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Fenco Newfoundland

52556-C1-380000
November 26, 1990

Canada-Newfoundland Flood Damage Reduction Program
Government of Newfoundland and Labrador

c/o Department of Environment and Lands
Confederation Complex ‘

4th Floor West Block

P.O. Box 8700

St. John’s, Newfoundland

AIB 4J6

Attention: Dr. W. Ullah, Ph.D., P.Eng.
Director, Water Resources Management

Re: Bishop’s Falls - Ice Analysis and Flood Risk Mapping Study

Dear Dr. Ullah:

We take pleasure in submitting the enclosed Report and Technical Appendix on the above-titled
study. The most up-to-date procedures were employed in determining the hydrologic and hydraulic
regime of the Bishop’s Falls area, and we anticipate that the enclosed will serve the Program well
in the coming years.

The main report initially provides details about 1983 flood and the hydrologic modelling of the 20
and 100 year return period flood flows. These flows are then evaluated through hydraulic analysis
to determine flood levels and the effect of ice accumulations. The last section of the report
describes the flood-prone areas and flood damage reduction alternatives. A Technical Appendix
(under separate cover) provides additional particulars about the study for use by your technical
specialists.

It has been a distinct pleasure working on this project with members of the Flood Damage
Reduction Program team. We particularly wish to thank you, Mr. Picco and Ms. Langley for the
considerable assistance and constructive comments provided throughout the course of this study.
Yours very truly,

FENCO NEWFOUNDLAND LTD.

éjé/wz& Lpeaisl Sy T

Clarence Hewitt, P.Eng. Douglas B. Hodgins, P.Eng.
Project Director Project Manager

Lavalin
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TECHNICAL APPENDIX TA-1

(a) Mann-Whitney Homogeneity Testing - Bishop’s Falls Data (1933-68
Period vs 1969-83)

(b)  Mann-Whitney Homogeneity Testing - Bishop’s Falls Data Adjustment
Based on Diverted Drainage Area



E.o-“f" RISHOF FALLS
ANNUAL MAXIMUM FLOW SERIES 1932 70 13832 DFAINAGE AREA= 333.0000

1e6t=- (283

SFLIT BY TIME SFAN, SURSAMFLE 1 SAMFLE SIZE 15
SURSAMFLE 2 SAMFLE SIZE = 3¢ (®33- 1468

(NOTE: Z 1S THE STANDARD NORMAL VARIATE.)

FOR THIS TEST, Z = —-0Q.041
CRITICAL Z VALUE AT S% SIGNIFICANT LEVEL = -1.645 NOT SIGNIFICANT
~ - - - 1% - - = -2.32 NOT SIGNIFICANT

INTEFRFFETATION: THE NULL HYPOTHESIS IS THAT THERE IS NO LOCATION
DIFFERENCE BETWEEN THE TWO SAMFLES.

AT THE 5% LEVEL OF SIGNIFICANCE, THERE IS NO SIGNIFIZANT LDOCATION

~d /o

DIFFERENCE BETWEEN THE TWO SAMFLES. THAT IS, THEY AFFEAR TO BE FRDM THE
SAME FOFULATION.

SL BI1ATIUN NU. ®002L
.7 STATIDN NAME=BISHOF FALLS

SEQ.NO. YEAR  MON FLOW Appendix 1(a)

1 1933 11 4€385,000_
z 1934 4 £8759.000 Data & Mann-Whitney Statistics for
o} 1335 1 425332, 00 H ’
3 oae = TE1%78. 000 Bishop's Falls
S 1937_ 12 30220.000
€ 1938 S 277249.000
7 1939~ §  47017.000 1933-68 vs
8 19430 S  59519.000 1969-83
9 1941 5 55125.000

16 1932 ‘S SEE3E.000

11 1942 11 34545.000

12 1944 11 S1€71.000

13 1945 S  S0S3€.000_

14 194€ 4 55219.000

15 1947 5 Te0052.060

1€ 1948 S 67212.000

17 1949 3 27433.000

18 1950 €  S§5726.000

19 1351 4 SB10Z.000

20 1952 5 60000, 000

21 355 4 428%€.000

2z 1554 12 77130.000

23 1555 1 25084, 000

24 195€ S 43153, 000

25 1957 S 13450.000

2 1958 g 17/84%.000

27 1955 15 Z33EE.000

2 12€0 5 1994G.000

29 131 B 7715.000

30 196% 4 30253.000

21 19€= € Z5007.000

32 1964 S 293430.000

23 1965 € S608%.000

34 196€ S 23043,000

35 1567 S 436:8.000

36 1968 S 46€84.00Q

37 1963 12 S4300.000

38 1970 S 48419.000

39 1971 4  57815.000

40 1972 €  28430.000

41 1973 S  33182.000

4z 1974 4  28177.000

43 1975 4 40303.000

44 197¢ S 33700.000

45 1977 12 S$5884.000

46 1378 1 31654.000

47 1973 3  46335.000

48 1980 7  38178.000

49 1981 S 48270.000

50 1982 S 42153.000

S1 1983 1 115000, 000



oul3 EISHOF FALLS )
ANNUAL MAXIMUM FLOW SEFIES 1932 TO 198G DREAINAGE AFEA= 9393.0000

=

SPLIT BY TIME SFAN, SUBSAMFLE 1 SAMFLE SIZE 15
SUBSAMFLE = SAMFLE SIZE = 36

(NDTE: Z 1S THE STANDAFRD NORMAL VARIATE.)
FOrR THIS TEST, Z = -0.8893

CRITICAL Z VALUE AT S% SIGNIFICANT LEVEL =1.64% NQT SIGNIFICANT
- - 1% - - -2.326 = NOT SIGNIFICANT

INTERFRETATION: THE NULL HYFOTHESIS IS THAT THERE IS NO LOCATION
DIFFERENCE BETWEEN THE TWO SAMFLES.

AT THE S% LEVEL OF SIIENIFICANCE, THERE IS NO SISNIFICANT LOCATION
DIFFERENCE BETWEEN THE TWO SAMFLES. THAT IS, THEY AFFEAFR TO BE FROM THE
SAME FOFULATION.

SEQ.NO, YEAF  MON FLOW .
________ ce— o - Appendix 1(b)
1 1922 1t 42004, 000
z 1924 4 E2264.000 . -
5 Loms 28570, 000 Data and Mann-Whitney Statistics
4 1936 2 S6124.000
5 1937 12 27366.000 ;
: A S v 600 1933-68 Flow Adjustment
7 1933 S  42576.000
8 1940 S  53897.000 DA’
9 1941 S 49318.000 (== = 0.90555 )
10 19472 .5 S1289.000 DA
11 1942 11 31282.000
12 1944 11 46791. 000 vs 1969-83
13 1945 S  45763.000
14 194€ 4 S0004.000
15 1947 S 54280.000
1€ 1948 5 E08E4,000
17 1943 2 24842.000
18 1950 S S0462.000
13 1951 1 S2€14, 000
20 1952 S  54333.000
21 1952 4 28808.000
2z 1954 12 €39845.000
3 1955 1 22715.000
4 1956 S 29077.000
25 1957 s 17612.000
i3 1358 9 16157. 000
7 1953 12 21702.000
o8 1960 5 18057.000
o9 1961 5 25097.000
30 1962 4 36451,000
Z1 1362 S ZEZE7.O00
a2 1964 S  26650.000
33 1965 € 50787.000
34 1366 S ZOBETZ.O000
s 1967 S 23507.000
36 1368 S 42275.000
37 1969 12 S4300.000
38 1970 S 48419.000
39 1971 4  57815.000
40 1972 €  28430.000
a1 1973 S 3218%.000
4z 19574 4  28177.000
4z 1975 4 40903.000
44 1976 S 33700.000
45 1977 12 55884, 000
46 1978 1 31654, 000
47 1979 3  46335.000
48 1980 7  38178.000
49 1981 S  48270.000
S0 1982 5 42153.000
s 1983 1 115000.000




TECHNICAL APPENDIX TA-2

Flood Flow Frequency Analysis

Bishop’s Falls

(a)

(b)

(d)

FDRPFFA Program
CFA-88 Program
Analysis with Drainage Area Adjustment

Flood Flow Frequency Analysis - Intervening Area Between
Grand Falls and Bishop’s Falls (1933-83)



Appendix 2())

(a)Flood Flow Frequency Analysis - Bishop’s Falls (FDRPFFA)

bishop talls 1933-1983 obs. data +trom run 5022 ™

w/5)

