
(I).-....-­.-
(.)
co

-LL

(.).­-.0
::::s

Q.

"'C
C
co

SH
157.85
.F56
K34
1989

HYDROLOGY,_ HYDRAULICS & FISH PASSAGE PERFORMANCE OF

ARCTIC GRAYLING (Thymallus Arcticus) AT FISH CREEK,

DENALI HIGHWAY NEAR CANTWELL ALASKA

Report No. FHWA-AK-RD-89-03



HYDROLOGY. HYDRAULICS AND FISH PASSAGE PERFORMANCE 
OF ARCTIC &RAYING (THYHALLUS ARCTICUS) 

AT FISH CREEK, DENALI HIGHWAY NEAR CANTWELL ALASKA 

Final Report 

By 

Douglas L. Kane 
Charles E. Behlke, 

Daniel L. Basketfield, 
and Robert E. Gieck, 

Water Research Center 
Institute of Northern Engineering 

University 'of Alaska Fairbanks 

Robert F. McLean 
Department of Fish and Game 

State of Alaska 

and 

Michael D. Travis 
Department of Transportation & Public Facilities 

State of Alaska 

In cooperation with the: 

U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

June 1989 

INEB7.41 

The contents of this report ref7ect the views of the authors who are 
responsible for the facts and the accuracy of the data presented herein. 
The contents do not ref7ect the official views or the policies of the 
Alaska Department of Transportation and Public Facilities, the Federal 
Highway Administration or of the Alaska Department of Fish and Game. 
This report does not constitute a standard, specification or regulation. 

Report No. FHWA-AK-89-03 



Technical Report Documentation Page 

1. R8IIOC'I No. 1. Govemmenl Accession No. 3. ReclpI ..... s calaklQ No. 

FHWA-AK-RO-89-03 

4. TIlle and Subtitle S. R8IIOIt Cale 
Hydrology, Hydraulics. and Fish Passage Performance June 1989 
of Arctic Grayling (Thymallus Arctieus) At Fish 8. PertormlllQ OlQanizatlOn Cod. 
Creek, Cenali Highway Near Cantwell Alaska 

7. AUlIIot(s, Travis, AOOl'&PF, McLean, ADF&G 
8. PertormtllQ OIQanlzalion R8IIOIt No. 

Kane, Behlke, Basketfield, Gieck, INE 

O. Pertonnlnll 0t9MlUtlon Nam. and Add,..,.. 10. won. Unit No. (mAIS, 

Water Research Center 
Institute of Northern Engineering 11. Contract «Grant No. 

University of Fairbanks, Alasy-a, 63392 

13. Type 01 R8IIOC'I and Period Co_ 
12. Spon~noAQencyN ..... andA_ 

I:ept of Transpcrtation & Public Facilities Final 
Statewide Research 
2301 Peger Road 14. S~IIQAQencyCod. 
Fairbanks, Alaska 99109 

15. Supplement..., Not .. 
This is a data repcrt of fish pass'age perforrred during the 1987-88 

field seasons. The results of this work will be incorpcrated into the "Fish 
Passage I:eSign Manual". 

1 8. AbatnICt 

A two year study of fish passage through the Fish Creek culvert, located at 
Mile 132.2 of the Cenali Highway, was carried out by an interdisciplinary task 
force. The purpcses of this study '.\ere: rronitor the interaction of the spawning 
Arctic grayling (Thymallus Arctieus) and the existing culvert, and docunent 
variables of watershed hydrology (primarily runoff) and hydraulic behavior of the 
culvert that rray impact fish passage. 
In surrrrary, Arctic grayling encountered minirral difficulty in passing upstream 
through the culvert. The major areas of difficulty for the fish were entering 
the slightly perched culvert and· exiting where nonunifonn flow rates of rrovement 
through the culvert barrel varied fran less than a minute to over 80 minutes. 
Generally, larger fish rroved through rrore rapidly than smaller fish. All fish 
stayed as close to the boundary of the culvert as pcssible, and they oriented 
the!Tselves nonnaJ. to this boundary; treaning that they '.\ere not alwasy swimning in 
a vertical pcsition. 

