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SUMMARY

From 1971 through 1988 at least 40 species of wildlife and 27 difterent types of
food products were collected and analyzed for radionuclides as part of the Pacific
Northwest Laboratory (PNL) Environmental Monitoring Program. This report
summarizes the results of these analyses for sample types collected for all or most of
the 18-year period. The objectives of this summary investigation were to identify long-
term trends or significant year-to-year changes in radionuclide concentrations and, if
possible, relate any observed changes in radionuclide concentrations to their sources
and probable causes. Statistical techniques were employed to test for long-term
trends. Conspicuous short-term changes in radionuclide concentrations were
identified from inspection of the data.

No upward trends in radionuciide concentrations were detected for any of the
wildlife species or food products examined. Many sampie types demonstrated a
significant downward trend in some radionuclides; this was particulary true for 137Cs.
Concentrations of 65Zn aiso demonstrated a downward trend in many of the sample
types. However, because 85Zn concentrations since the mid-1970's were often at or
below detection limits, trend analyses could not be preformed for some sample types.

Three factors appear to have contributed to a decrease in radionuclide
availability leading to the observed declines in concentrations of those radionuclides
in wildlife and food products. First, the cessation of atmospheric testing by the United
States and the Soviet Union in 1971 contributed to the decline of radionuclides in
some samples. Declines in 137Cs in local milk, 30Sr in local milk, 65Zn in local and
distant milk, and 1311 in local and distant milk appear to have been due primarily, if not
wholly, to the decreased availability of faliout radionuclides.

A second factor contributing to the downward trend in radionuclides was the
1971 shutdown of the last nuclear reactor at Hanford that used a once-through
cooling-water design. The regular decline in concentrations of 85Zn in oysters from
Willapa Bay and 8%Co and 85Zn in mountain whitefish from the Hanford Reach of the
Columbia River was attributable to closure of the once-through cooled reactors at
Hanford.

The third factor responsible for the decline in radionuclides in some samples
examined was an apparent reduction of environmental radionuclide contamination
associated with some Hanford Site facilities and operations. The decommissioning



and covering of contaminated pond sites and the general reduction of surface
contamination in the vicinity of the 200 Areas are likely factors in the decline of 137Cs
in rabbits and mule deer.

Differentiating between radionuclide contamination from worldwide fallout and
that resulting from Hanford activities was ditficult, especially for wildlife samples, which
were obtained almost entirely onsite. However, waterfowl were an exception to this
observation, in that those birds collected from ponds and trenchas onsite frequently
had markedly higher concentrations of 137Cs in muscle tissue than did birds obtained
from the nearby Columbia River. In addition, some Hanford Site wildlife samples had
noticeably high concentrations for some radionuclides . For example, annual median
concentration of 54Mn in mice varied between 0.04 and 2,825 pCi/g, with a maximum
concentration of 13,600 pCi/g in 1976. The elevated concentrations of 34Mn in mice
wera attributed to contact with the 100-N tranch, in 100-N Area before the trench was
covered in 1982.

Radionuclide concentrations in many wildlife and food products did not show
regular patterns or trends, but tended to fluctuate randomily. This observation was
particularly true for 80Sr. These fluctuations may be attributabie to truly random
avents, as well as changes in Hanford Site activities, worldwide fallout, monitoring
strategies, and analytical methods. Actual sources of the variabiiity couid not be
identified.
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decline was statistically significant {t = 3.11, P = 0.026). Maximum concentrations of
65Zn in oysters followed a similar pattern of decline, from a high of 7 pCi/g in 1971 to a
low of 0.017 pCi/g in 1977 (Figure 16). This decline in 85Zn concentrations is
attributable to the closure of the last of the Hanford reactors with once-through cooling.
Cushing et al. (1981) reported similar declines of 65Zn in fish from the Columbia River
locations between Hanford and Willapa Bay immediately following the reactor closing.
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CONCLUSIONS

Radiological concentration data for selected wildlife and food products collected
on the Hanford Site and in the Hanford vicinity from 1971 through 1988 were
summarized, and the annual median values were analyzed for long-term trends.
Trend analyses could not aiways be completed for all sample types and radionuclides.
This was because sampling was not conducted solely for the purpose of making long-
term trend analyses and, for some sample types, sampling penods were brief, sample
locations were sometimes variable, and sample sizes were small. A review of 40K
concentration measurements for several sampie types showed occasional anomalous
{(unusually high) data. Extreme (anomalous) values were not rejected from the
analyses on the presumption of being erroneous, and they appear in the appendicies
as maximum values.

