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TABLE 31. {(Continued)

Results (ppb) Methyl Hsters

Sample Code Lab Code 2,4-D 2,4,5-T
P120T7003 WL~89C ND Trace
Blank ND NB
PL21T700J WL~90C ND Trace
WF21T7007 WL~91C 0.28 0.47
WS21T700J WL-$2C ND Trace
WF22T700J WL-93C ND ND
WS22T700J WL-94C Nb Trace
Wo22T700J WL-95C ND Trace
P122T700J WL~96C ND Trace
WD22T708y WL~97C ND Trace
WF23T7003 WL-58C ND Trace
WS23T700J WL-99C ND ND
S5E123T7007 WL-100C 29,60 25.16
P123T700J WL~101C KD Trace
Blank ND ND
WE24T700J WL-102C ND Trace
WO24T7000 WL~103C ND ND
WS24T700) WL~104C ND Trace
WD24T708) WL-105C ND Trace
PL24T700T WL-106C ND Np
WS25T700F WL~107C ND ND
WF25T700J WL-108C ND

SE25T700J WL-109C 3.88 2.83
PE25T700J WL-110C ND ND
Blank Nb ND
WE26T 700 WL~-111C ND ND
W326T700J WL-112C ND ND
PL26T7007 WL-113C ND ND
SE26T700J WL~114C 1.42 0.89




the data given below:

Drum Rinse Samples.
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p = day shift
N = night shift

The following codes are used in reporting

The bottles were arbitrarily numbered, and were cleaned for re-use after

analysis.

rinse gamples were taken.

TABLE 32,

ANALYTICAL DATA FOR DRUM RINSE SAMPLES

The bottlie analyses are presented in the order that the drum

Total Weight 5 Drum Rumning

(ug/ml) Average Average

Bortle Code Lab Code Date 2,4-D & 2,4,5-T (ug/ml) (ug/m1)
R101 DR~1 2%%% 23.8 23.90
R120 DR2 28p 3.7 13.80
R119 DR-3 28p 3z2.8 20.13
R118 DR~4 28D 7.9 17.08
R117 DR-5 28D 29.5 19,56 19.56
R116 DR-6 28D 23.4 20.20
R115 DR-7 28p 2.5 17.67
R1L4 DR-8 28p 70.6 24.29
R217 DR-9 28N 18.0 23.59
R213 DR-10 28N 17.50 26.40 22.98
R209 DR-11 28N 27.0 23,35
R201 DR-13 28N 4.3 20,52
R202 DR~14 280 45.6 24,02
R214 DR~15 28N 16,2 19.74 21.90
R2G6 DR-16 28N 51.3 23.74
R203 DR-17 28N 21.5 23.61
nZig DR-18 28N 25.4 23.71
R210 DR-19 28N 3.6 22.65
R207 DR-20 28N 16,3 23.62 22.33
RZ19 DR~21 28N 37.3 23.04
R204 DR-22 28N 4,2 22.19
R320 DR-23 29D 2.0 2L.31
R319 DR~24 29D 2.0 20.50
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TABLE 32. ({(Continued}
Total Weight 5 Drum Running
(ug/ml) Average Average
Bottle Code Lab Code Date 2,4-D & 2,4,5-T (pg/ml) (Hg/ml)
R315 DR-25 29D 2.0 9.50 19.76
R316 DR-26 29D 2.0 19.08
R312 DR-27 29D 10.6 18.77
R317 DR~-28 308 43.1 19.64
R313 DR-29 30N 21.0 19,68
R306 DR-30 30N 18.8 19.10 19.65
R302 DR-31 30N 14.8 19,50
R309 DR~32 30N 2.0 18.95
R314 DR-33 30N 7.8 18,61
R308 DR~34 308 22,5 18.73
R311 DR~35 30N 27.9 15.00 18.99
R318 DR-36 0N 4.5 18.59
R30 DR-37 30N 11.9 18.41
R211 DR~38 31D 3.3 18.01
R106 DR-39 31D 4.1 17.65
R107 DR~40- 31p 2.2 5.20 17.27
R220 DR=41 31D 4,2 16.95
R109 DR-42 31D 2.0 16.59
R113 DR-43 31p 4.2 16.30
R208 DR-44 31D 2.1 15.98
R111 DR-45 31p 5.3 3.56 15.74
R107 DR—-46 31D 7.2 15.56
R~8~001 DR-47 31b 14,7 15.54
R-S$-002 DR-48 31p 3.8 15.29
R-5-003 DR-49 3o 10.0 15,19
R-~8-004 DR-50 31D 2.0 7.54 14,92
R-$-005 DR-51 31D 0 14,63
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TABLE 32. {Continued)

Total Weight 5 Drum Running
(ng/ml) Average Average
Bottle Code Lab Code Date 2,4-D & 2,4,5-T (ug/ml) (ug/ml)
RL12 DR-52 31D 11.6 ‘ 14.57
R102 DR-53 31D 4.6 14.38
August
R207 DR-54 2N 9.9 14.30
R214 DR-55 2N 15.9 8,40 14.33
R202 DR-56 2N 11.1 14.27
R217 DR=-57 2N 29.1 14,53
R205 DR-58 2N 16,5 14.57
R213 DR-59 2N 8.6 14,46
R120 DR-60 2R 8.9 14,84 14.37
R115 DR-61 2N 24,2 14.53
R201 DR«62 2N 8.4 14,43
R218 DR~63 2N 17.5 14.48
R210 DR~64 2N 6.9 14,36
R114 DR~65 2N 18.1 15.02 14,42
R204 DR-66 3n 3.4 14.25
R303 BR-67 D 2.4 14,08
R320G DR-68 3D 2.0 13.90
R118 DR~69 1) 3.4 13.78
R113 DR~70 3D 3.6 3.36 13.63
R316 DR~-71 i 2,0 13.46
R319 DR~72 i 24,7 13,62
R305 DR-73 3D 3.6 13,48
R310 DR-74 D 2.2 13.33
R301 DR~75 3D 7.0 7.90 13.24
R206 DR-76 3D 2.5 13.10
R304 DR-77 3D 9.4 13.05
r203 DR~-78 3N 15.1 13.08

= BN . P ] e »
R209 DR-79 4.3 Yy 12.97
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TABLE 32. (Continued)

Total Weight 5 Drum Running
(ug/mL) Average Average
Bottle Code Lab Code Date 2,4=D & 2,4,5-T (ug/ml) (ng/ml)
R306 DR-80 an 2.0 6.66 12.83
Rlié DR~81 3N 15.9 12.87
R311 DR-82 3N 5.9 12.79
R314 DR-83 3N 2.9 12,66
R¥L3 DR-84 3N 3.2 12.54
R211 DR-85 N 5.2 6.44 12.46
R312 DR~86 3N 9.3 12.42
R117 DR~87 3N 5.6 12.34
R307 DR-88 3N 7.1 12.28
R308 DR-89 3N 7.1 12,22
R302 PR-90 4D 6.1 7.04 12.16
R119 DRO9L 4D 2,0 12.04
R315 DR-92 4D 46.0 12,41
RZ12 DR~93 4D 9.9 12.39
R219 DR-94 4D 6.0 12,32
R1I11l DR-95 4D 15.7 15.92 12.35
R112 DR-96 4D 17.3 12.51
R102 DR-97 4D 11.8 12.40
R318 DR-98 4N 23.40 12.51
R317 DR-99 4N 9.5 12,48
R319 DR~160 AR 41.8 20.76 12.77
R107 DR-1G1 4N 14.1 12.75%
R302 DR-1.02 4N 27.5 13.22
R309 DR-103 4N 11.9 13.21
R300 DR-104 5D 13.0 13.11
R3ia4 DR-1405 5D 80.6 35.42 13.85

R303 DR-106 5D 21.1 13.92
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TABLE 32. {Continued)
Total Weight 5 Drum Running
{ng/nl) Average Average
Bottle Code Lab Code Pate 2,4-D & 2,4,5-T (ug/ml) (ug/ml)
R113 DR=-107 5D 54.4 14.30
R217 DR~108 5D 44,2 14,58
R201 DR~109 5D 11,1 14,534
R311 DR-110 3D 63.0 38.76 14,98
R207 DR-111 5D 15.0 14.98
R120 ' DR~112 5D 30.1 15,12
R213 DR-113 5D 56.0 15.48
R11l5 DR~114 5D 7.4 15.41
R208 DR~115 5D 21.8 26.06 15.47
R307 DR-116 5N 6.0 15,38
R214 DR-117 SN 54.8 15.72
R203 DR~118 5N 14.3 15.71
R116 DR—-11%9 5N 9.9 15.66
R30S DR-120 5% 214.6 59.92 17.32
R103 DR-3121 SN 19.2 17.33
R3LL¥# RD~1 1i7p 70.7 17.76
®216 RD=2 17D 43.6 17.97
R209 RD-3 17D 34.5 18.11
R115 RD-4 17D 27.2 18.18
R204 RD-5 170 11.5 37.50 18.13
R320 RD-6 i7p 14.8 18.16
R217 RD-7 1T 15.6 18,08
RLOS RD~3 17N 4,2 17.97
R1L8 RD-9 17N 17.98
R220 . Rb-10 17 6.2 12.00 17.89
R114 RD-11 17N 4.7 17.79
R206 RD-12 17N 2.0 17.67
R208 RD-13 17x 7.6 17.59

Fieginning of 2nd de-drum periocd.

RS 0b
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TABLE 32, <{(Continued)
Total Welght 5 Drum Running
(ug/ml} Average Average
Bottle Code Lab Code Date 2,4=D & 2,4,5-T (ug/ml) {ng/ml)
R214 RD~14 i78 7.1 17.52
R108 RD~15 17N 8.0 5.88 17.45
R113 RD-16 1N 4.9 17,35
R106 RD-17 178 11.0 17.31
R119 RD--18 18D 9,2 17.25
R307 RD-19 18D 10.4 17.20
R315 ’D~20 18D 8.6 8.82 17.14
R211 RD-2L 18p 43.7 17.33
R10G7 RD-22 18D 139.4 18.1%9
R309 RD-23 18b 3.6 18.08
R111 RD~24 18D 16.1 18.07
R205 RD-25 18n 11.9 42,94 18.03
R101 RD-26 18D 31.7 18.12
R302 RD-27 18D 115.1 18.78
R219 RD-28 18N 13.5 18.74
R303 RD-29 18N 52.6 18.97
R212 RD-30 18N 14.4 45.46 18.94
R117 RD-31 18N g§9.1 19.41
R308 RD-32 18N 5.2 19.31
R318 Rh-33 18N 4.8 19.22
R102 RD-34 188 12,2 19.17
R317 RD-35 188 47.1 31.68 19.35
R313 RD-36 18N 38.8 19.48
R310 RD-37 18N 22.2 19.49
R115 RD~38 20D 114.2 20.09
R204 RD-39 20D 5.4 20.00
R109 RD-40 20D 79.4 52.00 20,37

LTI 7
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TABLE 32. (Comtinued)

