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1.0 INTRODUCTION 

Dixon Creek, Squaw Creek, Sequoia Creek, Jackson Creek, Frazier Creek, Oak Creek, Village Green 
Creek, the Garfield area, and portions of South Conrahs and the Marys fiver drainage were 
modeled as part of the City of Corvahs (City) Stormwater Master Plan (SWMP) project. This 
technical memorandum describes the model selection, modehg  methodology, calibration, and the 
model results. The physical parameters and assumptions used in the modehg  are described in the 
modeling methodology section of ths  technical memorandum. 

2.0 MODEL SELECTION 

XP-SWMM was selected as the model for ths  project. T h s  model is currently used by the City and 
allows for a detailed examination of floodmg, backwater, and velocity issues within the pipes and 
open channels that comprise the stormwater conveyance system. SLVNlhl, the core component of 
XP-SWMM, has been applied extensively to s d a r  projects throughout this country and others. 
The U.S. Environmental Protection Agency maintains SWMM, with support from Oregon State 
University. XP-SmIM version 5.2 is the release used throughout the project. 

3.0 MODELING METHODOLOGY 

The following subsections describe the methods used to calculate the model parameters. The 
subsections include subwatershed deheation, design storms, runoff parameters, conveyance system, 
and modehg  scenarios. 

3.1 Watershed/Subwatershed Delineation 

Based on topography, stormwater conveyance system and hkehhood of future development, each 
tributary basin was divided into subbasins as shown in Figures 1 and 2. The subbasins range in size 
from 0.7 to 2,352 acres, and form the hydrologic units of the model. Oak Creek contains the largest 
number of subbasins due to its location outside of the urban gornth boundary. See Table TM1-1 
for detailed watershed information. 
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Table TM1-1. Watershed and Subwatershed Areas 

3.2 Design Storm 

Watershed name 

Divon Creek 

Frazier Creek 

Garfield Creek 

Jackson Creek 

hlarys fiver 

Oak Creek 

Sequoia Creek 

South Cornallis (Goodnight) 

South Cornallis (Mdlrace) 

Squaw Creek 

V~Uage Green Creek 

Total 

The design storm uthzed for t h s  project was the rainfall pattern from December 24 to 29, 1998 (see 
Table A-1 in the Appendm). During this 5-day period, 5.15 inches of rain fell, 3.64 inches of which 
fell in the 24-hour period beginning at 1:00 p.m. on December 27. T h s  24-hour intensity is 
approximately equal to the 10-year event for Corvahs preQcted by the Oregon Clunate Service. 
(The 10-year event has a 10 percent chance of occurring in any gven year or, in other words, is 
expected to occur on average once in every 10 years). The days before and after the critical 24 hours 
were included in the model runs to allow the model time to come to equihbrium. The entire 
December 24 to 29, 1998 storm Qstribution is graphed in TM1-3. 

The rainfall Qstribution for the other storms modeled, the 2-, 5-, 25-, and 100-year storms, was 
obtained by multipljlng the 10-year storm volume by the factors listed in Table TM1-2. 

Watershed, 
acres 

2,712 

2,254 

346 

1,798 

78 

8,308 

1,357 

298 

349 

2,363 

380 

20,243 

Table TM1-2. Design Storm Rainfall Multiplier 

Number of 
subwatersheds 

96 

12 

12 

9 

3 

30 

25 

23 

6 

31 

9 

256 

I':\ 159R9\Rcport\2000Ke~i~od\.~\ppcnd~ccs\'l'h11b hlodel~ng doc 

Return Frequency (years) 

Multiplier 

Subwatershed 
minimum, acres 

7 

39 

5 

109 

12 

21 

10 

0.7 

19 

12 

7 

2 

0.7 

Subwatershed 
mean, acres 

28 

188 

29 

200 

26 

277 

54 

13 

44 

76 

42 

Subwatershed 
maximum, acres 

250 

424 

151 

316 

44 

2,352 

233 

48 

84 

468 

77 

5 

0.8 

10 

1 .0 

25 

1.1 

100 

1.3 
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The rainfall date used for modehg  comes from a City-maintained rainfall gauge at the wastewater 
treatment plant. The treatment plant is located in the valley portion of the watershed just to the 
west of the Wdlamette fiver. It has been observed that rainfall amounts measured in the 
headwaters of several basins (Jackson, Frazier, and Oak Creeks) are typically higher than those 
measured at the Corvalhs Wastewater Treatment Plant. In order to account for this difference, the 
modeled rainfall amounts in several upper-basin subbasins of Jackson, Frazier, and Oak Creek were 
adjusted based on average rainfall data for Benton County mapped by the Oregon C h a t e  Service. 
Jackson and Frazier Creeks' modeled rainfall amounts mere adjusted upward by 17 percent. Oak 
Creek's modeled rainfall amount was adjusted upward by 33 percent. 

Adjusted real storm data was used in lieu of the traditional synthetic design storms, such as the Soil 
Conservation Service (SCS) Type IA dlstribution, to more closely approximate runoff peaks and 
volumes found in Corvalhs. The SWMM model reflects that peak flows in storm water systems are 
highly dependent on antecedent conditions. The peak flow rate generated from a given storm may 
have a greater recurrence interval than the rainfall, due to prior rainfall saturation of the soil and 
increasing runoff. Huber (Stomwater Management Model Cl~er's Manual, Version III, Huber, et. al., 1 9 8 1) 
makes note of thts effect by pointing out that design storms constructed from SCS distributions and 
24-hour rainfall volumes create htgher peaks and lower total volumes than are observed in long 
(40+ year) simulations with actual rainfall. The SCS distributions do not account for antecedent 
rainfall and allow too much of the rainfall to infiltrate at the beginning of the storm. 

In the Northwest, rainfall with a Type IA distribution occurs at a much lower frequency than 
24-hour rainfall volumes. Thus, using an SCS Type IA dlstribution with a 10-year rainfall volume 
may result in an event with a probabihty of occurrence lower than once in 10 years. 

3.3 Runoff Parameters 

This section describes the parameters utilized in the RUNOFF block of the SWMM program. The 
RUNOFF block calculates the amount of runoff originating from each subwatershed in the models. 
Values for the runoff parameters, including impervious percentage, width, and slope, are listed in 
Table A-2 in the Appendix. 

3.3.1 Impervious Area 

The mapped impervious percentages asslgned to each land use were based on measurements of 
impervious areas shown on Geographic Information System (GIs) maps of representative land uses 
in Corvahs. The percentages were then applied to existing land use reported in the Corvahs tax lot 
coverage, and future land use based on comprehensive plan zoning. Present and future information 
is presented in Tables TM1-3 and TM1-4, respectively. 
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Table TM1-3. Imperviousness by Land Use, Present 

Table TM1-4. Imperviousness by Land Use, Future 

Zo~nmg 

Description 

hlapped 
impervious 
coyer ' G  

The effective impervious percentages, those areas duectly connected to the conveyance system, were 
calculated for each subwatershed based upon the degree to which the conveyance system is piped in 
that location. An area with rooftops that drain to lawns or ditches instead of draining to curbs and 
gutters have less effective impervious areas than those directly connected to pipes. Formulas 
developed in previous studes for the Portland area were used for this conversion (Sutherland, 1987). 
The effective impervious area was then plugged into the SWMM model as the impervious percent 
for each subwatershed. 

Z o ~ n g  

Description 

hiapped 
~mpen-ious 
corer b 

3.3.2 Pervious Area 

COXIAI 

Commercial, 
mcdium 

88 

Fine-grained soils found in Corvahs contribute to the hlgh rate of runoff in the watersheds that 
were modeled. The main factor that determines how much water can infiltrate into the gound  in 
previous areas is the soil type. The SCS r ecopzes  four hydrologic soil types, A, B, C, and D.  
Type D soils are made up of clays that have the lowest infiltration rates of the four soil types, 
resulting in the most runoff. About 60 percent of the soils are classified as SCS (LTSDA, 1986) 
Hydrologc Type D soils. Type C soils are fine silts, with slightly higher infiltration rates. They 
make up 28 percent of the soils in the area. About 12 percent of the soils are classified as Type B 
silts or fine sands. A negligble amount of the coarser, more quickly draining Type A sands are also 
present. 