Four analytical result categories were obtainable from the analyses: 1)
increasing concentrations, 2) decreasing conentrations, 3) undetectable trends, and 4)
unknown (Table 4). No increasing trends in radionuclide concentrations were
detected for wildlife samples or for food products from the Hanford Site or the
surrounding environment.

A number of wildlife species showed significantly decreasing radionuclide
concentrations from 1971 through 1988 (Table 4). Among the food products, milk,
beef, and oysters also showed significant declines for several radionuclides.

Although declines in radioactive material concentration in the tissues of individual
plants or animals can result from a combination of radicactive decay and biological
elimination, the long-term declines in equilibium concentrations reflect less uptake
resulting from decreased availability of radiuonuclides in the environment. Three
factors were identified as probabie contributors to the observed long-term declines: 1)
reduced contribution of radionuclides to the Columbia River subsequent to the 1971
shutdown of the last Hanford reactor that discharged once-through cooling water to the
river, 2) areduced atmospheric contribution of radicactive materials to the total
environment as a resuit of the 1971 treaty between the United States and the Soviet
Union that banned atmospheric testing of nuclear weapons, and 3) waste
management reduction activities on the Hanford Site that have apparently reduced the
availability of radioactive materials to Hanford Site wildlife.
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TABLE 4. Direction of Trends in Median Radionuclide Concentrations in Wildlife and
Food Products Examined by the PNL Environmenta! Monitoring Program

From 1971 Through 1988

Radionuclide ___Decrease  ____ Undetectabje(a)

137Cs

08r

652n

54M n

131

80Co

239-240p,

Rabbits

Mule deer

Upland Game birds
Local milk

Beef

Oysters

Local milk

Mountain whitefish
Local milk

Distant milk
Oysters

Local milk
Distant milk

Mountain whitefish

Trend Direction
Unknown(b)
Waterfowl Mice
Local eggs Distant milk
Distant eggs
Distant leafy vegetabies
Local leafy vegetables
Rabbits Distant milk
Mule deer Distant eggs

Local leafy vegetables
Distant leafy vegetables
Beef

Local chickens

Distant chickens

Local eggs

Distant chickens
Local chickens

Mule deer

(a) Regression analysis nonsignificant. .
(b) Trend direction is unknown because of autocorrelation, smail sample sizes, and/or
a large number of sampies below detection limits.
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Local leafy vegetables
Distant leafy vegetables
Local eggs

Distant eggs

Mice

Mice



For some wildlife, and a number of food products, either no detectable long-
term trend in annual median radionuclide concentrations was apparent over the
18-year penod, or the trend was unknown (Table 4). A designation of undetectable
was used to describe trends in cases where there was a non-significant regression.
Trends were descnbed as unknown when the data could not be tested.
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APPENDIX A

MEDIAN AND MAXIMUM CONCENTRATIONS (PCLG WET WEIGHT) OF RACIONUCLIDES IN SELECTED WILDLIFE
COLLECTED BY THE PNL ENVRIROMMENTAL MONITORING PROGRAM FROM 1971 TO 1088

