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#1-D}-3

Aromatic hydrocarbons (1)
Aliphatic hydrecarbons (2)
Chlorinated aromatic
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chlorophenol
Dichlorophenol
2. #dichlorophenoxy
atetic acld fmethylester)
2, 4,5trichlorophenoxy
acetic acld (methylester)
2,4, -dichlorephenoxy
aostic acid - butylester
2,4, 5 trichlorophenaxy '
acetic ackd - butylester
lonnl
Didecylphthlate

. Biphenyl

2,3,7,0tetrachlorodibenzo-
p-dioxin

Total volume of
solution (ml)

{2) calculated as decane

veG-1

N
* »
O~

5 5:v5 5 5 5 5§35 8

o
~J
-4

" {1) calculated as butylbenzene .

(3) calculated as dichlorobenzene

(4) calculated as C,HCl,

TABLE G-2 (cont'd)

COMPOSITION OF COMBUSTION GAS SAMPLING TRAR
RMPINGER SAMPLES
{(micrograms per total sample as compound except as noted)

voG-2

w -~

53:5 § 5 & 888 B o9

8

312

Detection Limits*

VoG-3 VOG-4 nanograms/Mer
Samples not 4.2
subnitted by 4.2
EHL/M for
analysis. 4.2

4.2
$.0
5.0
3.7
3.5
3.8
35
4.2
4.2
4.2
3.7

* Based on flow data
furnished’ by EHL/M

WEST COAST TECHNICAL SERVICE INC.
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Aromatic hydrocarbons (1)
Aliphatic hydrocarbons (2)
Chlorinated aromatic
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chloropfienol
Dichlorophenal
2,4-dichlorophenoxy
acetic acid (methylester)
2.4, 5~trichlorophenoxy
acetic acid (methylester)
2.4, -dichlorophenoxy
acetic acid - butylester
2.4, 5-trichlorophenoxy
acetc acid - butylester
Ionol
Didecylphthlate
Biphenyl
.2,3,7,8-tetrachlarodibenzo-
p~dioxin

Total volume of
solution (rl)

TABLE G-2 (cont'q)

COMPOSITION OF COMBUSTION GAS SAMPLING TRAIN
IMPINGER SAMPLES
(micrograms per total sample as compound except as noted)

Detection Limits*
VICG-1 VICG-2 vICG-3 VICG-4 nanograms/liter

29.0 0.4 0.3 0.1 0.15 ‘
2.6 0.3 0.3 0.2 0.15

ND ND ND ND 0.15 _

ND ND ND ND 0.15
ND ND ND ND 0.18

ND ND ND ND 0.18

ND ND ND ND 0.13

ND ND ND ND 0.13 SN
ND ND ND ND 0.14

ND ND- ND ND 0.13

27.1 3.6 1.3 2.1 0.15

21.7 2.9 2.2 0.8 0.15

ND ND ND ND 0.15

ND ND ND ND 0.13

570

«w
]
[7,]

315 295

(1) calculated as butylbenzene * Based on flbw data

(2) calculated as decane

furnished by EHL/M

(3) calculated as dichlorobenzene

{4) calculated as CZH 4012

WEST COAST TECHNICAL SERVICE INC.
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Aromatic hydrocarbons (1)
Aliphatic hydrocarbors (2)
Chiorinated aromatic
hydrocarbons (¥
Chilorinated aliphatic
hydrocarbons (4)
Chioropenol
Dichiorophenol
2, -dichiorophency

acetic acid methylester)

2.4. 5t ichikrophonsxy
aetic acld tmthylester)

2.4, -dichlorophanexy
acstic axid - butyleswer

3.4, S-trichlorephenony
sostic acid -~ butyleswer

Ionel

Didecylphthliawm

Biphenyl

2.3.7 . wtrachiorodibenzo-
p-dioxin

Total volume of
solution ml)

{2) calculated as decane

TABLE G-2 (cont'd)

COMPOSITEON OF COMBUSTION GAS SAMPLING TRAIN

IMPRIGER SAMPLES

micrograms per total sampls as compound except as noted)

VECG-l  VEOG-2
7.9 1.3
1.9 .7

ND o

ND ND

ND D

ND w0

ND D

‘ND ND

D ww

ND w

19.% 1.8
0.5 1.4

ND ND

ND D

€35 315

‘(1) ocalculased as butylbenzene

{3) calculated as dichlorobenzene

(4} calculated as '."521-[‘(':-12

*~

Dewmction Limits*®

VHCG-3 VECG-4 nanograms/Neer
0.6 8.3 .22
0.5 8.2 .22

\

ND ND 9.22

ND RD 0.22

ND ND 0.27

ND ND 9.27

no WD .20

ND ND .19

ND ND 8.2

| L ND 9.19
1.1 0.4 .22
.4 0.3 .22

N> ND .22

ND ND 0.2¢

310 295

* Based on flow data
furnished by EHL/M

WEST COAST TECHNICAL SERVICE INC.
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TABLE G-2 (cont'd)

COMPOSITION OF COMBUSTION GAS SAMPLING TRAIN
IMPINGER SAMPLES
(micrograms per total sample as compound except as noted)

Detection Limits*
VIIcG-1 VIICG-2 VIOICG-3 VIHICG-4 nanograms/liter

Aromatic hydrocarbons (1) 19.2 1.0 0.3 0.2 0.20
Aliphatic hydrocarbons (2) 10.8 2.3 0.7 0.3 0.20
Chlorinated aromatic

hydrocarbons (3) ND ND ND ND 0.20
Chlorinated aliphatic

hydrocarbons (4) ND ND ND ND 0.20
Chlorophenol ND ND ND ND 0.23
Dichlorophenol ND ND ND ND 0.23
2,4~dichlorophenoxy

acetic acid {(methylester) ND ND ND ND 0.17
2.4.5-trichlorophenaxy ) .

acetic acld (methylester) ND ND ND ND 0.16
2.4,-dichlorophenoxy :

acetic acid - butylester ND ND ND ND 0.18 "
2,4,5-trichlorophenoxy

acetdc acid - butylester ND ND ND ND 0.16
Ionol . 72.8 13.6 1.3 1.8 0.20
Didecylphthlate 495, 8.6 1.0 0.3 0.20
Biphenyl ND ND ND ND 0.20
2,3,7,8-tetrachlorodibenzo-

p-dioxin ND ND ND 0.17
Total volume of

solution {ml) 490 290 285 285
(1) calculated as butylbenzene * Based on flow data
{2} calculated as decane furnished by EHL/M

(3) calculated as dichlorobenzene

(4) calculated as 02H 4Clz
WEST COAST TECHNICAL SERVICE INC.
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i
TABLE G-3

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN

IMPINGER SAMPLES

tmicrograms per total sample as compound except as noted)

Aromatic hydrocarbons (1)
Aliphatic hydrocarbons (2)
Chlorinated aromatic
hydrocarbons (3)
Chiorinated aliphatic
hydrocarbons (4)
Chlorophenol
Dichlorophenol
2, 4-dichiorophenoxy
acetic acid (methylester)
2.4, 5 uichiorophenoxy
acetic aclid (methylester)
1.4,-dichlorophenoxy
acetic acid - butylester
2.4, 5trichlorophenoxy
acetic acid ~ butylestmsr
Tonod
Didecylphthiste
Biphenyl
2,3,7,8tetrachiorodibenzo—
p-doxin

Total volume of
solution (ml)

(1) calculated as butylbenzene
(2} calculated as decane

BG-1 18G-2 ISG-3
2.7 1.2 1.1
1.% 1.1 0.9

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND N> ND

ND ND ND

ND ND ND
5.4 3.0 0.6

38.2 3.4 0.7
0.25 .21 0.8

ND ND ND

449 361 350

{3) calculated as dichlorobenzene

{4} calculated as Czﬂ 4(:12

Detection Limits®

15G-4 nanograms/liter
0.9 0.23
0.5 0.23
ND 6.23
KD 6.23
ND 0.28
ND 0.28 ‘
" e iha
ND 0.21
ND 0.20
ND 0.22
L
ND 0.20 "
0.6 .23 T
0.3 9.3
¢.50 0.23
ND 8.21
276

* Based on flow data
furniched by EHL/M

WEST COAST TECHNICAL SERVICE INC.

(TABLE G-3 cont'd om following seven pages)
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Aromatic hydrocarbons (1)
Aliphatic hydrocarbons *(2)
Chilorinated aromatc
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chiorophenol o
Dichlorophencl
2,4-dichlorophenoxy
acetic acid (methylester)
2.4, 5-trichlorophenoxy
acetic acid {(methylester)
2,4,~dichlorophenoxy
acetic acid - butylester
2,4,5-trichlorophenoxy
acetic acid - butylester
Ionol
Didecylphthlate
Biphenyl
2,3,7 ,8-tetrachlorodibenzo-
p~dioxin

Total volume of
golution (ml)

TABLE G-3 (cont'd)

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN

IMPINGER SAMPLES

(micrograms per total sample as compound except as noted)

OsG-1

0.5
1.1

E

(1) calculated as butylbenzene

{2} calculated as decane

{3) calculated as dichlorobenzene

(4) calculated as 02H 4C12

0sG-2

0.5
0.8

ND

&8

=z
=)

OsG-3

o

.2
.0

cwwd & & & 5385 B8

g

L7 4
&
o

Detection Limits®

OSG-4 nanograms/liter
2.1 0.21
1.5 0.21

ND 0.21

ND 0.21

ND 0.25

ND 0.25

ND 0.18

ND 0.17

ND 0.19

ND 0.17

17.9 0.21
2.4 0.21
0.56 0.21

ND 0.18

380

* Based on flow data
furnished by EHL/M

WEST COAST TECHNICAL SERVICE INC.
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Aromatiec hydrocarbons (1)
Aliphatic hydrocarbons (2)
Chlorinated aromatic
hydrocarbons (3)
Chilorinated aliphatic
hydrocarbons (4)
Chiorophencl
Dichiorophenaol
2,4-dichlorophenoxy
acetic ackd (methylester)
1.4, 5trichlorophencxy
acetic acid (methylester)
2,4, -dichlorophenoxy
acetic acid - butylester
1.4,5-trichlorophenoxy
acetic acid - butylester
Ionol

Didecylphthlate

Biphenyl

2.3,7,8-tetrachlorodihenzo-
p-dioxin N

Total volume of
solution (ml)

TABIE G-3 (cont'd)

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN

IMPINGER SAMPLES

(micrograms per total sample as compound except as noted)

aIsG-1 1ISG-2 IISG-3
9.9 1.7 2.2
6.7 4.1 1.2
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
11.6 2.1 1.3
19.5 1.5 0.4
0.63 0.1¢ 0.07
ND ND ND
- 534 468 362

{1) calculated as butylbenzene

{2) calculated as decans

(3) calculated as dichlorobenzens

(4) calculated as Czl'l 4012

Detection Limitg*
mSG-4 nanograms/iiter

1.9 0.26
1.1 6.26
ND 0.26
ND 0.26
ND 0.21
ND 0.31
ND 0.22
ND 0.21
ND 0.24
ND 0.21
0.4 0.26
0.3 0.2¢
0.12 0.26
ND 0.23°

340

* Based on flow data
furnished by EHL/M

WEST COAST TECHNICAL SERVICE INC.
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TABIE G-3 (cont'd)

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN
IMPINGER SAMPLES
{(micrograms per total sample as compound except as noted)

Detection Limits*
IVSG-1 IVSG-2 IVSG-3 IVSG-4 nanograms/liter

Aromatic hydrocarbons (1) 6.1 1.7 0.3 0.2 0.19
Aliphatic hydrocarbons (2) 3.2 1.9 0.7 0.6 0.19
Chlorinated aromatic

hydrocarbons {3) ND. ND ND ND 0.19
Chlorinated aliphatic

hydrocarbons (4) ND ND ND ND 0.19

Chlorophenal ND ND ND ND 0.22
Dichlorophenol ND ND ND ND 0.22
2,4-dichlerophenoxy

acetic acid {methylester) ND ND ND ND 0.16
2.4,5-trichlorophenoxy

acetic acid (methylester) ND ND ND ND 0.16
2,4, -dichlorophenoxy . )

acetic acid - butylester ND ND ND ND 0.17
2,4,5-trichlorophenoxy

acetic acid - butylester ND ND ND ND 0.16
Ionol 53.4 31 2.9 3.2 0.19
Didecylphthlate 50.3 29,7 3.8 16.4 0.19
Biphenyl 0.80 0.07 ND ND 0.19
2.3,7,8-tetrachlorodibenzo- .

p-dioxdn ND ND. ND ND 0.16
Total volume of

soludon (ml) 492 406 354 324
(1) calculated as butylbenzene * Based on flow data
(2} calculated as decane furnished by EHL/M

(3) calculated as dichlorobenzene
(4) calculated as GZH 4012
WEST COAST TECHNICAL SERVICE INC.
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Aromatic hydrocarbons (1)
Aliphatic hydrocarbons (2)
Chlorinated aromatic
hydrecarbons (3)
Chlorinated aliphatic
hydrocarbons {4)
Chlorophénol
Dichlorophenol

' 2,4-dichlorophanoxy

acetic acid (methylaster)
2.4, 5trichlorophenoxy
acetic acid (methylester)
2.4, ~dichiorophenaoxy
acetic acid - butylester
2.4, Strichlorophenoxy
acetic acid -~ butylester
Ionol
Didecylphthlate
Biphenyl
2,3.7, % strachlorodibenzo-
p~dioxin

Total volume of
solutdon {(ml)

TABLE G-3 (cont'd)

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN

IMPINGER SAMPLES

{micrograms per total sample as compound except as noted)

VSG-1

.l
.3

5 wr

& 5 888

2728 8

5

610

{1) calculated as butylbenzene

(2) calculated as decane

(3) calculated as dichlorobenzene

{4) calculated as C ‘Clz

VSG-2

0.4
Q.7

8

5 o805 § 5 5 BBE

g

VSG-3

6
7
ND
ND
ND
ND
ND
ND
ND
ND

0.
0.
4.9
4.5
0.30
ND

424

Detection Limits®

V5G-4 nanograms/liter
0.6 0.23
0.6 0.23

ND 0.23

ND 0.23

ND 0.27

ND 0.27

ND 0.20

ND 0.19

ND 0.21

ND 0.19
5.8 0.23
8.5 0.23

ND 0.2)

ND 0.20
330

* Based on flow data
furnished by EHL/M

WEST COAST TECHNICAL SERVICE INC.
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TABLE G-3 (cont'd)

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN
IMPINGER SAMPLES
{micrograms per total sample as compound except as noted)

Detection Limits*

VISG-1 VISG-2 VISG-3 ViISG-4 nanograms/liter

Aromatic hydrocarbons (1) 2.3 1.9 0.8 0.7 0.69
Aliphatic hydrocarbons (2) 4.2 .7 2.0 1.2 0.69
Chlorinated aromatic ke o m

hydrocarbons (3) ND ND ND ND 0.69
Chlorinated aliphatic

hydrocarbons (4) ND ND ND ND 0.69 B
Chlorophienocl ND ND ND ND 0.83 v
Dichlorophenol ND ND ND . ND 0.83 .
2,4-dichlorophenoxy . k

acetic acid (methylester) ND ND ND ND 0.61
2,4, 5-trichlorophenoxy

acetic acid (methylester) ND ND ND ND 0.58
2,4,-dichlorophenoxy

acetic acid - butylester ND ‘ND ND ND 0.63
2,4,5-trichlorophenoxy -

acetic acid - butylester ND ND ND ND 0.58
Ionol . 5.7 7.3 1.7 6.2 0.69
Didecyiphthlate 11.0 39.4 1.5 2.9 0.69
Biphenyl 0.96 2.17 1.67 1.29 0.69
2,3,7 ,8-tetrachlorodibenzo- ’

p-dioxin ND ND ND ND 0.61
Total volume of

solution (ml) 520 335 a3s 285
(1) calculated as butylbenzene * Based on flow data
(2) calculated as decane furnished by EHL/M

(3) calculated as dichlorobenzene .

(4) calculated as CZH4012
WEST COAST TECHNICAL SERVICE INC.
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TABLE G-3 (cont‘'d)

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN

IMPINGER SAMPLES

{micrograms per total sample as compound except as noted)

Aromatic hydrocarbons (1)
Aliphatic hydrocarbons (2)
Chlorinated aromatic
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chlorophencl
Dichlorophenal
2, 4-dichlorophanoxy
acetic acid {(methylestar).
2.4, 5-trichlorophenaxy
acetic acid (methylester)
z.‘o_mmmmy
acetic acid - butylester
2,4, 5~trichlorophenoxy
acetic acid - butylester
Ionol
Didecylphthlate
Biphenyl
2,3,7.8-tetrachlorodibenzo-
p-dioxin

Total volume of
solutdon (ml)

(1) calculated as butylbenzene
{2) calculated as decans
{3} calculated as dichlorobenzene

(4) calculated as Czl-l 4012

Detection Limits*

visG-1 VosG-2 visG-3 VisG-4 nanograms/lter
1.1 1.3 1.0 0.2 0.30
1.1 0.9 1.1 0.7 0.30
ND ND ND ND 0.30
ND ND ND ND ¢.30
ND ND ND ND 0.36
ND ND ND ND 0.36
ND ND ND ND 0.27
'ND ND ND ND 0.2%
ND ND ND ND 0.29
ND ND ND NEC 0.25
0.6 1.9 0.5 0.5 0.30
0.4 0.8 0.5 0.1 0.30
2.0 0.42 0.04 0.03 0.30
ND ND ND ND 0.27
450 395 410 295

* Based on flow data
furnished by EHL/M

WEST COAST TECHNICAL SERVICE INC.
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Aromatic hydrocarbons (1)
Aliphatic hydrocarbons (2)
Chlorinated aromatic
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chlorophenol
Dichlorophenol
2,.4-dichlcrophenoxy
acetic acid (methylester)
2,4, 5-trichlorophenoxy
acetic acid (methylester)
2,4,-dichlorophenoxy
acetdc acid - butylester
2,4, 5~trichiorophenoxy
acetic acid - butylester
lonol
Didecylphthlate
Biphenyl
2,3,7,8-tetrachlorodibenzo-
p~dioxin

Total volume of
solution (ml)

VIISG-1

TABLE G-3 (cont'd)

COMPOSITION OF SCRUBBED EFFLUENT GAS SAMPLING TRAIN
IMPINGER SAMPLES
(micrograms per total sample as compound except as noted)

Detection Limits*

VIISG-2 VIIsG-3 VIISG-4 nanograms/liter

7.0 1.3 0.5 0.5 0.28

2.2 0.7 0.2 0.2 0.28
ND ND ND ND 0.28
ND ND ND ND 0.28
ND ND ND ND 0.33
ND ND ND ND _ 0.33
ND ND ND % ND 0.24
ND ND ND ND 0.23
ND ND ND ND 0.25
ND ND ND ND 0.23

1.9 2.5 0.5 0.9 0.28

2.2 1.1 0.4 0.4 0.28

4.37 1.21 0.87 0.02 0.28
ND ND ND ND 0.24
470 350 400 320

(1) calculated as butylbenzene

(2) calculated as decane

(3) calculated as dichlorobenzene

{4) calculated as Czl-l 4012

* Based on flow data
furnished by EHL/M

WEST COAST TECHNICAL SERVICE INC.
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TABLE G-4

rs TOTAL QUANTITY OF MATERIAL PRESENT
ON PARTICULATE SAMPLING FILTERS

(micrograems per total sample as compound except as noted)
Detection Limits

P o-p m-p v-p micrograms

Aromatic hydrocarbons (1) r ND ND ND Sample 0.025
Aliphatic ‘hydrocarbons (2) 11.3 4.2 3.1 lost in 0.025
Chlorinated aromatic transit.
_ hydrocarbons (3) ND ND ND 0.025
Chlorinated aliphatic

hydrocarbons {(4) ND ND ND 0.025
Chlorophenol ND ND ND 0.030
Dichlorophenal ND ND ND 0.030
2,4-dichlorophenoxy

acetic acid (methylester) ND ND ND 0.022
- 2,4, S-trichlorophenoxy

acetic acid (methylester) ND ND ND 0.021
2,4, -dichlorophenony

_ acetic acid - butylester ND ND ND 6.023

2.4,5-trichlorophenoxy

acetic acid - butylester ND ND ND o 0.021
lonol ND ND ND 8.025
Didecylphthlate 0.5 0.3 0.1 0.023
Biphenyl ND ND ND 0.025
2.3,7,8-tetrachlorodibenzo- .

p-dioxin ND ND ND 0.022
Iron 786. 669. 1016, N/A
Total particulate mass (x 103) 79.6 44.9 51.1 92.9 N/A

(data furnished by EHL/M)
(1) calculated as butylbenzene ‘ WEST COAST TECHNICAL SERVICE INC.

{2) calculated as decane
(3) calculated as dichlorobenzene

(4 calculated as G,H.Cl,

(TABLE G-4 cont'd next page)
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TABLE G-4 (cont'd)

TOTAL QUANTITY OF MATERIAL PRESENT
ON PARTICULATE SAMPLING FILTERS

(micrograms per total samplc as compound except as noted)

Detection Limits

V-pP VI-P VI-P VIOI-P micrograms
Aromatic hydrocarbons (1) ND ND ND ND 0.02%
Aliphatic hydrocarbons (2) 1.3 9.3 3.7 6.2 0.025
Chlorinated aromatic
hydrocarbons (3} ND ND ND ND 0.025
Chlorinated aliphatic
hydrocarbons (4) ND ND ND ND 0.025

Chlorophenol ND ND ND ND 0.030 . L T
Dichlorophenol ND ND ND ND 0.030 .
2, 4-dichlorophenoxy

acetlc acld (methylester) ND ND ND ND 0.022
2,4,5~trichiorophenoxy .

acetic acid (methylester) ND ND ND ND 0.021
2,4,-dichlorophenoxy ' ’

acetic acid - butylester ND ND 0.023
2.,4,5-trichlorophenoxy :

acetic acid - butylester ND ND ND ND 0.021
Ionol ND ND ND ND 0.025 -
Didecylphthlate 0.1 0.6 1.1 1.2 0.025 _ Ca
Bipheny} ND ND ND ND 0.025 ' '
2.3,7.8-tetrachlorodibenzo- . .

p-dioxin ND . ND ND ND 0.022
Iron 1720. 400, 659, 1070. N/A ,
Total particulate mass (x 10°) 167.8 88.4 114.4 191.0 N/A

{(data furnished by EHL/M)

{1) calculated as butylbenzene
{2) calculated as decane
(3) calculated as dichlorobenzene

(4) calculated as CZH 4012

WEST COAST TECHNICAL SERVICE INC.
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Aromatic hydrocarbonsg (1)
Aliphatic hydrocarbons (2)
Chlorinated aromatc

. hydrocarbons (3)
Chlorinatad aliphatic

hydrocarbons (4)

Chlorophenol

Dichlorophenol

2, & dichlhrophenoxy
acetic acid {methylester)

1,4, 5-tirichlorophencaxy
acetic acid (methylester)

2,4, ~dichlorophenoxy
acetic acid -~ butylester

1,4, 5-trichlorophenoxy
acetic actd - butylestar

Iono)

Didecylphthlaw

Biphenyl

2,3,7,8-tetrachlorodibenzo-
p-dioxin

Total volume of
soludon (ml)

(1)
{2)
(3)
4

calculated as butylbenzene
calculated as decans
calculated as dichlorcbenzene
calculated as CZH ‘Clz

TABLE G-5

COMPOSITION OF GAS SAMPLING PROBE RINSES
(micrograms per total sample as compound except as noted)

1CG-ACP HCG-ACP IICG-ACP

Detection Limits
IVCG-ACP micrograms

1.7 2.8
66.7% 1.3 1.7
ND ND
ND ND
ND ND
1.38 6.7
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND
ND
265 242 280

Sample 0.025
rinsed into 0.025
IVCG-1.

0.025

0.025
0.030
0.030
0.022
0.021
0.023
0.021
0.025
0.025
0.028

0.022

* Light lubrication oil; material masked other

possible compounds present.

(TABIE G-5 cont'd next page)

WEST COAST TECHNICAL SERVICE INC.
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Aromatic hydrocarbons (1)
Allphatic hydrocarbons (2)
Chlorinated aromatic

hydrocarbons (3}

Chlorinated aliphatic

hydrocarbons (4)

Chlorophenol
Dichlorophenol
2,4-dichlorophenoxy
acetic acid {methylester)
2,4,5wichlorophenoxy
acetic acid {methylester)
2.4, ~dichlorophenoxy
acetic acid - butylester
2.4, 5-trichlorophenoxy
acetic actid - butylester

Ional

Didecylphthlate

Biphenyl

2.3,7,8-tetrachlorodibenzo-~
p-dioxin

Total volume of
solutdon (ml)

(1)
(2)
(3}
(4)

calculated as butylbenzene
calculated as decane
calculated as dichlorcbenzene
calculated as 02H 4'(2‘.12

TABIE G-5 (cont'd)

COMPOSITION OF GAS SAMPLING PROBE RINSES
{(micrograms per total sample as compound except as noted)

Detection Limits

VCG-ACP VICG-WCP VICG-WCP VIIICG-WCP micrograms

Sample Sample 0.40 1.8 0.025

not rinsed into 0.26 0.73 0.025

submitted VICG-1.

by EHL/M ND ND 0.025
ND ND 0.025
ND ND 0.030
ND ND 0.030
ND ND 0.022
ND ND 0.021
ND ND 0.023
ND ND 0.021
ND ND 0.025
ND ND 0.025
ND ND 0.025
ND ND 0.022
118 415

WEST COAST TECHNICAL SERVICE INC.
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TABLE G-6

COMPOSITION OF MISCELLANEOUS SAMPLES RELATED TO GAS SAMPLING

(micrograms per total sample as compound except as noted)

Aromatic hydrocarbona (1)
Aliphatic hydrocarbons (2)
Chiorinated aromatic
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chlorophenol
Dichlorophenal
2,4-dichlorophencxy
acetic acid (methylester)
2,4, 5-trichlorophenoxy
acetic acid (methylester)
2,4, -dichlorophenoxy
acetic acid - butylesier
2.4, 5~trichlorophenoxy
acetic acid - butylester
Jonol
Didecylphthlate
Biphenyl
2,.3,.7.8tetrachiorodibenzo-
p-dioxin

Total volume of
solution (ml)

(1) calculated as butylbenzene
(2) calculated as decans

{3) calculatad as dichlorocbenzene
{4) calculated as Czl-l 4012

P-162 pP-1&2 mP-1&2 IVP-162

Detection Limits
micrograms

~J

Samples not

2.
submitted 7

1
.‘

~88 § &2

5 5555 5 & 5 553 3
3 5835 % 3 5

g

WEST COAST TECHNICAL SERVIGE INC.

(TABLE G-6 cont'd next two pages)

-

L7

0.025
0.025

0.025
0.025
0.030
0.030
0.022
6.02!
0.023
0.021
0.025
0.025
0.025

0.022
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Aromatic hydrocarbons (1)
Aliphatic hydrocarbeons (2)
Chlorinated aromatic
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chlorophenol
Dichlorophenol
2,4-dichlorophenoxy
acetic acid {methylester)
2,4, S-trichlorophenoxy
acetic acid (methylester)
2,4, -dichlorophenoxy
acetic acid - butylester
2.4, 5-trichlorophenoxy
acetic acid - butylester
Tonol
Didecylphthlate
Biphenyl
2,3,7,8~terachlorodibenzo-
p-dioxin

Total volume of
golution (ml)

TABLE G-6 (cont'd)
COMPOSITION OF MISCELLANECUS SAMPLES RELATED TO GAS SAMPLING

(micrograms per total sample as compound except as noted)

Detection Limits

vP-16&2 VIP-1&2 VIP-1&2 VIIP-1&2 micrograms
34.7 16.2 Samples not 0.025
2.1 . 1.7 submitted. 0.025
ND ND 0.025
ND ND 0.025
ND ND 0.030
ND 0.10 0.030
ND ND 0.022
ND ND 0.021
ND ND 0.023
ND ND 0.021
ND ;‘ ND 0.025
ND ND 0.025
ND ND 0.025
ND ND 0.022
475 280

(1) calculated as butyl.benzeﬁe

{(2) calculated as decane

(3} calculated as dichlorobenzene

(4) calculated as Czl-l 4012

.WEST COAST TECHNICAL SERVICE INC.
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TABLE G-6 (cont'd)

.COMPOSITION OF MISCELLANEOUS SAMPLES RELATED TO GAS SAMPLING
{micrograms per total sample as compound except as noted)
IVCG-CT
through  Detection Limits
1CG-CT ocG-CT mMCG-CT VIIICG-CT micrograms

Aromatic hydrocarbons (1) 12.6 0.9 16.0 Samples 0.025
Aliphatic hydrocarbons (2) 0.3 1.8 32.0 not 0.025
Chlorinated aromatic submitted

hydrocarbons (3) ND ND ND 0.025
Chlorinated aliphatic

hydrocarbons (4) ND ND ND 0.025
Chlorophenol ND ND ND 0.030
Dichloropbenol 1.2 0.1 0.1 0.030
2, 4-dichlorophenoxy

acetic acid (methylester) ND ND ND 0.022
2,4, 5trichlorophenoxy

acetic acid (methylester) ND ND ND 0.021
2. ‘a -dmhbmhem

acetic acid - butyleater 9.70 ND ND 0.623
2,4, 5-trichlorophenoxy

acetic acid - butylester 6.5 ‘ND ND 0.021
Jonol ND ND ND 0.025
Didecylphthiam ND ND ND 0.025
Biphenyl ND ND ND 0.02%
2.3,7,5-tetrachlorodibenzo~-

p-dioxin ND ND ND ’ 0.622
Total volume of

solution (mi) 640 708 637

{1) caiculated as butylbenzens

(2) calculated as decane

{3} calculated as dichlorobenzene

(4) calculated as Czl'l ‘Clz WEST COAST TECHNICAL SERVICE INC.
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TABLE G-7

EXTRACTABLES FROM FRESH AND SPENT SCRUBBER WATER
(micrograms/liter of compound except as noted)

Detection
ISSW- OSSW- OISSwW- IVSSW- VSSW- VIISSW-  VIISSw- Limits
TBC TBC . TBC TBC "TBC TBC TBC #g/l
Aromatic hydrocarbons (1) 191.5 121.0 56.4 5.1 1.2 7.8 6.2 0.05
Aliphatic hydrocarbons (2) 107.6 97.2 112.5 6.2 9.6 9.7 9.8 0.05
Chlorinated aromatic
hydrocarbons (3) 524.1 465.1 32.3 7.2 3.2 1.1 2.2 0.05
Chlorinated allphatic :
hydrocarbons (4) ND ND ND ND ND _ ND ND 0.05
Chlorophenol 52.7 ‘14.1 0.2 0.2 0.1 0.1 0.1 0.08
Dichlorcphenol ND ND ND ND ND ND ND 0.08
2,4-dichlorophenoxy
acetic acid (methylester) ND ND ND ND ND ND ND 0.048
2,4, 5-trichlorophenoxy
acetc acid (methylester) ND ND ND ND ND ND ND 0.046
2,4, -dichlorophenoxy
acetic acld - butylester ND ND ND ND ND ND ND 0.048
2,4, 5-trichlorophenoxy
acetic acid - butylester ND ND ND ND ND ND ND 0.043
Ionol 6.3 2.6 1.8 2.2 0.5 1.2 0.3 0.05
Didecylphthlate 16.9 7.2 7.1 6.3 4.1 3.6 7.2 0.05
Biphenyl ND ND ND . ND ND ND ND 0.05
2.3,7,8-tetrachlorodibenzo-
p-dioxin ND ND 0.25 ND ND ND | ND 0.047
Butylalcohol ND ND ND ND ND np ND 0.05

(1} calculated as butylbenzene

(2) calculated as decane WEST COAST TECHNICAL SERVICE INC.
(3} calculated as dichlorcbenzene

(4) calculated as CZH 4(312

NOTE: A VI-SSW-TBC sample was not prepared or submitted by EHL/K.

(TABLE G~7 cont'd next page)
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Aromatic hydrocarbons (1)

Aliphatic hydrocarbons (2)

Chlorinatad aromatic
hydrocarbens ()

Chlorinated aliphatic
hydrocarbons (4)

Chlorophenol

Dichlorophenol

2, 4-dichlorophenoxy
acetic acid (methylesver)

2.4, 5-trichlorophenoxy
acetic arid (methylester)

2.4, ~dichlorophenoxy
acetic acid - butylester

2.4,5-trichlorophanoxy
acetic acdd - butylester

Jonol

Didecylphthlate

Biphenyl

2.3.7.8-tetrachlorodibenzo-
p~dioxin

Butylalcohol

TABLE G-7 (cont'd)

EXTRACTABLES FROM FRESH AND SPENT SCRUBBER WATER

IFSW-
A

13.%
4.0

5% 5555 &8 & & 588 &

{1) calculated as butylbenzene

" {2) calculated as decane

(3) calculated as dichlorobenzene

(4) calculated as Czl-l 4012

(micrograms/liter of compound except as noted)

IIFSW- mMISSW-  IVSSW-  VSSW-
A T cl C1
* 1.7 0.6 15.0

3.6 0.5 0.7
0.8 0.9 1.0
ND ND ND
0.2 0.1 0.1
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
0.5 3.4 11.4
9.6 3.5 10.5
ND ND ND
ND ND ND
ND ND ND

VISSW-

e

| ]
» -
o w

2
o

—

5223 B & § 5238

ND
ND

* Sample not analyzed by agreement between WCTS &

EHL/K due to aluminum contaminaton.

v

o o =wm
[ » &

- 4
Q.

55 5208 5 5 B

o5

:

é

8883 & 88'%

o
&

°0 9000 © © © 000 o ©9
3% 338% § §

WEST COAST TECHNICAL SERVICE INC.

NOTE: No I/Ilﬂll/ or VIII SSW-Cl samples were submitted by FHL/K.

o ol .’;*
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TABLE G-8

COMPOSITION OF SEDIMENT FROM SPENT SCRUBBER WATER HOLDING TANK
(micrograms as compound except as noted)

1ISSwW- nssw-

HT-2 HT-2
Aromatic hydrocarbons (1) Sample Sample
Aliphatic hydrocarbons (2) apparently not
Chlorinated aromatic lost. submitted.

hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chiorophenol
Dichlorophenol
2. 4-dichlorophenoxy
acetc acid (methylester)
2,4, 5-trichlorophenoxy
acetic acid {methyiester)
2,4,-dichlorophenoxy
acetic acid - butylester
2,4,5~trichlorophenoxy
acetic acid - butylester

= Jonol

Didecylphthlate

Biphenyl

2.3,7,8~tetrachlorodibenzo~
p-dioxin |

Total residue {(grams)of
sample submitted

" Iron {micrograms/gm.cf residue)

(1) calculated as butylbenzene
(2} calculated as decane

(3) calculated as dichlorobenzene
{4) calculated as CZH 4012

IOSSW-  IVSSW-
HT-2 HT-2
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND'
ND ND
ND ND

ND
ND ND
ND ND
ND ND
ND ND
ND
11.3 8.6
80600, 99200,

vSsSw- vi/via VIISSW- Detection
HT-2 SSW-HT-2 HT-2 Limit-gg .
Sample ND ND 0.025
not ND ND 0.G25
submitted. e
ND ND 0.025
ND ND 0.025
ND ND 0.030
‘ND ND 0.030
ND ND 0.022
ND ND 0.021
ND ND 0.023
ND ND 0.021
ND ND 0.025
ND ND. 0.025
ND ND
ND ND 0.022
9.6 12.2 N/A
55700, 44000, N/A

0.025 - - .

WEST COAST: TECHNICAL SERVICE INC.

it e
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TABLE G-9
COMPOSITION OF COMBUSTION CHAMBER RESIDUE
{micrograms of compound per 100 grams of residue)

Detectlion Limits
IRACC-2 ORACC-1 HRACC-2 IMRACC-2 IVRACC-2 V/VIRACC-2 micrograms/ 100gms.

Aromatic hydrocarbong (1) 163.5 Samples not

2.7 512.6 33.9 0.025
Aliphatic hydrocarbons (2) 86.8 receivad 16.2 7.6 31.4 0.025%
Chlorinated aromatic at
hydrocarbons {3) ND . WCTS ND ND ND 0.02%
Chilorinated aliphatic
hydrocarbong {4) ND . 0.5 ND ND 0.025
Chlarophenol ND ND ND ND 0.030
Dichlorophenol .ND 6.8 5.6 ND 0.030
2, &-dichlorophenaxy
acetic acid {(methylester) ND 2.9 ND ND 0.022
2,4,.5-trichlorophenoxy .
acetic actd (methylester) ND 2.4 ND ND 0.021
20 ‘o ‘mm“m
acetic acid - butylester ND 551 ND ND 0.023
2,4, 5~-trichlorophenoxy
acetic acid - butylester ND 542 ND ND 0.021
Toonl ND ND ND ND 0.025
Didecylphthlam ND ND ND ND 0.025
Biphenyl 9.5 6.2 17.1 1.6 0.025
2.3,7.8-tstrachlorodibenzo-
p-diaxin ND ND ND ND 0.022
2, 4~dichlorophenoxy
acetic acid-octylester ND - 0.2 ND ND 0.020
2.4, S-trichlorophenoxy
acetic acid-octylester ND 0.6 - ND ND 0.020
Iron 103 127 12.5 25.0 N/A
Ash (%) Not requested 0.05 0.04 0.06 N/A
Phenoxyacetic acid ND 1.5 ND ND 0.025
(1) calculated as butylbenzene

(2) calculated as decane WEST COAST TECHNICAL SERVICE INC.
{(3) calculated as dichlorobenzene :
(4) calculated as Czl-l ‘Clz

NOTE: No VIII RACC-1t sample was submitted by Bl /K.



APPENDIX H
(TO APPENDIX E)
SAFETY AND HANDLING

1.0 GENERAL

Due to the potential health hazard related to handling and
incineration of "Orange" Herbicide, special safety requirements
were established per the contract and TMC safety standards. In
general, the items discussed in the fellowing paragraphs were
cstablished to insure that: ’

« Personnel were protected against any contact with the herbicide
or its possible hazardous combustion products.

