APPENDICES FOR TRAVEL TIME ESTIMATES METHODOLOGY

In this report, travel time represents the numbeer of hours for the
river water to flow from one point to another, usually town to town.
Gpeed at a particular location in feet per second (fps) was converted
to miles per hour (mph) for use in travel time sstimates. Discharge,
discharge rate, or flow rate all refer to the volume of water passing
a point per time, cubic feet per second (cfs). The discharge rate
normally  increases with miles downstream, thus the discharge at
Healdsburg was used as a reference point.
Five appendices contain data relevant to the travel time estimates:
Appendix A —~ Formalin spill dats
Appendix B - U.5. Army Corps of Engineers flood crest data
Appendix C - U.85. Geological Survey velocity/discharge datas
Appendix D — Covote Dam accidental release

fAppendix E ~ Comparison of methods

A short explanation of each method preceeds the data for each
appendix.

s






APFENDIX A

Formalin Data
The data included herein were obtained from the North Coast Regional
Water QOuality Control Board files on the March, 1982, spill of
formalin  from a parked railroad tank car in Ukiah, California. These
data were used to estimate travel times for the Russian River and
includes
I - suplanation of methods

2 = raw monitoring data

- monitoring data arranged on a single time line

4 - gingle time line monitoring data with interpolation
between points to aid in computer plotting

% - plots of concentration vs time

s = formalin travel time measurements

Monitoring data from the March, 1982 formalin spill into the FRussian
River at Ukiah were entered onto a computerized spreadsheet, and
formalin  concentrations were plotted against time for each downstream
gsampling location.

Since sampling times at each location differed, the concentration
data for all sites were combined onto another spreadsheet with a
single time line, consisting of the sampling times for all the
sites. This had the effect of spreading out the data at any one
site, causing visual fragmentation of the concentration/time curves
as a result of site-to-site differences in sampling times.

Formalin concentrations at two Russian River sites from
March 25 to March 31, 1982.
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To  obtain & more continuous computer—generated curve through the data
points, interpolations of the concentrations  between known values
were approdimated, and new plots made. The actual and interpolated
concentration/time plots, wWeEre essentially identicals the
fragmentation simply was reduced as in the following example:

Interpolated formalin data for two Russian River sites
from March 25 to March 31, 1982.
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Twe  distinct peaks in formalin  concentration are evident at the

various monitoring sites. The distinct peak shapes and time
gseparation from site to site leaves little doubt that these were two
separate waves of formalin passing down  the river. Using the

interpolated versions of the formalin concentration/time plots, the
differences were measured between the variows sites for the two
recognizable  peaks with a precision of one hour. Where possible,
measurements were taken for the time differences between peaks’
leading edges, modes, and trailing edges. Where recognizable
features, such as shoulders, occurred on the peaks, those time
differences Were also measured., Unfortunately, the sampling
frequency was not sufficient to always catch the leading edge of the
formalin pulse as it passed the collection site. Thus, some
stretoches of the river were represented by only one or two time
measurements, while others had several. Travel times were checked by
adding or subtracting the measured times of river subsections. For
e#xample, the travel time from Cloverdale to Wohler minus that from
Healdsburg to Wohler was the travel time from Cloverdale to
Healdsburg.



AW FORMALIN CONCENTRATION DATA FOR MARCH.1982 SPILL

RUSS. RIVER EST.

DATE

hr ain

B0
3/% 8
14
3421 9
14
3/28 10
10
15
15
16
17
20
22
23
3129 1

3136 0

3 2

0
43
45
10
40
25
38
33
43
33
40

0
20
35
20
38
43
35
12
42
33
40
33
30
43
30
15

3
30
42

0
25
43
30
14
43
43
40
33
30
43

8
45
30
30
30
33
15
43
20
45
23

Tine Dcal CONC.

Davs {ppb)
]
1.36 42
.61 39
2,38 30
2.61 30
3.43 570
J.44 450
3.65 150
J.bb 130
.67 §1
L7499
.83 37
3.93 48
.98 30
4,06 3B
4.11 30
4.16 30
4,27 30
4,38 50
4.45 30
4.57 30
4,65 30
470 &
4,90 30
4.95 38
4.98 30
3.04 37
3.09 44
5.15 &
3.24 130
.25 90
5.35 30
3.41 30
.48 30
9. 31 30
5.33 4
.61 150
.45 B3
S.66 50
370 30
3.74 56
3.76 34
.78 4
3.87 30
3.9 30
.98 30
6.11 30
b.22 30
6.32 30
6,43 30
6,33 30
b.48 30

NDRGARD

DATE  Tm. Dcml CONC.

hr min Days
W00 0
W 00 i
270 0 2
328 10 4 3.4t
10§ 3.42

13 3 3.54

14 20 3.60

13 § 3.62

15 10 3.63

16 10 3,47

{7 10 3.72

19 30 3.8l

21 50 3.9

23 0 3.9

329 0 50 4.03
210 4,09

314 4,13

b 5 4.25

B4 437

1013 4,43

14 0 4,38

16 10 4,67

18 0 473

18 30 4,77

15 ¢ 4,79

33 810 5.34
743 5.4

12 0 §.50
#1325 5.9

14 30 5.60

16 35 5.69

17 30 §.73

17 53 5.73

20 8 5.84

21 26 5.89

33 215 6,09
30 6.2

7350 633

1118 6.47

13 46 6,57

16 3 6.87

16 27 677

21 10 b.88

23 25 6.98

/1 145 7.07
33 7.16

70 7.9

§ ¢ 7.38

{11 7.47

4/12 15 75 18. 44

# NO TIME DATA

Deal.Days = Time in fractional (decimall davs

{pph!}

260
11000
80
110
110
130
80
60
34
30
34
32
38
30
30
30
30
30
30
30
93
39
30
30
100
100
160
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
10
10