Yeor
K&mm__ il 2 d 14 Fi-) it s ¥ A 80 ai a2 9 b4 88 -] a af
K
Mule Deer
N 2 3 2 3 3 3 3 5 3 10 13 14 6 ] 5 3 4 k|
Median 2.87 2.63 2.33 217 2.18 2.29 1.98 2.00 2.08 2.44 3.02 2.98 2.88 2.89 .20 2,92 29 3.08
Maximum 268 27 241 2.26 2.21 338 1.99 2.23 232 .57 .61 329 3.22 2.58 3.20 an .00 17
Rabbit
N 4 4 3 4 8 3 4 [ ] 5 25 13 15 14 8 5 5 6
Median 3.22 355 3.46 2.80 2.47 2.02 2.16 2.568 261 11 4 .58 .58 385 267 a2 2.87 .76 .40
Maximum 6.07 467 392 3.50 .67 2.58 2.66 310 414 455 817 5.45 6.91 4.03 4.06 382 a.87 4.7
Mousa
N 1 10 11 4 9 28 15 17
Median 5.48 0.99 488 223 2.32 1.01 2.06 1.18
Maximum 13.30 26700 58600 17.00 84.00 1140 4.89 .64
Upland game bird
N 16 24 10 15 16 8 18 10 6 5 25 17 2] 16 18 ] 10 5
Median 2.54 2.64 2.87 2.80 2.85 2.26 246 2.28 2.80 3.16 2.77 3.40 311 2.99 a1 328 3.4 3.43
Maximum 374 3.46 3.83 K¥-1.1 3.50 256 1260 .42 4.21 575 882 1270 3.87 .97 492 3160 6.37 .82
Waterlow {Hanford Ponds)
N 18 22 23 19 20 20 16 18 15 [ 24 29 34 25 16 16 15 22
Median 206 2.7 344 2.40 310 2.47 333 2.22 2.1 4147 a8 4.40 376 78 394 3.24 .50 a2
Maximum 6.11 9.74 6.71 6.22 6.31 560 24800 3060 &55 1050 6.08 8.05 472 518 545 4.07 6.00 4.74
Waterfowl {Columbia River)
N -1} 102 58 47 44 48 28 1 5 7 1 5 1 L 4
Median 267 273 2.65 2.46 296 2.56 2.37 2.20 2.57 50 270 4.008 448 3.80 2.90
Maximum 8.56 5.16 6.82 3.41 9.50 3.37 Az 3.68 3.30 463 415 6.11 4486 3.80 ANl
Mi. whilefish {Hanford Reach)
N 20 21 22 10 9 2 1 4 7 13 20 21 26 10 10 10 10 10
Median 363 3.46 339 3.07 316 2.93 .53 2.64 .27 316 343 4.1 4.07 4.23 413 .28 .60 339
Maximum 6.94 4.89 4.05 3.90 1040 J.16 .53 295 1430 8.44 8.37 6.54 6.64 7.41 552 4.12 5.16 4.66
M. whitefish (Upstream)
N 3 9 5 5 4 5 5 5
Median 253 286 366 365 514 33 442 361
Maxximum 282 902 474 483 565 483 6.8 388
137¢s
Mule Deer
N 2 3 2 3 3 3 3 5 3 10 13 14 6 6 5 3 4 k|
Median 0058 0071 0278 1.08 0021 0282 0030 003 0031 0007 0010 -0006 0012 0000 0003 0017 0010 0000
Maximum 0059 0242 051t 1.83 0156 4910 073 0126 0092 0018 1350 0025 0196 0.007 0516 0025 0019 0010
Aabbit
N 4 4 3 4 8 3 4 [ g 5 25 13 15 14 8 5 5 B
Median 0636 0713 0130 1940 0170 0042 0101 0491 0078 0001 0107 0032 Q025 0.018 0.012 0008 0020 0.0M
Maximun 45800 9850 2960 5520 5890 0.086 0457 0712 3.010 00473740000 0.150 22200 0035 0045 0238 006t 0079
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APPENDIX A (contd)

