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ABSTRACT 


During the spring of 1982, the National Marine Fisheries Service 

initiated a multiyear research program to define the effects of river 

conditions and dam operations on the current system (flow-net) in the 

forebay of John Day Dam on the Columbia River and to relate smolt passage 

behavior to the physical characteristics of the flow-net. Twelve digital, 

magnetic recording current meters were deployed in a grid within the 

restricted zone adjacent to the dam on 13 May 1982. Current velocity and 

direction were monitored until 3 November 1982. During this initial year, 

research efforts focused on gathering the first general data on flows 

within the forebay of John Day Dam and developing the computer software 

necessary to ultimately construct the flow-net model. 



GOALS AND OBJECTIVES 


Even though collection and transportation facilities are operating at 

key dams in the Snake-Columbia River System, significant numbers of 

juvenile salmonids continue to migrate downstream of their own volition 

(Sims et a1. 1982). Improved fingerling bypass systems are being developed 

to ensure the safe passage of these migrants as they encounter the numerous 

dams on their seaward journey (McConnell and Muir 1982; Swan et ale 1982 

and 1983). 

Special flows, spills, and operating techniques at the dams are also 

being used to enhance smolt survival. These techniques are executed on the 

premise that the current system (f10w-net) in each forebay responds to dam 

operations and that smolts in turn respond to the flow-net, as suggested by 

previous juvenile radio tracking studies conducted by the National Marine 

Fisheries Service (NMFS) in John Day forebay (Sims et ale 1981; Faurot et 

a1. 1982). 

The ultimate objective of the research program reported upon herein is 

to define the flow-net in the forebay of John Day Dam over a range of flow 

conditions and dam operations, and relate it to smolt passage behavior. 

Such information is fundamental in assessing the effectiveness of providing 

special flows and dam operations, and may also be useful in the design of 

fingerling bypass systems. To advance toward the ultimate objective, it is 

necessary to begin systematically gathering data and developing the 

computer software required to process and analyze the data. During 1982, 

we concentrated on these initial facets of the program. 
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METHODS AND MATERIALS 


From 13 May to 3 November 1982, 12 self-contained, magnetic recording 

current meters (Interocean Systems, Inc., model 135 m !/) were deployed in 

the forebay of John Day Dam. The meters were secured to a self-adjusting 

buoy system which maintained them at a constant depth, 3 m below the 

surface of the reservoir. Eleven of the meters were positioned in two 

parallel lines which spanned the length of the powerhouse and spillway 

approximately 115 and 365 m from the face of the dam (Figure 1). The 12th 

meter was stationed approximately 600 m from the dam and 100 m from the 

Oregon shore. Each hour both current velocity and direction were monitored 

for intervals ranging from 8 to 56 minutes. Cassette tapes and battery 

packs were replaced monthly to ensure that the meters continued to operate 

throughout the field season. Mechanical and electronic problems in these 

instruments did occur, thus the regular monthly inspections proved to be 

quite necessary. 

Within the meter, data were recorded digitally on the magnetic tape 

cassettes in an 8-bit binary code. Current velocity was measured with a 

neutrally buoyant Savonius rotor mounted on carbide pivots running in jewel 

bearings. The operational range of velocities is rated as 5 to 300 

cm·sec-l + 1% of full scale reading. Direction was measured by a 

fluxgate magnetic compass over the full range of 0-359° + 3° magnetic. 

Cassettes with encoded data were read into the Burroughs 7800 

mainframe computer at the Northwest and Alaska Fisheries Center (NWAFC) via 

the digital cassette reader provided with the meters. The tape reader has 

minimal translating capabilities and merely transfers the coded data into 

.!/Reference to trade names does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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Figure 1.--Location of current meters (&) during the 1982 field season. 



the mainframe. No software was provided by Interoceans Systems, Inc., thus 

the extensive and sophisticated programs necessary to process and analyze 

the data had to be developed by NKFS programmers in conjunction with the 

Biometrics Unit at the NWAFC. 

The major components constituting the development of the flow-net 

model are outlined in Figure 2. Once the raw data was stored in the 

Burroughs 7800, the data must be checked for errors and edited before it is 

fit to be processed in the analysis program package. The data editing 

programs are still being developed; portions of the analysis program 

however, are operational at this time. Once we are satisfied with the 

performance of these programs, the current meter data will be meshed with 

the Columbia River Operational Hydronet and Management System (CROHMS) and 

dam operations data which are provided by the control room at John Day Dam, 

to produce the flow-net model. Some discrepancies between the CROHMS file 

maintained at the U.S. Army Corps of Engineers office in Portland, Oregon, 

and the control room data have been observed. Clearly, these conflicting 

data will affect the resolution of our model, and every attempt is being 

made to reconcile them. During 1982, in addition to gathering our initial 

set of data most of our efforts were directed at identifying and 

troubleshooting idiosyncrasies peculiar to this brand of current meter and 

developing the computer programs necessary to analyze the data. 

RESULTS AND DISCUSSION 

Inspection of data confirms that the current meters are effective in 

detecting changes in forebay currents (Figure 3). On 29 May 1982, with a 

river flow of 340 kcfs, current velocities increased from 20 to 35 
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JOHN DAY FLOW-NET STUDY 

Dam operations 

CROHMS (hr) 
• Flow, spill, turbine discharge 

DETAILED (hr) 
• Individual units 

Flow-net model 

Current data 

RAW DATA 
• Direction, velocity 

J, 
DATA CHECK AND EDIT 
• Time reconciliation 
• Transposition 
• Lost records 

J, 
ANALYSIS PROGRAM 
• Statistics 
• Plots -

Figure 2.--Flowchart summarizing the major components in the John 
Day Dam Flow-net Study. 
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Figure 3.--Mean hourly current velocity at position 10 (center of spillway, 
365 m from dam) on two different dates. For each day, the net 
current direction with respect to the dam (vertical line) is 
depicted to the right of the graph. 
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cm·sec-1 at position 10 (center of spillway, 365 m from the dam) as 

spill levels increased from 150 to 180 kcfs at 0700 h. Three months later, 

on 20 August, no spill was occurring and river flow had dropped to 205 

kcfs. These conditions resulted in an overall decrease in current velocity 

from the 29 May levels and a concomitant shift in current direction away 

from the spillway towards the powerhouse. The increase in current velocity 

from 0 to approximately 12 cm·sec-1 on 20 August appears to be a 

consequence of increased power generation which typically occurs during the 

morning and continues through the evening hours. 

Appendix A is an example of the intermediate, diagnostic data file, 

which details by hour, for a single location, the river conditions (total 

flow and turbine and spill discharge in kcfs and percent turbine and spill 

discharge) as well as the current velocity (em·sec-1) and direction 

Inspection of these files allows us to assess current patterns 

at particular locations and detect any malfunctioning meters. Furthermore, 

and more importantly, these files form the foundation for constructing the 

flow-net model. 

One of the major problems encountered during the first year's work was 

inherent to the manufacturers circuitry in the current meters. An 

independent data-time stamp was not provided with the serial current data, 

complicating and confounding necessary time reconciliation. To solve this 

problem, the NMFS' electronics shop developed a date-time stamp circuit to 

incorporate into the meter data. At the time of this report, the circuitry 

has been installed and successfully tested in 10 of the meters. 
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SUMMARY 


1. Current patterns were monitiored within the restricted zone in 

John Day forebay from 13 May to 3 November 1982. 

2. Current meter circuitry was redesigned by theNMFS electronics 

shop to provide date and time information with the serial data. 

3. Portions of the computer software necessary to construct the 

flow-net model were developed. 

4. During the 1982 field season we focused our attention on defining 

the flow-net near the dam. In 1983, we will attempt to determine how far 

upstream we can detect current fluctuations associated with dam operations 

and estimate the time lag involved between operation adjustments and 

current responses. We anticipate that by the end of 1983 a complete 

computer programming package will be available for analyzing the John Day 

Dam flow-net. Additionally, we will track radio tagged juvenile chinook 

salmon in the forebay and evaluate their migratory behavior with respect to 

the prevailing current conditions. 
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SUMMARY OF EXPENDITURES DURING 1982 


Category: Amount ($ x 103): 

Salaries 22.3 
Transport 0.3 
Travel 0.6 
Contract Services 3.3 
Supplies and Materials 4.2 
Equipment 90.6 a/ 
Support 

(NOAA, DOC, S.L.U.C.) 10.1 
131.4 

a/ Twelve current meters purchased from Interocean Systems, Inc. 
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APPENDIX A 


Hourly river flows and current data for Meter 476 at Station Three, 29 

September - 3 November 1982. The schematic display on the right side of 

each page depicts the current patterns for that hour. The lateral position 

of the asterisk relative to the heading at the top of the page (313, 213, 

II3°mag.) indicates the mean current direction for that hour. The center 

value (213°mag.) 1s normal to the face of the dam. The dashed arrow 

emanating from the asterisk represents the mean velocity at that meter 

(each printed character beyond the asterisk is equivalent to 2 

cm·sec-I ). 
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3- 4 11).51 70.3 0.0 0.9!i 2 0.000 117 8 0 0.2 I ,,It - 5 12.6 7Z.0 0.0 C.992 0.000 189 7 1 0.7 

, 	
J ­

.. - .-.... ..-...'~ ~- ..~.--5- E eJ.2 80.6 0.0 0.911 0.0.,0 192 11 - 2 0.9 • : -- ->- : 
6- 7 102.7 102.1 o. a O.991t 0.000 114 1 3 1.1 I *-) : 
, - 8 108.3 101.1 0.0 0.9S4 1).000 171 10 4 100 .& *-> :•8- 9 11)1 • ., 10&.4 o. I) 0.994 o.cou 160 1 4 - 0.6 : : .-> : 
9-10 103.0 1.0Z.4 0.0 0.954 0.000 169 8 5 0.6 I : .-> : 

10-11 96.5 S5.9 0.0 0.994 o.OGO 117 6 4 0.6 I : :-->11-12 99.& 99.0 0.0 0.991t 0.000 113 9 4 O.E , -- --) : 

12-13 100.2 99.6 0.0 0.994 0.000 115 9 5 0.6 : .--> : 

13-111 100.8 100.2 0.0 0.974 0.000 112 6 6 0.5 : I *--, : 

14 -15 98.2 91.6 0.0 0.994 0.000 181t 7 5 0.1 : .-->

15-i6 97 .1 96.5 0.0 G.9H O.COO 180 i 5 O.E : .--> I 

1&-11 lU5.6 105.0 0.0 0.994 0.000 115 9 6 0.1 : : .--> : 


_•.. -.-.-....__.__....lI-U 107.6 101.0 0.0 C.954 0.000 111 11 6 o. e a - -- - --- a .-.,.. 
U-lS 113.9 113.3 0.0 0.ilS5 0 • .,00 171 12 5 o.e a : *~-> 
19-20 lZ6.6 lZ6.0 0.0 0.995 0.000 170 7 1 0.1 	 : .---> 
20-21 99. a 91.4 o. a 0.916 0.000 176 13 6 1.0 	 : .--> : 
Zl-U 99.0 ge.4 0.0 0.994 0.000 161 12 6 0.5 a 	 : .. --> 
22-23 101.2 98.8 0.0 0.916 0.000 117 1 5 O.E 	 : .--" : 

,._w••, ._'"'. - .23-24 99.8 99.2 0.0 0.994 0.000 114 7 5 - o. e a· 	 1 -- .._-.-> : 

e2 (jeT 5 	 0- 1 99.0 96.4 0.0 0.954 0.000 171 6 6 o.e : ..... ,. : 
1- 2 98.3 .97.1 o. a C.994 0.000 188 1 5 O.E : .-> :,.z- 3 94.1 93.5 0.0 0.9S4 0.000 ue 7 C.E : 	 : --> 
3- 4 95.9 95.3 0.0 0.99" u.ooo 180 5 4 1.2 : 	 I .-> 

._'._"....... -.~. --._"' _. ...
~- ~,.- 5 94.1 93.5 0.0 0.994 0.000 09 4 4 0.6 . . a : . • -> : 
5- E 96.2 93.e 0.0 0.975 0.000 lel 4 !: 1.G : : .-> : 
ft- 7 119.1 119.1 0.0 0.995 0.001) 163 e 1 1.1 : : :--->1- e 126.2 125.6 o. a 0.995 0.000 186 6 e o.e 	 ~.-.-,.. :•,,- S 117.a In.2 0.0 0.9$5 0.000 191 8 '1 0.6 a 	 : *---,. : 
9-10 94.1 93.5 0.0 0.9H 0.000 181 4 4 0.6 	 I .-> : 