HOPLAND
DATE  Time Dcal CORC,
hr min Davs (ppb)
3G 16 18 0.6 42
326 0 3¢ 1,02 18O
§ 4 1.1%9 150
702 1,29 220
g 0 1.38 140
9 22 1.39 150
14 40 .81 42
15 10 1.63 62
17 %8 .73 42
B8 Ly 42
327 03 M 23
9 25 239 b
14 535 Z.62 30
/28 4 0 .47 30
g 0 337 15
§ 0 .38 85
i1 1 3.46 775
i1 10 3.47 280
{2 43 3.33 ZBO
16 20 .68 170
329 09 40 4,40 45
14 20 4,60 30
16 50 4.78 30
19 15 4.80 30
19 35 4.82 30
20 10 4.4 30
23 9 4% 30
23 90 4,99 30
33 1 0§ 508 30
2 3 310 39
§ 0 517 982
6 0 5,25 63
7020 5,31 100
g 47 5.37 &
10 5 5.42
10 20 5.43 30
11 43 5.49 &
12 37 3.3 30
13 6 5.34 3
15 25 5.4 30
16 0 5.67 3
16 20 35.68 30
17 15 5,72 X
17 38 573 30
21 15 5.89 3
2 3 5% 3
0 597 3N
W32 06 609 3
3 18 414 30
4§ 50 6,20 30
7 0 629 30
0 20 6,43 30

CLOVERDALE

DATE

hr ain

3/2% 13
32 0
§

&

8

9

14

13

ié

3421 9
15

328 1
13

13

16

16

19

20

21

22

23

329 0

~ O~ A B G B e O

33
i
g

40

a3

20

10

30
3

43

15

22

10

43

40

45

45

43

43

43

43

43

43

45

43

43

&3

45

45

435

45

43

43

43

43

43

43

43

43

43

45

43

43

48

43

43

43

5]

43

43

43

43

Time Dcal CONC.

Days (ppb} (1982} hr min

0.66
1.00
1.17
1,28
1.37
1.39
1.59
1.63
1.67
2.41
2,64
3.47
3.63
3.66
3.69
3.70
3.82
3.86
3.91
3.95
3.59
4,03
4,07
4.1
4.1b
4,20
.24
4,32
4.36
4,44
4.45
4,49
4.53
4,57
4.61
4,66
£.70
4,74
4,78
4.82
4.86
§.91
4.95
4,99
3.03
5.07
3. 41
a.16
5.20
3.24
3.28
3.32

42
42
980
800
250
190
63
123
&2
41
30
30
33
46
120
130
160
289
287
310
210
180
170
90
i
48
47
30
30
33
30
30
40
30
33
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
83

HEALDSBURG
DATE  Time Dcal CONC.
Days (ppb!}
25 16 5 0.7 &2
36 3 48 116 42
6 10 126 42
B0 L33 42
14 0 1.58 42
15 15 1.4 B3
6 20 1.68 700
16 40 1.69 1200
17 0 .71 1700
18 0 175 3200
19 0 179 2100
20 0 1.83 820
21 0 1.BE 300
20 1.92 140
B0 1,9% 120
321 0 0 .00 120
i 10 2,03 130
2 0 .08 110
2 9 .17 140
§ 0 .17 85
i 0 2.2t Bl
6 0 2.1 30
7 0 L8/ W
g 0 23 W
§ 0 .38 W
3 55 .41 33
i 3 242 X
10 21 .43 30
13 0 2.4 34
15 0 Z.83 30
16 20 2.8 30
17 ¢ 2,71 30
9 0 .79 %
20 0 2.83 30
2t 0 2,88 30
2300 2.9 30
3| L0 o4 30
IO0 313 30
5 4 338 30
i 23 e X
12 17 351 30
13 0 L& 30
17 0 371 38
17 3 73 W
19 0 L7930
22 0 32 3
70/ S U (I N7
30 413 30
o0 421 0
8 30 43 %
9 0 4,38 14
10 0 4,42 200