« No herbicide was recleased to the environment.
* Medical surveillance of applicable personnel was provided.

As applicable, many of these same safety precautions were also ob-
served in the handling of caustic solution.

2.0 DRUM MONITORING .

An Inspection Log Sheet was established for each drum of
"Orange" Herbicide received from the Air Force. This sheet was
maintained by a TMC Safety Engineer and all information regarding
the drum during its stay was recorded. Information included ini-
tial receipt data, receipt condition, rcesults of daily inspection,
transfer data, cleaning operations, and final disposal. All drums
were received in good condition and no rcdrumming was required.
These records are available at TMC.

3.0 PIYSICAL EXAMINATIONS

Complete physical examinations were performed on all TMC
personnel directly involved in herbicide operations of unloading,
transfer, incineration, operations and drum cleaning. Examina-
tions were performed just prior to TMC receipt of the "Orange'"
Herbicide, and repeated after the program was completed. Although
intermediate examinations were authorized if warranted by exposure
problems, none were required. Examinations included a routine his-
tory and physical, chext x-ray, and special attention directed to
skin and liver. Laboratory procedures included complete hemogram
including hematocrit and platelet count, prothrombin time, serium
lipids, S-GOT, S-GPT, serium bilirubin, blood glucose, and complete
urinalysis. Examinations were conducted at the Van Nuys Medical
Clinic, Panorama City, California and the rccords will be maintained
at TMC pntil at least November, 1976. '

E (H-1)
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" 4.0 EQUIPMENT AND FACILITIES

4.1 Personnel Protective Gear

The following gear was worn by personnel during trans-
fer or other operations where direct contact with the herbicide
was possible:

* MSA Cyralon Gloves

+ MSA Yellow Plastic Suits

« Tingley 10" Neoprene Boots

« MSA Face Shields

Personnel requiring gas masks (including AF) were issued MSA
Rocket Propellant Masks No. EF-86847 with Cannisters, Type GMC-S,
P/N 05-84908, suitable for use with "Orange" Herbiclde, phosgenc,
or HCl. MSA hard hats were also issued and required in the test
area. . f

4 2 Speclal Equipment

In addition to the normal equipment used in this type
of facility operations, the following special items were provided:

+ "Orange" Herbicide drums were transported with a fork 1lift drum
handling fixture. This fixture was securely attached around
the drum’s entire circumference, and allowed the drum to be
rotated for draining.

+ Barrel pumping was performed with a pncumatic device which
forced the fluid through a hose assembly, This device re-
moved all but about two quarts of "Orange" Herbicide from
the drum while the drum was in its normal upright position.

- A specially constructed funnel was placed in the run tank for
receiving the "Orange" Herbicide from the drum pump hose. This
funnel had a closed top to prevent splash or spray and included
a filtering screen. .

« Steam cleaned 55-gallon drums were available for possible redrum—
ming of any leaking drums.

* Drums of JP-4 were stored im the drum storage.area and in the
test cell area for use to wash down any spillages.

+ Sealable cardboard drums were available for storing any accumu-
lated contaminated materials.

* The Aero Thermo Laboratory and‘the drum storage area were cquip-

ped with fire protection equipment and emergency eye baths and
showers.,

E_--(H-z)



5.0 GENERAL SAFETY PROCEDURES

The following paragraphs present other general safcety require-
ments cmployed during this program:

- Only authorized pebsonnel (TMC personnel with physical examina-
tions or required AF personnel) were permitted to conduct test
program operations and be present in the test area during actual’

testing.

» The test area was bounded by safety ropes during operations,
Access to the area was strictly controlled by the Test Engineer.

+ All personnel within the test area during tests were required to
have an approved gas mask and cannister attached to their person
and available for immediate use.

» Warning signals were ﬁﬁearranged to notify personnel to don gas
masks and evacuate the test arca during the testing.

* During testing the test area waa monitored for the presence of
phosgene gas with an MSA Model 1 kit, Universal tester (P/N 08-
83500) using MSA phosgene gas sampling tubes (P/N 89890). Moni-
toring was conducted in the control room, on the scrubber stack
sampling platform, and within a 100-foot radius of the test .area.

» Visual contact between operators and the test system was main-
tained at all times.

» All "Orange" Herbicide transfer and cleaning operations were per-
formed within diked areas. Drums were placed on a grounding
plate during transfer. '

» The protective clothinf described in paragraph 4.1 were required
to be worn by personnel involved in all operations which directly
exposed them to the herbicide or caustic solution.

« All spills or drips were immédiately mopped.up with JP-4 soeaked
- I‘agS M .

* All utensils (funnels, hoses, beakers, etc.) contacted by the
herbicide were rinsed in JP-4 after each use and stored in
covered containers. '

. All materials contaminated with "Orange" Herbicide were stored in
sealed containers and disposed of by the Air Force.

6.0 INDOCTRINATION

A meetinngas held prior to initiating the test program to
acquaint all TMC and USAF personnel with the operations to be con-
ducted and the applicable safety requirements and hazards. Facility
safety procedures were defined. Gas Masks, face shields, and hard
hats were i1ssued and their operations demonstrated.

1
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USAF ENVIRONMENTAL HEALTH LABORATORIES

Kelly AFB, TX McClellan AFB, CA
78241 95652

APPENDIX I
(TO APPENDIX E)

EVALUATION AND DISCUSSIOM OF ORGANIC ANALYSES
OF BLENDED HERBICICE, SCRUBBER WATER,
COMBUSTION GAS, SCRUDBED EFFLUENT GAS, AND RESIDUES
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APPENDIX 1

EVALUATION AND DISCUSSION OF ORGANIC ANALYSES OF BLENDED HERBICIDE,
SCRUBBER WATER, COMBUSTION GAS, SCRUBBED EFFLUENT GAS, AND RESIDUES

1. INTRODUCTION: This appendix contains an eva1uat1on and discussion of all
organic analyses of EHL samples; see Appendix G for data. Relationships were
established between:

a. Measured and theoretica1 combustion gas vo]umes
b. Sample data from rep11cate burns

¢. Combustion and scrubbed efflyent gas hydrocarbon mass coﬁcentration.

d. Penetration and collection of hydrocarbon mass in the caustic scrubber,
e. Beckman 109A hydéocirbén data and chD:sampling'train hydrbcarbon data:

f. Hydrocarbon mass collected in the TCDD sampling train and hydro-
carbon mass incinerated. This relationship was used to calculate relative
pyrolysis efficiencies (RPE) for each burn. These RPE's were used in various
comparisons.

2. ANALYSES OF "ORANGE" HERBICIDE INCINERATED DURING THIS PROGRAM

a. The twenty-eight 55 gallon drums of "Orange" herbicide incinerated during
this program were from the USAF stocks at Gulfport MS. The drums were all from
FSN 6840-926-9095, original Air Force Transportation Control Number of FY9461-
7165-0001AA, and Air Force Analysis Sequence Number 18.

b. Blended samp]es of herbicide were taken from the fuel feed tank prior
to each burn. WCTS's analyses of each sample are presented in Table G-1,
Appendix G, with reference to the EHL/K drums from which the fuel feed tank
was filled, Composition of each sample was consistent with no significant
variations. The 2,4-D acetic acid-buty! ester content averaged 50.30% by
weight and met Air Force procurement specifications for this compound. The
2,4,5-T acetic acid-buty! ester content, however, avera?ed only 43.78% by weight
and was 102 below its Air Force procurement specification. The average
welght percent of "contaminant" compounds were, in decending order, as follows:

(1) Dichlorophenol - 1 463 plus trichlorophenol of 0.66% to yleld
total phenolic contaminants of 2 12%.

a3 (2) 2,4-p, 2,4,5-T, and monochloro octyl esters had a total average of
l. L]

(3) Acids of 2,4-D and 2,4,5-T were 0.73% and 0.52%; respectively, for
total acids of 1.25%. _

(4) TCDD concentration averaged 13 mg/kg (ppm) of total herbicide weight
{s=2 mg/kg This composition of TCDLC was in very close agreement with other
Iaboratories TCDD analyses of other herbicide samples taken from drums of
Analysis Sequence Number 18.

E-(I-1)



(5) 1lron concentration averaged 9.0 mg/kg of total herbic?e
weight (s=2.9). Iron was considered a minor and insignificant "contaminant"
which was sTowly leached from the drum walls or from materials during the
manufacturing process.

c. Neither jonol nor didecylphthlate was detected in the blended herbicide
samples even though these compounds consistently appeared as microgram quanti-
ties in nearly all EHL gas and liquid samples. Their, presence in these samples
1s discussed in paragraph 3, this appendix.

3. IONOL AND DIDECYLPHTHLATE IN EHL SAMPLES

a. Ionol (2,6-di-tert-butyl-4-methyl phenol) and didecylphthlate
[CGHq(COOCgoHZI)ZJ were not considered products of "Orange" herbicide incin-
eration. Both compounds are associated with tygen tubing and plastics (plasti-
cizers and antioxidants) which had been extensively used in the laboratory
areas where gas and water sample containers were prepared for sampling.

b. These compounds were not found in the blended herbicide samples, fresh
scrubber water, combustion chamber coke deposits, holding tank sediment samples,
the miscellaneous gas sample probe and cold trap rinses, or the "blank" benzene
and acetone used in filling or cleaning the impingers, However, the compounds
appeared in nearly all the gas sampling impinger liquids and spent scrubber
water 1iquids. Their concentrations were random and could not be related between.
impingers in a series, applied caustic strength, or incineration parameters.

¢. Based upon factors in paragraphs 3a and b and the lack of a likely pre-
cursor mechanism for these compounds in the “Orange" herbicide incineration
process, it was concluded that these compounds were contaminants not associated
with "Orange" herbicide pyrolysis; see Paragraph V, Appendix G.

4. COMBUSTION AND SCRUBBED EFFLUENT GAS VOLUMES PER BURN

a. The scrubbed effluent gas velocity pressures were too low (0.008 to
0.010 inches of water pressureg to be measured accurately. The ervor in the
velocity pressure measurement was estimated by calculating carbon mass balances
for burns 1V, V, VI, and VII, The calculated carbon masses were 102 to 136%
greater than the carbon feed into the system. (See Tables D-6 and I-1.)

This carbon imbalance indicated that the measured effiuent gas velocity
pressures were inaccurate and could not be reliably used to calculate the

total effluent gas volumes for each burn,

b. Consequently, an alternative method for determining the total burn
combustion gas volumes was to evaluate Marquardt's computer predictions of
combustion gas products and gas velocities through the incinerator. In this
evaluation, a carbon mass balance could not be used for the combustion or
scrubbed effluent gas because neither CO¥ nor CO were measured in the com-
bustion gases, the scrubber absorbed various amounts of C02 per burn depending
on the appiied mass of NaOH, and the measured CO2 and CO in the scrubbed effluent,

E-(1-2)



TABLE T-1: CARETN MATTIRIAL 3ALANCE
"SRAGEY BEIBICTDE PROGRAM
12-30 NOV 1873

] il Y3 it | GUT _ G2 SYET=M ecce=s ot
Loz 2sEcr 1 Cor.bad Effluaz=: Stack Trial
Totsl Inta {ompuscor . Coxe Holding Ta—n Per Maasurement i Far Caizul, 3alance Loe'tzd
Bamm in Hoerbicida atr Deposit Cartonate arsicles €0~ Co H COa* o For bty
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- . H ' i : ’ ! L : ) .

®3aseu o IysSUEPricn test 935 ¢f £ in erlluedt gaces was zs (O3 par Burns IV, V, VI, and VII
tPovegs por druz of haroicida Incirerateu during Burm,
KOTE: All carbon spacless expressed in sounds as carbon.

ZT denotes that species carbon as a percent of total carboun into the system,
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gases could not be conveniently related to what may have been present in

the combustion gases. Therefore, this evaluation was based on a chlorine

mass balance of the system which considered that no chlorine as HC1, Clo,

or (C1) escaped in the effluent gases and that these chlorines in the combus-
tion gases were completely absorbed into the scrubber water. This was a
reasonable basis of evaluation since none of these chlorines were detected

in the effluent gases--except for short periods during burns VI and VIIf

when s1ightly lTess than the required amount of NaOH was applied to the scrubber.

¢. The total HC1, Cl, and (C1) predicted by Marquardt's theoretical

analyses never exceeded 0.03 mole fraction of e combustion gases and these
?ases had a calculated volume always exceeding a million liters per burn. Thus,

f tota) calculated chlorine mass production per burn from Marquardt's theory
was comparable to measured chlorine mass in the scrubber water, then volumes
of combustion gas production per burn as calculated from Marquardt theory could
be accepted. These volumes could then be used to calculate dry scrubbed ‘
effluent gas volumes which would be more accurate than those calculated from
measured effluent ?as velocity pressures. Table [-2 presents the calculated
and measured chlorine mass balance for each burn. The ratio of measured to
calculated chlorine mass for each burn averaged 0.947 over the eight burns
and had a standard deviation of 0.057. These balances were acceptably close
for all burns. Marquardt's theoretical data were therefore used to calculate
total dry combustion and dry scrubbed effluent gas volumes for each burn. The
mass of COp removed in the caustic scrubber was calculated from the mass of
carbonate alkalinity measured in the s?ont scrubber water. The mass of carbonate
alkalinity was converted to the equivaient volume of CO2, and this volume plus
the volumes of HCY, {C1), C1, and H20 were subtracted from the combustion gas
volume to obtain dry scrubgcd effluent gas volume. Table I-3 presents the
measured and calculated dry scrubbed efftuent gas volume for each burn.
Excluding burn VIII, the ratio of measured/calculated dry scrubbed effluent
gas volumes per burn averaged 1.15 and had a standard deviation of 0.14,

d. Al gas volumes used in this report are dry volumes at standard
conditions of 700F and 29.92" of mercury pressure.

5. COMPARISON OF COLLECTED SAMPLE DATA FOR REPLICATE BURNS

a. A review of Table 2 showed that burns 1 and II could be considered
a set of burns which were conducted with poppet nozzles under nearly identical
operating parameters. Similarly, burns V and VII could be considered a dif-
ferent set of near-replicate burns which were conducted with radial slot

nozzles under nearly identical operating parameters.

b. Each burn's datum in Table 1-4 compared favorably and within accuracies
of measurement with its respective replicate burn datum. The only exception
to these comparable values was burn V's CGH of 0.90 versus burn VII's CGH
of 0.10. This difference was attributed to Burn V's combustion gas sample
volume of only six liters versus an average of 150 liters for other burns. This
small sample volume was less representative and contained hydrocarbon mass near
the analytical detection limit. Since all these burns operated with ver¥ minor
fluctvations of operating parameters, the comparisons of Table I-4 data lend
credence to the replicability of incineration products as determined by
reproducible sample collections and analyses.
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TABLE -2

CHLORINE MASS BALANCE - MEASURED VERSUS
THEORETICAL ~VALUES
“ORANGE" HERBICIDE PROGRAM

12-30 NOV 1973

BURN NUMBER Pounds and Percent of Total STATISTICS
. I Il IIT IV V VI/VITT VIII .
EHL(K) Measured
C1 as HCY Pounds 451.7 |520.1 }655.6 | 570.5 |668.5 |1064.9} 714.9
% of Total 98.5 8.6 | 98.9 | 98.6 | 98.1 98.8| 99.5 [98.7 0.4
C1 as Clp Pounds 7.] 7.4} 35.01116.8 ] 35.5 39.01 67.5
% of Total 1.5 1.4 1.1 1.4 2.0 1.2 0.5 { 1.3 |0.4
C1 Total pounds 458.8 |527.5 1690.6 | 687.3 [704.0 11103.9 | 782.4
EHL(M) Calculated*
. €1 as HC1 Pounds 408.5 1499.2 {635.9 1 694.2 [638.8 ;1001.1 | 706.5
% of Total 93.0 1 91.5 ] 86.8( 85.9 | 85.1 86.4| 84.0 |187.5 3.4
Cl as Cl& Cl Pound$ 30.9 | 46.3 { 97.0 1 113.7 j111.8 | 157.2| 134.1
% of Total 7.0 8.5 { 13.2] 14.1 | 14.9 13.6{ 16.0 j12.5 3.4
C1 Total Pounds 439.4 1545.5 1732.9 | 807.9 1750.6 11158.3 1 840.6
Measured/ Calculated :
Totals as Percent 104.4 | 96.7 | 94,2 85.1 | 93.8 95.3| 93.1 {94.7 |5.7

*EHL (M) calculated based on Marquardt theoretical as predicted by

computer program.

USAF EHL (M)
USAF EHL (K)
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TABLE I-3 SCRUBBED EFFLUENT GAS (x10% LITERS/BURN)*
MEASURED {M) VERSUS CALCULATED (C)=*
. YORANGE™ MERBICIDE PROGRAM
12-30 NOV 1973

BURN NUMBER 1 11 19 IV Y VI yIl1 VIII
MEASURED 8.38 9.04 9.14 10.12 10.36 4.7 8.72 16.02
CALCULATED 6.55 7.75 8.58 9.47 7.65 5.03 7.55 8.76
RATIO M/C ®ww 1.28 1.17 1.07 1.07 1.35 0.94 1.16 1.83
* Dry, at 709F and 29.92" Wy pressure, ik = 1,234 = 0,27 For burns I thru VIII

»®»i1 ox)

** Based on Marquardt's theoretical data.’

L4

= 1,15 & = 0,14 excluding burn VIII

ERL(M)
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TABLE I-4 COMPARISONS OF COMBUSTION SYSTEM PARAMETERS AND
EHL SAMPLE DATA FOR REPLICATE BURNS
“ORANGE" HERBICIDE PROGRAM
12-30 NOV 1973

"TC Stay Time Fuel Te

BURN NO. | F/A 1 (off® sec) OF (+2) | coH | seH |saBH | ssww_| sswc | ccosplnozzie |

1 0.086 | 2273 0.16 65 4.02 0.081 3.5 | 8.59 ] 0.89|3.03 |Poppet

II 0.086 | 2286 0.15 97 9.59 p.063 | 18.6 | 6.38 | 0.68] 3.01 |Poppet
Replicates '

v 0.120 | 2734 0.14 99 0.906 [0.055 75.7 | 0.13 { 0.62{ 0.74 |Slot
Vil 0.120 | 2772 0.15 105 0.10 [0.076 36.5 | 0.22 }0.60] 0.75 |Slot
Replicates

CGH - Sum of aliphatic and aromatic hydrocarbons as carbonmass per liter (Mg/1) in
sampled combustion gas, See Table I-6.

SGH - Sum of aliphatic and aromatic hydrocarbons as carbon mass per liter (1g/1)} in
sampled scrubbed effluent gas, See Table I-7.

SGHB - Beckman 109A hydrocarbon data {ppm) from scrubbed effluent gas, See Table I-9.

SSWH - Total aliphatic, aromatic, and phenolic hydrocarbons as carbon mass (gms) collected in the
total volume of spent scrubber water, See Table I-8.

SSWC - Carbon particles in spent scrubber watér, pounds per drum of herbicide burned.

CCD/D - Combustion coke deposit in combustion chamber, pounds per drum of herbicide burned,

USAF EHL (K) AND (M)



6. HYDROCARBON MASS PENETRATION THROUGH THE TCDD, nb-ESTER AND ACID (OF 2,4-D
AND 2,4,5-T) SAMPLING TRAINS : '

a. The TCDD, nb-ester and acid sampling train (TCDD sampling train)
was developed and tested specifically for the mass collection of the nb-esters
and acids of 2,4-D and 2,4,5-T (See Appendix D.). The collection of TCDD
in the sampling trains was not tested in the laboratory. However, TCDD's vapor
pressure and solubility similarities to the nb-esters of 2,4-D and 2,4,5-T were
sufficient to conclude that TCDD would be collected as effectively in the sampling
train as the nb-esters. This same reasoning could not be applied to the mass
collection of nonchlorinated a11?hat1c and nonchlorinated aromatic hydrocarbons.
However, sufficient data were collected during the field sampling program so
that an assessment of hydrocarbon mass penetration (collection) through the
sampling trains could be made.

b. Table I-5 presents, for each burn, the hydrocarbon mass collected in
all four impingers, the mass collegted only in the last one of the four serial
impingers, and the percent of the total mass that was collected in the last
impinger. The combustion gas samples and the scrubbed effluent gas samples
were grouped respectively as sets because the physical conditions (temperature,
pressure, etc.) of these sampled gases were quite different.

(1) The following observations of the data in Table I-5 were made:

(a) The averages of the aliphatic and aromatic hydrocarbon masses
collected in the Tast impinger were nearly equal in both sample sets.

(b) The averagés of the total masses collected in all four
impingers varied significantly between sample sets.

(c) The total mass collected in all four fmpingers varied
significantly within each sample set.

(d) The mass collected in the last impinger did not vary signi-’
ficantly within each sample set (relative to the variance of mass col-

lected in all four impingers),.

(2) From these observations, 1t was concluded that hydrocarbon‘mass
co];ectiog in the last impinger (in the series of four impingers) was inde-
pendent of: - :

(a) Mass lbadiﬁg in the first three impingers.
(b) Hydrocarbon mass concentration in the iampled gas.

¢. For nonchlorinated aliphatic and aromatic hydrocarbon mass
collection in the last impinger of this serial impinger collection system to
be independent of mass loading and independent of mass concentration
in the sampled gas, the mass collection efficlency in the first three
1mp1n39rs necessarily was good for those hydrocarbons collected or 1t was
near 0% 1n all impingers. Since collection efficiency was obviously not
0%, collection efficlency in the first three impingers was good (for those
hydrocarbons collected). However, since hydrocarbon mass was found in the |
last impinger, collection efficiency in the impinger sampling train was not

100%.
‘E-(I-8)



TABLE 1-5

HYDROCARBON MASS COLLECTION IN THE
TCDD' SAMPLING TRAINS
"ORANGE" HERBICIDE PROGRAM
12-30 NOV 1973

COMBUSTION GAS SAMPLE SE
Total Mass (p g) Mass {'9) Coilected % of Total Mass |
Collected in all in Last Collected in
BURN  [4 Impingers Impinger Last Impinger _-
NO.  [Aviphatic [ Aromatic Aliphatic | Aromatic Aliphatic| Aromatic
Ciozz | Cels (Cag) | CygHay | CgMs {CqMg)| CigMaz | CgHg (CqHy)
I 2.9 440.0 2.7 2.9 3 1
11 37.7 329.0 1.0 0.6 3 0
II1 245.6 110.4 5.9 2.5 2 2
1V 1.2 1.6 0.2 0.2 17 13
'} 2.8 3.4 0.3 0.7 IR 21
vl 3.4 29.8 0.2 0.1 6 0.
V1I 3.3 9.2 0.2 0.3 6 3
VIII 14.1 20, 0.3 0.2 2 |
X §0.0 118.0 1.3 0.9 6.2 5.1
8 84.9 170.7 2.0 1.1 5.3 7.7
X * 3.7 1.2
4 * |*Excluding burns IV and|V 1.9 1.2
SCRUBBED EFFLUENT GAS SAMPLE SET
I 4.1 5.9 0.5 0.9 12 15
I1 4.4 4.3 1.5 2.1 34 49
I11 13.1 15.7 1.1 1.9 8 12
IV 6.4 8.3 0.6 0.2 9 2
v 4.3 2.7 0.6 0.6 14 22
VI 11.1 5.7 1.2 0.7 1 12
VII 3.7 3.6 0.7 0.2 19 6
VIII 3.3 9.3 0.2 ¢.5 6 5
X 6.3 6.9 - 0.8 0.9 14 16
4 3.7 4.2 0.4 0.7 9 15
% 1.3 10.6
4 ** |** Excluding Burn II 4.3 6.8
USAF EHL/M
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d. Two potential causes for penetration of hydrocarbon mass to and through
the last impinger were considered:

(1) A specific nonchlorinated olighatic and aromatic hydrocarbon
or a specific group of hydrocarbons was relatively insoluble in the benzene or,

(2) a specific hydrocarbon or group of hydrocarbons was bleeding
(movement of the compound down the impinger series) due to high vapor pressure
{volatility) and low concentration in the sampled gases.

e. Solubility was dismissed as the potential cause for penetration of
hydrocarbons to the last impinger since nonchlorinated aliphatic and aromatic
hydrocarbons are generally very soluble in benzene.

f. Bleeding of a specific hydrocarbon or group of specific hydrocarbons
was considered the most probable cause of mass penetration to and through the
last impinger. Discussion of this consideration is as follows:

(1) Since a ?as confined (as in a bubble) in contact with a liquid
will dissolve in the 1iquid (if soTuble) until "...{its partial pressure above
the 11quid 1s in equilibrium with the gas dissolved in the liquid..."- any
hydrocarbons that existed in the sampled gas and had a significant vapor
pressure at ~50% (benzene temperature during sampling) would not have appreciably
dissolved (absorbed) in the benzene at concentrations less than several 1000 ppmy;v
and would have bled. Sfnce aromatic hydrocarbons with molecular weights <132,2
have vapor pressures >0.0001 mm of mercury pressure at ~50%F (100 ppm at 760 mm
of mercury pressure and at saturation), these hydrocarbons would have bled
(penetrated the sampling system) substanttally.

(2) However, nonchlorinated aromatic hydrocarbons with molecular
weights greater than 200 generally have freezing points near ~50°F (temperature
of benzene in the impingers durigg sampling) and the corresponding vapor
pressures are extremely low {<0.00001 wm mercury pressure). Thus, these
compounds would have been effectively collected in the TCDD sampling train.

An exact number for the collection efficiency of these heavy hydrocarbons

(>200) was impossible to determine objectively, however, a subjective evaluation
based on previous laboratory work was made and the collection efficiency

was considered 290% for hydrocarbons with mdolecular weights >200. For hydrocar-
bons with mw <200 the collection efficiency becomes a function of their vapor
pressure and mass concentration in the sample gas. A similar argument was used
for aliphatic hydrocarbons.

(3) At this point, two dependent conclusions were made that the
hydrocarbon mass collected in the TCDD sampling trains:

TPatty, Frank A., Industrial Hygiene and Toxicology, Volume I,
2nd Edition, page 153.
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(a) did not include 1ightweight hydrocarbons (mw <132) and
was thus not representative of a total hydrocarbon mass in the sampled gas, but

(b) was representative of the degree of "Orange" herbicide
pyrolytic degradation to unchlorinated hydrocarbon compounds which were con-
sidered to have no significant herbicidal or toxic properties even though they
were herbicide pyrolyzates.

(4) This latter conclusion, in conjunction with the fact that
hydrocarbon collection efficiency in the TCDOD sampling train remained equal for
all burns, permitted the hydrocarbon mass data from the TCDD sampling systems
to be used as an indicator of the relative degree of pyrolysis of Orange
herbicide. Thus, relative pyrolysis efficiencies (RPEs) were calculated for
each burn. The collection efficiency of specific hydrocarbons in the TCDD
sampling trains did not vary between burns since the trains were operated in a
consistent manner under sfmilar sampling conditions. An RPE calculation was
based on the mass of hydrocarbons as carbon collected in a TCDD sampling train
at the reaction tailpipe versus the mass of Orange herbicide as carbon in-
c¢inerated. Although these calculated efficiencies were relative to hydrocarbon
mass collected rather than an absolute quantitation of all potentially existing
combustion gas hydrocarbons, they provided a means of evaluating and comparing
the different burns. ' '

. The existence of nearly the‘same hydrocarbon mass in the last impinger
from all sample trains was probable due to a combination of factors:

(1) analytical accﬁracy decreased as the hydrocarﬁon mass in the
sample volumes approached the detection 1limit,

(2) hydrocarbon gas chromatographic peaks were more susceptible
to interferences, when hydrocarbon mass in the samples was lowest,

(3) potential production of intermediate weight Orange herbicide
pyrolysis products (those hydrocarbons having molecular weights between 132 and
200 and being only partially collected) may have been produced in a relatively
constant mass concentration during all burns,

h. Essentially the same hydrocarbon mass was collected in each burn's
scrubbed effluent gas sampling train. This was probably caused by a relatively
consistent mass of 1ight and intermediate weight hydrocarbons (mw <200) which
gen$trated the scrubber and were collected by the scrubbed effluent gas sampling

rain.

7. RELATIVE PYROLYSIS EFFICIENCIES OF ORANGE HERBICIDE INCINERATION

a. Relative pyrolysis efficiencies (RPE) of Orange herbicide were
calculated for burns I through VIII and are presented in Table I1-6. Presented
data are described as follows:

(1) Total combustion gas volume per burn (1iters) as discussed in
paragraph 4, this appendix.
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(2) Total Hydr&ha?boﬁs detected in combustion gds samples, divided
into two categories: the monochlorophencl and atiphatic hydrocarbons (non-
chlorinated) and aromatic hydrocarbons -(nonchlorinated), expressed as the:

(o) (a) actual mass of each per 1iter of sampled combustion gas
|1 TAR N ,

(ua/1) (b) carbon mass of each per iiter of sampled combustion gas
l-lg ] b

(c) actual mass as carbon for each in the total byrn (g).

(3) Five herbicide compounds (2,4-D and 2,4,5-T nb-esters and acids
and TCDD) that were undetected but could have existed without detection in a
combustion gas sample -- expressed as the: .

(a) mass of each compound as the compound per liter of sampled
combustion gas (wg/1),

(b) mass of each’compﬁund as carbon per liter of sampled combus-
tion gas {ug/1), and

(c) total masses for all five compounds as carbon for a total
burn (g).

The undetected masses of these he;bicide compounds were calculated based vpon an
average detection limit of 22x107 gms per total sample for all five compounds.
This detection 1imit was divided by the burn's combustion gas sample volume to

find the minimum combustion gas mass concentration that was necessary for detection
of each of these compounds. This value was then multiplied by the total burn
combustion gas volume, the average percent carbon content of these compounds, and
five in order to determine the tota goss1ble undetected mass of these compounds

in the combustion gas of each burn. This procedure assumed that the undetected
total mass of these compounds and the detected masses of the other hydrocarbons
existed evenly throughout the burn.

(4) Herbicide fuel‘feed mass expressed as carbon mass that was in-
Jected into the combustion chamber during a burn period.

. (5) 1Ionol and didecylphthlate were not included in Table I-6 com-
bustion gas sample masses sfnce these compounds were not consjdered products of
Orange herbicide incineration (see paragreph 3, this appendix).

{6) Relative pyrolysi§ efficiency (RPE) was based upon the analytical
values presented for each burn. (See Appendix G for analytical values.)

b. One could double the total combustion gas hydrocarbon masses as carbon
per burn and decrease the fuel feed herbicide carbon by 5% to test the signi-
ficance of the digits of the RPE in Table I-6. These worst case conditions would
represent pooling of errors for nonrepresentative sampling, errors of sample
analyses, and errors in calculating total burn volumes. This exercise concluded
that the second decimal place was significant for 211 burns and that the third
decimal place was significant only for Burns IV through VIII.

8. EFFECTS OF INCINERATOR OPERATING PARAMETERS

a. Effects of variodﬁ incinerstion operating parameters on the RPE's

E-(1-12)



(e1-1)-3

1 11 111 IV Y T VIt VIII
|
e e vers /Burn)! |6-79x106 {8.02x108 | 8.89x105 | 9.79x105 |7.98x108 | 5.21x108 | 7.87x10° | 9.03x108
Aliphatic HCZ
{Unchlorinated)
H/1 as CygHz 0.67 1.1 1.10 <0.01* 0.47 0.02 0.03 0.09
W/l asC 0.56 0.92 0.92 <0.01 0.39 0.02 0.03 0.09
g/Burn as C 3.80 7.38 8.18 <0.01 3.11 0.10 0.24 0.81
B ——————————
Aromatic HCZ2
{Unchlorinated)**
/1 as CgHg (CyHg) 4.26 9.68 0.49 <0.01 0.57 0.18 0.08 0.16
Hg/1 as € 3.46 8.67 0.44 <0.01 0.51 0.16 0.07 0.14
g/Burn as C 23.49 69.50 3.91 <0.01 4.07 0.83 0.55 1.26
Herbicide HC3 .

W/1 as HC/compound 0.00016] 0.00065] 0.00009 0.00008] 0.00366, 0.00013] 0.00019 0.00017
Hg/1 as C/compound 0.00008 0.00033| 0.00005!. 0.00004] 0.00180) = 0.00006] 0.00009 0.00008
9/8Burn as.C/cgmpounds 0.003 0.013 0.002 0.002 0.072 0.000 0.004 0.004

TOTAL CARBON
g/Burn Combustion Gas | 27.29 76.89 12.09 <0.01* | 7.25 0.93 0.79 2.07
_g/Burn Input 342466, | 393670, | 515480, 514590, | 527076.] 529992, | 585776, 585714.
.| % Relative 99.99 99,98 99.99 >99.999 | - 99,998 99.999 | 99.999 99,999
Pyrolysis Efficienc
. Based on Marqua

TABLE 1-6

RELATIVE “ORANGE" HERBICIDE PYROLYTIC DESTRUCTION
“ORANGE" HERBICIDE PROGRAM

12-30 NOV 1973

BURN NUMBER

theoretical calculati

2. Calculated from hydrocarbon mass found in combustion gas impinger samples.

3. Based on the maximum mass that could have existed in the combustion gas without
being detected (Sum of TCDD and the buty) esters and acids of 2,4-D and 2,4,5-T).

ons (See Appendix A

}

*See Discussion of Conflic-

ting Data, page [-25
**Includes monochlorophenol
detectedin Burn 1.
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of Table I-6 were evaluated by comparing those burns that were replicate

except for a change in only one oEerat1ng parameter. Since the RPE!'s

were almost identical in value, they were not used to assess effects of changed
operating parameters. Instead, the following measured/calculated data are
defined and were used in the comparisons:

(1) CGH - (See definition on Table I-4)
(2) SSWH-(See definition on Table I-4)
{3) CCD/D - (See definition on Table I-4)
(4) SGHB - (See definition on Table I-4)

5) Contamtnate mass of hydrocarbons found in the combustion coke
deposit (CCH) expressed as vg/100 gms, ses Table G-9, Appendix G.

b, As selected from Table 2 of this report, the following burns were
compared 1n relation to their one different operating parameter.

(1) "Orange" Herbicide Preheat - Burps III and J¥

(a) "Orange" herbicide fuel was preheated to 1780F {2) in burn
IV but only to 910F(+1) in burn III. The CGH was two orders of magnitude
reater in III than IV. The SSWH of III was 2.42 gms or about ten times
?on order of magnitude) the SSWH of IV (burn duration of III and IV were
about equal.) Additionally, tha spent scrubber water of III contained 0.25
ug/1 of TCDD which along with any of the other original herbicide compounds
were undetected in any scrubber water samples. The CCD/D was 2.81 pounds
for burn IV compared to 3.28 pounds for burn ITI. Burn III's CCH was 1132.6
and contained the methyl and butyl esters of 2,4-D and 2,4,5-T while burn
IV's CCH weighed 542 and no methyl/butyl ester of 2,4-D or 2,4,5-T were detected.

(b) A small improvement of effluent quality due to herbicide
preheating was also noted between replicate burns I and I, see Table I-6.
Although comparisons of Table I-6 values did not show significant improvement,
the trend toward better RPE's was evident.

(c) From these comparative observations it was concluded that:

1. Burn IV's RPE appeared at least one order of magnitude
better than burn 1TI's, and

2. Preheating of "Orange" herbfcide to ~180%F was an
important operating parameter which improved burn IV's RPE.

(2) _Central Ponet Nozzle Versus Radial Slot Nozzles - Burns III
and VI: Burns an -werie Tdentical 1n operating parameters except

the central poppet nozzle was used in burn III while the radial slot nozzles
were used in burn YI. Burn I1I's CGH was about one order of magnitude greater
than burn VI's CGH, The SSWH for burn 111 was 2,42 while burn VI's SSWH would
have been 0.06 for a total burn period equal to III's. Burn III's CCD/D was
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3.28 pounds versus 0.85 pounds for burn VI. As previously ¢ited, Burn III's
CCH was 1132.6 and herbicidally contaiminated while burn VI's CCH was only
66,9, These data demonstrated that radial slot nozzles produced significantly
petter incineration results than poppet nozzles when both nozzles were operated
under identical parameters and a medium range F/A of 0,106,

(3) Process Flow Rates - Burns VII and VIII: Burns VII and VIII were
replicates except that the air and herbicide fuel feed mass flow rates of burn
VIII were only 66% of burn VII's: 1.05 pps air/0.123 pps fuel for VIII and 1.55
pps air/0,186 pps fuel for VII. Burn VIII's CGH was about twice that of Burn
VII's CGH; however, both concentrations were near the analytical detection
1imit and thus not sufficiently different to allow a definitive conclusion
about which set of process flows was better., Compared to equal burn durations,
the SSWH and CCD/D of burns VII and VIII were very nearly equal. Analyses of
combustor coke deposit from these burns were not made but there was no reason
to believe their qualities differed. These comparisons showed no differences
in RPE or effluent quality between these identical burns which had different
air and fuel mass flow rates but identical F/A ratios. Thus without any
differences, the higher process flow rate could be chosen to minimize incin-
eration time, .

(4) Fuel to Air Mass Flow Ratios and Different Nozzles - Burns I and
11 Versus Burns V and VII

(a) As discussed in paragraph 5, this appendix, burns I and II
were replicates of ‘each other as were burns ¥V and VII. As shown in Table I-4,
the EHL sample data values of Burns V/VII were all at Teast ten percent less
than those for burns I/Il -~ particularly noteworthy was that burns V/VII's
CGH, SSWH, and CCD/D values were one order of magnitude less than burns I/II's
values, The only exception was SBGH, and {ts inverse relationship to RPE is
discussed in paragraph 10, this appendix.

(b) From these comparative observations 1t was concluded that the
radial slot nozzle handled higher mass flow rates than the qoppet nozzle and
yet produced RPE's and incineration effluent quality generally one order of
magnitude better.