•. w_." "•....._•.•._..10-11 111.0 110.,. O. a 0.995 0.000 18" e 10 1.0 . : 	 J .----,. : 
11-12 109.1 109.1 0.0 O.9S5 0.000 ue 9 10 0.9 	 : .----,. : 
12-13 103.1 100.1 o. a 0.971 0.000 9 Ie 1.3 	 .--_.> :184 : 
13-14 103.3 100.9 1).0 0.977 0.000 191 12 11 1.2 : :.-.---~> 
14-15 99.4 98.8 0.0 0.994 0.000 191 9 13 I.E : *-----> : 
15-16 97.7 9; .1 C.O 0.994 0.000 187 10 2.1 : : .._--, : 
16-17 96.2 95.6 0.0 0.994 0.000 116 18 " 9 1.6 : : *-.-.» : 
11-18 102.1 101.5 o. a 0.9S4 0.000 18 1 1. ! .---,. :166 I 
18-19 114.2 113.6 0.0 0.995 0.000 153 11 10 0.7 :& .---- , : 
19 -20 13tJ.3 129.1 0.0 0.955 0.1)111) 177 10 11 1.0 : : *--~-> 
20-21 128.7 128.1 o. a 0.955 0.000 175 6 11 o.s : .._--,. : 
21-22 125.2 124.6 0.0 0.955 0.0110 111 9 10 0.6 : *-••-". 
22 -Zl 112.6 112.0 0.0 O.9S5 0.000 164 11 8 1.3 : I *---)0 : 
23-24 105.3 1O... i' o. a 0.994 0.000 159 9 7 0.6 : I .--> * 



___ ' __ ~~~'_"'~'" 0_ •• , •• __ ,~ 

DATE rIME Al VEl' TUfiBN SPIll nEU jf1J.L DIRECTlON VElOCITY 

YA ~ON U SPU flOW FLOW flOW iiI V€R RIVfR "EAN SD MEU SD 313 213 1) 


1:2 	 OCT 6 It - 1 97.2 96.6 o. a 0.954 0.000 160 1 5 O.E .--,
1- 2 95.4 910.8 o. a O.9S1t 0.000 150 7 5 0.5 : ...> 
z- 3 94.4 93.a 0.0 0.994 o.O!}O 153 6 5 0.6 : .--,.
3- 4 ~6. 3 93.9 o. 0 0.915 0.000 159 1 5 0.2 : *-> 
It - 5 95. Z 94.6 1).0 0.9S1t 0.000 172 8 5 0.7 	 : .--.> 
5 - 6 96.0 95.4 0.0 0.954 0.001) 111 1 5 O.1i ---	 : .-->6- 7 103.0 100.6 0.0 0.911 0.000 113 7 6 	 : .-.,.o. " I- f 125. t 124.5 o. a 0.955 0.000 114 e e O. ~ 	 I *---> 
e - 9 125.1 124.5 1).0 0.995 0.001) 161 7 e o. E : : .--->
9-1e 125.1 124.5 0.0 C.~95 0.000 159 12 7 0.1 : : e- ••" 

10-11 125.6 125.0 0.0 0.955 0.000 172 7 e 0.6 : : *--->
11-12 lZ4.6 124.0 0.0 0.955 0.000 141 8 e -O. E -- ------ : -.---.-.----- .----_._---- -- --- a - .- .-.- .•. -. .---,.
12-13 126.4 124.0 0.0 0.'1H 0.000 140 12 9 1.2 : 	 : 

'" 

.---, : 
13-1. 12 •• e 12".2 0.0 0.995 0.001» 149 10 8 1." : 	 .--->
lit-IS 126.1 125.5 0.0 0.955 0.000 152 10 9 1.1 : 	 : •••_> 
15-16 126.6 1ZIt. 2 0.0 a.9et 0.000 1109 7 f 1.1 : 	 : .---, : 
1&-17 uo. " 129.e /). a 0.955 0.001) 1"1 (; 9 1.3 1 	 : .--->11-18 133." 1 !Z.8 0.0 0.9Ilfl 0.000 lit6 10 9 o.e - --I ..-'." -'" -------- ..- : 	 .----,
It-IS HE•• 1.4.0 0.0 0.9Eft 0.000 164 10 10 1.2 : 	 : .----> 
\!I-ZO lle6.0 14!j.1e 0.0 O. 9Si 6 0.000 156 13 9 1.1 	 I .----.,.
20-21 148.1 145.; 0.0 0.ge4 0.000 155 10 10 1.2 : : .---- ) 
21-2~ 129.2 12t:.6 0.0 0.995 0.000 145 15 9 1.6 : : e----> 
22-23 116.3 114.9 0.0 o. 9~8 0.000 159 12 7 1.2 : 	 1 .._.,. 
ZJ-24 108.7 108.1 0.0 0.994 0.000 169 9 ---7 -- 0.9 --1-- --.-.. -.----	 : ._. -_ .•--> 

e2 OCT 7 	 0- 1 103.4 102.6 O. I) 0.991e 0.000 112 10 5 1.0 : z .-> 
1- 2 100.5 99.9 0.0 0.994 0.000 154 15 " 0.9 , : ...> 
2- ! 99.7 99.1 0.0 0.9S1t o.oC)/) 150 \I ~ 0.9 :0: .->
3- 4 99.4 96.e O. I) G.991e 0.000 151 11 5 0.9 : .-->
4- 5 98.3 97.1 0.0 0.994 0.000 152 11 _.- 6 o.ce : -.~----~- -. .-->
5- E 98.7 H.l 0.0 0.95 " 0.01)0 157 9 6 0.7 : .-->
&- 1 10".6 104.0 0.0 0.994 0.000 149 10 5 1.0 : .-> 
~ - II \25.3 124.1 0.0 (.1195 0.000 155 9 e 0.9 .---> e- s 128. e ue.2 0.0 0.9S5 O.dOO 154 12 7 o.e : .--->
9-10 134.4 133. II 0.0 0.196 0.000 148 11 8 1.3 : .---,

10-11 114.3 133.7 0.0 0.996 0.000 155 H 9 1.3 : e----)
11-12 134.4 0.0·13.5.e 0.956 I) .00«) 159 13 9 1.1 : .----::>
12-13 134.4 133. e 0.0 0.956 0.000 156 9 7 1.1 : .-->
13-14 lH.4 133.e 0.1) 0.956 0.000 157 15 E :1.1 	 *---> 
lit-IS 134. It 1 H.e I). Q 0.956 C).ooo 154 10 8 1.1 : .---,.
15 -16 132.5 131.9 0.0 (.~S5 0.000 147 9 9 1.0 : .--->1&-17 12E.0 125.4 1).1) 0.995 O.OIlU 149 14 e 1.4 .-: -	 .---,
11-18 130.0 129.4 0.0 0.995 0.000 146 13 e 1.2 : : .-- .,.
1& -19 131.6 131.0 0.0 (.996 0.000 154 11 9 1.0 : I .--->
19-20 141.2 140.& 0.996 !l.OOl) 155 11 9 1.9 	 .. .--->I). " 
20-21 Hl.2 138. e 0.0 O. 9f 3 o. 000 151 10 8 1.1 	 : .--->
21-2, 129.2 12e .6 0.0 0.955 0.000 166 11 e 1.0 , 	 : .--->
22-23 11)9.3 lOt.7 0.0 C.995 0.000 166 10 E 1.1 	 z .--,
23-24 15.1 9303 0.0 C.975 0.000 155 11 " 1.1 : 	 : .-> 



DAlE TIKf RI 'JER TURBN SPILL USU jfl1.1. DIFiECTION VElOCITY 
U "ON CY SJ'U FLOW FLOW rlow J;IVER RIVER HUN SO "EAII SD 313 213 11' 

t.Z 	 OCT 8 0- 1 ~13. 5 92.9 o. a 0.994 0.000 156 13 1 0.9 & : ->
1- 2 93.1 92.5 0.0 0.994 0.01l0 160 13 3 1.0 a ->•2- 3 91.5 51U.9 0.0 G.51B 0.000 149 1 3 1.0 I : e> 
3- " 90.9 90.3 0.0 O.9t3 0.000 149 9 I, 1.0 : : e-> 
4- ~ 91.3 90.1 o. a 0.9S3 0.000 155 e 3 0.3 : .-> 
5- 6 106.9 106.3 0.0 0.954 0.000 163 9 6- 0.3 .. -I ..--.------.--.-.------.-.---- - - ..-. •1-- - ---._. .--,-"-----~-. #: 
6- 7 112.6 110.2 0.0 0.979 0.000 177 6 6 O. S : .: .. -.> 

1- f 122.C! 121.6 0.0 0.9S5 0.001) 179 5 1 0.5 : .._-,. : 

8- 9 125.2 124.6 0.0 C.995 0.000 179 6 e 0.6 : . : .---,

9 -10 128.7 125.1 0.0 C.995 0.000 180 5 E 0.4 I .---,


10-11 153.6 133.0 0.0 0.996 0.000 119 5 9 0.6 	 : *---> : 
ll-12 1311.3 133.1 o. a 0.996 0.000 119 5 9 .. o. 5 . ----.- :-._-- . ..._----_.--"..._- ._,'--.-' -_ ....-.. : -_._- ._-_._---...... ,. ._---_ ..--._---_. -_.. : 
12-13 136.1 13301 0.0 O. 9E 2 0.000 118 5 9 0.4 : : •----> .. 
13-14 135.4 133.0 0.0 G.9H 0.000 114 5 9 1.1 : s .----)1
14 -15 133.6 133.0 0.0 C.996 0.000 119 6 9 0.2 : · . .--_., . 

15-1 E 133.6 1H.O 0.0 0.9S6 0.0110 184 3 9 0.0 · : .----> 
16 -11 140.8 140.2 0.0 0.996 41.000 116 . 7 9 0.3 I : .----> 
U-te lit O. 7 140.1 0.0 0.996 0.000 181 6 10 0.6 : -.---->--.-_. -.-- ..----- ...----.~---- -- .. -- :-

lS-1S 143.0 0.0 0.996 0.000 189 6 : 	 :lit,. 4 	 10 0.4 .---->':;
19-20 144.e 142.4 0.0 O. te3 0.000 184 1 1Cl 0.5 : ••---> 
20-21 131.8 131.2 0.0 0.956 0.000 U8 6 9 l.l I : .---> 
21-22 136.1 136.1 o. I) 0.956 0.01)1) Utt 5 10 1.1 : : *--._> 
22-23 126.4 125.8 0.0 0.955 0.000 183 1 8 o. fi 1 : .-_.,.. :.: _..... _.. _.- .._-.. -....-	 -.--,. +-"" - .. __ •• - _._ ......_-_.. 23-24 99.9 99.3 0.0 0.954 0.000 160 5 E 0.4 	 : .. 

62 OCT 9 	 0- 1 16.9 lb.! o. I) 0.952 11.000 114 6 2 0.6 : : .,. 
,- 2 86.9 84.5 o. 0 C.912 0.000 158 8 3 c.s : I e-, 
2- 3 e2.7 t2.1 0.0 0.953 0.000 150 9 C! 0.7 I : .-> 

82.9 82.3 0.0 0.993 0.000 151 1 :5 0.5 	 't ..,3- " 	 .- : .It- 5 82.1 81.5 0.0 0.993 0.000 160 1 3 . 0.1 e-> ; 
5- E 83.0 a2.4 0.0 0.953 11.000 162 1 4 0.4 · : : --> 
6- )' 93.1 92.5 O. 0 0.954 0.000 167 1 5 0.6 : ...> 
, - e 109.0 lOt. ,. o. I) fl.9S4 0.000 164 7 Ii O.E : : .--> 
e - 9 130.0 lZ9.4 0.0 0.955 1),000 113 9 1 C 1.1 : : *-_•• >,-tc 	 •...._,.142.0 141.4 0.0 0.996 0.000 112 9 10 o.e : 	 : 

10-11 142.0 141. " Q.O 0.956 0.000 115 e -, 0.9 · , .. -.- ..•.........._. - .. -- ......._..•.. 
I 
 *---->

U-12 139.3 136.9 0.0 0.ge3 0.000 110 9 9 0•• · I e----> 
12-13 128.0 125.6 0.0 C.981 0.000 112 8 10 : 

~ 

1.0 	 .._--"
13-14 117.7 117.1 1).0 0.955 0.001l 119 5 10 1.0 : •._--> 
14-15 11 O. 7 110.1 o. 0 0.995 0.000 189 6 8 O.E .---)1
15-16 106.1 106.1 0.0 0.9»4 0.000 186 8 1 0.9 .--> : 

16 -17 lU5.1 104.5 0.1) 0.994 0.000 UO 9 e 1.2 · _. .---)J

17 ate 11 O. 0 109. I, O. C 0.9S5 0.000 183 12 e 0.1 : · ••••> : 

18 -19 122.1t 121.8 0." C.9S5 I) .0110 165 10 9 0.7 : *---,.