— Yeor
—SampleTyps 71 2 13 4 ¥i-] 18 Iz 8 Fi'] ad 81 B2 x| M 45 86 8z g4
Mousa
N 12 10 14 6 10 29 15 17
Median 12 12.2 1.2 5065 4.0 1.7 0.4 16
Maximum 193 183 17 1730 717 5560 3270 2520
Upland game bird
N 16 24 10 15 16 8 18 10 6 5 26 17 9 16 18 B 10 5
Median 074 09 024 -010 .069 .023 .043 022 030 002 .018 038 .018 .01 007 .020 003 .023
Maximum AN 24 5.6 o 109 098 4.19 078 A3 13z 118 ine .023 082 133 105 .033 035
Walerlowl (Columbia River}
N a1 102 58 47 44 48 28 n 5 7 11 5 1 1 4
Medan 02 .05 .04 . .0 .02 .03 .01 03 03 .01 .03 .0 .02 .0
Maximum .55 1.22 A1 .21 A7 an A7 06 .04 23 445 05 .01 .02 .03
Watarfowl (Hanlord Ponds)
N 1B 22 23 19 20 20 16 18 15 -] 24 20 34 25 16 16 15 22
Medan 21.05 2.33 876 562 697 523 48.3 8845 136 461 2015 117 8.045 .Ba1  1.855 1725 a7 .85
00 Maximum 134.0 698 121 174 210 258 122 13800 175 208 260 160 768 666 10.6 $.03 2.18 4.06
Sr
Mule Deer
N 2 1 2 a 2 5 3 8 13 14 4 1 1
Median 0.185 0.482 0.014 0286 0457 0582 3IN 0n 1.71 1.05 0.486 1.52 0.700
Fl.abbh"aximm 0.208 0.482 0022 0554 0883 176 217 211 .7 18.9 474 1.53 0.700
it
N d 8 a 4 & "] 5 25 13 15 14 8 5 5 6
Median 221 30 758 253 55 07 11 1.7 26 19 4.5 21 24 40 16.9
Maximum 22 300 761 173 103 719 205 6000 1580 452 545 383 936 462 184.0
239-240p,,
Mule Deer
N 2 3 2 K] 3 3 2 4 3 5 12 14 6 6 5 d 4 3
Median 0056 0000 0001 0002 .0003 DODS 0061 0067 0002 .150 0010 0012 0007 .000Y 0000 .0OOD 0002 .OODO
Maximum 0110 0007 0002 0004 0004 0OOS 0120 0301 0060 0688 0117 0387 .0020 0004 0002 0002 .ODO8 .0001
Mousa
N 6 4 11 6 10 28 15 17
Median 05 5165 1.6 1927 0.1 0.1 0.1 1]
Maximum 235 11200 30600 30000 6230 19800 2120 1030
M. whitefish (Hanford Reach)
N 15 5 20 10 9 2 1 4 7 12 20 21 26 10 10 10 10 10
Meadian 284 156 1305 De54 0737 422 103 .00 0274 0335 0138 0328 0117 015 -0031 0074 0DBSE D18B
Maximum 669 184 187 267 238 0g3a  .102 0052 0824 104 0867 0648 070 0625 0576 Q441 053 0347
M1 whitefish (Upsueam)
N 3 9 5 5 4 B 5 5
Medain 0001 0001 -0138 0072 0267 0185 .0187 Q045
Maximum .0008 0444 .0169 0195 0519 .0251 .023 0107
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APPENDIX A (contd)

Year
a_ﬁannh_'[me_.. Fal 2 i) 14 i) 8 rrd Fi:: I8 ed g1 a2 8 B4 a5 BE 87 -]
Mn
Mowse
N 1 2 5 3 3 14 1 1
Median 222 2825 25t 2360 2000 2 211 362
" Maximum 222 5440 9250 3800 4590 13800 899 a2z
Zn
Mt. whitefish {Hanford Reach)
N 20 21 22 10 9 2 i 4 7 13 20 20 26 10 10 10 10 10
Median 1.585 .3t 1075 0584 0139 0447 113 0538 0068 0536 005 -0218 -012 0074 -.0095
Maximum 558 823 32 62  .0424 0457 113 237 .042

-0318 -026 -0138
Mt. whilefish (Upstream)
N

0808 0401 .06 0375
3 g 5 5 4 5 5
Median
Maximum

011 -0224 0238 -0421 0397 0422
-0097 0816 0341 0286 0641 0575

147 0614 0562 0468 608

5
-0183 -0117

065 0183
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APPENDIX B

MEDIAN AND MAXIMUM CONCENTRATIONS (PCYG WET WEIGHT OR PCIL) OF RADIONUCLIDES IN SELECTED FOOD PRODUCTS
COLLECTED BY THE PNL ENVIRONMENTAL MONITORING PROGRAM FROM 1971 TO 1988

Leadfx Vegetables
K

Distant
N
Median
Maximum
Local
N
Median
Maximum
a0 Sr
Distant
N

Median
Maximum
Lacal
N
Median
Maximum
8570
Distant
N
Median
Maxirmum
Local
N
Median
Maximum
1970
Distant
N