(c) Effects of Temperature on RPE

1. The relative degree of "Orange"herbicide destruction in
the combustion process was not expected to be a simple function of temperature
(heat energy). Other parameters such as burn velocity (stay time), burner
pressure, air and fuel preheat, process flow rates, and method of fuel injection
were all expected to be interrelated parameters. The following analysis of
the relationship of temperature and the relative degree of "Orange" herbicide
pyrolysis indicated the complexity of these interrelationships.

2. For example, the average temperature (TCpyp column 16,
Table 2 and discussion, paragraph 7.2) for burns I and Il was 22800 F and
the TC#VE for burns V and VII was 2753° F, The RPE's in burns V and VII
were significantly better than in burns I and II, 99,999 vs 99.99%. However,
burn VI had an RPE comparable to that in burns V and VII, but the TCAyE was
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24540F, about 3000F less than in burns ¥V and VII and only 1740F greater than
the TCAVE in burns I and II. In yet another case, burn IV had the highest
RPE of all burns but the TCAVE was only 2508°F, 2450F less than in burns V
and VII and only 2280F greater thédn in burns I and II.

: 3. From these observations one might have concluded that
the RPE was not improved by increasing TCAVE above 24540F, In these burns
and from a temperature standpoint, this conclusion would be correct. However,
other combustion parameters were changed in the burns and one could not conclude
that destruction efficiency would not have improved with an increase in temperature

had different operating parameters existed.

9. HYDROCARBON MASS PENETRATION THROUGH THE CAUSTIC SCRUBBER AND COLLECTION
IN THE SCRUBBER o

a. Table I-7 presents each burn's C5H and SGH data, Penetration
of hydrocarbon mass through the caustic scrubber increased as the burn's
RPE improved. Similar to the discussion in paragraph 6 of this appendix,
hydrocarbon mass penetration through the caustic scrubber was expected to
be a function of hydrocarbon vapor pressure (condensability) since the detected
hydrocarbons were only s1ightly soluble in caustic solution. The hydrocarbon
collection mechanism in the caustic scrubber was probably impaction (entrainment)
rather than absorption. Heavier, less volatile hydrocarbons were expected
to condense from the combustion gases in and downstream of the venturi since
the venturi ﬂressure drop and inJected caustic solution provided very rapid
¢ooling of the combustion gases. The degree of this rapid cooling was rather
consistent between burns, 1.e. from an average combustion gas temperature
of 19900F {s=158) exiting the reaction tailpipe, passing through the venturi
at 400 ft/seci and dropping to an average scrubbed effluent gas temperature

of 163°F (s=8

b. Once these condensed hydrocarbons were entrained in the caustic solution,
they were either dissolved to their solubility - 1imits and retained or desorbed
and entered the scrubbed effluent gas if thelr vapor pressures were significant
in the spent scrubber water's average temperature of 160°F. As the burn's
RPE improved, the combustion gas contained less of these heavier hydrocarbon
compounds. The hydrocarbon mass collected in the spent scrubber water decreased
with the decreasing difference in hydrocarbon mass collected in the combustion
and scrubbed effluent gas TCDD sampling trains. Scrubber water "efficiency"”
of total hydrocarbon collection decreased more rapidly than that of the TCDD
sampling trains because of the much higher collection of Tow vapor pressure
hydrocarbons in benzene at ~500F.

¢. Table I-8 presents the detected hydrocarbon (grams)} in each burn’s
total spent scrubber water volume. As discussed in paragraph "b" above,
the detected hydrocarbon masses decreased in proportion to increased RPE;
1.e. one order of magnitude decrease when the third decimal of the RPE became
significant. Except for burns I, II and 1II, which used poppet nozzles
and had the lowest RPE's and TCAVE'S. a)l detected hydrocarbons were less
than 20 ug/1 in the spent scrubber water' . Of this total hydrocarbon mass
per Yiter of SSW, less than 1.5% could have been the total undetectable TCDD
and acids/esters of 2,4-D and 2,4,5-T listed in Table 1-8,
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TABLE 1-7: HYDROCARBON MASS PENETRATION THROUGH THE CAUSTIC
"ORANGE" HERBICIDE PROG STIC SCRUBBER (CGH vs SBH)

12-30 NOV 73
Burn Number I I ITT ) y VI yIr | yIIl
Scrubbed Effluent  16.55x10%| 7.75x10%] 8.58x10% | 9.47x20% | 7.65x10°|5.03x10° | 7.55x10° B.76x10°
Gas Volume (Liters)¥* :
Aliphatic HC**
19/1 as C1oH22 0.038 | 0.037 | 0.135 | 0.048 0.039 ! 0.306 0.045 | 0.037
ug/1 as C 0.032 | 0.031 | 0.113 | 0.040 0.033 : 0.255 0.037 |0.031
g/burn as € 0.210 | 0.240 | 0.960 | 0.379 0.252 | 1.283 0.279 |0.272
Arcmatic HC .
- ug/1 s 05H5(04H9) 0.055,} 0.036 | 0.162 | 0.062 | .0.024. | 0.157 0.044 | 0.103
KN 19/1 0.040 | 0.032 | 0.145 | 0.056 0.022 | 0.141 0.039 | 0.082
o aiburn . ¢ 0.321 | 0288 | 1.244 | 0.530 0.168 | 0.709 0.294 | 0.806
L
— Biphenyl HC
ug/1 as Ci2H10 0.017 0.017 0.009 0.006 0.048 0.168 0.031 |0.072
1o/l as € 0.016 | 0.016 | 0.009 | 0.006 0.046 | 0.158 0.020 | 0.067
g/burn as ¢ | 0,102 -+ 0.132 | 0.076 | 0.061 - 0.348 | 0.79 0.218 1 0.589

: i }
jHerbicide HC ! ‘

ug/1 as HC/compoundf 0.00021; 0.00018 i 0.00023% 0.00016 0.00020; 0. 00060; 0.00026¢ 0.00024 .
vg/1 as C/compound ! 0.00010: 0.00009 | 0.00011: 0.00008 ; 0.00010; 0.00030 0.00013 0.00011
g/burn as C/5 com- } 0.003 : 0,004 0.005 0.004 ; 0.004 | 0.007 0.004 | 0.005
pounds . ; .
¥
Total Carbon ‘ '
g/burn Scrubbed Gas .0.636 0.624 2.289 , 0.974 0.772 2.795 0.79 1.672
g/burn Con'bust-ionf'ag 27.29 |76 89 12.09 7 <0.01 7.25 0.93 0.79 2.07
Penetration,Percent 2.33 ! 0.81 l 18.93 ! - 10.65 ] - 100, 80.8
. Relative Pyrolysis ;99.99 :99.98 1 99.99 >99.999 09,998 : 99,999 99.999 [99.999
! Efficiency,Percent i 2 I

*Dry, at 700F and 29,92" Hg pressure., From Table I-3, USAF EHL{M)
**HC - hydrocarbon ‘

T From Table I-6



TABLE I-8:

SPENT SCRUBBER WATER

SUMMARY OF HYDROCARBUN COMPOUNDS COLLECTED IN

"ORANGE" HERBICIDE PROGRAM
12-30 NOV 1973 .
* 1]
|§£§5 % 35 4267
BURN NUMBER -+ 1 WY IV Vv [ VI [ VIT [ VIIT
Detected Hydrocarbons (gms)
Pliphatic Hydrocarbon as €, Mo | 6ag| 1.458 [1.699/0.099 fo.130 lo.014[0.138]0.11¢
" " as 1.407| 1.215[1.415(0.082 [0.108 [0.012[0.115[0.09¢
Promatic Hydrocarbon as CeHgCatg | 3.005 | 1.815(0.852(0.081 10.001 [0.0240.11110.075
! " as C 2.692| 1.626 [0.763]0.073 [0.001 J0.022]0.099|0.067
Pichlorobenzene as CgHyCly 8.225| 6.975(0.488/0.115 [0.043 |0.003[0.016{0,027
! " as C 4.030| 3.4180.239/0.056 10.021 {0.001{0.008]/0.013
Monocnlorophenol as CgHaCI0H 0.827{ 9.211{0.003{0.003 }0.001 10.001 [0.001{0.001
" " as ¢ 0.463| 0.118]0.001]0.001 |0.001 b.om 0.001]0.001
Total Weight of Above (gms) 13.744 [10.459 {3,042 0.29316.17513.042 0.266]0.222
" noo® . W oag ¢ (gms) 8.592 6.377 |2.418|0.212 /0.131 }0.035{0.223|0.180
ximal Undetected Components of
tlended Herbicide Feed (mgm)
TCDD 0.74 | 0.7 |3.78*%|0.75 |0.64 {0.34 [0.68 |0.58
TCOD as C 0.33 | 0.32 |1.69 |0.34 [0.29 |0.15 {0.30 )0.25
2,4-D acid (butyl ester) 0.75 | 0.72 10.72 |0.76 [0.65 |0.34 {0.68 |0.58
" wooow " as C 0.43 | 0.42 |0.42 |0.44 [0.37 |0.20 |0.40 |0.34
2,4,5-T acid (butyl ester) 0.63 | 0.60 [0.60 {0.63 [0.54 [0.29 [0.58 [0.49
v n wooow as ¢ |0.29 | 0.28 |0.28 {0.29 10.25 {0.13 {0.26 {0.22
2,4-D acid (methy! ester) 0.75 | 0.72 l0.72 {0.76 |0.65 |0.34 |0.68 |0.58
" " " " as C.]0.34 |0.33 [0.33 [0.35 [0.30 ‘0.16 0.32 |0.27
2,4,5-T acid (methyl ester) 0.67 | 0.64 l0.64 |0.67 [0.57 {0.30 |0.60 ]0.51
" n " "“as ¢ | 0,27 | 0.26 |0.26 |0.27 [0.23 10.12 |0.24 {0.20
Total Undetected Weight of
Above (mg) 3.54 | 3.39 [6.46 |3.57 [3.05 [1.62 |3.22 12.74
1] n ] i
as C (mg) 1.66 | 1.67 [2.98 [1.69 [1.44 [0.76 {1.51 {1.28
Grand Total of all Hydrocarbons
: (gms) {13.748{10.462{3.048|0.3020.178[0.04410.269]0.225
a e w o m woagC (gms)) 8.594| 6.379(2.421]0.214 (0,132 |0.0360.225|0.181

*Only one of these compounds detected 1P any spent scrubber water samples.
E-(1-18)
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d. The unchlorinated aliphatic and aromatic hydrocarbons of Table [-8 were
considered as pyrolyzates which were trapped and slightly dissolved in
the scrubber water. The detected chlorinated hydrocarbons were considered
hydrolyzates formed by reaction of the aromatic hydrocarbons and chlorine
species 1n the combustion gases as they cooled and mixed with the caustic
in the scrubber (see paragraph 11, this report). As the RPE's increased (burns
IV through VIII), the mass of the chlorinated hydrocarbons in the SSW decreased
faster than the mass of the aromatic hydrocarbons. This was because the
mass of the former was dependent on the latter, and the latter decreased 1in
the combustion gas as RPE- increased.

e. Table I-8 also presents the maximal mass of components of blended
herbicide {mgm) that could have existed undetected in each burn's total spent
scrubber water volume. These values were based on the detection 1imits and
analytical recovery efficiencies of each compound in 500 m1 of collected
SSW TBC that was analyzed. These calculated masses were therefore all relative
to the total spent scrubber water volume except for TCDD in burn III. This
TCOD was the only one of these herbicidal component compounds detected in
any SSW-TBC or SSW-C1 samples, see discussion in paragraph 12 of this appendix.

f. Suspended matter in the SSK were analyzed from concentrated sediment
samples collected after each burn from the bottom of the SSW holding tank.
Analytical results presented in Table G-8, Appendix G, showed that no detect-
able hydrocarbons were extracted from any of the sediments. These sediments
were thus considered as carbon with less than 9.0% iron content. The carbon
was a pyrolytic product but the iron came from combustion gas acids leaching
the metal of the scrubber tank.

10. BECKMAN 109A DATA COMPARED WITH RPE's

a. Table I-9 was presented to demonstrate that scrubbed effluent gas
hydrocarbon data measured with the Beckman 109A total hydrocarbon analyzer
(SGBH) was not an indicator of the relative pyrolysis efficiency (RPE) of
“"Orange" herbicide.

b. Burns 1 and II had the lowest SGBH of all burns. If SGBH was a good
indicator of RPE, burns I and II would have had the best RPE in the set of
eight burns. However, the CGH and SSWH was greater in burns I and Il than
in all other burns and the RPE of burns I and II was less than in all other

burns.

¢. Burns VII and VIII had a greater RPE than burns I and II, but their

SGBH readings were greater than in burns I and II. In burns III through
VI, the SGBH had no apparent inverse or direct relationship %o RPE.

d. During the incineration of "Orange" herbicide, the CGH and SSWH were
related, This was anticipated since the heavier, but not completely combusted
hydrocarbons, (pyrolyzates) would be more effectively collected in both the
TEDD sampling trains and the caustic scrubber than the 1ight molecular weight
pyrolyzates. In burns that had a poorer RPE (burns I and II) the heavy pyroly=
zates were more effectively collected 1n the caustic scrubber and were not
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TABLE

I-9: COMPARISON OF HYDROCARBON DATA - BECKMAN 109A

(SCRUBBED EFFLUENT GAS), CGH, AND SSWH
“ORANGE" HERBICIDE PROGRAM

tFour (4) values used for x.
For definition of SGBH, CGH, and SSWH, see Table I[-4.

. 12-30 NOV 73
BurnNumber 1 11 111 1V v Vi V11 VIl
SGHB X 3.5 18.6 395 1450.0 79.5% 161.7 75.? 36.5
{ppm) s . 2.9 5.8 1258.9 22.6 23.1 17.1
%GH,” 4.02 9.59 1.36 - 0.90 0.18 0.10 0.23
ug
?SHH B8.59 6.38 2.42 0.21 0.13 0.04 0.22 0.18
g/burn) . .
— *Measured during the same time period of CGH sampling.

USAF EHL(M) and (K}
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detected by the Beckman 109A. 1In burns that had better RPE's (burns IV
through VIII) the 1ight pyrolyzates were not collected in ‘the scrubber but
were detected by the Beckman 109A, and thus higher SGBH values were observed
even though the RPE's were higher.

‘ .

11. HERBICIDAL COMPOUNDS DETECTED IN GAS SAMPLES AND RELATED EQUIPHENT'

a. The nb-esters of 2,4-D and 2,4,5-T were detected in the rinse from
the Beckman 109A cold trap used in burn I  Monachlorophenol was detected
in the first impinger'of the combustion gas sampting train from burn I.
Dichlorophenol was detected in the rinses from the Beckman 109A cold traps
used in burns I, II and I1I, in the air cooled sampling probe rinses from
burns II and III, and in the mixed (one and two impingers) water of the particu-
late source sampling train impingers from burns IV and VI, :

b. The butyl esters found in the cold trap rinse from record burn I could
have been deposited during either of two checkout burns made before record
burn I (see Marquardt Test 4 and §). The first attempt at record burn I
was aborted 16 minutes into the burn due to fuel injection problems caused
by the high viscosity of "Orange" herbicide. Since the incineration of
"Orange" herbicide during these checkout burns was not as carefully
controlled as during all successful record burns, and since the cold trap
was not rinsed after the two checkout burns it was concluded that the cold
trap rinse from record burn 1 was not representative. No butyl esters were
found in the cold trap rinses from record burns II and II]l. The cold traps used
in burns IV through VIII were rinsed but not analyzed. ' '

c. The dichlorophenol found in the Beckman 109A cold trap rinse from
burn I was considered unrepresentative for reasons given in the previous
paragraph. . :

d. Dichlorophenol was found in the Beckman 109A cold trap rinses from
burns IT and I1I and in the combustion gas air cooled sampling probe rinses
from burns II and I1l. However, the compound was not detected in the combustion
gas impinger samples that were downstream of the air cooled probes or in
the spent scrubber water samples from these burns.

(1) Dichlorophenol has a high melting and boiling point (1139F and
403%F for 2,4). The caustic scrubber (caustic solution at 1609F in collector
tank) was expected to collect a significant fraction of compounds as condensa-
ble as dichlorophenol (monochlorophenol was collected in the scrubber).
Since dichlorophenol was not _detected in the combustion gas impinger samples
(detection level = 0.88 x10-9 grams/liter) downstream from the air_cooled
probes or in the spent scrubber water {detection level = (.08 x10-6 grams/liter)
from these burns, the existence of dichlorophenol in the combustion gas was

doubted.

(2) Since no dichlorophenol was detected in the imvingers downstream
of the air cooled probe, it was supposed that the probe collected all of

the dichlorophenol. Baseg on this conclusion, the apparent combustion gas
concentration was 40 x10™° grams per liter (1.38 ug/34 liters), If this
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concentration existed throughout the burn, the caustic scrubber was exposed

to 320 mg over the total burn. The volume of the spent scrubber water from
burn I1 was 14996 liters. Based on the detection 1imit of dichlorophenol

in the spent scrubber water (0.08 ug/1), 1.2 mg of dichlorophenol in the

spent scrubber water would have been detected. The 1,2 mg needed for detection
was only 0.37% of the 320 mg available if the 40 x10-4 grams/1iter existed
throughout the burn. The caustic scrubber was expected to collect a signifi-
cantly greater fraction of dichlorophenol than 0.37% (see Table I-7}.

(3} From these observations, the following possibilities were consid-
ered. That,

(a) dichlorophenol did not exist at a mass concentration of
40 x10-9 grams/liter throughout burn II, and

{b) the dichlorophenol was formed in the afr cooled sampling
probes and in the Beckman 109A cold traps from reactions of C1y and (C1) with
the nonchiorinated aromatic hydrocarbons detected in the combustion gas (these
reactions are favorable between 500 and 7000C, slower at <500%C and almost
nonexistent >7000C; the combustion gas was cooled from -10400C to 1500C
rapidly in the air cooled probe; the environment was favorable to formation

of dichlorophenot), or

(C) the dichlorophenol was chemically altered to the monochloro-
phenol in the caustic scrubber. Monochlorophenol and dichlorobenzene were
detected in all spent scrubber water samples. The monochlorophenol-dichlorophenol
equilibrium could have been shifted to monochlorophenol in the caustic scrubber.

e. The spent scrubber water from burns Il and III contained 211 mg and
3 mg of monochlorophenol respectively. The (apparent) total burn production
of dichlorophenol was 320 mg and 26.7 mg for burns II and III respectively.
There appeared to be a relationship between (apparent) dichlorophenol in
the combustion gas and monochlorophenol in the caustic scrubber. However,
since dichlorophenol and monochlorophenol could have been formed in the venturi
of the caustic scrubber (rapid cooling of combustion gas from ~10409C to .
720C), to account for the monochlorophenol detected, and the existence of
mono and dichlorophenol in the combustion gases was unfavorable (temperature),
the conclusion was made that dichlorophenol did not exist in the combustion
gas but was generated in the air cooled probe and in the cold trap. This
conclusion was supported by the fact that dichlorophenol was not detected
in these probes and traps of burns IV through VIII when the mass concentration
of unchlorinated aromatic hydrocarbons was low.

f. The dichlorophenol found in the water impingers in the particulate
sampling train sample from burns IV and VI was concluded to be contamination
not associated with "Orange" herbicide incineration. This conclusion was
based upon the following observations:

(1) In burn IV. the dichlorophenol mass concentration in the scrubbed
effluent gas that was necessary to produce the mass collected in the particu-
late sampling train was greater than the detection Timit in the TCDD sampling
train, j.e., 1.3 ug was collected from a sa3p1e volume of 737.2 liters for
an apparent mass concentration of 1.76 x1077 grams/liter but the detection
limit in the TCOD sampling train was 0.22 x10-9 grams/liter. Therefore,
dichlorophenol should have' been detected ir the TCDD sampling train.
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(2) 1In burn VI; 0.1 ug was collected from 444.0 1iters for an apparent
mass concentration of 0.22 x 10-9 grams/liter. However, the detection limit
in the TCOD sampling train was only 0.83 x 10-¥ grams/1iter. The apparent
mass concentration in the scrubbed effluent gas was below the detection limit
of the TCDD sampling train if the collection efficiencies in the particulate
and the TCDD sampling trains was assumed to be equal. However, dichlorophenol
collection efficiency in the TCOD sampling train was greater than in the
particulate train water impingers and dichlorophenol should have been differ-
entially collected in the TCDD sampling train because:

(a) Dichlorophenol is so}uble in benzene but only slightly
soluble in water,

(b) Fritted impingers, as used in the TCDD system are more
effective gas and aerosol collectors than modified impingers used in the
particulate train.

{c) A series of four impingers was used in the TCDD sampling
train but only two were used in the particulate train.

{3) The water impingers used in the particulate train were packed
in sponge rubber and styrofoam for shipment. They had been used in numerous
particulate source'sampling Erojects prior to this work. Since it was not
anticipated that they would be used for hydrocarbon collection, they were
not properly washed for herbicide analysis but merely rinsed with distilled
water. Contamination of these impingers with dichlorophenol could have occurred
in numerous cases and r1nsin? with distilled water would not have removed
contamination. Also two impinger sets were alternated and the same impinger
set (potentially contaminated) was used in burn IV and VI while a different
(uncontaminated) set was used in burn IIT and V. -

(4) The water in the impingers and the particulate sampling train
from burn II1 and V did not contain dichlorophenol even though burn III was less
efficient in relative pyrolysis of "Orange" herbicide than burn 1V and VI.
Burn V had a comparable RPE to burn IV and VI. If dichlorophenol was being
produced during "Orange” herbicide incineration 1t would have been produced
and detected 1n burn III and V as well.

(S8) Dichlorophenol was not dgtected in the spent scrubber water
(detection 1imit s equal to 0.08 x10-C grams/liter) in any of the burns,

and as discussed in paragraph 11d{1) the caustic scrubber was expected to
collect a significant fraction of dichlorophenol. If dichlorophenol was being
produced throughout the burn gt the rate indicated by the water impinger
samples in burnslv {1.76 x10-2 grams/1iter) then (1.76 x10-2 grams/1iter

times 9.47 x 16° 1liters) 16.67 milligrams would have been produced. If

1.27 milligrams (7.6% of 16.67 milligrams) of dichlorophenol had been collected
by the caustic scrubbers it would have been detected.

Based upon the fact that dichlorophenol should have been differentially

collected in the TCDD sampling train but was not, contamination of the water
impingers with dichlorophenol was possible, and no dichlorophenol was detected
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in the caustic scrubber, the conclusion was made that dichlorophenol found
in the water impingers 1q burn IV and VI was extraneous contamination.

12. HERBICIDE IN BURN III EML SAMPLES

a. Only two of all the EHL samples contained any of the following nine
herbicide compounds: nb 2,4-D and 2,4,5-T esters and acids, octyl 2,4-D and
2,4,5-T esters and acids, and TCDD. Both of these samples occurred in burn
ITI. First, the combust{on chamber coke deposit contained 1100.20 ug of
these esters and acids per 100 gms of deposit; of which 551 ug was nb 2,4-D
ester and 542 ng was nb 2,4,5-T ester. These esters produced the charac-
teristic "Oragge" herbicide odor which was detected in burn IIl's coke deposit.
Neither this odor nor any of the aforementioned nine herbicide compounds
were detected in coke deposits from any other burns. Second, the total burn
scrubber water composite (SSW-TBC) sample contained 0.25 pg/1 of TCDD but
none of the other eight herbicide compounds. Suspended matter in burn III's
SSW-TBC or from any of the other burns contained none of the nine herbicide
compounds. None of these compounds were detected in burn III's first hour
spent scrubber water composite (SSW-C1) or any other burn's SSW-TBC or SSW-CI.

b. The total TCDD mass in the spent scrubber water was calculated as
3775 ug for the total burn, "If this TCDD mass had been evenly distributed
throughout the burn's combustion gas, the sampled combustion gas would have
contained about 4.5 times the TCDD mass concentration needed for TCDD detection.
However, no TCDD was detected in the combustion gas sample which was initiated
51 minutes into the burn and continued for 64 minutes. Additionally, no
TCDD was detected in the SSW-C1 which was initiated 54 minutes into the burn
and completed 44 minutes later. Thus, the TCDD must have passed through
the incinerator during the last 120 minutes of burn II1I. The TCDD probably
passed through the incinerator in a relatively short period since no noticeable
changes in burn 1I1's operational parameters were ever observed.

¢. Unlike any other burns, the appearance of burn III's coke deposit
indicated very poor combustion and that lower temperatures occurred around
the deposit. Although no TCDD was detected in the deposit, it could have
been present in concentrations up to about 15 ug/100 grams of deposit. This
value was calculated under the assumption that TCDD was present in the 1100.2
ug of esters and acids in the same proportion as it was in the blended herbicide.
The 15 1g/100 grams of deposit would have been below the analytical detection
1imit for that size sample.

d. Earlier comparisons of CGH and SSWH showed no reason to believe that
the overal) RPE of burn II1 was significantly less than RPE's in burns I and
1I. However, burn I1l's quantity and quality of coke deposit, SGH quality,
and TCOD in the SSW-TBC were significantly different than burn I, II, or
any other burns. These comparative observitions lead to the conclusion that
combustor coke chips, 175 grams or more, broke loose from the combustion
chamber deposit and, combusted well enough during incinerator dwell time to
destruct the herbicide esters and acids but not the TCDD, and then intimately
mixed and settled in the scrubber tank, Even though not appreciably soluble in
water, enough TCDD must have leached from the coke to produce 250 nanograms per
liter of collected SSW-TBC.
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13. DISCUSSION OF CONFLICTING DATA .
a. Burn IV:

(1) In burn IV, the scrubbed effluent gas hydrocarbon mass concentra-
tion (SGH) was greater than the corbustion gas hydrocarbon mass concentration
(see Table I-7). 1In all other burns, as expected, the reverse was true.

(2) The mass of hydrocarbons collected in the scrubber (SSWH) during
burn IV was comparable to that collected in burns V, VI, VII and VIII. Since
caustic scrubber characteristics were not significantly different in burn
IV from those in burns V, VI, VII and VIII, one must consider that burn IV
copbustion gas contained hﬁdrocarbon mass concentrations comparable to burns
V, VI, VII, and VIII, or that a combination of two things occurred,

(a) a slug of pyrolyzates occurred during startup (before samplin
to account for the hydracarbon mass in the scrubber) and P PHng

(b) the combustion gas and scrubbed effluent gas samples were
reversed in the recovery or analytical steps.

(3) Since gas chromatographic peak interferences were possible in
the burn IV combustion gas samples,the first consideration was concluded
to be the most probable. Therefore, the CGH in burn IV was considered equal
to or greater than the CGH in burns V, VI, VII and VIII, but less than the
CGH in burns I, II and III.

b. Burn VI: 1In burn VI, the SGH aliphatics were greater than the CGH
aliphatics. Thi; conflict was concluded to be due to: .

(1) gas chromatography peak interferences, or
(2) analytical accuracy as the detection 1imit was being approached.
¢. Biphenyls in SGH: Biphenyl (unchlorinated) was not detected in the CGH
(Tables E-g anﬁ G-3). Also, it was not detected in the SSWH (Table G-7).
The conclusions were made that biphenyl was:

(1) present tn the CGH but hidden by gas chromatographic peak inter-
ferences (Appendix G, paragraph V}, ‘

"~ {2) not collected in the SSWH due to 1ts-re1at1ve1g high vapor pressure
(in the scrubber water temperature, 160-170°F) and low solubility in the
caustic sotution,

(3) detected in the SGH because of fewer gas chromatographié peak
interferences.
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'APPENDIX J
NOISE MONITORING

1, Introduction

This appendix presents the noise measuring equipment used,
octave band analyscs of the noise produced by onc incinerator,
and the location where noise measuremcnts were made. Data are
discussed, particularly as regards the occupational hazards of
the noise to exposed opecrators and estimates of noise intensi-
ties expected by morce than one incinerator.

2. Results and Discussion

a. Octave band sound lcvel measurements of the incinerator
noisc, equipment used, and environmental conditions arc presented
in Table J-1. Locations where noisc mecasuremenis were made are

shown in Figurc J-1.

b. "A" weighted octave band sound levels could not be summed
any closer than + 2 decibels (db) of the overall dbA. These minor
inaccuracies of mcasurement werc acceptable for meeting the objec-
tives of the study. The following unavoidable environmental con-
ditions caused the mecasurement errors:

(1) Except for location "?", positions of cquipment within
the area required that all measurements be taken relatively closc
(10 - 15 fect) to the incinerator in order to get "line-of-sight"
mcasurcments. Conscquently, the measurements were influenced by
"near ficld" effects.

(2) Many mctallic surfaces around the incincrator contri~
buted reverberation noises.

(3) Background noiscs were present from a commercial air-
port 100 - 200 yards away as well as industrial noiscs from within
the contractors facility. However, mcasurements were taken only
when thesce background noises were at a minimum.

¢, The incinerator was not considered a point source of noisc.
The noisc was steady state. The overall sound level averaged 91
dbA and 91 dbC at points twelve feet around ihe incinerator. Such
close values of overall dbA and dbC were in agrecment becausc most
of the noisc level was produced in the higher frequencies, 2000 -
8000 llertz. At twenty-four fcet from the incinerator, overall
average noisc levels decreascd to 85 dbA or 87 dbC becansce Lhe

E-(J-1)
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TABLE J-1: SUEPBurner Noise Survey-Octave Band Analyses

R . IlAll llcl!
ocation'N )| angle [fe)-} 31.5] o3 125 | 250 | 500 | 1000 | 2000 | 4000 ] 8000 | 16000 JA11 Pass|all Pass
1* -- |12 21 719 22 |1 n 74 78 82 88 84 73 | 92 91.5

2* -- |12 76 80 72 | 74 79 82 84 89 85 73 93 92 1}
3 i ALY 78 | 83 77 {7 79 83 84 88 84 ] 92 92 |
ar g5 -- [12 75 | 85 9 | 77 80 84 83 86 80 65 | 91 32
6* -- |12 74 1 83 g0 | 84 79 77 79 83 77 62 | 88 97 [
e - T 68 | 74 69 | 68 69 | 76 80 84 78 65 | 87 86.5 |
8" — {15 — 1 — N _ - — — . | & &5
e - {12 nt g n 73 74 77 81 85 81 72 | 88 89
| e~ | - fi2] 78] m 77 | 74 78 | 8 | 8 | 8 | 8 7% | 9 n |
§ o+ - i) — -- — - - - - — | & 87§
F 7#¢ | -- j2a| 70§ 75 68 | 69 P EEL 75 | % | 74 o0 | 88 |8 |

gi _5 91. 91-

- - 2,3.4, -

! ] X6 7 85. 87.
Intstruments Used: General Radio Uctave Band Analyzer Type 1538-PB(Serial No. 2473) with General Radio Microphone

1360-P6 with wind shield (Serial No. 2680).Calibrated with Genera) Radio Calibrator Type 1562-A
(Serial No. 2579)

Date of Survey: *20Nov **29Nov suweyo,-;t:apt.c.w. Bulleck Operational Mode of Burner: * Burn IV ** Burn VI1I
DajsI}ed ines imil_icate that measyrements were not taken.

(1) For location of measurement, see Figure %F«L o

Wind conditions during survey:* FRom 120-160°, 9mph, Temp=620F. **Calm, Omph,Temp=62"F. USAF EHL(K)
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Exhaust Tower
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Numbers in square blocks denote location of noise measurements
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FIGURE J~1 LOCATIONS OF NOISE MEASUREMENTS DURING TEST BURNS
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higher frequency noises had begun to dissipate and the lower
frequency components were contributing more significantly to
the overall noise level.

d. The control building effectively attenuated exterior
incinerator noise to an overall level of 64 dbA. Although
octave band analyses were not made, no speech interfercnce was
experienced inside the control building.

e. Operators occupationally exposed to the noise within a
fifty foot radius of the incinerator should be provided ear muffs
and be monitored via a hearing conservation program. The noise
data can be used with various hearing protection criteria to de-
termine limited exposure periods in which an unprotected operator
could be exposed without risk of developing any hearing loss,

f« Table J=-2 below presents estimated overall sound levels
with increasing numbers of incinerator units. Appropriate adjust-
ments of hearing conservation protection requirements around the
incinerator(s) can be made depending on the number of incinerators
and the distance from them to the workers.

TABLE J-2: ESTIMATES OF OVERALL SOUND LEVELS AT VARIOUS DISTANCES
FROM ONE TO EIGHT INCINERATORS

+

Number of  |Overall Sound Level (Reference 0.0002 u bars/M2)
Incinerator At Twelve Feet At Twenty-four Feet
Units ~dbA or dbC _dabA e
1 91 85 87
2 94 88 90
4 97 91 93
8 100 94 96

'E~(J-4)
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THE ECOLOGICAL COMSEQUENCZS OF MASSIVE QUAMTITIES
OF 2,4-D and 2,4,5-T KERBICIDES

SUMMARY OF A FIVE YEAR FIELD STUDY*

Young, A.L., C.E. Thalken, W.E. hard and ¥.J. Cairney
Department of Life and Behavioral Sciences
United States Air Force Academy, Colorado

In support of programs testing aerijal dissemination systems, a one
square mile test grid on Test Area C-52A, Lglin AFB Reservation, Florida
received massive quantities of military herbicides. The purpose of these
test programs was to evaluate the capabilities of the equipment systems,
not the biological effectiveness of the various herbicides. Hence, it
was only after repetitive applications that test personnel began to
express concern over the potential ecological and environmental hazards
that might be associated with continuance of the Test Program. This
concern led to the establishment of a research program in the fall of
1967 to mecasure the ecological effects produced by the various herbicides
on the plant and animal communities of Test Area C-52A. This report
documents six years of vesearch (1967 - 1973) on Test Area C-52A and the
inmediately adjacent streams and forested areas.

This report attempts to answer tha major questions concerned with
the ecological consequences of applying massive quantities of herbicides
(345,117 pounds), via repetitive applications, over a period of eight
years, 1962 - 1970, to an area of approximately one square mile. Hore-
over, the report documents the persistence, degradation, and/or dis-
appearance of the herbicides from the Test Area's soils and drainage
waters and their subsequent effects {direct or indirect} upon the vege-
tative, faunal, and microbial communities.

The active ingredients of the four military herbicides {Grange,
Purple, Hhite, and Blua) sprayad on Test Area C-52A were 2,4-dichloro-
phienoxyacetic acid (2,4-D), 2,4,5-trichlorophenoxyacetic acid (2,4,5-T),
4-amino~3,5,6-trichloropicolinic acid {picloram), and dimethylarsinic
acid (cacodylic acid). It is probablte that the 2,4,5-T herbicide con-’
tained the highly teratoaenic (fetus deformina)} contaminant 2,3,7,8-te-
trachlorodibenzo-p-dioxin (TCOD). Ninaty-two acres of the test grid
raeccived 1,894 pounds 2,4-D, 2,4,5-T per acre in 1962 to 1964, while
another 92 acres received 1,163 pounds per acte in 1964 to 1965, In
the period from 1966 to 1970, a third distinct arca of over 240 acres
rec2ived 343 pounds per acre of 2,4-D and 2,1,5-1, 6 pounds per acre
picloran, and in 1969 to 1970, 53 pounds per acro cacodylic acid .
(28 pounds per acre of arsenic s Lhe orcanic pentavalent form; calculated
on wi2ight of Blue applied per acre). '

From the rates of hevbicidos that wore applied during the years of
testing spray equipment, it was cbvious that Tesl Area C-52A offered
a unique opportunity te study herbicide persistence and soil lwaching.
Yet the peoblem of how best to assess the level of herbicide residue was

fressntation to the Weed Sciences Society of America, 14 February 1974,
Les Yeaas, Movada.  Abstract Ho. 164,
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a difficalt one. The herbicides could be chemically present but te-
cause of soil binding might not be biologically active. Thus, both
bivassay techniques and analytical analyses were cmployed. The first
major bioassay experiment was conducted in April 1970, By considering
the flightpaths, the water sources, and the terracing effects, it was
possible to divide the one-square mile test grid into 16 vegetation
arzas. These areas formad the basis for the randem selection of 43
J-foot soil cores. Soybean bioassays indicated Lhat 27 of the 483 cores
were significantly different from control cores (954 protability level).
The results indicated that soil leaching or penctration was much rmore
prevalent along the dissemination flight paths than in other arecas of
the test grid. Efforts to quantitate (chemically) the biocassay were
confined to only the top 6-inch increment because of within-core
variations. By considering that all phytotoxic effects were from
Orange (2,4-D and 2,4,5-T) the average value for the top 6 inches of
soil core for the eight cores showing grectest herbicide concentration
was 2.82 ppm {parts per million) herbicide. Chemical analyses of soil
cores collected from the eight sites showing greatest phytotoxic con-
centrations were performed in December 1970. Results indicated that
the maxinum concentration of either 2,4-D or 2.,4,5-T was 8.7 ppb (parts
per billion). A 1970 analysis of soil cores for arsenic, from arcas
receiving greatest quantities of Blue, indicated maximum levels of
4.7, 1.30, and 0,90 ppm arsenic for the First three 6-inch increments
of the soil profile, respectively. These same increments were again
¢cllected and analyzed in 1973: levels of arsenic weve 0.85, 0.47,

and 0.59 ppm for the three consecutive &-inch increments. Leaching

of the arsenical from the soils may have occurred. Picloram analysis
in November 1969 of soil cores from areas receiving greatest quantilies
of White indicated that maximum levels of 2.8 ppm picloram were present
in the 6 to 12-inch depth increment. Analysis of ihe same sites per-
formed in 1971 indicated the picloram had Yeached further into the

soil profile but concentrations were significantly less {ppb). Analysis
of so0il cores in 1971 showed no residue of TCOD at a minimum detection
Timit of less than 1 ppb, even in so0il previously treated with 947
pounds 2,4,5-T per acre. However, data from soil analysis {via mass
speciroinetry) of four total samples collected in June and October 1973
indicated TCDD levels of <10, 11, 30, and 710 parts per trillion (ppt),
respectively. Thase Tevels were found in the top six inches of soil
core. The greatest concentration (710 pot) was found in a sample from
the area that received 947 pounds 2,4,5-T in the 1962 - 1964 test period.