19 -20 124.1 124.1 1).0 0.995 0.000 111 6 9 o.e .---> 

20-21 11 O. 5 109.9 0.0 C.9S15 0.000 111 'I e 0.9 : *--".> I 

21-2, 110.2 109.6 O. I) 0.955 0.000 U4 7 e 2.1 .---> t 

22-23 111.8 111.2 0.0 0.995 0.000 175 6 7 O. e .---,. 
 t 
23-24 100.9 10C.3 0.0 0.994 0.000 169 'I E o. C! : 	 .--,. 



_., ..,'" .... '-.,~.~- --"~~'---'-'-----------"'-----'-~--'-----"-'-' .--,---~"-- ..-.----."~~--..-.-. ,._- .•.. _-_.-- --~ 

DUE TIME: A.tv_£A lURBN SPILL 11l.BU ~fUL DIRECTION VEltlCITY ' 

VA /ION CY SPU FlON fLOW fLOW J;lVEIC RIVER MUN SO MEHI SC 313 211 11 


•• __•••• _.____ • .e __ ._••• > ._-._. __..._.. ­
82 OCT 10 0- 1 89. \ 88.5 0.0 0.993 0.000 151 1 5 0.5 , .->1- ~ 17.5 76.9 0.0 0.9S2 0.01)0 155 7 " 0.3 : .->z- 3 ll.f. 75.4 1).0 0.969 0.000 147 13 'I 1.2 : ~ *---,

3- 4 17.4 7&.8 0.0 0.9S2 0.000 144 8 4 1.0 : .->
4- ~ 80. e 80., 0.0 0.993 0.000 166 e " G.7 : .-> ~ - _.._.. ----- ­5- E 85.6 8'.0 0.0 0.993 0.000 156 7 4- 0.5- : .->

&- 7 90.9 90.3 0.0 0.993 0.000 163 8 4 G.7 : -.->

1- e 99. e 99.2 0.0 0.994 0.000 160 10 5 0.1 : .->

8- 9 94.8 92.4 0.0 0.915 0.000 161 8 4 0.6 : 

9 -le 94.3 93.7 0.0 O.9S4 o.oon 143 9 3 o.e : *-> .->


10-11 100.0 97.& 0.0 0.916 0.000 137 9 7 1.0 	 : .-->
11-12 93.3 92.1 0.0 0.994 0.000 132 6 5 0.6 ..,_•...-_ .... __.. - .. " "_.__ .- _. : ._,.._.-- --..- e--> 
12-13 95.1 93.3 0.0 0.915 0.000 129 10 ! 1.G 	 : .--> :
13-14 94.1 93.5 1).11 0.994 0.000 140 9 6 1.2 	 : *--> 
14-15 91.0 9C.4 0.0 0.H3 0.000 131 5 7 1.0 	 : .--,
!S-lE 91.6 e9.2 0.0 0.974 0.0<)0 177 9 8 0.7 : : .--->
1&-17 92.1 91.5 0.0 0.993 0.000 111 8 , O.I! : *-->"-18 fe.l 0.0 0.993 0.000 158 11 5 - 0.7 : -.-- .~... .-->88.7 -- .... -.....- ,_ ... -"------- -.-.-.- ..- : . 
1&-ts 95.4 94.(j 0.0 0.994 O.GI1O 161 11 4 1.0 : : .-> t 
19 -20 117.8 111.2 0.0 0.995 0.000 161 9 e 1.0 s .---,. : 
20-2-1 -100.6 98.2 0.0 0.976 0.000 151 9 5 0.6 : I *-->
21-22 61.1 l6.S 0.0 G.953 O.clOO 142 4 5 o.e : I .-> : 
22-23 91. S 89.1 O. 0 0.914 0.000 142 1 5 o. e : : .--> : 
Z3-2~ 108.5 107.9 0.0 0.954 0.000 154 ., -'I 0.6 : ..-~ ---_. _. -- .-- •--> I-. 

t2 OCT 11 	 0- 1 61.6 81.0 0.0 0.993 0.000 146 6 5 0.6 : I *--)
1- 2 84.9 84.3 0.0 0.9';3 0.000 139 6 5 0.5 : : :.-~> 
2- ~ 85.4 fZ.9 0.0 0.911 0.000 139 5 5 0.4 : I .-> : 

is l.1 a2.5 0.0 0.993 0.000 143 5 5 0.4 : :3- " 	 ,. .-> : 
ft- 5 85.7 85.2 0.0 0.994 0.000 143 e 0.6 I I 	 :
S- E fif.! '8e .2 0.0 0.993 0.000 141 fl " o.e : 	 I *->.->
6- 7 121.1 120.5 0.0 0.955 0.000 154 6 8 0.6 : 	 : .--->
1- E 126.9 126.3 0.0 0.955 0.000 168 e e O.E : , 	 I .-_., : 
&- 9 126.3 125.1 0.0 0.955 0.000 164 8 1 O.E 	 : *---> 
9 -10 138.4 131.8 0.0 0.996 0.000 156 11 9 1.0 	 : .._." : 

10 -II 156.9 156.3 o. a 0.996 0.000 150 9 10 . 0.6 	 : .----> : 
U-12 156.9 156.3 0.0 0.996 0.000 156 10 9 1.0 I .----> : 
12 -13 135.2 134.6 0.0 0.996 0.000 tit 9 9 1 O.E I .--> : 
U-14 131.5 130.6 0.0 0.995 11.000 14e 6 I! 0.6 : .---, : 
14-15 142.0 141.4 0.0 0.996 0.000 144 1 9 I.e : .-._., : 
15-1 E 142.5 !til. 5' 0.0 0.9S6 o.ono 155 9 9 O.E : .---> I 
1& -11 126.4 124.0 0.0 O.9f! 0.000 152 7 1.4 .11 	 I *-->
\1-U 133.6 133.0 o. a 0.996 0.000 148 8 9 0.7 	 : .---->
1&-1 S 131.3 130.1 0.0 0.9li5 0.0 fJO 153 e 9 0.9 : .----> : 
19-Z0 138.7 138.1 0.0 0.9li6 0.000 171 9 e o.e .---". : 
ZO-21 U4.3 13.5.1 0.0 0.996 0.000 116 6 e O. E : .---.> : 
21-22 122.2 121.6 0.0 0.995 0.000 5 7 0.417fl 	 .--.)
22-23 U8.4 116.0 0.0 0.geo 0.000 180 5 1 0.5 : .--> 
23-24 110.5 109.9 0.0 0.995 o.ono 169 5 E O.E : .--> 



DATE TIME RI VER TURBN SPILL lllllU .sfUL. DIRECTION VElCCITY 
y~ ,.ON Dr Sf API FLOW FLOW FLO W RIVER I< IVEfc MEAN so MEAN so 313 213 11 

82 DC 1 12 	 0- 1 10B.7 106.3 c. a C.918 0.000 164 6 0.5 .--> 
1 - C 106.1 105.5 0.0 0.994 0.01)0 16. 

., ., S 0.7 .--> 
Z - 3 110. (, 106.2 tJ. 0 O.91e 0.000 146 5 6 0.1 ~ ....-> 
3- 4 109. " 10B.8 0.0 0.955 0.000 liO I:! 5 0.7 : .-.> 
4- ~ 11 O. 6 110.0 0.0 0.995 ().OOO 157 5 7 0.7 : ... -> 

______ • 0". ~.____,~ ____ ,, ___ .,___••__ .,.,,__5- 6 104.8 102.4 0.0 C.917 0.000 150 , 7 1.0 	 - I -.- ,--- -. - .--> 
6- ., 123.2 122.6 O. a 0.995 0.000 152 7 9 0.7 : .---> 
7- E 121.2 120.6 0.0 0.995 0.000 145 6 7 0.7 : *--,
B- S 123.0 120.6 0.0 0.geo 0.000 149 8 7 1.0 : 'I •• " 
1-lC 112.6 112. C 0.0 0.995 0.01)0 149 9 S 0,.7 .-> 

10 -11 116.8 116.2 0.0 0.995 0.000 156 9 6 0.5 : .--> 
11-12 133.3 132.7 o. 0 0.995 0.000 Ilt8 10 - 6 c. e : .--> : 
12 -I! 133.3 232 • ., 0.0 0.995 I) .001) lItO 5 E O.E : : .--> 
13-14 126.4 125.8 i). 0 0.995 0.000 154 10 7 0.8 : .--> 
14 -1S 126.4 125.8 0.0 C.995 0.000 151 'I e 0.9 : 1 *---)
15-lE 121.4 119.0 0.0 0.9E a 0.000 143 e 7 O.E : ... --> 
16-11 119.8 119.2 O. 0 0.955 0.000 143 9 7' 0.7 .---)
U -If 132.6 132.0 0.0 0.9!;'; 0.000 1ft 7 10 O.t .__.*---->.---- ------ - -- ~---.--,~- " 


1I:-1S 129.2 128.6 1).0 O.9S5 0.000 9 (i :
172 1.1 *-~-> 
19 -20 131.0 128.6 0.0 0.962 0.000 164 a 8 0.6 : ft---) 

20 -21 127.3 126.1 0.0 0.995 \).000 166 6 l! O.S : .---> 
21-22 119.1 Itt .5 0.0 0.9S5 0.000 110 6 7 O.l! .---> 
22-23 117.8 111.2 0.0 0.995 0.000 162 8 1 O.t : *--> 
23-24 96. I! 96.2 0.0 0.994 0.000 157 5 5 0.1 : : .--> 

fZ OC T 13 	 0- 1 102.1 101.5 O. 0 0.994 0.000 165 8 4 0.6 : .-> 
1- 2 100. e 100.2 o. 0 0.994 0.000 149 5 ~ 0.4 : .->
2- 3 leU.3 100.7 0.0 0.994 II.OOt) 157 7 6 0.5 .--> 
3- 4 104. (, 104.0 o. 0 0.994 0.000 14B 5 6 0.3 .--> : 
,,- 5 112.2 10~1.8 /). 0 0.919 0.0/)0 155 7 E 0.1 : : *--> : 
5 - 6 122.6 122.0 I'). I) 0.995 4>.0"0 154 8 7 0.9 : .--> 
6 - 7 135.5 134.9 0.0 0.H6 0.000 151 6 8 0.6 : •. _-> 
.,- E 14!.3 1 "2.1 0.0 0.H6 0.001) 167 10 10 0.7 : fr----> 
fI- 9 151!.6 156.2 0.0 0.9f!5 0.000 177 8 11 0.7 	 .-----,.
It -10 141.2 138.8 o. a O. 91! 3 0.000 184 1 9 o.c : .---->

10-11 145.8 145.2 0.0 0.996 c).000 153 10 9 1.0 : .---> 
11 -12 14,4.13 144.2 o. a 0.996 O. 000 171 9 I! 0.1 .---> : 
12 -13 145.0 1410.4 0.0 0.956 O. coo 156 e e O.E *-_.> 
13-14 144.t' 144.4 /).0 0.991 () .Ol)\) 152 7 10 0.1 : *---- >
14 -15 144.7 144.1 o. a C.H6 0.000 15B 9 11 0.6 : •••••> : 
15-1E 140.4 139. e 0.0 0.996 0.000 176 9 12 0.9 : : .-----> 
1&-17 130.2 129.& 0.0 0.995 0.000 170 11 11 1.0 I .----> 
U -If 115.3 114.7 0.0 C.H5 0.000 1&13 11 8 o. e : : *---> 
1I:-H 116. e 114. " 0.0 0.919 o.GOO 1&7 13 e 1.0 .---,
1lI-20 U7.3 114.9 O. 0 c. ge 0 0.000 175 10 7 0.9 •• _-> 
20-21 111. " 115.C 0.0 O.HO 0.000 171 12 e 1.1 *---> 
21-22 U5.5 114.9 0.0 0.995 0.1) 00 183 9 7 1).9 .--> 
22-23 114.1 11 J. 5 O. 0 0.995 0.000 155 7 7 0.6 	 : .._.,. : 
23-24 94.6 ~2.2 O. I) 0.97 5 0.000 170 5 7 0.7 	 : .--> 



- - - ---

_. ~,.... _ •.___ • __~_'__·R.__ ._____ •___•______._•. __._.____•__________..__~ .___~_____•• __ ""_.,._ ..._ •.•._ .•••_ ......~~. 