Conducted in cooperation with the U. S. I:epartment of Transpcrtation, Federal 
Highways Administration. 

17. K..,W_ .18. DlatnbutlonSlatement 

Fish passage InfoImatibn is applicable to hydrologists 
culverts civil engineers, fishery biologists, and 
Arctic grayling habitat biologists. 
highway 

1 .. s-ttyClaalI.(oftlll8-'1 2G. s-tty CIaaII. (III tIII8 peaeI 21. No.ol"-aee 22. PI1ce 

Unclassified Unclassified 180 N/A 

Form DOT F 1700.7 lI-nt 



A two year study of fish passage through the Fish Creek culvert, located 

at Hile 132.2 of the Denali Highway, was carried out by an 

interdisciplinary task force. The purposes of this study were 

multifaceted: study the behavior of spawning Arctic grayling (Thyma77us 

arcticus) in this drainage, monitor the interaction of the spawning 

Arctic grayling and the existing culvert, and document variables of 

watershed hydrology (primarily runoff) and hydraulic behavior of the 

culvert that may impact fish passage. Weirs were placed across the 

stream to determine the temporal distribution of fish movement, to 

measure both fish length and weight, and to capture fish for tagging. 

Measurements of water temperature, water chemistry and discharge were 

made. Numerous velocity measurements at various cross-sections within 

the culvert and water surface slopes upstream, through the culvert and 

downstream were also made. The performance of fish passing through the 

culvert was visually observed at the inlet and outlet of the culvert in 

1987 and at the inlet, outlet and through the barrel in 1988. 

Experimentation with radio-tagged fish was carried out both years. In 

summary, Arctic grayling (for the two years of the study) encountered 

minimal difficulty in passing upstream through the culvert. The major 

areas of difficulty for the fish were entering the slightly perched 

culvert and exiting where nonuniform flow existed. The peak runoff 

events were below the mean annual flood. Because the snowmelt floods 

were low, researchers were able to construct scaffolding in the culvert 

to visually evaluate fish performance. Rates of movement through the 

culvert barrel varied from less than a minute to over 80 minutes. 
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Generally, larger fish moved through more rapidly than smaller fish. In 

any case, all fish stayed as close to the boundary of the culvert as 

possible, and they orientated themselves normal to this boundary; 

meaning that they were not always swimming in a vertical position. The 

radio tagging experiment was only minimally successful the first year. 

During the second year, much better results were obtained. 
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Time Length IJeight Condition Sex Release 
Cate (AOTl (II1II) (grams) Factor (MfFfI) Status Conments 

May 22 915 292 H N Ripe 
Hay 22 915 260 F 
May 22 915 238 I 
May 22 915 277 I 
May 22 915 238 I 
May 22 915 238 I 
May 22 915 267 F N 
May 22 915 271 M N 
May 22 915 276 F N 
May 22 915 228 I 
May 22 915 260 I 
May 22 915 195 I 
May 22 915 222 I 
May 22 915 252 I 
Hay 22 915 275 H N Ripe 
May 22 915 276 F 
May 22 915 205 I 
May 22 915 270 I 
May 22 915 253 I 
May 22 915 238 I 
May 22 915 227 I 
May 22 1400 274 205 1.00 I 
May 22 1400 275 H N Ripe 
May 22 1400 247 H N Ripe 
May 22 1400 265 F 
May 22 1400 251 F 
May 22 1400 300 F 
May 22 1400 232 F 
May 22 1400 241 F 
May 22 1400 218 I 
May 22 1400 149 I 
May 22 1400 262 101 N 
May 22 1400 251 F 
May 22 1400 244 101 

May 22 1400 257 101 

May 22 1400 254 F 
May 22 1400 284 F N 
May 22 1400 265 101 N Ripe 
May 22 1400 296 M N 
May 22 1400 251 F 
May 22 1400 222 101 