IND 

Industrial 

G O  

COXIH 

Govcm- 
ment. high 

88 

COhIhI 

Comrner- 
cial. 

medium 

87 

COhIII 

C o m e r -  
cial, high 

90 

OSA 

Opcn 
space/ 

agricultural 

15 

RESL 

Single 
family 

residential 
light 

40 

OSF 

Open 
space/ 

forested 

5 

INDL, 

Industrial, 
l o  

5 1 

PUB 

Public/ 
institu- 
tional 

70 

RRSXI 

Single 
family 

residential 
medium 

50 

INDH 

Industrial, 
high 

65 

INDXI 

Industrial, 
medium 

h 1 

RESH 

Single family 
residential 

hca1-y 

63 

OSA 

Open 
space/ 

agricultur~l 

15 

18.4C 

I'acant 

10 

OSC 

Open 
space/ 

consen-a 
tion 

5 

IUCSI. 

Smgle 
family 

residential 
light 

40 

OS1: 

Opcn 
space/ 

forcsted 

5 

I'UB 

I'ublic/ 
~nstitu- 
uonal 

70 

REShI 

S~ngle 
family 

residential 
mcdium 

50 

NISH 

Singlc 
family 

rrsidcn~al 
ha\?:  

63 

R'S 

Rescarch 
technology 

76 
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Infdtration from pervious areas was computed by means of the Green-Ampt equations (Huber, 
1992). T h s  method makes use of physically based parameters that can be predtcted for various soil 
types. Base parameters were taken from literature and then modtfied to reflect calibration data 
where possible. To better reflect the saturated soil conditions during the prolonged winter storms in 
the Corvallis area, the model was constructed with a very low value for the hydraulic conductivity. 

3.3.3 Subbasin Width 

The width parameter in SWMM is related to the time of concentration. This parameter is typically 
estimated by dividing the total subbasin area by its maximum length of overland flow. The 
maximum length and area are determined with the GIs for each subbasin. 

3.3.4 Subbasin Slope 

The subbasin slope is the average slope along the various pathways of overland flow. This value is 
used for the portions of the subbasin in which runoff is not confined w i t h  a channel or pipe. 

3.4 Conveyance System 

The Corvahs conveyance system consists mainly of urban streams with culverts and bridges at road 
crossings and a pipe system that transports runoff to the streams from upland areas. 

Pipe/culvert size, slope, and elevations used in the model were based upon: 

Information provided by City staff 
Site visits by the modelers 

Not all pipes in the system were modeled, due to scope lirmtations that confined efforts to the main 
stream channels. The modehg dtd include chronic problem areas within the watershed outside of 
the main channels that were reported by residents and City staff. 

When slopes were not available, they were estimated based upon computerized topographic maps. 
Details of the modeled conveyance system are provided in the Appendlx as Tables A-3 and A-4. 

The width, depth, and other channel cross-section information was based on selected stream 
segments surveyed by City crews. Channel conditions, such as bank roughness, were based on site 
visits by the consultant team. 

A hydraulic model, such as SWMM, allows excess flows to back up behind a constriction in the 
system. These flows can then be lost to the system, stored unul they can pass the constriction, or 
passed downstream through an overflow route. In the Corvahs model, excess flows were handled 
in dtfferent ways depending on the situation. In piped systems, flows mere allowed to back up in 

I':\15Y89\Rcp~~rt\2l)l 11IKc~-~scd\~\ppendiccs~1'hll b hlodclmg doc 
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upstream manholes and stored unul they could be passed downstream. At culverts and bridges, they 
were allowed to back up behmd the structure up to the elevation of the roadway, at whch point they 
were routed downstream. In open channels, flows which exceeded the base channel capacity were 
contained w i t h  the overbank, where they were slowed down. 

3.5 Modeling Scenarios 

Two scenarios were modeled for the master plan. The first examined the existing condtions w i k  
each basin. The second projected flows into the future by uuhzing the City of Corvahs Draft 
Comprehensive Plan. Existing flows were modeled in order to compare results with field 
observations. Future flows were modeled to identify problem areas. 

4.0 CALIBRATION 

No gauged flow or flood stage data was available for model calibration during ths study. Instead, 
model results were mainly compared to reports on water elevations during storm events provided by 
City staff and the public. The best elevation data available for t h s  study were water surface 
elevations reported during the December 24 to 29, 1998 storm. These model results were compared 
to the new XP-SWMM models. Table TM1-5 presents the results of the calibration effort for Dixon 
and Squaw Creeks, the two creeks for whch City staff recorded water levels during the storm. 

Table TM1-5. Calibration Results 

Dixon Creek 

9th Street Bridge 

Grant Avenue Bridge 

Garfield Avenue Bridge 

Circle Boulevard Bridge 

Country Club Place Culverts 1 237.5 I 237.6 

Squaw Creek 

Other sources were also used for comparison purposes. The City's map of flooded roads and hgh 
water during the February 1996 storm were used, as were reports of floodmg and erosion problems 
from the public. In addaon, flows modeled during the Corvallis Drainage Master Plan (CHzM H111, 
1981), were also analyzed, although h s  earlier effort also lacked gauged data for comparison. 

217.8 

224.2 

228.3 

240.0 

Knollbrook Place Bridge 

218.6 

225.4 

228.3 

240.2 

225.7 228.6 
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5.0 MODEL RESULTS 

Peak flow results were used to determine the adequacy of pipe, culverts, and bridges. If the peak 
flow prechcted by the model exceeded the pipe full or bank full capacity of a conduit, the conduit 
was considered undersized. Backwater effects from constrictions or hydraulic transitions may also 
cause capacity problems. Surcharged or flooded nodes results were used to determine problem 
areas resulting from backwater effects. Refer to Table 11-5 in the Appendix for flow results. 

Peak velocity results were used to evaluate the potential for erosion in the modeled channels. A 
description of the range of velocities of concern is presented in Chapter 4 of the SWMP. Refer to 
Table A-6 in the Appendix for modeled velocities. 

Much of the flooding reported by citizens was the result of backwater effects from the Marys and 
Wdlamette kvers. The modelmg chd not examine flooding due to this, because it is beyond the 
City's abhty to control. 
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Table A-1. December 24-29, 1998 Storm Distribution 

Dec 24 12:29 0 Dec 24 16:50 0.01 Dec 24 21:11 0.01 
Dec 24 12:34 0 Dec 24 16:55 0 Dec 24 21:16 0 

Dec 2 4  12:391 01 lDec 241 17:OOl 01 Dec  ( 241 21:211 0 
Dec 1 2 4  12:441 0 1  l ~ e c  241 17:051 01 ~ e c  I 241 21:26 0.01 
Dec 24 12:49 0 Dec 24 17:lO 0 Dec 24 21:31 0 
Dec 24 12:55 0 Dec 24 17:15 0.01 Dec 24 21:36 0 
Dec 24 13:OO 0 Dec 24 17:21 0.01 1 Dec 24 21:41 0 
Dec 24 13:05 0 Dec 24 17:26 01 Dec 24 21:47 0 
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Table A-1. December 24-29, 1998 Storm Distribution 

Month 1 Day Time ( Inches ~ o n t h  Day 1 Time Inches I Month ) Day Time 1 Inches 
Dec I 1:011 0 ~ e c  2 5  5:221 0 l ~ e c  I 2 5  9:431 0.01 

App A Tables.xls Page2of 10 

Dec 
Dec 

25 
25 

1 :42 
1 :47 

0 
0 

Dec 
Dec 

251 6:03 
2 5  6:08 

0 
0 

Dec 1 2 5  10:241 0.01 
Dec 1 2 5  10:29 0.01 
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Table A-1. December 24-29, 1998 Storm Distribution 