DAtE TIME Al VER IURBN SPILL 	 DIRECTION VELCCITYl!lBJlIi .sfll.L 
YR flON OY 	 SPAt< now FLOW FLOW RIVER RIVER ItEAN SD MtU SD 313 213 115 

62 DC T 14 	 0- 1 95.7 95.1 0.0 0.994 0.000 160 6 5 0.4 : : .-> : 
1- 2 99.7 99.1 /).0 0.994 0.000 170 7 6 0.5 	 :• *-->
2 - 3 101.1 100.5 O. 0 0.994 0.000 155 5 6 - O. C .. : : tr--> : 
3- 4 102.6 102.0 0.0 0.994 0.000 161 1 5 O. E : : *--> :
4- 5 101.1 100.5 0.0 0.994 0.000 163 7 6 0.2 	 : *--.> : 
5- 6 109. S 109.2 0.0 0.995 0.000 166 1 6 0.5 . : -- ._--_ ... _---- .._- --_.._. -_..._. "--- , .._,. :6- ., 	 *-->125.4 124.8 0.0 0.995 O.OOD 157 7 6 0.6 : 	 : 

141.6 145.2 0.0 0.914 0.000 151 1 " 0.5 : 	 ,
7 - " 	 *--->
8- 9 IH.8 141.2 O. 0 0.996 0.000 154 8 9 0.5 	 : *---)0
~-1G 144. I! 1"".2 0.0 0.9S6 0.000 164 E 10 0.5 : 	 : .---->10-11 150.1! 150.2 1').0 0.996 ~.OOO 118 7 10 0.6 : : .----> 

11-12 150. B 150.2 o. a 0.996 0.000 175 6 to 0.6 : : .---->12-1! 150. e 150.2 0.0 0.9S6 0.000 178 6 10 0.4 : : it---->
13-14 148.1 140.3 0.0 0.91:4 0.000 157 9 9 0.7 : .----> 
14 -15 titS. 6 145. C 0.0 «:.996 0.000 152 9 10 0.8 : .---- )
IS-IE 147.Q 146.4 0.0 0.9S6 0.000 :149 8 11 0.4 	 .----.>16-11 146.2 145.6 0.0 0.9S6 0.000 157 1 9 O.E : .----)0
U-1I! 1416.2 145.6 0.0 0.996 0.000 171 10 11- 1.0 .-- -" : --- *----.) : 
1&-19 141.9 147.3 il.O 0.996 0.000 169 8 10 0.6 : .---->
U-20 tlt8. 0 147.4 0.0 0.996 0.000 163 10 9 1.7 : I.---->20-21 15~. 3 141.9 0.0 0.91: 4 0.000 113 10 10 0.6 .----.> : 
21 -22 144.15 144.2 0.0 0.996 0.000 168 10 9 0.1 : I*--->
22-23 1H.6 145.2 0.0 (l.9e1! 0.000 li3 9 9 (l.6 : : .----> 
23-24 116.6 116.0 0.0 c. 99 5 0.000 165 9 e 0.9 :. "- I :-~--. *---> 

I 

82 DC T 15 	 0- 1 10Z.0 101.4 0.0 C.994 0.000 165 1 6 0.5 I .--> : 
1- 2 112.3 111.7 0.0 0.995 0.000 153 6 E 0.4 : .--> t 
Z- 3 10E.l 101.5 0.0 0.994 0.000 150 5 6 0.1 *-->
3- 4 89.5 88.9 0.0 0.993 0.000 148 6 4 0.5 e-> I 
~ - ~ 511.1 SO.5 0.0 0.993 0.000 154 6 - - 4 0.7 ""'1-'" .-> :
5- 6 10e.3 105.9 0.0 0.918 1).000 155 1 5 0.6 .-> I
&- 7 111.0 130.4 C.O 0.955 0.000 153 8 7 0.6 .--> : 
1- E H1.6 141.0 0.0 0.996 0.000 154 e 9 0.9 .--.,. : 
e - 9 141.6 141.0 o. 0 0.996 0.000 154 9 9 o. , .---- ,
~-1O 14 3.5 HZ.9 0.0 0.996 0.000 154 12 9 1.2 :.---> .... --. _._----_ ... _­

11-12 140.7 140.1 0.0 0.996 0.000 160 8 10 0.7 , 
10-11 140.7 140.1 0.0 0.996 0.000 161 10 9~ 0.9 	 .---.> :.----> : 
12 -13 lIt5.5 144.9 0.0 0.996 0.000 156 Il 10 0.7 : :.---~>13 -14 156.1 155.5 0.0 0.996 161)".000 9 9 o.e : 	 .----> : 
14 -15 160.2 151.8 O. 0 «:. 51/! 5 0.000 160 9 9 C.l .----> :
IS-IE 154.0 153 ... 0.0 o. !ISO 0.000 159 9 10 1.0 : .-._.. " : 
10-11 1H.3 152.1 0.0 0.996 0.000 161 10 1C 1.1 : .----> :" - ~ -.- .- -~.-

u-u 1&7.2 H4.S 0.0 0.9H 0.000 l&Z 9 11 1.2 
.. 	

.---->
IS-IS 167.2 166.6 1).0 0.956 0.01)0 160 11 10 1.6 .---->
19 -ZO 166.6 166.0 0.0 0.956 0.000 158 11 lC o.e *----> : 
20-21 155.0 154.4 0.0 0.996 0.000 155 10 9 1.2 a----' : 
21-22 1415.4 141.t 0.0 0.996 0.000 IS/! 9 9 1.2 ----> 	 : 
Z2-23 136.3 135.7 0.0 0.996 0.000 159 11 1 0.9 	 :... --->23-24 U/!.4 116.0 0.0 0.9(:0 0.000 149 12 E 0.7 : 	 .--)0 : 



DArE fJME HI VEH JURBN SPILL ~elLL DIRECTION 'lElCCl TYIU1illi
YII liON CY SPAN flaW FLQIj flO W II lYE klVER "EAN so "(Ali SD 313 213 it 

82 ocr 16 0- 1 11 9.5 III .1 0.0 0.9E 0 0.000 145 8 6 I I0.' .--"1- i 104.7 14... 1 0.0 O.9S" 0.000 lSI! 9 " 0.9 : I .-)
z- ] 98. ] 97.1 0.0 0.99" 0.000 155 ., ] O.E , .-,

1/5.\ 9".5 0.0 0.994 0.001t \51 7 " 0.5 : .-)3- " 
4 - 5 98.8 ge.z 0.0 0.95" 0.000 161 11 5 0.6 .--) 

~5- 6 91.5 96.9 0.0 0.994 0.000 156 7 5 o 0; .. I ... ,.,- -. 
6- 7 96.1 95.5 0.0 0.954 0.000 165 14 5 J..o.- .-)
1- II 91.5 9&.9 0.0 0.954 0.000 159 11 5 1.0 , .--,.

8- 9 107.7 101.1 0.0 0.954 0.000 169 11 6 O. f! : .--> 

9-10 121.9 121.3 11.0 0.9S5 0.1)00 166 12 7 0.1 .---> 


10-11 ll3.5 12Z. \I 0.0 C.995 o.oou t 56 10 6 0.8 *--,.

11-12 12]. Z 122.6 0.0 0.995 0.000 156 10 7 0.6 : .---> 

12 -13 12Z.9 1Z2.3 0.0 0.995 0.000 161 13 e 1.0 I *---> 

13-14 122.2 121.6 0.0 0.9515 0.000 153 11 1 1.3 •••-> 

1,. -1!l 112.1 111.5 o. a O.9S5 0.000 161 12 7 1.0 : . .--) :
.,15-16 112. & 110.2 0.0 0.979 0.000 1&2 13 o. e : .--> 
16-17 120.9 118.5 0.0 0.9I! 0 0.000 112 11 7 o.e : : .--> 

........ ...- ~ -,." ..-.~.-,
~ -~--ll-U 121.0 120.4 It. 0 0.955 0.000 168 11 e 0.9 a . a .---> : 
18-19 129.5 128.9 0.0 G.HS 0.000 179 8 9 1.1 .---~> 
19 -ZD 137.8 1]1.2 0.0 0.996 0.000 166 12 9 0.9 : .._." 
ZO-21 133.1. 13Z.5 0.0 0.9S5 D.OOO 184 11 e 1.0 .---> 
21-22 IH. e 131.4 0.0 0.ge2 0.000 182 6 e 0.1 : J .._-,. 
2Z-23 lZ2.7 122.1 0.0 Cl.9S5 0.000 111 10 a 1. ! : 

-: 
: 

. 
* --->­--_.__. _. "._.ZS-24 118.3 111.1 0.0 41.995 0.000 U5 11 ····e 1.0 : -_. .---,. 

82 eeT 11 0- 1 115.6 115.0 0.0 C.995 0.000 160 11 1 1.3 : : *---> 
1- 2 100.5 SS.9 1).0 0.994 0.000 172 13 E 1.1 : : .._-,. 
2- 3 97.a 97.2 0.0 0.994 0.000 175 13 1 1.0 .- ... -> 
3- 4 91.2 96.6 0.0 0.994 0.000 192 8 1 0.6 : .---)1

. : ..._.......-.......... -. -_......_.. . ..•..._.. : .
4- 5 98.2 91.6 0.994 0.000 U!] 8 , .... 1.0 .._.,
O. " .,5- 6 100.3 99.1 0.0 0.99" 0.000 190 9 0.1 : : .--"

6- 1 102.2 99.8 0.0 0.971 0.000 lle 10 7 O.e : : .--> 
1- e 100.0 99.4 O • ., 0.9S4 0.000 171 9 5 1.0 : : *->' 
8· S 105.1 104.5 0.0 0.994 0.000 191 9 6 0.1 : : ••_)1 

9 -U 132.0 Ul.4 0.0 0.995 0.000 177 13 9 O.t : : .----> .. ,--.-~.-.-.-10-11 132.8 ll2.2 o. a 1l.995 0.000 180 12 8 0.9 : .... : .- _... ,. 
11-12 131.2 130.6 0.0 C.995 0.000 185 8 8 0.7 : .---> 
lZ-1! 130.9 130.3 f). 0 O.HS U!6 e e : : .---,.0.000 1.2 
13-14 129.3 lUs.1 0.0 0.995 0.000 182 10 8 0.9 .---> 
lot-IS ll1.2 12e.e 0.0 C. 91! 2 0.000 184 8 8 0.1 : .-.-,.
15-U 129.5 128.9 o. a 0.995 0.000 161 1 9 0.9 : a .---> 

I . . : .----,._ 
: 

16-11 129.3 128.1 0.0 0.995 0.000 183 1 10 1.4 .... 

11-1& 130.9 130.3 0.0 0.995 0.000 189 1. ! : :., 9 .-._-> 
\e -15 1l2.9 13Z.3 0.0 0.9S5 0.01)0 1114 7 9 0.1 : : .-._,. 

1IJ - 20 133.0 13Z.4 0.0 D.H5 0.000 196 8 9 1.1 : : .---> 

ZO -ZI 135.1 132.7 0.0 G.H2 0.000 183 e 9 o.e : : .---,.