May 22 1400 244 101 

May 22 1400 198 I 
May 22 1400 289 M N Ripe 
May 22 1400 258 F 
May 22 1400 259 F 
May 22 1400 290 101 N Ripe 
May 22 1400 236 F 
May 22 1400 267 F N 
May 22 1400 261 101 

May 22 1400 266 F N 
May 22 1400 248 F 
May 22 1400 248 101 

May 22 1400 257 F 
May 22 1400 240 F 
May 22 1400 206 I 
May 22 1400 278 101 N Ripe 
May 22 1400 260 101 

May 22 1400 232 F 
May 22 1400 232 M N Ripe 
May 22· 1400 204 I 
May 22 1945 187 I 
May 22 1945 251 F N 
May 22 1945 256 F 
May 22 1945 267 F 
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Table C2. Continued. 

Time Length Weight Condition Sex Release 
Date (ADT) (nm) (grams) Factor (M/FIl) Status Comnents 

May 22 1945 236 F 
May 22 1945 274 F N 

May 22 1945 241 F N 
May 22 1945 263 F N 

May 22 1945 243 F 
May 22 1945 200 ! 
May 22 1945 225 F 
May 22 1945 178 ! 
May 22 1945 151 ! 
May 22 1945 168 I 
May 22 1945 160 ! 
May 22 1945 158 I 
May 22 1945 128 I 
May 22 1945 146 I 
May 22 1945 137 I 
May 22 1945 267 F N 
May 22 1945 217 F 
May 22 1945 282 ,.. N Ripe 
May 22 1945 252 F 
May 22 1945 268 M 
May 22 1945 231 F 
May 22 1945 227 M 
May 22 1945 246 F 
May 22 1945 237 F 
May 22 1945 219 F 
May 22 1945 239 M 
May 22 1945 240 F 
May 22 '1945 226 F 
May 22 1945 212 F 
May 22 1945 204 I 
May 22 1945 213 I 
May 22 19.45 134 I 
May 22 1945 169 I 
May 22 1945 170 I 
May 22 1945 265 M N Ripe 
May 22 1945 286 F N 
May 22 1945 283 F N 
May 22 1945 284 F N 
May 22 1945 218 F 
May 22 1945 226 F 
May 22 1945 196 I 
May 22 1945 222 F 
May 22 1945 227 F 
May 22 1945 231 F 
May 22 1945 230 F 
May 22 1945 265 I 
May 22 1945 157 I 
May 23 1025 367 F N Ripe 
May 23 1025 348 F N Ripe 
May 23 1025 246 F 
May 23 1025 280 M N Ripe 
May 23 1025 265 F N 
May 23 1025 259 F N 
May 23 1025 267 F N 
May 23 1025 190 I 
May 23 1025 145 I 
May 23 1025 128 I 
May 23 1025 145 I 
May 23 1025 302 M N 
May 23 1025 280 M N 
May 23 1025 291 F N 
May 23 1d25 257 F 
May 23 1025 264 F 
May 23 1025 245 M 
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Table C2. Continued. 

Time Length Weight Condition Sex Release 
Date (ACT) (11111) (grams) Factor (M/F II) Status Ccxrrnents 

May 23 1025 228 F 
May 23 1025 193 I 
May 23 1025 204 F 
May 23 1025 117 M 
May 23 1025 141 I 
May 23 1025 178 I 
May 23 1025 283 F ~ 