Total Weight 5 Drum Running
(1g/ml) Average Average

Bottle Code Lab Code Date 2,4-D & 2,4,5-T (ug/ml) (ug/sl)
RZ14 RD-41 20D 37.0 20.48
R206 RD-42 20N 19.9 20.47
R116 Rb-43 208 167.7 21,38
R113 RD-44 208 34.3 21.45
R301 RD-45 200 83.3 68.44 21.83
R305 RD-46 200 7.2 21.74
R209 RD-47 20N 14,2 21.70
R220 R348 20N 28.3 21.74
R320 RD-49 20N 35.0 21.81
R208 RD=50 20N 8.5 24, 64 21.91
R108 RD-51 20N 38.8 22.01
R114 RD-52 20N 30,3 22,06
R205 RD~53 20N 47.6 22,21
Rill RD-54 21D 23.8 22,22
R311 RD=55 210 1Z2.1 30.52 22,16
R203 RB-56 21D 16.2 22.12
R217 RD~57 21D 40,1 22.23
R315 RD-58 21D 38.5 22.32
R207 RD-59 21D 25.2 22.33
R1C6 RD-60 21D 10.1 26.02 22.27
R103 RD-61 21D 8.4 22,19
R314 RD-62 21D 26.3 22.21
R306 RD-63 21D 38.6 22,30
R202 RD-64 21D 6.4 22.21
R112 RD-65 210 74.8 3G.90 22.50
R3G3 RD-66 21D 4.8 22,49
R313 Rb-a7 21D 23.7 22,41
R102 RD--68 21N 2.2 22.30

o 40K
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TABLE 32. (Continued)
Total Weight 5 Drum Running
(ug/ml) Average Average
Bottle Code Lab Code Date 2,4-D & 2,4,5-T (ug/ml) (ug/ml)
R317 RD-69 21N 6.2 22.22
R309 ’b-70 21N 14.3 10.24 22.18
R212 RD~71 21N 14.4 22.14
R307 RD-72 21N 27.2 22.16
R319 RD~73 21N 29.1 22.20
R119 RD-74 21N 4.3 22.11
R312 RD~75 21N 4.7 15.%4 22,02
R310 RD-76 21N 13.7 231.97
R216 RDO77 21N 2.0 21.87
R211 RD-78 21N 12.2 21.81
R201 RD-79 22D 2.7 21.71
R214 RD-80 22D 1.5 7.62 21.65
R316 RD-81 22p 8.1 21.58
R120 RD~82 22D 2.0 21.48
R215 RD-83 22D 15.0 21.45
R101 RD-84 22D 9.3 21.39
R117 RD~853 22D 9.6 8.80 21.33
R210 RD-86 22D 4.1 21,25
R307 RD-87 22N 2.4 21,16
R209 RD-88 22K 3.9 21.08
R216 RD-39 22N 4.4 21.00
R310 RD-90 22N 26.2 8.20 21.02
R212 RD-9L 22N 2.9 20,93
R319 {D-92 22N 8.7 21.02
R102 RD-93 22N 12.8 20.98
R112 RD~94 228 2.0 20,90
R303 RD-95 22N 19.1 15.30 20.82

H0Y
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TABLE 32, (Continued)

Total Weight 5 Drum Running

(kg/ml) Average  Average

-Bottle Code Lab Code Date 2,4-D & 2,4,5-T {(ug/ml (ug/ml)
R309 RD-96 22N 47.7 21.01
R312 R’D-97 22N 2.0 20,96
R1G7 RD-98 22D 15.4 20.93
R116 RD-99 22D 2.7 18.70 20,85
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Ship Samples

Wipe Samples. The following codes are used in reporting the

data given below

ND = not detected
NA = not analyzed
Trace = at or below the lower limit
of quantitatiom
* = data reported in mg/swipe

TABLE 33. ANALYTICAL DATA FOR SHIP WIPE SAMPLES

. Results (ug/swipe) Butyl Esters
Sample Code Lab Code 2,4-~D 2,4,5-1

Detection Limit for

following samples .1 0.1
Limit of Quantilation

for following samples 0.2 0.2
(DNA Owmed) 31506  SW-1 42, 6% 42,3%
{(PACAF) 66L 1216 SW-2 25,1% 24, 3%
(PACAF) 67L 440 SW-3 9.3% 9. 3%
{PACAF) 671, 440 SW-4 106, 3% 11.1%
(AFLC) &7 1280 SW-5 3.6% 3. 6%
(AFLC) 67 1280 SW-6 13.3% 1.48%
5Q0-01D-055-K SW-7 23,0 31.2
$5Q-02W-055-K Sw-8 15.5 21.3
8Q-03D-055-K SW-9 12.5 17.4
8Q-04W-055-X 8W=-10 21,2 28.1
5Q-05W-055-K SW-11 10.6 4.6
SQ-06D-055-K SW-12 48.9 63.9
5Q-08D~055-K SW-13 2.4 2.4
5Q-09D-055-K SW-14 18.1 24.3
8G-10D~-055-K SW-15 31.5 37.2

=G77




TABLE 33.
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(Continued)

Results (pg/swipe) Buiyl Esters
Sample Code Lab Code 2,41 2,4,5-T
SQ-11D~055-K SW~16 13.8 17.6
SCR~01~055-K Sw-17 28.6% 37.1%
SCR~02-055-K 8W--18 10.0 8.8
SPR~01~055-K SW-19 1.8% 1.8%
SPR-02-055-K SW-20 0.11% 0.15%
8IT8~1C~065-K SW-21 4. 9% 4.,9%
SITS~3C~065-K SW-22 7.9% 8,2%
SITS~5C~065-K 8W-23 54, 5% 57.1%
$Q~061-055-K sw-12 #2 37.6 50.9
SITS-1CW=-085-K SW-24 61, 3% 44, 1k
SITS-2CW-088-K SW-25 19.1% 20, 5%
SITS-3CW~085-K SW-~26 54.9 57.7%
SITS-4CW-085~K SW=-27 28,5+ 30, 1%
SIT8~5CW~085-K SW--28 24, )% 25.6%
SITS-3CF-098-K Sw~29 89, 92, 4%
8IT5--1CC~-088-K SW--30 6.1 5,9%
§ITS-2CC~-088-K SW-31 24, 0x 25.7%
SITS-3CC-085-K SW=-32 66,9 70. 4%
SITH-4CC~085-K SW-33 58,3 61. 6%
SITS-5CC-085-K SW-34 140. 5% 145, 3
SPR-01-095-K SWw-35 0.84*% 0,89
SPR-02-098-K SW-36 137.3 165.2
SPR-05-095-K SW-37 19.1x 19.1%
SCR~01-0958-K SW-38 14.0 16.3
SCR~02~095-K SW-39 2, bk 3. 0%
SCR-05-0%8-K SW-40 9.3% 12.7%
SITSw3CW-115-K SW-41 22, b 23,5
8Q-01-K SW-42 20.1 22.3
&3 ;jﬁ fj
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TABLE 33. {Continued)

Results (ug/swipe) Butyl Esters

Sample Code Lab Code 2,4-D 2,4,5-T
$Q~-04~K SW-43 <1.0 <1.0
SQ-06-K SW-44 23.3 25.7
5Q-10-K SW-45 <1.0 <1.0
5Q-11-K SW-46 <1.0 <1.0
$Q~13-K SW-47 20.9 25,8
8Q-02-118~K Sw-48 7.9 5.3
$Q~05-118-K SW~49 Trace Trace
§Q-07~118~K SW-50 23.3 29.3
$Q-08-118-K Sw-51 19.7 21.0
$Q-09-118~K SW-52 6.8 5.0
8Q~12-115-K SW-53 Trace Trace
G d e
s tg gé gf}
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Impinger, Probe, and Line Ringe Samples.

were used in reporting the data given helow:

H

ND
NA

Trace

i

not detected

not analyvzed

quantitation

The following codes

at or below the lower limit of

TABLE 34. ANALYTICAL DATA FOR SHIP'S IMPINGER, PROBE,
AND LINE RINSE SAMPLES

Results (ug/sample) Butyl Esters

Sample Code Lab Code 2,4=D 2,4,5~T

Petection limit for

following samples 0.1 ug/ml 0.1 ug/ml
Limit of Quantitation for
following samples 0.5 pg/ml 0.5 ng/ml

HO-1~RT-H-5-B~11:15 -1 ND ND
HO-1~BI-H~S$~B~9:29 I~2 ND ND
HO-1-BI~H-8-B-11:40 I1~3 ND ND
HO~1~BT-H~S~B-10:08 I~4 ND ND
HO~1~BT~F~5-B~AF -5 ND it
Benzene and Acetone

Blank I-Blaunk ND ND
Acetone, Benzene

Blank I2~Blank ND ND
HO~-2-BI~8/13-H~5-B~1210 1~-6 ND ND
HO-3-BI~8/24-A/B-5-B I3-Blank ND ND
HO-3-BI~8/28~R-5-B 1-10 ND ND
HO~1-PR~722-H~5-B PR~1 ND ND
HO=-1-PR-725~H-8-8B(2) PR-2 ND ND
HO-2-PR~8/13-H-5~B PR~3 Trace ND
HO~3~PR~9/01-H-5~B PR=4 ND ND
HO~1-LR=714~H~5~B

(Fuel Bkg) LR~-1 NDB ND

Y

o o fif
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TABLE 34. (Continued)

Results (ug/semple) Butyl Estera

Sample Code Lab Code 254=D 2,4,5~t
HO-1-LR~715~H-5-B

{(Test 2) LR-2 WD ND
Ho~1~-LR-716-H-S~B LR-3 ND ND
HOw~1-LR=718-8-B

{Test 4) LR-4 ND ND
HO~1~LR~719~5~B

(Test 5) LR-5 ND ND
HO-1~LR~-719-8-B

{Test 6) LR~6
HO-2-LR-8/13-H-5-B 1LR~7 ND ND
Ho-3-LR~-8/28-1i~5~B LR-8 MO KD

e

St § e

s
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Chromosorbh (Air) Samples. The following codes are ugsed in the

reporting of the data given below:

NA = not analyzed
ND = not detected
Trace = at or below lower limit of

quantitation

TABLE 35. ANALYTICAL DATA FOR SHIP'S CHROMOSORB (AIR)
SAMPLES

e

Results {ug/sample) Butyl Esters
Sample Code Lab Code 2,4+D 2,4,5-T

Detection Limits for

the following samples 0.08 0.04
Limit of Guantitation
for following samples 0.4 0.4
HO~1-PM~13-P~B-8 13c 0.3 0.07
HO-1-AM~14~F-1-B-8 14C ND 0.02
B0~1i-PM-15-H-p~B-20 15€ 0.39 0.15
40~ 1~PM—-16-H~T1-B~20 16C ND ND
HO~1-AM~17-H-P-B-8 17¢ 1.18 0.43
HO~1-AM-18~-H-I~B-8 18C. 0.2 Trace
10— 1-PM—19--#-P~B~20 1a8c 1.63 0.77
HO-1~PM-20-H~1-B-20 20C 0.91 0.43
H0-1~AM=21~H~P-B-8 21¢ 0.58 0.18
HO~1-AM-22~H~T-B~8 22C 1.8 0.88
HO-1-PM~23~H~P-B~20 23C 1.11 G.38
HO—l~PM—2é~B—I~B~2O 24C 0.10 0.06
Detection Limlis for
the following samples 0.08 0.03
Lower Limit of Quantitation
for following samples 0.2 0.1
HO-1~PM—16~H~G-B~20 59C Trace ND

WwE7/IC
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TABLE 35, (Continued)

Resulte (vg/sample) Butyl Esters

Sample Code Lab Code 2,4-D 2,4, 5~T
HO-1-PM~16-H~P~B-20 60C 0.38 0.09
HO-1-PM-16-H-C~B~20 61C Trace ND
HO~1-AM~18-H-G-B~8 68C Trace ND
HO-1~AM~18-H-P~R~8 69C 3.04 0.96
HO~1~-AM-18-H~C~B~8 70C 0.06 Trace
HO~1-PM~18-H~C-8-20 71C 0.11 Trace
HO~1~PM-18-H~-P-B~20 72C Lost Sample
HO-1-PM-18-H~-G-B~20 73¢C Trace ND
HO~1~AM=1 6~Hw-CwB=8 96C Trace Trace
HO-1-AM-16-H~G-B-8 91C 0.09 Trace
HO~1~AM-16~H-P-B-8 92C 21.93 3.79
HO~1-AM~15~H-~C~B~8 93¢ Trace Trace
HO-1-AM-15-H~G~B~8 94C fuit) ND
HO-1~AM-20-H-C~B~9 95¢ Trace Trace
HO~1-PM~20-H~G-8-20 96C Trace ND
HOw-1~AM-22-H-G-B-8 97C ND ND
HO-1-PM-22-H~C~B~20 98¢ Trace ND
HO-2-AM~11-H-I~8~19 949C 24.63 13.79
HO-2-AM-12-H-P~B~19 100C 10.90 3.33
HO-2-AM-13~H-1~B~19 101C 49.55 27.69
HO-2~AM-~14-H-P-B-19 162C 0.51 0.16
HO-2-AM-15-H~I~B~19 103¢ 1.23 0.60
HO-2-AM-6-H-P~B-19 104C 15.07 7.38
HOY 2~AM- T H~T=R~19 105G 28,52 15.63
HO= 2~ AM~8~H~P-B-19 106C 12.85 3.85
HO-2-AM-9-H-1-B-19 107¢ 2.23 1.16
HO-2-AM=-10-H-P-B-10 108C 5.23 1.62
BO-2~AM-7-H-C~B~19 109¢ 0.40 0.11