21-22 133.0 132.4 0.0 0.9S5 0.000 167 6 e 0.1 : : .---> 

2Z-23 lSZ.] Ill. 1 0.0 C.995 0.000 191 8 9 0.9 : : .-••> : 

23-Z" 121.9 121.3 o. a G.9S5 0.000 19] 8 9 o.e , : .---.. ,. I 




--.. .-----. -.~~,,--...--~~-...-.-.-,-----. ". -..-.- -- _.. -,- --"-" .... --,,--, ~.-~.-.,,,-

DATE JIME RI VER TURBN SPIll l.uU~ ,Sf11.L DIRECTION YELCCITY 
YR "ON DY SPAll flOW FLOW HOW f;IVEP ~IVER MEAN SD ME: .u SD 313 213 1 

82 OCT 18 0- 1 11 3. 9 1 t 3.3 0.0 0.995 0.000 189 7 e 0.5 : .--->1- ;: 90.9 fe.5 0.0 0.914 o.ono ue 10 E 0.5 t *--> 
Z - 3 90.0 ell.4 0.0 o. 9S 3 0.000 189 6 6 o. E .--> 
3- It :t 3.5 92.9 c.o 0.99 It 0.000 193 6 5 0.6 : .-->
4- 5 9 e. e 96.2 0.0 0.994 0.000 189 l 5 0.6 I .-->
5- 6 118.7 118.1 0.0 0.9 S 5 o. 000 167 7 _. 0.7 : I .--> 
I) - 7 159.0 0.0 CI.ges 0.000 117 7 10 0.7 : 
1- e 

161. " " .---->lee.1! lfe .2 0.0 G.9H 0.000 119 8 13 1.2 : : .------> 
8 - \I 117.9 171.3 0.0 0.9H 0.000 191 -10 14 1.0 : .-_....> 
9-10 1&6.7 166.1 0.0 0.9S6 0.00;) 165 9 13 0.7 : .------> 

10 -11 1&5.0 164.4 0.0 0.9S6 0.0 00 161 1 12 0.5 .----->
11-12 148.5 141.9 0.0 O.H6 0.000 5 Ie : .. .._--,187 o. " 
12-1~ 148. ,. 146.0 0.1) O.9flo C). oIll) It1 4 e 12 o.e : .----->
13-14 147.7 141.1 o. 0 0.9~6 0.000 190 7 11 0.6 : *--._-> 
14 -15 148.1 148.1 0.0 0.996 0.01)0 192 10 11 o.e : : *----->15-16 148.2 147.6 0.0 0.996 0.0(1) 192 11 12 1.0 : .----->
1&-11 14 8.1 147.5 o. 0 0.956 0.000 188 8 12 J..l .._---, : 
U -If 149.3 lite .1 0.0 1).956 0.000 117 9 1.0 .. : .-----.>12 : 

18-19 155.3 154.1 0.0 0.996 0.000 1&5 e 11 1.5 : 
 .----->
1:1-20 155.8 155.2 0.0 0.956 0.000 110 9 12 0.1l : .----->
2D - 21 154.7 15".1 G.O 0.956 0.000 101 11 12 1.2 *- - ••-> 
21-22 154.6 154.0 0.0 0.956 0.000 169 9 : * 13 1.2 : .. ------>
22-23 153.8 153.2 0.0 O.H6 0.000 158 12 13 1.3 : *-----)
21-26 152. " 151.e 0.0 0.996 0.1100 106 9 -12 .- 1.3 - 1--·-' .-----> 

82 OCT 19 0- 1 153. '} 151.5 o. 0 O. 91! 4 0.000 161 10 12 1.0 .-_ ...". 
1- 2 U8.0 131 .It o. a 0.9;6 I) .000 117 e 11 1.0 : : .----> 
Z - 3 134.7 134.1 O. I) 0.996 0.0 Ill) 1&4 9 10 0.9 : .----> 
.3 - It 137. ~ 137.3 o. 0 0.996 0.000 162 10 9 0.1 : 1 .--->
4- ~ 149.2 14l!.6 0.0 0.996 0.000 160 10 9 G.4 : -----~~.. , 
5- 6 

: *---.. ,.
157.7 157.1 0.0 0.996 0.000 158 6 9 1.1 : .----". 

ft- 1 187.3 166.6 0.0 0.996 0.000 1 :169 13 1.1 : .--- --->
1- f 209.5 20e.9 0.0 0.H1 0.000 173 10 16 0.9 : .---- ---> 
d- S 194.7 194.1 0.0 0.997 0.000 1&8 10 14 0.5 *----._"
9 -IC 1&2.10 161.8 I). I) 0.9;6 0.000 180 7 11 o.e : *---->U-11 154.3 151.9 o. 0 0.9f1t 0.000 114 5 II 0.4 1- .--->

11-12 145.6 145.0 O. 0 0.996 O. 000 liS 5 11 003 : .---->
12 -I:! 1101.2 146.6 0.0 0.9S6 0.000 lb9 8 10 G.~ : e----> 
1.S-14 159.3 Uf.1 0.0 0.996 0.000 179 9 11 1.1 *----- > 
110 -1~ 157. " 13&.8 0.0 0.956 0.000 162 6 11 I.e : .----->
15 -lE 140. " 139.e 0.0 0.95& O.1l 00 U3 9 12 0.1 *-----> 
1& -17 1&8.0 167.4 O. 0 O.9~6 O. 000 188 11 15 1.2 . : .------->ll-LE 11 0.1 170.1 0.0 0.996 0.0 00 161 9 14 1.4 •. _----> 
16 -1 S 111. ~ 170.7 0.0 0.956 1l.0OIl le5 10 13 o.e .------>1:1-20 1&8.8 168.2 O. 0 0.996 0.000 119 5 11 1.3 *----> 
20-21 1&8. & 168.0 0.0 0.996 0.000 1&0 1 1lI 0.9 •••--> 
21-22 167.9 161.3 0.0 0.956 C).OOO 117 1 11 0.7 *----> 
22 -23 153.5 152.9 O. 0 0.996 0.000 1&5 I! 9 O.~ .----.>
23 -24 llt1.1 141.1 0.0 0.996 0.000 111! 7 e 0.4 : .---> 



DATE TIME Rl VER lURBN SPILL lUllJl1:! ,Sfll.L DIRECTION V£LCClTY 
TIC !'ON CY 	 SPlit. FLOW flOW flOW RIVER ~IVER MEAN SO MEU SO 313 213 1) 

82 eCT 20 	 0- 1 139.9 139.3 O. 0 0.996 0.000 151 8 e 0.1 : ••--> 
1 - 2 lze.3 121.7 O.Q 0.955 0.000 145 9 1 0.5 : J .--> 
Z - 3 lZ6.5 125.9 fl. a 0.995 0.000 141 11 1 1.1 : *--,
3- 4 1Z9. 5 128.9 0.0 0.995 0.000 157 11 7 1.1 .--> 
4- ~ 12~. 6 124.0 0.0 0.995 1).000 141 11 7 I.Z : .-->
5 - 6 139.1 138.5 0.0 0.996 0.000 1 SIt e 8 O. E - - - ... -------.---.-- .... -.- 1-·--- .---> 
6 - 7 156.Z 0.0 0.996 0.000 153 9 10 0.1 .----,156.8 
1- E 167.3 166.7 0.0 0.9'16 0.000 151 12 11 1.2 : : .---_., 
8- 9 1&9.1 169.1 0.0 0.996 O. 000 141 9 11 1.1 	 .._._.,: 
~ -u 146. & 146.0 0.0 0.956 G.oot) 148 7 ! 1.4 : : .---,

1()-11 14 0.4 139.~ 0.0 0.996 0.1l00 145 7 1 1.1 : : .---> 
11-12 133.9 133.3 0.0 0.996 0.000 159 9 e 0.1 : .. -'-"- : -- ••• _>- '~--'-

12-1 ~ 131.1 135.3 /).0 O.ge3 0.000 145 8 e : : 

13-14 1ItS.4 H3.1) 0.0 0.983 0.000 146 9 a 0.9 : : .---> 

1,. -15 139.4 138.8 c.o C.9$6 0.000 153 11 1C 0.9 : : *----> 

15-16 H6.4 144.0 0.0 0.9E4 O.COO 160 II) 10 0.1 : : *----> 

16 - 11 149. Z 148.6 0.0 0.956 0.000 169 9 9 0.4 .----,

11 -II! 1&3.7 163.1 o. I) 0.996 0.01)0 191 7 12 1.G - : . +-_ ... "..--~----'-". -- -- -" :-.---- --- .-----" 


1.1 	 *---> 

. 

le -19 118.5 117.9 n. I) 0.991 0.000 191 9 14 0.7 : : 
 .--.--~> 
1'1-20 118. Z 175.8 O. 0 O.9H 0.000 199 9 14 1.1 : .------,.
20·21 HI!.S HZ. !i 1).0 O.9S1 G.O!)!) HI! 7 1! 1.0 : .------>
Z1 -Z2 168.1 IGe .1 o. 0 0.9 !i6 0.000 186 6 11 0.7 : .----> 
22 -23 142.4 141.8 0.0 0.996 0.000 182 6 8 0.6 : 	 *,_. .---> 
23-2. 121!.9 lze.3 0.0 0.995 0.000 166 6 .. ., ·0.3 : 	 .---> 

82 DC T 21 	 0- 1 124.0 123.4 O. I) 0.9'15 0.000 110 8 "I O.E : .--> 
1- 2 111.0 116.4 0.0 0.995 0.000 161 4 7 O.E : .--> 
2 - 3 111.7 111.1 1).0 0.955 0.000 III 1 6 o.~ 	 : .--,
3 - 4 109.0 108.4 o. 0 0.9S4 0.000 149 ., 4 o. e : .-> 
,. - 5 tl2.3 111.1 0.0 0.995 0.000 154 1 5 0.1 : : ",-)0­

5 - 6 U9.1 1Zt.5 0.0 0.995 0.000 155 9 1 0.6 : : .--> 
6- 1 147.6 141.0 0.0 0.996 0.000 161 1 8 0.6 : : *-_., 
1- f 170.0 1).0 o. Slt6 0.000 153 1 10 o.~ : 	 :112. " 	 .----> e - 9 111!.1 177 .5 0.0 0.997 0.000 117 7 12 O.! . ----- >
9 -10 166.7 166.1 0.0 C.996 0.000 169 6 10 0.4 : 	 : .---- > 

10 -11 153.9 153.3 41.0 0.996 0.000 170 8 10 0.5 : : .---->
11-12 153.1 153.1 O. 0 0.996 0.000 169 9 9 1.7 : .----,
12-13 1,.6.6 146.0 0.0 0.996 0.000 167 7 e 0.2 : ..... _> 
13-14 14£.1 145.1 0.0 o. 9~" I) • 0 110 159 8 1 1.0 : : .--> 
1" -15 141.1 140.5 0.0 0.996 0.000 158 1 l! 0.4 : : .---> 
15-1£ 140.2 139.6 0.0 0.996 0.000 183 7 9 0.5 : : .--->1i1-11 143.5 142.9 0.0 0.996 0.000 183 1 9 0.6 : .---> 
11 -18 lit 8.5 141.9 0.0 0.996 0.000 18t 6 10 0.5 : .----> 
1e -is 152.3 151.1 o. IJ 0.996 0.000 185 6 10 0.6 : e----> 
11-20 152.2 151.6 O. 0 0.996 0.000 119 1 9 0.6 .----> 
20 -21 152.0 14'1.6 0.0 o. H4 0.000 18 t e 10 o.e : .----)
21-Z2 lit 7. ~ 147.2 0.0 0.996 0.001) 119 8 9 1.1 .--->ZZ-Z3 lit 4.5 143.9 0.0 0.996 0.000 U9 6 1 0.6 : ...., 
23-24 11e.7 1H.l 0.0 0.955 0.000 185 5 E 0.5 : : .--> 



....-~.-~ ""_.- ..-.. --.- ...... -_..- ...._---._--_._-------_ ..__ ...-.~- ""--'- ",-- ._..-. "'~ ....._---- ­

DATE rIME RI VER TUriBN SPILL lll11U ~fll.1. DIRECTION vnCClTY 
Yfi lDN or SPM~ flOW flOW flOW rnVEIi RIVER MEAN SO -"EUt sc 313 211 1 . 