Median

Maximum
Local

N

Median

Maximum

Yeor

fal 2 n 74 73 18 fad i8 79 80 81 82 83 84 83 B 87 Bd
5 5 5 4 B 5 7 4 4 3 4 6 [ 6 G 6 3 3
2.67 4.20 an 1.88 2.76 2.22 1.76 2.91 291 1.27 3.73 4.63 2.81 3.39 2.96 5.44 2.58 2.98
4.69 5.61 4.02 3.18 5.07 3.86 3.59 7.52 3.65 1.74 5.44 7.49 4.67 a.r72 457 a.58 a.18 302
3 3 3 [ 5 7 7 9 12 10 10 14 12 ] 12 9 12 3
2.72 3.49 2.142 2.37 2.54 2.61 3.3 2.34 3.24 333 4.97 3.88 573 1.78 3.44 3.88 2.24 2.24
2.86 4.52 4.91 7.90 a3 7.47 a.99 3.05 473 2530 5.4 7.54 6.73 3.34 583 5.33 6.71 2.36
1 2 1 2 2 5 7 4 3 3 4 6 & & [ 6 K| 3
0.039 0009 0009 0010 0015 0005 0009 O0.009 0019 0041 0000 0004 0008 0012 0005 0021 0004 0.001
0,039 0010 Q008 0011 0027 0007 0014 0023 0040 0141 0015 00192 0015 0056 0010 0.027 0016 0001

1 1 3 3 7 3 8 10 ] 9 14 12 9 12 8 12 3

0.030 Q005 0015 0025 0013 0.0t3 0014 0008 0055 0000 0007 0008 0007 0006 0038 0003 0.003

0030 0005 0016 0055 0072 0.019 0059 0171 0088 0047 0021 0038 0028 0033 0085 0.040 0.013
2 5 4 5 B 5 6 4 4 3 4 3 G 3 6 3 3
0.026 0,014 0019 0025 0003 0003 0.011 0028 0008 000t 0014 0.014 0.002 0005 0011 0010 0.010
0.027 0028 0.077 0085 0,466 005 0024 0.114 0074 0046 0019 0.027 0.027 0044 0011 0.011 0.012
2 3 3 [} 4 T T 9 12 10 10 2 12 ] 12 *] 12 3
0.052 0001 0008 0018 HO010 0015 0002 0031 0007 0016 0.010 -0.001 0004 0007 0002 0010 0008 0002
0.080 0028 0050 0086 0023 0030 0030 0000 0056 0358 0029 0031 0029 0.042 0013 0012 0008 0.027
5 5 5 6 6 5 7 4 4 3 4 6 6 [ [} B K| 3
0.0181 0.0302 0.0077 0.0144 00080 -0.0033 0.0154 0.0154 00043 0.0066 0.0060 0.0112 0.0050 0.0032 00014 0.0129 -0.0002 -0.0023
0.1810 0.0425 0.0095 0.0545 0.0383 0.0131 00506 0.0382 0.0437  0.0168 -0.0041 0.0965 0.0127 0.0104 0.0051 0.0210 0.0136 -0.0001
a K| 3 3 5 7 7 9 12 10 10 14 12 1) 12 9 12 3
0.0442 0.0241 0.0045 0.0042 -0.0056 0.0023 00234 0.0007 00019 0.0025 00065 0.0318 0.0057 0.0051 00000 0.0073 00027 -0.0023
0.0457 0.0896 0.0220 0.014400.0382 00120 00371 0.1230 0.020% 0.1350 00622 0.0970 0.0248 0.0100 0.0130 0.0168 0.0100 0.0007



APPENDIX B (contd)

~SampleType = 71

(=]

Milk
40K
Distant
N
Median
Maximum
Local
N
Median
Maximum
1370
Distant
N
Median
Maximum
Local
N
Median
Maximum
fagp
Distant
N
Median
Menimum
Local
N
Median
Maximum
857n
Distant
N