Month 
Dec 
Dec 
Dec 
Dec 

Day 
26 
26 

- ~- 

Dec 
Dec 
Dec 

26 
26 

Dec 
Dec 

Time 
16:09 
16:14 

- - 

26 
26 
26 

Dec 1 26 17:261 01 l ~ e c  

ec 1 26 18:071 0 ~ e c  1 261 22:271 01 D e c  27 2:481 0 1 

16:19 
16:24 

26 
26 

261 21:471 0 l ~ e c  1 27 2:071 0 

Dec I 26 17:361 0 ~ e c  

I I I 

Dec I 26 18:371 26 22:581 01 ~ e c  I 271 3:191 0 
D 

Inches 
0 
0 

16:29 
16:35 

---- 

16:40 

26 21:571 01 ~ e c  I 271 2:181 0 

ec 1 26 18:421 0 ~ e c  1 26 23:031 01 D e c  1 271 3:241 0 1 

0 
0 

16:45 
16:50 

Dec 1 261 17:311 0 l ~ e c  
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Month 
Dec 
Dec 

0 
0 
0 

261 21:521 0 ~ e c  1 271 2:131 0 

Dec 
Dec 

0 
0 

Day 
26 
26 

Dec 
Dec 
Dec 

26 
26 

Dec 
Dec 

Time 
20:30 
20:35 

26 
26 - 
26 

20:40 
20:45 

26 
26 

Inches 
0 
0 

20:50 
20:55 
21:Ol 

0 
0 

21:06 
21:11 

Month 
Dec 
Dec 

0 
0 - 
0 

Dec 
Dec 

0 
0 

Day 
27 
27 

Dec 
Dec - 
Dec 
Dec 1 27 1:271 0 
Dec 1 271 1:321 0 

27 
27 

Time 
0:51 
0:56 

27 
27 
27 

Inches 
0 
0 

1:Ol 
1:06 

0 
0 

1:11 
1:16 
1:21 

0 
0 
0 



Table A-1. December 24-29. 1998 Storm Distribution 

Month Day Time lnches I IMonth ( Day Time 1 lnches ~ o n t h  Day I Time 1 lnches 

- - 

App A Tab1es.xls 

Dec 1 27 1 5:121 0 ~ e c  
Dec 
Dec 
Dec 
Dec 

Page 6 of 10 

271 9:32 1 0 ~ e c  I 2 7  13:53 0.01 
27 
27 
27 
27 

5: 17 
5:22 
5:27 
5:32 

0 
0 
0 
0 

Dec 
Dec 
Dec 
Dec 

27 
27 
27 
27 

9:38 
9:43 
9:48 
9:53 

0 
0.01 

0 
0 

Dec 
Dec 
Dec 
Dec 

27 
27 
27 
27 

13:59 
14:04 
14:09 
14:14 

0.02 
0 

0.02 
0.01 



Table A-1. December 24-29, 1998 Storm Distribution 

I 

Dec 271 20:58 0.011 Dec 28 1:19 0.01 Dec I 28 5:40 0.01 
Dec 271 21:03 0.0'1 i Dec 28 1:24 0.02 Dec 1 28 545 0.01 
Dec 27 21:08 0.02 Dec 28 5:50 0.02 
Dec 27 21:13 0.01 Dec 2 8  5 5 5  0.01 
Dec 27 21:18 0.01 Dec 28 6:OO 0.02 
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' -+ ' 
Dec 27 21:24 0.01 Dec 28 1 :44 0.01 ' D ~ F  6:05 0.02 
Dec 
Dec 
Dec 
Dec 
Dec - 

Dec 
1 Dec 
.- 

Dec 

p i c  

27 
27 
27 
27 
27 
27 
27 
27 
27 

21:29 
21:34 
21:39 
21:44 
21:49 
21:54 
21:59 
22:04 
22:lO 

Dec 
Dec - 

Dec 

22:15 
- 22:20 

22:25 
22:301 

27 
27 
27 

0.02 
0.01 

Dec 27, 

Dec 
Dec - 

0.01 
0 

0.01 
0.01 

0.0'1 
0.01 

0 
0.01 

28 
28 

0.01 
0 

0.01 
0.02 
0.01 
0.02 
0.01 

28 
28 
28 

I 28 

6:56 
7:02 
7:07 
7:12 

0.01 Dec 
0 Dec 28 2:05 

0.01 Dec 28 2:10 Dec 

1:50 
155  

28 
28 
28 
28 
28 
28 
28 

0.01 
0 

0.01 
0 

Dec 
Dec 
Dec 

621 
6:26 
6:31 
6y36 
6:41 
6:46 
6:51 

2:36 
2:41 
2:46 

28 
28 
28 

0.01 
0.01 

Dec 

~Dec 2 8  

0.02 
0.02 
0.01 

28 

Dec 
Dec 
Dec 

2:51 0.02 

0.01 
0.02 

Dec 6:10 

Dec 

Dec 

Dec 
2:15 

28 6:16 

28 2:20 
2:25 
2:30 

0.02 Dec 
0.01 
0.02 
0.02 

Dec 
Dec 

28 
28 

1 Dec 
Dec 
Dec 



Table A-1. December 24-29, 1998 Storm Distribution 

Month I Day I Time lnches IMonth Day I Time lnches IMonth 1 Day 1 Time 1 lnches 
Dec 1 28 1 7:171 01 ~ e c  
Dec 
Dec 

Dec 1 8:491 0.01 1 Dec 281 13:10 0.011 Dec I 281 17:31 0.01 
Dec I 28 1 8:54i 0.01 1 l ~ e c  2 8  13:151 0.011 ~ e c  I 281 17:36 0.01 

2 8  11:38 0.021 l ~ e c  1 2 8  15:591 0.01 

Dec 
Dec 

28 
28 

28 
28 

Dec 
Dec 

7:22 
7:27 

Dec 
Dec 
Dec 
Dec 

7:37 
7:43 

28 
28 

Dec 
Dec 
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0.02 
0 

28 
28 
28 
28 

- - 
I I I I I I 1 I 1 

0.0'1 
0.01 

10:52 
10:57 

28 
28 

Dec I 281 11:33 0.01 l ~ e c  

Dec 
Dec 

281 15:541 0.02 l ~ e c  I 281 20:141 0 

Dec 

0.01 
0.02 

11:02 
11:07 
11:12 
11:17 
11:22 
11:28 

28 
28 

281 11:58 0.01 ~ e c  1 281 16:19/ 0.01 

Dec 
Dec 
Dec 
Dec 

0 
0.01 
0.01 
0.01 

Dec 
Dec 

0.01 
0.01 

11:43 
11:48 

Dec 

28 
28 
28 
28 

281 12:03 0.01 ~ e c  I 281 16:241 0.01 

28 
28 

Dec 
Dec 

0.01 
0.01 

15:23 
15:28 
15:33 
1538 

15:13 
15:18 

28 
28 

Dec 
Dec 

0 
0.01 

0 
0.01 
0.01 
0.01 

15:43 
15:48 

28 
28 

Dec 
Dec 
Dec 
Dec 

28 
28 
28 
28 

Dec 
Dec 

0.01 
0.01 

16:04 
16:09 

19:44 
19:49 
19:54 
19:59 

0.01 
0.01 

28 
28 

0.01 
0 

0.01 
0 

Dec 
Dec 

19:34 
19:39 

28 
28 

0 
0.01 

20:04 
20:09 

0.01 
0 



Table A-1. December 24-29. 1998 Storm Distribution 
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Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 

28 
28 
28 
28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
2 9 
29 
29 
29 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 0 
0 
0 
0 
0 
0 
0 

23:14 
23:19 
23:24 
23:29 
23:34 
23:39 
23:44 
23:49 
23:54 
0:OO 
0:05 
0:lO 
0:15 
0:20 
0:25 
0:30 
0:35 

~ e c  
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
- 

Dec 
Dec 
Dec 
Dec 
Dec 
Dec 

2 9  
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3:34 
3:40 
3:45 
3:50 
3:55 
4:OO 
4:05 
4:10 
4:15 
4:20 - 
4:26 
4:3'1 
4:36 
4:41 
4:46 
4:51 
4:56 

Dec 
Dec 
Dec 
Dec 
~ e c  
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 

29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

7:55 
8:OO 
8:06 
8:11 
8:16 
8:21 
8:26 
8:31 
8:36 
8:41 
8:46 
8:52 
8:57 
9:02 
9:07 
9:12 
9:17 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Table A-1. December 24-29, 1998 Storm Distribution 
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TABLE A-2 

SUBBASIN CHARACTERISTICS 



Table A-2. Subbasin Characteristics 
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Basin 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 