I 

a2 eeT 2Z 0- 1 94.5 S3.9 0.0 0.994 0.000 113 8 4 0.6 : : *->
1- 2 92. ! 91.7 I). I) 0.953 0.000 1&9 1 " 0.6 : : .->
2- 3 84.8 84.2 o. a 0.993 0.000 163 8 3 0.2 : .->
3- 4 89.9 89. :5 0.0 C.9S3 0.000 161 7 3 1.0 : : .->
4- 5 92.3 91.7 0.0 Cl.993 0.01)0 159 5 4 0.3 : .-l' 
5- 6 105.3 104.1 0.0 C.9S4 0.000 116 6 5 0.1 - : ... I .--~
6- 1 hl.7 141.1 0.0 0.9;6 0.000 160 5 e 0.3 I : .--->
1- ! 152.e 15Z.2 0.0 0.996 0.000 U!2 6 9 0.6 : : .---,
8- 9 158.3 151.7 o. a 0.996 0.000 183 6 11 1. C ..----,..
9-10 159.8 151.4 0.0 Cl.9E5 0.000 166 1 10 0.1 : .---->

10-11 149. " lit!! .8 0.0 0.9S6 0.000 161 8 9 0.7 : : e---->
11-12 153.1 152.5 0.0 0.996 0.000 UO 8 10 0.1 : . _... ".- ..__ ..._.._..._-_ ..•-- -.•.. --- ..,-- : ,.----,
12-t! 141.2 140.6 0.0 0.956 0.000 154 10 e O.t : : .-~->
13-14 13Z.5 131.9 O. a 0.995 0.000 158 8 8 1.0 : I .---> 
14 -15 127.4 126.& c.c C.995 0.000 158 11 e 0.£ .. : .--->
15-U 134.2 133.1 0.0 0.996 0.000 160 10 8 0.9 : I .---> 
16-17 131.2 130.6 o. a c.n5 0.000 162 9 e 1.1 .---> 

... -.: ....- _...._._.li-U 190. a 189.4 0.0 0.9H 0.000 112 8 ·14··0.E : ..-_._--,
111-19 151.9 153.3 0.0 0.996 0.000 114 7 11 0.5 : .----~..__ .,.U-ZO 1tt 3. 3 140.9 O. 0 C. 9E 3 0.000 180 5 10 0.5 I : 

20-U 123.5 122.9 0.0 0.995 0.01)0 lel 1 9 0.£ I : 
 .---->
21-22 118.1.1 111.4 O. 0 C.995 0.000 186 5 1 0.5 : : .---> 
22-23 106.1 105.5 0.0 0.994 0.000 181 6 6 0.6 : I .--> 
U-24 &3.8 e3.2 0.0 0.993 182 -" 4 0.6 : "'---'~--' -.: .. '.-> ...0.000 4' 

82 OCT 23 0- t 88.2 81.6 o. a 0.993 0.000 182 6 4 0.6 : : .->
1- l :i/O. 5 89.9 0.0 O.9S3 0.000 118 6 4 o.s : : e->z- ! 90.1 e9.5 0.0 0.9B 0.000 177 6 4 0.6 : .->
3- 4 90.2 81.6 0.0 C.993 0.000 115 5 4 0.7 : .-> 
.- 5 iO.3 e9.1 0.0 0.993 0.000 178 '1 5 0.1 : . -"i e-l' 
5- 6 90.1 90.1 0.0 0.993 0.000 176 9 5 1.3 : ---»6- 7 93.6 91.2 0.0 0.914 0.000 180 7 4 0.6 : .-> 
7 - E 112.5 lU.S 0.0 0.9S5 0.000 185 6 6 O.E : ••-> 
e- \I 119. e 119.2 0.0 C.995 0.000 180 6 £ 0.6 : .--> 
9 -1C 115.3 ll1t.1 0.0 C.996 0.000 181 6 9 O. e : ••••-> 

10-11 U8.3 131.7 0.0 0.9S6 0.000 1110 6 9 0.5 : *---->
11-12 130.6 130.0 0.0 0.995 0.000 119 5 9 0.5 *---')
12-13 11 O. 5 109.9 0.0 0.H5 0.1)00 181 5 E 0.6 : .--:> 
13-14 99.3 96.9 1).0 0.916 0.000 17f 4 6 0.0 .-->
lit -15 97.6 91. a O. 0 0.IIS4 0.000 186 5 6 0•• I .--> 
15-U 91.1 92.5 0.0 o. SS4 0.000 181 6 6 0.6 .. -->
16-11 99.1) 98.4 /). a 0.994 0.000 115 6 6 0.5 .-->
11-lI! 103.1 102.1 0.0 0.9S6 o.oco 169 1 5 0.6 : .-->
le-lS 109.2 10t.6 It. 0 1).IIS5 0.001) 180 5 6 0.4 .--> 
Ii -ZO 105.9 105.3 O. 0 C.9S4 0.000 112 10 5 0.1 *--)1
20 -21 100.9 100.3 o. a 0.974 0.000 te2 4 5 0.6 : *--,.
21-22 97.1 9&.5 0.0 0.994 0.000 les 5 s 0.6 .--> 
2Z-Zl 91. e 91.2 o. a 0.994 0.000 160 1 5 0.6 : : .--)l
23-Z4 90.0 89.4 0.0 0.993 0.000 160 6 .. 0.2 : I e-> 



DATE TIME RIVER IURBN 5PIL l lUlHHi ,SflJ.1. DIREC TlON VE.lOCI T\' 
Y/i !'ON OY SPAN FLOW flO Ii I flO Ii .. HER RIVER MEAN 50 HEH SO 3U 213 1, 

82 OC T 2lt 	 0- 1 94.8 92.4 0.0 0.915 0.000 155 7 5 0.0 : It-:' 
1- ( 83.1 eZ.5 O. I) D.9S3 0.001) 130 1 3 0.5 : : It-> 
2- 3 81.6 81.0 o. a 0.953 0.000 138 9 3 0.7 : : .) 
j- 4 83.1 80.1 0.0 0.9 it O.OltO 144 e ! O.E : : It> ,.4- '3 &1. I) t!l.o 11.0 0.9<13 0.0110 139 2 0.6 	 : *> 

... - ...-. "_._ ...-,.. ~5- 6 82.1 82.1 0.0 0.993 0.000 145 Ii 2 0.5 : - *> ~-------

6- '1 eE. 2 el.6 0.0 0.97 2 0.001) 143 5 " o.s : .-> 
1- e 83.6 Bl.O 0.0 0.9<13 0.000 14-\ 8 3 1.0 : .) 

8- 9 85.8 c.o 0.993 0.000 139 4 003 : . : e->86. " 
9 -10 103.7 103.1 0.0 O. H4 0.000 149 6 5 0.6 .-> 

10-11 104.4 102. a o. 0 0.917 0.000 146 8 4 0.5 0-> 
: . : -~. 

" 
ll-H 101. a 101.2 C.O 0.954 0.000 147 1 4 0.6 .-> 
12-U 99.2 9&.6 0.0 O.99ft 0.0"3 HZ 8 0.1 : .-:. 
1.J-H 91.5 9&.9 0.0 0.994 0.000 149 10 " 4 0.1 : *-> 
14-1-5 96.1 95.5 0.0 O.9S4 0.000 145 7 4 0.4 : I e-, 
15 -16 93. e 91.4 0.0 0.914 0.001,) 145 6 4 0.6 I e-> 
16-11 89.4 88.9 O. 0 0.9S4 0.000 142 Ii 3 I.e , *- ) 

- -- -_ ..- ... _.11 -1 f 92.9 9203 0.0 0.H4 0.000 147 1 4 0.1 1-- *-> 
18 -19 11)4.9 104.3 0.0 0.994 o.0ClO 148 5 5 0.3 : 0-> 
U-20 t05.2 104.6 0.0 0.994 0.000 1117 8 e 1.1 : : .---> 
20 -21 103.7 103.1 0.0 0.H4 0.000 149 1 1 0.9 *---,
21-22 103. (l 101.2 0.0 0.994 0.000 176 10 5 1.1 *-> 
22-23 105.9 103.5 0.0 0.917 0.000 114 6 5 o. ~ : : 0-) 
2l-ZlI 93.6 93.0 0.0 0.994 0.01)0 152 5 2 0.6 1 I e' 

82 etT 25 	 0- 1 85. a 82.6 0.. 0 0.91 Z O. aco 143 10 3 1.0 : e-> 
l. - 2 e!.O 0.0 0.993 O.OOU 150 6 3 0.5 	 : .->1:2. " 
2- ! 64.1 tll.S 0.0 0.9<) 3 0.0 00 135 8 3 o.e 	 : 0),.3 - 4 85.5 84.9 0.0 0.9S3 0.000 138 1 0.5 : : .-> 
4- ~ 9l.e l!9.4 0.0 0.91" 0.000 In 1 1.0 : I e-> 
5- 6 90.9 90.3 0.0 0.993 0.000 135 9 " 3 0.7 : : .-)
6- 7 118. " IH.8 0.0 0.995 0.000 ISS <; 1 0.6 1 : .--> 
1- 8 14/).1) 139.4 0.0 0.996 0.000 110 10 10 D.e : : .----,
8- 9 143.1 142.5 o. 0 O. H6 0.000 164 8 1 C 0.9 : : .----,. 
~ -U 119. e IB.2 0.0 0.995 0.000 151 9 E 1.2 : : ... --> 

: _.10-11 118.0 117.4 0.0 0.9S5 0.000 1St 10 1 o.e *--> 
11-12 118.2 115.8 O. 0 C.980 0.000 169 11 1 0.9 : : .--> 
ll-l! 11 e. 2 111.£: 0.0 (I.99~ 0.000 1&4 5 6 O.E : .--> 
13 -14 H2.9 102.3 0.0 0.994 0.0 00 154 6 5 0.1 *--> 
110 -15 101. () 100.5' 0.0 0.95 3 0.000 155 9 e 0.1 : : .--> 
IS-IE 169 12 12 1.4 : : .--... --,
1&-11 118.6 1111. a 0.0 0.995 O. a00 182 12 13 1.C· : e------> 
\1 -18 122.3 1210 ) 0.0 0.995 0.0 00 194 11 15 1.0 	 : .------->
la-IS 13 2. e 132.2 1).0 0.955 (). 0 00 196 11 15 1.0 *------> 
11-20 1310.8 134.2 o. 0 0.996 0.000 181 e 15 1.3 : .----•••> 
20 -21 132. e 132.2 0.0 0.9S5 l).OOO l8e 10 1~ 1.2 : .------> 
ll-Z2 131.7 131.1 O. I) (J.9SS 1).000 tel 6 11 0.5 : : .----> 
2Z-23 107.8 101.2 O. 0 0.994 0.000 173 10 5' 1.0 : : *----> 
23-2~ 101.3 100.7 0.0 0.954 0.000 148 12 11 1.2 I : ------) 



.. -----'"'-,~- <.,-,.".-- ,--.,~-.--... ,. ,~"' .."; -	 -.-,.--.--.~.,-."- .. --.~ ..-.. - ~"-.-~--.---'''''-'~'-'---''-'-'' '.._- .~-.- -- ....,,~,-" 

DATE TIME RI VER JURaN 'SPILL lllBJ3B ,SElI.L DIRECTION V£.lOCI TV 
YR '"ON OJ SPAN flOW flO'" flOW rHVER RIVER MEAN SO MEU SO 313 213 11· 

82 ecr 26 	 o· 1 100.7 100.1 0.0 0.994 0.000 :143 12 1C 1.3 	 .- --->
1- 2 99.6 99.0 0.0 0.9S4 0.000 155 10 7 0.9 e--> 
2- 3 91.2 90.6 0.0 0.993 0.000 151 9 4 0.1 . e-> 
3 - 4 69.4 el!.a 0.0 C.993 0.000 164 e 5 o.e : e-> 
It- 5 69.0 ee.4 0.0 0.993 0.000 178 II 6 0.4 : .--> 
5- 6 105.4 104.6 0.0 0.954 0.000 11& 12 6 O.l! - : ---._'. '--... -. : .-.,
6- 7 164 10 	 9 0.7 I .---,
1- I! 184.4 H2.0 0.0 0.9f1 0.000 110 5 11 0.9 : a *----->
8- S 186. a 1l!3.6 C.O 0.ge1 0.000 161 1 11 1.2 : : .-----> : 
9 -u 156.1 155.5 0.0 0.996 1).01)0 154 11 9 0.9 : .----> 

lU-11 148.7 14e.1 o. 0 0.9,6 0.000 167 11 e 1.3 : : e---,
11-12 135.1 135.1 0.0 0.996 0.000 159 14 7 1.1 : : .--> 
12-1 ! 1S5.1! 155.2 0.0 0.956 0.000· 161 10 10 1.0 : : .---->
13-14 159.1 159.! O. a 0.996 0.000 151 11 10 1.1 : •... -> : 
14 -15 141.9 147.3 1).0 0.996 0.001) 151 16 9 2.1 : : e----> 
15 -If, 137.& 137.1» 0.0 0.9S6 0.000 159 12 9 1.0 : e---> 
16-11 160.9 160.3 0.0 O.9H 0.000 15tt 9 11 1.6 : ____ a>.----->
11-1£ 1511.9 150.3 0.0 O.9S6 0.000 109 1 10 1.2 a 
18-19 149.9 149.3 0.0 0.956 0.000 159 6 9 0.9 	 .....,. 
H-Ze 146.2 145.6 0.0 0.~96 0.01)0 152 10 9 0.7 : : .---> 
20 -21 136.3 133.9 0.0 0.9t2 0.000 161 12 e 1.7 : .---> 
21-22 128.7 126.1 0.0 0.995 0.000 112 7 ., 0.7 .---> : 
22-Z3 124. C 123.4 0.0 0.9S5 0.000 113 7 7 0.6 : .--> 
23-24 105.7 lU5.1 0.0 0.994 0.000 115 5 -·-··6 O.~ : - e--> 