A comparison of vegetative coverage and occurrence of plant spacies
on the one-square mile grid between Jdune 1971 and June 1973 has indicated
thet areas with 0 to 600 vegetative covay in 1971 had a coverage of 15
to 857 in June 1973. Those areas having 0 to 59 coverage in 1971 (arcas
adjacent to or under flightpaihs used during herhicide-equipment tcsting)
hal 15 Lo 547 coveraga. The rate of charge in coveragz seewmed to be
dependent upon soil type, soil moisture, and wind. There was no evidence to
indicate that the existing vegetative coverage was in any way related to
horbicide residue in the soil: dicotyledonous or breadleaf planis that are
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normally susceptible te damage from herbicide residues occurred through-
out the entire one square mile grid. The square-foot transect methed of
determining vegetative cover indicated that the most dominant plants on
the test area were the grasses, switchgrass {Panicum virgatum), woolly
panicum {Panicum lanuginosum), and the broadleaf plants rough buttonweed
(Diodia teres), poverty weed {(llypericum gentianoides), and common
polypremum {polypremum procumbens). 1In 1971, 74 dicotyledcnous species
wore collected on the one square mile grid: in 1373, 107 dicotyledonous
species were found. All of the plant spacies collected were pressed,
riounted, and placed in the Eglin AFB Herbarium.

An evaluation of the effects of the spray-equipment testing program
on faunal communities was conducted from May 1973 to August 1973. The
extent of any faunal ecological alterations was measured by assessing
data on species variation, distribution patterns, habitat prefercnce
and its relationships to vegetative coverage, occurrence and incidence
of developmental defects, as well as gross and histologic lesions in
post mortem pathological examinations,

A total of 73 species of vertebrate animals (mammals, birds, reptiles,
and amphibians) were observed on Test Area C-52A and in the surrounding
area. Of these 73 species, 22 species were observed only off the grid,

11 species were observed only on the grid, and 40 species were observed

to be common to both areas. During the early studics no attempls were
made to quantitate animal populations in the areas surrouncing the grid;
however, in 1970, preliminary population studies by trap-retrap methods
were performed on the beach mouse (Peromyscus polionetus) population

for a 60 day period to confirm the hypothesis that it was the nost pre-
valent species on the grid. The hypothesis was supported by the capture

" of 36 beach mice from widely distributed areas on the grid. except in
areas with less than 5% vegetation. Eight pairs of eastern harvest mice
vere taken to the laboratory and allowed to breed. Six of the eiaht pairs
had litters totalling 24 mice. These progeny were free from any gross
external birth defects. During February - May 1971 population densities
of the beach mouse ware studied at eight different locations on the grid
along with two different areas off the grid which served as controls.
Popuiations were estima:ed on the basis of trap-retrap datz. There was

no difference in mouse population densitites in herbicide treatnd and
conirol areas affording comparable habitats. All indications wore that any
population differences in other animal species betwoen the test area and
the surrounding area were duc to differences caused by the elimination of
certain plants and, therefore, cavrtain ccological niches, rather than
being due to any direct dotriwental effect of the herbicides on the animal
population present on TA C-52A.

Juriaa the Tast day of Lhe 1271 siudy, 9 wmice viere capturced ard taken
to the laboratory for post sortem pithoiogical examination. There were
nn iustances of cleft palate or other deforitices. Histologically, liver,
kidnoy and gonadal tissues from Lhese animals appeared novwal, In the
1973 stuay several different species of animals were caught, bolh on and

F- 3




off the test grid. These included beach mice, (Peromyscus policnolus),
cotton mice, %Egrgmxgggg.ggggy inus), eastern harvest mice, (Reithrodontomys
humutis), hispid cotton rats, (Signodon hispidus), six-lined race-runners,
{Cnemidophorus sexlineatus), a toad, {Bufc americanus), and a cotlonnouth
water moccasin, (Ancistrocon piscivorus). ATtotal of 89 animals were sub-
mitted to The Armed Forces Institute of Pathology, Washington, D.C. for
complete pathological examination inciuding gross and microscopic siudies,
Liver and fat tissue from 70 rodents were forwarded to the Interpretive
Analytical Services, Dow Chemical U.S.A., for TCOD analyses. The sex
distribution of the trapped animals was retatively equal. The ages of

the animals varied, but adults predominated in the sample. No gross or
histological developmental defects were seen in any of the animals. Sev-
eral of the rats and mice from both groups were pregnant at the time of
autopsy. The stage of gestation varied considerably from early pregnancy
to near term. The embryos and fetuses were examined grossly and micro-
scopically, but no developmental defects or other lesions were observed,
Gross necropsy lesions were relatively infrequent and consisted primarily
of lung congestion in those animals that had died from heat exhaustion
prior to being brought to the laboratory. The orgen weights did not vary
significantly between the test and control animals when an animal with
Tungs &nd kidneys showing inflammatory pathoiogical lesions was removed
from the sample. Histologically, the tissues of 13 of the 26 control
animals and 40 of the 63 animals from the test grid, werec considered
normal. Microscopic Tesions were noted in some animals from hoth groups.
For the most part, these were minor changes of a type one expects to

find in any animal population. One of the most common findings

was parasites. A total of 11 controls and 9 grid animals were affected
with ore or more classes of parasites., Parasites may be observed in any
wild species and those in this population were for the most part incidental
firdings that were apparently not harmful to the arimals. There were ex-
ceptiors however. Protozoan organisms had produced focal myositis in one
rat, ard were also responsible for hypertrophy of the bile duct epithelium
in a six-lined racerunner. '

Moderate to severe pulmonary conjestion and edema were seen in several
rats and mice. All of these animals were found dead in the traps before
reaching the laboratory, and the lung lesions were probably the results of
heat exhaustion. The remainder of the lesions in toth groups consisied
principally of inflammatory cell infiltrates of various organs and tissues.
They were usually mild in extent and although the etiology was not readily
apparent, the cause was not interpreled as toxic. The analyses of TCDD
from the rodents collected in June and October 1973 indicated. that 1CLD
or a compound chemically similar to TCDD accumulated in the liver and fat
of rodents collected from an area receiving massive quantities of 2,4,5-T.
However, based on the pathological studies there was no evidence thal the
herbicidas and/or contaminants produced any cevelopmental defects or other
specific lesions in the animals sampled or ir the progeny of those that
were pregnant. The lesions found were interpreted to be of a nalurally
occurring type and were not considered relaled to any specific chemical
toxicity. '



In 1970 beach mice were not found on the wore barren sections of the

grid (0-5% vegetative cover). There viere, however, same areas of the

grid which had population densities exceeding those of the species pre-
ferred habitat as reported in the literature. In an attempt to correlate
distribution of the beach mouse with vegetative cover (i.e., habitat pre-
ferance) a trapping-retrapping program of 8 days duration was conducted in
1973. The majority of cnimals (63? were found in arcas with 5% to 60%
vegetative cover: Within this range, the greatest number of animals trapped
(28) was from an area with 40% to 609 cover. A similar habitat preference has
been observed along the beaches of the Guif Coast. In this study, it
appeared that the beach mouse used the seeds of switchgrass (Panicum
virgatum) and wooly panicum (Panicum lanuginosum} as a food source.

Trapping data from 1971 was compared to trapping data collected in
1973 to determine whether an increase in the populat1on of beach mice
had occurred. The statistical evidence devived from that study showed
that the 1.64 beach wice per acre population (based on the Lincoln
Index for 1973} was slightly higher than the 0.8 and 1.4 mice per acre
reported for a similar habitat, The population of beach mice was also
higher in 1973 than in 1971 in the area of the test grid. The apparent
increase in beach mouse population on the grid in 1973 over 1971 was
probably due to the natural recovery phenomenon of a previously disturbed
area {i.e., ecological successfon). Some areas of the test grid have
currently exceeded that preferred percentage of veoetative coverage of
the beach mouse habitat, and other areas were either ideal or fast
developing into an ideal habitat. [f the test grid remains undisturbed
and continues toward the climax species, a reduction in the number of
beach mice will probably occur simply due to decline of preferred habitat.

A 1973 sweep net survey of the ArthrOpods 0~ Test Area C-52A resulted
in the collection of over 1,700 specimens belonging to 66 insect families
and Arachnid orders. These totals represented only one of five paired
sweeps taken over a one-mile section of the test grid. A similar study
performed in 1971 produced 1,803 specimens and 74 families from five
paired swueeps of the same area using the same basic sampling techniques.

A much greater number of small to minute insects were taken in the 1973
survay. Vegetative coverage of the test a-ea had increased since 1971,

The :wo studies showed similarities in pattern o7 distribution of Arthropods
in relation to the vegetation, nuwber of A-thropod species, and Arthropod
diversity Generally, the 1973 study showed a reduction of the extremes
found in tre ahove parameters in the 1971 study. This trend was expected

to continue as the rest area stabilizes and davelops further plant cover,
thus allowing a succession of insect populations to invade the recover-

ing habitat.

There are two classes of anuatic arcas associated with the Test Area;
ponds actually on the square mile area tﬂd streans wnich drain the area.
Hlost of the ponds are primarily of the "w2i woather" type, drying up once
in the 1a t Five years, although one of the ponds is spring fed. Three
major stroams and two minor streaws drain the test area. The combined



annual flow of the five streams exceeds 24 billion gallons of water.
Sevanteen different species of Fishes have been collected from the major
sircams while three species have been collected from the spring-fed pond

on the grid. Statistical comparisons of 1969 and 1973 data of fish popula-
tions in the three major streams confirm a chronglogically higher diversity
in fish populations. However, the two control strecams confirm a similar
trend in diversity. Nevortheless, from examiniag all of the aquatic data,
certain observations support the idea that a "recovery" phenomenon is oc-
cur+ing in the streams draining TA C-52A. Theso observations are difficult
to documant because of insufficient data. For example, in 1969, the
Southern Brook Lamprey (Ichthyomyzon cagei) was never collected in one of
the streams immediately adjacent to the area of the grid receiving the
heaviest applications of herbicides; however, in 1973 it was taken in
relatively large numbers. These observations may or may not reflect

a change in habitat due to recovery from herbicide exposure. Residue
ana"yses (1969 to 1971) of 558 water samples, 68 silt samples and 73
oyster samples from aquatic cormunitites associated with drainage of

water from Test Area C-52A showed negiigible arsenic levels. However,

a maximum concentration of 11 ppb picloyam was detected in one of the
strcams in June 1971 but dropped to less than 1 ppb when sampled in
December 1971. TCDD analysis of biological organisms from strcams

draining Test Arca C-52A or in tha ponds on the test area were free

from contamination at a detection limit of less than 10 pavts per

trillion.

In analyses parformed 3 years after the last application of 2,4-D
and 2,4,5-T herbicide the test grid exhibited pcpulation levels of soil
microorganisms identical to that in adjacent control areas of similar
s0il and veqetative characteristics not exposed to herbicides. There
were increases in Actinomycete and bacterial popuiations in some test
site areos over levels recorded in 1970. This was possibly due to a
general increase in vegatative cover for those sampling sites and for
the entire test grid. Mo significant permanent effects could be at-
tributed to exposure to herbicides.

Data on aquatic algal populations from ponds on the one square mile
grid {previously exposed to repetitive applications of herbicides) in-
dicated that the genera present wore those expected in warm, acid (pil 5.5),

seepage, or standing wa-ers,
)
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FIELD STUDIES ON THE SOIL PERSISTENCE AND MOVEMENT OF 2,4-D, 2,4;5—T, and TCDD*

A.L. Young, E.L. Arnold and A.M. Wachinski
Department of Life and Behavioral Sciences
USAF ACADEMY, COLCRADO 80840

INTRODUCTION

Concern over the level of contamination of 2,4,5-trichlorophenoxy-
acetic acid (2,4,5-T) herbicide by the teratogen 2,3,7,8-tetrachlorodi-
benzo~-p-dioxin (TCDD} may result in the disposal of selected inventories
of this herbicide. A potential disposal method is that of soil incorpora-
tion. The soil incorporation method is based on the premise that high con-
centrations of phenoxy herbicide and TCDD will be degraded to innocuous
products by the combined action of soil microorganisms and soit chemical
hydrolysis.

It has been known for several years that the rate at which herbicides
disappear from the s¢il is largely dependent vpon their susceptibility
to metabolism by soil microorganisms. Much of the information available
on the biological breakdown of the phenoxy herbicides comes from lab-
oratory studies and is very useful for predicting what might happen
when relatively high concentrations of phenoxy herbicides are applied
to a soit incorporation site. Conversely, a certain amount of caution
mist always be used when extrapolating laboratory data to a field
situation. Data on the field persistence of TCDD is extremely limited
primarily due to the Tow Tevels of cortamination in commercial formulations,
the rate of application of such formulation, and the lack of a sensitive
analytical method for the detection of TCDD. This report documents current
field research on the s0il degradation of a TCDD-contaminated phenoxy for-
mulation when incorporated in the soil at massive rates of application.

METHODS- AND MATERIALS

In August 1972, a site for the soil incorporation of phenoxy herbicides
was selected on the Air Force Logistics Command Test Range Complex,
Hi1l Air Force Base, Utah. The potential site was characterized as being
relatively flat and having a uniform surface without rock outcrops
or areas of marked deflation or dunes. Sediments in this area are
lacustrine in origin and were deposited when ancient Lake Bonneville
covered this region of the Great Basin. Sediments consist of clays
interlaced irregularly with sand lenses and remnant stream ‘'sands; the
clays predominanting. The undifferentiated clays contain various
amounts of dissolved salts. Table 1 shows an analysis of the top two

4
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TABLE 1. Soil analysis of the top two six-in¢h soil imcrements from the soil incorporated plots,
Air Force Loaistics Command Test Range Complex, Hill Air Force Base, Utahd

Inches pH Organic ETectrical Ca/¥Ma K Ha Sand Silt Clay Moisture
Carbon Conductiyity meq/100g soil} (%) (%) (%) at
%) (EC x 103)b Saturation
(%)
0-6 7.8 0.82 28.0 23.7 3.9 13.4 27 53 20 31.1
6-12 7.9 0.95 31.0 23.8 3.9 13.2 26 52

3

22 34.2

3 petermined by Soils Laboratory, Utah State University, Logan, Utah, and the Soils Laboratory,

Kansas Agricuitural Experiment Station, Garden City, Kansas.

b Electrical conductivity in millimhos per cm at 25 C.




six-inch increments (0-6, 6-12 inches) of the soil profile. The annual rain-
fall of the area is less than ten inches taking into consideration the water
equivalent of snowfall., Ground vater of the area varies from 16 to 20 fee:
below the surface. It is supplied primarily by the precipitation falling
on-the nearby mountains.. The small amount of watzr which percolates through
the existing clays moves Taterally wesiward towards the salt flats, pickina
up chemical matter from these clays. As a result, the around water contains
up to 1,000 parts per million {ppm) scdium chloride. The annval mean daily
minimum temperature is 33.5 F and the annual mean daily maximum temperature
is 64.7 F. The experimental area has a vegetative cover of 15 percent and is
dominated by fourwing saltbush, Atriplex canescens (Pursh) butt,; halogeton,
Halogeton alomeratus (M. Bieb. ) C.A. Mey; and araymolly, Kochia vestita.

Six field plots, each 10 x 15 feet, were established cn the Air Force
Logistics Command Test Range Complex on & October 1972. To simulate
subsurface injection {incorporation), three equally-spaced trenches,

6 inches wide and 10 feet in length were dug to a depth of 4-6 inches in
each plot. The rates of herbicide selected for incorporaticn were 1,000,
2,000, and 4,000 pounds active inaredient per acre (1b ai/A) 2,4-D plus 2,4,5-T.
Two replications {plots) per rate were included in the experiment. The
quantitly of herbicide required for each rate was divided into threc equal
parts and sprayed, as the concentrate, into each of the three trenches

per plot, respectively. A hand sprayer with the nozzle remcved was used
to spray as uniformly as possible an approximate two-to-three-inch band of
herbicide in the center of the 6-inch by 10-foot trench. The trenches in
each plot were then covered by use of a handshovel, tamped, and levelled
using a handrake.

The herbicide fornwlation used for these simulated incorporation expzri-
ments was an approximate 50:50 mixture of the n-butyl esters of 2,4-D and
2,4,5-T. One gallon of this formulation contains 4.21 pounds of the active
ingredient of 2,4-D and 4.41 pounds of the active ingredient of 2,4,5-T.

The formulation was originally specified to contain:

n-butyl cster of 2,4-D 49 .,40%
free acid of 2,4-D 0.13%
n-butyl =ster of 2,4,5-F 48.75%
free acid of 2,4,5-T 1.00%
inert ingredients {e.g., 0.62%
butyl alcohol and ester
moietias)

Some of the physical, chemical, and toxicological properties of the herbicide
formulation are:

Specific Nensity (25 C) 1.282
Viscosity, centipoise (23 C) 43
Molecula» mass 618
Weioht of Formulation (1bs/oal) 8.83
Soluble in water no
Specific toxicity for female 566

white «ats {mg formulation/
kg body weight)
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A 200 ml sample of the formulation was removed from the container of .
herbicide used on these plots, placed in a hexanc-acetone-rinsed alass
Jjar and shipped to the Interpretive Analytical Services Laboratory,
Dow Chemical U.S.A., Midland, Michigan, for analysis of 2,3,7.8-tetra-
chlorodibenzo-p-dioxin (TCDD). The results of the analysis indicated
a concentration of 3.7 parts per million (ppm) TCDD.

The first initial soil samples were to be taken the following day
after incorporation of the herbicide. Howaver, because of adverse weather
initial samples were not obtained. Beginning in January 1973 soil samples
were collected routinely every 2-3 months. Sampling was done by using
a 3-inch by 6-inch hand auger. Each row (trench) in each plot was sampled
once by removing 6-inch increments to a depth of 36 inches. Each depth was
uniformly mixed per plot (i.e., the three rows per plot were mixed for each
depth}, placed in sample containers, and shipped under dry ice to the Tab-
oratory for herbicide analysis. In all cases, the soil cores were obtained
as accurately as possible from the center of the 6-inch wide row (trench).
In the laboratory, each sample was analyzed for 2,4-D acid, 2,4,5-T acid,
2,4-D n-butyl ester, and 2,4,5-T n-butyl ester by the gas chromatographic
procedure of Arnold and Young (in press, Analytical Chemistry, 1974).

RESULTS AND DISCUSSION

The results of the analysis of soil samples taken from the test plots
are displayed in Tables 2-4. Table 2 illustrates the loss of total active
herbicide from the upper 12 inches of soil increment over a périod of 440
days (6 Oct 1972 - 14 Dec 1973). Assuming rormal climatological conditions
this period represents 7 months of relatively cold temperatures and 7 months
of relative warmth. The percent loss of herbicide over just the 330 day
sampling period (from 110 to 440 days) was 78.2%, 75.2% and 60.8%
for the 1,000, 2,000, and 4,000 1b ai/A plots, respectively. If the theore-
tical velues for herbicide concentration at day 0 are used, percent loss of
herbicide during the entire experiment was 87.8%, 85.3% and 82.6%, respectively.
These dezta tend to indicate a decreased degradation of herbicide with in-
creased application rate. However, the unusually low rate caiculated for
4,000 1b ai/A application over the 330-day period is Tikely a result of
low value of herbicide measured in the first sample (110 days) rather
than a difference in degradation rate, If a strict expopential decay
curve s assumed, the half life for the total herbicide ranaes from 146
to 155 days depending on application rate.

Tables 3 and 4 illustrate the individual loss of each of the herbicides
(2,4-D and 2,4,5-T) contained in the oricinal formulation. Except at the
lowest rate of applicaton, no significant difference was seen in the rate
of degradation of the individual components in this formulation,

At the anplication rate of “000 1hs/A, there was a 7.5% difference

- (rate, 2,4-D = 81.2%; 2,4,5-T = 73.7%) in deorzdation rates. It was
originally thought that this was due to laboratory error, however, further
sampling has tended to confirm this difference. It should be noted at this
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TABLE 2. Soil concentrazion, part per million, of 2,4-D and 2,4,5-T herbicide
at selected sampling periods, days, following soil incorporation,

— [ — e

Application Rate Sampling Time After Incorporation (Days)a
of Formulation c
(1b ai/A)b 0 110 220 282 440
1,000 10,000 5,580 1,876 ——-- 1,216
2,000 20,000 11,877 ———— 4,670 2,944
4,000 40,000 17,728 ———- 8,489 6,944

—— —

2 pata represent an average of two replications with the duplicate samples of
each replication: the total value for depths 0-6 and 6-1Z2 inches of soil
increment.

Pounds active ingredient per acre.

© Theoretical concentration at time of application based on a two~inch spray
swath at a depth of 4-6 inches within the soil profile.
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TABLE 3. Soil concentration, parts per million, of 2,4-D herbicide at
selected sampl®ng periods, days, following soil incorporation.

Approximate? Sampling Time After Incorporation (Days)b
rate of 2,4-D
(1b ai/A) o 10 220 232 440
500 5,000 3,280 976 m———— 616
1,000 10,000 7,261 _— 2,370 1,844
2,000 20,000 10,545 4,829 _— 4,112

e A a b kel r e p—————

? Rata of herbicide per acre was based on the oriainal specification of the
formulation (i.e., a 50:50 n-butyl formulation containina 8.63 pounds
active ingredient per gallon).

Data represent an average of two repiications with two duplicate samples
of each replication: the total for depths 0-6 and 6-12 inches of soil
increment.

C Theoretical concentration at time of application based on two-inch spray -
swath at a depth of 4-6 inches within the soil profile.
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TABLE 4. Soil concentration, parts per million, of 2,4,5-T herbicide at
selected sampling periods, days, following soil incorporation.

i s et . MR B i P W = f e g e £ P P ke e = = R . W = R mmm e = R = mbeeie e A s m N o —— b ——

Approximate? Sampling Time After Incorporation (Days)b
Rate of 2,4,5-T
(16 ai/A) 0° 1o 220 282 240
o 2
500 5,000 2,300 900 e 604
1,000 10,000 4,616 ——-- 2,300 1,100
2,000 20,000 7,184 - 3,734 2,832

3 Rate of herbicide per acre was based on the original specification of the
formulation (i.e., a 50:50 n-butyl formulation containing 8.63 pounds

active ingredient per gallon).

b Data represent an average of two replications with two duplicate samples of
each replication: the total for depths 0-6 and 6-12 inches of soil
increment.

 Theoretical concentration at time of application based on two-inch spray
swath at a depth of 4-6 inches within the soil profile.
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point that while it was originally assumed that the formulation which was
applied contained equal awounts of each herhicide, data obtained from soil
analysis tended to contradict this assumption. On the first sampling date
the soils contained an average of 66.9% 2,4-D and only 33.1% 2,4,5-T. This
ratio was approximatedy maintained throughout the study. A sample of the
herbicide formulation was analyzed by cas chromatographic-mass spectrometry
techniques and found to contain approximately 60% 2,4-0 and 40% 2,4,5-T

In addition to the butyl esters, the fernulation also contained relatively
large amounts of octyl and iso-octyl esters of both components.

A great deal of difficulty was encountared in our attempt to accurately
measure the rate of herbicide loss in these field samples. Without averaging,
Toss rates calculated varied over a rather large range from sample to sampic.
Even with averaging a few samples which were analyzed were not included in
the daza due to extreme veriations in herhicide concentration, i.e. much
higher or Tower than previous samples. Me attribute these variations to a
number of uncontrollable variables, the mest sionificant of which was a
variation in application rates within the test rows. When the test plots
were established, the herbicide was sprayed into the rows with a hand
sprayer and it appears likely that there were originally concentration
differences at various points due to this method of application. A second
source of error is attributable to the moistura content of the soil samples.
On some of the sampling dates, the samples received were extremely wet due to
snow drifts over the plots while others were relatively dry. This variation
in moisture tended to change the consistency of the soil and “n many cases
made the obtaining of a uniform sample impossible. A third source of varia-
tion occurred due to the composition of the herbicide sample which was origia-
ally applied. As was previously mentioned in addition to the expected n-butyl
esters of 2,4-0 and 2,4,5-T, a portion of the formulation of the sample was
made up of n-octyl and iso-octyl esters of the two herbicides. No attempt
was made to analyze for these esters in the soil samples; conseguently, the
effect of thesc compounds on the overall deqradation pattern would only be
noted after they had been hydrolyzed to the free acid. Since the rates of
hydrolysis of these compounds may be different than that of n-butyl esters,
this is another possible source of variatior in the data obtained on early
samplingy dates.

In order to minimize variations in the data, on February 1, 1973,
small amounts of soil (200 g) from the field plots were analyzad and placed
in glass stoppered bottles. These bottles were then placed in a constant
temperature incubator at 83 F to be analyzed periodically at later dates.
The ana'ytical data from these samples are presentec in Table 5. Average
percent Toss/day values calculated from these samples were 0.42%/day for
2,4-D and 0.48%/day for 2,4,5-T. Half lives for 2,4-D and 2,4,5-T
calculated from these data are 119 days and 104 days, respectively. 1In
these semnles it appears that the rate of degradation decreases with {ime
since, in most samples, the Toss of herbicide was greater from day 0 to 82
than between days 82-156. Apparently iniiial concentration had little effect
on the degradation rate. The average vales of loss for the 6 samples with
the highest initial concentrations were .43 and .48 «hile those for the 6
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vom ficld samples incubated in the Taboratory

TABLE 5. Loss of herbicide (ppm} f
at 831 F,
e e e _
Sarple %0ta1-1ues!
Numbsr, 0 Days, 82 Days. 156 Days ~ day (percent) -
2,407 2,4,5-T° 2,4-D 2,4,5-T 2,00 2,4,5-T 2,4-D 2,4,5-T

1 2740 1980 2300 1178 868 480 AL 48

2 2440 1500 1412 695 680 320 A6 .50

3 3220 2380 1340 820 840 488 A7 51

4 2360 1500 1260 750 784 240 43 a5

5 5704 4220 3148 1640 2000 1124 A2 .47

6 5484 3388 2408 1350 1852 920 43 47

7 3260 2100 1540 760 1164 632 I I

8 2980 2200 1162 547 1300 720 36 .43

9 9680 7080 4584 2408 3552 1740 41 a8

10 1000 7720 ‘4644 2388 3500 1802 .43 .48

1 2820 1820 1500 700 1032 608 41 .43

12 3320 2440 1448 895 1028 500 44 .5
AVG. 4584 N9 2229 178 1558 823 ‘a2 43
TOTAL 55,008 38,328 26,746 14,131 18,690 . 9,879

Fid

4 Total value for esters ard acids of 2,4-D.

b

Total value for esters and acids of 2,4,5-T.




samples of lowest concentration were .42 and .46, rospectively, and are
therefore not significantly different.

One observation that was apparent in all degradation studies which
have been performed is the relatively rapid hydrolysis of the n-butyl esters
of the herbicide due to coatact with the alkaline Utah soils. Table 6 gives
the percentage saponification of the n-butyl esters of 2,4-D and 2,4,5-T
to the acids over a period of 282 days for two differcnt application rates.
It was found that in all samples, the rate of hydrolysis of n-butyl 2,4-D
was greater than that of n-butyl 2,4,5-T. Moreover, it is likely that at
the higher concentrations (e.g., 4,000 1b ai/A}, the acid salts formed
could not be removed at a sufficiently rapid rate (via degradation and/or
penetration), causing the chemical equilibrium to shift to the left,

Data concerning herbizide penetration in Utah soils are shown in Table 7.
Samples from lower soil increments were taken from those plots where it was
expected that herbicide concentrations would be most 1ikely to penetrate
into the soils. With one axception, both 2,4-D and 2,4,5-T residues were
found at all levels sampled. In all cases the total herbicide concentration
in levels greater than 18 inches was made up entirely of the free acids.
Butyl esters were not detected at depths greater than 12 inches for 2,4-D or
18 inches for 2,4,5-T. It is also interestino to note that tke penetration
of 2,4-D is greater than that of 2,4,5-T. Apparently this is due to the
greater water solubility of the free acid of 2,4-D. This may also explain
why 2,4-D appeared to degrade more slowly in laboratory samples where there
was no loss from the sampla due to penetration.

In June 1973, a composite soil core frar one of the 4,000 1b ai/A
plots was selected for TCDD analysis. The Interpretive Analytical Services
Laboratory, Cow Chemical U.S.A. performed the analysis using & modification
of the method developed by Baughman and Meselson {published in Environmental
Health Perspectives, Experimental Issue No. 5, September 1973). The following
data were obtained:

 2,3,7.8-tetrachlorodibenzo-p-dioxin

Sample parts per tritllion parts per billion
Control {0-6 incnes) <10 <19
Plot 5 (0-6 incaes) 15,000 15.00
Plot 5 (6-12 inches) 3,200 3.00
Plot 5 (12-18 iaches) 20 _ 0.09
Plot 5 (18-24 iaches) 120 0.12

Thus, within the four samples from the plot 5 core (4,000 1b ai/A) a
total concentration of 18,210 ppt (18.21 parts per billion - ppb) was found.
Undcubtedly the lower two depths (12-18 and 18-24 inches) represent contamin-
ation from the upper two increments, via the use of the hand auger.
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TABLE 6. Percentage saponification of the n-butyl esters of 2,4-D and
2,4,5-T at selected time periosds, days, following soil incor-

poration in alkaline soils.

Application Days Af-er Incorporationa
Rate of
Formuilation 0 110 220 282
1,000 1b ai/Ab
Esters 100 24 13 3
Acids 0 76 87 97
4,000 1b ai/A d
Esters 100 77 40 32
Acid 0 23 60 68

= — iy —— ——

——— e r— A A——

2 pata are the percent acid and esters of herbicides found in top 0-6 of

soil profile.

b 1b di/A = pounds active ingredient per acre.
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TABLE 7. Herbicide (2,4-D and 2,4,5-T) penetration {ppm) in the 4,000 1b ai/A
plots 282 days after soil incorporation.

Desth 2,608 2,4,5-12 ggrig%
{inches) (ppm) (ppm) Herbicide
0-5 4262 2982 72.4
6-12 1093 752 18.4
12-18 126 | 101" 2.3
18-24 _ 158 7 2.7
25-30 | 230 50 2.9
30-36 161 21 - 1.8

? Data are an average of two analyses and represents the total of both the
es*er and acid components.
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Since the TCND concentration of the formulation was known (sce Methods),
and since its determination in the soil core was performed by the same lab-
cratory and instrumentation, an estimation of the deoradation of TCDD can be
obtained by comparison to the expected value based on the known concentration
of herbicide at time of sampling. Subsamples of the soil core analyzed for
TCOD were also analyzed for 2,4-D and 2,4,5-T. The total concentration of
herbicide in the 0-6 and 6-12 inch increments was approximately 14,000 ppm.
Therefore, the actual ccncentration should have been approximately 51.8 ppb TCDD
(14,000 x 3.7 x 10-3 = £1.8)} if degradation of the TCDD was at the same rate
as 2,4-D and 2,4,5-T. If the theoretical values for herbicide concentration
at day 0 (time of incorporation) are used, then the initial concentration of
TCDD would have been 14& ppb (40,000 x 3.7 x 10-3 = 148 ppb). The percent
loss of TCDD over a period of 265 days was 87.7% (18.21/148 = 12.37; 100% -
12.3% = 87.7%). The value 87.7% would represent 3 half-lives for TCDD
persistence. Therefore a rough estimate for the half-life of TCOD would be 83
days in these alkaline soils, under desert conditions, and in the presence

of maSsive quantities of 2,4-D and 2,4,5-1.

These preliminary data suggest that TCDD degrades at a more rapid rate
than 2,4-D or 2,4,5-T. Moreover, the movement of the TCDD to the 6-12 inch
depth probably represents co-movement with the messive amounts of esterified
herbicide, rather than independent penetration into the soil preofile.

a4
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1. BACKGRGUAD INFORMATION

a. History of thnston Island

(1} Johnston Atoll has had a varied history. " It is one of the
most isolated atolls in the entire Pacific Ocean. Originally it consisted of
two small, insignificant islands, a partial coral reef to tre west and north-
west and a rather large, shallow lagoon to the east and south. This lagoon
is dotted by numerous patch reefs and coral heads. It is now a Targe Depart-
ment of Defense (DoD) ccmplex. Johnston Atoll was originally discovered by the
American brig "Sally" out of Boston on September 2, 1796 {Bryan, 1942)(Wetmore,
1963). However, no landing was made. On December 1, 1807 the HMS “Cornwallis"
under the command of Captain Charles James Johnston visited the atoll (Marshall,
1825). Today the atoll bears this discoverer's name. Since 1858, Johnstor Atoll
has been the undisputed possession of the United States. Prior to that date it
was claimed for short periods of time by the Kingdom of Hawaii (Bryan, 1942). In
1892, Great Britain filed a claim that Johnston Atol1 was being considered as
a possible relay station for a transoceanic communications cable (Bauer, 1973).
Johnston Atoll is not now and never has been a part of the State of Hawaii.

It is presently an unincorporated territory which is distinguished from an
incorporated territory, i.e., it is a territory to which the constitution of
the United States has not been fully and expressly extended (U.S. Department of
State, 1965). Birds have in the past and continue at present to play an im-
portant part in the history of the atoll. Following passage of the Guano Act of
1856 by the United States Congress there were transient guano mining efforts in
1858-1860. The first scienfific visit in July 1923 resulted largely from
interest in the bird population (Wetmore, 1963). As a result of this visit,

the atoll was made a Federal bird refuge on July 29, 1926 by Executive Order No.
4467 signed by President Calvin Coolidge. Initially the atoll was under the
Jurisdiction of the Department of Agriculture but in 1940 this responsibility
was transferred to the Department of the Interior. This executive order remains
in force although subsequent executive orders have given jurisdiction over the
atoll to the Department of Defense, see Appendix B.

. (2) Because of its strategic military location, President Franklin
D. Roosevelt, on December 29, 1934, by Executive Order No. 6935, placed the
atoll under the Department of the Navy. From 193Z to 1939 infrequent visits
were made to Johnston Atoll by Pacific Fleer units. In the fall of 1939 the
Navy awarded a contract ror construction of a small naval base. A lagoon sea-
plane landing area with headquarters on Sand Islard was initially constructed
(Bauer, 1973). In February 1941, by Executive Order No. 8682, the airspace
above and the water with’n the 3-mile marine bouncary were designated as the
Johnston Island Naval Airspace Reservation and the Johnston Island Naval Defense
Sea Area, respectively, see Appendix B. On August 15, 1941, the Naval Air
Station was commissioned. On December 15, 1941, eight days after the attack on
Pearl Harbor, Johnston Island was shelled for a short time by Japanese surface
vessels, Again on December 21, 22, and 29, 1941 both Johnston and Sand Islands
were shelled; one Japanese submarine was reported sunk by American gunfire.
There were no injuries to personnel but the shelling caused considerable damage
to various facilities. Construction continued until April 1942. Channel ap-
proaches and a seaplane landing area were dredged. Other construction included
bomb shelters, 1iving quarters, runways, parking aprons, storage sheds and cun
emplacements (Bauer, 1973).
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(3) During early World War II, patrol submarines used the atoll
as a refueling station. By 1944, and throughout the rest of the war, it became
a major transport terminal for the Pacific area, servicing aircraft going to
and from the Pacific battle fronts (Abend, 1942). After World War II, the Navy
continued to operate the Naval Air Station at reduced strength. The status
was later reduced to that of a Naval Air Facility. Sand Island was abandoned
in 1946, By order of the Secretary of the Navy, operational cortrol of Johnston
Atoll was transferred to the U.S, Air Force on July 1, 1948, The Navy retained
technical jurisdiction. During the Korean airlift in 1951 and 1952, Johnston
Island ggain assumed major military importance. The airstrip was enlarged by
dredging and new buildings and improved utilit’es were added (Bauer, 1973},

" (4) On January 25, 1957, the Treasury Department was granted a
permit for the U.S. Coast Guard to operate a LORAN (Long Range Air to Navigation)
transmitter on Johnston Island. On September 13, 1957, the Department of Commerce
began operation of a Weather Bureau facility on the island. On April 22, 1958
operational control of Johnston Atoll was assumed by the commander of Joint
Task Force Seven, As part of Operation Hardtack, two missiles carrying thermo-
nuclear deviges were fired from Johnston Island into the stratosphere to obtain
information on the effects of nuclear detonations at high altitudes. These
were the first megaton devices detonated in the stratosphere by the United
States. The Pacific phase of Operation Hardtack lasted until August 19, 1958,
Operational control of Johnston was assumed by Joint Task Force Eight and the
Atomic Energy Commission on January 17, 1962 for the purpose of conducting addi-
tional high-altitude nuclear tests. The Secretary of Defense granted permission
on Uecenber 10, 1959 to relocate the U.S. Coast Guard LORAN-A and -C Station to
Sand Is and. Completed in 1961, the U.S. Coast Guard facility presently main-
tains a staff of approximat2ly 25 men. Sand Island is still a bird sanctuary
under the jurisdicition of the Department of Interior (Bauer, 1973).

(5) By August 1960, Air Force retention of Johnston Island seemed
assured, and a survey was made to ascertain the scope of work required to
restore base facilities to minimum operational condizion. Extensive engineering
activity continued throughout 1961. Also, during this period the LORAN station
on Sand Island and the U.S. Weather Station authorized by JCS Document 1910/10
were finished, Important contracts were let for modification and alteration,
airfield pavement repair and emergency runway lighting. Repair of the old
distillation system and installation of new equipment was accomplished, Several
construction projects continued with a deadline of 15 March 1962, necessitated
by 1962 Pacific Atomic Tests (USAF Hist, 1959-1963}. Joint Tas< Force Eight
and the Atomic Energy Commission entered into an operational agreement with the
Department of the Air Force on 17 January 1962 to take control of Johnston Island.
Additionally a memorandum of understanding was executed between Commander,
Joint Task Force Eight and Commander in Chief, Pacific Air Forcas on 18 January
1962, A4s part of this agreement, support of both the Coast Guard LORAN Station
and the Weather Bureau Station, previously a commitment of Pacific Air Force
Base Conmand, was undertaken by Commander, Joint Tas< Force Eight. Major con-
struction projects in support of the test series were completed in May 1962;
however, numerous minor projects continued throughout the test period. All
existing facilities were augmented to the fullest extent possible, but were
subject to the limitations imposed by useable estate and available time
(Bauer, 1973).