Y
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TABLE 35. (Continued)

Results {pg/sample) Butyl Esters

Sample Code Lab Code 2,4~D 2,4,5-T
HO-2~AM~8~H~C~B~19 110¢ Trace Trace
HO~2-AM~§9-H~G~B~19 111C 1.60 0.35
HO-2-AM-10-H~C~B~19 112¢ Trace Trace
HO-2~AM-11-H~G-B~19 113¢C 0.52 0.15
HQ-2-AMw1 2+H~C~-B~19 114¢ Trace Trace
BO-3-AM-25-H-I-B-07 115¢C 34.51 16.50
HO=3~AM-25~H=~G=B~07 116C 0.42 Trace
HO=3-AM~2 6~H=-G~B~07 117C 0.38 Trace
HO—3-AM=27~H~1-B-07 118C 55.0 25.5
HO~3~AM-27-H~G-B-07 119¢C 0.49 0.11
HO-3-AM-29~-H-T-B~07 120C 7.20 4.40
HO= 3-AM~2 9= G~B~07 121C 1.10 0.31
HO-3~AM~30-B-G~-B~07 122C 0.84 0.25
HO~3~AM~31-H-G-8-07 123C 1.10 0.30
HO~3~AM-31~H~1-B-07 124C 82.8 43.2
HO~3-AM-01-H~G~B-08 125¢ 0.89 0.23
HO~3~AM-02-H~G-B~08 126C€ 55.5 29.5
Tank S5C 127¢C 14.50 4.10
Tank 2C 128C 4.60 0.90
Tanlk 3C 125C 5.20 1.10
Tank 4C 130¢ 25.8 3.8
Tank 1C 131¢C 11.1 2.9

Tank 45 132¢ 5.70 1.50
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Tank Rinse Samples.

TABLE 36 . ANALYTICAL DATA FOR SHIP'S TANK RINSE SAMPLES

Results (mg/ml) Butyl Esters

Sample Code Lab Code 2,4-D 2,4,5-T
RDF-03-078-K-1930 DFR~1 83.3 84.9
RDF-04-088~K~0200 DFR-2 88.4 80.3
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Water Samples. The following codes are used in reporting the data

given below:

ND = not detected
NA = not analyzed
Trace = at oy bhelow lower iimit

of quantitation

TABLE 37, ANALYTICAL DATA FOR SHIP'S WATER SAMPLES

Results (ppb)

Sample Code Labk Code 2,4~D {Me) 2,4,5-T (Me)
Detection Limit for
following samples 0.1 0.1
Lower Limit of Quantitation
for following samples 0.2 a2
Ship's Drinking Water VDW-1 KD ND
{Kitchen, Lower Wing
Tank, STB)
n0-2-5W-8/16-8-T-1600 VDW-3 ND ND
Ship's Drinking Water VDW=-4 ND KD

(8/28/77 @ 1350)

& A Q0
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Dunnage Byrn Alr and Ash Samples,

TABLE 38. ANALYTICAL DATA FOR DUNNAGE BURN SAMPLES

Results (ug/sample) Butyl Esters
Sample Code Lab Code 2,4-D 2,4,5~7

Detection Linmits for the

following samples 0,1 0.1
Limit of Quantitation for

the feollowing samples 0.5 0.5
SVW09s77
Background HV-1 2.49% 2.41%
SDW09S77
Station No. 1 HV-2 1.52% 1.,98%
SDWO9Ss77
Station No. 2 Hv-3 24.45 48.89
Incinerator Ash Agh-1 3.44 1.64

*Normal background for untreated filter paper.

*“"m“"mﬂ“"m““GM““llllIIIIIIIl!Lh,



ke \ e

¥

PROTOLED THO«STE! PROCEDURE
FOR CLLAMEAG PUE IATE TANKS
OF Tl M/T VULCANUS

FOLLOYWING INCINERATION Or RANGE HERBICIDE

June 8§, 177

Ly
b Majoyr, USAF, RGC
v aptain, USAF, L&C

PROJECT PACER HO
UNTTEl- SPATES AR FORCE

GULs PORY, MIDUIOOIPPI

%%%%;m-ri

<
3
)




»

R "": K N

SUMMARY

Subsequent to the three at-sea incineration burns
of Orange Herbicide, a chlorinated hydrocarbon, theare
will be some residual left in the tanks of the M/T
VULCANUS. This residual 1s conservatively estimated
to consist of approximately 18 metric tons of Orange
Herbicide containing an estimated 33 grams of 2,3,7,8~
tetrachlorodibenzo-p-dioxin (TCDD)}, the contaminant
of the herbicide. A two~step rinse procedure initially
using c¢lean Orange Herbicide (ho detectable levels of
TCDD) followed by diesel fuel is proposed to remove the
TCDD.. Calculations are presented which show that the
proposed procedure will remove 99.94% of the TCDD residual
and also 94.5+% of the chlorinated hydrocarbon herbicide
residual., This represents a cleaning efficiency equiva-
lent to the 90-99.9% efficiency of the currently practiced
tanker rinsing method known ‘as "Butterworth™. The pro-
posed procedure will result in TCDD residuals comparable
to those levels resulting from a Butterworth rinse.
Removal of the remaining hydrocarbons can then be accom-
plished at any dock side facility uging conventional
degasification procedures in a safe and environmentally
acceptable manner, .
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I OBJECTIVES

The objectives of this paper are to define the magni-
tude of contamination of the waste holding tanks on the
M/T VULCANUS, as well as the proposed methods and proced-
ures for decontamination of these tanksg following the
transportation and subscquent burriing of Orange Herbicide
and its contaminant (2,3,7,8-Tetrachlorodibenzo-p-
dioxin (TCDD). :

LY
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. for the control of weeds and shrubs in agricultyre. In,... . -.
particular, as noted by Klingman and Shaw (1967%),the

" binea production of 2,4-D and 2,4,5-T has increased

- pasture, and rangelands - 7%: all other farm uses - 12%;

'~ 1966, nearly 8 million acres (more than 1 percent) of.

..+ cides (Pox gt al., 1970).° The herbicide 2,4,5-T 18 a’

II BACKGROUND

1. USES OF PHENOXY HERBICIDES: The phenoxy herbicides
2,4~Dichlorophenoxyacetic acid (2,4-D) and 2,4,5-Trich-
lorophenoxyacetic acid (2,4,5-T); their salts, esters
and other compounds, arc well established pesticides

phenoxy herbicides are especially useful because; a) they
are selective, they kill most broadleaf plants, but do

not kill grasses or grain crops; h) they are potent, many
specles of weeds are controlled by less than one pound

of active ingredient per acre; c¢) they are easy to use;

d) they are only mildly to moderately toxic to man, :
domestic animals, or wildlife when applied as recommended;
and ¢) they do not accumulate in the soil and they have
minimal, if any, harmful effects on soil organisms.
Klingman and Shaw noted that ester formulations are
generally more potent, pound for pound, than salt formt-
lations, The esters are more effective than salts for
killing weeds that are growing slowly; and because these

-esters are oily, they are less likely to be washed off

the foliage if rain falls soon after application.

2. EXTENT OF USE: The herbicides 2,4-D and 2,4,5-7

were first employved by farmers and ranchers in the mig-
1940's and remain the most common synthetic organic
herbicides. The largest use of 2,4-D is for broadleaf .
weed control in c¢orn and other graing: the m@jor use of o
2,4,5-T is to kill brush (Fox et al., 1970}. The com- - -

steadlly from 34.6 milllon pounds in 1958 to 96.8 million
pounds in 1968. At present, the phenoxy herbicides are
the only group of herbicldes used to any axtent on
pasture and rangeland. In 19%64, the uses of 2,4,5-T . C
were: rights-of-way - 49%; nonfarm forests - 10% hay; R

lawns and turfs - 7%; geral agencies ~ 6%; and other IURTTRE
miscellaneous usges - 9%, Incomplete information indi- R
cates that about nine million pounds of 2,4,5-T7 esters, - .
acidg, and salts were domestically used during 1970, o '
Weeds and brush infesting pasture and rangeland are most. - ' .
widely controlled by 2,4-D and 2,4,5~7, respectively. -In ...

pagture and rangeland wery treated with phencxy herbi-~“'"



particularly effective tool for vegetation ?anagement on
forest lands {(Montgomery and Norris, 1970}. It is used
on power line, railroad rights-of-way; but its most
important use is in connection with the establishment
and release of conifers on forest lands. For these pur=-
poses, 0.5 to 4 pounds of 2,4,5-T per acre were applied
ag low volatile esters dissolved or emulsified in diesel
oil or water.

3, HISTORICAL DOCUMENTATION OF EVENTS: In April 1970,
the Secretaries of Agriculture, Health, BEducation and
Welfare, and the Interior jointly announced the suspension
of certain uses of 2,4,5-T. These suspensions resulted
from published studies indicating that 2,4,5-T was a
teratogen. Subsequent studies revealed that the terato-
genic effects had resulted from a toxic contaminant in

the 2,4,5-T. The contaminant was identified as 2,3,7,8~
tetrachlorodibenzo-p~dioxin (TCDD). Subsequently, the
Department of Defense suspended the use of Orange Herbi-
cide, which is a chlorinated hydrocarbon herbicide that
consists of approximately 50 percent 2,4,5~T and 50 per-
cent 2,4~D. At the time of this suspension, the Air Force
had an inventory of 1.37 million gallons of Orange Herbi-
¢ide in South Vietnam and 0.86 million gallons in Gulfport,
Mississippi. In September 1971, the Department of Defense
directed that the Orange Herbicide in South Vietnam be
returned to the United States and that the entire 2.23
.million gallons be disposed of in an environmentally safe .
and efficient manner. The 1.37 million gallons were

moved from South Vietnam to Johnston Island, North Pacific
for storage in April 1972. The average concentration of
TCDD in the Orange Herbicide is about 2 mg/kg and the
total amount of TCDD in the entire Orange stock is approxi-
mately 20 kg.

During the development of a method of disposition from
1971 to 1974. vVarious techniques of destruction and re-
covery were investigated, Destructive techniques investi-
gated included soil biodegradation, high temperature
incineration, deep well Injection, burial in underground
nuclear test cavities, sludge burial and microbial reduc- .
tion. Techniques to recover a ugeful product included
use, return to manufacturers, fractionation-and chlorin-

olysis,
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Of these techniques, only high temperature incinera~
tion was sufficiently developed at that time to warrant
further investigation. The other methods were rejected
becaugse of several considerations, including long lead

- times for development with no assurance of success and
th¢ lack of industrial interest.

In December 1974, the Air Force filed a final environ-
mental impact statement-’ with the Council on Environmental
Quality on the disposition of Orange Herbicide by destruc-
tion aboard a specially designed incineration vessel in a
remote area of the Pacific Ocean, west of Johnston Island.