YEAR DATA ORDERED RANK PROB. RET. PERICO
33 1313.5 3256.4 1 .319 $2.000
34 1947.C 2184.0 2 038 24.00C
35 12056. 1 1947.0 3 .0s8 17.333
36 1755 .0 1903.0 4 .77 13.000
37 855.7 1755.0 S .096 10.400
38 771 .6 1700.5 & 115 8. 667
39 1331.4 14699.0 7 135 7.429
40 1685 .4 1685 .4 8 154 6.500
41 1561.9 1645.3 9 173 5.778
42 1403.8 1637.1 10 192 5.200
43 978.2 1603.8 11 212 4.727
46 1463.2 1588.1 12 231 4.333
45 1431.0 1582.5 13 .250 4.000
46 1563.6 1577.9 16 .269 3.714
47 1700.5 1563.6 15 .288 3.467
48 1903 .0 1561.0 16 .308 3.250
49 776 .8 1537.6 17 .327 3.059
S0 1577.9 1463.2 18 346 2.889
51 1645.3 1431.0 19 .365 2.737
52 1699.0 1371.1 20 .385 2.4600
53 1213.5 1366.9 21 406 2.476
S4 2184 .0 1331.4 22 423 2.364
55 710.3 1321.9 23 442 2.261
56 1221.9 1313.5 24 462 2.167
57 $50.8 1312.1 25 .481 2.080
<8 505.2 1235.4 26 .500 2.000
59 678.6 1221.9 27 .519 1.926
60 S84 .6 1213.5 28 .538 1.857
61 784.8 1206.1 29 .S58 1.793
62 1139.8 1193.6 30 .577 1.733
&3 821.4 1158.2 31 .596 1.677
64 833.4 1139.8 32 615 1.625
65 1588 .1 1081.1 33 .635 1.576
66 652.5 978.2 34 654 1.529
67 1235.4 954.3 35 673 1.486
68 1321.9 939.6 38 692 1.6444
&9 1537.6 896.3 37 712 1.405
70 1371 .1 8%5.7 38 731 1.368
71 1637.1 833.4 39 .750 1.333
72 805.0 821 .4 40 769 . 1.300

_ 73 939.6 805.0 41 .788 1.268
7 797.9 797.9 42 .808 1.23e
s 1158.2 784.8 43 .827 1.209
76 954 .3 776.8 4 .B44 1.182
77 1582.5 771.8 45 . 865 1.156
70 896.3 710.3 46 .e8s 1.130
7 1312.1 678.6 47 .904 1.106
80 1081.1 652.5 48 .923 1.083
81 1366.9 S&4 .6 49 .942 1.061
82 1193.6 550.8 sg .962 1.060

4 508 .2 s1 .981 1.020

a3 329 .
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Appendix 2(b)

Flood Flow Frequency Analysis - Bishop's Falls (CFA88)

WSC STATION NO=3022
WBC STATION NAME=BISHOP FALLS

MONTH YEAR DATA ORDERED RANK PROB, RET. PERIOD
(S9] €22 (3 (a) S (4°9] 7
(C!S) (Cps) (3} (YEARS)
11 13933 46385.000 115000.000 1 1.17 85.333
4 1934 68753.000 77130.000 2 3.12 22.000
S 1935 42533. 000 68753. 000 3 S5.08 19.692
3 1326 61378. 000 67212.000 4 7.03 14,222
12 1337 30220.000 61378.000 S 8.38 11.130
S 1938 27249.000 E00S52Z. 000 6 10.34 3.143
S 1339 47017.000 60000 . 000 7 12.89 7.758
S 1940 59519. 000 595113. 000 =] 14.84 6.737
S 13941 55125.000 58102.000 9 16.80 S5.353
S 1942 566328. 000 57815, 000 10 18.75 5.333
11 1343 34545. 000 56638.000 11 20.70 4,830
11 1344 S1671.000 56084, Q00 12 22.66 4.414
S 1945 S0536. 000 55884.000 13 24.61 4,063
L) 134€ 55219.000 5S5726.000 14 26.56 3.765
S 1347 60052. 000 552193.000 15 28.52 3.507
S 1948 67212.000 55125, 000 16 30.47 3.282
3 13943 27433.000 54300.000 17 32.42 3.084
b1 1950 55726.000 51671.000 18 34.37 2.909
4 1951 58102.000" 50536.000 19 36.33 2.7S3
S 1952 60000. 000 48413. 000 2 38.2 2.612
4 1353 428S€.000 38270.000 21 40.23 2.485
12 1354 77130.000 47017.000 22 42.193 z2.370
1 135S 25084, 000 46684, 000 23 44,14 2.265
S 1356 4315Z3.000 4638%. 000 24 46,09 2.169
S 1957 1'3450. 000 46335.000 25 48.0S 2.081
9 1958 17842.000 43628, 000 2 50.00 2.000
12 1359 23966. 000 43153.000 27 S51.95 1.32
S 1960 19940. 000 42856, 000 8 S3.91 1.85S5
S 1361 27715.000 2593.000 29 55.86 1.790
4 1362 40253. 000 42153.000 30 57.81 1.730
S 1963 23007.000 403032, 000 31 $9.77 1.673
S 1964 239430. 000 40253. 000 3z 61.72 1.€20
6 13€S S56084.000 38178.000 33 63.67 1.571
S 1366 23043.000 34545.000 34 65.62 1.524
3 1367 43628. 000 33700, 000 35 €7.58 1.480
S 1368 46684, 000 33182.000 36 69.53 1.438
12 1369 54300, 000 31654,000 37 71.48 1.399
S 1370 48413, 000 30220.000 38 73.44 1.362
4 1971 57815. 000 29430.000 39 75.39 1.32
6 1972 28430, 000 23007.000 40 77.34 1.293
S 1973 33182.000 28430.000 41 79.30 1.261
4 1974 28177.000 28177.000 42 81.2 1.231
4 1375 40903. 000 2771S.000 43 82.20 1.202
S 1976 33700.000 27433.000 44 85. 16 1.174
12 1977 55884. 000 27243.000 45 87.11 1.148
1 1978 31654, 000 25084.000 46 89.06 1.123
3 1973 46335. 000 23366.000 47 91.02 1.099
7 1980 30178. 000 23043. 000 48 92.97 1.076
S 1981 48270. 000 19340.000 49 94.92 1,053
S 1982 42153. 000 19450. 000 S0 96.87 1,032
1 1983 115000, 000 17842. 000 S1 96.83 1.012
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SAMFLE STATISTICS

MEAN S.D. .V, £.S R

X SERIES 44777.33% 17531.81%2 0.332 1.216 €.307

LN X SEFIES 10.637 0.383 0,027 -0.163 3. 044
LNCX—A)Y SERIES 10.778 0.33 0.031 -0.036 2.121
X{MIN)= 17842,000 TOTAL SAMFLE SIZE= 51
XC(MAX)»= 115000.000 NO. OF LOW OUTLIERES= O
LOWEFR QUTLIER LIMIT OF X=1414Z.208 NO. OF ZEFRQ FLOWS= )

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOOD

O.337

2LN FARAMETERS: A= -53I24.011 M=10.778 S= 0.237
FLOOD FREQUENCY REGIME

FETURN EXCEEDANCE FLOOD
FER 10D FROBARILITY s’
1,002 . 0.'337 13000, 00
1.050 O.952 21400, 00
1,250 0. 800 OO0, 00
L0000 0, 500 G000, OO0
5. 000 0. 200 S7800, 00
10, 000 0,100 8000, OO
O 000 0, 050 77600, OO0
SO, 000 O, 0Z0 SOO00, OO0

100, OO0 O.010 3200, 0N

200, 000 0,005 108000, 00

SO0, 000 0. OO0 - 1TLO00.. 00
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Appendix 2(d)

Flood Flow Frequency Analysis -
Intervening Area Between Grand Falls and Bishop’s Falls