Median

Maximum
Local

N

Median

Maximum

Year

3 | s Iz 6 i 1| i) £0 an -F4 83 B4 :I<] g8 &2 g8

12 12 12 1 14 13 22 2B 26 25 26 32 ag 38 37 38 a8 36

1160 1105 100 1050 1025 985 857 867 1015 923 1165 1220 1340 1400 1370 1280 1230 1270

1460 1730 1350 1270 1280 4650 1140 1080 1270 2420 2000 1630 1570 1690 1690 1540 1410 1660

140 130 153 96 105 133 128 129 122 123 127 96 65 64 63 72 64 60

1150 1130 1070 1030 917 a57 926 974 1100 1060 1160 1205 1360 1380 1400 1370 1285 1355

1870 1900 1440 1440 1300 5710 1250 1350 1530 2230 1970 2580 1710 1810 1780 1840 1B70 2780

12 12 12 11 14 13 22 28 26 25 6 az 39 39 a7 39 3B 36
25.00 15.15 11.20 9.77 5.21 3.40 a.21 2.89 5.05 3.15 3.13 1.28 0.40 1.63 1.25 3.30 2N 0.65
49.80 3500 26.00 2680 2650 2600 2031 1950 1830 19.40 13.10 1220 1420 1010 6.63 12.70 10.80 3.80

140 130 153 95 105 132 128 129 122 123 127 96 65 64 &3 72 64 60
14.45 12.15 6.37 0.41 4,36 1.60 2.40 5.83 5.16 2.2 -2.19 0.66 0.97 1.73 1.52 3.84 1.57 0.70
81.20 4890 33.80 2550 23.70 2020 2980 2540 1880 18%& 13.50 19.60 1400 10.70 962 4050 1150 B59

4 4 4 4 3 4 1 17 13 12 12 11 8 4 7 10 8 7
5.20 5,20 1.78 1.56 2.36 224 085 0.86 0.65 0.88 0.88 1.53 0.90 0.83 1.1 1.33 1.03 0.94
6.51 7,06 7.55 5.54 4.85 667 972 a7e 1.74 1.8 1.85 1.96 1.57 1.10 1.59 2.72 1.80 1.31

14 i2 15 14 16 20 25 29 29 24 27 24 19 12 17 19 15 14
2.23 2.18 1.80 2.356 1.33 1.51 0.90 1.08 1.22 0.83 147 - 1.445 111 1.26 1.06 1.39 0,95 0.74
5.21 4.37 3.54 455 6.09 518 7.34 .42 2.48 an 2,03 1.98 2.9 2.05 1.92 2.58 1.74 1.3

12 12 12 11 14 13 22 24 26 25 25 az 30 38 az g 39 36
18.10 12.45 10.20 8.00 9.25 509 4.03 6.61 471 .77 4.44 0.09 0.22 198 267 0,82 031 080
173.00 5250 2830 2450 2850 3130 2950 3990 31.40 3200 2610 13.20 1810 1590 1720 13.20 13.30 7.00

140 130 153 96 105 133 128 129 122 123 127 83 &5 64 63 71 64 60
1830 12.55 2.1 .12 6.22 2.78 220 1220 7.05 492 4.35 1.54 087 039 0.23 021 031 -1.76
22400 9160 4920 5250 5390 6700 4690 62.10 5780 3810 1550 3050 2250 1460 12.80 1640 1650 6.82



APPENDIX B (contd)

Yeax
_%EDM!:&_“” 1 I2 ¥ i) i} I8 i I8 i) 80 g1 82 8 8 8 8 87 84
Distant
N 10 12 12 11 14 13 a0 39 26 26 26 32 39 a8 [} i) a9 36
Median 0.813 0.723 0713 0354 0118 0083 0072 009 0084 0.067 0040 -0.136 0311 0063 0014 0027 0038 00.001
Maximum  1.880 1990 1,230 1500 0540 0554 6870 0338 0214 0299 0253 0.060 0084 0215 0228 39500 0365 0.218
Lacal
N 126 131 155 85 105 13z 157 129 122 179 127 o6 65 64 61 63 64 58
Median 0.669 0.928 583 0293 0,448 0,103 0075 0.102 0077 0056 0070 -0.113 0210 0073 0002 0040 00290 0026
Maximum 24.700 b450 7160 82700 0840 78B3 66300 3420 0390 2240 0285 0216 0.076 0938 0320170.000 0.231 0243