{6) Commander, Joint Task Force Eight proposed in his message
260392 of October 1962 to the Chairman, JCS, that steps be taken for pre-
servation on the island of certain test assets there and to return operational
control of the island to Commander in Chief, Pacific Air Forces providing there
were no plans for additional nuclear tests prior to mid-1964. The JCS generally
concurred; however, because of plans for possible use of Johnston Island during
calendar year 1963, by their message 0718377 of November 1962, requested that the
plan be reviewed in light of this development. While this review was being con-
ducted, further direction by JCS message JCS 7654 0116487 of December 1962 was
received. It directed Commander, Joint Task Force Eight to retain control of
Johnston Island pending further guidance. On 16 January 1963, Commander, Joint
Task Force Eight, proposed that the control and support arrangements for Johns-
ton Island be maintained until at least 1 April 1963. Additional plans and
guidance for the Task Force were received from thz JCS through their Paper SM-
373-53 of 19 March 1963. It was clear at this time that the most efficient pro-
cedure would be for Comrander, Joint Task Force Efght to retain operational con-
trol of Johnston Island at Teast through the completion of the 1964 test plans.
The proposal was affirmed by JCS Paper SM-758-63 of 11 June 1963. Later in 1963
the mission and the future of Johnston Atoll were to be guided by the national re-
quirements for possible continuation of nuclear tasting in the atmosphere. The
significant influence for ratification of the Limited Test Ban Treaty of 1963
was President Kennedy's assurance to Congress that four safeguards would be
estaslished and maintained to keep the U.5. from falling behind in nuc¢lear tech-
holody. One of the safeguards, Safeguard I1I, was the development of the ability
to resume testing promptly in those environments prohibited by the treaty in the
event of Russia's abrogating the treaty or if such test should be deemed essential
to national security. Thus, by Safeguard III, the future of Johnston Atoll was
estaslished as an overseas nuclear test base. Plans for the 1964 tests were
later cancelled; however, CJTF-8 continued to maintain Operations control of
Johnston Atoll {until 1970) under the direction of the Director, Defense Atomic
Support Agency (DASA), now the Defense Nuzlear Agency (DNA) (Bauer, 1973).

(7) During the latter part of 1964 and early 1965, an advanced
stata of readiness was developed at Johnston Atol1l in support of the National
Nuclsar Test Readiness Program (NNTRP), a prompt response testing program, pre-
pared by both the Atomic Energy Commission (AEC) and DoD (DoD-AEC a., 1965)
(DoD-AEC b., 1965) to satisfy the Safeguard III requirement. This readiness
posture, which included an extensive building program on Johnston Atoll, was main-
tainad until 1970. Annual exercises conducted by JTF-8, commencing in 1964,
evaluated the capability of the AEC and DOD agencies to initiate nuclear testing
within specified reaction times. These full scale exercises at Johnston Atoll
commenced with Operation Crosscheck in 1964 and continued with Operation Rcund-
up in 1965. Operation Windlass in 1966 and Operation Paddlewheel in 1967 (the
last JTF-8 readiness-to-test exercise) included in addition to the previous
years activities, a series of coordinated rocket firings from Johnston Atoll.
The Department of the Interior approved the title "Johnston Atoll1" to be used
henceforth and forevermcre as a fitting recognition of the importance of the
Johnston Island complex and its environs. Further, it was proposed that tke two
man-made island, created within the surrounding barrier reef, be named Akau and
Hikina, Hawaiian words meaning north and east. On 20 May 1965, these names were
officially assigned to the two islands. Extensive building of testing and sup-
port facilities, including airfield improvements and the installation of the
Pacific Missile Range tracking complex, continued during 1965 to 1967. An Air
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Force Ba<er-Nunn space camera station was constructed on Sand Island and was
functioning in 1965. It has continued to remain in full operational status.

An agreement between AEC and DoD (AEC-DoD, 1971) in 1965 provided the basis

for the necessary contractual arrangements for engineering, construction,
maintenaace, and operations services. The build-up program consisted of lab-
oratories, shops, rocket launch pads, rocket assembly buildings, storage bunkers,
control and monitoring facilities, sampling and tracking facilities, photo and
optical stations, and weather facilities (AEC-CoD, n.d). A significant portior
of the re2adiness-to-test capability is the THOR launch complex developed by the
USAF which was used for launching nuclear paylcads during the test series
(Dominic/Fishbowl) of 1962. Since then this complex operated by Program 437,

a USAF R&D space pregram, made 15 scheduled THCR launches from 1965 to 1970.
Since that time only crew training (operations terminated short of actual launch)
continues. Launch crews are provided by the 10th Aerospace Defense Squadron
under the control of Aerospace Defense Command. Improvements tc the communi-
cations system in 1965 inclvded the installation of a submarine telephone cable
from Jobhnston Atoll to Qahu with additional cables connecting Jchnston Island to
Sand, Akau and Hikina Islands (Bauer, 1973).

“(8) During the years of the Vietnam conflict, Johnston Atoll
continued to support the flow of air traffic enroute to and retvrning from South-
east Asia. Formations of tactical aircraft made use of Johnstor Atoll's re-
fueling facilities since they were dependent upon enroute stops and/or the use
of inflight refueling tankers. Due to increasing derands for additional jet
commercial routes to the various Pacific Islands, particularly to the Trust
Territories, the Defense Department allowed the Civil Aeronautics Board to au-
thorize commercial aircraft to make refueling stops at Johnston Atoll. This
resulted in Air Micronesia service to Johnston Atoll on 17 May 1968 (Bauer, 1973).

(9) In late 1969, national decisions were made to reduce the leve:
of support to the readiness program and to revise the NNTRP. These decisions
included the inactivation of JTF-8 and the transfer of operational and funding
responsibility for Johnston Atol1 to the USAF (AEC-DcD, n.d). Effective 1 July
1970, operational control of Johnston Atoll was transferred to USAF, with con-
tinuing readiness planning responsibilities assumed by Director, DNA (Sec Def,
1969). The JTF-8 designator and records were retained by Director, DNA for
utilizations as required. Operations and maintenance of Johnston Atoll was
assumed by the 6486th Air Base Wing (PACAF), which was renamed the 15th Air Base
Wing on 1 November 1971 with no change in mission. The population of Johnston
Atol1l, which had been approximately 1200, was reduced to approximately 600 by
the end of 1970, with about one-half military and one-half civilian contract
personnel. The responsibilities of Director, DNA concerning readiness facili=
ties and the siting thereof at Johnston Atoll are defined in Dep Sec Def Memo-
randum for Director, DNA (Program/Budget, 1969). The relationships and respon-
sibilities for the 15th Air Base Wing (PACAF) and the DNA (JTF-8) at Johnston
Atoll concerning readiness matters were delireated. in a support agreement (Sec
Def b, 1970). Concurrently, the emphasis within the technical and experimental
readiness related programs of the AEC and DoD laboratories was shifted to address
high altitude phenomenology and effects. A high altitude development test,
planned and funded prior to the decision to phase down, was carried forward to
executicn. In September 1970, the AEC/DNA development test was conducted at
Johnstor Atoll utilizing a THOR booster mated with an AEC developed non-nuclear
high altitude test vehicle [HATV). The successful THOR/HATV launch was conducted
by a JTF-8 organization developed for this particular test.
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(10) The decision was made during 1670 to remove U,S. chemical
munitions from Qkinawa; however, thetr retention as part of the national
stockpile was necessary. Political pressure which ultimately resulted in
fortidding relocation of these munitions, designated RED HAT, to any peint on
CONLS or Alaska caused the selection of Johnston Atoll as the storage site.
Movement of the RED HAT toxic chemicals (MUSTARD, GB and VX} by ships, from
Okinawa to Johnston Atoll, started in early 1971 and was completed in mid-May
1971. On Johnston Atoll they were placed under the custody and control of
the U.S. Army 267th Chenical Company. The construction of storage facilit'es
for RED HAT in the southwest quadrant of Johnston Island. occupies a 41-acre
area. Just prior to movement of the chemical munitions to Johnston Atoll, the
Surgeon General, Public Health Service, reviewed the shipment and the Johnston
Atoll Storage plans and caused the Secretary of Cefense in December 1970 (DNA-
PACAF, 1971? to issue instructions restricting missile firirgs and all air-
.craft flights to the island except essential military flights to support the
island's mission. As a result, Air Micronesia service was immediately discon-
tinued and rocket missile firings suspended {Bauer, 1973). Again, early in
1972, another potitically unpopular problem arose with the phasing down of the
Vietnam conflict which necessitated the movement of herbicice Orange (a USAF
defoiiant spraying mixture)from Vietnam. As a result of Congressional and
citizen interest in disposal problems, the Department of Defense (DoD) decided
to move one and one-half million gallons (26,300 55-gallon drums) to Johnston
Atoll for storage to await a means of future disposal. By April 1972, herbi-
cide Orange was in storzge at Johnston Atoll (Sec Def a, 1970) on the southwest
peninsula. As a result of a DNA Joint Hazards Evaluation Group study {DNA,
1972} conducted in July 1972, concerning the hazards to both transient and
island personnel from commercial aircraft use imposed by the storage of RED
HAT, the commercial flight restrictions to Johnston Atoll were conditionally
lifted. Air Micronesia was allowed to resume air service to Johnston Atoll
on 29 April 1973.

(11) During mid-August 1972, a tropical storm,'CeTeste, located
southeast of the Hawaiian Island, had blossomed into a full scale hurricane.
Observation of Celeste's track for several days, it became apparent that
Johnston ATol1 woul be in the path of the hurricane. The decision was made
to evacuate the island and by 18 August all personnel had been fiown to
Hickam AFB, HI. This was the first known time the {sland had been completely
evacuated of personnel since the Navy commenced jts construction program in
1939, On 13§ August, Celeste struck Johnston Atol) at approximately 1400 hours
Tocal time, The atoll was subjected to sustained winds of 100 knots with
gusts up to 130 knots. The heavy surf primarily affected the north, northeast,
and south sides of the island. On 22 August a seaborne cadre, consisting of
an Army RED HAT checkout team and an Air Force/H8N team, weres put ashore at
Johnston Atoll from the Navy destroyer USS Lloyd Thomas to initiate restoration
of 1ife support activities (Bauer, 1973).

(12) In June 1973, the Deputy Secretary of Defense approved a
USAF plan for the transfer of host manager responsibility of Johnston Atoll
to DWA which was formulated into a joint USAF/DNA agreement (Joint Hazards,
1972) with an effective date of transfer of 1 July 1973 (DAF-DNA, 1973).
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(13) Remaining still in effect, down through the years, is the
executive order which origianlly designated Johnston Atoll a bird sanctuary.
The bird scene today, principally at Sand Island, shows 1ittle if any effect
by the numerous activities which the atoll has been committed to during its
years of development.

(14) A summary of ownership and control of Johnston Atoll is shown
in Table H-T.

(1) Through the past decade Johnston Atsll (environment, flora,
fauna) has been the subject of numerous studia=s and surveys. Periodically,
the Smithsonian Institution has investigated the bird life of Sand Island
(bird sanctuary), its most recent effort being in 1969 when a research biolo-
gist spent several months there. Earlier studies comuenced in 1963 (Bauer,
1973} by the Hawaii Marine Laboratory of the University of Hawaii, to investi-
gate the effects on marine g¢rowth from the extensive dredging and buildup of
the atoll, have continued tc this day. A land management plan (Support
Agreement, 1973}, prepared at the request of CJITF-8 in 1964, was used as a
guide for developing plant life on the atoll and for contrel of erosion from
wind and water, Surveys corducted in 1965 for the Naval Oceanographic Office
(DNA-AEC, 1973) obtained detailed information about the water flow regime around
the island. Another envirormental program, cortinuous since 1966 by the
Laboratory of Radiation Ecology, College of Fisheries, University of Washington,
has been to obtain information for predicting end evaluating the biological
consequences of a possible nuclear test series at Johnston Atoll. Reports on
this program are submitted to the AEC annually.

(16) As a result of Executive Order numbers 4467 and 6935 and
their effect on the possible disposal of herbicide Orange on Jobnston Island,
the opinion of the General Counsel, Department of the Air Force, was requested.

b. Location and Size {lLand Surface)

(1)  Located at latitude 16 degrees 45 minutes north and longitude
169 degrees 30 minutes west, Johnston Atoll is one of the most isolated atolls
in the Pacific. The closest reef is French Frigate Shoals, approximately 450
miles to the north., Honolulu, Hawaii is approximately 717 miles to the north-
east, while the nearest land to the southeast is Palmyra Island, about 750
miles away. The Marshall Island Group is the closest land mass to the west
at a distance of about 1,300 miles, see Figures H-1 and H-2 (POBSP, 1964)
(Thorp, 1960)(Navy Hydro a, 1959 and Navy Hydro b, 1959).

+ .

(2) Johnston Atoll consists of a pair of low sand and coral islands,
Johnston and Sand Islands, plus two entirely man-made islets, Akau (North) and
Hikina {East) Islands within a shallow lagoon partially enclosed by a semi-
circular reef to the north and west., The southern and eastern portions of thé
fringing reef, however, are made up of numerous discrete fragments spread over
a large area to the south aad east of the main lagoon. If one uses the 4-fathom
line as indicating the outer boundaries of the atoll, Johnston Atoll has a cir-
cumference of somewhat more than 21 miles. This particular depth was used since
it apparently correlates almost exactly with tnhe outer 1imits of the exposed
reefs, with the line lying only a few yards to the seaward of the most southerly
of the reefs., The atoll is roughly lens-shaped, with the long axis running on
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TABLE H-1

OWNERSHIP AND CONTRCL OF JOHHSTON ATOLL

Cperational Purpese of
Control Docusent Authority Event/lse
Agricultura Plant and sealife *Executive Bird refuge {Executive Ordar
surveys, Order 4467  June 22, 1928)
USH Pacific defense *Txecutive
Order 6935
USH Established Naval *Exacutive Becamz Johnston Island
Defense Sea Area Orcer 8682 Navel Ajy Station
for military sea
and air operations
UsSN —-— “—e Defense of area; Afr Trens-
port Command operations;
Oceariec Air Traffic Contrel
YsH “ee Secretary Became a Naval Air Facility
of the kavy N
USAF Transfer of Agreement Pacific Air Command (MATS, ARS, AACS,
operational con- WS Dets) (Sechav orcdered transfer
trol to USAF to USAF)
USAF cem e Pacific Air Command inactivated;

*Exacutive Orders are stilil in effect; have ﬁht been amended or
rescinded so as to affect "ownership."

Pacitic Division MATS took over.
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Period
1951-32
1957 Jan 25
1957 Sep 13

1958 Apr 22

1959 Jul 24

1958 Sep 23

1959 Jun 30

TABLE. H-1 (Cont'd)

Event/Use

Operational Purpose of
"Owner" Control Document Authority
Dapt o7 the Navy USAF “=- ==
nou ] " USAF - ———
[H it u 15 USAF - ——
womow o ggTRLy --- Agroement
HH {] ] 1] USAF - U
womoonh USAF To transfer ——a
operational con-
trol to Army
" n noon USAF — ———

Korean airlift support

USAF granted Treasury
Department five year use fTor
USCG Loran Station

USAF granted Depariment of s b
Cormorece five year use Tor
U. §. Weather Bureau

Atomic tests in Pacific area
until August 19, 1958; then
Y‘O]’ .! "up .

Fermal meating in Bawaii ie

propose iranster of oderational ‘
control to Army for the Nike-Zeus e
test pregram.

Pronosed agreement sent to
higher heacdguarters

Secretary of the Treasury L
asked Secretary of Defense Tor R
Sand Island as Loran Staticn, to
be under ozeraticnal control

of Commander in Chief, Pacific.
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TABLE H-1 (Cont'd)

Operational Purpose of
Pariod "Ouiner Control Document
1962 Jar 17 Yept of the Navy CTJIF-8/AEC  =--

1962 Jan 18

1963 dun 11

1970 Jul 1

1973 Jul 1

4]

H

"

]

CJTF-8/AEC

CJITF-B/AEC

USAF

DNA
{(FCDNA)

Transfer of
operational con-
trol to USAF

Transfer of
pperational ¢on=
trol to DNA

Authority

Event/Use

Agreement

Agreement

Agreement

USAF signed Operations
Agreement for 1962
nuciear tests.

Comiander in Chief, Pacific
signed agreement with Cemmander
Joint Task Force EIGHT,

Joint Chiefs of Staif reaffirmed
oneration contrel of Joint Task
force EIGHT.

JTF-8 inactivated, Debuty
Secretary of Defense Memorandum to
Segretary of Air Force for transfer
of JA to USAF

Department of the Air Force
signed agreement with
Defense Nuclear Agency



e ~ CENTRAL PACIFIC OCZAN .

o 1 e ...oli.nuln.‘l.. T AT CE [ T - |I||.m. 7
oLy LD BN NEREN
- _. -._ LA S 10 s S O O O g L do b4
] " wLATIAN | I ]
_ _-_l” ) N O B A | - bl - SRS Y g A

el T

I_l
L
|
)
]
T
f
I L
ot
e
1
L

] =
!

] T - I||m-|.. ..I_ll ﬂﬂpi..:ul..
| - ST U O S U S U N ) —+ I -
- A e fee S O O RS B R A . _,Iﬂl-- - 4

=

Ll it

i
T
N e e
|
!_._
:L
i
[

r——-l —
]
!
i
|
-——1———
]
1
L]
|
1

i
I
3

TAKEN FROM THE PRELIMINARY BIOLOGICAL SURVEY OF SAND ISLAND - JOHNSTON ATOLL {POBSP, 1964)

N
_ . m i
- —i it e b e — _ : - lw —
R R AT AL R A
_ ] ” H _ T ﬁl H —
R Y O S O I P I R B
T f-=t | [ | KimGhan aeze — ! :
! _ ! i ! ! _ Tl v | ] i
- - R e L TR Cri Y W S LA [l R S S ) S A
I R D )| T T EREEEEE
S Rt o T T s T S S ISR B S by b R
1 _. m 1 : ‘ \ H #l 1 _. WRTPRHITON 4. m w 1 “ m m.
R | =1 - - e pm—f——y — 1. - — e RPN, Sp— [ _ . P . S R p—
N | _. T AT “ : At
—_— et e l.....li.l..ll e b oaper e e e e — e - ey - H - P
i i ; . : o Lo i - i
L ,_iwl_.'--_.i..: ) O T O T T L v A O O
— . — _ ' | . i et - _ .__.. P ; * | _ L ” '
- - T Ly m |m IIlll_ll N l..lu..l l.iI_.'I..m.ll.i- -I_.I e m.ll. I i :m b !_- - “.. - __nu.m.
N S LY.L L ; ; e L S S S SRS o
A I 0 AL O T N s S D RS BN
H . " 1 : H . [] -
o} e e e e e R b b
! | R .ikmz; BLANDS ; _v -t 1“. N B i ..“1: ; ". - - _ R
TN ; ) ! [ i i
! : | acenmn H s 4 . - —L—w| 4 = N T —_ :
- .I_ pob et u..&!._):.-u seTr I_ CT 1 _. [ “. ! i .m _ P T
. MeMEAN L ¢ B T L LT ] ! : I [ { i ' 1 ' i ¢
TR o i, TR T T T TR T T
i- .- Ao L Sareeey .wi.-.... R n”!l.l.l Aol _. ..._ ' V- ”- _ m . ﬂ R ] .m—.ll
1 | _ ! I P q I i v ' -.u_.»....c." !
- - S P N : ot N £ b _ o -
" . m | |f o : [ ! . i 0
P w _ I ! - - Lot . . T T A At
A T WwLAOS i “ m P | _ _“ :
B S R -la\w..o. o - - w 2ot ! Y R oo t i P L
. L] 4 1 . . - ) -
H _ . _ .-___..m.-r 1" pm.-n:. _. . ' ) . . «oi.n.nc". ! t _ '
. m. I . v :_..._.._-’.! " teTT T MR 1 “_ H T r
- [ _n e _.| _ ...__-c:.: _...l |. H | M _ i | : ﬁ ~ a...-..-...&_a.

.. . repaee
».—ﬂv Yot oot w..uma i

st A a o — L 8 —— —— — L T ——

7- .l...-.mu.q JR-EUR S PR MU S _.r.(vnb .a n..nf.u s=-y .‘.l.lni.—b.v ﬁ:&lmq-c..nlr.n I..ll\l - IRt T O

H-10

FIGURE H-1



LL~H:

. PACIFIC OCEAN o
eaPLEAST_ B _ e (1t e id g R - S ¥\
weain ! wr i "5:1 - i | { P [
P | gp b ! ‘o l
' [ g i
! (R ER _— i
! L) -3 b]" o 1}2‘: ¥ -
‘ \ ;(ﬁ |
i i !
- . B i J o
LT '
| ~
! TiAh EL’“ ',-’.'
| St be o+ !
v ; ' o
i
—_—i
I
]
UTE LELES NORTH OR S0UTH LATITUDE Lo
' | P TO0_ 400 600 800 100D HALS
YA A > — ey
4 i = 1-_/_’ ) i
I "‘._' - 'f:_;'-_,-fsr
4000 Lt :!_.._' wron -
4w - | T + T
ri 4';‘,‘ :: “-; I | I !
. la 1
. T o 1 T P {
b e - N —
A :
- PURA N e Ly I | t | =
R gl e v vz 4. ] WOPRRIE" I t !
L anEs! : _ _. SN L
T L ‘73 | M i T
. ! /) aiamiraroats "
I SR G - -4
£
. e T s @ R
- S § %)
camlpme, % -| CALAPAS
- l'"‘k"l- e T .:—|—- — ] L ey e ) -_—
(L TIN T BT ) ‘| ARGRE SAT &

L iy C¥ g 7 —
e " v ™ ‘-"w,:' 4_%
i L2 )_- L, ok N C
r';'—jquu!i".m'll—j-’—qmi'\’— - {%
L v
- B, Ve JORN (R WA (O —_—
L. L ZasrEa o
_"K:ml:&r 3 N
t
o
- —t- —
1
L 1y vadr W gt 1% o ar - - =

FIGURE H-2 MAP OF PACIFIC OCEAN




ZL-H -

s P EERAE Y

ORIGINAL LAND AREA

1959 LAND AREA

o}

".nn.... ‘...ou"..
L]

FIGURE t1-3

CHANGLS IN THE LAND AREA OF JOHNSTON ISLAND (Bryan, 1942) (Navy Hydro a, 1959)

N

LT

N



~

\Sﬁ
e
L4
—\._)5
72

LORAN TOVER
%
1

Sand Taland

= Akaw Teland

50,000

H-13

|

JOHNSTON ATOLL U,S. NAVAL
SURVEY MAP MO, 83637, 1966.

4 a0 a__u -°%} o -l
i :»::_.:.:___...::_.:_;.:..:: 't
Cﬂ -Za_ __2&-______ Dﬁ "
o ._\Q\\ t ]
il 2
W, NI, S
:q:;....__eh \\\\“
] ey, 2,
3../._ I"tepee \r\sn\ ‘2, K -
{75, %o _
/o) T
s, \\& m
g o
\\ A%
v ]
%, : 3
- {
- %% e b
- |l". - W $
b =z = - \
[=) ..r/.mu = m
- ~F =
) 3 A e Y i
[ S& efF
-« - ..m....r
&2
h)
e
a

PLAN B 503

574

242



A

a line almost exactly northeast to southwest (POBSP, 1964). Johnston Island,

the larger of the two island, has had its area considerably modified by human
activity. Figure H-3 reveals the original area of Johnston Island with the

area in 1959. Originally the island was 2,850 feet long at its greatest extent.
The width of the island varied from 500 to 800 feet. The original area of the
island was about 40 acres or 0.06 square mile (Emery, 1956). Since 1949, however,
Johnston Island has been more than tripled in size, as the lagoon was dredged
with new land fills being developed at the periphery. At present {1959} the long
axis of the island stretches 6,150 feet, with a greatest width of about 1,500 feet
at the center of the island near the airstrip contro] tower. The total area,

of Johnston Island in August 1959, was about 0.33 square mile. None of the
original shore line remains, and the addition of £i11 all around the original
island has tended to produ¢e an artifically smooth shore line except in the
northeastern quarter where the quays and piers of the harbor area jut into the
lagoon. The original rectangular orientation of Johnston has been retained,
however, except for this northeastern portion of the island, see Table R-2

(Thorp, 1960) (Navy Hydro a, 1959)(Navy Hydro b, 1959). The following table
depicts the major changes iv the Johnston Atoll acreage as a result of the

dredge and fill programs:

TABLE H-2 JOHNSTON ISLAND ACREAGE
Acreage
1963 1973
Johnston and Sand 198 648
North (Akau) 0 25
East (Hikina) 0 18
TOTAL 198 691

(3) Sand Island {originally known as Agnes Island) is a small
coral islet located 1,900 yards to the northeast of Johnston Island. It is
roughly triangular in shape, and has not been greatly modified by man in its
outline. ‘The dimensions of Sand Island are about 600 feet by 1,500 feet, with
an area of about 10 acres or about 0.016 square mile. A causeway has been
built which runs about 500 yards west from Sand Island to a fill area of several
acres which is adjacent to the seaplane landing area in the lagoon. The cause-
way, the fill area, and the original islet are locally thought of as being one
unit, and "Sand Island" is used as a designation for the entire complex. Johnston
Island “s Tocated a bit southwest of the center of the atoll. It is more than
a mile south of the northern barrier reef, while almost abutting the first of
the southern reefs. Sand Island is nearly at the center of the long axis of
the atoll, but it is more than 2-1/2 miles south of the main barrier reef, while
at the same time about 1-1/4 miles to the north of the first southern reefs,
see Figure H-4 (Thorp, 1960).
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c. Geology

(1) The original surface of Johnston Island was a mixture of sand,
coral, and coral-derived rocks. The island rose from the southern beaches
northwird to a continuous sandy ridge (of an average height from 8 to 10 feet)
extending along the northside of the island from end to end, This range
connected Summit Peak, at the eastern end of Johnston Island, with an unnamed
heignt of 13 feet at the wastern end of the island., Sumnit Peak, with an
elevation of 44 feet, was the highest point in the atoll. At present the average
height of the island is under eight feet, since both ridges and the two hills
were leveled during the heavy construction which started in 1940 and changed
the outline and surface of the isjland. Sand Island had no original height
greater than eight feet, but it too has been leveled, since even a small
relative relief such as that encountered on these two islands may produce a
fairly rough and hummocky topography when the base material is sand under constant
agitation by the prevailing winds (POBSP, 1964) (Therp, 1960).

(2) The Central Pacific Ocean is dottecd with a number of island
groups, most of which are products of coral construction on worn-off volcanic
upheavals. The Hawaiiag Ridge stretches for a distance of some 1500 nautical
miles from 20° N at 155%%W to 30% ., The Mid-Pacific mountains intercept this chain
from the west but support only one small coral atoll, namely Johnston Atoll.
South of the Hawaiian Ridge and Johnston Atoll are located the Line Islands,
also known as the Northwest Christmas Island Ridge and the Phoenix Islands,
see Figure H -5, There is indirect evidence that Johnston Atoll is intermediate
in age between the Line and Hawaiian Islands, rather than between the older
Mid-Pacific Mountains and the Line Islands, between which Johnston Atoll lies
physically (Thorp, 1960). If this is the case, then Johnston AtolT probably
has existed for slightly mcre than the 24-million years which is thought to be
the minimum age of the Hawaiian Islands, or scmewhat Tess than the 60 to 70-
million years since the Mesozoic-Cenozoic¢ boundary when the Line Islands were
thought to have formed. If, however, Johnston is more closely allied geolog-
ically with the Mid-Pacific Mountains, it could be older, perhaps dating from
the middle Cretaceous Age or approximately 130-million years ago (Amerson, 1973),
Ashmore (1973) considers Johnston Atoll as a northernmost extension of the
Christmas Ridge and suggests that "the terraces at Johnston Atoll probably were
formed with falling sea levels at the end of the Sangamon Interglacial, or with
rising levels at the end of the Wisconsin Glaciation..." If the terraces forred
at the end of the Sangamon Interglacial Age they have been exposed to approx-
imately 65,000 years of subaerial weathering and erosion. The terraces....
appear to be much too well preserved to have withstood erosion and solution fcr
that length of time. A more recent formation would seem indicated. If the
possibility of Wisconsin interstadials is neglected the time of formation would
be within the last 10 to 12 thousand years, Holocene period. Ashmore (1973)
believes that the tilting hypothesis explains the northwestern reef and the
submerged rim, but fafls to explain many of tha other atoll features. He
favors a sea-level-change, which assumes that lowered sea levels during some
glacial period allowed portions of the original atoll to be removed., He presents
evidence that this hypothesis accounts for the -60 foot terrace and -30 foot
level with its sinkholes. de does acknowledge the possibility of a combination
of the tilting and sea-level-change hypothesis to explain the present day
configuration of the atoll.
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(3) The surface of Johnston Island is mainly coral sand, with an
admixture of fine coral fragments. The original shoreline of the island had
several outcrops of massive beach rock, The beach rock occurred especially
on the northwestern tip of the island and an the south central shore, These
outcrops have been covered over by the fill which was used to expand the area
of th2 island. However, beach rock of the same type may still be seen in some
places around the shore of the island., The beach rock is composed of coral
sand and coral gravel loosely cemented together by calcium carbonate. Originally
it was exposed in the form of smooth platforms, but with age, its surface has
been eroded biochemically to form a series of irregular solution basins and
smootn water-level terraces (Thorp, 1960). Records from the Corps of Engineers
have peen kept-of 56 borings, with a maximum depth of 36 feet, that were made
for tne heavy construction foundations of 12 buildings on the central and north-
eastern parts of Johnston Island. In addition, drill logs were kept of six
deep wells which ranged from 86 to 191 feet below mean sea ievel, In general,

a fai~ly thin layer (or layers) of beach rcck was found a few feet below the
surface under a pure sand layer. Below this sandstone (or beach rock layer) was
another area of pure sand alternating with sand mixed with coral fragments.
These layers ranged from 10 to 50 feet in thickness and were usually followed

by the solid coral bedrock of the island which extends below drilling depths.

In view of the results obtained from deep drilling on other low islands in the
Pacific, it seems probable to assume that the noncalcareous bedrock may be encoun-
tered as deep as 700 to 1,000 feet {Thorp, 1960). Under parts of the island
there is apparently a narrow second layer of beach rock, according to the
recordings.in the drill Togs. In 18 of the holes, the driller hit beach rock
which was between 1 and 2% feet above mean low water, and which extended to an
average of 0.7 foot below mean Tow water. This strata apparenfly correlated
with the beach rock still exposed on Sand Island. It is thought that the upper
layer may be correlated with the widespread occurrence of beach rock in the
wave-washed zone between high and low tides on most of the low coral islands of
the Pacific. The origin of the deeper layer is more complex, but samples of
beach rock were collected eight feet below sea level along the bases of the
fragnented reef which extends from Jchnston Island to Sand Island. Emery (1956)
hypothesized that the unusual straightness of the satch reefs is the result of
the various types of coralline algae atop the outcropping edges of this recently
submerged beach rock, The deeper parts of the wells show alternating sand, loose
coral, and sand and coral with no possibility of correlation from well to well.
Tnere were several small inclusions of mod in the wells from unknown origns.

(4) Tnere is no noncalcareous rock found on Johnston Island other
than that brought by man, with the exception of pumice stone found on the beaches
and one erratic piece of fine-grained rhyolite about 10 inches in diameter which
was found in situ in the beach rock on Sand Island. The pumice which floated
onte the beaches, especially in 1953, was thought fo have coms from the volcanic
eruptions at San Benedicto Island near Mexico. Emery (1955) stated that this was
probably the result of driftwood transport, since large individual pieces
such 3s this one could be more readily carried by floating trzes than by other
plants or animals, while transport by icebergs or kelp is ruled out by the trop-
ical location. The coral bedrock weathers down to a fairly coarse-grained white
sand. There is no solid soil cover on Johnston Island, nor was any reported prior
to the alterations of the environment by man. Since, as noted above, bedrock
does not crop out on the surface of the two islets, it is necessary to build
foundations to extra depths for any buildings which have a heavy bearing load.
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The 56 borings for foundation piers (mentioned previously) averaged 10 feet

i depth, of which the extreme depth was 36 feet. Another difficulty
encountered in heavy construction work results from the porosity and toughness
of the coral, which makes it hard to remove in -large quantities either by
blasting or bulldozing.

(5) The original shore Tines of Johnston and Sand Islands were
about evenly divided between sandy beaches and expecsed coral formations
which were usually the "beach rock." The beaches were between 50 feet and 100
feet wide generally, and they had a sand or beach rock cover. But they have all
been mcdified, except for parts of Sand Island, with the result that-the present
shore lines tend to end abruptly in the water with little or no beach remaining
(Thorp,1960). It is estimated that the total area of these reefs which are
exposed at low tide is about two square miles, but because of the numerous smail
patch reefs no exact measuremenis have ever been mace, If it were necessary
to conpute their area, an air photc taken at low tide could provide a fairly
accurate base from which to compute the total expanse of reef exposed. Probabiy
more than one-half of the total area of reef which lies above sea level at sltack
water is in the main northwestern reef, which forms an arc a'most 11 miles long
if one includes the brea< of about one mile near the northeastern end of the
reef and its northeastern outlier which continues for another half wmile. This
latter section of reef is kpown locally as 5mall Istand, although this name does
not appear on the official charts.

(6) The depth in the shallow "lagoon" area to the south of the main
reef ranges from 3 to 40 feet, It is in this area that the elongated and sub-
circular patch reefs attain their greatest concentration. To the south of
Johnston Island these patch reefs serve to define the southeastern boundaries
of the lagoon area (Thorp, 1960). Profiles of the two reef types are shown in
Figure H -7. The main outer reef has a gentle slope to the seaward {at least
for the first few hundred feet)} cut by narrow surge channels. An algal ridge
forms the outer edge of the reef about one to three feet above mean sea level,
However, this area is periodically inundated by waves or high tides especially
during storms, On the lagoon side, there is a reef flat from 100 to 500 feet
wide composed chiefly of coralline algae and small corals of various species.
This reef flat has numerous potholes and narrow channels left behind as the
reef migrated seaward. The lagoon edge of the reef is a fairly steep slope
consisting of mainly 1living coral to a depth of about 15 feet. Below this,
dead coral and fragnents of dead ccral ("coral gravel") form a more gentle
slope to the fairly flat sand bottom which reaches its greatest development at
from 20 to 25 feet below the surface. This flat expanse of bottom is broken
repeatedly by coral heads, a few yards in diameter, which rise just as abruptly
but may be several hundred feet long. Characteristically, these patch reefs
are toppec by an jrregular, overhanging surface of coralline algae just below
the low-tide level. On the sides and locally are irregular masses, of branching
coral, mostly composed of different species of Acropora. The lower slopes are
mainly a talus of loose pieces of dark dead coral ang coralline algae which
extends to the sandy bottom at about a 45 angle, There were no natural
bays or harbors at Johnston Atoll, since none of the entranczs into the lagoon
area originally had a safe depth of wore than three or four feet. There were
no fzatures on the interior of either Johnston Island or Sand Island.
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(7) Topograghy appears to be nc particular problem for the instal-
lation of any type of equipment which does not require a large area. At the
present time most of the suvrface of Johnston Island is completely utilized
by existing facilities. It is necessary to spend considerable time in the
construction of foundatiouns because of the shift from sand to bedrock, and
any underground installations required special water-proofing treatment beczuse
of the high water table znd the permeability of the porous coral bedrock.

&
d. Hydrograph

(1) There are no natural permanent freshwater bodies on Johnston
Atoll, This lack of surface water is primarily due to the ccarse texture and
extreme permeability of the coral sand and rubble which make up the first few
feet of the regolith, as well as to the porous nature of the coral bedrvock.
Uther factors contributing to the absence of any fresh water on Johnston Island
are the small size of the land area, the geographic location and the narrow-
ness of the two islets as compared to the total length (Thorp, 1960).

(2) The lagoon inside the main atoll is about 14,000 yards long
at its axis, which runs southwest from Small Island through the centre of
poth Sand and Johnston Islands. At its widest point, just east of Sand Island,
the lagoon extends about 3,500yards from northwest to southeast. West of
Johnstun Island the lagoon narrows to a few hundred yards in width before
coming almost to a point at the extreme scuthwestern corner of the atoli.
East of Sand Island, as mentioned above, the boundaries of the lagoon are
indistinct, as the main reef breaks down inzo an intricate series of linear
reefs and numerous isolated patch reefs, which are usually awash at high water,
The total area of the lagoon within the reef is approximately 13 square
statute miles. An exact measurement is impossible unless one uses a depth
curve for the boundary of the lagoon because of the difficulty of measuring
the exact line of demarcation between the lagoon proper and the extensive
coral flats which form the southeastern part of the atoll {Thorp, 1960)
(Navy Hydro a, 1959) (Navy Hydro b, 1959). The natural depths within the
lagoon (except for the dredged portions) vary from a few inches to about 40
feet, because of the presence of coral heads and patch reefs, The greatest
area lies between 15 and 25 feet underwater at mean sea level. At the extreme
northeastern corner of the lagoon, south of the opening between the main reef
and Small Island, there is an area of deeper water in which average depths of
more than 40 feet have been reported, but the bottom still has many irregular-
ities and numerous coral heads which almost broach the surface. Artificial
dredging in the lagoon has left the seapiane landng area with a depth of
eighy feet cleared of obstructions, while the harbor and the entrance
channel were originally dredged to 23 feet and have been swept to 14-1/2 feet
(Thorp, 1960).
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e. Tides and Currents

(1) The tidal range at Johnston Island, in common with other
mid-Pacific islands, is relatively small, and the effects of the tides upon
the atoll are corresponding1{ minor. The absolute tidal range during the year
(the difference between the lowest and highest tides of the year) is only 3.4
feet. The lowest low is minus 0.5 foot in June, while the highest high is plus
2.9 feet, also in June. The mean spring hich tides are plus 2,2 feet while the
mean spring low tides are minus 0,2 foot. The mean neap tides are plus 1.6
feet, while the mean neap Tow tides are plus 0.4 foot (Thorp, 1960) (Navy Hydro,
1959) (Wennekens, 1969). The time of the tidal crests and troughs 1s only
slightly later than those of Honolulu, the nearest point for which a full tide
table is available., High tides are 29 minutes later at Johnston Island than
at Honolulu, while the low tides are 23 minutes later. The high-water interval
from full tide to the change of tide is three hours and 15 minutes. Inside
the lagoon, the tides have a range only slightly less than in the open waters
outside the lagoon, since the structure of the reefs permit water to flow
through them as well as over them. The permeability of the coral bedrock is
shown by the fact that the water level in all six of the deep wells on Johnston
Istand rises and falls with the tides (Thorp, 1960) (Wennekens, 1969).