WOC STATION MO=303!
UGC STATION MARE:INTERVENING DRAIN 1933-1983

AONTH YEAR DATA ORDERED RANK  PROB.  RET. PERIOD
[$9] [v3) &} 4 (5 6 7
(CAS) (CNS: n (YEARS)
11 1923 24594,000  50000,000 ! 1.17 85.333
[ 1934 19852,000  32960,000 2 .12 32.000
12 1935 12095.000  29690.000 3 5.08 19.692
3 1936 23357.000  29357.000 4 7.03 14,222
11 1937 15960.000  26070,000 S 9.98 11,130
b 1938 854,000  25981.000 6 10.94 9.143
5 1929 15324,000  24594.000 7 12.89 7.758
5 1940 29690,000  24536.00¢ § 14,84 6.737
S 1941 17564000  24305.000 9 16,80 5,953
b 1942 16185.000  22377.000 10 18.75 5.333
1 1943 11252000  21359.000 i1 20.70 4.930
i {94¢  20328.000  20498.000 12 22.66 4,414
b 1945 10300.000  20329.000 13 24,61 4.063
[} 1946 136B8.000  2000%,000 14 26,5 3.765
S 1947 18792000  19853.000 15 28.%2 3.507
b 1948 1B023,00C  19029.00C 16 30.¢ 3.282
3 1949 15436,000  18BS7,00¢ 17- 32,42 3,084
b 195¢  18221.000  18792,000 18 W 2,909
4 1958 16495,000  1823.,000 19 36.33 2.753
5 1952 20498.000  18022,000 20 38728 2.612
[} 1953 12752.00C  17364.900 21 4023 2,485
12 1954 243¢5,000  17360.000 2 2 2.370
! 1935 6957.000  16495.000 23 U 2,265
b 1956 19029.000  16155.000 24 .09 2,169
b 1957 4934.000  15960. 000 T 4B.05 2,081
12 1958 6354.000  15436.000 % 50.00 2,000
12 1959 6615.00C  15399.000 27 5.9 1,925
b 1960 5382.000  15324.00C 28 5839 1,855
5 1961 7763.000  13688.00C 23 5.8 1,730
4 1962 15399.000  13607,000 3 57.81 1,730
3 1963 7966,000  13014,000 i 597 1.673
S 1964 13607,000  12752.000 32 6L 1.620
6 1965 17360.000  12369.000 33 63.€7 157
3 196¢ 6332000  12095,000 34 65,62 1,524
3 1967 13014,000  12073,000 33 67.58 1.480
3 1968 21359.000  11952,000 36 69.53 1,438
i2 1969 20005.000  11252.000 37 71.48 1.3%9
3 1970 24536.00¢ 1030, 000 B 3.4 1,362
4 1971 3286C.000  10091,000 ¥ 5 1,326
6 1972 959C.000  10076.000 40 7.34 1,293
H 1973 12073.000 9590, 000 a4 7930 1,261
[} 197« 18857.000 BEl4.000 2 8.2 1,23
4 1975 22377.000 7966, 000 43 B2 1.202
5 1976 10091.000 7763, 00¢ 4 85.18 1174
12 1977 2598:.000 £957.000 o . 1,148
1 1978 11952.000 8615.000 % 89.06 1.123
3 1979 26070.000 £354.000 47 9102 1,099
7 1980 12369.000 6332, 00¢ ® 29 1,076
3 1981 $084.000 6084. 000 " un 1,033
H 1962 10076.000 3302.000 E I X 1 1.632
1 1963 3000¢.000 4934, 000 31 %8 1,012



FREQUENCY ANALYSIS - THREE-PARAMETER LOGNORNAL DISTRIBUTION
5031 INTERVENINE DRAIN 1933-1983

SAMPLE STATISTICS

HEAN §.D. C.V. .5, C.K.

X SERIES 16358.784  B8407,138 0.314 1.411 7.011

LN X SERIES 9.578 0.513 0,054 -0.188 2.87¢
LN(X-A) SERIES 9.677 0,464 0,048 0,082 2.894

X(MINY=  4934,00C TOTAL SAMPLE S12E= §I
T(MAX)= 50000.000 NO. OF LOW QUTLIERS= 0
LOWER QUTLIER LINIT OF X= 3479.016 NO. OF IERD FLOWS= 0

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOGD

3LN PARAMETERS: A= -1332.891 M= 9.677 5= 0.464

FLOOD FREQUENCY REGIME

RETURN EXCEEDANCE FLOOD
PERIOD PROBABILITY (efs)  (cms)
1,003 0.997 3110.00

1,050 0.952 £010. 00

{,250 0.800 94£0.00

2.000 0,500 14600, 00

5. 000 0,200 22200. 00

10. 000 0,100 27600. 00

20,000 - 0,050 32900. 00 332 ~Vs
50. 000 0,020 40000. 00 )
100.000 - 0.010 45600. 00 1231 /s
200. 000 0,005 51400, 00

500.000 0.002 59300.00
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TECHNICAL APPENDIX TA-3

Detailed Hydrograph Analysis

Regression Analysis - Pre and Post Diversion Inflows to Red Indian
Lake

Flood Flow Frequency Analysis - Red Indian Lake Inflows (1948-
87)

(a)  Spring Inflow Peaks
(b)  Summer Inflow Peaks

Flood Flow Frequency Analysis - Stony Brook WSC Station (1969-
86)
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4-9
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TABLES*

Spring Inflow Peaks - Red Indian Lake

Summer Inflow Peaks - Red Indian lake

Inflow Frequency Analysis - Red Indian Lake
Dimensionless Inflow Hydrograph - Exploits Dam
Exploits Dam Operations Options

Return Period Discharge - Exploits Dam

Local Inflow - Exploits Dam to Grand Falls
and Grand Falls to Bishop’s Falls

Grand Falls Peak Daily inflows

FIGURE*

Frequency Analysis - Red Indian Lake

Table, Figure and Section numbering in this Appendix correspond to
sections in Chapter 4 of the main report to facilitate cross-referencing



TECHNICAL APPENDIX TA-3 (a)

4.3.2 Hydrograph Analysis - Bishop’s Falis

As noted in Chapter 4 of the main report, it is also possible to develop and route natural
hydrographs through the Exploits River system to determine how they combine with tributary
flows and add to give flood flows at Bishop’s Falls. There are more uncertainties with this
approach (than with the single station frequency analysis completed in Section 4.3.1.2 (main
report)) because it requires some data which must be estimated, and it is somewhat more
theoretical. Hence, this second approach is completed herein to provide a set of flood flow

estimates to confirm the singie station frequency analysis.

The analysis of flood events in this approach began at Exploits Dam and carried downstream

to completion at Bishop's Falis Dam.

4.3.21 Exploits Dam / Millertown

The analysis of natural streamflow data was initiated at Red Indian Lake where water levels,
gate settings and rating curves are available from previous studies and records of daily
monitoring (Abitibi-Price, Grand Falls). The historical lake level data were initially screened to
identify periods of rapid infilling, and gate settings were reviewed for periods of significant
outflow. The two were then combined to determine major inflow periods (in each of the spring,

summer, fail and winter periods) for each year since 1948 (40 year record period).

The diversion of streamflow through the Victoria Diversion (since August 1968) was then
factored into the analysis. Recorded inflows to the diversion (Newfoundiand and Labrador
Hydro) show that the inflow peaks typically occur on the same day as peak inflows to Red
Indian Lake. Hence, a regression between pre- and post-Diversion inflows at Red Indian Lake
was possible, and was undertaken to extend the historical inflow record at Exploits Dam (to

reflect a longer period of post-Diversion conditions).

This regression demonstrated that post-Diversion inflow peaks (Q..) are approximately 84
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percent of pre-Diversion inflows (Q,,). This is about the same as the ratio of pre- and post-
Diversion drainage areas (82%), considered in earlier studies (Fenco Newfoundland, 1985)

based on about 20% less data.

The form of the regression equation for inflow (m?/s) is:

Qpost = 0.8474(Qpre) - 37.97 m¥/s

The regression data from above was then employed to complete a 40 year period of peak daily
inflows to Red Indian Lake (1948 - 1987). The majority of these events occurred in the spring,
but about one quarter of the peak annual flows were late fall or early winter events. One

summer flood flow was marginally higher than its spring counterpart.

The spring, late fall and early winter floods were grouped into one category (termed "Spring")
because most are indeed spring runoff events, they have similar durations, they usually involve
snowmelt with rainfall, and they correspond to peak flow periods at Bishop's Falls. The
remaining category of events ("Summer") are typically smaller than the spring peaks, of shorter
duration, are localized to one portion of the 4754 km? watershed, and consequently do not
effect downstream flooding.

The peak annual inflows for each series are given in Table 4-2 and Table 4-3. Table 4-2
summarizes the spring inflow series and Table 4-3 gives the summer peaks. The tabled values

are natural, unregulated inflows to Red Indian Lake (4754 m?).

