=S
1 DMZ SECURITY MONURON 2,200 110,000 LR 5,600 250,000 13 390,000 7,800
SYSTEM PENSE ORANGE 1,730 5,150 GAL 2,650 7,250 GAL . 13,140 Gz . 4,380
BLUE 1,500 L,500 GAL _ 0 , 0 4,500 GAL 1,500
. «

2 CP's and OP'a MONUROY 0 0 0 0 0 | 0
ORANGE 450 . 1,350 GAL 1,365 4,095 GAL 5,440 GAL 1,815

BLUR 1,%00 k,200 GAL 0 0 4,200 QAL 1,400

3. ROADSIDES HONUROY 0 D o 0 .0 o
ORANGE 300 900 0 o -S00 GAL 300-

BLUE 1,550 L ,650 oAL 5,370 1€,110 ¢an 20,760 GAT. 5,920

TOTAL 24,115 ACRFS

_qufo €l
AT

Ried



4.3.
 ANNEX H

*¥ Used for ahxwﬁm w/Agent Orange
at a .ratlo of 50 gals per 3 gal Orange

TOTAL COVERAGE CAPARILITY:

/985

e ¥
ALLOCATTION OF DEFOLIATION EQUIPMENT AND MATERIEL
MATERIEL I US CORPS (CP) CAPABILITY FROKA CAPABILITY TOTAL CAPABILITY
MONURON 2,000 dms - 530 meres 4,900 dms 980 scres 1,560 ecres
(UROX B8) (145,000 1bs) (245,000 1bs)
"AGENT ORANGE 135 dms “2,475 acres 245 dms 4,491 acres £,966 acres
_ { 1,425 gal) : (13,475 gal) _
AGENT BLUE 27k dms 5,023 acres 351 dms 6,435 acres 11,458 acres
(15,070 gal) {19,305 gal) )
. .
¥DIESEL OIL 2,500 ams H/A L,500 dws /A

N/A

19,984 acres
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Standard Operating Procedures for ‘Vagatatio‘n Control (U)
HNE =2 o3 (.!L) . ;
operations when requiréed weather conditions are ta]-tceex:led.p ' . o
Afgorn 2 a2 e,
g. Report to Detachment L all areas which are treated ident:.fymg
gz zheA Aa A (‘*ie?{&} A ’%’LH 44 (P
the area sprayed (size and location) » and agent used {smount). See Annex A, _
§ =39 39 44 9 Age U A w2 (g ol ga)
h. Observe and report agent effects on areas previously sprayed,
i 1A dAAga NG A oA g hede
i  to the degres possible. See Annex A, o
2348 Jrx wz] ve o9, Fa
3, (C) Agnet Characteristics:
(111). =% zeAd =
a. Monuron: Monuron is an &ll purpose, semi—pemanent soil sterﬂant

Mg s Clage 2 Mg A *3}"%“1 Cukgad ansleay (

-

_ ' effective in the control of perennial grasses, weeds, trees, and woody
it “]'5’2,” ’l‘l ;x].i AY u} 7] =} o]d_ éJE' g_;eﬁoq _g_;].;_:j o}
plants, The form of Monuren ¥o be used in Korea i3 Urox:22.-

oA Aed dwged Hele Rehai 2290M, § FEAE 2D
be applied to the soil Just bLefore or during the growing season eo that
Az gAY H s Alde geshes rq Apo wil, &) &
it can be carried down into the rvot zone for abaorptlon im,o the planta

N i i}j:ﬁ]'}} g S‘ é)%"ﬂ 39‘4”543 5 ’-‘J”Q‘Q
Once &bsorbad into the plant its action is slow, requiring 2 to 3 monthe

AR ool Az g Hgs zoer 2 avg e e
to ki1l larger plants, It is non—toxic and presents no particular

g & g2rle 549 A4z Az F Agd 2dd AZde
hagerd in handling or application except that it is sli»ghtly frritating )

go dyi 2 g zrve G} Az HJ# o ‘
to the skin and the nose and t.hro&t. - :

* Tt should -

™~
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Standard Operating Procedures for Vegetation Control (V)
5,)%_ 12;] o7 (.‘i.)