82 OCT Z7 	 0- 1 105.2 104.6 O. 0 C.9,4 0.0 00 119 5 6 0.'5 : : .--> ;
1- ( 10~.~ 102.0 0.0 0.917 0.000 175 7 1 0.7 : : .--> 
2 - 3 102.0 101.4 0.0 0.954 0.000 119 8 7 - O. E I .--,.
3- 4 102.3 101.1 O. a C.994 0.000 119 8 6 0.6 : .--> 
.- 5 102.7 102.1 0.0 0.954 0.000 te7 1 6 0.1 : e--> 
5- 6 103.9 103.3 0.0 0.9S4 0.000 184 1 6 O.E : .-->
&- ., 133.4 132.8 o. I) 0.956 O.QOO 186 7 e 0.5 : : .---> : 
1- e 190.7 190.1 0.0 0.997 0.000 1e5 7 14 0.7 .------>
8- S 186.2 1Il5.6 O. 0 0.997 0.000 181 6 13 0.6 : 	 .------,.
9 -u 156.9 154.5 0.0 0.9ES 0.000 191 5 9 O.E : *----> : 

lU-U 149.5 14e .9 O. a 0.996 0.000 185 6 9 0.6 e----> : 
11-12 156.4 155.& 0.0 0.996 0.000 164 4 9 0.4 : : .----> : 
12-13 160.1' 160.2 o. n 0.996 0.000 1H 1 10 1.0 : *---->
13 -14 161.1 159.5 0.0 O.9B5 0.0 00 117 6 to 0.6 .----, : 
14 -IS 159.1 156.1 0.0 0.91'5 0.000 111 5 11 1.0 .----,
15 -1£ 154.0 153.4 0.0 0.9S6 o./) 1)1} 165 11 11 1.5 : *----> : 
16-11 151.7 155.3 0.0 O.9I'S 0.000 1&4 8 10 0.9 	 *----> : 
H -lE 160.3 15f!.'1 0.0 0.951 (I.OIlO 158 10 12 1.0 : .-----> 
11l-19 155.6 155.0 i). 0 0.996 0.000 16& 9 10 0.1 : : *----> 
11-20 156. Q 153.6 0.0 C.9I:5 0.0 CO 163 5 9 0.9 : .----> t 
20 -21 152.1 150.3 O. I) O.9E4 \).000 113 7 9 0.5 .----> 
21-22 14 3.4 14l.a 0.0 0.996 0.000 170 6 e 0.6 : e---> 
2Z-23 128.9 128.3 O. 0 C.995 0.000 180 8 7 0.1 : .--> l 
23-24 125.7 123.3 (). 0 O.9H 0.000 171 9 1 0.7 a : .--> : 



DArE TIKE RI YER lURBN SPILL ]UB§! jflLL DIRECTION VELOCITY 
fll flON CY SPAN now fLOW I flOW IHVER finER MEAN SD MOft so 313 213 1U 

'.". "' -_. _ ....-. --.- ...,-....... 

3Z DC' 28 0- I 121.0 12C.4 0.0 0.995 0.000 113 7 7 : *-->O. " .-->1- 2 117.6 111.0 0.0 0.995 0.4100 119 5 6 0.6 I 
z- 3 116.9 116.3 o. 0 0.955 0.000 181 5 E .--:>o. " }- It 116.6 11&.C 0.0 0.995 0.000 112 E E 0.5 .--,.
,,- ~ 119.8 111.4 0.0 O.9fQ 0.000 111 1 7 o.e .---" = 

s- Ii 120.2 119.6 0.0 0.955 0.000 180 5 6 0.4 : *--> 

6- 7 152.3 149.9 0.0 G.9H 0.000 166 6 9 0.5 a *---> : 

1- e He.2 H7.& 0.0 0.991 0.000 1111 10 14 1.7 t .---_... , J 

8- 9 18Z.2 181.6 0.0 0.9S? 0.000 180 8 13 0.4 : .--._-> : 

9-lC 113.6 173.0 0.1l 0.957 0.000 117 10 13 0.5 : ------> : 


10 -II 168.1 167.5 0.0 0.996 0.000 178 e 13 1.1 .----- ,.

U-12 167.4 16&.8 0.0 0.n6 0.000 116 9 12 0.6 : ••----> : 

12-1! 168.e He.2 o. a 0.996 0.00\) 17e e 1! 0.4 : e-----> I 

13-1It 111.6 169.2 0.0 0.9116 0.000 116 e 13 1.0 J e-----> : 

lit -15 165.6 165.0 0.0 0.996 0.000 168 7 11 0.4 : .----, :
,IS-IE tH.7 171.1 0.0 0.951 0.000 182 13 0.5 : .-----> 
t&-11 lilt. 1 171t.l 0.0 0.9'17 0.000 118 8 13 0.7 a .--...-,. : 
lI-U U8.8 ne.2 0.0 0.9$1 0.000 182 9 15 0.7 .-- -~ ...~ -"- --- ._"- ... --- , ","- I ._- ... _. --*------> , 
1I~ -19 aO.lt 179.8 0.0 0.991 0.4100 178 9 15 o.e e--~--->
U-ZO 119.9 0.0179.3 0.957 0.000 18ft l 13 0.7 : .------,. : 
20-21 159.e SE9.2 0. " 0.9S6 0.000 1&2 I! 13 0.1 : .-----> : 
21-22 15t1.8 15f1.Z I). 0 0.996 0.000 180 7 12 0.1 : *-----> : 
22-23 148.9 148.3 0.0 0.996 0.000 117 8 9 0.1 : : .---> : 
23-U 126.5 125.9 0.0 0.995 0.000 170 9 9 1.1 : I .._..- e---> : 

t2 DCl 29 0- 1 112.4 111.8 0.0 0.955 0.000 1fal 1 9 I.e: : .--->
1- 2 110.6 He.o 0.0 C.995 0.000 110 1 e 0.1 : .--- ,. I 
2- .5 112.Z 109.8 0.0 0.919 0.000 117 6 6 0.3 : : *--> : 
3- 4 110.3 109.1 0.0 0.9S5 0.000 171 1 6 0.4 : : e--, : 
It - 5 112.2 111. & 0.0 C.lIS5 0.000 114 7 E . 0.3 : .._" : 
S- 6 11Z.6 112.0 0.0 0.995 0.000 1&7 6 6 0.5 I .--> 
&- 7 146.0 145.4 O. 0 c.9S6 0.000 165 1 e 0.6 : *---> : 
1- e a8.2 Jel.6 0.0 O.9S7 0.01)0 116 e 14 o.e : *-•••--" : 
It - 9 191t.O 193.4 o. a 0.9H 0.000 180 9 15 0.1 , .-------> : 
5' -10 180.3 119.1 0.0 0.9n 0.000 180 1 14 0.8 : : .------ ,. r 

._. - - ..... ­10-11 169.e lES.2 0.0 0.996 11.000 181 e ·13 1.0 - .- : *------" 11-12 113.1 113.1 O. 0 0.9H 0.000 115 8 12 o.e .-.._." : 

12 -13 161t.7 164.1 0.0 0.996 0.000 177 6 11 0.6 : *-----> :• 
13-1It 111.1 170.5 0.0 0.956 0.«)1)0 1&7 10 12 0.£ : ------" 
lit-IS 167.1t 11:6.8 O. 0 0.996 0.000 172 8 11 o. e : ..---" : 
15-lE 167.1 166.5 0.0 0.9;6 0.000 111 8 10 0.5 .. ----.> 
lc,-U 111.5 176.9 0.0 0.991 0.000 163 e 10 1.0 .- ---" 
11 -te 198.9 198.3 0.0 0.997 0.000 169 11 15 0.9 : .------> ,. 
11! -19 214.5 213.9 0.0 0.991 0.000 IS9 13 lit 0.1 : .------, : 
U-2Q 21 &." 215.8 O. 0 0.H7 0.000 163 12 15 I.E .------> 
20-21 207. & Z05.2 0.0 o. gEe O.OQO 165 10 14 1.0 I ..-_._--,. : 
21-,2 191.3 19&.7 0.0 0.991 0.01'10 15l 8 12 1.5 : .-----> I 
2Z-23 Hll.3 162.1 0.0 0.996 0.000 162 10 9 1.2 : e---)J : 
23-24 139.9 139.3 0.0 Q.996 0.000 153 12 7 0.6 .. .--> I 

- - .- - - - -.-. - ... --.- -.- - - - .....-~.-.--.....--,.. - ----,...--~-.. ~,-'''\''IIoIli!'"'___ ,..~ •• " _""" .... ,- - - ---._.-.,..•.-.-.......... 




~ .. - -- - '""" ' 

'-'~- ..-'.~~----.-'"'~-

DATE TIME HI VER TURBN SPILL lUBR~ 1ifl1.L. DIREtTION VElCCIlY 
VII HON DY SPAN FlOIl FLOW FLail RIVER RIVER MEAN SO HEAt; SD 313 213 11' 

az OCT 30 0- 1 131.1 131.1 o. a 0.9S5 0.0 00 149 10 7 1.1 : : .-->1- ;: 135. ,. 133.0 0.0 O.9t2 0.001) 148 13 1 o.~ : :.--> 
Z - 3 132.8 132. Z 0.0 0.995 0.000 139 10 6 0.9 "l *--> 
3 - 4 134.4 133. e 0.0 0.996 0.0 CO :143 1 1 o. e .--, : 
4- ~ 140.1 139.5 0.0 0.9'16 0.001) 157 9 e 0.1 : *--,->
5- 6 146.3 145.1 0.0 0.956 0.000 152 10 - 7- 1.1 .. : .--->

106.86 - 7 166.2 0.0 O.9S6 0.000 156 10 9 O.E : I .----> : 
1- I! lel.2 118.8 0.0 O.9fT 0.00<) 151 14 12 1.2 I *--_.._> 
e- 9 185.2 184.6 0.0 0.9$1 O. 000 157 U 11 1.5 : : .--••• JJ : 
9 -111 199.3 19f.l 0.1) O.9S7 0.01)0 150 11 1E 4.2 : : *-------.)1

11)-11 201.5 20U.9 0.0 0.997 0.000 155 9 U 1.0 *- ----)
11-12 195.5 193.1 o. a 0.988 0.000 152 . 13 13 1.3 -' : : e------>12-13 182.9 leO.5 0.0 0.ge7 0.000 149 e 10 1.2 : : .---->
U-14 110. I! 110.2 0.0 0.996 0.000 151 9 1C 1.1! : .---->
14 -15 151.3 15C.1 0.0 0.9S6 0.000 146 8 8 O.l : .--->
15-1E 146.5 1,.5.7 0.0 0.996 U.OOO ISO 11 e 1.2 : *--->
16-11 156.2 153.8 O. 0 0.985 0.000 146 10 9 1.C .--_.> ,
11 -Ie 114.1 113.5 0.0 O.9H 0.000 151 CJ 11 1.3 : :.----~>le-19 HB.3 lel.l Q.o 0.997 0.000 161 9 13 1.1 : ; *------ )1
19 -20 188.5 187.9 O. 0 0.9'17 0.000 151 10 12 1.2 : : .----., : 
20-21 HE.4o 1e5.e 0.0 0.997 0.000 152 12 11 1.1! : : .----> : 
21-22 112. Z 171.& 0.0 0.991 0.000 153 15 11 1.1 : a .---->
22·23 15 e. 8 15&.4 0.0 o. ge 5 0.000 155 :9 e 0.6 : .---> : 
23-24 148.5 1411.9 0.0 0.996 0.000 153 9 .- e 1.3 : : .---> : 

1- 2 
12 1.4 : .--->82 OCT 31 0- 1 141.0 140.4 0.0 0.956 0.000 146 7 : 

14 0.3 139. J 0.0 0.9S6 0.01)0 144 12 7 I.E I *-->z- 3 139.7 139.1 O. I) 0.996 0.000 149 13 7 1.0 : : .-->
3- 4 139.5 13&.9 0.0 0.996 0.000 153 11 7 1.3 .---> 
It - ~ 143.5 142.9 0.0 O.9S6 0.000 15& 10 7 0.9 : : *--> 
5- E 148.5 14il.9 0.0 O.9S& 0.000 156 10 7 1.0 : : .--->
&- 1 151.1 151.1 C.O 0.9;16 0.000 161 9 e 0.6 : : .--->
1- E 11 9. 2 176.1: 0.0 O.9fT 0.000 151 9 e 1.9 : : .---,
6- 9 le e.l teT .5 O. 0 0.997 0.000 161 8 10 1.0 : .---->
9-10 216. e 211t.,. 0.0 0.989 0.000 152 9 12 1.2 : .----->