May 23 1025 256 F 
May 23 1025 270 F N 
May 23 1025 295 F N 
May 23 1025 254 F 
May 23 1025 275 M N 
May 23 1025 277 M N Ripe 
Hay 23 1025 251 H 
Hay 23 1025 257 F 
May 23 1025 280 F N 
May 23 1025 258 F 
May 23 1025 265 M N Ripe 
May 23 1025 234 H 
May 23 1025 272 M N Ripe 
Hay 23 1025 238 F 
May 23 1025 261 H 
May 23 1025 224 F 
Hay 23 1025 263 H 
May 23 1025 252 F 
May 23 1025 260 F N 
May 23 1025 225 F 
May 23 1025 225 F 
May 23 1025 205 I 
May 23 1025 160 I 
May 23 1025 121 I 
May 23 1540 246 F 
May 23 1540 246 F 
May 23 1540 286 F N 
May 23 1540 191 I 
May 23 1540 260 M 
May 23 1540 266 H 
May 23 1540 249 F 
May 23 1540 222 F 
May 23 1540 204 I 
May 24 1000 275 F N 
May 24 1000 234 M 
May 24 1000 225 F 
May 24 1000 263 F 
May 24 1000 265 F N 
May 24 1000 198 I 
May 24 1000 242 F 
May 25 910 270 M N 
May 25 910 291 F N 
May 25 910 248 M 
May 25 910 265 M 
May 25 910 138 I 

Total Number of Grayling = 1,074 
Average Length (11111) of Grayling = 255 11111 

Total Number of Males = 295 
Average Length (11111) of Males = 277.711111 (117 to 383 mm) 

Total Number of Females = 515 
Average Length (mm) of Females = 262.9 mm (162 to 367 11111) 
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Table C2. Continued. 

Total Number of Immatures = 220 
Average Length of Immatures = 206.4 mm (115 to 277 mm) 

Total Number of Unknown Sex = 44 
Average Length of Unknown Sex = 254.6 mm (182 to 366 mm) 

Total Number of Grayling Released Back to System = 803 (7S% See Note) 
Total Number of Grayling Released to ACFRU = 228 
Average Length of Grayling Released to ACFRU = 280.9 mm (218 to 367 mm) 

Total Number of Mortalities = 42 (3.9%) 
Average Length (mm) of Mortalities = 220.9 mm (196 to 252 mm) 

NOTES: Condition Factor (K) = 100~eight (gm)/(Length (cm)A3) 

Sex Codes: F = Female 
I = Immature 
N/A = Unknown 

Release Codes: Blank = upstream release 
N = transferred to ACFRU for spawning 

migration delay study; fish scheduled 
for eventual release 

M = morta Ii tv 
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Table C3. Arctic grayling fork lengths, age, sex, and maturity status, 
sport Fish Tagging Project, Fish Creek, May 1987. 

Tag Tag Tagging Time Length Sex 
NuZer Color Date (ACT) (RIll) Age (M/F/!) Status Comnents 

1140 IIhite May 16 925 249 
1141 IIh i te May 16 925 255 
1144 IIhite May 16 925 302 

34700 IIhite May 16 1000 127 
34701 IIhite May 16 1000 296 
34702 IIhite May 16 1000 329 M 
34703 IIh i te May 16 1000 302 F 
34704 IIh i te May 16 1000 274 I 
34705 IIhite May 16 1000 265 I 
34706 White May 16 1000 290 F 
34707 IIhite May 16 1000 286 F 
34708 White May 16 1000 303 M 
34709 IIhite May 16 1000 270 I 
34710 White May 16 1000 284 M 
34711 White May 16 1000 281 F 
34712 IIh i te May 16 1000 274 N/A 
34713 IIh i te May 16 1000 265 N/A 
34714 IIh i te May 16 1000 261 N/A 
34715 IIh i te May 16 1000 224 N/A 
34716 IIhite May 16 1000 220 N/A 
34717 White May 16 1000 239 N/A 
34718 White May 16 1000 223 N/A 
34719 IIh i te May 16 1000 208 N/A 
34720 White May 16 1000 229 N/A 
34721 IIhite May 16 1000 267 F 
34722 IIhite May 16 1000 269 F 
34723 IIhite May 16 1000 333 M 
34724 IIhite May 16 1000 290 F 
34725 IIh i te May 16 1000 274 N/A 
34726 IIhite May 16 1000 267 F 
34727 IIhite May 16 1000 265 M 
34728 IIhite May 16 1000 331 F 
34729 IIhite May 16 1000 336 F 
34730 IIhite May 16 1015 250 I 
34731 IIhite May 16 1015 279 F 
34732 IIhite May 16 1015 295 M 
34733 IIhite May 16 1015 277 F 
34734 White May 16 1015 313 F 
34735 IIhite May 16 1015 278 M 
34736 IIhite May 16 1015 314 F 
34737 IIhite May 16 1015 249 N/A 
34738 IIhite May 16 1015 253 I 
34739 IIhite May 16 1015 294 F 
34740 White May 16 1015 253 I 
34741 IIhite May 16 1015 334 M 
34742 IIhite May 16 1015 261 I 
34743 IIhite May 16 1015 276 F 