operations when required weather conditions are exneeded
Afgad oz A4,

g. Report to Detachment L all areas which ara treated, identlfylng
Ma zheA ga A4 (‘4442} A, Aedg #3A (P
the area sprayed (size and location) s ad agent used (amount). See Annex A,
& =53 Y dA d Ade g nhi We .z, (dg o, za)

h. Obsgerve and report agent effects on areas proviouely sprayed,

1 zkg A Agel W # e Edsh FrA
to the degree posaiblis. See Annex £, o
xe] Jrs 2z gy o, Ha, (
3. (€} Agnet bharacteristics. :
(111)  #¥ zFeAd =24

a. Monuront Monuron is an all purpose, semi-permanent soil sterilant
uhr_t o Pl 2 Al A9 2}:*}4 - 8k gj-:!-ai 3.5.9&1&.»{ (
effective in the control of perennial grasses, weeds, troes, and woddy
":I-SJC;H é)'ﬁ"! g}&ﬂ 3".'!}1_ ;] jf a}_ 'g]{:}‘ éJ'E‘ %21}01] ii}an .
plants, The form of Monuron ¥o be used in Korea is Urox:22, It should -

Hrod Ao g viwge Hele fegzd gz @ Aade xE

'_be applied to the soil Just before or during the growing season so that

A Pt 43 Ads Ade Argesrqd Hpd vide
it can be carried down into the root zone for absorption intb_the plant, -
saze 3eh BFAT A3 Heo Fodd  1oFee
Once absorbed into the plant its action is slow, requiring 2 to 3 months
AT deidal Agd 2 dgg zoled WA 3Agd 4se
to kill larger plahts. It is nen-toxic and presents no particular
g & f2Ae g9 dx #dgd Agd =gy dige
hazerd in handling or application except that it is slightly irritating o
ged e o g wege gF ok ATt | -
to the skin and the nose and throat. .

.",,_3_'_.,
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Sbandafd'Operating Procedures for Vegetation Control (U]

4g £ o (1) | : N |
b, Agent ORANGE: A mixture of two systemic herbicides known chemically
i%ﬂ.ﬁ%ﬁh o 7& %1ML%%W-%5 Q%wg EHge

as 2,4D and 2,14,5T, both of which are available copmercially in the United

By okl NL 248, o 24,59, F sed Jr sz oH Fg8Hd

States and are widely used by homsowners to kill ;’:fée'ds' in lawfs, along

ged AFAd et g xdd gag zeled ¥4 s

fence lines, and around borders. Agent ORANGE is a systemic plant poison

g, eHAL gadeAgdd ag sz Jged el g4dY

which, when abosibed into the lsaves of plants causes rapid defoliation

4% og ade dedd pzFest 2 dze x97 g

and eventual death of the plant. Agent ORANGE is effective against most

o egr, Fedy frad gf 3 ¥ 14 ded 9 &

trees including evergreens; woody growth such as honeysuckle snd other

Aed e ety 4eg o &2FF FHgiso mdzd . o gade

vines, and most broadleafl plants, The agent 1s disseminated as a spray,
prdes gasd Haoued JelAY Agtew JdA ¥
and no danger exists to warm blooded animals in conne¢tion with its handling
ol %o d@Ae gk o Faslg AeFHE v pel 4HH
or apolication. -If there is heavy rainfall following apslication the '
da el gaAtoyge =t gal wize gdeed hrHe
possibillty exists that traces of the agent may be carried in run-off{ water
ges gd gaAdesis g ges dade dy A

~ into irrigation ditches; however, the farther the water travels from the

ol g 46 ks ge ga-gdl

-sprayed area, the greater will be the dilution factor and the possibility

of trop damage will decreass,

‘¢, Agent BLUE: Agent BLUE is & 1iquid solution of sacadylic ahfd
W5, Zes . o gaAly gy AzelA de) seor.hie

I
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CONFIBENTIRL...__

“Standard Operating Procedures for Vegetation Control (U)
Ay &4 ¢g (1)
Jnown commercially as- Phytar 560G. It 1s used for rapid drying out of the
e A8 g o gFede dd xdF dgd Je g4
foliage of woody and grassy vegetation and is particularly effective in
JaAAed Ao F94 Jre FAF £Ate £
the extended control of peremnial grasses. Rice is extremely sensitive to
oot | g o gasd g g%t
this agent., It is disseminated in a spray form and when applied during dry .
o ey Erges JAedd gade AL 8d Ja Fess
weather thers is 1ittla danger of run-off water carrying traces of Agent
F4 L9 des & oFeATt Yre W Fges gz
- BLUE into rice paddies since the agent is rapidly inactivated in the soil.
Aayge A deh _ _ |
Agent BLUE is water soluble: and will not be effsctive if ap-lied during
GarAe zo g8gs Fodod Aesy xFt ged
rain;and if rain cccurs within 12 hours of application, considerable
we Aot 2ol wF ey s£xt Fod ge gk
degradation of effects can be expected,.Additionally, rain immediately
of slefs gzl g Ao WG dey Hgd FoA
after or during application will increase the possibility of crop damage -
g9t e AF AW A4d z2HgE ESHIA g

due to run-off, As for toxicity, Agent BLUE is about as toxic as aspirin.