kAW FORMALIN CONCENTRATION DATA FOR MARCH,1982 SPILL

RUBS. RIVER EST. NORBARD HOFLAND CLOVERDALE HEAL DSBURE
DATE  Time Dcml CONC. DATE  Ta. Dcml CONC.  DATE  Time Dcal CONC.  DATE  Time Deal CONC.  DATE  Time Deml CONC,
hr min Days {(pph) hr min Days (pph) hr min Days (ppb) hr min Days (ppb} (198B2) br min Davs (ppb)
18 45 6.78 30 13 20 6,36 30 B 43 5,36 &0 it 0 4.4 220
21 30 6.90 30 16 40 6,69 30 9 14 53 70 i1 0 4,47 ZN0
23 40 697 30 17 5% 674 30 g 45 5.4 & 120 4,50 160
#1225 .10 30 22 30 6.9 X0 10 45 5.45 40 13 0 4,54 120
4 45 7,200 30 41 2 & 741 30 10 55 5.46 30 14 0 4.58 120
720 7.3 30 4 0 747 X il 43 5.4 30 15 0 4,63 B0
1w 0 7.42 30 & 30 7.27 W 12 43 5,33 30 la O &67 G
i1 30 7.48 10 9 0 7.38 X0 13 4 5.4 30 170 471 30
13 0 7.54 10 12 25 7.52 10 13 43 5.37 3 18 0 475 3
16 0 7.67 10 4/2 B.00 14 45 5.1 30 19 0 479 3
18 10 7.76 10 4/3 7.00 15 45 5S.66 30 00 483 30
19 0 7.79 10 §/4 10.00 13 53 5.67 30 20 492 3
26 23 7.83 10 4/3 11.00 f6 45 570 35 330 0 0 5.00 30
21 18 7.89 10 474 12.00 17 43 574 30 2 0 508 30
22 10 7.92 10 47 13.00 18 12 576 30 4 0 517 3
2 0 16 8.01 10 4/8 14,00 19 10 5.80 33 6 0 528 3
I & B.05 10 419 153,00 19 43 §5.82 30 g 0 5.3 30
1 54 8.08 10 4/10 16,00 20 45 5.6 30 10 ¢ 5.42 30
2 4 B.U 10 411 17.00 21 43 5.91 30 12 0 5.5 30
4 30 8.20 0 §/12 18.00 22 45 5,95 30 14 0 558 N
6 0 B.25 10 4/13 12 15 19.51 10 23 43 5,99 30 16 0 5.67 30
b 45 B.28 10 14 24 1%.60 10 3/31 0 45 603 30 331 5 43 624 30
7 30 B.3 10 14 30 19.61 10 I 3 607 30 12 0 650 30
B 45 B.36 10 18 018,75 10 2 45 611 30 16 0 6,67 40
10 30 B.44 ] 21 30 19,90 10 3 43 616 30 18 0 675 W
12 35 8.52 10 414 1 30 20,06 30 4 43 6,20 30 20 0 6.83 30
16 0 B.&7 10 2 50 20,12 380 3 43 6,24 30 22 0 692 3
21 0 8.88 10 3 332045 W7 o 43 6,28 30 41 2 0 7.0 30
43 0 30 9.0z 10 4 28 20,19 10 B 45 636 30 § 0 .17 M
6 0 9.25 10 3 35 20,23 150 9 45 641 30 6 0 7.2 3
B 49 9.37 19 6 36 20,27 &) 10 45 6,45 30 B 0 7.3 ¥
12 44 19.53 13 720 20,31 30 i1 43 6479 30 10 ¢ 7.42 30
i6 27 9.69 10 8 10 20,34 160 12 45 6,53 30 20 7.50 30
20 35 9.87 10 9 15 20,39 91 13 45 6,57 30 14 0 7.58 10
/4 O 40 10.03 10 10 35 20,44 BT 14 45 6,61 3 20 .92 10
3 710,28 42 i1 25 20.48 10 13 45 666 30
B 38 10.36 42 13 23 20,56 340 e 43 670 30
tz 32 10,52 42 14 30 20.60 460 8 0 675 30
i6 36 10.71 42 15 30 20.65 10 22 0 692 30
20 39 10.86 42 t6 50 2070 10 44 2 0 7.0 30
43 0 26 11,02 42 18 3t 20,77 37 6 0 7.2 30
3 3112 42 19 32 20.81 38 10 ¢ 7.42 15
B 39 11.36 42 20 25 20.85 10 13 0 7.54 10
{3 10 11,53 42 21 40 20,90 10 4 0 7.58 10
17 10 1t.72 42 22 28 20,94 10 g 0 7.7 10
22 21 11,93 42 23 31 20,98 10 2 0 7.%2 10
§4/6 & 47 12.28 42 415 1 3|/ 21.07 0 &2 2 0 B.0B 10
15 14 12.63 42 2 %210 28 6 0 B33 I35
47 1 20 13.06 10 3 3 2145 10 8 ¢ B3I 10
6 43 13.28 10 4 30 21,19 10 0 0 B.42 10
13 15 13.64 10 o2 21.22 1 14 0 838 10
23 30 13.98 15 7 020,29 10 7 0 871 10

Deml.Days = Time in fractional (decimall days
A-4



RAW FORMALIN CONCENTRATION DATA FOR MARCH,1982 SPILL

RUSS. RIVER EST.
Time Dcal CONC.
win Days (ppb)

DATE
hr
48 7
14
49 9
410 10
/11 9
4/12 9
13
4/13 10
14
17
18
19
20
2
22
23
4/14 ©

415 1

L= = - S B S e e

[aa—

4716 0
417 0
4/16 0

40 14.32
10 14.59
35 15.44
9 16.42
45 17.41
35 18.44
40 18.65
0 19.42
10 19.59
30 19.73
43 19.78
45 19.82
45 19.86
45 19.91
45 19.95
45 19.99
45 20.03
45 20.07
45 20.11
49 20.16
47 20.20

7 20.23
43 20.28
40 20.32
45 20.36
45 20.41

0 20.46
45 20.49
45 20.53

¢ 20.58
30 20.62
30 20.46
35 20.75
37 20.7%
35 20.83
35 20.91
35 20.91
45 20.95
35 21.00
35 21.08
50 21.12
30 21.16
30 21,19
46 21.24
30 21.31

3 21.38
45 21.41
8 L4
4 21.49

0 22

023

0 24

15
26
20
19
28
29
230
i8
22
18
10
180
10
42
10
33
10
4
10
a8
70
30
20
10
10
510
10
10
22
140
46
10
10
10
10
10
10
10
10
230
10
10
19
10
10
10
10
10
10