Subbasin 
DIX010B 
DIX020B 
DIX030B 
DIX040B 
DIX050B 
DIX180B 
DIX1 SOB 
DIX200B 
DIX210B 
DlX215B 
DIX220B 
DIX225B 
DIX230B 
DIX240B 
DIX242B 

Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 

Runoff 
Node 
DIX41 ON 
DIX415N 
DIX375N 
DIX385N 
DIX390N 
DIX235N 
DIX245N 
DIX225N 
DIX225N 
DIX515N 
DIX525N 
DIX505N 
DIX520N 
DIX290N 
DIX340N 

DIX460B 
DIX470B 
DIX480B 
DIX490B 
DIX500B 
DIX510B 
DIX520B 
DIX530B 
DIX540B 

Area 
28.83 
69.73 
13.66 
57.83 
47.49 
25.71 
33.24 
45.02 
66.64 
12.93 
60.28 
9.25 

37.41 
131.15 
68.18 

DIX675N 
DIX695N 
DIX355N 
DIX698N 
DIX698N 
DIX705N 
DIX700N 
DIX785N 
DIX790N 

Slope 
0.091 
0.097 
0.1 34 
0.102 
0.128 
0.001 
0.002 
0.002 
0.002 
0.004 
0.003 
0.002 
0.001 
0.010 
0.094 

3.39 
3.48 

45.25 
9.36 

14.59 
7.96 
5.30 

19.58 
8.57 

Width 
28501 
60001 
1775 
3250 
3775 
1450 
3525 
3350 
5375 
2000 
6375 
650 

2400 
7250 
4200 

0.015 
0.035 
0.099 
0.027 
0.014 
0.040 
0.083 
0.073 
0.125 

Present 
Impervious 

24.89 
23.82 
22.76 
20.1 9 
13.50 
45.71 
42.96 
43.01 
42.07 
34.58 
28.93 
47.77 
48.09 
41.07 
23.59 

Future 
Impervious 

25.30 
25.30 
25.30 
20.1 9 
13.50 
51.62 
62.54 
61.38 
74.27 
40.12 
29.48 
47.87 
48.41 
41.38 
24.25 

450 
525 

2675 
540 

1600 
1200 
950 

1475 
775 

20.79 
21.36 
7.1 3 

19.98 
21.59 
22.36 
21.71 
18.44 
1 8.30 

35.24 
35.36 
30.85 
31 .O1 
25.73 
22.90 
23.1 8 
18.44 
18.30 



Table A-2. Subbasin Characteristics 

I I 1 Runoff 1 1 Present /Future I 
Basin 1 subbasin s ode 1 ~ r e a  Slope width Impervious 1 Impervious 
Dixon DIXSSOB ~ 1 x 7 8 5 ~  1 3.91 1 0.0591 6751 9.52 1 9.66 
Dixon 
Dixon 
Dixon 
Dixon 
Dixon 

Dixon DIX890B DIX880N 10.61 0.116 950 3.16 25.30 
Dixon DIX895B DIX885N 2.78 0.066 325 15.49 25.30 
Dixon DIX900B DIX915N 6.85 0.261 525 1.52 2.16 

Dixon 
Dixon 
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DIX560B 
DIX570B 
DIX580B 
DIX590B 
DIX600B 
DIX61 OB 
DIX620B 

DIX710N 
DIX735N 
DIX715N 
DIX740N 
DIX735N 
DIX800N 
DIX745N 

3.93 
2.22 
8.01 
2.38 

14.43 
27.691 0.143 
6-90) 0.123 

0.091 
0.060 
0.077 
0.045 
0.084 

2875 
425 

625 
1070 
875 
925 
900 

7.1 4 
20.27 

16.24 
4.05 

10.61 
3.96 

21.72 
23.24 
20.40 

17.45 
4.05 

1 5.40 
3.96 

21.72 



Table A-2. Subbasin Characteristics 
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Table A-2. Subbasin Characteristics 

Garfield jGAR105B IGAR105N i 7.651 0.004t 11001 44.29 74.77 

Basin 
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Subbasin 
Present 
lm~ervious Future lm~ervious 

Runoff 
Node Area Slope I Width 



Table A-2. Subbasin Characteristics 

Basin 1 subbasin 1 Node l ~ r e a  slope 1 width Impervious 1 impervious 
Oak iOAK035B ~OAKIOON j 254.88; 0.035; 36751 9.35 1 18.60 

]Runoff ( 

.........A.;.-.-...-...--..,,.-- &" C..CCCC.C..CCCCCCC-x6 .-x6..-x6-x6 ~.-iiiiiiii-"..y.."" 
~MRYOOIB lMRYOOlN i 43-92? 1025! -------- d - --y- 5.97 18.23 

Marvs River ! MRYOO~B-23.1 6 i 0.0881 650: 16.77 25.30 

1 Present 1 Future 
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. . b - - -  -i.------------' ~ - + " , - , - "  : 

M a ~ R i v e r  ---.~*.-% iMRYOO3B -.--- i~~Y005-64j O . 1 u O j  23.43 
- ~ G d n i & F  .--- - /~~~01-47.5555: O.JlJ$-J 600 7.22 
Goodnight ...I ..... - --+.- + GDN030N T T T ? ~ ~ O . O 1  0; 18751 18.37 

'-T--. 
Goodnight -+-.-&------ 35.21 

.p̂rrxrp-m,-- -,,d 

4-- IGDN045B - G D N O ~ ~ ~  1 .%d3%82 320 ---_ll.---.l_ll*-*. 4 .-..- 
Goodnight i GDNO~&Z~T-'~:~-I : 0.005; 1 074 24.31 
Goodnig ht ___I_. i-1- 1 0501 26.92 
Goodnight iGDNO6OB %%mr 8.751 0.00fi0751 ....._l--,_X---w.-- Li-- P, 

16.94 
Goodnight G 46.7c 0.0051 41001 
",---, --- 25.47 
Goodnight iGDNO9OB IGDNO9ON 1 -055 1500] 34.73 .-.--...--.--.- 2..."-" < +" &--"..A",- 
Goodniaht IGDN100B tGDN100N I 11.48; 0.005I 1- 24.40 

25.30 
32.29 
23.99 
35.21 
25.30 
29.10 
25.30 
34.23 
35.35 
25.40 



Table A-2. Subbasin Characteristics 
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Basin Width 
Goodnight 
, . .......----.. - x-- jGDN575B ---...-.- +.CC 1 ~ ~ ~ 5 7 5 ~  ...-.-.-- - +--- 19.17! .,-+,--..-. 0.005I 4-,- 700; ,--, i 3.73 
Goodnight 1GDN585B jGDN585N 1 15.57I 0.0051 5001 ..., "",.---"..----.--""-.A- w*-"," ----" T" -.--,---<.",,-,- &"--."-*---"-."- 1 9.47 
Millrace 

>--- 

iMlLOO5B iMIL005N 19.141 0.005, 14251 26.60 
Millrace ~ B N  m - 3 2 5 1  
x ~ - , , , - . - - * ~  7 

23.57 
Millrace j MIL040B I--51 33.33 
-,- 
Millrace .---- ~ M I L O ~ ~ N  1 79.35; 0.01&4300/ 32.37 
Millrace -,----.-..-- iMIL060B ----- IMIL060N - +.A -.---- 19.46i 0.0055 1200~ +-- ! 29.93 
Millrace 7 5 ~  IMIL075N 1 70.96) 0.005: 2650; 40.49 
..---a ------------......-..,-.. ;.-.. --,--, 5 , " ~ "  -,-,-w* ".+PU ---. 
Millrace 

Y-."--' 
.,.- -------- + rMIL080B --,,-. ---- iMIL080N 28.881 0.005: 1025- 5.76 
Millrace j M I L085B I M 1 ~ 0 8 5 T 2 m m - 7 5 0 f  5.58 