HaAe OLA;SQFJ AHx ol SxAe o o zexle g
Personnel handling or apﬁlying this agent should take normal eanitary
oy A Me e zo MEdd Fe >‘i*}>.‘,)J #l zﬁg
precautlons of wnshing after handling. .

3 *ok. Bhet, :
4. {C) Application restrictions:

(111)  AeAel Ag HE o
"8, No agents will be apolied within the DMZ, All areas muat be

e AR gad Asa 2%t g Ag
" south of the south Tape. Agents will NOT be apolied in areas which are
C Age weA g gAY dgeldekich dew dhe FFHlAe

ﬁb..-
- /952
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Standard Operating Procedures for Vegstation Control. {U)
Hg &3 oig (4) ‘
immedidtely adjacent to the South Tapo if: ... .
gaxg  PunAd F wzHde 4sde 3+
{1) There 1s a possibility of tun-off into the DMZ, Areas. of
W 2 Ao le-c'i; T gl e,
apolication closs to the DMZ will have a positive southward drainage

w] pap Al g A g elA 4%-J‘Illc ‘E}g]- ﬁ—'ﬂidi’} AL

-

* between the South Tape and the ap»licstion area,:

Ao ol 39 Yraes rel wikz ot 9o JC%
(2) There are winds blowing which could cause possible agent
HaAg ¥ o At J,‘j}u&- Q—"P"?—‘ﬂlﬂ #.x o

~drift into the DMZ or into food crops, With wind speeds over 5 MPH,

vielo] g o, 29 5989 3«4;—’51-01 A 48 *‘HHP "Pi-’*il'i‘l-
agent drift has been -cbserved for distances up to 3 miles._ Do
ek ARTAA ekt Feh gt
b. Extreme care will be. taken to avoid dam&.ga to food cmps. No

Bgl A% 4Mg WA AN Y wedg FAekEe

agent will. bp applied- within 200 meters of food crops,

Hgeers povd o Agelde GaAld Aee 28

Spray operaticns +will be conducted so as to avoid contaminating
F gy po 29 2o e85 ey H= «3}31? #j of
streams and standing water, Special caution will be used when cleaning

gl ga Pl Agdee g 29494 gex
soray equipment to proclude gross contamination of water bodies,
FH Y melg JEeok g
d. Spray operations with BLUE and ORANGE will not be perfomed vhen
SN E de, Y oadd, Ferls Al.s&.mi)i‘- u}sz]ui e
it 4s raining, and BLUE should not be applied if rain is predietad within
1247 oLdo Zhe ol dgsdle e geAll A AR
12 hours. Monuron can be applied during light rain but ahould not be
e e, Zede b dyed Aethds pged

‘C‘-

-

applied during heavy rain or when heavy rain is predicte;i, since heavy

To A 29 oAn it gg he e 3-ﬁi% skeke

Y2 S
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5, (c)- Applicatidn Priorities:

CONEI DN~
Standard Operating Procedures for Vegetation Control (U)

Az 27 oix (1)
rain might carry the Monuron with the run-off water rather than working

g, et Aexde Fpo wde sadd gt gl
it into the root zone within the area of application, ,
Mgz ke 47 sgd A

(112)  Ahedbel o ¢4
&, Priority 1.

4 44 1
(1) A strip aporoximately 100 meters on either side of the fbnca
- g of A o 1000 &9 Hg (% A& 9y Haa) ol

will be treatoed with Monuron and ORANGE. The width of the atrip will vary -
Wi, v edd gee Agdeh o w0 Add ze AY
some what depending on the terrain amd current installations,
dv d& Adee T4 A Al gedd.
" {2) In areas where the fence is north of the South Tape, NO
gale] gub FAY el A4A4% AJels oA
agents will be applied ‘Thesa areas will be cleared manually, -
AL AL g dqF Hge gyds ame AW ejopsa
(3) Ho' aganta will bo used along the fence when the South: Tape
Ju guigel e ctdrzes FAE dew o
is down slope from the fence. These areas will be cleared mamually.
Harig oot ol Ao MAr gud  gger zmg A=k
‘b, Priority 2: Check Points (CP's) and observation pasts (OP's),
e &9 2 dead Faa, '
A strip approximately 100 meters wide will be cleared around the entire.
daF Adeel g dae whet ¢ so0¥ o o Ad A Faok
perimeter of these installations. The first 50 meters will be cleared.
seh . He sodael AW dyes o sonide
namually and the next 50 meters will be treated with ons of the thres
9 A 43‘31 9] ¥l s A J«:J o A oAz g AL

CONFIBENTIAL
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Standard Operating Procedures for Vegetation Control (U)

4%

e;-;l o-'q:"{,, (_1.) . R e

agents, provided application does not resulf; in violﬂtion of - the above

A

Ha 8, ‘

restrictions, - . .