The Environmental Protection Agency {(EPA) held a
public meeting in February 1975 to consider an ocean dump-
ing permit application submitted by the Air Force in
accordance with the Marine Protectilon, Research and
Sanctuaries Act. During this meeting, testimony was
presented which indicated that techniques for chemically
reprocessing the herbicide to remove unacceptable quantities
of TCDD might have been developed. .The EPA indicated that
the option for use/reprocessing should be further explored
as a means of disposition prior to destruction of the
herbicide. .

Subsequently, the U.8. Air Force undertook an investi-
gation into the feasibility of reprocessing. Pilot plant
studies were conducted and only partially completed in
July 1976. This process, selective activated carbon o
adsorption of TCDD from undiluted herbicide, was shown to ..
be technically and environmentally feasible; however, a
feagible and environmentally acceptable method of safely
disposing of the TCDD~laden activated carbon was not
demonstyated, fThe U.3. Air Force concluded in February
1977 that the option of reprocessing was not feasible,
timely or cost effective since a technique for the ulti-
mate disposal of the activated carbon was not currently
available or anticipated in the foreseeable future.

Consequently, the Air Force requested reconvening of
the EPA public hearings on 9 March 1977. As a result of
public hearings held on 7 April 1%77, the US EPA issued
a research permit to the U.8. Air Foroce and Ocean Combus-
tion Services, B.V. {0CS). This permit authorizes the

. transport of the Orange Herbicide from the Raval Conatrdc«ﬁdﬂ*ﬁf
- tion Battalion Center, Gulfport, MS to a designated site '




in the North Pacific Ocean for the purpose of at-sea
incineration in accordance with the provisions of the
Marine Protection, Research and Sanctuaries Act of 1972,

as amended, :

This permit includes a requirement for decontamin-
ating the vessel's tanks, transfer lines, headere and
other equipment in contact with Orange Herbicide follow-
~ing the final incineration process. In addition, the

contractual agreement between the Military Sealift Command,
{the DoD Charter agent for the U.8., Alr Force), and Ocean
Combustion Services also contains a provision for vessel
decontamination. A total of three sailings will be
required to incinerate the total gtocks of Orange Herbi-

- cide including one loading from Gulfport, MS and two
loadings from Johnston Island.




ITI CHEMICAL, PHYSICAL AND
TOXICOLOGICAL PROPERTIES OF
ORANGE HERBICIDE

All available reference data on the general proper-
ties of Orange Herbicide are summarized and presented in
Appendix A, Tables A-l and A~2. General properties of
TCDD are presented in Table A-3; the statistical analyses
for the TCDD content in the Orange Herbicide stocks are
discussed below. The Orange Herbicide has a very low
vapor pressure, and a high flash point. It is non=-

- corrosive to most materials, and is insoluble in water,
while highly soluble in organic, non-polar solvents such
as diesel fuel. The chlorine content of Orange Herbicide

} is approximately one-half that of the wastes previously

incinerated by the M/T VULCANUS. 1Its caloric value is
gubstantially higher than that of the wastes previously
incinerated. ,

l. RESULTS OF JOHNSTON ISLAND ANALYSES: The arithme-

tic mean TCDD concentration was found to be 1.909 mg/kqg;
therefore, the total TCDD in the Orange stock at Johnston
Igland is estimated to be 12.66 kg, The TCHD concentra-
"tions in the 200 samples from Johnston Island did not
follow a normal distribution. Of the 200 samples, 153

or 76.5% contained TCDD concentrations of 1.0 mg/kg or

less. Of the 200 samples, 195 or 97.5% had TCDD concen- )
trations of 10.0 mg/kg or less, Only 5 samples (2.5%) had -
TCODB concentrations larger than 10.0 mg/kg. These larger
values were 13, 17, 22, 33 and 47 mg/kg. None of these
values were discarded as "outliers" in computing the
arithmetic mean TCBD concentration of 1.909 mg/kd.

2. RESULTS OF GULFPORT ANALYSES: The maximum concentra- -
tion of TCDD was found to be 14.2 mg/kg. The average
SR TCDD concentration wag found to be 1.772 mg/kg of Orange
P Herbicide. The total TCDD in the Orange stock at Gulfport .
; is estimated to be 7.26 kg. The stocks at Gulfport can be -,
grouped into manufacturer's lots and have been studied '
very extensively., Two of these lots are known to have non- . |
detectable levels of the TCDD contaminant; i.e., the SN
TCDD concentration is less than 0.02 mg/kg of Orange. The. ' .4’
total quantity of these two lots is approximately 140,000 . -1 |
.gal (530 cubic meters). - . L G
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3. TCDD CONTENT OF TOTAL ORANGE HERBICIDE STOCKS: At the
present time, the total Alr Force inventory of Orahge
Herbicide at Gulfport and Johnston Island is approximately
40,500 fifty-five gallon drums or 2.23 million gallons,
The weighted average concentration of TCDD is 1.859 mg/kg.
Therefore, the total amount of TCDD in the entire Air
Force inventory is estimated to be 19,9 Kg.

4. TOXICOLOGICAL PROPERTIES OF ORANGE HERBICIDE:

A. 2,4-D and 2,4,5-T: The relative toxicity of
2,4-D and 2,4,5-T may be characterized as "low". The
acute oral*LDSOS of 2,4-D acid to rats is 375 mg/kg. The
acute oral LD.. of 2,4,5-T acid to rats is 500 mg/kg.
Chronically, Bgth 2,4-D and 2,4,5-T are of low toxicity _ :
becaugse of the highly developed kidney function possessed o
by mammals tnat will rapidly eliminate 2,4~D and 2,4,5-7
by active tubular secretion. ?he cummulative effaects of
2,4-D and 2,4,5~T are minimal. -

B. TCDD: TCDD has been found to be the most toxic
of the chiorodibenzo~p dioxins studied. The LD g 8 were ,
found to be in the ug/kg range for several Spec§e$ of mamm-.
alian animals. TCDD was also found to be acnegenic to
humans as well as being teratogenic and embryotoxic in

‘laboratory studies utilizing laboratory mammalg. Studies

performed on TCDD by the Biochemical Research Laboratory, . A
Dow Chemical Co., can be summarized as follows with the = -
data presented as the LDgq in ug/kg of body weight for

several species; rats 20~20: mice, males 64, females 130;

o guineaapig.o.ﬁwz.O; rabbits 30; dogs 30 (Rowe et al.,

n.di)..

* LD o~ ‘Lethal dose fifty. A calculated dose of a _ o
chemicai substance which is expected to cause the death . -
of 50% of an entire population of an experimental - ]

animal species, as determined from the exposure to the . | ' .
substance, by any route other than inhalation, of a T TN |
significant number from that population, ‘ SR T -,




The signs of intoxication are characterized by a
chronic illness and liver damage. Half of the deaths
occur more than two weeks after treatment while some
animals died after 48 hours. Excretion is primarily
by way of feces and'ig very slow. The highest concentra-
tions are found in the liver and fat with a smaller
amount. being found in the testes. The LD o for the
rabbit is about the same whether administgred intraperi-
toneally or applied to the skin. In the eye it does not
cause corneal injury but does produce thickening of the
lids. It does cause severe chloracne when applied to
the earas of rabbits in ug quantities. Despite the known

- toxicity of TCDD, with the exception of industrial

aceidents/incidents there have been no scientifically
documented cases of human TCDD intoxication resulting
from or directly attributed to the 31l-year military, 3
commercial or private use of TCDD contaminated 2,4,5-T,




v COMMON SHIP TANK CLERNING

As mentioned previously, the research permit for the
incineration of Orange Herbicide includes a requirement
for decontaminating the vessel's tanks, transfer lines,
headers and other equipment in contact with the herbi~
cide following the final incineration process. This
requirement is not to prevent the contamination of the next
cargo, but to adequately purge the tanks of TCDD prior to
the ship going into drydock in Europe to undergo inspeg-
tion and repairs, This section discusses the Air Force's
proposal to accomplish this c¢leaning.

1. COMMON PRACTICE: Common practice in the tanker
industry today is to clean a vessel's tanks of residue
after unloading to avoid contamination of the next cargo.
This cleaning process commonly utilizes water as a solvent/
rinseate. Depending upon the solubility (in water) and
specific gravity of the residue being rinsed, the water
rinscate may be heated or unheated and applied under low
or high pressure spray. In some cagses where the residue
may be insoluble in water, or undesirable residue/water
reactions could occur, other solvents may be used. After
unloading, a vessel's tanks are commonly washed with a
rotary water jet washing machine such as "Butterworth"

or "Victor Pyrate".

2. THEORETICAL STUDIES: In the past some trials have

been carried out to determine the amount of residue left
onboard7a vessel and the removal efficiency achieved by
rinaing"a Unfortunately, the results of these tests

have been inconclusive. However, theoreticgl studies have

been carried out by Schuurmans and Schilder” to predict

the amount of residue left on board, In general, the pre-
dicted volumes of regidue remaining have been somewhat

higher than those actually measured. Considering the

many variables and uncertainties inveolved, however, the
agreement. of the theoretical estiﬁaﬁeS‘with actual measure-
ments was satisfactory. Wybenga*V indicates that in

current {IMCO sponsored Dutch) studies not yet published,

the residual removal efficiency for a single Butterworth
cleaning ranges from 90.0 to 99.9 percent depending on a
~variety of controlling parameters. Schuurmans and ST
8childer have indicated that a single Buti?rworth cleaning .. - .-
achieves at least 99% removal efficlency, : : LT




V  THEORETICAL RESIDUES AND
PROPOSED TANK RINSING PROCEDURES

1. THEORETICAL RESIDUES OF ORANGE HERBICIDE LEFT ONBOARD:
The Orange Herbicide residual left onboard the vessel has
been estimated as 14,580 liters (18.7 metric tons) based
on a conservative application of the_estimating procedures
developed by Schuurman and Schilder.? The residual TCOD
is 33.3 gm. ' Calculations are included in Appendix B.

2. PROPOSED RINSE PROCEDURES: A two-gtep cleaning
procedure will be used to reduce the levels of Orange
Herbicide and TCDD in the vessel's tanks: See Appendix €
for agssumptions detailed rinsing procedures and expected
cleaning efficiencies.

A, Pirst Rinse Step: The first step in the procedure
is the rinsing of the tanks with clean herbicide (non-
detectable levels of TCDD}. The clean Orange Herbicide
(approximately 146,000 gallons) will be loaded at Guilf-
port, MS in one tank of the vessel and held in this tank
until the decontaminating/rinsing procedures are carried
out following the third incineration at sea. The clean
herbicide will be pumped into a tank until it is full, and
then pumped from that tank to another tank until all
tanks have been rinsed. This herbicide will then be
burned. This first step procedure will not reduce the
chlorinated hydrocarbon Orange Herbicide residual in the
tanks, but it will remove a substantial (see Table C~1 :
Appendix C) amount of the TCDD contaminant by diluting the
TCDD in the residual with the large volume of clean
herbicide, Using the clean Orange Herbicide as a diluent
to reduce the TCDD concentration in the liquid residual
should be very effective, as the TCDD- ontaminated liquid
residue left aboard the vessal will be completely miscible
‘with the clean herbicide. -

B, Second Rinse Step: The second step is the rinsing

of the tanks with diesel fuel (DP-2 or equivalent) to R
remove an additional amount of TCDD and also a large Can
part of the herbicide residual in the tanks. The diesel o
fuel will be pumped into a wing tank until the tank is
full. It will then be pumped from that tank to another ... 7 ..
wing tank. FEach of the wing tanks will be filled and- -~ .7 .