34744 IIhite May 16 1015 296 F 
34745 IIhite May 16 1015 262 I 
34746 IIhite May 16 1015' 249 I 
34747 IIh i te May 16 1015 265 N/A 
34748 White May 16 1015 232 I 
34749 IIh i te May 16 1015 229 I 
34750 IIhite May 16 1015 228 I 
34751 IIh i te May 16 1015 212 I 
34752 White May 16 1015 220 I 
34753 IIhite May 16 1015 215 I 
34754 White May 16 1015 275 M 
34755 IIhite May 16 1015 268 F 
34756 White May 16 1015 255 I 
34757 IIhite May 16 1015 244 I 
34758 White May 16 1015 237 I 
34759 IIh i te May 16 1015 224 I 
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Table c3. Continued. 

Tag Tag Tagging Time Length Sex 
~unber Color Date (ACT) (nm) Age (H/F/Il Status Conrnents 

34760 IIh; tit Hay 16 1500 286 H 
34761 IIhite May 16 1500 258 1 
34762 IIhite May 16 1500 270 1 
34763 IIhite May 16 1500 264 1 
34764 IIhite May 16 1500 218 1 
34765 IIhite May 16 1600 252 I 
34766 IIhite May 16 1700 284 N/A 
34767 IIhite May 16 1700 268 N/A 
34768 IIhite May 16 1700 254 1 
34769 IIhite Hay 16 1700 260 1 
34770 IIhite May 16 1700 214 1 
34771 IIhite Hay 16 1800 255 1 
34m IIhite Hay 16 1800 237 1 
34m IIhite Hay 16 1800 235 1 
34774 IIhite Hay 16 1800 241 1 
34775 IIhite May 16 1800 224 1 
34776 IIhite Hay 16 1800 246 1 
34m IIhite Hay 16 1800 244 I 
34778 IIhite Hay 16 1800 243 1 
34779 IIhite May 16 1800 255 I 
34780 IIhite May 16 1800 289 N/" 
34781 IIhite Hay 16 1800 259 MIA 
34782 IIhite May 16 1800 283 MIA 
34783 IIh i te May 16 1800 329 MIA 

Hay 16 1800 218 14 Mortal ity 
May 16 1800 215 14 Mortality 
May 16 1800 216 F Mortality 

34784 IIhite May 16 1900 245 I 
34785 IIhite May 16 1900 238 I 
34786 IIh i te May 16 1900 231 I 
34787 IIhite May 16 1900 253 1 
34788 IIhite May 16 1900 265 1 
34789 IIhite May 16 1900 266 N/A 

May 16 1900 234 11M Mortal i ty 
34790 IIh i te May 16 1900 259 1 
34791 IIhite May 16 2000 236 I 
34792 IIhite May 16 2000 255 I 
34793 IIhite May 16 2000 256 1 
34794 IIhite May 16 2000 318 F 
34795 IIhite May 16 2000 257 I 
34796 IIhite May 16 2200 245 I 
34797 IIhite May 16 2200 242 I 
34798 IIhite Hay 16 2200 245 1 
34799 IIhite May 16 2200 265 I 
34800 IIhite May 16 2200 280 ~/A 