NORBARD
DATE  Tm. Dcml CONC,
hr min Days (pph!}

Deaml.Days = Time in fractional (decimall days

HOPLAND
Time Dcel CONC,
min Days (pph)

DATE
hr
8
g
10
10
i1
i1
12
13
13
14
14
15
i3
14
18
17
17
18
18
18
19
9
20
20
3!
22
3
416 0

-~ O N = Ld PO e

13

20
417 0

i1
13
19
4/18 0

it
13
19
417 0

45 21.36
25 21.39
10 21.42
30 21.44
20 21.47
30 21.48
30 21.52
25 21.35
30 21.56
30 21.60
45 21,61
30 21.64
40 21.63
30 21.69
35 21.70
30 21.72
30 21.73
3 21.75
30 21.77
30 21.79
30 21.81
30 21.83
30 21.85
50 21.87
30 21.91
30 21.95
30 21.99
50 22.03
30 22.08
33 22,12
30 22,16
53 22,20
99 22.23
59 22.29
53 22,33
15 22.35
20 22.68
43 22.86
30 23.02
31 23.19
30 23.35
30 23.49
30 23.66
30 23.83
30 24.02
30 24,19
23 24,33
30 24,49
30 24.66
30 24.83
30 25.02
30 25.19

A-D

10
10
10
&0
40
10
40
10
L
40
23
40
19
40
24
40
it
13
40
30
40
19
40
10
10
10
16
17
19
16
18
10
19
17
i1
10
10
10
10
10
10
10
10
10
10
10
12
14
10
14
23
22

DATE

43

§/4

415

4/
47
4/8
4/9
&/10
4/11
4/12
413

CLOVERDALE
Time Dcml CONC.
hr min Days (ppb!
B 0 875 10
22 0 8.2 10
2 0 %.08 10
315 9.22 10
10 0 9.42 10
14 ¢ 5.38 10
18 0 9.7% 10
22 0 %.92 10
2 010,08 10
6 010,28 42
10 010,42 42
14 0 10.38 42
18 010,73 42
2 010.92 42
2 011,08 42
& 01128 a2
0 012,00
0 013.00
0 014,00
O 0 15.00
0 0 16.00
¢ 017,00
G 018,00
12 519,530 10
14 019,58 10
14 57 19.62 10
15 0 19.83 19
19 019.7%  1¢
20 019.83 44
21 019.88 10
22 01%.92 1
23 019.9% 10
0 020,00 10
i 020,04 11
2 020,08 10
I 020,13 U
& 020,17 10
3 020,21 10
& 020,25 10
7 020,29 10
g8 020,33 10
g 020,38 10
10 020,42 10
i1 020,46 10
12 020,30 10
13 0 20.54 10
14 020,58 10
15 020,63 10
iB 020,73 10
19 ¢ 20,79 10
20 020,83 10
2 020,88 10

HEALDSBURG
DATE  Time Dcml CONC,
(1982} br min Days (pph)



kAW FORMALIN CONCENTRATION DATA FOR MARCH, 1982 SPILL

DATE

419
420
42
4/22
Y23
4/24
4/23
4/26
827
4/28
429

4130

Dcal.Days = Time in fractional (decimal) days

RUSS. RIVER EST.
Time Dcml CONC.
hr min Days (ppb)

0

[ % I = = B e e e o B 2 B - - ]

s ot
o~

0
4
B
12
16
20

0

L= = I =2 — I — =

25
26
27
28
29
30
31
32
33
34

i 35.00
0 35.17
0 35.33
0 35.50
0 35.67
1 36.00
0 36.17
0 36.33
0 36.50
0 36.67
0 36.83

40
40
40
40
&
46
40
40
40
40
40

Tm. Dcel CONC,
hr min Days (pph)

HOPLAND
Time Dcaml CONC.
min Days (pph)

DATE
hr
B
12
14
20

420 0
§
B
¥4
14
i
20

421 0

U]
422 1
3
413 0

424 0

425 8

426 0

12
13
20
421 0

12
14
20
428 0

30 25.35
30 25.52
23 25.68
33 25.86
30 26.02
30 26.19
15 26.34
30 26.52
35 26.61
30 26,69
30 26.83
30 27.02
30 27.19
a0 27,37
35 27.8Bb
30 28.06
30 28.19
20 28,35
20 28,51
10 28.67
47 28.87
35 29.02
30 29.19
10 29.34
20 29.51
10 29.67
15 29.84
10 30.01
3 30.17
10 30,34
45 30.53
33 30.70
30 30.83
43 30.99
30 31.35
25 31.52
30 31.66
35 31.86
30 32.02
30 32.19
20 32,33
20 32.51
17 32.64
36 32.86
30 33.02
30 33.1%
30 33.35
20 33.51
35 33.69
32 33.86
30 34.02
40 34.19

10
10
10
10
10
10
10
10
21
10
20
10
12
13
17
10
10
37
&
17
10
10
10
10
10
10
10
10
10
12
10
10
10
10
40
12
10
10
10
10
10
10
10
10
13
i3
10
10
10
10
10
12

DATE

HEALDSBURE
Time Dcml CONC,

hr min Days (ppb} (1982} hr min Days (ppb)