-emptied in turn. The diesel fuel will then be pumped to "
.one of the center tanks, to a depth of about 1 meterx... "
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Fresh water will then be pumped into the tank to fil1 Ehe
tank and float the diesel fuel. According to Wybanga}
this water floatation procedure is a common practice,

The diesel fuel will contact all surfaces (bottom, sides,
and top} of the tank. The chlorinated hydrocarbon herbi-
cide ig very soluble in diesel fuel, and insoluble in
water. .The same water will be used to float the diesel .
fuel in all of the center tanks. After all of the center
tanks are clean, the diesel fuel will be incinerated
while the fresh water rinseate will be discharged to the
ocean. The fresh water/diesel fuel floatation approach
was chosen for the center tanks because of the large size
of the tanks, and the cost of the guantity of diesel fuel
that would be necessary to f£fill them. The seguence of
operations necessary to complete this two-step rinse

plan is included in Appendix C.

3. RESIDUE REMOVAL EFFICIENCIES: Table C-1 Appendix C
presents an estimate of the amount of herbicide and TCDD
residual in each tank following this two-step rinse pro-
cedure. The total quantity of herbicide and 7TCDD residual
in the ship's tanks before the two-step ringe procedure is
18,7 metric tons of herbicide and 33.3 gm of PCDD. The
two-step rinse procedure will remove more then 94.5% of
the herbicide and more than 99.9% of the TCDD, leaving a
total residual of 1,012.6 kg of Orange Herbicide and

. 28.2 mg of TCDD.




V1 CONCLUSIONS

1. Orange Herbicide is a chlorinated hydrocarbon which,
with the exception of its contaminant TCDD, is not sub-
stantially different from other wastes previously
incinerated by the M/T VULCANUS.

2. The contaminant TCDD has been shown to be a highly
toxic compound. It is present in the Orange Herbiclide
at low average concentrations (less than 2.0 mg/kg).

3. The thirty-one year human experlence in the handling
and use of 2,4,5-T with YCDD contamination has not resulted
in any known scientifically documented TCDD intoxication

to humans,

4. The pre-rinse résidues left onboard as calculated by an
accepted theoretical technigue are conservatively high.

5. Rinsing of the vessel’'s waste tanks is required not to
prevent contamination of the next cargo, but to adequately
clean the tanks of the TCDD residue prior to the ship's
drydocking in Europe to underge inspection and repairs.

6. The residual TCDD removal effected by this proposed
two-step rinsing procedure is as effective as a commonly
accepted rinsing practice in the industry,i.e., "Butter-
worth”.

7. After completing this proposed rinsing procedure, a

- Qegasification using any commonly accepted tank rinsing
procedure may be used to remove the remaining hydrocarbon
materials safely and in an environmentally acceptable
manneyr at any shore side dock. The rinseate could be
easily loaded back mboard the VULCANUS for subsequent
incineration with the next waste.
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APPENDIX A

GENERAL CHEMICAL/PHYSTCAL PROPERTIES OF ORANGE HERBTCIDE AND TCDD

The general chemical/physical properties of Orange Herbileids are contained
in Tables A-1 and A~2, Table A-3 contains the general chemical /physical
properties of TCLD,




\;1‘

’rbporty ;

3TU Content per Pound(‘)
hysical State

~olor Ca
Appearanca.,

;o!ub!lity

Freezing Point (°€)
Flash Point o
Specific Gravft{ ? 25 C
Height (1b/gal) 2
~Jotal ester -
rAajd cquivaient
Vapor—Pressura (30°C) .
iigsity. cantipcises

YN Cf‘
R SO
-:’-0 00{“‘

i 10, OOC

w 23. 8 C

H|

7%
icgsity, ceatipofses
.20°c

Froe Aeid : (hy waf ht) i

Total Acid ﬁqu1Valant '
(% by weight as 2.4«0)

qurosiveness

.o .

“5‘ Orange.

10,017 {4=80)
Liquids at room temperature.

Clear, reddish brown to straw color,

Dark, rust-colored 1iquid of oily consistency.
Soluble in diesel {uel and organic solvents.

Orange 11

Insoluble in water,
o 7 to g 9
246°C {295YF) Unknown
1.275 to 1.295 1.220 ~ 1,242
(620°C)  10.7 (+0.08) 10,2 (+0.09)
' . 8. . ' 7 g
~3,6 X 10 mm Hg ++
5,000 unknown
940 unknown
390 unknown
134 unknown
43 67
24 27
Lot 24 3 4
SURTEE {: I L
' -.i f o : 14 ! . .o .:" (
SRR 1 30 b L b
bl 20,8 L e
S 16,3 i%a:i
cogr e QpBYR 0t 'w“ ‘ "
ae i 0.5% maxdmum 0. 5% maximum .
s 90.0% mintmum 79 9% minimum |
S 94,08 maximum - 80.0% maximum

Noncorrosive on wost metals. De1eteraaus

to some paints, natural rubber, and neg-.. .
prene. Teflon, viton, polyethylane and

bugyl rubber are res1stant. B

Mk*Catculated b ERL%

27 USAEEIL(K

2 i3y Army; 195

ot ysab el 1972;
1974

%

aample contained 14 ppm YCDD. L T
174 Sampla contained 3.7 pam TCOD. . o o :
IiCa!cu]aLad and confirmed by EHL(M), - A

5 Ke!ly AFB X aa (}OU-ZC‘CI,O weight‘

percentﬁ_

,‘@ :




Table 'A-2, ggNgggLogﬂEgigAL/;HYSICAL PROPERTIES OF INGREDIENT
! RBICI
B ormal Sutyrl | Hor’ma’ T Butyl  ]1s0-0Ctyl 1
Property ' b 2,4 dfchloro~ 2,4,5-trichlore-{2,4,5-trichloro -
LEr phennxyacetate iphenoxyacetate |phenoxyacetate
NB 2.,4-D N3 2,4,5-T 10 2,4,5-T
3 Purity (ester by weight) 98,0% minimum 1 95% minimum 95% mindmum
:, ‘Appearance . Clear, reddish brown 1iquids
i Actd Equivalent - b 79.0% mintwum . .
o {by weight) : ~ Eo80.0% maximuwm | 78-82% 66-69.5%
5 . Free Acid (by weight). -] 0.5% maximum | 0.5% maximum 0.5% maximum
3Specific Gravfty(?ﬂolzoo) 1, 31? tg 5 340 {1,200 to 1.220
*jl Freezing Point (0C) 1 ) -21 to -23
P f o Holecular Welght . 2717.15 311.60 _ 367.71
| - Molecular Elements S C12H14C1203 ) C1pH13C303 C16H231C1303
fH5tructural Formula cL a : -
| EE A 7 SR @cr “@Cl
AL | T e mYR
‘ : - 1 ~§~é-0~cqn, ~g—é—o~c§H, . 0=C-C-0
o Lo ' CHQ E""‘EH,
f el | asaalals | s, 24(4; _
; ] - 25.60(8 gl L zgatd)
S el s +-ﬂ‘ Ciglos(a) C
tdatpon T Uppges | agiaeme | palzges B
'»;Chlprinez=.‘ SURRIREUR R N1 B T Y L T T N T L S R
“Omygen . b 17,32 15.40%* - v ,13 05+% - F
'~ Hydrogen. L - BOge g,21%% 1. b.7e%N . §ot
Heat of Formaton(3 - ~162,000%%% § ~159,000%%% | o0t
%uallmDTe) | :

{re onsidered’by EHL(K) to have been an ervor in the reference, E R

S tSame valye for ester conlaining 0.1 ppm of 2.3,7, 8~tetrachiorod1ben7o~p~-'*-wm*q :

BT dloxdn ("Dioxin”. or TCDD). | L S

- ¥Calculated by EHL(K{ Kelly AFB TX 78241, ‘ L &

Ark L agtimeted by taking the heats of formation of stmilar compounds and
‘adding/subtracting the heats of farmation af simi]ar/dfssimi ar groupsv

{34 USAF-RPL, 19724, - | e

A2 oy M ‘ ﬂepc; {gl".g ?972".”- :




me;dJin TABLE A »3. GENERAL CHEMICAL/PHYSICAL PROPERTIES OF TCDD
| Propertv ,'ﬁ: - B

Pata

Estimated mean of 1.9
mg/kg with a 952 upper and lower confidenfg
-~ Vimit of 2.6 and 1.2 mg/kg, respectively.(b)

' Content'id grange or ; Range 0~47 mg/kg.
! r'Orangerr N

r}l

' , r'uu”'. ' _
| Mblecu?ar weight SR - 321.97
}’Structurai Formula T “ T

g
-
[

Lo . (E.'. 3 ’ :: . HE CII 0 Cl ’
;HTQeareticai'% Wefght. L 1«
1357 Carbon N BT Y ¥ LA . A5y,
-fCh?ortne1 e b 44,040 o 44.61

- Oxygen: | 9.94% - o - 9,95 4
*ujf.Hydrogenf;”? 1.25*% - o

;f¢531culated By LHIIET““K“FE?7Q%?Tx‘ SRR
v,5.10ep # Agral972i + .o oo

. USAF EHL(K) be BO735 o T L e e
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APPENDIX B

RESIDUALS LEFT IN VULCAMUS TANKS

The residual left in the tanks of the Vulcanus can be divided into five
types of residuals:
1. Residual clinging to the walls
2.‘ Residval clinging to the cefling
3. Residual clinging to the floor
4. Residual liquid in a pool around the suction pipe
35, Residual in the piping
The amount of residual clinging to the walls, ceiling and floor of the
tank, and in the pool near the suction pipe is estimated from the pro-
cedures developed by H.J.A, échuurmana and J.G.M, Schilder in a report,
"Desk Study on Residues Left On Board Chemical Tankers After Discharge-
of Noxious Liquid Substance;" March 1976 and prepared under contract for
. the Netherlands Maritime Institute (NMI), The amount of reaidual in the
pipiﬁg was caléulated from the blueprint of the ship and the tank cleaning
plan, The value for each type of residual and the total residual is
presented in Table Bd for each tank, The method for ealculation of each

type of residual is described below,




TAEBLE B3

RESIDUAL LEFT IN EACH TANK

Tank & Wall Cetling Floor Sump Piping Total
(Clingage) (Cltugage) {Clingage} (Tigpid) (1iquid)
él / ) él z

1.2 111 129 500 672 1413
1.5 132 145 500 742 1521
1.1 107 105 500 765 1478
1.1 111 113 540 765 1490
1.2 98 94 500 765 14538
0.6 48 47 00 448 844
0.6 48 57 300 364 760
0.5 43 % 300 £48 828
0.5 43 36 300 387 767
0.6 55 50 300 425 831
0.6 S5 50 300 364 770
8.3 42 35 300 448 826
0.5 A2 35 00 387 765
0.6 41 39 300 - 448 825

Total 14,580




A, Thickness of wall layer,

The procedure in the report ylelds the average film thicknesa on the walle, 1f

the liquid Ls newtonian, of constant density, viscosity and surface vension,

gnd flows in a laminar and stable manner. It is also assumed that the

walls are smooth, well-wetted and almost vertical, and that the lowering

velocity (the rate at which the liquid surface falls) is constant with

negligible evaporation of the liquid film. The surface tension for both

the herbicide and the diesel fuel are agsumed equal at s value of g
newtons/m.
Calculations

Unicading rate LlL : The burners are fed at a rate of 24mt/hr,

The tank with the smalleat crogss~sectional area would have the fastest

~ rate of liquid level droppage, and the most liquid left on the walls,

Tank 6P has the smallest cross-sectional area, 22.I¢m2. The unloading

rate 1s then

A4 i m? lﬁ%. Man - = 2. %%
hn 215wk RQeAmb $0mMin  boatc.

' Viscoeity: /H = 46 CP @ 20° c

Surface tension: J° = 0,04 newtons/m (assumed)

w 0,04

- l"

“+m
LG

F"\- A0

hdal

Capillary pumber: C‘{ UL jﬂ (,?5;&: =~ l:;.,‘ff - Q)( f)
T Secf \ 0,04 naws

) Cas absxw?

(0 fvv-"(C (J)

(lﬂfm} .