Cu

Priority 3: Roads and NSR'a between‘the CCL and the South ‘I'ape.
8 &9 32 3 A4S =g ,}9-] EUEE - LN RAS

A strip 60 meters wide (30 meters on each side of the road) will be

4

treated provided it does not violate the above restrictions, - The actual

21 9 of

A AFl At ged == gra 0994 J6ov o &

darg  Agge o Hdd g ze AFel sohe

width of the strip will vary depending on terrain and the agents may bs

dA A gedld = FaAd zsm Gy ol =t
varied depending-on the vegetation. Agents BLUE and ORANGE will be used

g4 A% e ws o ewd e HAvg +4 &9 3 Ag0

for the most part on priority three areas, - - -
e g

(C) Equwipments

(111) =] .

6-

4.

b.

d.

a,

48 trailer mounted power driven decon apparatus,
ohs =eel g B8 Alg

Eydro ~ pump defoliation sets,

2y g,

Hand sprayeréo

454 el | .
H106 disperser (Mity Mite). \‘
oH.106 B3 (vhol d, dhele )

Herbicide Dispensers (granular),
gaA w27 (87H).

.+

(€} Equipment and Agent Handling Procedures,

{111y #¥ @ a2 Hg 2,




Hha

o

thumans, skin irritstions may be noticed during vrolonged contact,

Standard Operating Procedures for Vegstation Control (U) ‘
ﬂg S oy (1) . ;
- Agents will normally be diluted by mixing with diesel oil or
grade Agdo dge 4 g3 £3Ud xsg Y
water before being ap~lied. Dilution rates can be varied: depending upon
ite R g4 Fedd pep prd Agse Pe
the equipment being used to spray and the agent and the amwunt of agent
1o g Aethe ol =ik den” dage g A
desired per acre,

A S g2 o] rxol *P-e-gh: oLeo} At .

.po be expected are:

(1) Monuron - Granules are to be broadcast by hand or
Mg - 1 oM 3 250 Hes g A4 A
mechanical spreaders at the rate of 250 pounds per acre,
prie Ag g= 3 |
(2} ORANGE -~ 3 gallons of agent with 50 gallons of diesel
edx - 1 WA P 3hgel FaAst G4 eohEg
oil per sacre, ) ' ' ' _
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(3) BLUE -~ 3 gallons of.agent.with 50 gallons of water per acre,
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b. Although none of the three agents being employed are toxic to

4 A 5ol gaAT gFedd ssdol gdede ok
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personnel should take normal precautions to maintain personal cleanliness

re dde F4 pe FIMA ke Fadg AL FAT

‘and to avoid ingestion or prolonged skin contact with agents,
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Spray equipment should be flushod after each days operation
ghe Fe wd Agrole FaA sugge Aok
with the material used-to dilute tho agent, ¢
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For this operation the rate of dilution and application
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" Standard Ope'rating Procedures for Vegetation Control (1) |
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(1) Equipnent used to apply Monuron and hgent BI.UE will be

g, F ¥R, el gad Ay i

flugshed with water.

28 Mook EH,
(2) Equipment used to apply Agent. ORANGE will be flushed with

| cdd, Fa gaol Aed, e daee
diesel oil, 011 used to flush equinment will‘be placed in an empty
Aok e aue AESl AL sk oHd, el

| Agent ORANGE barrel for use in the next day's mixing operations,

2 948 s g =gk ddeed Egdd Ak

d. When equipment is being changed over from use with Agent BLUE to. -

W, gar geo Agy Pug owmd, gas guo g

use with Agent ORANGE, the equipment will be throughly flushed with water
Y g vl g 7 AFEE eg weok F3e
and then rinsed with oil. OCil rinse followsed by water rinse will be used
2ol odAl, gadzye ge. i gad Ao ger 94 pe
when changing from CRANGE to BLUE. '
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Caution must be taken to assure agent.s are not mi_xed together,
57 A8 e et Az EHEA grg zeo sek g
For exeunnle, if BLIUE snd ORM\IGE.solutiuns were mixed, a solld material
Glgsd, B v eid edA e s g€y oo
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‘would be formed which would clog equipment and would neutralize completely
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or partially both agents,. :
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Lo Empl.y agent barrels (BLUE and ORANGE) must not be left open -
B oA, et so do9d ¥ g, ol ol
until flushed to remove defollant réaidue. When empty and no longer

e os g iR g s goirﬂts-w e g




U

_Standard Operating Procedures for Vegetation Control (U)

with diesel or water as appropriate,

48 &9 % (1) ;
requ:L ed for mixing operatiohs they will be flushed at the apU_LicatiOn site