10-11 217.5 21501 0.0 0.9E9 O.OOi) 160 14 15 1.4 : ­ .------->
11-12 203.5 202.9 0.0 0.991 0.000 101 14 1.216 : e------->
12-U 19 C. 9 188.5 0.0 O.9e1 0.000 1&1 13 15 1.2 e------->
13-1. 166.e 0.0 O.9t6 C .1)1)0 1(1)154. " 12 12 1.7 *----->14 -15 145.2 144.6 0.0 0.H6 0.000 160 13 9 1.9 : .----> : 
15 -16 143.2 142.6 0.0 O.9S6 0.000 164 10 e 1.1 : *---> a 
16 -11 154.3 151.9 I). I) 0.n4 0.000 168 10 9 1.4 .. *---- )17-1e 169.3 168.1 O. 0 0.99& 0.000 162 10 9 1." .----> a 

Ie -1 S 116.3 175.1 O. () 0.997 0.000 164 11 12 0.9 .-----> 
19-20 165.5 164.9 0.0 O. H& 0.000 168 9 11 1.3 .----> 
20 -21 161.6 161. a o. 0 0.996 0.000 171 8 11 C.lI :.----->
21-22 151.e 151.2 0.0 0.996 0.000 169 11 9 101 : .---> : 
22-23 141.5 140.51 O. 0 0.996 0.000 114 7 11 0.9 : :.---->
21-24 128.7 128.1 0.0 0.995 0.001.' 162 13 7 O. S : .---> : 



DATE rIME RI YER lUR8N SPILL lUf.llW .liflJ.L DIRECTIDN VElCCl TY 
YIf I4DN CY SPU FLOW FLDII flO II .. lYE fi1 VER MEAN SD M£AN SD 313 213 In 

12 WOV 1 	 0-1 111.6 111.0 O. 0 0.995 0.000 161 11 1 0.' .---,. s 
1- 2 105. , 103.5 0.0 0.977 0.000 143 16 5 0.9 .-,.
Z - 3 106.3 105.1 0.0 0.99ft 0.000 1112 9 " 1.1 .-, 
3- " 106.9 106.3 0.0 0.974 0.000 151 11 6 O. e 	 .-." : 
4- ~ 113.5 112.9 0.0 0.955 u.OOi) 157 12 6 1.2 .--)0'

"~.~--.5- 6 136.1 135.5 0.0 0.9§6 0.000 -,. 155 11 - 5 1.0 ., - ...-.......... ~.. -.,,,.-.--.•.-.~~ . - -.... . ---'--" •• _)11 :
'-"---~---~"-"-'" 

6- 7 164.1 163.5 0.0 0.956 0.000 152 9 e 1.1 .---> I 
7- e 183.4 U2.fI 0.0 0.997 41 .CJC!O 154 7 10 0.7 .----, : 
&- 9 159.1 159.1 0.0 0.996 0.000 147 10 12 1.4 : ~-..-.) : 
9 -1Cl 151.E 151.0 0.0 0.9S& 0.000 144 12 , I.E : .-_._,. : 

10 -11 157.3 156.1 O • ., 0.996 O.GOD 154 12 e 1.2 : • --:-> 
143.2 0.996 158 e : : .. : 

12-13 152 11 6 1.3 : : .--,.
13-1' 111.3 0.0 0.000 10 1.2 .---)11 
11-12 143.8 0.0 0.000 9 1.0 ' 	 ._'.---,. 

11&.7 0.995 154 1 I 
14 -15 133.7 133.1 0.0 C.996 0.000 149 8 6 1.1 J 'J .--> : 
15-lE 142.6 142.0 0.0 0.996 0.000 1&2 II 10 0.1 : I .----"
16-J,7 184.5 183.9 0.0 0.991 0.000 166 9 9 0.9 I I *---> J 
U-U 214.6 214.0 0.0 0.991 0.000 1.10 9 "'15 G. , : .. -- -. -.-- ---.----. '- .. -- 'I - ..-.--.-.-.-~ .. • -------,. a 
18-19 2Z0., ZU. " 0.0 CI.9E9 O.COO 166 11 11 2.1 : I ~,.- - -----" :& 
19-20 212.3 209.9 0.0 C.91!9 0.000 181 10 20 3.3 : .: _.-------.,.
20-21 205.9 205.3 0.0 0.9ST 0.000 190 12 ZO 3.3 .: a ....------,
21-22 1"'.1 191.1 0.0 O.9Ee 0.00l) 19" 12 ZO 3.6 : 	 : .._-------,.
22-23 168.4 1El.8 C.O 0.996 0.000 193 to 16 o. e : .....--.,. 
23-24 lS3.e 153.2 0.0 0."6 . O.OGO 185 7 12 . 0.9 a . __-."----_.-.- .-- ··-·······I··--··~ ._-_." .-----.> - - a 

6Z NDV 2 	 0- 1 1% 3. 8 143.2 0.0 0.996 0.000 182 6 1C 0.5 : I ...... ,. 
1- 2 13e.o 1]1.4 0.0 C.996 0.000 lE7 6 9 0.9 a .----)1
Z- 3 130.4 lze.o 0.0 C.9e2 0.000 184 6 9 o.e : e---, : 
3- 4 150. Z 149.6 o. 0 0.996 0.000 184 5 7 0.6 I : e---> .:: .. -.......
4- 5 159.7 159.1 0.0 G.9S6 1).000 te2 6 10 "1.2 : .----,.. a 
5- 6 182.0 Ul. " 0.0 0.991 0.000 118 6 10 0.1 .: : ••---> •6- 1 204.2 203.6 0.0 0.951 0.000 180 1 11 O. Ei : .: .-._---,. : 
,- E 21t6.5 Z45. S 1).0 O.ut o.0lJO 171 7 15 1.1 : *------> : 
8- 9 1~9. 'I 199.3 O. 0 0.997 0.000 184 11 ZO 3.2 	 : ..-.-.._--" : 

180.1 179.5 0.0 0.997 0.000 161 10 IE 1.CI : .: 	 .:'-U 	 .-------,

115.6 175.0 	 'SU-U 0.0 0.951 0.00l) 117 e lZ 1.0 : .-----> : 

11-12 191.1 190.5 0.0 0.991 0.000 172 8 12 0.5 I : :.-.-.-~ ____a_a>12-13 18e. e He.2 0.0 0.991 0.000 112 11 15 o.e : : I 
13-14 te3.6 1B.O 0.0 0.997 0.000 tEl 13 IE 0.1 : .-------> , 
tit -15 18l.5 181.1 0.0 C.990 O.OOD 185 10 16 1.1 : .-_.•. _-> : 
15-1E 20e.4 201.l: 0.0 0.991 :0.000 184 11 15 0.8 	 : .-------,. s 
16-11 210.2 209.6 0.0 O.9U 0.000 191 10 19 1.5 : .--------.> ; 
11-18 214.6 2h.C 0.0 0.997 0,.000 191 11 U 5.2 : .--'-----..> , 
18-1S Ul.1 23~.5 0.0 0.991 0.000 11& 10 IE 4.0 : :.-------->
19 -21l 253.8 251. " 0.0 O.9H 0.000 116 10 19 3.5 	 .------ ..-" · 20-21 236.0 235.4 0.0 0.«151 0.000 180 9 21 3.2 ••••••__ ._> · : 
21-22 219.0 219.'" 0.0 0.997 0.001» te2 11 21 o.e : .----------,.
22-23 191.0 19&.4 0.0 C.997 C.OOO 179 12 20 0.5 : .-•• _•••••'> : 
23-24 186.5 lE5.9 0.0 0.991 0.000 180 11 17 0.7 .-------,. : 



- . .". 4'_,_' _"' _____ ' .•••. ___ .~_>. _ .. " __ •. , ..... __ . _ .-.. .. ,~".--. -,._--_.'-------....,---.­

DATE rIME R! VER TUftBN SPILL lIJ,BU .sULlo DIRECTION VElCCITY 
Yf; ~ON CY SPU now FLOW flOW "IVE" iilVER MEAN SD M£U SD 313 213 11: 

. ,.,...... ....... " 

82 NOV 3 	 0- 1 Ul.1 17 4.1 o. a D.U6 0.000 183 10 15 o.s : : .----_. )I

1- .: 140.6 140.0 0.0 0.996 0.000 In 9 13 0.6 : ------> 
2 - 3 132.3 131.1 o. a 0.9~5 0.000 180 6 9 o. E : 	 : ..-*---,
3- 4 133. e 13.3.2 0.0 0.996 0.000 116 5 e o.s : : .---> 
4- 5 139.7 139.1 0.0 0.996 0.000 175 6 7 U.S : --_..> 
5- 6 111. a 171.2 o. a 0.951 0.000 110 6 7 o. ill : - .---.> : 
6- 7 HE. 1 193.7 0.0 0.9fP 0.000 117 7 12 o.s : , .----->
1- e 208.3 207.1 0.0 O.9S1 0.000 169 6 13 0.5 .. 	 a *----->
8- 9 U 3.5 17Z.9 0.0 0.9111 0.000 112 10 16 o.e : : 	 :*-----.~>9-10 168. " 167.& o. !) 0.996 0.00t) 161 5 13 0.4 : 	 t ------->

141-11 149.1 148.& o. a 0.991 0.000 118 8 12 D.E 	 : .--~--> 
"11-12 161.6 lEl. C o. a 0.996 0.000 1f7 E . - - 10 0.7 : -.- .•.. , 	 : .----> I 

12-13 163.5 162.9 1).0 0.996 0.000 163 n 0 0.0 : : 	 I* U-14 160.9 160.3 o. a 0.996 0.000 288 1 0 0.0 	 : :* lJt-15 162.6 lEO.Z 0.0 0.985 0.000 - : : 

15-16 161.0 160.4 0.0 0.996 0.000 : a 

16-17 169. a lE8. It o. C 0.996 0.000 

17-1E 201. " 201.Z 0.0 0.9<;7 0.000 : f :
, 	 ,18-19 199.5 19S.9 0.0 0.9H 0.000 

!II -ZC 167. ft 185.0 0.1) 0.981 0.000 : : 

20-21 157.1 161.1 0.0 0.996 0.000 : : 

zi -22 153.1 151.3 0.0 C.9Eft 0.000 : 1 
,22-Z3 130.7 128.3 0.0 0.982 0.000 	 : 
23-Z4 lZ8.3 125.9 0.0 0.9fl o.oot) 	 : - - ------ ----- _._--_._-_._---- -- I - ".-.'_...._... 

8Z tiOV 4 0- 1 11 O. 0 109.4 O. 0 0.955 0.000 : : 
1- 2 105.8 105.2 0.0 1).9 S4 0.000 a 
Z- 3 96.7 9&.1 0.0 0.994 0.000 : 

&7.9 81.3 0.0 0.993 0.000 : :3- " 	
•,.- ~ 95.0 92.6 1).0 0.915 0.1,)011 : 


5- 6 lZ0.9 120.3 0.0 0.955 0.000 I : 

6- 1 148.7 148.1 c. a 0.916 0.000 : : • 

1- e 116.9 176.3 O. I) 0.9n 0.000 : : 

8- 5 111. Z 110.6 0.0 C.996 0.000 I : 

9-10 158.3 1 SI. 7 O. I) 0.9S6 0.000 : : : 


1iI-11 151.5 156.9 0.0 0.9S6 0.000 : : 

11-12 150.7 15C.l o. a 1).996 0.000 : : 

lZ-l! 156.1 156.1 o. I) 0.996 0.000 I : 

13-14 Ift9.2 148.6 0.0 0.956 0.000 : : 

lit -15 15703 15&.1 0.0 0.996 0.000 : : 
 · 15 -16 157. Z 15&.6 0.0 0.996 0.001) : : · 

16-17 165.0 162.6 0.0 O.9f5 0.000 : - : : 

ll-U 200.6 200.0 0.0 O.9H 0.000 : i 

1&-19 zoe. 5 21)7.9 /J.O O.9ST 0.000 : : 

19-20 199.3 198.1 0.0 C.9H 0.000 : : 

20-" 19Z.1 leS.l 0.0 o. gee 0.001) 

21-22 114.3 113.7 0.0 0.951 0.000 : 

22-23 149.5 Ift8.9 0.0 C.996 0.000 : : 

23-U 131.5 130.9 0.0 0.9S5 0.000 I: 