35.36 
36.46 
37.94 
26.63 
59.67 
39.20 
62.27 
45.12 
5.76 
5.58 

Present 
Impervious Subbasin Area 

Future 
Impervious 

Runoff 
Node Slope 



Recommendations: Given relatively favorable existing conditions, fairly minimal structural 
improvements and planting efforts could potentially enhance salmonid holding and spawning habitat 
in the upper reaches of Oak Creek. The upstream area reportedly contains cutthroat trout and 
conditions could readily be improved for this species. Fully functional channel and floodplain 
condtions, along with the establishment of a wide woody riparian corridor and stream buffer, could 
also be achieved with little or no infrastructure impact in this area. These generally favorable (and 
readily improvable) channel and riparian conditions in the upstream reaches of Oak Creek provides 
a strong incentive to prioritize removal of all fish passage barriers between Oak Creek's headwaters 
and its confluence with the Mary's River. 
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CLOSED CONDUIT PARAMETERS 





Table A-3. Closed Conduit Parameters 

Appendix A Tables.xls Page 2 of 8 



Table A-3. Closed Conduit Parameters 

Appendix A Tables.xls Page 3 of 8 



Table A-3. Closed Conduit Parameters 
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Table A-3. Closed Conduit Parameters 

, 
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Table A-3. Closed Conduit Parameters 
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Table A-3. Closed Conduit Parameters 
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TABLE A-4 

OPEN CHANNEL PARAMETERS 





00-0 ;00.0 i000'0 100'0 ]00'0 10~0'0 iSE0'0 ............................................................................... ........................................... ... !OLO'O ................................................... i8E9 1 1OO'OLE .............................. 100'0~~ 13NNVH3Ni NSLOHON~ N080tlON i 1080tl0~j ..................................... ............................................................................................................. ............................... ; : ...................+..................................... : + j : + 4UON 
~OO'O i000'0 100'0 100'0 10~0'0 !SE0'0 10~0'0 ISPZZ 29' 1 lc i00'OLC 1 13NNVH3Ni . NOLOUON . NSLOtlON! . 19~0tl0~ I 003 .....................................,......A1...~..--......,...........................~.~......................~..........-............+..........................~......... ; + ..........-..-.... * ..--. u..--...-.......,yv...,.... w-u..---.,-,.. + .-.. - .------ WON 

00'0 100'0 i000'0 100'0 jOO'O 'OLO'O~ -..- ..-,--__. - -.,. Il*-II-l.-.+-. ..-A- iOLO.0 *---.. jL968 . JZ9'19Z ! 18'01E 1 lilNNVH3NI N090tlONi NS9OtlONi 1990tlON ! --.----- ~-"+-pdp"vp 4UON 
00'0 100'0 i000'0 !00'0 jOO.0 iOLO'O !9E0'0 ..... ......._............ : ........................ : .......... "." ..... ,,,.-.. 6 - ................ ..-................. ...... .........-- ....ttttt,tttttt. ............ .... ..: ..................... ...: ......-... ............... *-... ......................... : ............................... + ................... -.-" ......... *.., ............ " .............. F..~ ..... -...--- ",.-.-,-.*,...-~.-"".-...--,, iOL0'0 19908 100'ZPZ 100' 19Z I 13NNVH3N; N090HONI N990UON 1 lS90tlO~ f 4UON 

100'0 i000'0 !00'0 ;00'0 IOLO-0 i9~0'0 1OLO'O 1LOZE iP9'L 12 IOO'ZPZ i 13NNVH3N1 NSOOHON i NOSOtlON 1mRNf 00'0 ; ;.h.h,.hhhh - ........ A. - ........ +-..-...-.-...-.-.. ....-...--... A,-" .*-..-- ...... ".* ..................-....-.--.--.- ~--hhhhhhhhh.hhhhhhhhh.hhhhhhhh-.hh .... -*..*-.- "A,--.- .. ">..A ..,.-.+.+..-.-,,...--.-..... "."A ......... --...... 4UON 
00'0 /00'0 1000'0 j00'0 /00'0 iOLO.0 $80'0 ---. -*-. -- iOLO.0 _/92€€ -E6-_8€ 13NNVH3N 1 NOEOHON i NSEOtlON 1 19EOtlON i 4UON 
00.0 iOO.0 iO00~0 ioo-0 .,.. rn ................ iOLO.0 isso.0 ................ ... ...... ........... ............................ ..... .............. ............................................ .......... .... x :.... - ........,... a - " lrrrr i ...............i... +..,., ,,., ttt.ttt.tt.tt.tt.tttttt.ii.iiiiii ~OLO'O *~8 ..ii.iii.iiii.i.iiiiiiiii+. 1~ !90'P6Z --- -., ;... 100'088 z I .......-.... 13NNVH3N -,..-....-.-....-+..- 1 A NSZOHON -...... -..-.-.-...r.----.-.-..-- ! NOEO~~~_-~I.E__O~~ON~ 4UON 

100'0 ;000'0 100'0 j00'0 10~0'0 ~SEO'O 1OLO'O !8181 ... ..... IPZ'E9Z iE9'86Z ......... 13NNVH3Ni ........... NSlOtlON1 .. .......... NOZOtlONi 1OZOtlONj 00:0 ............*..............................-.......-.....-.?......-.A.....-.. * ........ A * ..........+...,-..... . ..&... .. ..............,......+.....,.-..--.-.....+..-.. ---,....... :" .. .....-. " -.-... * ........ " * -..- .XQI~*-XQIXQI-XQIXQI.XQI.... u.rr .? " - -,,,* - ...-.. + --..---,A .~....*7 -- 4UON 
00'0 jOO.0 ;000'0 ;0om0 100.0 jOLO.0 i9E0'0 .7--.-w7-~--: -.: iOLO'O -,,,,- iL99 . 1 ;OO'OP?-A~~Z_ ! 13NNVH3Ni NLOOHON ~-~JOUON~ 10 1OtlON 4UON 
00 0 100'0 i000'0 ,-. . - iOO'O . - .... 100'0 - ..... -. .- ................ ]OLO'O " + j960'0 .........................-.......... iOLO'O : ...................... ..:.- ....... - ...... --,-.+.- IP9.L -..., - - CZ .......... -...: iOO'OPZ ............................... 6 ! .........-. 13NNVH3N -.-------.+,-.-.." 1 NSOOHON - ...--.-.. . ............ NLOO~~ON ...... - i 1~00tl0~ 4UON 
00'01 . * !oo'o~ ....., ................................. i9co.o rrr+u.r /OO'C ......- &~.%~ joo'~ .-..r C jooo-0 L..........~..~. i000.0 I000'0 ILS 100'00Z /09'90Z 1 13NNVH311 NaN3MOSi NlnOMOSi lln0~0~j .>.." --....* ...-... ",,." -,,. * *=.. (. " ... " ... (. ..A.~...~~~...... .I..." t .-...- %..,. -,.... ...* <.> ---..... + -- ....-.-.. %,.-.- ..-.. -..-.- ~.,. Menbs . .......... ......... .... ..... .... ...... .. . ................ ....... ..... ...... ......... ................ ............. 

100'9 iSEO.0 iOO'1 iOO'1 j000'0 1000'0 oE?.-".- -- ...,...-. -- -. - .-_-.i.--- ------. -- 1000'0 1168 iOO'9EZ iOO'OPZ i 13NNVH3lj NOPZMOS! NSPZMOSI 1StZMDSi x.~ -IX̂.-<-- ICX~-~--""-A- ---.,*- *.--A. .,--.XF.ÎI Menbs 
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Basin 
Oak ;OAK1 1 OL   OAK^ ION 1 0 ~ ~ 1 0 5 ~  1NCHANNEL / 261.80: 259.50; 6841 0.0701 0.0351 0.070j 0.00; 0.001 0.000/ 0.00; 0.00 

."-1-44411'.4---- C C C - C C C C C C - C C C C C C C C C C C C C C C ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ y . ~ l 1 . 1 ~ ~ ~ c c c c ~ ~ c c c c ~ ~ . . .  .- * .....A......-...... .................................... ................................................. ...................................................... ................................................................... ................... 
Oak IOAK120L JOAK120N ;OAK1 15N iNCHANNEL 1 264.501 262.301 1961 0.070j I---..." .-----. x-+.--~-...--- ---- -~-.-....---....--i---.--.~.---c c... ~C.C...CC~CCCCCC 0.035: - .  0.0701 . - , . - - ~ . A ~ - - . , ~ -  0.001 0.00; O.OOO( ;,_." .-.--,.---+." 0.00; -,.- 0.00 
Oak iOAK125L 1OAK125N ..... /OAK1 20N j ~ ~ ~ ~ ~ ~ r 2 6 5 . 0 0 ;  264.501 120; 0.0701 0.035; 0 . m  0.001 0.001 0.OOOj 0.001 0.00 .................................................. .....................I..... .................................................... .... .... . 
Oak 

*~'--""~-x"~-.~-~-..~ ...........+............. ....*.. 0 ..,........... C.CCC .*,,." .-...-........- ..............................+....~.......~.....+...... .............**..- 
fOAK140L IOAK140N 1OAK135N 1NCHANNEL 1 278.501 266 001 20991 0.0701 0.0351 0.0701 0.00; 0.00; 0.0001 0.00; 0.00 .....-.....-.--- A".-".,.--* ................. : .......~.......................... + .................................... L ............................... : ...................... : ....... i ......................... ; ........................ :,,."..."." .... ...................................................................................................................................... 