CLOVERDALE
DATE  Time Dcel CORC.
22 020,92 10
23 0 20.% 10
415 0 021,00 10
Io02.08 10
I o243 10
§ 02117 10
3 020,21 10
6 021,28 {0
7021, W
g 021,33 10
¥ 021,38 10
10 02142 10
11 02146 10
12 021,50 10
14 021,58 W
19 02163 10
16 021,687 10
17 021,71 18
20 021,88 10
416 1 022,04 10
300222 14
B 0223 10



RAW FORMALIN CONCENTRATION DATA FOR MARCH,1982 SPILL

DATE

RUSS. RIVER EST.
Time Dcaml CONC.
hr min Days (ppb)

DATE

NORBARD
Te. Dcml COKC,
hr min Days (pph)

DATE

HOPLAND

Time Dcml CONC.
hr min Days (ppb)

B 30 34.35
12 23 34.52
15 49 34,68
20 30 34.85

10
10
10
10

DATE

CLOVERDALE HEALDSBURG
Time Dcal CONC. DATE  Time Dcml CONC.
br min Days (pph) (1982} hr min Days (ppb)



1AW FORMALIN CONCENTRATION DATA FOR MARCH,19B2 SPILL

WOHLER BRIDBE 00D FELLOWS RD GUERKEVILLE MONTE RID DUNCAN MILLS
DATE Time Dcal CONC  DATE Time Dcml CONC  DATE Time  Deml CONC  DATE Time  Decal CONC DATE Time  Deal  CONC
(1982} hr.min Davs (ppb) (1982) hr.min Days (ppb} (1382} hr. min Days (ppb) (1982) hr. min Davs (ppb) (1982} hr. min Days {ppb}

231545 066 42 3/25 0 0 0.00 3725 4,00 3123 0.00 3723 0.00
3/26 B 0 1,33 42 3/26 14 45 L6l 42 3/26 1920 1.B1 A2 I/26 19 40 1.B2 42 /26 10 10 1.42 2600
14 0 1.58 42 1545 166 42 /27 1030 2.43 274 3/27 10 20 2.43 1700 3/27 10 10 2,42 2600
14 35 1.62 42 3/27 10 30 2.44 23b 10 30 2.44 660 i1z z.47 710 13 17 2.5% 1300
16 0 1.67 42 10 45 2.45 100 13 40 2,96 120 1328 2.54 650 13 17 2,55 1290
16 § 1.68 42 1330 2.38 30 13 40 2.57 82 1329 2,36 140 3/28 10 25 3.43 30
23 0 1.96 930 135 259 % 13 40 2.38 128 13 2% 2.57 202 14 27 3.60 32
2330 1.98 650 15 45 2.66 35 16 20 2.68 140 16 35 2.6 160 3/29 945 441 30
321 0 0 2,00 336 /281110 3.47 30 2315 297 3 ¥ 1035 3.4 30 14 43 4,61 &5
030 2,02 210 14 39 3.2 30 2345 .99 30 14 40 3.81 60 3/30 14 27 5.60 30
10 208 170 3/29 10 17 4.43 30 3/28 050 3.03 30 3/29 955 4.40 30 3/3 6.00
130 2,06 130 15 8 4.63 30 10 30 3.45 30 1448 4,62 30 41 0 0 7.00 30
2 0 208 110 3/30 730 §5.33 30 /2% 10 7 442 30 2345 4,99 30 2 0 7.08 30
230 z.10 140 15 0 5.3 30 1458 4.2 30 3I/30 120 5.06 30 420 7.18 30
I 0 2,43 140 20 35 4.B6 30 92 5.3% 30 620 7.26 30
430 2.9 160 21 30 491 30 14 39 5.61 30 815 7.34 30
3 06 .21 130 33 944 5.4 30 1123 7.48 30
33 223 %0 14 49 5.62 30 1335 7.57 10
6 0 228 72 373t 6.00
640 2.28 72 41 0 0 7.00 30
73 229 G 2.0 7.08 30
73 23 M § 0 747 3
10 0 2.42 30 6 0 7.5 W
1030 2.44 30 78 .33 3
1t 0 2.4 30 {143 .89 30
1130 2.48 30 4 0 7.38 10
13 0 254 30
1410 259 30
15 0 2,63 30
6§ 2.67 27
17 0 27t 30
19 0 279 30
20 0 2,83 30
0 2.88 30
23 0 2.% 30
a0 3.4 30
115 347 30

1515 3.64 34
3/29 10 37 444 &0
12 0 450 90
13 0 454 110
14 0 458 170
15 0 463 130
1528 4.64 170

16 0 467 98
1659 471 3
17 0 &72 30
8 0 475 37
19 0 479 30
20 0 4.8 30
22 0 492 3
33 0 0 5,00 40

Deal.Days = Time in fractional (decimalidavs



RAW FORMALIN CONCENTRATION DATA FOR MARCH,1982 SPILL

WOHLER BRIDEE 00D FELLOWS RD BUERNEVILLE MONTE RID DUNCAN MILLS
DATE Time Dcmd CONC  DATE Time Dcml CONC  DATE Time  Deml CONC DATE Time  Doml CONC  DATE Time  Deml  CONC
(1982} br.min Days (ppb) (1962) hr.min Days (ppb) (1982) hr. min Days ippb) (1982) hr. min Days (ppb) (1982} hr. min Days (ppb)