It should be noted that these flow data are reliably accurate and the best available estimates
of the instantaneous maxima for this drainage area. All flow calculations employed hourly (to
half hourly) reports on gate settings contained in the Abitibi-Price Inc. records and daily water
level observations, are based on rating curves which have been checked for accuracy, and are
calculated by water level observations (to a hundredth of a foot) and gate settings (to one half
of a foot) having a narrow measurement range. In all, the monitored peak flow estimates are

within 2-3% of actual values during high flow periods.



TABLE 4-2

SUMMARY OF SPRING INFLOW PEAKS TO RED INDIAN LAKE -
EXPLOITS/MILLERTOWN DAM

YEAR MONTH ELOW (m%s)* YEAR MONTH FLOW (m®/s)**
1948 May 1509 1968 Nov. 1233
1949 Nov. 1212 1969 Feb. 1239
1950 May 901 1970 May 1193
1951 May 1105 1971 Apr. 1362
1952 May 976 1972 May 1229
1953 Apr. 1207 1973 May 791
1954 Dec. 1134 1974 May 750
1955 Sep. 489 1975 May 1045
1956 May 734 1976 Apr. 1345
1957 Dec. 1062 1977 Dec. 1769
1958 Nov. 761 1978 May 891
1959 Dec. 624 1979 Mar. 1076
1960  May 721 1980 Apr. 1178
1961 May 1024 1981 May 905
1962 Apr, 669 1982 Feb. 724
1963 May 831 1983 Jan. 2686
1964  Apr. 765 1984 May 935
1965 Nov. 1257 1985 May 1325
1966 May 505 1986 Apr. 1564
1967 May 842 1987 Apr. 1027

* adjusted by regression to reflect post-Victoria Diversion

**  post-Diversion conditions or monitored flow at Diversion site



TABLE 4-3

SUMMARY OF SUMMER INFLOW PEAKS TO RED IND!AN LAKE -
EXPLOITS/MILLERTOWN DAM

YEAR MONTH FLOW (m?/s)* YEAR MONTH FLOW (m’s)**
1948 Sep. 713 1968 Aug. 599
1949 Sep. 162 1969 Sep. 311
1950 June 150 1970 June 574
1951 Aug. 376 1971 Aug. 353
1952 June 154 1972 June 581
1953 June 259 1973 June 487
1954 Aug. 306 1974 June 708
1955 Sep. 488 1975 June 182
1956 June 357 1976 June 265
1957  Sep. 493 1977 July 376
1958 June 365 1978 June 369
1959  Aug. 264 1979 Sep. 256
1960 June 103 1980 July 703
1961  May 590 1981 Aug. 973
1962 June 327 1982 June 239
1963 June 642 1983 Aug. 1379
1964 June 526 1984 June 620
1965 June 642 1985 June 1325
1966 Aug. 505 1986 June 361
1967 June 469 1987 May 331

* adjusted to reflect post-Victoria Diversion

**  post-Diversion conditions or monitored at Diversion site



Inflow Frequency Analysis

The inflow floods listed in Table 4-2 and Table 4-3 were subject to frequency analyses to
estimate 1:20 year and 1:100 year return period inflows. The three parameter lognormal
distribution was selected to give the return period flood inflows which are provided in Table 4-
4. As the spring flows are higher than summer flows for the same return periods, the spring

flows alone were retained for subsequent analysis.

Inflow Hydrograph, Starting Levels and Operations

The inflow hydrographs for high spring occasions were assembled and reviewed to determine
the typical duration and distribution of flood flows. Spring events typically rise from near base
flow conditions to reach a peak over a period of four to six days before gradually decliining.
The five largest spring events were selected as representative of extreme inflow events and
were made dimensionless. The co-ordinates of the resulting flood hydrograph are given in
Table 4-5.

Twenty years of water level data before and during flood inflows were then reviewed to identify
water levels most likely to be present before the initiation of flood inflows. Spring flood flows
invariably arrive when water levels are below 502 ft, and recently (since the Victoria Diversion)
in the range from the low 480’s to mid 490's (feet). The mean lake level (20 year record) prior

to peak spring inflows are aiso given in Table 4-5.
It is appropriate to note that the column titled, "Day" in this Table is retained in subsequent
tables (e.g. Table 4-9) to give a constant time base for comparing inflow hydrographs in the

basin. in all cases, Day 5 is the same day as peak inflows into Red Indian Lake.

Effect of Gate Settings

Last, the gate settings during historical floods were reviewed to select a gate operation which

represented pre-flood conditions. In the spring, watershed surveys of the snowpack are made
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TABLE 4-4

FREQUENCY ANALYSIS OF INFLOWS
RED INDIAN LAKE AT EXPLOITS DAM'

SPRING INFLOWS SUMMER INFLOWS
RETURN PERIOD FLOW FLOW RETURN PERIOD FLOW FLOW
(years) (cfs) (m?/s) (years) (cfs) (m?/s)
1:100 81,577 2,310 1:100 51,560 1,460
1.20 63,920 1,810 1:20 35,668 1,010

' by three parameter lognormal distribution

TABLE 4-5

DIMENSIONLESS INFLOW HYDROGRAPH
EXPLOITS DAM - MILLERTOWN

SPRING INFLOWS

h DAY RELATIVE INFLOW NORMAL LEVEL (ft)**
1 0.10 490.00
2 0.24 490.56
3 0.47 491.10
4 0.67 492 29
5* 1.00 493.39
6 0.68 -
7 0.55 -
8 0.37 -
9 0.35 -
10 0.32 -
* day of peak flow relative to inflow hydrograph
bl levels at 8 a.m. of indicated day

- normal levels not assessed
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by Abitibi-Price and Newfoundland and Labrador Hydro and combined with meteorological
forecasts to give Abitibi personnel a basis on which to estimate inflows for managing Red
Indian Lake. Outflow is generally kept to the minimum required to meet downstream power
needs, while storage is maximized through gate operations ranging from all gates closed to
typical use of a combination of the A, B and C flood gates. Other gates (log sluice and
submerged gates) are opened if needed when anticipated inflow volumes may exceed the

maximum level for storage in Red Indian Lake (about 504 feet).

Gate settings for the last 20 years (since the Victoria Diversion) were reviewed to project the

effect of gate settings on discharge and lake levels. Two scenarios were selected:

the first considers complete inflow storage (closed gates) prior to the days just before

the peak inflow

the second, like the first, assumes early storage, but more rapid release of water from

the dam above elevation 502 feet
Both options are realistic and appropriate to establish upper limits on lake elevations at
Exploits Dam, and to give an indication of the sensitivity of discharge to operation variations.

Table 4-6 summarizes these gate operation scenarios in terms of lake level and discharge.

Reservoir Routing and Design Water Levels - Red indian Lake

Inflow floods listed in Table 4-4 were combined with the dimensionless hydrographs of Table
4-5 to develop inflow hydrographs for each return period. These were input to the reservoir
at starting levels given in Table 4-5 and were routed through the dam with operations outlined
in Table 4-6 and by use of stage-storage discharge information available provided by Abitibi-
Price. The resulting levels and discharges are given in Table 4-7. The value of this table is
that it provides a realistic estimate of regulated flood flows moving downstream from Exploits

Dam.
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TABLE 46

EXPLOITS DAM OPERATIONS

SPRING CASE: OPTION 1*  OPTION 2**

LAKE LEVEL DISCHARGE DISCHARGE COMMENTS ON GATE SETTINGS
(feet) (cfs) (cfs)
490 0 0 - gates closed during infilling
492 0 0
494 0 0
496 2,900 2,900 - A or C gate
498 5,700 5,700 - A or C gate
500 7,900 7,900 - A or C gate + log sluice
502 9,200 37,400 - A or C gate _ log sluice */
503 18,300 39,900 -A + C + log + spillway */
504 43,000 43,000 - above + 5 sub gates ¢/
505 46,500 46,500 - all gates open
506 50,140 50,140 - all gates open
507 54,200 54,200 - all gates open
508 58,290 58,290 - all gates open

conservative operation assuming local inflow between Red Indian Lake and Grand Falls
is sufficient to meet Grand Falls power needs
option with initial storage coupled with early, high flow releases

all gates open at this level with Option 2



TABLE 4-7

DESIGN WATER LEVELS AND DISCHARGES
RED INDIAN LAKE AT EXPLOITS DAM

SPRING FLOOD RETURN PERIOD, LAKE LEVEL AND DISCHARGE
OPTION 1 1:100 YEAR 1:20 YEAR
Inflow (cfs) 81,577 63,920
Inflow (m%/s) 2,310 1,810
Discharge (cfs) 20,026 9,042
Discharge (m*/s) 567 256
Level (feet) 502-503 502-503
OPTION 2

Inflow (cfs) 81,577 63,920
Inflow (m%/s) 2,310 1,810
Discharge (cfs) 31,685 19,348
Discharge (m%/s) 897 548

Level (feet) 502.30 502-503



4.3.2.2 Grand Falls Dam

Flood Routing - Exploits Dam to Grand Falls

Recession limbs of hydrographs at Grand Falls were examined during periods when operations
at Exploits Dam changed from complete gate closure to resumption of releases (e.g. April
1976). The object of this analysis was to determine the lag time for hydrologic routing of peak
flows from Exploits Dam to Grand Falls, and our review suggests a range from 24 hours to

about 30 hours.