From Figure 14 of the paper, and the capillary number Ca , a value

for the dimensionless parameter To 1s to read as 0,2, With thts value
N
and the value of A:,{b*-* » the film thickness can be yead from Flgure

13 as .5;(_;,1-“ » The contribution to the tanks residual from wall clingage

18 computed from this thickness and the wall area for each tank.
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B, Thicknesa of Ceiling Layer,

»

The equation used for predicting the thickness of the ceiling layer is

-y et merranen arim

. e - ]
Thicknesa = | U~ L “ 04 me '*"'a;"/"“ -

ettt b T P b

(A.V (faf"‘/.u f2ay J: /rrh
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C. Thickness of the Floor Layer. .

A congervative equatfion for the average thickness of the film luyer on the

floor of the tanks is piven as:

.....-—m——' "_"“""‘““?
= 2l M 5
3 ) L £ tn l..ﬂ
- where L‘L is the average film thicknesg

| .':‘ /u is the viscositfy of the liquid
- { 1s the length of the tank

(* 1s the density of the liquid
x is the drain time of the tank
/C 1a the trim angle of the ghip

For a trim angle of 1°, a drain time of 5 minutes, the thickness is

R . )
p‘ ot :3" 46 Cp mu whim dac, s 0L pan o
re_ 3 1o00m (¢ P) m;ﬂz 2Im 6Onc Smen snll’)

P\ = 5 (.,wo"‘f[""
p\ oy oA )‘/d m,\ -5 lozt éﬂ‘n eJ,l:z,j{, o
h = 1.5xi6%m /ﬂ’ %;ij[a“” @ o :
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D, Quantity of residual left near tank suction 1£ne;
The tanks of the Vulcanus do not have a sump. The paper presents a method
for calculating this amount of 1liquid based on the height of the suction
pipe entrance above the floor, the dfameier of the suction pipe, the
pumping rate, and the trim and list angles of the ship., The method assumes
that pumping will be stopped when air first enters the suction line,
Two equations are involved, The first calculates the height of Liquid
above the tank bottom at the discharge pipe:

heh, s &

DAY Qs

where £\J18 the helght of liquid at the suction pipe

ﬁkt, is the height of the suction pipe above the tank floor = 3.5 em

Fpu is the diameter of the suction pipe = 0,15m

an ¢f is the pumping rate, m n3/sec

- At an incineration rate of 2Z4mt/hr -

—

‘ /'&‘;5%*‘ (g(’fm'rs boalc.

= Soxs0” .;ﬂ“h‘A).Jc,,
O. Otﬁ‘gnu‘ -4 (ts--«l% fﬂ A){" }

,-uﬂ--'Qs*m (015 (o 035y

¢P: A § ~Qﬁi Jﬁ Jpw;
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4
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The second calculates the volume of liquid corresponding to this liquid

V= A o
(f‘ Jtcty\ Z/ lan k}f

where 7} g the trim angle of the ship -

hefght ¢

and \i} is the list angle of the ship,
The Vulcanus usually maintains a list apgle of 6° and s trim angle of

¢ 1° during incineration._ The volume left in a tank is then

(O 040! M)M‘r & 9x,0 30733 _ 590

V= b (fm 1°)(Gn (°)

This calculation does not take inte account the interference to tank

T

" draining offerred bjr the structural beams rumming from side to side across
the width of the tanks about every 0.5m. The chief engineer of the Vulcanus
| estimates that under the worst posaible case 500,@ of liquid is left
in each of the 5 large tanks and about 3()0@ of ligquid in each of the
9 small tanks. These conservatively high estimates will be used in place
of the theoretically calculated values as a safety factor in determintung
. thc't. residuals of Orange Herbicide's contaminant, TCDD, left on board

. the ghip following the proposed rinsing procedures,




E. Resfdual Left {n Piping.

The residual left in the piping between tanks and in the suction and
digcharge lines has been calculated from the diameter and length of the

pipes as measured from the ship's blueprints., For many tanks certain

Iines do not contribute to the residual in a tank because the rinse plan

has the lines purged before the rinse flufd 1is pumped into the tank. ‘
Since purging liquid is ircinerated directly and not permitted to contaminate

*  the vringe fluid, 1t is not included in the residual, Detalls of the

LI

calculations are presented in Table B-2,
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PABLE Be2

© RESIDUALS LEFT IN PIPING

Tank # Tank Filling Line 1 From Previous Tank to this Tank 2 Tota
Length Dia Vol Previous Length Dia vol Residu
_ Tank
AN AL R G m m ¢ £
| 10.8 (P) 345 | i |
12.4 (P) 397 - . _ . 42
o toos sy | % | s
¢ 12.4 (P 397 o :
3c 1aa B 0.0 391 6P 1.3 0.15 | 23 765
12.4 (p 397
4c 15:4 (8] o.20 31 ac 1.3 0.15 | 23 765
12.4 (P 397
5¢ 13-3 B | o.20 331 4¢ 1.3 0.15 | 23 765
2P} 133 0.20 425 4P 1.3 0,15 | 23 448
25 11.4 0.20 364 - 2¢ — —— ] 364
3P 13,3 0,20 wes | e ] 1.3 0,15 | 23 448
a8 11,4 0.20 364 28 1.3 {005 | 23 © 387
4P 13,3 0,20 425 " ac - e B | 425
a5 | 114 - 0.20 | 364 a2c - - - 364
C e 13,3 0.20 425 %P ] L3 05 |23 :aaa:
ss | 1Ll © 0,20 364 ' 38 1.3 {oas o230 | 387
P 13.3 0.20 | 425 ' sp 1.3 0.15 | 23 448
- §8 (noh ,- e e e i | — | —t— e - o
uged) ' ’ !
" NOTES:

1. The t:tmk filling line 1s meaqured atarting from the valve connect:ing the tank with

""ff;ﬁ*_:hha common feed header and ending at a pointz naar tha botztom n!’ !:he tanlc w!xem l:he 1iln&

SR A

'd;wchargea :mto the tank This 11ne ig’ asﬁumed to ba alwﬁ?ﬁ full.

Liad !
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2, This ir based on the lengths of previoualy unpurged piping through. which

the ringe liquid must flow to reach the tank, according to the rinsing plan.

Ll

b
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APPENDIX C

Calculations of Orange Herbicide and TCDD Residuals

Following Two-Step Ringing Procedure

I, OVERVIEW

The approach used in this plan for cleaning the tanks
of the Valcanusg is to rinse each tank by filling it com~
pletely with clean Herbicide Orange (initial concentration
of TCDD non detectable}, The tanks will be rinsed consecu-
tively. Following this rinse, each of the wing tanks will
he £illed consacutively with diesel fuel. Each of the
center tanks will be filled with diesel fuel to a depth of
about 1 meter and then water will be added to raise the
diesel fuel and allow it to contact all sides and the top
of the tank. Both the clean herbicide and the dlesel fuel
will be incinerated after the ringe procedure. The water
will be discharged over the side. The detailed rinse
pattern is attached (Atch 1) showing the suggested seguence
of tank rinsings.
11, ASSUMPTIONS

The calculation of residuals of Orange Herbicide and

TCDD fellowing the two-gtep rinse procedure is based on
the feollowing assumptions:

1. The TCDD concentration in the final load Ofk,ah,¢-i

Orange Herbicide from Johnston ialand is Z.O.mq/kgﬁfg}Sﬁméllfw:*_,-f

po
N . .

; . .
Pea el b f
HE

L m}g‘..wf.@
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This is consexrvative in that the arithmetic mean concen~
tration of these stocks is 1.909 mg/kg and will be even
lower as a result of dilution by diesel fuel rinseate
uged for drum/equipment decontamination.

2. The TCDD concentration in the clean herbicide
is 0 ma/kg.

3. The volume of clean Orange herbicide available
for the first step of the rinse is 478 cubic meters.

4. The volume of diesel fuel available for the
second step rinse is 150 cubic meters.

5. The volume of fresh water available for the
floatation rinse procedure is 487 cubic meters.

6. The clean herbicide/residuals and the diesel
fuel /residuals mix completely to attain uniform concen-
tration.

7. The residual left in the tank by a diesel fuel
rinse is the same as the residual left by a herbicide
rinse. This is conservative since diesel fuel has a
lower viscosity than the herbicigde.

I111. CALCULATIONS
Table C-1 presents the calculated amount of Orange
herbicide and TCDD residual in each tank following the

two-step rinse procedurc. Attachment 1 presents a-step

FEE




by step operation plan for the third loading and rinsing
of the ship's tanks. Attachment 2 presents the calcula-
tions of the residuals following the two-step rinsing

procedure.




e am

.%. "TABLE g-1 TANK RESIDUALS

TANR §  INITIAL HERB- INITIAL TCDD  TCDD RESIDUAL  TCDD RESIDUAL HERBICIDE RESIDUAL
) : ICIDE RESIDUAL(ky) RESIDUAL(gm) AFTER HERBI-  AFTER 2ND AFTER 2ND RINSE (kg)
ST CIDE RINSE(gm) RINSE {gm)

i, 1802 3.60 0.100 0.00522 169. 4
2¢ | 1939 0.00 0.024 0.00254 121.5
3¢ 1884 3.77 0.077 0.00472 133.9
e 1300 3.80 0.082 0.00386 149.7
5 1659 3.72 . 0.083 0.00674 173.1

1676 2.15 0.028 0.00063 33.9
969 : 1.94 0.015 0.00014 10.7
1056 2.11 0.028  0.00079 39.4
978 1.96 0.016 0.00024 17.1
1060 2.12 0.025 0.00044 26.6
982 ©1.96 0.0L0 0.00029 19.9
1053 2.11 0.040 0.00101 44.8
975 1.95 0.016 0.00034 22.%
1057 2.113 0.043 : 0.00127 50.9
18590 33.30 ' 0.597 0.02823 1012.6
_— ' —— 98.207% 99.9158 94.553%

A UT F



Attachment 1 to Appendix C

Third Burn Operations Plan

Combined Clean Orange Herbicide Followed

By Clean Diesel Fuel Rinse




T TABLE C-2 v

OPERATION

l. Load HO per figure 1, with
tank 1C filled last

2. Pump from 2C to 1C

3. Pump from 2C to 48

4, DPump from 48 to 2C

5. Load clean diesel into 4S
_ 6. Pump from 45 into 1C

7. Load clean diesel into 4S
% 3! Move toc burn site

.:9. Incinerate 28, 38, 58

Steps 10 and 11-24 are
Simultaneous

7 710. Incinerat2 partly 2P, 3P,
oo 4p, bR, 6P, 3C, 4C, RC,
_’(stop when step 22 reached)

SUCTIOH
LINE

L]

n

©

DISC
LINE

in n w

%]

SHIP
LIBT

-

-]

F

COMBINED CLEAN HO, DIESEL FURL

TERM WIDEN

All J.I. stocks

loaded

2 ms trang+~

ferred

43 empty

48 full

All burnad

Loeava 1 m in
each tank

2 m3 trang-—
ferred

25 full

REMARKE

Purge 8 Sucticn
and discharge
lines

48 rinsged

Purge lines

Purge 5 suction
and discharge
lines



AL AL

= 55 ,._,.,..,Tuép.. ame.