2 0 5.08 30
4 9 5.7 30
6 0 5.23 30
B 0 5,33 30
106 5.42 30
12 0 5.0 40
1517 5.64 30

3/31 6,00

41 6 0 7.2 30
70 .29 30
A 1.3 3
1620 7.43 30
113 7.48 10
1130 7.48 30
123 7.52 10
123 7.52 30
133 7.5% 30

2320 7.97 10
42 120 B.O6 10

320 B.14 10
32 8.22 10
72 83 10



FORMALIN CONCENTRATION DATA COMBINED OM SINGLE TIME LINE

DATE
{1982)
3
3126

321

TIME LINE
bcal

DATE Time

(1982} hr &in

3125 13
3/26 0

EX o = v S

321 9

33
|
3

40

33

20

10
30

45

Davs
(.66
1,00
117
1.
1.37
1.39
1,42
1.59

[ S S

g

R B e e T
- “- » -

| S

-

- - -
o 6 LR LR LR CR e
[~ RS I & S (- = 5 ]

-
L s e = S = - = = = = < R e e T =l * o

<

n
i

o
Lo = S 3 T R R ¢ ]

[+ S S N = & R |

L =
i o

CLOVERDL.
CONE.

42
4
780
800
230
190

63
123

42

4

HEALDEE,
CONC.
{ppb!}

42

42
42
42

42
83
700
1200
1700
3200
2100

620
300

140
120

130
110

140

34

HOPLAND WOHLER BR.
CONC.
{pph}

CONC,
{ppb}
47
180
150
220
140
150

§2
LY]

o
{2

A-10

42

350
430
330
210
170

130
1o
140

140

160
130
30
72
12
36
44

GUERNVL.
CONC.
{pph}

§2

74
660

120
82
128

MONTE RID DUN.HILLS

COWE.
{pph!

12

1700

710
630

140

CONC.
{opb!}

2600

2600

1300
1290



FORMALIN CONCENTRATION DATA COMBINED ON SINGLE TIME LINE

DATE
(1982}

3728

i

TIME LINE

DATE Time
{1982} hr a

13

3728 11

13
13

14
16

19

20

21

22

23

327 0
1

OO =4 LA B (i B

10

11

12

in
{3

22

10
43

40
43

43
43
43
43
43
43
45
43
43
43
43
43
43

45

45

43

43

beal
Days
2,64

i
o
o

o dme Em B Ged Ced b e O OO D D D O EXT Sed ced B

[ S G R S I O O
= -
md OGN Ged X v sed Ged B Gd oD sed O OO fed w1 e D

Cod €l Bod Ll el €od Gl Cod g Bod Pa3 B3
- -

o
-

rrn
Lol

3.61
3.63
3.68
3,48
3.69
3.70
3.73
3.79
3.82
3.86
3.9
3.95
3.99
4,03
4,07
4,11
§.16
4,20
4,24
4,32
4.36
£.38
i.41
.42
4,44
4.43
4,46
§.47
4,49

4.3
4.53

CLOVERDL.
CONC.

30

30

33
i

120
130

140
289
287
30
o
180
170
50
71
48
47
30
30

33

30

40

HEALDBG.
CONC.

{ppb}
30
30
30
30
0
30
30

30
3

30

38
30
30

30
30
30
50
140

200

HOPLAND WOHLER BR.

CONC.
{ppb!

30
75

B3

275
280
280

170

435

A-11

CONC.
{ppb}
30
el

30
30
30
30
10

30
30

34

&0

git

GUERNVL.
CONC.
{pph?

140

3t
30
30

30

30

MONTE RID DUN.HILLS

COKC.
{ppb)

160

60

30

CORC.
{pphb!

30



FORMALIN CONCENTRATION DATA COMBINED ON SINBLE TIME LINE

TIKE LINE CLOVERDL. HEALDBG. HOPLAND WOHLER BR.  GUERNVL. HONTE RIC DUN.WILLS

DATE OATE Time  Deal CONC. CONC. CONC. CONC. CONC. CONC, CONC,
{1982)  (1982) hr min Davs {ppb!} {ppb} {ppb! lppb} {ppb! {ppb}
4,54 120 110
13 43 4.57 30
4,58 120 170
14 43 4,81 35 30 &5
4,83 B0 130 30 30
4,64 170
13 43 4.6 30 il
4,47 98
16 43 4,70 30 30
4,71 3
4,72 30
17 45 4.74 30 30
4,73 37
1B 43 4,78 30 30 30
§,79 30
19 43 4,82 30 30 30
4,83 30
20 45 4,84 30 30 30
21 43 4,91 30 0 30 30
22 45 4,95 30 30
13 4B 4,99 3 30 30 30
3730 330 0 43 5.03 30 30
I 43 5.07 30 0 30 30
2 43 5.1t 30 39
3 43 5,15 30 32 30
4 43 5,720 30
3 45 5.24 30 30 a3 30
6 43 5.8 30
7 45 5.12 BS 30 100 30
8 43 5.3 &0 80
g 14 5.8 70 BA1]
g 43 5.4 40 30 30 30 3
10 43 5.45 40 30
{0 53 5.46 30
11 43 5,49 30 30 g 40
12 43 5.53 30 3
13 4 5.54 30 30
i3 4 5.597 30 30
14 43 5.8l 30 30 30 30
G.04 30 3
13 43 5.6 30
13 55 5.67 30 30
3.68 30 30
16 43 5.70 35 30
17 43 5.74 30 30
18 12 5.7 30
19 10 5.80 33
19 43 35.82 30
0 43 5.8 30
21 45 5.91 0 30
12 43 5.9 30 30
I3 43 5,99 30