Notes on the same topic from Abitibi-Price records (1954 and Cater, p.c) suggest 18 to 24
hours. As the overall range (18 - 30 hours) cannot be precisely defined from the available field

data, 24 hours was taken as representative of the lag time.

Peak discharges from Exploits Dam are also attenuated in transit from Red Indian Lake to
Grand Falls. However, observed data (augmented by hydrograph routing, using the HYMO
model VSC routing procedure) show the attenuation is not large, and only in the range of 8
percent for typical high flows - and less for significant flood peaks. This attenuation is

practically the same as the increase from peak daily flows to peak instantaneous values.

Natural Flows - Grand Falls

Historical discharges from Red Indian Lake were routed to Grand Falls and subtracted from
Grand Falls discharges to compute an estimate of natural inflow hydrographs and a record of
peak flows for the large unregulated area between Exploits and Grand Falls Dams (3636 km?).
The configuration of the dimensionless hydrograph for the intervening/local area is given on
the left side of Table 4-8.

Last, the record of computed peak flows from the intervening area (3636 km? were then
evaluated to determine the local 1:20 year and 1;100 year flood flow to allow us to transform

the dimensionless hydrograph into flood flow hydrographs.



TABLE 48

ABITIBI DAMS - NEWFOUNDLAND
LOCAL DIMENSIONLESS SPRING INFLOW HYDROGRAPHS
FOR AREAS BETWEEN EXPLOITS DAM AND GRAND FALLS TO BISHOP'S FALLS

EXPLOITS DAM TO GRAND FALLS GRAND FALLS TO BISHOP'S FALLS
(3636 km?) (1746 km?)

DAY RELATIVE INFLOW** DAY RELATIVE INFLOW**
1 0.02 1 0.10

2 0.02 2 0.11

3 0.03 3 0.12

4 0.07 4 0.13

5 0.60 5 0.30

6 1.00 6 1.00

7 0.57 7 0.60

8 0.36 8 0.32

9 0.27 9 0.30

10 0.21 10 0.20

*x date and relative inflow co-ordinate established in relation to peak inflow in the

upper watershed at Red Indian Lake/Exploits Dam



Noteworthy in this analysis is that:

flood flow discharges at Grand Falis were taken to be those recorded by Abitibi
personnel. Previous studies (e.g. ShawMont, 1980) suggest that average or low flows
may be under-estimated, but that flood flow estimates are reliable (Fenco Newfoundland,
1985). In all, any small under-estimation of fiow would only affect a modification in the

naturai flood estimate by about 1%.

the majority of peak local inflows at Grand Falls occur on the day following peak inflows

into Red Indian Lake. However, with regulation and storage at Exploits Dam and
downstream routing delays, spring flood peaks from Exploits Dam arrive at Grand Falls
well after the peak of local inflows. Evidence of this is shown, for example, in 1977.
Inflow to Red Indian Lake peaked at about 62,500 cfs on Dec. 27 and outflow was
stored and regulated to resuit in nearly zero outflow. Grand Falls flows - almost all local
- peaked at about 30,000 the foillowing day. The peak discharge from Exploits Dam

occurred several days later after storage needs in Red Indian Lake were satisfied.

Discharge for each of the 1:20 year and 1:100 year spring floods from Exploits Dam were
routed downstream and summed with corresponding local drainage hydrographs to give total
inflow floods at Grand Falls. As noted earlier, the peak flows from the local drainages occur
after the peak inflow at Red Indian Lake, but do not combine with peak discharges from
Exploits Dam because of routing effects within Red Indian Lake and then between the lake
and Grand Falls. This is shown in Table 4-9.

Table 4-9 gives the design inflows considering discharge Option 1 (Table 4-7) from Exploits
Dam. Table 4-10 gives the same results, but for a different operation at Exploits Dam (Option
2 - Table 4-7).

The left column in Table 4-9 gives the day and chronology of spring events in the Exploits

Basin. The second column gives the peak daily inflows in the local area between the Exploits



TABLE 4-9

GRAND FALLS PEAK DAILY INFLOWS

INFLOW FOR VARIOUS RETURN PERIODS**

1:100 YEAR 1:20 YEAR
LOCAL INFLOW FROM  TOTAL LOCAL INFLOW FROM TOTAL
DAY INFLOW EXPLOITS INFLOW INFLOW EXPLOITS INFLOW
(m¥s) (md/s) (m*/2) (m®/s) (m¥/s) (m®/s)
1 34 0 34 26 0 26
2 34 0 34 26 0 26
3 51 0 51 39 0 39
4 119 0 119 90 0 980
5! 1016 2 1018 773 (o] 773
6° 1693 104 1797 1289 24 1313
965 224 1189 734 143 877
609 307 916 464 203 667
9° 457 453 910 348 228 576
10 356 - - 271 241 512
Max. Water Levels: 293.6 ft 2922 ft

(Abitibi Datum)

1/

3/

*k

day of peak inflow to Red Iindian Lake

day of peak local inflow to Grand Falls, and overall peak inflow

day of peak outflow from Exploits Dam reaching Grand Falls

not computed

resulting from Exploits Dam operation Option 1 (Table 4-6)



TABLE 4-10

GRAND FALLS PEAK DAILY INFLOWS

INFLOW FOR VARIOUS RETURN PERIODS**

1:100 YEAR 1:20 YEAR

LOCAL INFLOW FROM  TOTAL LOCAL INFLOW FROM TOTAL
DAY INFLOW EXPLOITS INFLOW  INFLOW EXPLOITS INFLOW

(m’/s) (m%/s) (m%/2) (m/s) (m*/s) (m/s)
1 34 0 34 26 0 26
2 34 0 34 26 0] 26
3 51 0 51 39 0 39
4 119 0 119 80 0 90
5' 1016 5 1021 773 0 773
6° 1693 119 1812 1289 49 1339
7 965 309 1274 734 153 887
8 609 - - 464 203 667
g° 457 - - 348 322 670
10 356 - - 271 456 727
Max. Water Levels 293.7 ft 202.3 ft

(Abitibi Datum)

1/
2/
3/

*

day of peak inflow to Red indian Lake

day of peak local inflow to Grand Falis, and overall peak inflow
day of peak outflow from Exploits Dam reaching Grand Falis
not computed

resulting from Exploits Dam operation Option 2 (Table 4-6)



-7-

and Grand Falls Dams. The third column is the routed inflow to Grand Falls from Exploits Dam
and the fourth is the total inflow for the 1:100 year flood. The remaining columns give the

same information for the 1:20 year event.

Last, the line above the footnotes in Table 4-9 gives the water elevation associated with each
flood flow. To give an historical perspective, the flood of January 1983 resulted in a water level

of about 294 feet, in the 1:200 to 1:500 year flood level range.

Before continuing this theoretical hydrograph analysis to Bishop’s Fails, it is appropriate to note
that the peak daily flows with Option 2 are similar to those determined for Grand Falis in
previous studies for Badger and Rushy Pond (Fenco Newfoundland, 1985). Therein, the 1:20
and 1:100 year peak daily flows at Grand Falls were determined to be 1330 m®/s and 1870
m®/s, respectively (1446 m°/s and 1945 m%/s instantaneous peaks) as compared to peak daily

flows of 1,339 and 1,812 m®/s computed herein (Table 4-10) in this confirmatory approach.