Oak j O A K w A K l 5 0 N  -- !OAK1 45N 1 NCHANNEL i 298.00; 279.001 1264; 0.0701 0.0351 0.070/ 0.001 0.00; 0.0OOi 0.00; 0.00 ....... ... . ........ -.. ..,, 
Oak 

,-,"-,"'"--"--.'------,---& ,-,,-.- --.... * ...........* -4 4 >.-- .-.-. "--.r.--l-----",..>."-*.I*, 

1OAK170L IOAK17ON iOAK16ON 1NCHANNEL 1 322 82: 299.961 2254; 0 0701 0.0351 0.070; 0.001 0.00; 0.0001 0.00; 0.00 ............. ...................... ..................... .-....- ............................. ........................ ........... ........... .... ..,....-,*..,, 
Oak 

r... .........-.----...--... . . . . . - .  + : i ; 6 : ; ................-.-............... : ................+..................+.. .*.. 
iOAK205L ...........-.--..--.......-..... iOAK205N 1OAK170N 1 NCHANNEL 1 370.001 322 821 49331 0.0701 0.035: 0.070: 0.001 0.001 0.0001 0.001 0.00 ..........A..........A............................*.......................................................... & ".* .. ... ............................ ....... ..................................................................................... .................................................................................................................................................. 

Oak jOAK235L jOAK235N ;OAK1 20N i NCHANNEL 1 280.001 264.501 15301 0.070; 0.035; 0.070: 0.00; 0.001 0.00oi 0.001 0.00 ...... . ......... .. ................ ...................... 
Oak 

.* ...............-....- * <----.-- *.%..."....~.-..-.....* --.--.--- + ----. 4. .-....- < ..--" ..-........-... -.- <...-..- < 
10AK255L jOAK255N jOAK105N 1 NCHANNEL 1 268.551 259.501 10441 0.070; 0.035; 0.0701 0.001 0.001 0.OOOi 0.001 0.00 
)-'̂ ll̂ . ...xrrrrr--.-^QI-^QI.... ...... .- ....... ..+. ...................................... --,.-.--,,,..- ........... + ........................... ~..+ ..~................ ........- ......... .......+.......................+..-....-......-..............................*..-...............*..................-- . .-................+. ...................... * ....................... 

Oak 1OAK280L iOAK280N iOAK245N jNCHANNEL i 334.881 296 001 19671 0.0701 0.0351 0.0701 0.00; 0.00: 0.OOOi 0.00; 0.00 ................-.. ..-II-..II-..-II-.II-..........-.II-.II-........ ;............... ..................... +..." ............................. : ............................. :.~ ................... ..-- i........ ......................................................................... &......... ..................................................................................... : ........................ : ....................... 
Oak iOAK290L 1OAK290N jOAK285N 1NCHANNEL 1 362.00; 335.361 1220; 0.0701 0.0351 0.0701 0.001 0.001 0.0001 0.00; 0.00 

-x.- ..*...--.*.....-.--.. -6 -*--.-..-- 4. .- .....r~~r~...~~.~~~....~....~~.~....~... rx.. .... -............. ............... 
Oak 

.---.."-."I* -%--..-~.-..-<- ..-......-... < .....- t ~ ~ - - .  
IOAK350L iOAK350N /OAKOgON 1NCHANNEL 1 234 151 230.861 343; 0 070: ......... ...... .................................. ........................... ...................... ...".. ...................... ............... ................................. 0.0351 ......... 0 ........... 0701 ........... 0 00; 0 001 0 000: 0 00; 0 00 ....., .. ............ ................ ....... .................... .. -.....-..-..-.............-........ +. a : i.. .-i.... ...~...........:........ ..& > : & :,,,~ .,,*,,,,, :..~ 4 : i.,.~ 

Oak IOAK025L /OAK025N ;OAK020N 1TCHANNEL 1 209.501 203.001 8551 0.000; . ....-........-...........-............-.... ............................................... &.........-..., .... ..........-............ ...................................................... + .............................................................. ...--... 0.000; ...... .......+................................................................................................... 0.000; 1.601 1.701 0.0351 ........................................... 17.50i 20.00 
Oak (OAK035L /OAK035N jOAK033N 1TCHANNEL ; 216.001 21 1.001 310; 0.0001 0.000i O.OOO! 0.461 1.001 0.0351 17.50; 21 .OO ----.~.~--~--- ~~~%*%--...*~--.-=<~-%- ----IXX".~."-......~.."& .... ....-.. -........4. xxx*xxx*xxx*.~xxx*-xxx*xxx*..xxx*xxx*xxx*...~xxx*.xxx* ' xxx*.xxx*xxx*xxx*.xxx*Cxxx*. xxx* ~ x x x * x x x * x x x * , ~  xxx* xxx*xxx*IXxxx*xxx*.xxx*xxx*,... ",.+ -..........-... ",+ *r*r*r.~*r*r..*r.... 
Oak 1 OAK080L iOAK080N jOAK065N jTCHANNEL 1 224.501 221.001 798; 0.0001 0.000; 0.0001 1.60; 1.50; 0.035; 9.00; 16.00 >....'. ..................... 7D. ..... .-..D............... ... D....... ..............~..~..~...........~........~~~~........................ D ..............................D.........................DD.D..DDDDDDDD..D............D.......................+...... . .- ............................................. ....+............... * .+......... ..... ..-................ .............. 
Oak iOAK100L .............. jOAKlOON 1OAKO9ON ITCHANNEL 1 242.34: 230.86: 20871 0.000~ .............................................................................. ..................................................................... ................................................................................. .................................................................................................................................................. 0.0001 0.OOOi 1.001 1.00; 0.0351 7.85; 10.00 

:..1... -.- * : .............................*.. * 
Oak ;OAK1 30L !OAK1 30N ; OAK1 25N lTCHANNEL / 265.501 265.001 1941 0.000i 0.0001 O.OOO/ 1.601 0.971 0.0351 6.201 14.00 ----.-- ......A. h ......................................... i ...... . --.. .. .---< - ........ -....... * ----.--.A-.-..-----,-%.., . ..xi..,.xxir ..----...-.,.,-.... *A-.~-~>" .... >-,.,.+.,-..-. .. ---.. 
Oak ,OAK1 55L OAK1 55N !OAK1 50N TCHANNEL 1 299.501 298.001 13791 0.0001 0.0001 0.0001 1 .lo! 1.701 0.0351 7.001 17.00 

-...-..........--..-....~..............................................................A ...................................... * .............................. iiiiiiiiiiiiiiiiiiii ....... & .........................+................... .... <......... ................~............................ ....*....................+..................+..........................+....................... ; ........................ 
Oak ;OAK21 5L ;OAK21 5N iOAK205N /TCHANNEL j 390.001 370.001 + 949; 0.000; 0.0001 0.0001 1.301 1.701 0.0351 6.001 10.00 ................................................- + .............................................. ................................................................... ..................... ............. ............................................................................................................................................ 
Oak iOAK225L -- iOAK225N /OAK1 25N lTCHANNEL i 268.001 265.001 691 0.OOOi 0.0001 O.OOO/ 1.601 0.971 0.035; 6.20; 14.00 --..-- %-:-----.- .... ..*.----hhhhhhhhhhhh-.hh .... .< ..... ..-...--... .,-.+- --.-....*. ................................... .---..----. * ....-.--. + .--.--.., & 