A-12



FORMALIN CONCENTRATION DATA COMBINED ON SINBLE TIME LINE

DATE

{1982}
3731

4/1

DATE Time

TIME LINE

{1982} hr ain

3431

411

¢
1

OO LN e e B3

11
12
13
i4
13
16
14

10

-

13
14
18
22

43
33
43
43
43
435
43
43
43
43
43
45
43
43
43
43

0

0

0

Lor i e R e R ]

feal
Days
6,03
6.07
6.11
b.16
6,20
24
+28
.36
6,41
6.43
6.49
£.33
6.57
.61
b.66
6.70
k.73
6.B3
6.92

7

o~ o o~

(=]

el

wn

(5]

e e B B B e |
- ~r = .- -

A el Cod P b O
PO NI O ] od

d d el ] e
- -

w1 st L3 L LS w
(==

[ ]

CLOVERDL.
CONC.

30
30
30
30
30
30
30
30
30
30
30
30
3¢
30
30
30
30

30

30

30

35

10
10
10
10

HEALDBG.
CONC.
{ppb!}

30

30

Cod
<

Lod Ged fod
[ =N ]

Cod G Ged Ced
LonliE oo O o o)

o
L=

30

i

10

HOFLAND WOHLER BR.

COKC.
{ppo}

30

30
30

30

30

30
30
30

30

30

1o

A-13

CONC.
{ppb!}

30
30

30
30
30
30
30

10

10
10
10
10

GUERNVL.
CONC.

ipph!

30
30
30
30

10

HONTE RIG DUN.MILLS

COME,
{ppbi

CONC.
{ppb}

30
30
30
30
30

10



COMBINED FORWALIN DATA WITH INTERPOLATIONS BETHEEN DATA PDINTS

DRTE

W
324

327

TIME LINE

DATE Time

hr amin

3/23 13
ik 0
4

~L3 e

15
16

321 9

33
{
3

&0

33

P

20
10

30
3

43

Boal
Days
(.68
1.00
1.17

[
- - & = o= - e =

Cod Pl
L L L Y I S R - R = < ]

w2

[ T B e T e o e e e
- = -

L O
- - - -
il e R e e < B R = = R e o e B N I = ol = o = i A, B - 0 )

LR = L A R T SR = - = i« S SR < e

)
[

-

[ S O R S -
- - -

Ted Pod Ped P bes peh ek s @
D N Ced = <f0 ved Ced BT e

=]

[ S S I S SR S O T SR I e e ]
- - -
O Bm G PRI e CI Cod e

o

[ e L R S e B )

oo L B R T B i T I i — T B 0 B P I S}

B3O -3 O~ LN

(o]
-

CLOVERDL.
CONC.
{ppb)

42
4z
8OO
800
2350
150
130
63
123
42

41

HEALDEG.
CONC.
{pph)

47
L¥i
a7
LY
43
42
42
47
83
700
800
800
B
800
700
620
300
140
120
120
120
120
130
130
120
11
123
140
110
]
g4
83
35
30
30
30
30
30
30
33
30
30
30
30
30
30
34
306
30
30
30
30

HOPLAKD WOHLER BR.

CONC.
ippb}
47
180
130
220
140
130
30
4z
a2
47
42
42
42
LY
43
iz
LY
42
4z
42
4z
4z
4z
4z
42
30
30
30
30
30
30
30
30
30
30
30
32
34

36

A-14

CONC.
{ppb!
47
¥4
42
L
42
42
42
42
4z
4z

8OO
50
330
210
170
150
130
1
140
140
140
150
160
130
30
12
72
36
44
35
33
30
30
3¢
30
30
30
30
30
30
30
30
30
30

GUERNVL.
CONC.,
{ppb!}

274
&40

120

B2
128
130

MONTE RID DUN.MILLS

CONC,
{ppbi

42

800

710
&80
650

140

CONC.
{pobi

8O0

80¢

800
800



COMBINED FORMALIN DATA WITH INTERPOLATIONS BETWEEN DATA PDINTS

DATE

3778

3729

DATE Time

3/28

3/

TIME LINE

hr min

13

11

13
i3

27

™3
L

LX) = CJT B Cod R v 3 fd

-~

10

i1

12

15

43
43
45
43
43
43
43
43
43
43
43
43
43

43

43

43

45

el
Days
Z.64

n

[ S R S
P

o 0

LR I o R i > I = =

(=<

Cod Cod Cod Bl Cod G PR3 PR3 PR3 P33
Cod  Cpd bomme e O ED5 wL) LD SL3 CXD XD e oed
[ = R R I N s - BN -

CLOVERDL.
CONC.
{ppb}

30

30
35
42
a3
4
80
120
130
140
150
140
289
287
310
210
180
170
90
"
48
47
30
30

~
r4

35
32
30
36
30
30
30
30
40

HEALDEG.
CONL,
{ppb!