4.3.2.3 Bishop’s Falls

Flood Routing - Grand Falls to Bishop's Falls

Routing effects through Grand Falls dam are negligible because there is little storage in the
head pond. Thus the peak inflows provided in Table 4-9 and Table 4-10 translate directly to
peak daily outflows at Grand Falls. Local drainage inflows between Grand Falls and Bishop’s

Falls must be added to these river flows to give the total inflow to Bishop’s Falls.

Table 4-12 summarizes inflow and water level data at Bishop's Falls in the same format as
Table 4-9 and considers a 3-hour lag (shown in streamflow records) in the hydrologic routing
between Grand Falls and Bishop's Falls. As at Grand Falls, this value was established by
review of hydrographs monitored at Stony Brook (hourly data) and hourly data of reservoir

levels at Bishop’s Falls. (Abitibi-Price Inc.)

Unfortunately, there is insufficient information to attenuate peak flows in transit from Grand Falls



TABLE 4-11

BISHOP'S FALLS
PEAK FLOOD FLOWS FOR INTERVENING DRAINAGE AREA
GRAND FALLS TO BISHOP'S FALLS

YEAR FLOW ESTIMATE (m’/s) YEAR FLOW ESTIMATE (m®/s)
1933 696.4 1958 179.9
1934 562.2 1959 187.3
1935 342.5 1960 152.4
1936 931.3 1961 219.8
1937 451.9 1962 436.1
1938 241 1 1963 225.6
1939 433.9 1964 385.3
1940 840.7 1965 491.6
1941 497.4 1966 179.3
1942 457.5 1967 368.5
1943 318.6 1968 604.5
1944 575.6 1969 566.5
1945 201.7 1970 694.8
1946 387.6 1971 933.3
1947 532.1 1972 271.6
1948 510.4 1973 341.9
1949 437 1 1974 534.0
1950 516.2 1975 633.7
1951 467.1 1976 285.7
1952 580.4 1977 735.8
1953 361.1 1978 338.4
1954 688.2 1979 738.2
1955 197.0 1980 350.3
1956 538.8 1981 172.3
1957 139.7 1982 285.3

1983 1415.8



TABLE 4-12

BISHOP'S FALLS DESIGN INFLOWS*

INFLOW FOR VARIOUS RETURN PERIODS**
1:100 Year 1:20 Year
Local Inflow From Total Local Inflow From Total
Day Inflow Grand Falls* Inflow Inflow Grand Falls* Inflow

(m*/s) (m®/s) (m¥/s) (m?/s) (m¥/s) (m*/s)
1 129 34 163 93 26 119
1 142 34 176 103 26 129
3 155 51 206 112 39 151

168 119 287 121 89 210
5' 387 1018 1405 280 688 968
6° 1291 1689 2980 932 1239 2171
7 775 1189 1964 559 933 1492
8 413 916 1329 298 696 994
9 387 900 1287 280 589 869
10 258 - - 186 - -

* considering a 3-hour lag in hydrologic routing from Grand to Bishop’s Falls

1/  day of peak inflow into Red Indian Lake

2/  day of peak local inflow to Bishop's Falls, and overall peak inflow to Bishop's Falls
- not computed in detail as less than Total Inflow

**  resulting from Exploits Dam operation Option 1 (Table 4-6)
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to Bishop’s Falls. Some attenuation is likely, and hence our estimates of routed daily peaks

will be conservatively high, but closely representative of instantaneous peaks.

Natural Inflows - Bishop's Falis

Historical discharges from Grand Falls were transposed to Bishop’s Falls and subtracted from
Bishop’s Falls discharges to give a series of natural inflow hydrographs for the unregulated
area between the two dams (1746 km?. These local inflow hydrographs were then made

dimensionless (see previous Table 4-8).

The peak flows from this intervening drainage area are summarized in Table 4-11 and were
analyzed to determine flood flow frequency. The results are provided in Appendix TA-2(d) and
summarized for the 1:100 year and 1:20 year cases in Table 4-12 and Table 4-13.

it is again noteworthy that the majority of peak local inflows and Bishop’s Falls occur on the
day following peak inflows into Red Indian Lake. Hence, with regulation at Exploits Dam and
downstream routing, the spring flood peaks from upstream arrive at Bishop’s Falls well after

the peak of local inflows.

All of the flood flow estimates in Table 4-12 are for "spring" flood flow cases which yield the
largest inflows to Bishop's Falls. More specifically, they result from inflows which would result

from discharge from Red indian Lake/Exploits Dam through operations Option 1 (Table 4-6).

Table 4-13 gives similar resuits, but is based on a different operation at Exploits Dam (Option
2 - Table 4-6). That option allows for slightly greater releases during flood inflows. A
comparison between Tables 4-12 and 4-13 is given in Table 4-14 which shows that flows at
Bishop's Falls are relatively insensitive to typical changes in the typical operation of Exploits

Dam.

The tabulated results in Table 4-14 are all based on maximum daily flows which can be

calculated with confidence from the daily records, and hourly routing of these flows. Hence,
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TABLE 4-13

BISHOP'S FALLS DESIGN INFLOWS*

INFLOW FOR VARIOUS RETURN PERIODS**

1:100 Year 1:20 Year
Local inflow From Total Local inflow From Total
inflow Grand Falls* inflow inflow Grand Falls* inflow
(m?/s) (m?/s) (m’s)  (mYs) (m’/s) (m/s)
129 34 163 93 26 119
142 34 176 103 26 129
1565 51 206 112 39 151
168 111 279 121 89 210
387 906 1293 280 665 945
1291 1709 3000 932 1260 2192
775 1324 2099 559 948 1607
413 1300 1713 298 695 993
387 - - 280 662 942
258 - - 86 - -

considering a 3-hour lag in hydrologic routing from Grand to Bishop's Falls

day of peak inflow into Red Indian Lake

day of peak local inflow to Bishop’s Falls, and overall peak inflow to Bishop’s Falls

not computed in detail as less than Total Inflow

resulting from Exploits Dam operation Option 2 (Table 4-6)
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1 (Table 4-12)

3 (Table 4-13)

TABLE 4-14

ABITIBI DAMS - NEWFOUNDLAND
BISHOP’S FALLS SUMMARY

SUMMARY FOR VARIOUS RETURN PERIODS

1:100 YEAR 1:20 YEAR
MAX. INST. MAX_ INST.
(m®/s) (m*/s)
2980 2171
3000 2192



5-

these hourly values are essentially equivalent to instantaneous peak flows. Of immediate
interest is the similarity between these values and those derived previously from the single

station frequency analysis (Section 4.3.1.2).

FREQUENCY ANALYSIS HYDROGRAPH ANALYSIS
1:20 year 2257 m‘/s 1:20 year 2171-2192 m%/s
1:100 year 2883 m°/s 1:100 year  2980-3000 m*/s

The hydrograph approach, although somewhat more theoretical, gives much the same results
as the single station frequency analysis, and confirms that the frequency analysis results are

reasonable.
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RED INDIAN

YEAR

48
49
S50
S

=~
o Pl

e
o )

[
o

[t —
o )

S6
57

[
b

5

60
61
62

64
65
b6
&7
68
59
70
71
72

-
-t

74
75
76
77
78
79
80
g1
8z

84

=
-

86
87

DATA

1509.0
1212.0
F01.0
1103.0
76.0
1207.0
11724.0
489.0
74,0
1062.0
761.0
624.0

h Aan] (')

/o
1024, 0
669.0
871.0
7685.0
1227.0
S505.0
842.0
1227.0
1229.0
1193.0
1762.0
1229.0
791.0
750.0
1045, 0
1745.0
1769.0
8921.0
1076.0
1178.0
P05.0
1724.0
268646.0
235.0
1325.0
1564.0
1027.0

Appendix TA-3(c)

Frequency Analysis - Red Indian Lake (1948-87)

Spring Inflows

FOST DIV. (metric) 1948-1987

ORDERED
26B6.0
1769.0
1724.0
1364.0
1509.0
1362.0
1345.0
12285.0
1257.0
1279.0
2IT.0
1229.0
1212.0
1207.0
119Z7.0
1178.0
1124, 0
1105.0
1076.0
1062.0
1045.0
1027.0
1024.0
P76.0
25.0
F0S.0
F01.0
891.0
842.0Q
871.0
791.0
765.0
761.0
750.0
734.0
21.0
L69.0
&24.0
205.0

RANE

OO N R )

1

-
By =

gl

—
H oL

2

i
00N>

20

37

40

FROB.