(2) Ocean currents in the vicinity of Johnston Island vun from
the east to the west at a speed of about 1/2 knot or from 10 to 15 miles per
day. Johnston Island is approximately in the center of the North Equatorial
Current which extends in breadth several hundred miles both to the north and to
the south of the island and has a fairly constant velocity. The tidal currents
at Johnston Island, within the lagoon, show a variation. The normal current
flows with average velocities of 1/2 knot to the northwest. However, usually
for a short time at high tide the current flows at one knot to the southeast.
According to Emery (1955) the current pattern influences the distribution of
sand to the south of the lagoon: "These patch reefs block the current, causing
the sand to be deposited against the currentward side and leaving a depression
where the water speeds through the gaps between the patch reefs, Examination
of several such areas showed depths in the gaps to be about half a fathom
deeper and floored with coarser sediment than that of the adjoining areas."

(3) The underwater platform on which Johnston Island is located
is similar to those connected with many Pacific atolls. Like most other low
islands in the Pacific the main outer reef has a typical cross sectijon, which
includes surge channels, an algal ridge, and a reef flat, with coral heads
rising abruptly in the deeper waters to the south and east of the main reefs.
Between 16 and 100 fathoms the outer slope is quite steep, usually less than
one-half mile in linear distance, with an average slope of 190, The platform
on which Johnston Atoll rests stops fairly abruptly at about the 16 fathom
line at most points around the c¢ircumference of the atoll as the bottom begins
to slope steeply down (Thorp, 1960) (Navy Hydro b, 1359} (Wennekens, 1969).

(4) The shallow tagoon area and its cordering reefs together
form roughly the northwester quarter of the triangular-shaped platform on
which the atoll rests. At the deeper eastern end of the platform the submerged
contours suggest the outline of earlier peripheral reefs, It has been suggested
by Emery (1955) that some early reefs may have been submerged as a result of the
tilting of the whole base structure of the atoll to the southeast. Since the
reef-forming corals grow Slowly, and since they will not grow at all in water
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below approximately 25 fathoms, a fajriy rapid tilting might "drown" the coral
ridges faster than they could build up. The main difference between Johnston
Atol1 and other Pacific islands is the lack of continuous reef around the atoll,
The main outer reef extends around less than one-fourth of the circumference of
the platform, In addition, there is an extensive zone of shallows to the south
of the main reef which is also an unusual feature, As noted previously, it is
this zone of shallows which contains most of the patch reefs, Joehnston and Sand
Islands and the two islets which make up the land area of Johnston Atoll. This
suggested tilting of the whole atoll would account for this area of shallows to
the northwest, since this area of the atoll would be raised as the opposite side,
and most of the main reef sank. This theory has been moderately received, with
the result that Johnston is considered one cf the "raised" atolls, even though

it does not have the typical outward features of one (cliffed beaches, dry center
depression, comparatively good water supply, etc.) (Thorp, 1960) (Ashmore, 1973).
An alternate theory, which would account for the unusual reef formation at
Johnston Atoll is the early removal of the windward reef by wave erosion, is not
generally accepted. According to this theory the original outer ridge to the
east was the most exposed to waves and hence eroded away, probably at some time
when a climatic change or a lowering in sea level had temporarily halted the
growth of the reef. The main objection to this theory is the fact that, today,
the most vigorous growth of a reef is to be found on the side of an atoll because
the agitation of the water provides a greater supply of nutrients for the coral-
buildings organisms. It would seem that a temporary interruption in reef build-
ing would be compensated for, once conditions reverted to normal {Ashmore, 1973).
It has been hypothesized that Johnston Atoll may be structurally related to the
Line Islands (Christmas Island, Palmyra Island, Jarvis Island, etc.). Although
they are mainly raised islands also, this theory has yet to receive any confir-
mation (Emery, 1956).

_ (5) The waters around Johnston Island have not been completely
surveyed, but the deepest point on H.0. Chart 535€ (Navy Hydro a, 1959) is 1,051
fathoms, which is located about 14 nautical miles southeast of the center of
Johnston Island and abour five miles south of the 100~fathom line., This indi-
cates a descent of one foot in every 4-1/2 ¥eet herizontally,

(6) The Japanese word "tsunami" is the term used to describe
long gravity waves in the central and western Pacific Ocean areas. These waves
are more commonly known as tidal or seismic waves and are caused by submarine
earthquakes, landslides and plutonic activity and spread annularly from an
epicenter. They are "shallow water waves," i.e., a wave in which the length
of the wave is long when compared to the wazer depth. The velocity of thé
Pacific Tsunami ranges between 375 and 490 nauticzl miles per hour. The
Tsunami Research Center of ESSA and the Institute of Geophysics of the University
of Hawaii maintain historical records of tsunami events in the Pacific., The
largest amplitude wave recorded appears to have been about 3.4 feet as a result
of the Chilean earthquake generated tsunami on May 23-24, 1960, The second
highest, slightly over three feet, followed the Alaskan earthquake of March
28-29, 1964. Past records reveal that the crest of a tsunami at Johnston Atol]
resenbles a progressive rise in sea level with the maximum depth being reached
in about 25 to 30 minutes. The period of tsunami waves at Johnston Atoll is
between 45 and 60 minutes., "Historical records indicate that, so far, no large
breaking waves or bases have been experiencad at the island from a tsunami,"

H-23



[T T

suilh -,

The steep off-shore slope doas not enhance incoming tsunami waves and the {sland
is partially protected by an awash fringing reef alcng the western and northern
periphery and by numerous coral patches scattered along the southern and east-
ern sectors of the isiand platform. “Historical records and the analysis of
certain unusual environmental factors indicate that the effects of a tsunami

at Johnston Island shoyld be minimal, consisting of transient rise in water
levels, occasional breakers to higher than normal levels, and local flooding

of low areas. Backup of water in storm sewers and drainage ditches can be
expected, and some erosion of the fill material can take place when the water
drains out,.." (Wennekens, 1969). Past history indicates that no large breaking
wave is likely to occur on the island,

f. Climatology
(1) Climate

(a) The climate of Johnstoa Atoll is marine and tropical
in nature. Weather records are available from about 1931; however, standard-
1zed data are available only since 1952. These latter records show a climate
with 1ittle variation in temperature and wind speed, but great variability
in rainfall. Weather data are from Joint Task Force Seven {1959), U.S. Dept
of Commerce (1972), and Shelton (ms. in prep), USAF Znvironmental Technical
Applications Center Report 7057. Because Johnston Atoll has a maximum elevation
of less than 10 feet, a land area of about one square mile, and is surrounded
by shallow waters in all directions, there is little difference in climate
conditions from one part of the atoll to another {Amerson, 1973).

(b) Johnston Island is under the influence of tradewind
weather 98% of the time. The normal weather during this period is scattered
to broken Cumulus bases normally 2000 ft, tops 7000 to 9000 ft. Scattered
showers in the area will occasionally drift over the island causing light
precipitation to fall. This can be axpected any time during the day or night
as there is no apparent diurnal variation in the showers, Occasionally cloud
tops wi 1l build to 11,000 fzet, seldom exceeding 15,000 feet due to easteriy
perturbations in the area. Scattered Altostratus are in the area during
this time and an increased amount of shower activity occurs until this perturba-
tion passes. Due to the size of the island, waich is about two miles long
and approximately ¢ne-half mile wide, convective type clouds due to heating
do not build. Even if they were influenced by the warm land they would be
far off shore before they reached shower producing proportions.

{c) Severe storms in the area are limited to thunderstorms,
tropical storms and hurricanes. Thunderstorms occur infrequently in the
area. The mean number of days during which thunderstorms occurred over a
26 year interval (1945-1970) are listed in Table H-3 . The + indicates less
than one-half day. : :

(2) Temperature: The mean annual temperzture is 79.3°F. Tempera-
tures are slightly higher from June through November (80°-80°F) than from
December through May ?770-790F) (Fig H-8). Daily ranges are normally only
70 or 8YF, and the daily maximum and minimum temperatures vary only a few
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TABLE k-3

MEAN NUMBER OF DAYS GF THUNDERSTORMS
JOHNSTON 1SLAND

MONTH JOHNSTON ISLAND MONTH JOHNSTON ISLAND
JAN + JUL +
FEB + AUG +
MAR + SEP +
APR + OCT +
MAY + NOV +
JUR + DEC 1
YEAR 1

Note: Plus indicates less than one-half day.
AWSP 105-4, Vol IX
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degrees throughout the year. The extremes range from a low of 62°F (December
1964) to a high of 89°F (October 1968, July and November 1969). This is

Tower than the daily range frequently encountered in continental areas.

This constancy of temperature results from the fact that air masses passing

over the atoll having been modified by close contact with the ocean for thousands
of miles. Thus the air temperature 1s near that of the water temperature.

Sea surface temperatures vary little from day to day and change only siowly

with the seasons {Amerson, 1973}.

(3) Precipitation: Precipitation of 0.01 inch or more occurs
162 mean number of days each year. The mean annual rainfall is 26.11 inches,
but year-to-year variation is great. For example, the total for 1968 was
42.27 - the wettest year on record - while 1969 was only 17.11, next to the
Towest yearly total recorded (12.86 inches in 1953). There is 1ittle monthly
mean rainfall variation (Fig H-9); rainfall averages 2.75 inches monthly
from December through March and 1.87 inches monthly from April through November.
Year-to-year monthly variation is, however, great (Amerson, 1973).

(4) Relative Humidity: The annual mean relative humidity is 75
percent, being highest a ours (78 percent) and lowest at 1300 hours
(69 percent). Monthly wean relative humidity values vary little throughout °
}ggayear, but January and February values are definitely lower (Amerson,

(5) Surface Winds: The mean annual wind speed is 15.1 miles
per hour with very 1ittle variation throughout the year (Fig H-10) (monthly
means = 13.6 to 16.0 mph). Monthly extremes (excluding 1972} range from
35 mph 1n July to a high of 49 mph in March and November (mean monthly extremes
= 43 mph). On 19 August 1972, however, the wind speed hit an all time high
of 104 mph when hurricane Celeste, which spawned off the southern coast of
Mexico some 3,000 nautical miles to the east nearly two weeks earlier, passed
only about 25 miles to the northeast of Johnston Atoll, Damage to the island
was minor. Observations from weather satellites indicate that tropical storms
in the Johnston Atoll arz2a, although infrequent, may not be as unusual as
was once supposed. Surface trade winds are dominant at all times of the
year (Fig H-11). Winds from between NE and E are experienced 62 percent
or more of the time in every month, with the annual average being 85 percent,
see Fig H-10 and H-11, (Amerson, 1973) (Bauer, 1973). Basically, two seasons
can be distinguished. The first extends from December through March when
the wind is from trade directions (NE through E) only 20 percent, or less,
of the time. During this period, light, variable winds and westerlies occur,
occasionally, as organized disturbances. These disturbances bring in cooler,
less humid, less stable air, which results in more cumulus buildup and heavier,
more frequent precipitation., From April through November, winds are from
trade directions 80 percent, or more of tke time (Amerson, 1973).

{6) Trophospheric Circulation: The trophospheric winds are
readily divided into two distinct currents -- the Trade Winds and the Upper
Westerlies -- by the lower zero isopleth of zonal components. The Trades
are largely zonal and quite persistent all months of the year and are at
a maximum in depth, speed, and steadiness during the summer. The Upper Westerlies
occupy the remainder of the trophosphere and are separated from the stratospheric
easterlies by the second zero isopleth at approximately 55-60,000 feet.
They are also quite pers1steqt during all months of the year, but reach a
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definite maximum in speed, steadiness, and depth during March and April.

The November winds are ruch lighter in general ard westerlies and the easberlies
tenc to cancel each other out leaving only a small south component in the

mean, while in the winter there is a fairly strorg northerly component reaching
a maximum in February {Amerson, 1973).

{7) Stratospheric Circulation: The mean stratospheric circulation
over Johnston Atoll is dominated by the Krakatoa Easterlies, but surprisingly
shows greater seasonal variability than the troptospheric circulation. The
winter 1s characterized by relatively Tight winds generally with east predominating
in the lower stratosphere, west in the mid-regions, and east again at levels
above 110,000 feet. A fairly rapid transition occurs in spring to strong
steady easterlies reaching a maximum in July and August. There is a sharp
transition in the fall back to light and variable winds (Amerson, 1973).

(8) Sky Cover: Mean monthly sky cover, sunrise to sunset only,
averages 6.0 on a scale of 0 to 10. There is 1ittle variation throughout
the year. During an average year (again, sunrise to sunset) there are 75
mean)clear days, 172 mean partly cloudy days, and 118 mean days (Amerson,
1973).

(9) Historical Data: Table H-4 shows a climatic brief for
the period 1945-1370; Table H-5 shows the frequency of occurrence of different
stability classes from 949 to 1958, 86,190 observations; Table H-6  shows
the frequency of stability vs wind direction for the period of Table H-5

g. Surrounding Land and Water Use and Ownership:

NOTE: THE FOLLOWING INFORMATION WAS PROVIDED LARGELY BY THE
LOGISTICS PLANNING GROUP, HOLMES AND NARVER, INC., LAS
VEGAS, NEVADA 89114.

(1) There are no cities or incorporated communities on Johnston
Atol1, There are approximately 600 personnel currently 1iving on the atoll.
These consist for the most part of employees of Holmes and Narver, Inc.,
Pacific Test Division, P.0. Box 9186, Honolulu, Hawaii, 96820. This firm,
operating under contract AT(29-2)-20 with the AEC, provides for general
construction, maintenance and general operations en and around the atoll. The
atoll is under the control of the Field Comand, DNA and is currently under
the command control of the USAF. There are a lirited number of Holmes and
Narver, Inc., subcontractor personnel. The United States AEC; U.S. Weather
Bureau; 10th Aerospace Defense Squadron, Det 1; 18th Surveillance Squadron,
Det 2; 2675th Chemical Company, USA; 2194th Communications Squadron; and
USAF Logistics Command (SMAMA) maintain small detachments, At times a very
limited number of personnel from other organizations such as the Smithsonizn
Institution, Sandia Corporation, USAF Space and Missile Organization, The
University of Hawaii, etc., may be present on the atoll,

(2) A bird sanctuary still exists on Sand Island under the pro-

visions of Executive Order No. 4467, dated July 29, 1926, {For detailed
information regarding the present day bird population see Appendix A)
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TABLE H-5

FREQUENCY OF OCCURRENCE-- ATMOSPHERIC STABILITY CLASSES-

JOHNSTON [SLAND

Stability A C D E F
JAN .0033 0254 .0748 7272 L1142 0551
FEB 0029 0253 0775 .7656 .0907 0380
MAR .0026 0257 1121 7703 0692 .0200
APR 0023 .0195 1097 8009 0527 0150
MAY 0019 0137 . 1258 .8095 0399 .0093
JUN 3014 0157 1470 7596 0611 0150
JUL 3033 0174 1423 .7653 .0624 .0093
AUG 017 0109 1481 7719 0611 .0064
SEP .J024 0205 .1352 .7306 0944 .0168
0cT .J044 0195 1017 .7688 .0857 .0199
WOV 3000 0038 Q370 .8962 0455 0175
DEC 0021 0113 0477 8377 0842 0170
ANN ,0024 0175 162 .7821 .0718 .0199
ANNCALM .0012 0009 0204 .0002 .0000 .0048

USAF Environmen-al Technical Applications

MO oo e

Extremely Unstable
Moderately Unstasle
Slightly Unstablz
Neutral

Slightly Stable
Moderately Stable

H-33
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TABLE He6

FREQUENCY OF OCCURRENCE
WIND DPIRECTION
JOHNSTON ISLAND

N . 0097 S . 0038 |
NNE . 0247 SSW . 0030

NE L1244 SW . 0030 ]
ENE . 3665 WSW . 0024 ;
E . 3625 w . .0031 |
ESE . 0661 WNW .0019 i
SE . 0159 NW L0032 |
SSE . 0066 NNW , 0033 l

USAF Environmental Technical Applications Center Report 7057



(3) There is no commercial fishing in the immediate area of
Johnston Atoll. Recreational fishing is extensive and is, in fact, ohe of
the principal forms of recreation. A wide variety of species are present
within the lagoon but extreme caution is advisable since some are hazardous
on physical contact (sharks, barracuda, moray eel, turkey fish, stone fish, etc.)
and others are very poisonous if ingested. Other forms of recreation include
scuba diving, swimming, boating, basketbali, bowling, golf, tennis, softball,
pool, movies, library, hobby shops, clubs and gymnasium,

h. Facilities

(1) Transpcrtation

(a) Sea Transport: Johnston Atoll is under the administrative
control of the DoD, DNA and 1s a Naval Defense Sea Area and Airspace Reserva-
tion. A1l private vessels must apply for entrance prior to their arrival
except in emergencies. Unauthorized landing or tae violation of other regqu-
lations governing admission to the island are grounds for Federal prosecution,
Johnston Atoll is accessible from all directiong, although it is distant from
all supply ports except Honolulu, Hawaii. This presents a problem since any
supplies not brought in from Hawaii must be schediuled sufficiently in advance
to allow for extra travel time for mainland supply ports. Otherwise a smooth
flow of supplies is not maintained, and this often results in the use of
expensive "airlifts” of bulk supplies which could be handled more economically
by ship. There is no commercial shipping which makes Johnston Atoll a port of
call. A1l supplies brought by ship are handled by the Military Sea Transport
Service, Johnston Harbor (Fig H-12 ) is an artificially dredged turning basin
and harbor area inside the 1agoon and located to the north of Johnston and
Sand Islands. The navigable width of the channel is from 170 feet to 190 fzet,
and it has a minimum charted depth of 35 feet and is 400 feet wide. The harbor
and turning basin vary in width from 1200 to 2000 feet, 35 feet deep and about
1.2 miles long. A 300 foot wide, 17 foot deep channel around the west end
of the island continues to deep water. Separate channels 120 feet wide and
8 feet deep connect Akau and Hikina Islands to the harbor area. At one point
H.0. Chart 5356 (Navy Hydro a, 1959) shows a least depth of 13 feet. Vessels
which are too large for the entrance channel may anchor in the channel approach
area south of the channel entrance between the southernmost channel buoy, which
is moored in 62 feet of water about 2,750 yards bearing 148° from the Johnston
Island Aviation Light, and the 100-fathom line, about four miles to the south
of the Island (Bauer, 1973) (Navy Hydro a, 1959} {Navy Hydro b, 1959). A1l
channels are outlined with boundary lights, and pile dolphins are located within
the harbor for ship moorage. LCM boats are available to assist with docking.
Two ship-to-shore radio communications channels are provided. These are
Harbor Common on 2716 KHz and Local Boat Control on 32.8 KHz. A bulkhead wharf,
a 360-foot long wooden pier, and a small boat pier with an adjoining wharf
(approximately 450 feet long) are located on the north side of Johnston
Island. These facilities are served with freshwater lines,a saltwater fire
protection System, fuel lines, power, and lighting. The bulkhead wharf
provides over 180,000 square feet of dock area. There is also a bulkhead wharf
at the west end of the island with 14,000 square feet of dock area, but its use-
fulness is impared by silting in the chanrel, Small boat piers and wharves are
located on the smaller islands. Al1 the wharves and piers are equipped with
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pfotective fenders (Bauer, 1973) (Navy Hydro b, 1959}, Other facilities
associated with the harbor are a repair shop (Bldg 126), trarsformer building
(Bldg 128), harbor control (Bldg 110}, and marine shop (Bldg 127}.

4
(b) Air Transport: A major activity on Johnston Island is
in coennection with the airstrip which is coperated by the United States Air
Force, There is one comiercial airline providing services to Johnston Atol’,
A rurway on Johnston Island is oriented in a northeast-southwest direction
(true bearing of 659 13' 30") along the scuthern side of the island. It is
approximately 9,000 feet long and 150 feet wide ard has shoulders 150 feet
wide on each side, The first 500 feet of the west end is concrete, and the
renainder is paved with asphaltic concrete. The runway weight bearing capacity
for aircraft with twin wheel type landing gear is 200,000 pounds, and for
aircraft with twin tandem wheel type landing gear is 350,000 pounds. Turn-
around areas, blast pads and overruns adioin each end of the runway. The
north taxiway and parkingy area are closed; however, there are small parking
areas north and south of the west end of the runway and a large parking area
(140,000 square yards) south of the middle of the runway. The runway is
equipped with standard frangible type lights and with visual guide indicators
for approaches from the west. Traffic signals on the island'sperimeter road
control the novement of vehicles across flight paths. Runway Tighting control
equipment is housed inBuilding 5071 which has a 75-KW standby generator for
emergency power. AGE, personal equipment, and parking areas are also lighted.
Air/yground communications facilities include a control tower (Bldg 505) located
north of the runway near its midpoint, air/ground tactical communications
(B1dg 507), antenna tower (Bldg 506}, and a generator shed (31dg 508). Airfield
navigational aids are a base beacon tower (Bldg 635), a low frequency base
beacon (B1dg 901), several aircraft obstruction lights, and a Tactical Air
Navigation (TACAN) unit. The tower and UHF/DF are normally operational 30
minutes prior to and after all departures, and 30 minutes prior to an ETA
until landing and parking of all arrivals. A newly constructed air passenger
and freight terminal (Bldg 285) is located east of the aircraft parking area
on the south side of the island. 1t is 14,000 square feet in Area, and contains
a freight handling area, waiting area, baagage and ticket offices, lounges,
restrooms, and a security briefing area. The island is currently serviced by
both commercial and Military Airlift Comnand flights on a regularly scheduled
basis. Since 1966, Johnston Atoll has adhered to USAF safety regulations, and
approved waivers theretc, pertaining to airfields and their surrounding air-
space, Current and future planning of new facilities will conform to the
dimensions, clearances, and transitional slopes stipulated in these regulations.
The seaplane base at Jotnston Island has landing aprons and ramps on the ncrth
side of the island; a dredged landing area in the lagoon north of the boat
turning basin and harbor area. The longest runway in the lagoon is 11,000 feet,
running from the northeast to the southwest., There are alsc twe shorter runways
running north and south and northwest arid southeast, with lengths of 6,000 and
4,000 feet respectively. The entire seaplane landing area has been swept to
a minimum depth of eight feet., The first facility on Johnston Atoll was origin-
ally based on Sand Island; the causeway and fill to the west of Sand Island were
constructed for this orfginal seaplane base in the late 30's., The seaplane
base is little used today, since, with the comin¢ of the long-range land plane
to the Pacific, the flying boat lTost much of its utility and is at present being
used mainly for air-sea rescue operations {Bauer, 1973). In the interest of
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completeness and to provide information not contained in the Holmes and Narver
report, Change 12, U.S, Naval Oceanographic Office Publication, H.,0. Pub, 80
(formerly No. 166) "Sailing Directions for the Pacific Islands" Vol. III,
pages 354a ~ 375, 6th Ed., 1952 is included in Appendix C.

(c) Ground Transport: There are several miles of roads on
Johns ton Island including a perimeter road which varies from 20 to 26 feet
in width. Some sections are paved with asphaltic concrete and athers are
compacted coral. The road network is excellent and allows easy access to all
major facilities (Bauer, 1973).

(2) Communications: In addition to those discussed previously under
Sea and Air Transport, there are numerous other communications facilities., A
1080 automatic dial telephone exchange provides on-azoll administrative telephone
service, and off-island dialing to Oahu through a submarine cable. The Defense
Communications Agency furnishes worldwide tele-communications services on a
24-hour, seven-day week, again through the submarine cable, and there is a
backup communication 1ink provided by a long haul radio trunk to Hickam AFB,HI.
On-islard there is a non-tactical VHF/FM mobile radio system with enough
stations activated to meet local requirements, There are also from one to three
civilian amateur radio stations, an Armed Forces Radio Station, a television
station, a MARS station, a public address system, a disaster control system,
and a fire alarm system {Bauer, 1973).

(3) Utilities

(a) Water Supply System: Johnston Atoll's Water system uses
both fresh and salt water., Raw sea water is pumped from the lagoon through a
traveling screen to the Salt Water Puwmp House (Bldg. 3). From there it is
pumped to the Distillation Plant (Bldg. 45), and alsc into the salt water
distribution system where it is used for sanitary purposes, fire protection,
air conditioning condenser units, power plant waste heat dissipation, distil-
lation Plant (Bldg. 45) which houses twelve distillation units and related
equipment; the Freshwater Treatment Plant {Bldg. 44) with a pump station, soda-
ash treatwent area, and a chlorination room; the Freshwater Pump House (Bldg. €50};
an Auxiltary Freshwater Pump House (Bldg. 649); and, storage facilities for
approximately 740,000 gallons. The fresh watersystem is designed to support
a population of approximately 4,500. Its total rated capacity is 318,000 gpd,
but, allowing for maintenance and miscellaneous downtime, about 240,000 gpd
can be expected. Fresh water for Akau, Hikina and Sand Islands is barged
there in tank trucks (Bauer, 1973).

(b) Electrical Power System: The Power Plant (Bldg. 48)
contains seven diesel-driven generators, each rated at 1400 kw with an 80
percent power factor. Qutgoing power of 4160 volts is distributed through
thirteen feeders. Two feeders serve the power plant's auxiliary equipment and
utility load, two serve the smaller islands, one serves the LOX plant, and the
remainder serve Johnston Island through approximately eighty substations,
The distribution system consists of a network of underground duct banks in a
modified loop radial configuration, and submarine cables which carry power to
Akau, Hikina and Sand Islands. Although a loop tie-in arrangemeat provides
100 percent power back-up for the small islands, each also has oane or more
standby generators.
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(¢) Sanitary Sewerage System: Johnston Island has insufficient
relief to permit use of a gravity sewage collection system; therefore, a forced
system employing pumps and 1ift stations is used. The force main is a series
of 3" to 16" cast iron and asbestos cement pipes in parallel runs along the
north and south shores w'th connecting laterals. Raw effluent is discharged
on the ocean bottom at a depth of 25.6 feet throuch a 10" pressure outfall
pipeline which extends approximately 520 feet out from the southwest peninsula
of the island., Sewage on the three smaller islands is collected in septic
tanks, and the effluent “rom the septic tanks drains by gravity into the sea
(Bauer, 1973).

(d) Storm Drainage System: The drainage system consists
of inlets, french drains, and ditches which discharge into the lagoon. It
is separate from the sewage system and does not use piping o~ any kind except
for culverts under roads, runway, and taxiways and where ditches.drain through
outfalls into the ocean. Drainage is adequate for normal conditions, but
probTems may arise after heavy prolonged rainfall or severe storms (Bauer, 1973).

(4) Housekezping

(a) Housing: Johnston Atoll housing can be classified as
enlisted men's, officer/professional, and VIP. Dependents are not authorized;
therefore, there is no dependent housing, Enlisted men's quarters are provided
by six 4-story reinforced concrete barracks and two 3-story concrete block
barracks. The former contain dormitory type accommodations (two-man cubicles)
with a centrally located Tatrine on each floor. Zach has a recreation lounge
on the first floor and storage, janitorial.,and equipment space. Each floor of
the latter has twenty-four two-man rooms, a centrally located latrine, or
recreational lounge, and laundry facilities. Eacn barrack also has storage,
janitorial and equipment space. Total design capacity for the eight EM
parracks is 1808. Two 4-story reinforced concrete professional barracks and
twelve 2-story concrete block apartment buildings provide accommodations for
officers and professional type personnel, The barracks have two-man bedrooms
with each room accessible from an outside balcony. Each two bedrooms are
connected by a latrine and closet area. Space is provided for storage,
janitorial supplies, and equipment, and a recreational lounge is located on the
first floor. Each apartment building contains six apartments with three
bedrooms, a kitchen, combination living/diring area, and a bathroom. Total
design capacity for officer/professional personnel is 824. There are four small
cottages on Johnston Atoll which are reserved for use by the Commander and
other VIPs. These contain kitchens, bathrooms, Tiving and dining areas, and
three bedrooms, Total capacity of the VIP guarters is 12 (Eauer, 1973).

(b) Messing: There are two mess halls on Johnston Atoll,
Building 519 (Mess Hall No. i) and Building 4 (Mess Hall No. 2). Mess Hal”

Mo. 1 is of concrete block construction with a built-up roof and a concrete floor.
It can seat 1000 men for either family or cafeteria style meals and can be

turned three times during each dining period for a serving capacity of 3000,

Mess Hall No. 2 is constructed of concrete blocks with a precast roof. It was
designed to seat 500 men, but it is not operational at the present time. One
dining wing is now serving as a chapel and the other as the Officer's Club

(Bauer, 1973).
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(c) Recreation: Because of the remoteness of Johnston Atoll,
its physical characteristics, and its use, emphasis 1as| been given to providing
excellent and varied recreation facilities. Indoor fagilities include a bowl-
ing alley, gymmasium, hobby shops, library, pool and NCO, Officers and civilian
clubs. Outdoor sports available are basketball, boating, fishing, golf, scuba
diving, softball, swimming, tennis and volleyball. The}e is also an outdoor
theater which seats approximately 1,000 men (Bauer, 1973).

' (d) Dispensary: Medical facilities sLmi]ar to those of a ¢linic
or small hospital are located in Building 405, an underground structure of rein-
forced concrete with approximately 6,600 square feet of] useable floor space,
Included are rooms for minor and/or emergency surgery, gxamination and treatment,
x-ray and associated darkroom equipment, isolation, 20-bed ward, offices, lab-
oratory,storage, waiting room, library, latrine, and a dental operating room
and laboratory. Two medical doctors and one dentist are normally on the island;
nowever, treatment is generally confined to minor or emergency type ailments
while patients with major problems are air-evacuated to| Hawaii {Bauer, 1973).
Facilities associated with the dispensary but located ih separate structures
are a decontamination station (Bldg 404), air conditioning equipment (Bldg 407),
oxygen storage (Bldg 409), and emergency power (Bldg 415),

(e) Miseellaneous: In addition to the above, there is a
post office, base exchange, barber shop, tailor shop, Taundry, and fire station,
A1l of ~hese are adequate to support an island population of 4,500 personnel,
if necessary.

(5) Storage

(a) Warehouses: Twelve steel frame buildings on the north
side of Johnston Island, two similar structures near the south aircraft park-
ing area, and Building 400, a wood frame structure with metal siding, provide
a total of over 74,000 square feet of warehouse space. However, the latter
(Bldg 400) was severely damaged during a recent hurricane and replacement
facilities are being planned, There are also numerous storage facilities
throughout the island designed and used for the storage of various types of
munitions, and there are facilities reserved for special useage which are now
used for storage.

(b) Open Storage: Open storage areas are located east of the
north aircraft parking area, north of Bldg 390, and along the northwest shore
of Johnston Island. DBecause of corrosion caused by the high humidity and blow-
ing coral, the type of supplies which can be placed in outdoor storage is
Timited unless such supplies are enclosed in weather resistant packaging or
coatings.

{c) POL/LOX: Petroleum, oil and Tubricants (POL) stored in
bulk include aviation gasoline (AVGAS), jet fuel (JP-4), motor gasoline (MOGAS),
and diesel fuel. There are also storage facilities associated with the liquid
oxygen (LOX) plant. MOGAS and diesel fuel facilities are located in the north-
east portion of the island. Tanker-delivered fuels are conveyed to a 13,500

alion diesel fuel tank near the power plant, and to six 25,000 gailon tanks
%two fo~ diesel and four for MOGAS) near the distillation plant. Associated
facilities are a tank truck loading area and a vehicle fuel pumping station.
The aircraft POL installation is located in an isolated area in the southeastern
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part of the island, [t includes a 13,500-barrel storage tank and a 1,500-barrel
ready tank for AVGAS, and the same for JPed. This complex also has a tank truck
loading assembly area, an ‘electrical equigment shog, a pump complex, and a pro-
pellant and Tube storage area (Bauer, 1973). The LOX plant, 1ocated on the
northwest corner of the island, has two 28,000-~-gallon tanks for liquid oxygen
storage, and a 28,000-gallon tank and 13,500-gallon tank for 1iguid nitrogen
storage. - .

. (6) Construction: Construction of new facilities and modification
of existing facilities 1s normally accomplished by the support contractor under
a Cost-Plus-Fixed Fee cortract with the Atomic Energy Conmission. However,
special projects are sometimes awarded by competitive bidding. An assortment
of construction equipment including trucks, tractors, cranes, etc., is available
on the island, but all construction materials, with the exception of coral
aggregate and salt water, must be imported. '

i. Terrestrial aqd Marine Flora and Fauna

NOTE: The fo11ow1n? sections were extracted from a document
entitled "Preliminary Biological Survey of Sand Island - Johnston Atol1" (PCBSP,
1964). The work was accomplished under DoD Contract No. DA-18-064-AMC-56-A.

For a more detailed discussion of Johnston Atoll, its history, terrestrial and
aquatic flora and fauna, see Appendix A. .

(1) Vegetation: The low-lying coral islands of the central Pacific
are characterized Ey fiora that contain few species. Plants are dominantly
wide-ranging tropical species along with a few endemics {Fosberg, 1949), Only
three plant species occurred on the original Johnston and Sand islands. Qne
hundred and twenty-four *errestrial plants have been introduced by man. In
general, the indigenous flora of the atolls increases in number of species as

one proceeds westward in the Pacific. This would be expected from the closer
proximity of western islands to larger islands and land masses with their complex
floras. Rainfall plays a particularly decisive role in the plant life of the
coral atolls. Those with 1ittle rainfall, such as Sand - Johnston Atoll, have

a very low, sparse vegetation consisting of a few grasses, herbs, and dwarf
shrubs, This contrasts strikingly with the luxuriant growth and many trees to

be found on atolls with high rainfall,

(2) General Animal Life: The animals of the Pac:fic show an increase
in number of species from east to west as is true of plants. Central Pacific
Atolls, like Johnston-Sand, with their small size, sparse and relatively uniform
vegetation, and dry climates cannot support a large variety of species. MWith
increasing size, diversity of habitat, and increased rainfall the number of
species increases. Proximity to large land areas is a factor that is of great
importance in causing an increase in the number o* species. Many species,
however, that reach the islands cannot find habitat suited to their survival,

(a) Mammals: The first men to visit the north central Pacific
islands probably found only one mammal present, the Hawaiian Monk seal. The
various tribes, however, probably brougﬁt along semi-domestic dogs and uninten-
tionally the Polynesian rat (Rattus exulans). With the arrival of whalers,
guano diggers, and traders, almost every island received by accident or intention
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one or more mamnals. Most of these ejiher AHrought about their own destruc-
tion, rabbits {Oryctolagus) on Laysan Island ate all available food (Bailey,
1956}, or were destroyed by other {ntroduced species, e.g., rats usually were
exterminated by cats. Domestic animals, such as dogs, horses, sheep, goats,
pigs, etc., generally cannot survive without human care. In soxe areas, cats
and Polynestan rats occur on many uninhabited islands, and rabbits !Orxctolagus)
occur on Phoenix IsTand, while Rattus rattus, Rattus norvegicus, and Mus
musculus occur only on islands inhabited by man, These last three always occur
Tn fairly close proximity to human activities and are probably dependent qun
man for their large populations if not thelr existence, Several dogs are kept
as pets on varjous islands and a monkey has existed for several years in a wild
state on Kure Island,

(b) Birds: The bird population with few exceptions is composed
entirely of oceanic birds or transient shorebirds. The total number of breed-
ing sea birds in the central Pacific is twenty-four with the maximum number
occurring at the present time on any one island is seventeen, The number of
species which breed on any one island is dependent primarily on mammals present
and secondarily on suitable nesting sites. A few individuals will usually nest
on an island even if good nesting sites are absent, but the presence of cats
will prevent nesting by some three to seven species. Fifty-six bird species
have been recorded on the atoll, Twelve seabird species nest on the islands
and six migratory shorebirds have been regularly observed in recent years.
Endemic land birds (excluding the main Hawaiian forms) are represented only by
the Laysan Finch of Laysan Island, a finch on Nihoa, and a parakeete and warbler
in the Line Islands. An endemic duck is present on Laysan Island and a consid-
erable variety of migrant ducks and small land birds have been recorded on the
various islands. Finally wild populations of canaries and domestic pigeons
occur on Midway.

(c) Reptiles: The reptile fauna usually consists of one skink,
one gecko, and the Green turtle. Wetter islands support several species of
geckos and skinks.

(d) Amphibians: None are present in the Johnstcn Atoll area and
no suitable habitat 1s present to permit their survival,

{e) Fish: This group is still very pooriy known and most authcr-
ities feel that the Tish fauna of the various atolls will be very similar once
complete collections have been made. Occasionally, sea turtles and porpoises
are present in the lagoon. There are at least 94 species of inshore fish known
and additional species probably exist.