Beef
4DK
Local
N 11 12 14 12 14 7 6 5 5 2 4 4 3 2 3 1 2
Median 2.1 2.20 2.25 2.10 1.97 2.25 1.85 2.21 2.46 1.16 2.62 2.06 2.69 255 2.60 1.72 2.57
” Maximum 2.50 2.81 2.69 2.62 2.41 2.49 2.47 2.36 2.79 2.24 2.78 2.7 3.07 2.84 2.82 1.72 2.65
Sr
Local
N 11 12 14 i2 14 7 6 5 5 1 2 1 a 2 3 1 1
w Median 0.0011 0.0007 0.0006 0.0000 0.0018 0.0023 0.0009 0.0010 0.0039 0.0073 0.0004 0.0008 -0.0030 00016 0.0033 0.0007 0.0035
L, va7 Maximum  0.0125 0.0056 000489 0.0001 00072 0.0183 0.0046 0.0101 0.0444 0.,0073 0.0005 0.0006 000832 0.0022 0.0056 0.0007 0.0035
Cs
Local
N 11 12 14 12 14 7 8 5 5 1 4 4 3 2 3 1 2
Median 0.0412 0.0287 0.0115 0.0117 00172 0.0138 0.0084 0.0297 0.,0153 0.0316 -0.0047 0.0125 0.0048 0.0066 0.0019 0.0047 0.0012
Chick Maximum  0.1840 0.0840 0.0559 00350 0.0274 0.0543 00204 0.0505 0.0354 0.0316 0.0022 0.0324 0.0085 0.0105 0.0077 0.0047 0.0001
ickens
oK
Distant
N 1 2 2 2 3 4 1 2 2 1 2 2 2 2
Median 1.82 1.56 1.43 1.50 1.84 1.74 2.03 3.06 3.38 .04 3.38 275 2.73 339
Maximum 1.82 1.59 1.54 1.60 1.66 2.62 203 an 3.86 3.04 3.85 3.06 3.09 3.57
Lacal
N 1 4 e 4 4 4 6 6 4 2 2 2 2 2 2 2
Median 2.26 2.2 212 1.99 1.67 1.78 2.08 1.72 2.08 253 3.48 3.14 3.19 3.01 2.87 2.42
Maximum 2.26 2.81 2.22 202 2.05 2.39 2.65 1.96 2.43 2.58 3.70 a.67 a7 346 3.39 2.58



805y
Distant
N
Median
Maximum
Local
N
Median
Maximum
Bﬁzn
Distant
N

Median
Maximum
Local
N
Median
Maximum
EgggK
Distant
N
Median
Maximum
Local
N
Median
Maximum
QOSr
Distant
N
Median
Maximum
Lacal
N
Median
Maximum

APPENDIX B (contd)