Oak ! 0 ~ K 2 4 5 ~  I OAK245N iOAK235N 1TCHANNEL 1 296.001 280.00; 141 01 0.000; O.OOO! 0.0001 2.501 4.75; 0.0351 4.00; 24.00 ,--..,.-.----.-, .... ......................... y......... ............................................................. *... .................. v.. rr ...... , ................... __.+ ................ - .......... * ........................ 
Goodnight IGDN185b ..... IGDN185N lGDNO3ON 1TCHANNEL ; 235.001 228.231 122; 0.0001 0.0001 0.0001 1 .001 1 .001 0.0351 5.001 5.00 I.--..--.I.. -. ...................................................................... + ..... + ......................................................................................... + .................................................................................................................................................. 
Goodnight i GDN555L jGDN555N iGDN1 SON 1TCHANNEL 1 232.001 232.001 2801 0.000; 0.000j 0.OOOi 1.00; 1.00; 0.035! 1.001 1.00 -.-<~-.----..~..--.-.~.~-.~.*~..c.c~.........c.+ ........... .---- ~~.ii~.ii~iiiiiiiii~ hi,.ii i iiii,i - ...- ....... + ~i..........ii. ...... '",-" .i,ii..i" ,,-,, 

Goodnight l^IIII^-.IXIIL.---~--., jGDN565L iGDN565N iGDN560N ITCHANNEL I 232.601 232.00; 8031 0.0001 0.000~ 0.0001 1.00; 1.00/ 0.0351 1 .001 1.00 ......................... "(I . .................................................... ... -.................... * .................... * .......................................I... * ................... .+ ............................................... * 
Goodnight 1GDN575L ,..I-.--.IIIXX-I...I~~... jGDN575N .... -.-.......~-.. iGDN570N iTCHANNEL ; 233.30; 232.701 5181 0.000; 0.0001 0.0001 1.00; 1.001 0.035: 1.501 1.00 ... + .... - ...... - ........ ".-b .......................~.............~.............................~..... + ........................................................................................................................................... 
Goodnight ;GDN580L iGDN580N /GDN575N iTCHANNEL l 232.901 233.301 324; 0.0001 

X - X I ~ ^ I ^ I ^ I X X I ~ -  xlxlxx~-.....-'. .. .......-.-.. * -..-.--.-.-- 0.0001 0.OOOi ‘. ---. 1 .OO! A....--~;'. 1.00; 0 0351 .,.-.-- 1 . .-.-%- .OOi ,--- J.l.0 
Goodnight ~GDN~~~LGDNS-N~~ON .........-....-... -...-----..... ...+..... ,.-,.,- jTCHANNEL *-.-.., + 1 + 232.901 ..-..ii.iiii 3591 ..iiiii....... 0.0001 + ...........-......................... 0.0001 0.0001 + 1 .OO/ + 1.001 + 0.0351 + 1.201 + 1.00 ......-. ......................... ....... .............................. ....................... ............. ............. ................. .................... .................... ........................ ........................ ....................... 
Mill Race ~ M I L O ~ ~ L  -..-..---..---.- +A iMIL025N .--- ............... iMIL020N : ................. -. 1NCHANNEL i 198.50; 204.001 3141 0.0701 0.035; 0.0701 0.00; 0.00: 0.0001 0.001 0.00 ............ + ................................... "-"* .................... ........................ L ....%.......... "*" ...................................... ......-......A.......... ... 
Mill Race iMIL040L iMIL040N 1MIL030N INCHANNEL 1 208.001 -..-.- 199.001 9561 0.0701 - ---- L. --..A 

0.035j 0.0701 0.00; 0.00; 0.000~ 0.001 0.00 
rxx-rrxrrx~ .-.,... --...*- 

Mill Race jMIL050L ~ " ~ " M I L o ~ ~ N  . ..................... -li.v,~ ~ N C H A N N E L ~  .--. .......... 208.461 208.26- 3421 0.0701 0.0351 0.070j 0.OOi 0.00; 0.0001 0.001 0.00 
""..+ * .........,-,,.,..... -d-.," .. .-,-,.- .. -....-... .....--.... .......... + ........ .......- *.,."..~ -.-- tttt ...- ........ .................. ..-t ....................... 

..... ........... -...... .......... ........... ....... ................. 0.0351 . 0.0701 .... 0.001 ....... 0.00; 0.0001 0.00; .................... 0.00 .Mill Race 1.fiLk%k-LML!.55!" "..i.!!!k.?!F!?! P?E!!EL.:&." %!!?:.!?3.: .z~~.:~!?* ?!!!z: i!:&!? ....................-...... -.,..* ...-. 
Mill Race jMIL075L IMIL075N iMIL060N 1NCHANNEL 1 208.001 208.701 --+. 13791 ....-- 0.0701 ..-&---:--L 0 035: 0 0701 0.001 O.OO! 0.0001 0.001 0.00 

xl̂ -x.--- &-.---.-̂ - xixx -.-.-.* ". 
Mill Race iMIL085L -pIIIII-...-, IMIL085N ---- ........... f + ................................. ~ 1 ~ 0 8 0 ~  -NEL 1 2z.171 208.1 1 ! 10361 0.0701 0.0351 0.0701 0.001 0.001 0.000: 0.001 0.00 

....ii.....i.i...ii..ic~...~...~..CC..CCCCC.CCC.C.C.. c...... . c c c c . . . c ~ ~ ~ . ~ ~ ~ ~ c . . . . . . ~ . . . .  .+ ................... ",C - -..,..-. ....XI.CC.. ""-4 ................ ~~--.- .............. "*-,+-,+.~ ............ ~- .*  ....................... + ........................ 
Mill Race 7 ~ 1 ~ 0 9 0 ~  IMIL090N ............ iMIL085N u....................... 1NCHANNEL ..... ................. i 210.79; 210.171 3101 0.0701 .............................................................. .....................~.......~. ........................................................ .............................................................. 0.0351 0.0701 0.001 0.00; 0.0001 0.00; 0.00 ..Y ..----..-; .--...--- ~.:.- "..+-~ -.,,,* : eee.e.e.eeeeeeeeeeee.e.e~.i .........--..... "..* ...?........... 
Mill Race iMIL005L iMIL005N 1MlLOUTN 1TCHANNEL 1 202.751 194.75; 4451 0.000i --.---..-------"--*- &..- 

0.0001 0.OOOi 1 .SOY 1 .SO: 0.0351 _.__8%,-0 . -- 
Mill Race iMIL015L 1MIL01 5N /MILOION jTCHANNEL 1 203.301 203.25- 0.0001 0.OOOoi 1 m 3 0 1  0.0351 8.001 20.00 
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Basin 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
- -- 

Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
- -- 

Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 

Name 
OAK31 5L 
OAK325L 
OAK330L 
OAK335L 
OAK340L 
OAK345L 
OAK350L 
OAK355L 
OAK365L 
OAK370L 
OAK375L 
OAK376L 
OAK380L 
OAK385L 
OAK390L 
OAK395L 
OAK400L 
OAK405L 
OAK41 0L 
OAK41 5L 
OAK420L 
OAK01 OA 
OAK01 0B 
OAK020A 
OAK020B 
OAK030A 
OAK030B 
OAK040A 
OAK040B 