3p awp
HO HO HO HO HO
5C 4C 3C 2C 1c
HO HO HO CLEAN HO HO NOT FULL
65 58 45 38 25
_SHIP'S
DIZSEL HO CLEAK HO HO
FUEL DIESEL
FIGURE 1. LOADING DIAGRAM FOR THIRD BURN
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COMBINED CLEAN HO, DIESEL FUEL

OPERRTTON S5TCTION DISC SHIP TERM WHEN REMARKS
LINE LINE LIST
13, Pump from 2C to 3§ s 5 r 38 full
14. tump from 2¢C to 58 8 8 P S5 full
15. Pump from 25 to 2C 8 5 P 28 empty 28 rinsed
16. Pump from 3§ to 2C s 5 P 35 empty 38 rinsed
17. Pump from 38 to 2C g s P 53 enpty 55 rinsed
18. Pump from 485 to 1C s ] P 2 m3 trans- Purge 8 sucticn
. ferred and discharge
. lines
o (13. Pump from 48 to 28 s 5 P 28 full
t
o L 20. Pump from 25 to 38 5 s P 33 full
21. Pump from 2§ to 5§ S s P 28 empty 28 clean
R '2'2..' Pump from 38 to 58 8 s P S full
. 23, Pump from 3§ to 45 8 ) P 3S empty 38 clean
24 ?ump from 55 to 45 5 s 4 58 empty 55 ¢lean
. : “257 Pinish Burning 2P, 3P, 4P, SP, . .
SR . . B b 3 AllL burned
. Steps 26 and 27-40 are
N - 3imultaneous
"o “26. Incinerate 3C, 4C, 5C, 1C s 8 5 ALL burned
:N‘l\
j # o 7Y
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) COMBINED CLEAN HO, DIESEL PFUEL

OPERATION SUCTION LINE DISC SHIP TERM WHEN' REMARKS
LINE LIsT 3
27. Pump from 2C to 1C P P 8 2 m” trans- Purge P suction
ferred and discharge
line
. 28, Pump from 2C to 3C, 4C, 5C r P s 2 m3 total
) transferred Purge P discharge
lines to tanks
29, Pump from 2¢C to 4P r P 8 4P f£ull
30. Punp from 2C to 2P P P 5 2P full
31. Pump from 2C to 3p P P 5 3P full
32, Pump from 4P to 5P P P s 57 full
‘ 33. Pump from 4P to 6P P P 5 4P empty 4P rinsad
o
~& ... 34. Pump from 3P to 6P P » s 6P full
T35, Pump from 3P to 3C (when :
» empty) P b4 5 3P empty 3P rinsed
_36. Pump from 2P to 3C P i S 2P empty 2P rinsed
.7 "37. Pump from 5P to 3C p P s 5P empty 5F rinsed
?:_‘3é,?Pump from 6P to 3C P P 5 6P empty 6P rinsed
.39, Pamp from 2C to 3C P 12 5 3¢ full
2. a0, ?ump from 3C to 4C {when
T empty) P p s No more can 3C not empty
be pumped lwrong list)
41. Pinish burning all HO except KR s s aAll done Keep burners going

the clean HO in 2C, 3C, 40 with diesel fuel

AUl 3



OPERATION
42. Pump from 2C to

43, Incinerate from
44. Pump from 48 to
45, pump from 45 to
46. Pump from 65 to

Steps 47-57 and
47. Pump from 4P to
Pump from 4P to
Pump from 4P to
Pump from 2P to
éump from 2P to
-"Pﬁmp from 3P to
“:i Pump from 3P to
‘iipump £rom 5P to

: ,_“ﬁuﬁp from 5F to
T empry

6. Pump from 6P to
L. empty

COMBINED CLEAN HO, DIESEL FUEL

SUCTION pISC

LINE LINE
1c S i
1c s g
e S P
ap s P
4P s P

58-62 gre simulianecouns

ic p B
2p p P
3r P P
£33 P P
5P P P
Sp bag P
734 P P
6P P P
2C when

P P
2C when

P P

SHIP
LIst

s

L%}

- B

m nw v w w

w

TERM WHEN

2 m3 trans=-
ferred

All done

2 m3 trans-
ferred

45 empty

4P full

3 transferred

2 m
2p full
4P empty
3P full
2P empty
5P full
3P empty

6F full
5P enpty

85 m3 in 20

REMARKS
Purge 8 suciion,
discharge lines
Shut incinerator ofi
Purge lines
48 clean
Use some of shipt's
diesel to top off

tank 4P

Purge Bert lines
4P clean
2P clean

3P clean

5P clean



s

COMBINED CLEAN HO, DIESEL FUEL

. OPERATION SUCTION  DISC  SHIP TERM WHEN REMARKS
SRR LINE LINE  LIST

57. Pump from 6P to 3C when

7 empty P P S bF empty 6P clean
.fSB.APump from 2C to 4AC s 5 5 2C empty 2¢ rinsed
Sé. Pump from 3C to 4C S 5 s 4C full
60. Pump from 3C to 35C 5 8 s 3C empty 3C rinsed
'61. Pump from 4C to 5C s s 5 5¢ full
) . 62. Pump from 4C to 1C s 5 s 4C empty 4¢ rinsed
s ,63. Pump from 2¢ to 1C P s - 2 m3 Purge S suction
_:@'; L transferred discharge lines
:1 _-64; Pump from 2C to 2¢, 3 .
; : 3¢, 4cC p 8 e 2 m” total Purge $ discharge
. transferred lines to tanks
fresh water - ¥ - 2C full Water from J.1.
Steps 66 and 67 are simultaneous
| s 5 s 5C empty 1C must be filled
) (to iC) before 5C is ampty
7. Pump from 2C to 3C P P8 3¢ full '
" Steps 68 and 69-74 are simultaneous
: s 8 3 1mleft
. Aé§;rPump from 2C to 4P b ] P P water only

|
£,
(



¢
=
Fod

74.

7.

72.
73.
74.

75.

76.
77.
8.
78.

j_BQ.

COMBINED CLEAN HO, DIESEL FUEL

. OPERATION

Pump from 2C to 4C .
Pump from 3C to 4C
Pump from 3C to 5C
Pump from 4C EQ‘SC
Pump frcﬁ 4C to 4P

Incinerate 1C

Pump from 4C to 1C
Pump from 53C to 1C
Pump from 4P to IC
Pump from 4C overboard
Pump from 1C overboard

Incinerate from 5C, 1C

SUCTION

P

P

b

mw n =

DISC

P

P
bog

o

g

2]

th = ; i

SHIP

P

wn g o w o ow

TERM WEEN
2C empty
4C full

3IC empty
5C full
Water only

1 empty

4C enmpty
Water only
1¢ full

4C empty
Water only
1c, 5C empty

REMARKS

2¢ clean

3C clean

lc rinsed
All HO gone

4C ¢lean

1¢, 5C clean
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ATTACHMENT 2 TO APPENDIX C

"CALCUﬁ}TION‘OF'RESIDUAES‘FROM'TANK CLYANING PROCEDURE

A'. Herbicide Rinse

The general formula for the TCID residual 1In a trk involves a mass
balance of the TCDD in the tank:"In” 4 "Rosfdual” = "Iut" + "New Residual",
The "In" térm 18 composed of the volume V of rinseate times the concen- |
tration (;g of the TCDD in the rinseate, The othetr three terms are
aleo multiplications of volume times TCDD conmcentration., The assumpti6n A

of complete mixing means that the TCDD concentration {m the "Out" and

" "New Reaidual" terms is the same, The equation can then be solved for

- this concentration,

o Veg + G, = \/C,} G = <V+M>C,
e G = Vags G,
; V+nv

" The residual in the tank is then f1r‘(:| » while in consecutive rinaing =
. of tanks, the (:R. for the next tank is also (:| + If the rinse herhicide .
“jimixea with other rinse herbicides of diffcrent concentrations, then a

" new bulk concentration mast be calculated for this vingeate In a mapney

similar to the above calcuation, The calculations for the residual in

. each tank are presented in Table(3 in the same sequence as in the rinse

operations plan, Attachment 1 of the Appendix.




B, Diesel Fuel Rinse

The caleulation of the amount of herbicide left in the tanks after
a diesel fuel rinse is performed in the very same mammer as before:
"In" + "Resgidual® = "Out" + "New Residual”
Here the initial concentration of herbicide in the residual 1g :he same
as the density, 1,275 9%3/41 . The calculations are presented in
Table(4 in the same order as in the tank rinsing plan., The TCDD remaining

in the tank is also presented and was calculated in the same manner,

AY b




" Tank

TARLE C~3 CLUAN HERBLCIDF RINSE

- CALCGULAT TONS

Residual Rinase Liauid Mixture
" Numbers gy 1< b waiﬁ_}i}) Iy f(_wpb TCDD 4m
Q, T a (3"““‘” [we) ¢ __Z:‘ ﬁ)tign’ggm."
48 770 2.55 149,230 (Clean) | n 1.3 x 100 | ouonn
2c 1521 0 327,249 (2C) 0 4.10 x 1077 X
149,230 (48) 1.3 x 10™?
28 760 2.55  |127,240020) .10 107 | 1,07 % 02 | 0.0is
3s 767 2.55 115,233 (20) 5.0 x 10°° 12,09 « 1072 {0,016
55 765 2.55  |116,235(20) 6,30 x 107 | 2.08 x 107 | 0.016
2C 1522 14,1 x 10731127,240(25) 1.92 % 1072 11,63 x 102 | 0,025
115,233{38) 2.00 x 1072
116,235(58)  } 2.08 x 10”2
113,771(2€) b0 x 1070
4P 831 - 2,55  |149,269(20) .63 x 107° [ 3.0 x 107° | 0.025
2p 844 2.55  1127,156(2C) 1.63 x 1072 13.30 x 107% | 0.028
3p 828 2.55 115,127 (20) 1.63 x 2077 [ 3.44 x 107> } 0,028
5p 826 2.55 116,174 (4P) 1.06 x 1072 4.82 x 167° | 0.0%0
6P 829 2.55 132,995 (47) 3.04 x 1072 [ 5,18 x 1072 0.043
78,176 (3P) .44 x 107
ac 1478 2.55 | 36,996 (3P) 3.4 x 1072 {5.20 x 1072 [ 0.077
127,156 (2F) 3,30 x 107
116,174 (5P) 4,82 x 107°
111,171 (6P) 5.18 x 10 >
5,025(2C) 1,63 x 107
4C 1490 2.55 | 68,857(2¢) 1063 % 1072 15.50 = 1072 | 0.082
354,653 (30) 5,20 x 102 |
5¢ 1458 2.55 | 41,869(30) 5,20 x 107> 16.35 x 10> | 5.003
371, 673{4C) 5,50 x 1072
1c 1413 2.55 | 51,837 (4C) 5,50 x 10"2 7.06 x 107> 10,100
190, 750 (5¢) 6.35 x 107

*Reaidnal net calculated because tank will contain herbicide again latex 1n

.. of operations,

C-15

5 M )
VP LG
‘e%"fh? Péﬁff

the sequencs




TABLE, G4 DIESEL RINSE « CALCULATIONS

. Reaidual . Ringe Liquid Mixture -- : L - ~. . .
L 5w Gl Bl HIRR Fapeb JOR, SRS TP
770 1.27% 3.35 x 107 349,330{Clean) o o 6.5 x 167 * 6.7 x 1070 & )
28 750 1.275 2,02 x 1672 127, 260(43) 6.5 %107 47105 14071072 107 1.85 x 1070 o.0n04
35 757 1,275 2,09 x 1077 715, 233(35) 160 x 190 1812070 2,23 x 2072 171 3.8 x 1070 o.nnnos
55 765 1,378 2.M8 x 17? 12,007 (28) 1.40 x 1077 1.81 x m‘“‘G 2.06 % 10°¢ 22.7 618 x 1070 0. 80034
196, 72843%) 2237 1070 3 x 107"
4% 70 6.5 w1070 g7 x 303 115,235 (55) 2,95 % 2072 4,35 & 10"‘ 758 1072 16.% 5,77 % 1074 0,00029
11,005(35) 2.23 x 107° 3.8 x 1
19,988 (45) £.5 % 200 4.7 x a3
a2 g21 IREE 106 x 3072 148,230(48) 2,58 % 1072 373 %2070 ey 107t ek 231%397%  eoennes
g 3,930 (68) c 9
2F 84s 1.273 3.50 x 1078 127.356(4p) 3,20 x 1070 543 x 10 epz x ™t 335 727 a1 g.anoed
‘;ﬁ 32 ] 1.275 348w 1077 20,013 [4P) 120 % 1070 53y Wt :'-;_2_ s 3.3 000079
E’_ 95,156{2p) 4,02 x WF 707 2 207"
SP 26 1.275 4,82 3 1072 31,997 (27) 6,07 % 1072 7.7 50Tt 5o yem wis 1,23 % 3070 p.noin
, 84,1770 576 x 32 050 x 3nd
&7 229 1175 S8 % 100 30.99503) 476 % 200 c50xan™t ek x vt ses  :avxynTd  noomaz
80, 176(57) Cs.a2 w2070 1003 0070
x ° ism; 1,275 1.63 x 102 51,171 (6P} 6.14 x 1071 153 x 10670 7.9m w1072 1213 1,67 x 103 000254
33,996(57) 5,42 x 1002 1.23 x 17)
1473 1.%7% 7.04 x 1672 &N, 0H0¢52) .14 % 1072 1.33 % 1073 o.ne » 1072 1339 310 » 1970 plogara
‘1400 1.275 5.50 x 1972 85,169(2C) 7.9% % 1072 1,67 % 3070 100 x 3070 14s.7 258 x 1677 p.n03ss
1458 1273 £.35 x 1072 60,600(30) 0.06 x 1072 139 2 307 19 a0t 1731 ser w100 0,00674
1413 1,275 7,04 % 1072 85,1554} 1,00 % 1071 2sep 1973 198 107h agps 1.70 x £07}  g.0asar
A ' ‘
el aaatm Tater Jootho dotvand. T oamiEt oD loas