{f) Insects and Other Arthropods: This is another group that
has been incompletely studied. In general, the terrestrial invertebrate fauna
consists of 68 species, many of them introduced. This is to be expected in
view of small land areas, little variety of habitat, and long distances from
land masses. Man has been instrumental in introducing many newspecies to
inhabited atolls, however, where this has happened insect faunas can be expected
to be more varied.
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(g} Land Crustaceans and Mgllusks: Several types of crabs are
found on most Pacgf1c coral atoll {slands: Tland crabs, coconut crabs, and
hermit crabs. Their occurrence in the central Pacific varies. Hermit crabs
are not presently found north of the Line Islands. Terrestrial mollusks are
not common on central Pacific atolls. Some, however, are found in close asso-
ciation with the sea, These are called "shore-zone" mollusks (Wiens, 1962},
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1. INTRODUCTION: Transportation of the Qrange herbicide presently stocked
at the NCBC, Gulfport, Mississippi to Johnston Island, Central Pacific Ocean
will be dependent on whether thé proposed action, incineration at sea, or the
principal alternative,incineration on Johnston Island,is selected. For inciner-
ation at sea, approximately 860,000 gatlons would be removed from the drums and
transferred by rail to the incinerator ship., For incineration on Johnston
Island the drups of Orange will be transported to Johnston Island by ship from
Gulfport, Shipment overland to a West Coast Port and then by vessel to Johnston
Island or shipment via air flight only were also considered. Both of these
alternatives are considered impractical because of higher cost, increased risk
of precduct loss traversing the country overland, and the huge consumption of
fuel connected with an air delivery of this magnitude.

2, CLASSIFICATION: Under the "Hazardous Materials Regulations® of the
Department of Transportation (DOT), Code of Federal Regulations 49, Parts
100-199, Orange herbicide is not hazardous. Extensive experience over a number
of years in the mid-1960's substantiates the adequacy of the shipping procedures
which were then employed.

a. Flammable Classification: The DOT Transportatiocn Regulation
Section 173.115 defines a flammable liquid as one which gives off flammable
vapors (as determined by flash point from Tagliabue's open-cup tester as used
for test of burning oils, ASTM Test 01310& at or below a temperature of B80CF,
Orange herbicide _has a flash point of 295“F and vapor pressure less than 1 mm
of mercury at 35°C. Therefore, it is not a flammable liquid.

b. Poisons-B-Classification: Code of Federal Regulations Title 49 -
Transportation, Chapter | - Hazardous Materials Requiations Board, 173.343. Less-
dangerous poisons, Class 3, [iquid or solid, poison label are described below:

(1) For the purposes of Parts 170-189 of this chapter and except
as otherwise provided in this part, Class B soisons are those substances, liquid
or solid (including pastes and semisolids), other than Class A or Class € poisons,
which are known to be so toxic to man as to afford a hazard to health during
transosortation; or which in the absence of adequate data on human toxicity, are
presumed to be toxic to man because they fall within any one of the following
categories when tested on laboratory animals,

(a) Oral Toxicity: Those which produce death within 48 hours
in half or more than half of a group of ten or more white laboratory rats weighing
200 to 300 grams at a single dose of 50 milligrams or less per kilogram of body
weight, when administered orally. '

(b) Toxicity on Inhalation: Those which produce death within
48 hours in half or more than half of a group of ten or more white laboratory
rats weighing 200 to 300 grams, when inhaled continuously for a period of one
hour or less at a concentration of two milligrams or less per liter of vapor,
mist, or dust, provided such concentration is 1ikely to be encountered by man
when the chemical product is used in any reasonable foreseeable manner,
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(c) Toxicity by Skin Absorption: Those which produce death
within 48 hours in half or more than half of a group of ten or more rabbits
tested at a dosage of 200 milligrams or less per kilogram body weight, when
administered by continuous contact with the bare skin for 24 hours or less.

(@) The foregoing categories shall not apply if the physical
characteristics or the probable hazards to humans as shown by experience
indicata that the substances will not cause serious sickness or death, MNeither
the display of danger or warning labels pertaining to use nor the toxicity tests
set forth above shall prejudice or prohibit the exemption of any substances from
the provisions of Parts 170-189 of this chapter.

c. For Truck Shipment: National Motor Freight Classification (NMFC)
50320 compounds, tree or weed killing (herbjcides), not otherwise indexed (NOI)
or 2,4-D (dichlorophenoxyacetic acid) or 2,4-D formulations.

d. For Rail Shipment: Uniform Freight Classification (UFC) 96465
weed killing compounds, not otherwise indexed by namz (NOIBN}.

3. PROPQSED METHODS OF SHIPMENT:

a. General: Overland shipment from NCBC, Gulfport, Mississippi to the
Port of Gulfport will move by rail, a distance of 2 1/2 to 3 miles. While not
classified as hazardous under Hazardous Materials Regulations, the uncontrolled
release of Orange herbicide can have a harmful effect on crops and aquatic life,
For these reasons the precautions listed below will be enforced. These pre-
cautions are deemed reasonable and adequate for the situation. Some of these
actions are routinely accomplished regardless of the product being shipped. In
addition to the basic precautions discussed in the following paragraphs, an
Operations Plan will be written to describe the transportation aspects with an
emphasis on personnel and environmental safety. All parties who come into
possession of the product will be instructed in writing of actions to be taken
in the event of an accident, ’

b. Bulk Shipment: For incineration at sea as the disposal method,
the Orange stored at NCBC, Gulfport, Mississippi would be transferred from drums
to tank cars for rail shipment to the Port of Gulfport. The Orange would then
be loaded aboard the incinerator ship for transport to the incineration location.
Necessary precautions will be taken during all phases of this operation.

¢. Shipment in Drums: For incineration on Johnston Island as the
disposal method it would be transported to Johnston Island in drums., The
product will be packaged in drums of 16 gauge steel or 18 gauge steel. This
action satisfies Department of Transportation (DOT) requirements for Class B
poison container; as defined in Code of Federal Regulations, Title 49 - Trans-
portation, Chapter 1 - Hazardous Materials Regulation Board, 173.346(a)(2).
Drums will be inspected prior.-to shipment to determine that no leakage exisis.
Any leaks detected during inspection will be positively corrected by tightening
of closures, replacement of gaskets, or by drum replacement, Product in drums
of questionable condition for safe and leak free transit will be redrummed.
Shipmert will be made in gondola cars with steel floors, These are open top cars

S
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with sides of 5 1/2 to 6 feet high. Use of this type car will permit overhead
loading and unloading of drums with cranes, thus reducing time and cost in the
loading and unloading operation. Lading will be blocked and braced in accorcance
with rules of the Association of American Railroads (AAR rules). Prior to
loading ratl cars, the floor of the cars will be covered with plastic sheeting

of sufficient width and length to allow sheeting to be folded up 10 to 12 inches
along sides and ends of ezch car. This lining would serve to contain any product
leakage while cars are loaded, Llifting of product from port will be scheduled
aboard one vessel. Consideration will be given to lining the floor of the cargo
holds with plastic sheeting prior to herbicide loading. Alsc to be considered
will be the shipment of absorbent material in sufficient quantity to absorb minor
product leakage. This absorbent material would be discharged with the product

at Johnston Island either for use or disposal.
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I  THE DETERMINATION OF 2,4-D AND 2,4,5-T HERBICIDES IN WATER

A.

REAGENTS

1. Benzene distilled in glass, pesticide znalysis grade

2. Ether distilled in glass, pesticide analysis grade

3. Concentrated :550,

4, Concenfrated H3P0,

5. Acid washed anhydroﬁs Na,50, or (5% solution of anhydrous Na,S0,

pH <5) anhydrous Ha250,

6. Anhydrous NazS04

7. Florisil activated ét 650°C and kept at 130°C
8. N-methyI-N'-nitro-N;n1trosoquanidine

9. Potassium Hydroxide‘

10, Sodium Bicarbonate

MATERIALS

1. Pyrex glass tubing, 1/8 inch 0.2.

2, Glass woo)

3. Gas-chrom® Q 60/80 mesh

4, 9" Disposable pipet

EQUIPMENT AND GLASSWARE

1, Varian Aerograph HY-FI I1I Model 1200 with a proportional temper-

ature programmer, or sinilar instrument with electron capture detector.

2. Varian Aerograph Model 30 Recorder, 0-1 MV, half inch per minute

or equivalent.

3. Dohrmann Microcoulometric Halide Titrating System/5.C.

4, A small oven, maximum temperature 150°C.

1 Asplied Science Laboratories, Inc., State College, Pa.
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5, Prepurified nitrogen with pressure regulator
6, Fluidized sand sath

7. Kuderna-Dantsh =vaporator, 125 ml with vartous size concentrator
tubes

8. One-liter separatory flask

9. Two-liter separatory flask

10, 125 m? and 250 m1 Erlenmeyer flask

11, Various size volumetric flasks

12, Quart mason jars with teflon lined covers

13. Ultra pure oxygen with pressure regulator

D. COLUMN PREPARATION

1. DC-200 silicone grease is coated 2.5 percent by weight on 60/80

mesh Gas-chrom Q. The material is also coated with (.25 percent carbowax

20M, and packed into 1.5 mm ~ ID, 3 mm ~ QD heat resistant glass column &
feet long,

2, 0V-17 1.5 percent by weight, QF1 - fluorinated silicone 1,95
percent by weight, carbowax 20M 0.25 percent by weight are coated on 60/80
mesh Gas-chrom Q and packed into 1.5 mm - ID, 3 mm -~ OD heat resistant glass
column, 6 feet long.

3. EGSS-X is coated 3 percent by weight on 100/120 mesk Gas-chrome Q
and packed intc a 2 mm - ID, 4 mm - 0D, glass column, 6 feet long,

E. PREPARATION OF STANDARDS

Herbicide standards are prepared from their methyl esters to contain
from 2 X 10"° g to 5 x 107'2g per ul (microliter) in hexane or benzene in a
volumetric flask.

F. PROCEDURE

1. Sample Collectign of Herbicides: The water sample is collected,
using a precleaned quart mason jar with a teflcn lined cover. The jar 1s
submerged directly into water source to gollect sample., One-inch air space
is left on top in the container,

2. Lleaning of glassware

a. A1l glassware, except volumetric glassware, is heated to
300°C for eight hours to eliminate organic contamination after detergent
washing and rinsing in acid water pH <2 and rinsing clean of the acid with
organic free water,
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b. Volumetric glassware is cleanad with sodium dichromate in
concertrated sulfuric acid cleaning solution, rinsed clean of sodjum dichro-
mate with organic free water and final rinse with acetone nanograde distilled
in gléss and dried in oven.

3. Operating Parameters of the Gas Chromatograph

a. Oven temperature: 1700C

b. Electron-capture detector, concentric tube design, D.C.
mode, 90 volts temperature: 210°C.

c. Injection port temperature: 210°C,
d. Nitrogen (prepurified} carrier gas: 40 ml per minute.
e. Injection volume: & pl {microliter).

4. Herbicide in Water

a. Total phenoxy acid herbicides and its esters,

(1} Acidify (pH 2.0} the one-Titer water sample with con-
centrated sulfuric acid.

(2) Pour the sample irto a two-liter separatory funnel.
Add 50 mt diethyl ether to the sample bcttle, rinsing the sides, and pour
the solvent into the separatory funnel., Shake the mixture vigorously for
one minute. Repeat three times., Since ether is highly soluble in water,
the sample must be saturated with ether before extraction. Dissolve 5 grams
of NapgS0, to water before extraction.

(3) Pour ether extract into a § joint 250 m1 Erlenmeyer
flask containing 2 ml of 37 percent agueous potassium hydroxide, Add 15 ml
H20 and insert a one-ball Snyder column. Evaporate the ether on a steam
bath; reflux for approximately 90 minutes.

(4) Transfer the concentrate to a 60 ml separatory funnel,
Extract the basic solution three times with 20 ml ether and discard the
ether layer. Acidify the aqueous layer with 2 ml of cold 4:1 aqueous sulfuric
acid to pH 2 and extract the herbicides with 20 ml ether three times. Trans-
fer the ether layer to a 125 ml Evlenmeyer flask containing about 0.5 gram
acid washed anhydrous NazS04 in an explosion proof refrigerator for two hours
or overnight,

(5) Transfer the ether solution into a Kuderna-Danish
evaporator-concentrator apparatus with a 5 ml volumetric flask and add 0,5 ml
benzene, Concentrate the extract to about 0.5 ml, using a fluidized sand
bath at 700C or Tower. During the ether transfer, it is necessary to crush
the caked NapS04 to obtain a quantitative transfer.

(6) When the concentrated extract is cool, add 0.5 ml of
14 percent BF3-methanol reagent. Heat the contents at 500C for 30 minutes
in a sand bath or water bath.
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(7) Cool and add 4.5 ml of 5 percent aqueous Na S04 solu-
tion to the reaction mixture, shake for one minute, allow to stand for
approximately three minutes for phase separetion. ’

i

(8) The benzene layer is pipetted from the receiver and
passed through a micro cleanup column of florisil with more benzene to a
volume of 5 ml. Then concentrate down to 0.5 ml for analysis.

(9) Gas chromatograph the methyl ester of chlorinated
phenoxy acid through the same chromatographic colunns as chlorinated
pesticides. : .

(10) Compare with known quantities of prepared herbicide
standards. ‘ .

¥

approximately 0.5 cm anhycrous sodium sulfate

approximately 3.0 cm (florisil)

approximately 0.5 cm anhydrous sodium sulfate

ety
22

packed with glass wool

made from disposable pipe=.

b. Butyl! and Isooctyl Esters of 2,4-D and 2,4,5-T

{1) To a 1-liter water sample, add 1 H.NaOH to bring the pH
to 8 or higher, {Caution: immediately start extraction; hydrolysis of the
ester will take place if left standing{.
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(2) Pour the water sample into a two-liter separatory fun-
nel. Add approximately 50 ml diethyl ether to the sample bottle, rinsing the
sides, and pour the solvent into the separatory funnel. Shake the mixture
vigorously for one minute. Repeat three times. Since ether is quite soluble
in water, the sample must be saturated with ether before extraction. Total
extracted ether volume is 150 mls. Dissolve 5 grams of Na2S04 in water before
extraction. Save the water sample for extraction of the chlorinated phenoxy-
acids and chlorinated pheno]s.

(3)" Pour the ether extract 1nto as$ joint 250 m] Erlenmeyer
flask containing sufficient anhydrous acidified NagS04 to remove the water
and store in an explosion preof refrigerator for two hours or overnight.

(4) Transfer the ether solution into a Kuderna-Danish
evapcrator-concentrator apparatus with a 1 ml volumetric flask and add 0,5
ml benzene. Concentrate the extract to 0.5 ml, using a fluidized sand bath
at 70° C or lower, During the ether transfer, it is necessary to crush the
caked Na2S04 to obtain a quantitative transfer.

(5) Cool the concentrate overnight.

(6) The benzene Tayer is pipetted from the receiver and
passed through a micro cleanup column of florisil with more benzene to a
volume of 5 ml. Concentrate to 0.5 ml for analysis using the columns normally
used for chlorinated herbicides.

(7) Gas chroﬁatograph the esters of chlorinated phenoxyacid.
The 3 percent EGSS-X coated column has a better ester separation for e-c
detection,

(8) Compare with known quantities of prepared hevbicide
standards.

(9) Proceed with the extraction of the chlorinated phenoxy-
acid and chlorinated phenols from step "(2)" by acidifying the water to pH 2
with concentrated sulfuric acid.

(10) Pour the sample into a two-liter separatory funnel,
Saturate the sample with ether. Add 50 ml diethyl ether to the sample bottle,
rinsing the sides and pour the ether into the separatory funnel. Shake the
mixture vigorously for one minute. Repeat three times., Total extracted
volume; 150 mils.

(11) Pour the ether extract into a § Jjoint 250 ml Erlenmeyer
flask containing anhydrous acidified NaoSO4 in an explosion proof refr1gerator.
Allow to stand for two hours or overnight.

(12) Transfer the ether solutions into a Kuderna-Danish
evaporator-concentration apparatus with a 5 m! volumetric flask and add 0.5
ml benzene. Concentrate the extract to about 0.5 ml, using a fluidized sand
bath at 70 C or lower. During the ether transfer, it is necessary to crush
the caked NapS0y to obtain a quantitative transfer,



(13) When the concentrated extract is cool, add 0.5 ml of
14 percent BF3-methanol reagent. Heat the contents at 500C for 30 minutes
in a sand bath or water bath. When chlorinated phenols are determined with
the chlorinated phenoxyacids, add diazomethane dropwise until a yellow color
persists. -

(14) After methylation wita the BF3-methanol reagent sample,
cool and add 4.5 ml of 5 percent agueous NazS04 solution to the reaction
mixture, shake for one minute, allow to szand for approximately three minutes
for phase separation. After methylation with diazomethane, slowly warm the
sample in a sand bath or water bath to 50°C for one-half hour; then use
filtered air to evaporate the diazomethane.

(15) The benzene layer is pipetted from the receiver and
passed throughamicro cleanup column of florisil with more benzene to a
volume of 5 ml. Then concentrate down to 0.5 ml for analysis.

(16) Gas chromatograph the methyl ether of chlorinated
phenoxyacid and the methyl ethers of chlorinated phenols through the gas
chromatographic columns.

(17) Compare with known quantities of prepared chlorinated
herbicide and phenol standards,

(18) Confirmation of the chlorinated herbicides and the
chlorinated phenols by Dohrmann Microcoulometric Titrating System,

(a) The left over sample from the electron capture
detection analysis is further concentrated down to approximately 0.10C ml,
and the whole sample is injected into the gas chromatograph and detected
by the microcoulometric system for halogens.

¢. Extraction or Partition of Chlorinated Phenoxy Acids_and
Chlorinated Phenols :

(1) Pour the ether extrac: from Step b. of the total phen-
oxyacid herbicides and its esters into another 250 ml separatory funnel with
50 ml of 5 percent NaHCO3 solution, Shake and wait for a few minutes for
the two layers to separate. Repeat twice. Save both layers. The aqueous
layer will contain the chlorinated phenoxy acid and chlorinated phenols.

The ether layer will contain the esters.

(2) Dry the ether layer over anhydrous Na2$0s and add 0.5
ml benzene, Transfer to a Kuderna-Danish evaporator-concentrator apparatus
with 1 ml volumetric flask. Concentrate the extract to about 0.5 ml, using
a fluidized sand bath at 700C or. lower. During the ether transfer, it is
necessary to crush the caked NaSOg to obtain a quantitative transfer,

(3) The benzene layer is pipetted from the receiver and
passed through a micro cleanup column of florisil with more benzene to a
volume of 5 mi, then concentrated down to 0.5 ml for gas chromatography.

L
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(4) Transfer the acueous Tayer containing the chlorinated
phenoxy acid and chlorinated phenols from Step a. to a separatory funnel
and acidify with HpS04 acid. Saturate the aqueous layer with ether and
extract with 50 mls diethyl ether three times. Dry the ether Tayer over
anhydrous acidic NapS04. Discard agueous layer. Allow the extract to
remain in contact with N&2S04 in an explasion-proof refrigerator for two
hours or overnight.

~ {5) Transfer the ethar solution into a Kuderna-Danish
evapo-ator-concentrator apparatus with a 5 ml volumetric flask and add 0.5
ml benzere. Concentrate the extract to about 0.5 ml, using a fluidized
sand bath at 70°C or lower. During the ether transfer, it is necessary (o
crush the caked Na3S04 to obtain a gquantitative transfer.

(6) When the concentrated extract is cool, add 0.5 ml of
14 percent BF3-methanal reagent for pheroxy acid. When chlorinated phenols
are analyzed together with phenoxy acid. then use diazomethane (dropwise
until yellow color persistsg. Heat the contents at 500C for 30 minutes in
a sand bath or water bath).

(7} -Cool the nethylated sample and add 4.5 ml of 5 percent
aqueous Na2504 solution to the reaction mixture, shake for one minute, allow
to stand for approximately three minutes for phase separation. Cool the
sampie which has been methylated with diazomethane and compietely destroy
the diazomethane, .

(8) The benzene layer is pipetted from the receiver and
passed through a micro cleanup column of florisil with more benzene to a
volume of 5 mi. It is then concentrated down to 0.5 ml for analysis.

(9) Gas chromatograph the methyl ester of chlorinated
phenoxy acid through the same gas chromatographic columns as chlorinated
pesticides. '

(10) Compare with known guantities of prepared herbicide
standards.

G. ACCURACY AND COMMENTS

1. Minimum Measureable Concgntration of Herbicide in the Water Sample

2,4-D 200 ppt
2,4,5-T 20 ppt

2. Discussion of the above minimum measurable concentration of
herbicide:

) a. Using the procedure, accurate analysis of most water samples
can be routinely accomplished. Amounts less than the above detectable 1imits
can be detected by analyzing a larger sample volume or reducing the volume of
extract to less than 5 ml. Not all extracts, however, can be reduced to such
a Tow volume without an accompanying buildup of excessive interferences.
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b. Ultramigro analytical techniques must be used to determine
. panogram concentrations of pesticides found in the environment. For analy-
tical results to be meaningful, glassware should be properly washed and
heat treated at 300°C. Extensive cleanup is required because interfering
impurities are greater than pesticide found. Recovery of pesticides from
the environment averages from 85 percent to 114 percent.

c. Al g1a§sware and reagents used should be free of interfer-
ing compounds. A blank and standard should be analyzed with the samples
until the analyst becomes proficient,

"It was found that prompt handling of samples is necessary if the results

of the analysis are to be representative of the condition of the water at

the time of sampling. A water sample was selected from an area which had

beén sprayed for about 1-1/2 years with 2,4-D. Added 2,4-D almost completely
disappeared after the spiked sample was allowed to stand at 720 - 740F, in

a stoppercd bottle for 10 days. Apparently. in water courses and soils which
are regularly exposed to 2,4-D, certain orgenisms may develop the capability

to degrade the chemical. Shipping samplas from the coilection point to the
laboratory may take too long and means for resolving this problem must be
found. Perhaps 'icing' or chemical fixing' and air shipment may be required."!

Determination of Phenoxy Acid Herbicides in Water by Electron Capture and
Microcoulometric Gas-Chromatography, by D.F. Goelitz and W.L. Lamar, U.S.G.S.
WSP-1817-C. Draft copy from authors.
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I1. GENERAL METHOD FOR CHLOROPHENOXY ACIDS FOR BIOLOGICAL MATERIAL
A. REAGENTS |
1. Benzene, Pesticide Grade Quality

Hexane, Pesticide Grade Quality

e
-

Ethyl Ether, Pesticide Grade Cuality

Petroleum Ether, Pesticide Grade Quality
Concentrated Su]furic Acid

Anhydrous Sodium Sq]fate

Florisil, Calcined at 6509C and stored at 1300C

BF3~Methanol Reagent

o o bt | (=2} <1 o (o8]
- L] - . - L) -

Acetonitrite, Pesticide Grade Quality

10. Methanol, Pesticidg Grade Quality
B. GLASSWARE

1. Liquid Chromatography Column, 22 mm ID

2. Separatory Funnels

3. Kuderna-Danish Evaporator

4, Erlenmeyer flasks

5. Beakers

C. EQUIPMENT

1. Gas Chromatograph, Tracor, Mode1 220, Dual Column, with two Hi63

Electron capture detectors and a digital integrator, VIDAR 6300, Autolab, with
teletype attachment. '

a. A6 Tt U-tube, glass column packed with 1.5% 0V-17/1,95% QF-1
on 80/100 mesh Gas Chrom Q was connected to detector Ho. 1.

k. A6 ft U-tube, glass column packed with 4% SE-30/6k QF-1 on
80/100 mesh Gas Chrom Q connected to detector No. 2.

c. Oven Temperature - 1970C,
d. Detector Temperature - 3500C.
e. Injector Temperaturs - 225°C.

f.  Carrier Gas - Nitrogen (prepurified) 80 ml per min.



2. Gas Chromatograph/Mass Spectrometer, Finnigan Model 3000D inter-
faced with a system/150 data handling system.

a. Gas_Chromatograph

(1) Column - 5 ft U-Tube, glass, packed with 3% OV-1 on
80/100 mesh Gas Chrom Q.

(2) Column Oven Temp. ~ 160°C.

(3} Injector Temperature - 2250C.

(4) Carrier Gas - Heliur 25 ml per min.

(6) Sample injection - 5 nl.

(6) Transfer Tine - 1800C.

b. Mass Spectrometer

(1) Electron Energy - 70 eV

(2) Mass Range - 50-300 aru

(3) Pressure - 3 X 10-° Terr.

(4) Sensitivity - 10'7 amp per volt

D. PREPARATION OF STANDARDS: tHerbicide standards were prepared from the

methyl esters, of 2,4-D and 2,4,5-T. Concentration of the standard solution
for Gas Chromatography was 10 picograms {10 X 10-12g) per microliter (u1) of
each ester, in hexane. Concentration of standard for GC/MS was 0.1 nanograms
(0.1 X lﬂ'gg) per microliter (ul) of each ester, in benzene.

E. PROCEDURE

1. Extraction of Acids

————

a. Biological Material

(1) One third of total sanple material is placed in a blender
and homogenized with anhydrous NapS0sq until a uniform mixture is obtained.

(2) Transfer mixture to a beaker, add 25 ml of 105 HpS0, in
methanol and then enough ethanol to cover entire sample by 1 inch, Stir for 20
min. .

(3} Pour into Erlenmeyer flask and evaporate on steam bath
with a jet of air until about 35 ml ethanol remains.

(4) Transfer to 500 ml separatory funnel with 200 ml 50% ethyl
ether in setroleum ether, add 50 ml 4% NallCO3 and shake carefully.

() Extract by isolation of acids procedure.



b. Non-biological Material

(1} Sediment Material

]
(a} Weigh 2g of dry sample material into a screw cap
tube about 15 cm in length.

(b) Add 10 ml of 1:3 benzene-propanol mixture and rotate
on a Fisher "Roto-Rack" at 40 rpm for 2 hcurs.

(c) Filter suspension thru a hexane washed Whatman #2
filter paper and collect the filtrate ir a clean test tube.

(d) Evaporate to about 0.5 ml.
(e) Sample ready for methylation,
(2) Coral Material

(a) 100 g of coral are broken up into small pieces and
placed in a 400 m] beaker.

(b) Add sufficient slightly acidified benzene to cover
the coral.

. (c) Stir mixture for about 30 minutes using a magnetic
stirrer, Decant benzene and save. Repeat extraction two additional times.
Collect benzene in same container.

{d) Evaporate benzene to almost dryness using gentle
heat with a slow air current.

(e) Sample rzady for methylation,

2. Isolation of Acids (Biaslogical Material)

a. After releasing pressure in the separatory funnel several
times, shake vigorously for 1 minute. Let layers separate.

b. Drain bottom aqueous layer into another 500 ml separatory
funnel. Repeat extraction twice using 15 ml1 ethanol and 40 ml NaHCO3 solution

each time.

c. Combine the agueous phases and discard the organic phase.
Extract the combined agueous phase twice using 25 ml CHCL3 each time. Drain
off the CHCL3 and discard.

d. Carefully acidify the aqueous solution with 25 ml 10% aq.
H2S0a. Extract acidified solution three times, using 30 ml benzene each time.
Drain each benzene extract through a plug of cotton into a beaker.

e. Rinse cotton pluc with benzene after the third benzene extract
has filtered through. Remove cotton and replace funnel in beaker,



P T : N
f. . Evaporate sample just to dryness on a steam bath.
g. Sample ready for methy1at10n.
3. Methylation of Acids  °

a. Make sample to a volume of 0.5 ml with benzene. Add 1 ml of
BF3/methanol reagent and mix.

b. Place on steam bath and boil for approximately two minutes.

¢. Cool and add about 4.5 ml of 5% aqueous NapSQy sotution, shake
and allow to stand for phase separation. .

d. Benzene layer is ready for clean-up.

4. Clean-up of Methylated Acids

a. Acetonitrite Partitionigg; Only fatty samples were partitioned
with petroleum ether - acetonitrite prior ta florisil clean-up. The non-fatty
samples were passed through florisil column for clean-up without partition.

(1) Add petroleum ether to the sample extract so that total
volume in a 125 ml separatory funnel is 15 ml.

(2) Add 30 mi of.acetonitr1te saturated with petroleum ether,
Shake vigorously 1 min. and let layers separate.

(3) Drain acetonitrite fnto a 1 Titer separatory funnel con-
taining 650 ml H20, 40 ml saturated N;Cy solution and 100 ml petroleum ether.

(4) Extract petroleum ether solution in the 125 wl separator
with three additional 30 ml portions of acetonitrite saturated with petroleum
ether, shaking vigorously for 1 min each time. Combine all extracts in the
1-1iter separator. h

(5} Mix 1 liter separator thoroughly 30-45 seconds. Let layers
separate and drain aqueous layer into second 1-liter separator,

(6) Add 100 ml1 petroleum ether to second séparator, shake
vigorously 15 seconds, and let layers separate.

(7) Discard aqueous layer, combine petroleum ether with the
petroleum ether in original separator and wash with two, 100 ml portions H20.

(8) Discard washings and drain petroleum ether layer through
column of anhydrous Na2S04. Rinse column with three (about 10 ml) portions of
petroleum ether,

(9) Evaporate combined extract and rinses to 5-10 ml in Kuderna-
Danish concentrator for transfer to florisil column,

J-12
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b. F10risi]ICoﬂymn

(1}  Prepare 22 mm ID column that contains appréximate]
four inches of activated florisil topped with about 1/2 in. anhydrous NaySy.

(2)  Pre-wet column with 40-50 m} petroleum ether. Place
Erlenmeyer flask under column to receive eluate.

(3) Transfer sample extract to column letting it pass
through at about 5 ml/min, . '

(4) Rinse extract container and transfer rinses to column,
and rinse walls of chromatographic column with additional small portions of
petroleum ether.

(5} Elute column at about 5 ml/min. with 200 ml 10% ethyl
ether/petroleum ether eluant.

(6) Concentrate eluate to appropriate volume for analysis.

¢. Gas Chromatography - Electron Capture Detector (EC): 5 micro-
liters of the eluate are injected into each of the two colums. Chromatograms
are analyzed for peaks which have the same retention time as that of the methyl
ester standards of 2,4-D and 2,4,5-T. The practical sensitivity of the Electron
Capture to stan?grd solutions of methyl esters of 2,4-D and 2,4,5-T is 50 pico-

grams {50 X 10- grams) of each.

d. Gas Chromatography/Mass Spectrometry (GC/MS): Samples which
have peaks of the same retention times as the methyl esters of 2,4-D and 2,4,5-T
are analyzed by GC/MS. 5 ul of sample are injected into the injector part of
the GC/MS systems. The methy) esters of 2,4-D and 2,4,5-T can be confined by
using the data handling system of the GC/MS by comparing the fragmentation
patterns of the suspected compounds with those of the standards. The practical
sensitivity of the GC/MS to standard sogutions of the methyl esters of 2,4-D
and 2,4,5-T is 0.5 nanograms (0.5 X 10- grams) of each,

II1. TCDD ANALYSIS: The TCDD analyses reported in the Environmental Statement
Part III were accomplished by the EPA Pesticide Laboratory at Bay St Louis MS
and the Perrine Laboratory, Perrine FL; therefore, the analytical procedures
are not included in this appendix.
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1. GENERAL: The main cffort, in attempting to define the effects
of burning Orangc herbicide on the air quality at and around Johnston
Island, was directed toward the use of diffusion equations to precict
the ground level concentrations,

2, DIFFUSION MODEL AND INPUT PARAMETERS:

a. The concentration, C, of gas or aerosols (particles less than
about 20 microns diameter) at the coordinate points x,vy, 7z, from a con-
tinucus source with an effective emission height, H, is given by cquatlon
(1). The notation used to depict this concentration is C (x, y,7zyH). Tl1s
the Leight of the plume center line when it becomes essentially level, and
is the sum of the physical stack height, h, and the plume rise, *II, The
following assumptions arc made: the plumec sprecad has a Gaussian distri-
buticn in both the horizo_htal a.'zjd vertical planes, with standard deviations
of plume concentaation distribution inp the hp rizontal and vertical of
oy and g7, respectively; the mcan wind speed affecting the plume is u;
the uniform emission rate of pollutants is Q; and total re¢flection of the
plume takes placc at the carth's surface, i.c¢., there is no deposition
or reaction at the surface.

1 ve T =__.__Q_._._._ "_.I; ¥ 31
C (x,v, % ) T exp | -3 HJ’Y
{exp (-3(2=I1® 1+ exp [-%(ﬁl%] (1)

For concentrations calculated at ground level (z=0), the equation
simplilies to:

~ Q 1 2 2 f H \?
Cilx,v,00H) = ——— oxp -3 PL% 1 exp -5 2)
X, ¥ ) oy gz u PL-3 pcr P . 2(0‘3’ ] H

Where the concentration is to te calculated along the center llne of
the plume (y=0):

C(x,0,0i11) = exp[-i ( 11)31 (3)
TOoyoZ G gz

At distance equal to or gr_;:atcr than 2 x 1

Cix,0,0;H)=—0Q ‘ e (4)

’VZ-ncryLu

X. is the distance downwind wherc the vertlca.l d1ffu51on starts
being affected by the inversion,



The ITolland Plume Risc equations was used to determine H:

2h=Ned ), 54 2, 68x10"%p (_?S_{Iﬂ) ] (5)
u '8

This is modilied for atmospheric stability so the result is:
IT=h I th{l.4 -, 1P) {6)

The mixing depth, I.:

(P) (0.087) {(uy - 0.5) (7)

L=(6-P)(121) (T -Tq) /6 A 12 £ 5/ 7o)

The mixing depth of the atmosphere (thickness of the boundary layer)
can be dofined as that layer where vigorous mixing takes place duc to
thermal and mechanical turbulence.

TABLLEE K ~ 1

INPUT PARAMETERS

J. L, Ship
Stack height (m) 15,24 12
Stack diameter {(m) 1.5 3
Stack temperature (°F) 1600 1625
Stack velocity (m/sec) 18.17 20
Air temperature (°F) 76.5 76.5
Air pressure (mbs) 1024 1024
Mixing depth (m} 719 719

3. RESUI.TS:

a. Jn order to determine a conservative estimate of the ground
level concentration, the (ollowing parameters and considerations were
uscd: the highest ground level concentralion will.occur with high winds
and an unstable atmosphere; no deposition or reaction at the surface;
no rain-out of the plume; the ship standing still in the water: and using
the Hollend Plume Rise LEq.

-

b. TIigure K-1 shows the center line ground level concentration
for a IIC! plumc at Johnston Island. The cmission rate is 37, 000
l1bs/day. The maximum (1. 85 ppm) concentration occurcs at 0.2 km
downwind and decrecases to 0.007 ppm at 10 km downwind. Figure K-2

K-2
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shows the horizontal extent of the concentration at 0, 2 km downwind,
Figure K-3 shows the vertical extent of the plume. Figurce K-4
shows the ground level isopleths and area, A, encloscd by the isopleths,

Figures K-5 through K-10 are fov a ship operating west of Johnston
Island. Emission rates of 170 tons /day of Orange herbicide were used.
Figure K-5 and K-8 show the center line ground level concentrations.
The maximum 2, 28 ppm (HICl) and 0, 81 ppb (Orange) occur at 0,47 km
downwind. At 10 km dowawind the concentrations arc 50,0 ppb (IICl)
and 19. 4 ppt (Orange). Figures K-6 and K-9 show the horizontal concen-
tration, while figure K-7 and K-10 show the vertical.

4, ENVIRONMENTAL IMPLICATIONS:

a. It is very difficult to extrapolate “hese results to the actual
situation at and around Johnston Island. The paramcters used for the
study are not nccessarily thosc which will exist when the incineration
takes place. These paramcters were used in order to provide a con-
servative estimate (worst case) and these conditions are never expected
to be reached.

b. Factors that will decrease the ground level concentration shown
in this study for the ship are: the ship will be moving during incineration;
the atmosphere is more towards neutral or stable, than unstable: the
mixing depth will be higher; and therc will be a certain amount of
deposition and reaction with the surface and rain-out of the plume. For
Johnstor. Island incineration, all of these factors, excepl movement
of incinerator, also apply. .

c. Another fact evident is that under all conditions studied, a
majority of the time, the concentrations of interest will exist over the
ocean, duc to the prevailing wind direction at Johnston Island.
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APPENDIX L
COMMENTS TO:

DRAFT ENVIRONMENTAL STATEMENT -
DISPOSITION OF CRANGE HERBICIDE
BY INCINERATION
January 1972--AF-ES-72-2D

(This Appendix consists of comments received from 9 agencies
resulting from their review of the above Draft Statement)
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STATE OF M 85153 I1BPI
EKECUTIVE_ CHAMBDER
JACKSON

WILLIAM LOWE WALLER
GOVERNOR

Februazy 11, 1972

Ilonorable Aaron J. Racusin

Acting Assistant Secrctary of the Air Force
Installation and Logistics

Office of the Sceretary

Department of the Air Force

Washington, D. C. 20330

Re: Draft Convironmental Statement-Disposition
of Orange VMerbicide by Inclneration -
January 1972--AF-E5-72-2D

Dear. Mr, Racusin:

In compliance with applicable reculations, tbe above
captioned cnvironwental stalament has been reviewed by appropriate
State agenecies concerned wit various aspects of the disposition,
Comwents from State agencies are summarized in the latier
preparcd by ithe Air and Water Pollution Contrel Commission,
and are cnclosed herewith,

It is my opinion thaX the attached environmental statement
is satisfactory. ‘

I recommend that full consideration be glven to the comments
of our agencies in the final review.

Sincerely,

= 9 AL
S 0]

BILL WALLER N
GOVLRYOR
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Air & Water Ponut.ion ‘Cpn{rol Commission

STATE OoOF MISSISSIPFI COMMISSIONERY
OMMIESIONERS GAHME & FISH COMMISSION
AMES W. CARRAWAY, CHAIRMAN BILLY JOE CROSG
ASIFIELD BOARD OF WATER

TE PLANT BQARD COMMISSIONERS
o ' JACK PCPPER

.. T. GUICE, JR., VICE CIIAIRMAN

CHARLES W. ELSE

L & GAS BOARD YAZOO CITY
. F.powruwick e
OARD OF "‘:ml-ﬂ“ ASGOCIATE MEMDERS

D. DRO
oF Glen Wood, Jr. STATE PARK SYSTEM
IARINE CONSERVATION EXECUTIVE DIRECTOR SPENCER €. MEDLIN
i. 4, DEMORAN POST OFFICE BOX 827 TELEPHONE 354.6763 A & ) BOARD
. E. GUPTON GIXTH FLOOR RODERT E. LEE DUILDING PAUL BDURT
ACKSON JACKSON, MISSISSIPPI 39209 SLOLOGICAL SURVEY
'ERMIT A. JONES . H.