34801 IIhite Hay 16 2200 255 I 
34802 IIh i te May 16 2200 258 I 
34803 IIhite May 16 2200 258 I 
34804 IIhite May 16 2200 262 1 
34805 IIhite May 16 2200 259 I Rev. 5/25 L.Twin Lk.outlet 
34806 IIhite May 16 2200 271 I 
34807 IIhite May 16 2200 258 I 
34808 IIhite May 16 2200 246 I 
34809 IIhite May 16 2200 255 1 
34810 IIhite May 16 2200 224 I 
34811 IIhite May 16 2200 220 1 
34812 IIhite May 16 2200 224 N/A 
34813 IIhite May 16 2200 261 1 
34814 IIh i te May 16 2200 237 1 
34815 IIhite May 16 2200 234 I 
34816 IIhite May 16 2200 216 1 
34817 IIhite May 16 2200 211 1 

May 16 2200 219 11M Mortality 
May 16 2200 205 M Mortali ty 
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Table C3. Continued. 

Tag Tag Tagging Time Length Sex 
Nurber Color Date (ADT) (11'111) Age eM/Fill Status Conments 

34818 "hite May 17 900 246 I 
34819 "hite Mey 17 900 223 I 
34820 "hite May 17 900 240 I 
34821 IIhite May 17 900 220 I 
34822 I.Ihite May 17 900 261 ,~/A 
34823 I.Ihi te May 17 900 302 M 
34824 IIhite May 17 900 270 F 
34825 IIh i te May 17 900 254 N/A 
34826 IIhite May 17 900 257 I 

Total Nurber of Arctic Grayling = 136 
Total Nurber of Arctic Grayling Tagged ~ 130 
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TABLE C4. May 1987, round whitefish fork lengths and weights at Fish Creek. 

Time Length Weight Time Length Weight 
Date (ACT) (om) (sm) Date (ADT) (om) (gm) 

May 14 2230 365 May 18 2012 247 
May 15 1820 318 May 18 2012 250 
May 15 1820 375 May 18 2012 309 
May 15 1820 252 May 18 2012 241 
May 15 1820 320 May 18 2012 344 
May 15 2055 388 May 18 2012 247 
May 16 1030 353 May 18 2012 345 
May 16 1030 370 May 18 2012 299 
May 16 1030 359 May 18 2012 322 
May 16 1030 325 May 18 2012 343 
May 16 1030 336 May 18 2213 352 
May 16 1030 379 May 19 909 327 
May 16 1500 357 May 19 909 352 
May 16 1700 313 May 19 909 315 
May 16 1800 349 May 19 909 317 
May 16 1800 348 May 19 909 313 
May 16 1800 327 May 19 909 314 
May 16 2000 319 May 19 909 347 
May 16 2000 357 May 19 909 313 
May 16 2200 338 May 19 1130 245 
May 16 2200 345 May 19 1130 319 
May 16 2200 349 May 19 1130 324 
May 16 2200 330 May 19 1130 312 
May 16 2200 333 May 19 1130 301 
May 16 2200 347 May 19 1130 353 
May 16 2200 366 May 19 1130 352 
May 16 2200 321 May 19 1130 348 
May 16 2200 342 May 19 1130 329 
May 16 2200 350 May 19 1430 340 
May 17 900 338 May 19' 1430 338 
May 17 900 364 May 19 1430 318 
May 17 900 358 May 19 1430 353 
May 17 900 322 May 19 1445 320 
May 17 900 358 May 19 1700 328 
May 17 1715 354 May 19 1700 298 
May 17 1715 332 May 19 1700 338 
May 17 1715 319 May 19 1700 296 
May 17 1715 342 May 19 1700 325 
May 17 1715 315 May 19 1700 300 
May 17 1715 298 May 19 1700 287 
May 17 1715 278 May 19 1700 288 
May 17 1715 329 May 19 1800 361 
May 17 2000 361 May 19 1800 364 
May 17 2000 368 May 19 1800 332 
May 17 2000 338 May 19 2020 345 
May 17 2000 308 May 19 2020 352 
May 17 2222 362 May 19 2020 354 
May 17 2229 310 May 19 2020 379 
May 18 ala 371 May 19 2020 306 
May 18 818 383 May 19 2020 280 
May 18 1125 370 May 19 2215 357 
May 18 1125 350 May 19 2215 368 
May 18 1125 356 May 19 2215 364 
May 18 1125 330 May 19 2215 265 
May 18 1507 350 May 19 2215 367 
May 18 1706 3n May 19 2215 342 
May 18 1706 370 May 19 2215 354 
May 18 1706 331 May 19 2215 337 
May 18 1706 321 May 19 2215 363 
May 18 1706 318 May 20 930 345 
May 18 1706 332 May 20 930 322 
May 18 2012 238 May 20 930 354 
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TABLE C4. Continued. 