§ o4 gaA gFel Hed g ¥ g Fa AgFaod dzdd
Intact drums will be sealdd and -

3= ANFe Aechd ge 2o Hutta. iz dds A
gathered intact at a centralized location for subsequent disposal and use,
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as appropriate by FROEA, .

g.  Empty E{cnufon fiber drums will be destroyed by buraing at the
¥ deg, Bv e g Adgedr Mg FFAA g

end of each days operations at the application site. Under NG circum-
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. stances will Monuron containers be salvaged for reuse,

teg AW L@ HAL g |
h, 0il'drums will not be used to mix agents. Agent/oil mixing

a oAl gFO 4% 2g A4WAE g a2 A

and &gont/water :a:bcing will be accomnlished in agent drums, and/or drums

s 2PN, da Fedsd po pge weq gas sgeod

provided for this purpose., Drums used for mixing purposes will be marked
g gge A vty ge= g A% FaA g 4LE
ag Agent drums u“id will be disposed of &g preseribed in paragraph 7L above,
g & HF e g 2% ¢ 72 oz, Fef :M = o] ) okghel,
g, (C) Reporting:

(111) & 2 ¢ i
Unclagsified telenhoniec reports will be submitted daily to Det L,

g2 Yo gEend 2ed 9 Hddd Mg

1

'K}SAG, i‘ollowing cach defoliation, operation comdusted., Heports will be

gges 44 2z g Ay i wg 499 gA4d wx
submilied prior to 2400 hours using' the report format provided at Amex A,
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Standard Operating Procedures for Vegetatiom Control (U}
4g &4 o (1)
b. In cases where advisors obzerve violations of the reatrictions
A7 A 4zl gAg A Agel duidede &F i

outlined in paragraph 4 sbove, or observe violations about to be committed,
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" the following acfions will be takent — A '
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(1) Call the violation to the aitention of the application team
e gea AN AuATE AW e A9

coﬁmandé}; and point out the nature of the restriction being violated or
dersAd dgy 294 gy AF A% vge AFW -k

about to bs violated,

g2) AdvAse the team commander that he should issue ‘erdera to

dez Adged Fdzd Yye d9=g gdta

cease operations and that he shold take corrective actions to assure

F48 AYF A% giee Fofd AFasde A%ey  Jo

. compliance with the restrictions,
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{3) 1If advise is promptly complied with, the advisor need take
2p@d Jdg woked Tdg Ad %y g |
no further action in the matter, except that ths incident must be included
el W oo elge g HIE gei get HiAGE WEA
in the dally report. ' :
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(4) If the application team peraists in committing the violation
oed geact W duke wd gaa QAP dy
and the team commander takes no actlion Lo stop Lthe violation, a report of-
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.the matter must be made immedistely to Detachment L through the Forward
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Standard Operating Procedures for Vegetation Control (U)

Detachment Commander, by the most expeditions means available, )

o H tfop g

9. (€) Coordinating Instructions: ‘

(111).  J= HA, :
Detailed task organization and preciso scheduling information

Y 39 v A8 F AZA “FuAL g
will be obtained from the appropriate Corps and Division headquarters.

I A Adrend g5 2.
Senfor Advisors will coordinate weather forecasts and other Operational

é.

a4 xpde g @A A A3 Ades AF oled

matters on a daily basis with the appropriate Corps or Division headquarters
29 ¢ gastz Agd FFel g opFAd Age =gW
and will advise them concerning scheduled operations. In cases vhere
z7. T34 AF Agyd d% FAolo Hiadg =i
operations sre caneelled by Corps and Divisiocn H&adqugrtera,lcontact with
zeg Wee Fgast 4% B A 9y Fde ey
apolication teams will be made by the KMAG repreaentative to verify '
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receipt of - ths cmneellation arder0

b, Weather forecast information will be obtained from the sources
A v FAY 1Fdx Y e A= %d
indicated below on a daily basis during the duration of tha operation°
ge B,
Detachment L G-B will Anform forward detachments immediately upon receipt
o #dd AdAe d%F NG odwe HeAYe I+ A
of any changes.{c weather forecasts. R
A 2gd S99 Ag 24 |
- {31) Weather .forecast transmitted by .20th Wéathar Squadron.
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