N

ANTO February 8, 1972

Fr. Edward A, May, Jr. _ 3
Assistant to the Coordinator P S T
Federal-State Programs Voot e oy
Office of thoe Governor Wt e e :
510 Lamar Life Building '
Jackson, Mississippi

¥
-

Lear Mr, May:

This letter is in refercence to yours of Januvary 26, concerning

the draft cnvironmental impact statement entitled "Disposition

c¢f Orange lcrbicide by Incincration”. A mecting was held in

cur office with concurned agcncmes of the State on February 3,

to conduct a Lechnical reviaw of this statemeont and to coordinate
4 the state's position in this matter. Copics of the impact state-

rent had previously been forwarded to these agencies

The conscnsus of this meeting. is cnumerated below:

l. Department of the Alr Force should explore further possi-
bilitics for usc of the material under adecuate control
measures, prcferably by the faderal government, as in
national and statce forests ox by rcturning to commercial
usc through somce acceptable channel. Apparently the
alternative of giving this material away was not cxplored.
It is felt that destruction of the material would be a
needless waste and would create [urlher coxpense. It is
recognized that such act:zon as suggested might require
some cmergency aunthority from Environmental Protection
Agency but this should pose no great difficulty since a
similar material is in cveryddy use

L-2



My, Edward A. May, Jr.
February 8, 1972
Page 2

In the event incineration is taken as the alternative,

it is requested that the federal government assume the
responsibility for all transportion of the material to

the point of incineration and provide all nccessary safcty
measures, such as, but not limited to, shipping materials
in small quantities and providing the necessary absorbents
at the convenient locations if shipped by rail.

It is requestced that the material be removed from its
present location at Keesler Air Force Basc beginning
immediately and without regard to the final disposition

c¢f the material. It is felt =zhis is absolutely cssential
because of the proximity of the material to recrcational
and shecllfish waters, as well as large densely populated
arcas, and further becausc of the history of hurricancs
and tornadoes in that particular section of the country.
It is our fecling there are many other «arcas in the
contincntal United States which would provide a much
safer depository for this meterial.

The Mississippi Air and Water Pollution Control Commission
should bce notified in advance of any proposed movement of
the material, of the routes to be taken, and of the safclLy
precautions.

Copics of this statement are being forwarded to all of the
involved agencies, as noted on the atlbached shcet.

Yours very truly,

i3],

Glen Wood, Jré
Executive Director

GWijr:ijs



Mr. ¥dward A, May, Jr.
February 8, 1972
Page 3

Copics furnished:

Mr. Billy Joc Cross, Director
Mississippl Game & Fish Commissior
Post Office Box 451

Jackson, Mississippil

Mr. Joec D. Brown, Dhircctor
Divisicn of Sanitary Enaincering
State Board of Health
Post Offica Box 1700 _
Jackson, Mississippl 39205

‘Mr. Jack W, Pepper, Wator Engincor

Mississippl Board of Walcer Commisgioners

416 North State Strcet:

Jackson, Mississippi 39201

Dr. R. A. Mclcemore, Direclor

»

a dagen

Mr,. William J. Dcmoran

Marine Biologist

Gulf Coast Rescarch Lab

Post OFfice Box AG

Ocean Springs, Miss. 39654

Mr. Bobby R. Tramcl

Burcau of Spoxt I'isherices
and Wildlife .

Post OLfice Drawoer FW

State College, Miss., 39762

Mississippi Department of Archives and History

Post Office Box 571
Jackson, Mississippi 39205

Attention: Mr. Elbert Hilliard

Coloncl Wendell D, Lack, State Foresterx

Mississippi Forestry Colmission
1106 Woolfolk Staulte Office Building
Jackson, Mississippi 39205

Mr. 0. 1. Guice, Jr., Dircctor
Division of Plant Industry
P. 0. Box 5207

State College, Missisasippi 39762
Mr. William IlI. Moorec

Dircclor and Sliate Geologist
Mississippi Geological Survey
Post: Office Box 4815
Jackson, Missisgippi 39216

Mx. Sponcer E. Medlin, Comptroller
Mississippl Park Syslem

717 Robert E. Lee Building
Jackson, Missigsippl
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THE ASHISCANT SECRETARY OF CONIMERCE
Washington, D C. 20730

February 18, 1972

Department of the Air Force
[IQ USATF/PREV ‘
Washington, D. C. 20330

Dear Sir:

The dralt environmental statecment titled "Disposition of
Orangc Ilerbicide by Incinceration," was recceived by the
Department of Commerce for review and comment,

The Department of commerce has reviewed the draft environ-
mental statement and has the fcollowing comments to offer
for consideration.

The key question is the completencss of combustion - i.e.,
the fraction not exidized but carried up the stack. Once
this can he cstimated, then there is the atmospheric trans-
port and diffusion problem to @ »oint at the necarcst habita-
tion or unrestricted arca arourd the disposal plant. There
is a 100 foot stack., Combustion temperature is 2500°F
(1L400°C) for 3 second dwell (p. 11). )

Tentative data show orange decomposes at 900° C. (but how long
does it take at this temperature? &.g.,wator boils at 100° ¢,
but a large pot of water must renain at this temperature for
sometime before it boils away). Sce page 15 - the Illinois
plant would rclease 5% of the IHCl as a stack effluent.

The combustion of gasoline in an auto engine is only partially
complete ~ and hydrocarbons are emitted as wastes; i.e. unburnt
gasolinc. The combustion temperaturc of an auto is undetermined
and the dwell time is about 4 nillisce, so the analogy may be

poor.

The safety of this Operaﬁion will also depend on how continuously
reliable and constant axe tht actual temperature/pressure/dwell

L-5
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conditions inside the burner - because it will take more than

a ycar of continuous burning to complete the job. The con-
stancy, uniformity and reliability of the contractors' facility
are therefore important guestions which probably should be
treated in the statement.

We hope these comments will be of assistance to you in the
preparation of the final impact statement.

Sincerely yours,

C%A‘j‘wé(/ff @ Cf{u’..,/éﬁ)
) [

Sidney R. Gallcer

Deputy Assistant Sccretary
for Environmental Affairs

L-6



AN DEPARTMENT OF AGRICULTURE
LAl OFFICE OF THE 5L CRETAKY
L E S WASHINGTON. D. C. 20260

FER 221972

Mr. Aaron J. Racusin

Acting Assistant Secretary
of the Air Force

Hashington, D.C. 20330

Dear Mr. Racusin:

We have reviewed the Draft Environmental Statement on "Disposition
of Orange Herbicide by Incineration". Several questions have
arisen that you may wish to consider.

The environmental statement does not contain data to show that
effluent emissions would not contain biologically active dioxins,
Data to show that dioxins are not emitted into the atmosphere must
be provided. The stateficnt does not provide for monitoring stack
flumc emissions from either of the proposed-sincinerators. )
Information should be provided to assure that the orange herbicide
remaining in the empticd contaiizers does not have a higher concentra-
tion of dioxin than was prescnt in the let as a vhole. Such a
situation would arise if the dioxin settles to the bottom of a drum.
If that happens, much of the dioxin would go into the soil instcad

of being combusted.

Damage to vegetation can occur “ram 2,4-D and 2,4,5-T in the vapor
phase. Shipment of orange to the incineration site should be geared
to incineration capacity so that Targe stocks are not kept in storage
at the incineration site.

e believe the environmencal impact statenment must contain data on
temperatures requived for total combustion. The statement nust also
identify the effluani gases, and intermediate breakdovn products.
For cxample, incomplete combustion may occur when the incinerator

is shut down. Intgrmediate. combustion procucts may be potentially
hazardous.

L-7
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" The biological activity of the effluent gases must be documented
and a scrubbing system specified that will assure safety.

The volume of water into which the sodium chloride is discharged
and the rate and volume of fresh water inflow should be specified
so that the increased salt content of the water can be determined.

We hope these comments are helpful to you.

M

Sincerely,

.r:-l—— é,k%\Q,LQ{

T. C. BYERLY
Assistant Dircector
Science & Education

Enclosure:

1 copy of Environmental
Statement

.L-8 +
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Executive DEPARTMENT

BIVISION OF PLANNING COORDIMATION
[EBTON EMITH ' BOX 12428, CAPITOL STATION ED GRISHAM
GOVERNOR ' AUSTIN, TEXAS 78711 DIRECTOR

PHONE B12 A75.2427

b

Febyuary 25, 1972

Mr. Aaron T. Racusin
Acting Assistant Scerctary
of the Air Force
leadquarters USAF/PREV
Washington, D.C. 20330

Dear Mr. Racusin:

The CE£fice of the Governor, Division of Planning Coorvdination (State
Planning and Development Clearinghousae), and affected Texas State
agencies have reviewed Lhe draft envivoamental Impact statement for

the disposition of Orange herbicide by incineration in Deer Park, Texas.

The Texas Air Coutrol Beard presently objects to the pronosad project
for several reasons which ineclude imsnflicient technical information
. in the draft environmental statement and the possible hameful effects
bt to the arca by adding additional air pollutants to the atmosphere.
The Texas Air Coutrol Board (TACB) has statutory responsibilicy and
authority in matters of air countamination.

The comments received [rom State agennies are encloscd.

Thank you for the opportunity to review this draft environmental idpact

statoment.

Sincerely,
ST

S q\.;E&AB“ Qr
Ed Grisham
Director

EG:gtt ’

Fncl. (4)

¢

ce: Mr, Charles R. Barden, TACB Mr, lugh C. Yantis, Jr., TWQDB
1
Mr. James U. Cross, TP&WD -DY'. James T. Peavy, TSDII

Mr. A. T. Travnor, USAF
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JORN H REAGAN BUILDING

AUSTIN, TEXAS

Me, Ed Cokor

Division of Planning Coordination

Executive Depariment
Capitol Station
Austin, Texas 78711

Dear My, Coker:

73701

February 14, 1972

We have reviewed the draft environmental jmpact statement for the disposal
of Oronge llerbicide by incineration, anc are in gencral aprecment with tha
method of disposal and the drafl statement,

We would recommend that stack gases be monitored for 2,4-D; 2,4,5-T and

dicxin to prevent any cscape to the atmosphere,

If other precoutions are

taken to prevent loss or spillage of the barrels and if the empty barrels
are disposcd ol properly, the Parks and Wildlife Department would nct object
to the incineration of Orange Herbicide, '

We appreceiate haviug had the opportunity to comment on this draft statement,

Sincerely,

4
s oy
JAMES U, CROSS /
xcculive Director

RECEIVED

FEB 15 1072

Div. of Plasi. Conrd
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GORDON FULCHER
CHAIRMAN

LESTER CLARK
VICE-CHAINY A

4. DOUG TOOLE

HARRY P BURLEIGH

TEXAS WATER QUALITY BOARD JAMES U. CROSS
J. E. FEAYY, MD
""i‘ a % BYRON TUNNELL
‘:.- i‘ -\"-:- MUGH €. YANTIS, JR.
3 i . EXeCuUTIVE ThREGTOR
PH, 475.2651
AC. 812

314 WEST 11TH STRTET 7070t
F.O, BOX 13246 CAPI—OL STATION 78711
AUSTIN, TEXAS

February 1, 1972

Mr, 12d Grichion, Dircctor

Division of 'lauming Coordinatlion

Of"ice of the Governor ‘ .
Capilol Slation

Auslin, Texas 78711

3
b

Dear Ar. Grishom;

In responsge 1o your memorandum of January 26, 1072, 1 would like to re-
state the comments of our leiter of Novewnber 10, 1971, a copy of which
is included in the Drafl Lnvironmental Statement for the Digposilion of
Orange ITerbicide by Incineration by “he Depariment of the Air Torce.

In restaling our previous opinion, I would like 1o suggest that insofav as
water quality is concerned, no environmental stalement or special periis-
sion is required so long as the disposal by Rollins Purle is corricd out
within the condilions ol wasle contlrol order No. 01429 aund so long as the
solid wasic disposal of decontamineled drums is corried out pursuant {o
steie stalute, Il should be undersiood that il the disposal of either the
Orange Lerbicide or the drums was propesed to be corried oul contracy

to slate statutes, ihen this effice would decline to uuthorize the disposal,

Very tru

¥ yours,

nCYjr:igo

CCs:

All Roard Members « Texos Water Quality Board
Mv, Josiah Wheat, Legal Céunsel, TWQID S,
FEB 3 1572
L-1t e
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Texns State Department of gilealt‘h

IAMES E, PEAVY, M.D,, M,P.H. BOARD OF HEALTH
tOMKISSIOHER OF HEALTH AUSTIN, TEXAS

HAMP TON €. ROUINSGM, M.D., CHALIT.MAN
RODERT D, MORT TOM, 1. D, VICE-Crihl RIaaN
¥, KEHNETH THURMCKD, IL(LE5., SCCR-TARY
[N N copculuo.s:«a.bkn N, L. BARKNII JF,, M, D,
e em—— Februury 15, 1972 SO AL ot o

2 G, 10, [ O,
JOHM M, ST Jit,, M, D,
JESS WATHE HEST, R, P,
ROYCE E. WISCNGARER, M, 5 ENG,

Honorable DPreslon Swith
Governor of Toxas

State Capilol b

Austin, Texas. 78701

ATTENTIION: Mr. Ld Grisham
Dear Governor Smitl:

The Draft Kovivonmental Statement for the "™isposition of Orange
Herbicide by Incinevation,” prepared by the Department ol Lhe
Air Foree has been reviewed by this Departmeht.

In considering the proposal with regurds to possible pollution

of the waters of the Stalke, we arce in accord with the vicewpoints

exprossed by Me, Husrh €. Yanbis, Jr., Exceutive Director of the

Texas Water Quulily Board, in his letter of Tebruary 1, 1972, to

Mr. Ed Grisham, Dircetor of your Division of Planning Coordina-
tion. Mr., Yontis slated that if tae project is carried oulb in

such a manncer as to dontrol the discharge so thalt the limilLa-
tions sot {forth in Waste Coutrol Order Nuwboer 01429 are not ex-
ceaded, no couditions will exisl which will require speceial or

oextra poermission.

However, whoen disposal by incineration is vicwed from the stund-
point of potential adverse airv polluiion conditions, w¢ concur

with the stultements and recommendations ol lered by Me. Charles R.
Barden, Deputy Commissigner of the Aif Control Scction of ihis

Depariment, who also serves as Exccutive Secrclary of the Texas

Air Contlrol Boacd,

J. L. Peavy,
Compissioner

e RECEIVED
FEB 18 11972

Div. of Plan. Coord.

L-12



A

Lo

F
]
e oaw]

i

’]['JEXA IR LON” R () BUAR D

1100 WESY 4%1h STREET CHARLES R. CARDEN, P. E,
LUSTIN, TEXAS - 78756 EXECUTIVE SECRETARY

4ERBERT C. McKEE, PHD., P.E. ) , WENDELL H, HANRICK, M.D,
Chairman £, W, RODINSON
- y - « CHARLLS %, JAYNES
. JOHN N1 AIR
HERBERT W, WHITNEY, P.E, e o
Yice-Chairman / Ly
WILLIE L. ULICIL, Ph.D.,P.E.

February 14, 1972

Mr. Fd Grisham, Dircclor

Division cf Planning Coordination
Office of the Governor '
Capitol Station

Austin, Toxas 78711

Decar Ed:
Following arc our comments on the Draft Environwmental Impact

Statcment for Dispogition of Ovanae Herbicide by Incineration,
prepared by the Department of Che Adlr Force in January, 1972:

"Infonmation reccived since the dralt environmental statement on
the incineration of Orangc hcrUJCJdo from Kelly Air Force Base was
written in October of 1971 makes it 1nadvxfablc to allow this opcr-
ation to be conducked in Lhe State of Texas at this time.

The following factors were considered in evaluating the proposal
to incinera“e the Orandge herbicide in the Rollins DPurle incincrator
in Deer Park, Texas:

1. The information submitted in the impaclk statemont docs
not indicate that alternate methods of disposing of Lhe
herbicide have been thoroughly eoxplored, or that thesc
methods will be more harmful to the environmenlk than
burning the horbicidc would be. .

2. Technical information submitted with the impact stoato-
ment is insufficient to determine the feasibilitv of
~destroying great quantitics ¢f Orange herbicide by in-
cineration. Although the impact statement indicates

RECEIVED

FEB 16 1972

[8
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that Rollins Purle, Incorporated will comply with air
pollution control regulations, methods of compliance
and technical data are lacking; and no mention is made
of -laboratory facilities or the analytical capability
of the Rollins Purle faciliky. On page twelve of the
impact statement, the gravity of the problem is indi-
cated by rcfevence to the need for complete destruction
of the Orangce material in order to avoid contamination
of the cnvironment with hazardous combustion matcerials
or unburned herbicide chemicals. The next scntence
reveals that combustion stack emissions and liquid ef-
fluent monitoring systems ané test methods have not yet
been developed. The ultimacze responsibility for tech-
nical crrors and accidenis is not clecar.

3. The area around the proposcd site of incincration, Air
Quality Region VII, is a bighly industrialized area which
has relatively high concerntration of air pollutants.

The addition of combustior. products from the incineration,
of over two million gallons ¢f Orange herbicide into the
atmosphere of this area over a prolonged period could
compound an cxisting problem and might very well prove
harmful. It might be desirable to explore the possibility
of incincrating the Orange in a federally-owned facility
located in a relatively unpopulated area.

In view of the factors enumerated aobove, we fcel that the destruction
of Orange herbicide in the State of Texas, as outlined in the Air
Force impact statement, would be imprudent at this time.”

We appreciate the opportunity to comment on this project. If I may
be of further service to you, plesasc let me know.

°ﬂ

larles R, Bnrdca, 7E
Executive Sccrelary
Texas Alr Control Board

Sincercly

cc: Mr. Jim Mcenke, Regional Supervisor, Baytown Regional Office



LY
Kotert Seanans 1 karch 1972")§AR G:\:'..‘-';::
sacretary of the Alr Force _
Washinzton, D.C.

Dear Mr Seamans: Subjects DISPOSITICN OF ORANGE BY INCINZRATION

A letter from John J Shaughnessy, Calonel, USAF, Chief Plans Group, Office
of Legislatlve Tlaison, to the US Conwrezsman James ¥ Sy-lngton on 1l Felruary
1972, did invite corrents from the cltizens reqarding the ahove subject as
outlined within AF-ES=72-2D Janusry 1972,

I take the lfollowing exceptlons to the basle atudy:

1. The basie "SUNARY SHERT®, paxe 1, marasmraph 3, in part; the descriptlou
of the size and location of one Inelneration nlant, located on a 200 acre site
Juat Southeast of Houston, in a clty called Deer Park, Texas, and then describes
& second inginnratlen nlant loguted at Saugat, Illlnoia,

(a) This would infer that ihe ploai deseribded at Deer Park, Tewas 1s Just
Southeaat of Houston, Texas, a well xnown city, and 1t alao infers the
second plant is located ab Swuset, Illinois and where is Saucet, I1linoia?

(b) If you atert searching for thls elty of Seuget, I1llanis, you will nct
find it on any road map of the s83ate of Illinoia, but if you should find a
bloneup war of the St Louls, issoutl and iis metropollitan area, you wicoht
notice a 2wall clty located aeross the Lisaissiopl River from the Corps of
Enylneers, whose roorins and base devot 1s ldeated at the foot of Avrsenal Sbteet
and only one block further, the Headzuarters of one of the major USAF Agencies,
The Aeronautical Chart and Infornatlon Center, located at Second and Arsenal
3trect, 3t Louls, bLissouri,

(¢) T invite you to read through tne basic report, on pages 10, 11 and 12, you
will notice the Deecr Park, 'Texas lacinerator stastics:

(1% A COMLERSIAT, INCINERATION Plant, carable of burning ORANGE Herbiclle,

(2) Located Near Houston, Texus, in a eity ealled Deer Purk.

(3) Presently burnine liquid waste from the surrounding industrial complex
consisting of oll refinerles and cherical vlants.

(4) "he INCIKERATOR is located oa a 209 acre site, 15 miles from the center
of llouston a1d 4 wiles fron the nearest oovulation eaaler of Deer Parw,
that lics Lo the 3outhwest of the incinerator.

(5) There 13 a wrevaillne wind fron the Southesat.

(6; Thers are 35 veonle working at this lneinerator,

(7) Nutural maa is available for fuel, hosever, the natural oombustion
prop*rties of the herbicide w4111 ﬁrovlde the fuel required.,

(8) ORANGT would normally be mixad with other waste conbustib le liqulaa
durlng the lnelasratlon overatlon.

(9) The incinevator is equi»ped vith cuuatic serubbers which convert the
hvdroren chloride into sodiun chloride (sali).

(10) The incinersilon of the 2,3 rillion gallons of herbicide will produce
aporoxirately 4.6 million nounis of “carkon dioxide ané 12, /. vi1lion
pounds of salt to bo disaharzed into the surrounding enviroanent.

{11) The daily rute of dlscrarae would he for about 442 d5vs, basod on the
inclneration of 5070 gallons of ORANGE per every 24 hour day,

L-1%5
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‘Subject: DISPOSITION OF ORAIGE BY IHCINZRATION,
AF=E3-72-2D January 1972

(¢) I invite yvou to read further throuch the basle revort, on pagzes 13, L
and 15 you will notlce <4e Sauret, Illinois ilonsanto Corrany quwical Plgnt's
ineinerstor stastics, Lhe dnacrintinn of the before undescribed facllity
located within an unknown city.

(1) A Corrercioal FACTORY that has an inefnerator canable 5¢ burning CRANCE
an® 1ts ineredient rwaterials,

(2) Loceted fust across the §isalssinpi River from St Louls, Nissourl,
within the city of Saueet, Illinois.

{3) Premently is uard to burn in-house and custoner-veturned contaminated
polychorinated hynhenols.

(4) The Factory is located on a 134 Acre site, 1.5 wdles “rom the downtown
center of St Louls, biasouri, the company has avproxirately 10 acrescf
stor age area availab;ﬂ.

(5% There is a orevalling wind from the Soutkeast,

(6) There are 1303 erplovees workine at this manufacturinz factory.

(7) The basie report rakes no rentiom of natural pas avallability {or
incineration, (Fd.vorment Yatural gas in excess quanities is avaliable
%o the local a2z comrahy for undero~ound storame only durlng the non
¢old wonths, Tor reeveling into thelr systen for cold month resiucntial
heatine neecs),

(2} ORANGE would not be mixed with other waste corbustible liquids, durirg
the Incinerztlon overatlon.

(9) The incinerator 1s not” equimed with a egustic scrubber whlch would
convert the hvdroren chlorica inse sodium chloride (salt), but 1t hee
only a syster for rrocessiag the inalnerated rroducts siack exhaust gus
through e suter wash sysier includlng a venturi scrubber which éiffuses
the gaces witn water, Lo wash out 95% of ihe hydroqen chloride as a
liquid effluent ané discharges this into a runicipal wmaste mlant, then
into the Eissisginrl River sbout 1 mile away,

{10} The incineratioa of the 2.3 milllon zallona of ORANGE will rrofuce
anproxinetely the mare 4.6 milllon pounds of carbon Aloxdde, bub
without caustie serubbers and nrocessed only throush a water wasn
system, followed br the use of a venturi scrubbar, this will relaam
the unrecovered 5% o' t4e aydrogen zhlorice along with a voluminous
amount of water vanor to condense into varied conceasraticns of
Hydrochloric Acid Mist fallout., The amounts 4o be considered is nob
referenced in the revort, but ic disnissed by:"This liquid effluent
and stack diﬁchafqp 18 within the existlnz perwit Uimlts",

(11} The daily raté of ¢ischarge would devend unon the ludustrial fastory
need to disvose of thelr own waste naterizl in an ineinerater whose
cavicity is only 2820 pallona eveary 24 hour veriod, and if this
caplelty ia used only to incinerate ORAWGE, it wodlﬂ take over SOO days,

£

«(e) by excention to this baslc varasranh is, why didn't the SUMZARY SHIET state
this, instead of trylnz to leave the insinuation tLhat Sauret, Illlnois is Just
some srnll nlace, where no one hus ever haard of, and probzhly would assure i
i1s Joeated oul in the btack country, If you would consider a 15 nlle radiw ecircle
drawn ahnut Sauset, Illinols, you woikld éiseover a metronoliten arew wlth a
vopulation of much more than 1 willhn veonle. At Deer Fark vou would discover
thi. sane 15 rile cirele encloses a much srallar morulation due 9 the locatlon
of Jeer Park 15 Iiles from Houston, and the ineinerztor vlant {alls within the
a-es of the "Tideland Cil Area", where a larse concentration of oil wells m

JH&Fsgiy %%%31a1261°11 as the surrounding erea ls seml-salt narsh flat, tmtis

x -
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Subject: DISPISITION OF ORANGE BY INCINERATION.

AF-ES=72-2D January 1972. ;
2, The basic study's request for enmuent from the Governnental Agencies: hy was
not the State of Libsouri The Countr of St Louls anﬂ/br The Cltv ol St Louis
requeated to cciment on the effect of ,h_s incineration of the ORAWGE would have
on their envirowent, esnceially since they have a nollution code more restricbive
that that of the Stete of Illinois or the U S.JovPrnwent.

3. The questlon of water dilution of the G657 of the HAvdrogen Chloride into the
waste treatrent nlaxt iq the forr of Hydrochloric Acld, and hen wvassed oa into
the Flssissinpi River? Uhat effect world this have on the flsh, the water fowl,
the peonle downstrean uho depend on the water from the hississirpl River for the
water they drink? That effect would this have. on e Ytional Goal of rewching
the Becondary sewa re treatnent svsuem by 1575,

4o If the Sauget, Illinois konsanto Corvany Plantts *ncAnprauor would be ealecuef
to disnose of this CRANGE, what sscurlity eould be given that a 100» destruction of
this herblelde could he accompliztied? If an almont inpossiBle 607 destruction was
ohtained, this woul? release 23,379 pallons of nure ORANGE in a vaporous stale
belne dischargeé into the ats*oqnh°rb, alonz vith the 5% of tho Hvdiresen Chloride
revorted volure that coul? not be recovered which woulé aleo be air dlochar~ed
along with a trermendous quanity of water vavor to he disversed over the netronolitan
area of St Louls, where this 1 million plus human versons reside and are emplocd
One of my concerns is: Jhal would hannen if a malfuation of equiprent | would result
In less than tobtal cestruction of this OQANJJ, how %onz of a tiwe stan before the
reaction in operations %o bring to a half the discharge and remedy would be rade
aveiiable to uﬂdo the darape created by such a ralfuntion?

5, The alternate me Hoés quvaeq+ed to Eisﬂosn of this dancercus paterisl, 1 .
would offer the following ada_uionnl rethods be considered:

(a) Burilal in abindoned salt or sulchur mxnep, in the same fashion and method
used to Alspose of hot radiocactive waste raterial,

(b) Burial at sea, in an obsolete ship witkin an subnarine trench, the sane
method the U.S. Arny used to disvose of the unvanted Nerve Gas,

(e) Atomic Ancinerution within an undermround cevern w»ith a snall atorie
enerpy device, that would rroduce the necessary destructive heat for the
incineration instananeously.

() FPurrine into eityer an abendoned or érv ol) well drilled to & mininun

depth of below 10,007 feet. In a lemal sease telonws to the Governneat slnce

elthor denlation of oll reserve or dry hole status Tayreaty ha ve b»cn allaved

for tax murvoses 4o the drilling company, )

[

lr Sesmens, to quote the U.S. Governuent's stand on envioronental:holluticn,
that vollution ie a condition that knows no houndarjes, either Natlonsl, State,
Perlonal or comrunity,

{&) A recent reeting ol Lhe NATO Gountry rovreseatitlves at Scott AFR I1liinals
within 15 Miles of the Doantovn 8t Touls, ¢1d éiscuss, world env‘arOuvnua“
nollution nroblena. It was indicated at that lime Blatv the retroneliilan ot
Louis was the tiird dirtest, foulest wnd/or volluted city within the HATC
Countrica, exceeded only by a city in Turkey and by a citv in Nor horn Duror< .
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Subject: DISPOSITION OF ORANGE BY IRCLNEARATION.
AF-ES5-72-2D January 1972

(bt) A recent envirorenial study of St Louls sdetronolitan area indicated that
Sauget, Illinois was located within one of the two heavierst chemically

polluted arees within she rerion under study, Have you read Lhe recent vapazine
article: & tree prows in Seupel? Where it deseribes the lzat lone surving tree
within the eity, how the shrubs if they rrow at all, enter a early dornant
period with leaves turniag yelliow by early suraer, how the ¢rass has dled
comnletaly or iz a sick velloa brown devending on how far they nay be located
from the sourge of the airbourne nolluiion, a disasier at ifs very best, the
Monsanto Chemrical Corpany and lis inclnerator,

(¢} For the locstion of the second molluted area within the S+ Terls hetropolita:
area, I refer you to the USAP SIVIRGN.JINTAL HSALTY LABORATORY, bheSlellan AFB,
California, Revort No. 655-1C (Proljest ¥o. E6F=£9) July 19697 entitled: Air
Pollution Gtudy Aeronautical Chart and Inforiatica Canter, South Annex,

located at 2900 South Broadway, St Louis, Lissouri,

In conelusion, I implore you to reconsider some other method of destroylun
thls ronstor sther than by incineration and relcasine the contaminating chendcals
into the enviromnent,

Siﬁcerrly yours,

(AL [5}//

uouplaq D Tnornbprrv
10414 ¥elvich Drive
St Louls, kissourl
63137
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CITY COUNCILMEIN
LARRY McKaskLy
JupsoN Romxsow, Ja,

. 0 Jamrs J. MdCone
HoMrer L. Forn

FRANK O, MaANCUSO

DX GoriLun
N THANK L. MANN

JotNNy Govin
LOUIE WELCH, Mavor o

Houston, TEXAS 77001 CONTROLLIR
LLonrL J, CasiiLto

DipakiMis o Prsiwe e ot

T N MAMORIGOR
1IOUS1ON, T XAS © 025 >

Marech 8, 1972

CLifr . Whitehead, Coloncl, USLI
Chicel, Fnvircunrentar Proteciion Groun
Directorale of Clvil Mneincoriag
Depacinent of the Alr Poreo
Illcadquarters Lilted Siates Aire Force
Washingten, D. C.

Dear Colonel Wnitehead:

The onvironmental impact stabement "Dispooiltlion ol Oranme
Ilerblelde by Inelncration, January, 1972" has veen caretully
revicwed by members of the Cilty of Tiouttoo Pollulion Control
Divigion., llowever, we do wish to peint outv tant Chils facility
1s nolt within our Jurigdiction. According to the inforratlon
in this Jmpact siatement, the Oranpe herbleids can be in-
cinerated at 1908° 1 rcbulting in the forrulation of nydroeoen
chlorilde and carbon dioxlde. Ilowever, this inforontlion 13
bazcd on Tentative combusvion Gata awalitlng detalled resulin
of a combustion aralysls prograw Lo to completed by Lhe De-
partment of Agrieculturc by July, 1972.

In addition the impact statoement listed the normal stack dis-
charges for the Rolling Purle plant as carbon dioxidse and
steam., According to vlsual oosorvations by ouP agency smoko
discharges [rom {he Incincervator indicated Lthat completc com-
bustlion is not always atitalnoed.

Considering these factors, 1t 15 thc opirion of Lhis agcncy
that the final cowbusiion data is ncoded ncfore o deelasion
is made to incincvate tee Crange herbielide. Also a complele
efflcicney ctudy 1 nceded lor the Pellins Turle incincrator
plant belors a acclelon is made ‘on whethor or not 14 can be
incinerated at thls lfaclility.



Cliff M. Whitchead, Colonecl, USAF
March 8§, 1972
Pape 2

We appreciate the opportuniiy to comment on this projoct.
If additional inlformation 1z nceded from this ageney, pleasce
corntact our ofrlice.

Sincercly,

;’ ’ '
A'Z:L’ 5, K/«;-—# L/’( -

Victor N. Howard, P. E.
Direcctor
- : Pollution Control Divislon

VNH/fh

Read and Approved:

(el P ol

Albert G. Randall, .
Director of Public Hcalth
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ENV[RbNMENTAL PROTECTION AGENCY
\:NASHINGTON, D.C. 20460

r
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S ' : ASHJJs___
- " Xf‘l "
Mr. Aaron J. Racusin . MﬂR QTQ??’ h_ﬁﬁf$?
Acting Assistant Secretary “_A{ch
‘of the Air lorce Mjruqla'
0ffice of the Sccrctary —SUp,

Headquarters USAT/PREV inte f
Washington, D.C. 20330 f{:

Decar Mr, Racusin:

Woe have reviewed the U.S. Air Force draft environ-
mental impact statenent on the disposal of Orange
herhicide by incinecration.

The proposcd action calls for thc incineration of
2,338,900 g¢allons of Orange (1nu1ud1ng Oransc TT) herbi-
cidc over a 468-day period at cither Deer Park Texes
or Sauget, Illinois.

We concur that the process of incineration if
properly carried out under the appropriate conditions
can cffectively reduce the components of Orange to
carbon dioxide and hydrochloric acid, Houevcr, these
two gascous cffluents must be disposcd of in such a
way that they posc cssentially no hazard to the environ-
ment. The final impact statement must provide additional
information if -we arc to detexrmine 1hethcr or not this
project will be carried out in a way which is protecctive
of public health and the environment,

We offer the f0110w1ng srcc1f1c comments to a5519t
you in the preparation of the final statement:

1. Special prccaﬁtions should be taken to assure
that cfficient combustien conditions (product intake,
temperature, and retention time) are maintained through-
out the operation, These precautions are nccéessary to
insure that the original material plus any intermediate
pyrolysis products arc burned completely and arc not
prescut in the stack cfflucnt. Since the natural
combustion properties of tl¢ herbicide will provide the
fucl rcquircd there should be no mixing of this herbi-

cide with other combustible wastes as suggested for the
incin¢rator in Deer Pa 'k, Texas,
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2. The estimatc of 468 days for the complete
incineration is based on a feed rate of 5,000 gallons
a day. If incincration is carricd out at Sauget,
Illinois, this time period must be incrcased to over
810 days since the incinerator capacity is only 2,880
gallons per day. No calculations were prescnted for
the total volume of the wash from 42,483 barrels and
the time for incincration of that wash,

3. Proper disposition of the hydrochloric acid
is nccessary if there is to be no adverse cffect on the
environment. At the Sauget, Illinois, incincrator, the
daily volume of hydrochloric acid discharge is not given,
Consequently we cannot calculate the concentration of
the acid and the ph of the weste water., To assess the
ability of the municipal scwer system to handle such a
discharge over a long pecriod of time, considcration
should be given to the disposal of this wastc dilutc
acid by sale, or {frece of chargz, to companics who have
necd for such acid rather thun disposing of it by
scwer system discharge,

On the basis of the documcnted calculation of
12.4 x 106 1bs., of sodium chloride produced in Texas, it
was calculated for these comments that there will be
7.7 x 109 1bs, of hydrogen clkloride carricd off in the
liquid c¢ffluent at Sauget. TFor cach of the 810 days of
operation, this is approximatcly 9500 1bs. of hydrogen
chloride,

The document indicates that approximately 95% of the
total hydrogen chloride evolved in the imcincration will
be scrubbed from the efflucnt eas, the remaining 5% being
exhausted to the atmosphcre. Based on the same calcula-
tions as werc uced in the prececoding paragraph, this is
approximately 500 1bs. per day hydrogen chloride emission.
Since the Sauget source is slightly cast of a line drawn
directly south from downtown St., Louis, and because the
document indicates a prevailing southecast wind, it appcars
likely that this daily cmission of 500 1lbs. would fall into
the arca of downtown St., Louis most of the time. Because
the draft cnvironmental impact statement has not provided
eriough operating dota on the incinerator at the Tllinois
site to calculatce the concentrations of the hydrogen chloride
emissions, it is impossible to accurately determince the
effect of this amount of emissions on the surrounding
community. It is safe to $ay inowever, that such an amount
of emissions over such a long reriod of time could present
a potcntially serious condiiion.
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It is felt that a correctly sized and opcrated
sodium hydroxide scrubber added to the Sauget system
would eliminate the hydropgen chloride problem completely,
The sodium chloride and sodium carbonate produced by the
scrubber could be disposcd of by controlled discharge
into the sanitary scwer system or directly into the river.
In Decr Park, Texas, the absorption solution will be
discharged into Tucker Bayvou. There is not c¢nough infor-
mation to coupute the cxpected plant cffluent concentra-
tion of salt or sodium carbonate produced by the rcaction
of sodium hydroxide and carbon dioxide. This is important
becausc salt cquilibrium can affect the bhiota of e¢stuarince
systems and especially that of Tucker Bayou which has a
variable rate of flow. The release of carbon dioxide
inte the atmospherce should posce no danger to the cnviron-
ment. We cmphasize the necessity and the importance of
compliance with Tederal, State, and local air and water
pollution control regulations.

4, Proper monitoring of the incineration process
must be put into cffect by hoth the contractor and the
U.S. Air lorce. TFrequent periodic analvses of the stack
gases and liquid cffluent for unburned Orange pyrolyscs
products, hydrogen chloride, carbon dioxide, and ash
(if any) must be made to assuwe that complete combustion
is taking placc. A technical representative should be
prescnt at the incinerator facllity throughout the
opcration to assurc that all combustion contrels and
scrubbers arc functioning properly and to check on the
monitoring operation and proper operational practices.
Any breakdown in control mecasures or devices must be
causc for stoppage of the operation until the problen
is corrccted,

5. The empty drums should Le decontaminated with
kerosene and, an alkaline detergent and should be allowed
to dry before being handled further. The preferred
trcatment of the drums should be cither salvaging for
further shipping usecs or for smeclting as scrap metal,
Their disposal in landfill is the lcast acceptable
alternative. Tf, howecver, this method of disposal wmust
be used, the landfill site should be located on property
so that theve is no chance of runoff into streams, lakes,
or groundwater systcms,
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