L 024
. 049
L0773
. 098

. 146
. 171
. 195
L 220
. 244
. 268
L2973
317
. 241
. 2bb
. 290
415
.49
467
. 488
o012
.53

.561
. 585
Lh10
.63Z4
. 659
. 68T
. 707
L7332
.756
. 780
. 805
.829
. B854
.878
.02
L9227
.991
.976

RET.

PERIQD

41.000
20.500
12.667
10,250
. 200

>
QRN

857
125
556
100
727
417
154
. 929
733
563
412
278
158
0350
. 952
. 864
. 783
708
640
577
3519
464
414
267

hrian har 4
A

281
242
. 204
1.171
1.139
1.108
1.079
1.051
1.023

e pe b e b e b e o b e = PR R R R R R LW (o @
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RED INDIAN SUMMER INFLOWS (CMS) 194E-1987

-

YEAR DATA ORDERED RANY PROB. RET. PERIOD
48 712.0 1379.¢C ! 024 41,000
49 L0 1325.0 Z 049 26.50¢
54 150,90 973.¢0 K] LT3 2. 6E7
o 376.0 712,90 4 098 10,250
il 54,0 708.0 N 122 g,200
53 25%.0 762.0 & LI £.€22
a4 206,0 642.0 7 Y $.897
&3 488.0 640 8 e $.128
56 357.0 20.0 9 . 220 4,55
87 493.0 599.0 10 . 244 4,100
J 35,0 590.¢ I B8 3.727
b 264.0 581.0 12 EK 3.417
£0 103.0 574.0 13 30 I,15¢
£ $990.0 526, 0 14 .34 -
&2 327.0 5080 13 i1 2,733

3 g4z, 0 493.0 16 . 396 2.5€2
£4 S26.¢C 488,90 17 A0 2,612
N £4z. 0 487, 0 18 425 28
114 $08.0 4£9.¢ 19 462 2,158
67 469.0 376.0 A .42¢ 2,050
&8 599.0 78,0 2! Gl L9
£e uLe 39,4 2 327 1,86
7 374.¢ 283.0 23 56! N
T 333. 3.0 24 L 98E .70
7L 55,0 2.0 28 10 1,640
72 42,0 KNOIS 2t 634 LY
74 708.0 231.0 27 659 1,519
7 82,0 327.¢0 28 682 1,464
76 2BS.0 3i5.0 2 707 1,414
17 376.0 30€.0 30 g3 1,367
7e 369.9 265.0 ! 758 1,323
79 236.¢C 264.0 32 .780 1,281
80 702.0 259.¢ 3 B0S 1,04l
81 973. 236.0 26 .829 1,206
82 2590 239.0 3 854 117
g2 1379.0 182.0 3 .87¢ 1,129
g4 £20.0 162.0 37 302 1,108

B 1325.0 154.0 38 927 1.079
86 361.0 150.0 3 951 1,051

7 331.0 103.0 40 976 1,025

DER TNTITAN  CIUMMEL TNFiQYC (MWCY 1G4A-16GQ7
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SAMPLE STATISTICS

MEAN = 472, §.0. = 278.9 €.S. = 1.6262 C.K. = 6,6779
SAMPLE STATISTICS (LD6S)
MEAN = 6.003! §.0. = 3695 €.8. = -.1502 C.K. = 3.4218

SAMPLE MIN = 103, SAMPLE MAX = 1379, N= 40

PARAMETERS FOR GUMBEL I A= 005238 U= 333,
PAPAMETERS FOR LOGNORMAL M= 6,003t §= ,3693
PARAMETERS FOR THREE PARAMETER LOGNORMAL A= =29, M= 6£.0839 § = .3246

STATISTICS OF LOG(X-A}
MEAN = 6.0839 §.0. = 5246 .8, = -.0208 C.K 3.3662 .
PARAMETERS FOR LOG PEARSON I11 BY MOMENTS A= -,0428 B = ,1774E403  LOG(M) =13.3874 M= .7960E+06
PARAMETERS FOR L0OG PEARBON TII BY MAXIMUM LIKELIHOOD A = -,0401 B = .1963E403 LOG(M) =13.8813 M = ,[068E+07
DISTRIBUTION STATISTICS MEAN = 6,0031 §.D. = ,5623 €.5. = -.1428

"

GUMBEL ! LOGNORMAL THREE PARAMETER L06 PEARSON I1I
LOGNORMAL MAX. LIKELIHOOD MOMENTS

RETURN  FLOOD ST, ERROR FLOOD ST.ERROR FLOGD  ST. ERROR FLOOD 5T, ERROP FLOGD ST, ERROR
PERIOD  ESTIMATE PERCENT ESTIMATE PERCENT ESTIMATE PERCENT ESTIMATE PERCENT ESTIMATE PERCENT

CmYs)

1,005 3.8 93,3 84,2 8.1 86.1

1,050 143.0 159.0 © 156.0 157.0 155.0

1,250 264,0 251.0 253.0 253.0 252.0

2,000 25.0 405.0 409.0 410,90 410.0

5. 000 £42.0 8,48 8540 10,50 $3.0 0 16,10 852.0  10.00  656.0  10.10
10,000 785.0 8,89  840.0 12,20 20,0 11,90 825.0 11,50 32,0 11,60
20,000 373,00 926 1020.0 12,80 1010.0- 14,20 997.0  13.80  10:0.0  14.00
50,000 11000 9,65 1300.0 15,90  1260.0  17.40  1230.0  17.80  1240.0 18,10

106,0  1230.0 9.89 1520, 17,30 14E0.0- 19.80  141C.0 21,30 1430.0  21.7¢

200,0 1370.0 10,10 1750.C 18,70 167¢.0 22,20 1600.0  25.i0  1620.¢  25.50

560,00 1540.0 10,30 209¢.0 20,40 196C.0 25,20 1B&D.0  30.2¢  188C.0 30,80
1000,0 16700 10,50 2360.0 21,70 2200.0  27.50  2060.6 34,30 2090.0  25.0€
20000 18100 10,60 2650.0¢ 22,80 2450.0  29.70  2270.¢ 38,40  2300,0  29.%0
5000.0  1933.0 10,70 3040,0 24,30  2780.0  32.40  2550.0  43.70  2590.0 44,60
£0000,0 2016,0 10,80 3360.0 5,30 3060.0 24,40 2770.0 47,80  2810.0  48.80
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Appendix TA-3(d)

Flood Flow Frequency Analysis -

Stony Brook

¥SC STATION NO=S510
¥SC STATION NAME=STONY BROOK 1969-1986

OV A AR D NN DY AN

YEAR

(2)

1969
1970
1971
1972
1973
1974
1973
1976
1981
1982
1983
1984
1985
1986

DATA
@
(CH5)

48500.000
32701,000
41318.000
25709, 000
27700,000
21400, 000
27298.000
33090. 000
44143, 000
39199. 000
80000.000
38140.000
33323.000
38846.000

ORDERED
(4
(CHS)

80000, 000#
53325.000
48500. 000
44143,000
41318.000
39199. 000
38846.000
38140.000
33090, 000
32701.000
27700, 000
27298. 000
25709. 000
21400, 000

RANK

)]

PROB.

.23
11.27
18.31
25,35
32,39
39.44
46.48
53,92
60.56
67.61
74,63
81.69
88.73
5.1

(n
(YEARS)

23.667
8.8735
3.462
3.944
3.087
2,336
2,152
1.868
1,851
1.479
1,340
1,224
1.127
1,044



FREQUENCY ANALYSIS - THREE-PARANETER LOGNORMAL DISTRIBUTION

510

HEAN

Y SERIES 39383.500
LN I SERIES 10.525
LN(X-A) SERIES 10,011

X(HIN)Y= 21400.000
Y(MAX}=  80000.000
LONEP OUTLIER LIRIT OF

STONY BROOX 1969-1986

SAMPLE STATIS

.0.
14761348
0.338
0.551

X=17623.340

71CS

C.V. C.s. C.X.
0,375 1.627 7.603
0.032 0.551 4,627
0.053 =0.052 4.180

TOTAL SAMPLE SI2€= 14
NO. OF (O QUTLIERS= 0
NO. OF IERD FLOWS= 0

SOLUTION OBTAINED VIA MARIMUM LIKELINDOD

3LN PARAMETERS:

RETURN
PERIOD

1,003
1.050
1,250
2,000
5,000
10,000
20,000
50,000
100,000
200.000
300.00¢

A= 13784,437

FLOOD FREQUENCY

EXCEEDANCE
PROBABILITY

0.997
0.952
0.800
0.500
0.20¢
0.100
0.05¢
0.020
0.010
0.003
0.002

H=10.011 8= 0,551

REGIME

FLOOD
( C"'—S>‘ L(_.MS)
1870¢.00
22700.00
27800, 0¢

00,00
58900. 00
£8900.00 -
82900, 00
94100.00 - - 2665 ~Y/s

106000. 0C
12300¢.9¢

1951 M,/S



TECHNICAL APPENDIX TA-4

Break Up Ice Observations at Bishop’s Falls
- March 29, 1988

- Spring 1988
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Station

Number

1

TABLE A-1
BISHOP’S FALLS

SUMMARY OF ICE OBSERVATIONS

March 29, 1988

ice
Elevation

0.561 m below TBM 3
at 2 m from shore (beyond the
second shore-parailel crack)

1.562 m below TBM 4

2.393 m below TBM 5
at 3 m from shore

0.896 below TBM 6

2.627 m below TBM 2
near the shore

0.843 below TBM at 1 m from
shore

lce Thickness and Comments

55 cm thick (21.7 inches) with the top
30 cm (12 inches) being very soft.
Open water about 100-200 m
downstream and central ponding on
Mill Pond surface. About four lines of
shore parallel cracks and a transverse
crack in evidence

unsafe ice - no measurement. Open
water at shore and RR piers with
extensive surface water across the ice
on the Mill Pond. About four shore-
parallel cracks, with transverse cracks
every 100 m

73 cm thick (28.7 inches) in inlet with
top 30 cm (12 inches) being very soft.
No snow cover and shore parallel
cracking interspersed with longitudinal
cracks

unsafe ice - no measurement. Three
shore parallel shear cracks and
transverse cracks each 30 m. Ice soft
and surface water pooils randomly
distributed across the reservoir

unsafe ice - no measurement.
Surface uniform and soft with
extensive water ponding on ice in
centre of Mill Pond. three or four
lines of shore parallel shear cracks
(two major cracks)

13-20 cm (5-8 inches). Surface fairly
level, no snow cover, some puddies
and nearshore holes. Considerable
surface water on ice to 100 m from
both banks. Shore parallel cracking
in three lines
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March

March
April
April

April

April

April

April

April

April

28

31

TABLE A-2

BISHOP'S FALLS
SUMMARY OF BREAK-UP OBSERVATIONS

SPRING 1988

General Observations* and Comments

Fenco ice survey. No ice in tail race. Continuous cover from
about 100 m upstream of dam. No snow cover and puddles of
melt water over entire cover

little change in ice conditions
puddling on surface more pronounced

ice front still 100 m above dam, but deteriorating.
Considerable deterioration along south bank at rail bridge

ice front significantly deteriorated, with only patches
present in pond upstream to log boom. Open lead along south
shore upstream of rail bridge extending beyond ARMCO Road

ice shifting above rail bridge late in day, but still
continuous cover upstream of town

considerable decay. Almost compliete clearing up to log boom
above dam and ice free across fall river of ARMCO Rd.
Continuous cover upstream to beyond study Timit/community
boundary

rapid in-situ melt continues. Open water up from dam almost
to rail bridge. Rapidly deteriorating cover upstream of
rail/bridge to Canning Rd., then open water up to ARMCO.
Complete cover, except for lead along south bank, above and
below West End Trailor Park

much the same as April 5, with weakening upstream cover still
in place between piers of rail bridge. Open water upstream of
town and rapidly deteriorating ice near West End Trailor Park
(WETP)

ice clear throughout study reach, except at southern pier of
rail bridge and on north bank near West End Trailor Park

entire study area free of ice

*  photographs

and notes about break-up progression along the river at

Bishop’s Falls are contained in a separate album, available for viewing at
Newfoundland Department of Environment and Lands, St. John’s



TECHNICAL APPENDIX TA-5

Bishop’s Falls Characteristics of the Spilling Structures
. Table of Values
. Spillway Rating Curve
- pre 1983

- post 1983
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FSL:
TWL:

DECK ELEVATION:

TABLE 9.4

BISHOP'S FALLS
CHARACTERISTICS OF THE SPILLING STRUCTURES

13.04 m (131.5')
: 1.4 m (93.5")

Normal
Max.

15.29 m (139.16')

observed: 9.5 m (120')

CLOSURE EMBANKMENT: El1. 16.5 m
No. of CREST INVERT SIZE
TYPE Openings EL. NOTES
Shape £, Width |Height
m (ft) |m (ft) {m (ft){m (ft)
Free overflow - Ogee 12.04 - 243.81 - Before 1983
spiliway (128.5) (800) failure
212 175.9 After rebuilt
Top of - 13.04 -
Flashboards (131.8)
Sluices gate 10 - - 32.0 5.5 Afier rebuliit
openings (105) {(18.0)
Old Earth 15.184 old dam
Dam
New earth 16.50 after rebuilt
dam
Forebay Deck 15.093 old dam
15.29 after rebuilt

Correction El. (m) = (El. 1/3.281) - 27.12




RESERVOIR ELEVATION (m)
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TECHNICAL APPENDIX TA-6

(a)  Physical Survey - Cross Sections
. Survey Description
Roughness Values

HEC-2 Section Plots

(b) RAND Hydrodynamic Model
. input data

output velocity components



APPENDIX

PHYSICAL SURVEY - CROSS SECTIONS (1988)

The cross-section surveys were conducted in four stages:

1) River and overbank physical surveys

2) Water level surveys (May, July 1988)

3) Surveys to obtain estimates of 1983 flood levels along the channel
(based on 1983 photographs and resident interviews)

4)  Upstream channel survey (southwest of Bishop’s Falls)

DATE PROGRAM

July 11 Locate bench marks

- Take 1983 flood levels and cross section of Dam 1

July 12 - Continue bench mark tie-in
- Take 1983 flood levels at R.R. bridge, Site D
- Take 1988 ice levels, water levels

July 13 - Re-check bench mark datum (re-survey)
- Measure sections 9, 8, 7

July 14 - Measure sections 4, 5, 2
- Continue 1988 ice level collection
- Continue 1983 water level survey

July 15 - Cross sections 6, 3, 10
- Final 1983, 1988 levels

July 16 - Attempt to obtain section upstream of 10
(rapids prevent this)



Appendix TA-6
Roughess Values and Description
The following plots of the cross-section data show each section from an
upstream position, looking downstream at the section. The left section of each

plot is the northwest bank, the right section is the southeast bank.

The following Manning’s roughess values were employed:

Section 'n" left bank "n" channel "n" right bank
1.1 0.08 0.05 0.10
2.0 0.08 0.05 0.10
3.0 0.08 0.05 0.10
3.1 0.08 0.05 0.08
4.0 0.08 0.05 0.08
4.1 0.08 0.05 0.08
5.0 0.08 0.05 0.08
6.0 0.08 0.05 0.08
7.0 0.08 0.05 0.08
8.0 0.08 0.05 0.08
9.0 0.10 0.07 0.10
9.1 0.10 0.07 0.10
10.0 0.10 0.07 0.10

10.1 0.10 0.08 0.10
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* Note: - All elevations are referenced to Benchmark #76G2198 located at the Post
Office on Main Street (elevation = 12.192 m) where a correction to Geodetic
datum was subsequently applied (i.e. Geodetic elevation (m) = Post Office
datum + 8.88 m).

- For conversion to the Abitibi datum (ft) from Geodetic (m)
(i.e. Geodetic elevation (m) = Abitibi (ft) / 3.281 - 27.413 m)
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Appendix TA-6(b)

RAND (Leendertse, 1970) Model
- input data set

- output velocity components
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TECHNICAL APPENDIX TA-7

Historical (1983) Flood Levels



JABLE T2-A
BISHOP’S FALLS
HISTORICAL FLOOD LEVELS (1983

FLOOD LEVEL (M) * SITE CODE AND LOCATION DESCRIPTION
16.17 H - Mill Road at first house upstream of dam
16.14 E - Sydney Street at second house from Mill Road
16.33 F - homes at Riverside Drive and Kinsmens Drive
16.27 C - road at Riverside Drive and Kinsmens Drive
16.16 D - metal boiler at ARMCO Cove (perhaps moved)
17.06 G - Mr. Gill’s trailer at west end Trailer Court

(includes other level data)

* Datum currently related to available mapping.