E - whesidual not calouleresd hessase gua™ i) erarife 2fesel Mol

L

o ¢ 70
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TABLEiQI Samp]es CoiIected from Herbicide ﬂrange Storaga Site.
- 28 Ju]y 1977, - :

Csample | . Depth of -
Humbee | . Description*: - Samp?e (Inchas)

1, 010, HH, C, 160
042, 0/0. S, B, 117

. 074, L/L. S, H, 160
"138, 070, C, 117

1

1

1
L) ot Q3 Cod omet L0 L3 LD L —F LD W5

158 H/H. S, H, 216

]64 0,0( 5, H, IBO

180, L/L, C. 255

B, ]94 L/L, 8, G, 294
9, 240 L/L, §, 435

K 10, 340 H/H, S y 210

M, 033, H/H, S H, 168
'12 050 0/0, 750 i

W=Dy
-
[ )

i

]

ooﬁ&oo?ca:cc

b o e
N DN B W -

_ *Coda s as fa?]ows-r-
'Ejrstrﬁymbar Set: (1 - 12) Sampie numher

Secon& ﬂumbar'Set' (OGG 360) Cumpass heading, degrees taken at storage
site cepter poin .

First tetter Set: (0/0, LZL H/H) Refers to a subjective evaIUafion'of- '
the stain and ﬁerbicide odor present at the site where each sample was
coltected (G/0 = no stain and no odor; L/L = light stain and slight ador; .

(H/H = dark stain and heayy odor). - |
B o1low1ng Lertar Setgs[ (sita Descriptiun) Samp1e site characteristics';_r

A Aspha]t S _ , ) DI
B = Ditch Bottom = . s L e e

€ = Qyster Shells -~ . .. - . . n o
D = Ditch bank. "~ . o o o K S
H = Hardpan -

© G = Gravelly

5§ = Sandy .

Y= Vegatation

Third Numher Set: (117»750) ‘Number of feet in the spacified direct1on
to the area where the saane was cn%lected : s
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rrow:  poy, /
NCRC, !u!!por!, !! b(’:)

Septamber 8§, 1982

HERBICIDE DRUMS SHIPPED
via SHIP BOTTOM from
CBC GULFPORT to VIETNAM

1069 1970
July 2,839 Januaxy 0,212
August 6,461 February 6,933
September 3,488 March 6,828
Octobexr 5,468 April 1,279
November 3,669 May -0-
December 1,891 Juane )
23,816 21,252

Total: 45,067
Blue, White, Herbicide Oranga & Orange II

MISSISS!PP! STATE PORT AUTHORITY AT GULFPQRT

POST OFFIOE ROX 40 i
QRULFPORT, MIBSIBIPP] 33801
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Camp Carroll Site Questions

HIWE 71X 0 CiSH =2

23 May 2011 (vi) 6

Pie will be referred to as rm this point forward)
e

1. When did you amve at Camp Carroll, when did you leave?

RS o 2 (2 A Y0, 2 w0l

[f ed in Camp Carroll for 35 years. 1950-1995

2. What was your command and your work position?
Ak ol ol 2 TRl N0 8, Akl QA 91X
He worked in S&T, MSC-K as a forklift operator.

3. Do you remember your chain of command? (Supervisor, branch chief, director, commander?)
FA A o] A HDEL 7 oS (A AR, AL AR, E 2 X 5 H)
He remembers his supervisors’ name—qho worked in S&T, MSC-K.

(Fd

4. Please describe what was disposed of at Camp Carroll? And when?

A Aol Ae) ¥l glo] #lo] gl A O e ghvh )5 ARl 82

He was told to go over to helipad area which is near Landfarm. When he got there, a trench was
already dug. Someone delivered five-galion drums to that area to be buried. He worked with other
KNs to bury ~100 drums of five-gallon drums.

5. Please describe what it looked like, where it was located, what the area looked like.

Alete Aol oAl Azlo, oltfof glslon, 71 o2 of g Axliex ar

it’s near Landfarm area. (When he was shown the map of Camp Carroll, he pointed to the area near
fence line.) See Map #1.

6. Canyou point out where it was disposed? Did it have a special name? Are you aware of the reason

why it was disposed?

A #ha] ool A2} 7} B QA AH ek 5 Azl B8 e o) ol AF L7k A] o) o]
A2 ool alizA) o] 8 bl 712

See Map #1. No special name was given to him at that time other than a “helipad.” He was told that
these drums were being buried temporarily; they were planning to excavate them in the future to be
sent to the States.

7. How long did the transportation and disposal take?
21l ol e al= 21 3 A 2] E ) Al gho] Qluiul A ® )
es not know about the duration of transportation, but he stated that it took them all day

to bury the

8. How much was disposed? in the same location or other focations too?
v} @ Fol Aely Gzl B 2 Azt ol thE 3w gl

About 100 five-gailon-drums in the same location.
9. Where did the containers originally come from?

g7 9 oY A & AU

B e
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He does not know where they came from.

10. Where were they stored prior to disposal? Did it have a special name? Any other locations where
they were stored?

A7) Aol 22152 olelo] X Aol 9l sly TR o] HH e o Fol iz
TR E) A B E TE G2k 54T
He does not know.

11. What was the condition in storage?
A Az Ao ofm S Uz
They looked sturdy and reinforced.

12. How were they moved?
ol g 15 o] o FH YA F U/
They were moved by a truck. He does not remember drivers nor trucks.

13. Who was involved with the {ransportation and disposai?
o531 H¥) ol 7k Lol H L7k
He does not remember.

14. Describe the containers (all the same, any markings)?
G7) Bk AL AL (B 7} B 29ka U, o] 9l 4] 0] 2 527) They were S gallon drums.

The color was Green and there were no markings.

a. What were they made of?

Folog Al sl of 91414513 7)? They looked like extra-reinforced drums that have been
made for storage or transportation.

b. if leaking, what did the substance(s) look/smell like? Nothing was leaking. No odors
whatsoever,

A ol Al 3 gllehe, 1l 880 old F Qg AL du e

c. if leaking, what percentage of the containers do you think were leaking? Where was it
leaking? How much was leaking from the containers? N/A

FA wdol A Ak, 6718 5 E A Al A sl Az g
MHHAHlﬂmqﬂ?%ﬂ%‘ﬂﬁl@$ﬂgﬂiﬁﬂQW.

d. If leaking, what did you do with the material that leaked both during transportation and
disposal? N/A

Al o] AL AT, ool el A F Aol w4 ol WA A

15. Describe how you disposed of the containers?
147184 oWl ARl ol i) A FAIA L
a. Length of trench, width, and depth of burial.
g 2l gk o9 o], o] 9 Zlo]iz
The size of that trench was about two drums wide, and 6 feet deep.
b. Were they still leaking?
SRCIEEUR B E T
They were not leaking.

Aef 9



¢. how where the containers arranged in the trench?
POV & A 22 47152 oA el Hol Y%A
They were arranged neatly two by twos. There were spacers in between drums to
make sure there were no movements of drums during burial. Also, when they delivered the drums,
they were put in bigger drums. And each drum was doubled bagged with an “oil paper” and then with
vinyl warps.

d. What type of soil was excavated? What did you do with the excavated soil?
o F59 Fol R UG U W d Fo oA sy
He does not know the type of soil. They used the soil to rebury the trench.
e. How did you cover?
oy WA Y AF 7
The trench was lined with a vehicle tarp before drums were buried. After all the
drums were lined up, the ends of the tarp was used to cover over the irums. And then another tarp

was used to put on top of drums. It was almost water-proof. Mr. ind other KNs used shovels to
bury them. Even though it was really hot, they were wearing poncho; they tightened the hood of
ponchos pretty tightly and around their waist.

f. Were you there long enough to notice if any vegetation grew back?
ol & ofw A& o] x}E)dm) 7k 88 7] 7150k -5 ) )
He does not remember.,

16. Are you aware if the containers were removed after they were buried?

250 WA o) F 1§71 50] ZA] o] o) A ot AU
He is not aware of any removal.

2 95
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Camp Carroli Site Questions—
WZ 748 71x|0f Ciet HE
M. —He will be referred to as ﬁom this point forward)

blo
18 june 2011

1. When did you arr ive at Camp Carroll, when did you {eave?
AA 43z A Fo) EaHHF Al 4)aholon, Al Wik 72
Mr. " as worked in Camp Carroll for 37 years. 1965-SEP,2002,
2. What was your command and your work position?
A 8}o] o) o §-& F-glo] o, Askel A4k 9= 02
He worked in varicus different positions to include a contractor in Heating branch, Power
Crane Operator and Mechanic etc...

3. Do you remember your chain of command? (Supervisor, branch chief, director, commander?)
EA 9 )8 A9 B 1SR (A 48, ALPA A 0)A, E8 A9 2)

He does not remember any specific US names. He does rewmember other Korean workers
who were with him at that time. They were Mr. nd Mr. {They
subsequently joined into the interview and confirmed what Mr. s 5ayIng.)

4. Please describe what was disposed of at Camp Carroli? And when?
A %ol A2 F Aol FRA0|NEA) A PG Tels AAlelA 2

Mr.- ¥ never seen drums of Agent Orange being buried in Camp Carroll. There are
various different places that are contaminated with POL products.

First, there was BOQ hill where 5-10 drums of diesel was buried. See Map 1.

Second, the hill behind the MSC-K where an underground fuel tank was focated. The fuel
tank was leaking and contaminating the ground. (This was removed and the soil was removed.) b(_

Third, he discovered a fuel ieakage in the yard right in front of the BLDG 607. Mr. .Iug
up all the contaminated soil from that location for few days, and the US Soldiers {whose names he
can’t remember) dumped the soil to Location A (Map 1). At that time, he knew it was Marathion
because someone from the warehouse said that it smelled like Marathion.

Fourth, near helipad right behind the fence line and Landfarm, 44" Engineers told him to dig a
trench and put expired C-rations and food items and trash (chairs) to include drums. He emphasized
that there was no Agent Orange; it was mostly trash and food items.

5. Please describe what it looked like, where it was located, what the area looked fike.
A4} Ao o)l g0, o el 9190w, 2 A oo o] @A A iA 22
He does not remember exactly what types of drums were.

6. Canyou point out where it was disposed? Did it have a special name? Are you aware of the reason
why it was disposed?
93] ojt] o] A2l 7t ¥ =A A AdFuzlr H33 ofgo] el iz B4 o) 17 o)
A ] ofok Qi o] -8 ob4l U

See #4.
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