Yoy
il i2 I3 i1 i) 28 I7 i) i) 11} a1 g2 a3 84 5} gg &7 1]
1 2 2 2 3 4 1 2 F 1 2 2 2 2
0.0011 00002 0.0034 0.0022 0.0001 0.0018 0.0106 0.0022 0.0010 0.0019 0.0025 0.0021 00063 0.0006
0.0011 0.0004 0.0058 0.0038 0.0034 0.0033 0.0106 0.0032 0.0015 0.0018 0.0026 0.0045 00088 0.0013
2 3 2 4 4 4 ] 5 4 2 2 2 2 2 2 2
0.0014 0.0029 00006 0.0005 0.0029 00034 00014 0.0087 007112 0.0070 0.0044 0.0024 0.0061 0.0026 0.0013 0.0014
0.0027 0.0043 0.0008 0.0007 0.0136 0.0253 0.0065 0.0137 0.0221 0.0132 0.0079 0.0035 0.0073 0.0029 0.0028 0.0023
1 2 2 2 3 4 1 2 2 1 2 2 2 2
0.0121 0.0008 0.0166 0.0196 0,0063 -0.0118 0.0289 0.0037 00113 0 0.0494 0,0031 0.0122 0.0185
00121 00082 00172 0.0364 0.0192 0.5770 00289 0.0097 00182 0 0.0636 00150 0.0167 0.0277
2 4 2 3 4 4 [ 5 4 1 e 2 2 2 2 2
1050 0.0722 0.0081 0.0207 00133 00105 0.0250 0.0100 0.0198 0.0218 00110 0.0171 00147 0.0025 0.0358 0.0142
3840 01320 0.0190 00258 00653 0.0213 0.0419 0.0239 0.0553 0.0216 0.0182 0.0176 0.0045 0.0030 00570 0.0249
1 2 2 2 2 1 1 2 2 2
0.83 081 0.98 4.94 1.21 1.21 1.31 1.26 1.23 1.20
0.83 0.84 1.10 1.33 1.30 1.21 1.3 1.28 1.47 1.24
10 10 12 1 13 13 15 15 13 2 2 2 2 2 2 2
0.89 0.50 0.92 6.86 0.95 0.77 0.80 0.82 0.85 0.57 i.21 1.37 1.43 117 1.29 1.28
1.60 1.41 1.18 1.09 1.12 1.92 .81 0.96 1.10 0.57 1.27 1.39 1.51 1.18 1.44 1.48
1 2 2 2 2 1 2 2 2 2
0.0005 00,0008 0.0027 0.0066 0.0014 0.0049 0.0025 0.0052 00016 0.0018
0.0005 00015 0.0033 0.0087 0.0016 0.0049 0.0028 0.0086 0.0030 0.0018
3 3 3 4 k] 4 7 5 4 2 2 2 2 2 2 2
0.0058 00123 0.0028 0.0035 0.00tt 0.0017 00017 0.0012 0.0070 0.0027 0.0025 0.0062 0.0053 0.0035 0.0020 0.0023
00119 00263 00044 00037 0.0013 00048 00042 00144 00105 0.0038 0.0033 0.0101 0.0083 00043 00033 0.0032



§'d

1370
Distant
N
Median
Maximum
Local
N
Median
Maximum
657n
Distant
N
Median
Maximum
Local
N
Median
Maximum
Oystors
1 a?cs
Distant
N

Median
Maximum
&7n
Distant
N
Median
Maximum

APPENDIX B {contd)

Year
pal ic K| 4 n 6 i 8 0 g0 a1 g2 g3 g4 £ 6 ¥ ge
1 2 2 2 2 1 2 2 2 2
0.0015 00008 -0.0043 0.0273 -0.0042 0.0002 0.0030 0.0015 0.0017 0.0031
0.0015 0.0086 -0.0001 0.0384 0.0013 0.0002 00037 00067 00031 0.0066
10 10 12 11 13 13 15 15 13 2 2 2 2 2 2 2
0.0158 0.0026 0.0040 0.0062 0.0038 -0 0.0017 0.0058 0.0018 00172 -0.00t0 0.0071 00061 00010 O 0.0012
0.0356 0.0403 0.0248 00113 0.0212 0.0214 0.0102 0.0136 0.0231 0.0275 0.0013 0.0137 0.0166 0.0031 0.0003 0.0040
1 2 2 2 2 1 2 2 2 2
-0.0051 0.0117 0.0091 -0.0223 0.0005 -0.0079 0.0054 -0.0063 0.0028 0.0005
-0.0061 00142 0.0106 -0.0086 0.0006 -0.0079 00054 -0.0045 0.0087 0.0038
10 10 11 1} 13 13 15 15 13 1 2 2 2 2 2 2
0.1735 0.0330 0.0023 0.0030 0.0054 0.0109 0.0029 0.0031 0.0016 -0.0272 -0.0006 -0.0046 -0.0021 00838 -0.0065 0.0024
0.9330 0.0877 0.0324 0.0405 0.0646 0.0518 0.0207 0.0286 0.0387 -0.0272 0,0045 -0.0001 00034 00108 -0.0045 0.0061
12 9 10 1 1 4 3
0.03894 0.0285 0.0184 0.0161 0.0013 -0.0028 0.0068
0.0626 0.0531 0.0321 0.0181 0.0013 00050 0.0102
12 g 10 ] 3 4 3
4.465 1.740 0587 0.135 0064 0013 0.005
7.090 2480 0913 0.135 0.075 0028 0017
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