30
30
30
30
30
30
30
30
30
30
30
30
0
30
30
30
30
30
30
30
30
30
30
30
30
35
18
30
30
30
30
30
30
30
30
30
30
30
30
50
70
30
140
170
200
210
2135
220
230
193
160
140

HOPLAND WOHLER BR.  GUERNVL. HONTE RI0 DUN.KILLS

CONC. CONC. CONEC. CONC,
{ppd) {ppb!} {ppb} {pphi
30 135
29 140
30 1&d
30
30
30
30
30
30
30
30
30
30
30 30
73 30
83 30
145 30
210 30 30
75 30 30
280 30 30
280 30 30
240 3 30 &1
220 34
200
170
45 3
30
&1
94
100

A-15

CONC.
{pob)

30



CORBINED FORMALIN DATA WITH INTERPOLATIONS BETWEEN DATA POINTS

TIME LINE CLOVERDL.  HEALDBG.  HOPLAND WOHLER BR.  GUERWVL. MONTE RID DUN.MILLS

IATE DATE Time  Deal COMC. CONE, COME. CONC. CONC. COME. CONC.
hr min  Days {ppb} {ppb! iopb} {ppb! {ppo} (ppb!} {ippb!
4,54 35 120 £
13 43 4,57 30 120 140
4,58 32 120 170
14 43 4,81 35 100 30 150 85
4,63 32 80 130 30 30
&, 54 30 63 170
13 43 4,66 30 31 133
k.67 30 40 78
14 43 4,70 30 30 65
4,71 30 30 3
§,72 3t 30 30
17 43 4,74 30 3 34
§,73 30 30 37
{8 43 4.78 30 4] 30 34
§,79 34 30 30 30
19 43 4,82 30 30 30 3
4,83 30 30 30 3
20 45 4.Bb 30 30 30 34 30
21 45 4,91 30 30 30 30 30
27 45 4,93 30 3 30 30
23 48 4,99 30 30 30 30 30
3730 330 0 45 5.03 30 30 30 30
I 43 5.07 3 30 33 30 30
2 43 5.1 30 30 39 30
3 43 516 30 30 52 30
4 43 5.%0 30 3 37 3
3 43 5.4 3 30 63 30
6 43 5.%8 30 30 82 3
7 43 5.32 83 ] 100 30
g 43 5.3 al 30 8O 3
9 14 5.3 70 30 33 30 30
g 43 5.41 49 30 30 30 30
10 43 5,45 40 30 30 30
10 55 5.4s 30 30 35 k5]
it 45 5,49 30 30 4 40
12 45 5,53 30 30 30 35
13 4 5.54 30 30 30 30
13 43 5.57 30 30 30 30
14 43 5,61 30 30 30 30 30 30 30
3. 64 30 30 30 30
13 43 5.66 30 30 30
15 35 5.67 3 30 30
3,68 32 34 30
16 43 5.70 35 30
17 45 574 30 30
18 12 578 30 30
19 14 5.8 33 30
19 43 5,82 30 30
20 43 5.86 30 30
2i 43 5.9 30 30
22 43 §5.93 30 30
23 43 §5.9% 30 30

A-16



COMBINED FORMALIN DATA WITH INTERPOLATIONS BETWEEN DATA POINTS

BATE

3734

4/1

4/1

DHTE Time

3431

471

4/2

TIHE LINE

hr min

0
1

L3 O X B led I

11
12
13
14
13
14
i8

22

[ 5]

10

-

i3
14
18
22

-
r 4

43
35
45
43
43
43
43
43
4
45
43
43
i3
43
43
43

0

0

Deal
Days
6.03
6.07
5,11
&.18
b.20
b4
&.28
8,36
b.41
6.45
6.49
6.33
6.57
b.61
bbb
6.70
b.73
.83
5.92
7
7.08
7.17
1.25
1.33
7.38
7.42
1.3
1.52
7.54
7.38
713
7.92
B.08

CLOVERDL.
CONC,
{pphb!}

30
30
30
30
30
30
30
30
3
30
30
30
30
30
30
360
30

35

0
10
10
ig
10

HEALDBG.
CONC.

(ppbi

30

30

30
30
30
30

10

10

HOPLAND WOHLER BR.

CONC,
lpp}
30

A-17

CONC.
{ppb}

30
30
30
30
30
30
30
3

iQ

10
10
10
14

GUERNVL.
CONC.
{pph}

30
30
30
30

30

10

RONTE RID DUN.MILLS

CONC.
{ppb}

CONE.
{ppbi

30
36
30
30

o

S0
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MEASUREMENTS OF FORMALIN TRAVEL TIME

IN HOURS FROM "INTERFOLATED" FLOTS.
FOINT HOF-CLO HOF L. D HOF W
{Hours) (Hours) (Howrs)

FEME 2 b B P4 24 =29

FE &b 10 HELH 2.5

Talkw 20 20.5

Lo S 7 o Zé
AVERAGE & 22.63 e T
CALCULATED £ 21.36 24,76
FEAR 1 FOINT CLO-HLD CLO-WH HL WO

(Hours) (Howrs) (Hours)

L..E. 14,5

FEAK, 125

T B 14 16. 5 2.5

T oS 12.8 15:.8 K. .

TuBul 12.5 .S
AVERAGE 138:.2 1é 3
CALCULATED _ 175 2.8
FEAR & Lok 1é

FEOE 13.59 1S 4

TeEs 12 13 1.5

Lo G 14 7 3

w82 3 16 3

TeBa 12,5

T.8.2 e
AVERAGE 13.36 16.12 3
CALCULATED 13,12 2.76

oE.  Leading Edge

T.E. Trailing Edge

Le&. Leading Shoulder

TeB.a Trailing Shoulder

HOF=HOPLAND BRIDGE

CLOV=CLOVERDALE; CROCKER ROAD BRIDGE
HLD=HEALDSBURG; HWY. 101 BRIDGE
WOH=WOHLER ROAD BRIDGE

CALCULATED TIMES ARE ADDITION OR SUBTRACTION OF TRAVEL TIMES
FOR RIVER SEGMENTS.
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