Time Length Weight Time Length Weight 
Date (ACT) (nm) (gm) Date (ACT) (nm) (gm) 

May 20 930 353 May 21 1956 303 
May 20 930 371 May 22 915 315 
May 20 930 353 May 22 915 335 
May 20 930 360 May 22 915 302 
May 20 930 370 405 May 22 915 413 
May 20 930 378 330 May 22 915 332 
May 20 930 374 362 May 22 915 354 
May 20 930 319 278 May 22 1400 354 410 
May 20 930 319 284 May 22 1400 333 318 
May 20 930 338 357 May 22 1400 331 290 
May 20 930 346 345 May 22 1400 305 
May 20 930 344 340 May 22 1400 357 
May 20 930 349 374 May 22 1400 291 
May 20 930 337 320 May 22 1945 338 
May 20 930 344 312 May 22 1945 383 
May 20 930 395 505 May 22 1945 320 
May 20 930 273 178 May 22 1945 302 
May 20 1043 351 358 May 22 1945 323 
May 20 1043 357 382 May 22 1945 294 
May 20 1043 363 395 May 23 1025 378 
May 20 1043 350 345 May 23 1025 350 
May 20 1043 330 392 May 23 1025 355 
May 20 1043 325 310 May 23 1025 354 
May 20 1043 334 307 May 23 1025 335 
May 20 1043 332 302 May 23 1025 315 
May 20 1043 340 324 May 23 1025 304 
May 20 1043 348 375 May 23 1025 309 
May 20 1043 346 354 May 23 1025 380 
May 20 1043 337 310 May 23 1025 251 
May 20 1043 281 175 May 23 1540 343 
May 20 1338 395 506 May 24 1000 320 
May 20 1338 334 332 May 24 1000 338 
May 20 1338 353 416 May 24 1000 341 
May 20 1338 335 320 May 24 1000 357 
May 20 1348 316 296 May 24 1000 312 
May 20 2045 357 May 24 1000 342 
May 20 2045 337 May 24 1000 348 
May 20 2045 310 May 24 1000 330 
May 20 2045 312 May 24 1000 310 
May 20 2045 331 May 24 1000 334 
May 20 2045 350 May 24 1000 366 
May 20 2045 378 May 24 1000 330 
May 20 2045 335 May 24 1000 395 
May 20 2045 364 May 24 1000 377 
May 20 2045 328 May 24 1000 335 
May 20 2045. 318· May 24 1000 321 
May 20 2045 328 May 25 910 350 
May 20 2045 340 May 25 910 356 
May 21 1000 353 May 25 910 350 
May 21 1000 349 May 25 910 342 
May 21 1000 355 May 25 910 354 
May 21 1000 377 May 25 910 335 
May 21 1000 333 May 25 910 321 
May 21 1000 343 May 25 910 343 
May 21 1000 315 May 25 910 360 
May 21 1052 290 May 25 910 355 
May 21 1645 349 May 25 910 315 
May 21 1645 343 May 25 910 283 
May 21 1645 344 May 25 910 286 
May 21 1645 338 May 25 910 356 
May 21 1645 287 May 25 910 361 
May 21 1956 395 May 25 910 335 
May 21 1956 337 May 25 910 325 
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TABLE Ct.. Continued. 

Time Length lieight Time Length lIeight 
Date (.ADT) (rrm) (gm) Date (ADT) (rrm) (gm) 

Mey 25 910 380 
May 25 910 350 
May 25 910 338 
May 25 910 342 
May "25 910 304 
May 25 910 316 
May 25 910 267 
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