Capacity, cfs 
71 .OO 
71 .OO 
43.00 

-- 

43.00 
43.00 
43.00 

569.00 
5.40 
5.40 
5.40 

19.00 
12.00 
39.00 
39.00 
39.00 
39.00 

-- 

5.80 
5.70 
5.70 
5.70 

12.00 
1600.00 
2060.00 
7030.00 
3740.00 
4980.00 
2640.00 
3990.00 
2290.00 

2-year 
9.14 
9.14 
9.14 
9.16 
9.15 
9.16 
5.20 
5.1 8 
5.18 
5.28 

-5.74 
3.55 
9.15 
6.92 
6.92 
6.93 
4.56 
4.58 
4.71 
3.38 
3.51 

346.00 
0.00 

344.00 
0.00 

683.00 
0.00 

668.00 
0.00 

2-year 
8.46 
8.46 
8.51 
8.48 
8.48 
8.50 
5.16 
5.14 
5.1 4 
5.1 5 

-5.47 
2.73 
8.50 
6.12 
6.15 
6.16 
4.10 
4.12 
4.15 
2.65 
2.70 

342.00 
0.00 

341.00 
0.00 

677.00 
0.00 

661.00 
0.00 

Future 

&year 
14.20 
14.20 
14.20 
14.20 
14.20 
14.20 
5.40 
5.44 
5.48 
5.50 

-5.51 
5.72 

14.20 
10.80 
10.90 
10.90 
8.00 
8.00 
8.00 
5.59 
5.63 

452.00 
0.00 

450.00 
0.00 

893.00 
0.00 

872.00 
0.00 

Present 
5-year 
13.40 
13.40 
13.40 
13.40 
13.40 
13.40 
5.38 
5.29 
5.29 
5.30 

-5.77 
5.47 

13.40 
9.99 

10.00 
10.10 
7.30 
7.30 
7.31 
4.91 
5.00 

447.00 
0.00 

445.00 
0.00 

884.00 
0.00 

864.00 
0.00 

Flows, 
10-year 

19.40 
19.10 
19.00 
19.00 
19.00 
19.00 
6.94 
6.77 
6.77 
6.78 

-9.10 
7.44 

19.00 
14.00 
14.10 
14.20 
9.50 
9.50 
9.50 
7.1 6 
7.23 

504.00 
0.00 

500.00 
0.00 

987.00 
0.00 

944.00 
0.00 

cfs 
25-year 

21.90 
20.90 
20.50 
20.40 
20.40 
20.40 
6.85 
6.88 
6.88 
6.881 

-9.10 
7.44 

20.40 
15.00 
15.10 
15.20 
9.50 
9.50 
9.50 
7.06 
7.23 

513.00 
0.00 

508.00 
0.00 

1000.00 
0.00 

955.00 
0.00 

Flows, 
10-year 

19.40 
19.10 
19.00 
19.00 
19.00 
19.00 
6.88 
6.79 
6.79 
6.79 

-9.10 
7.22 

19.00 
13.70 
13.80 
13.90 
9.47 
9.47 
9.47 
6.66 
6.66 

500.00 
0.00 

495.00 
0.00 

978.00 
0.00 

936.00 
0.00 

100-year 
24.40 
24.40 
24.40 
24.00 
23.70 
23.40 
6.93 
6.76 
6.76 
6.76 
-pp 

-9.10 
6.70 

22.90 
16.20 
16.40 
16.80 
9.51 
9.51 
9.51 
6.68 
6.68 

540.00 
0.00 

534.00 
0.00 

1050.00 
0.00 

993.00 
0.00 

cfs 
25-year 

21.90 
20.90 
20.50 
20.40 
20.40 
20.40 
6.92 
6.89 
6.89 
6.90 

-9.1 3 
7.49 

20.40 
15.00 
15.10 
15.20 
9.50 
9.50 
9.50 
7.17 
7.30 

518.00 
0.00 

513.00 
0.00 

101 0.00 
0.00 

963.00 
0.00 

100-year 
24.40 
24.40 
24.30 
24.00 
23.70 
23.40 
6.80 
6.76 
6.76 
6.76 

-9.10 
7.00 

22.90 
16.20 
16.50 
16.80 
9.51 
9.51 
9.51 
6.92 -- 
6.95 

544.00 
0.00 

538.00 
0.00 

1060.00 
0.00 

1000.00 
0.00 
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Basin 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
Oak 
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Name 
OAK1 35A 
OAK1 358 
OAK1 45A 
OAK1 458 
OAK1 60A 
OAK1 608 
OAK230A 
OAK230B 
OAK240A 
OAK240B 

Capacity, cfs 
1840.00 
1920.00 
1320.00 
1860.00 
2360.00 
376.00 
142.00 

1 180.00 
55.00 

757.00 

Future Flows, cfs Present Flows, cfs 
2-year 
538.00 

0.00 
540.00 

0.00 
492.00 

0.00 
25.00 

0.00 
3.42 
0.00 

2-year 
537.00 

0.00 
539.00 

0.00 
491 .OO 

0.00 
20.80 
0.00 
3.42 
0.00 

5-year 
709.00 

0.00 
724.00 

0.00 
661 .OO 

0.00 
33.10 
0.00 
4.57 
0.00 

5-year 
708.00 

0.00 
724.00 

0.00 
660.00 

0.00 
28.80 
0.00 
4.57 
0.00 

10-year 
1080.00 

0.1 1 
1090.00 

0.00 
981 .OO 

0.00 
47.90 
0.00 
6.63 
0.00 

100-year 
1330.00 

196.00 
1590.00 

18.40 
141 0.00 

35.40 
63.10 
0.00 
9.74 
0.00 

10-year 
1080.00 

0.09 
1090.00 

0.00 
980.00 

0.00 
43.30 
0.00 
6.63 
0.00 

25-year 
1 220.00 

41.70 
1260.00 

0.00 
1 130.00 

0.00 
54.80 
0.00 
7.61 
0.00 

25-year 
1220.00 

41.40 
1260.00 

0.00 
1 130.00 

0.00 
50.00 
0.00 
7.61 
0.00 

100-year 
1330.00 

196.00 
1590.0d 

18.60 
141 0.00 

35.60 
68.50 

0.00 
9.74 
0.00 
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Basin 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Godnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
Goodnight 
g o d n i g  ht 
Goodnight 

Name 
GDNO9OL 
GDN095L 
GDN100L 
GDN105L 
GDN11OL 
GDN115L 
GDN120L 
GDN125L 
GDN130L 
GDN 1 35L 
GDN140L 
GDN145L 
GDN150L 
GDN155L 
GDN16OL 
GDN165L 
GDN185a 
GDN185b 
GDN190L 
GDN500L 
GDN510L 
GDN515L 
GDN520L 
GDN525L 
GDN530L 
GDN535L 
GDN540L 
GDN545L 
GDN550L 
GDN555L 
GDN560L 
GDN565L 
GDN570L 
GDN575L 
GDN580L 

Capacity, cfs 
27.00 
6.30 

33.00 
27.00 --- 

26.00 
6.60 

13.00 
8.30 
9.50 

-- 

9.40 
6.30 
1.60 
1.90 
1.70 
2.00 
2.00 
4.50 

948.00 
0.1 1 

12.00 
16.00 
15.00 
17.00 
13.00 
10.00 
6.70 
7.00 
3.1 0 
4.50 
0.17 
0.33 

- 1.50 
1.10 
4.30 
1.90 

2-year 
4.56 
2.42 
2.38 
1.40 
1.35 
1.33 
1.33 
1.23 
1.24 
1.24 
1.24 
0.15 
0.13 
0.1 5 
0.14 
0.13 
0.00 
0.00 

-0.25 
1.19 
1.12 
1.12 
1.12 
0.59 
0.60 
0.60 
0.30 
0.30 
0.31 

-0.96 
-1.37 
- -1.18 

1.95 
0.92 

-0.80 

2-year 
4.59 
2.44 
2.39 
1.40 
1.36 
1.33 
1.33 
1.23 
1.24 
1.24 
1.25 
0.15 
0.13 
0.1 5 
0.14 
0.13 
2.86 
1.62 
0.85 
4.32 
4.22 
4.23 
4.23 
3.63 
0.81 
0.81 
0.43 
0.44 
0.47 
nla 
nla 
n/a 
nla 
nla 
nla 

Present 
5-year 

5.92 
3.1 3 
3.07 
1.79 
1.74 
1.69 
1.68 
1.57 
1.58 
1.59 
1.60 
0.21 
0.1 6 
0.17 
0.17 
0.16 
0.00 
0.00 

-0.33 
1.57 
1.48 
1.48 
1.48 
0.82 
0.82 
0.82 
0.42 
0.42 
0.44 

-1.28 
-1.38 
-1.18 
2.04 
0.92 
0.98 

Future 
5-year 

5.95 
3.15 
3.09 
1.80 
1.75 
1.69 
1.68 
1.57 
1.58 
1.60 
1.60 
0.21 
0.16 
0.17 
0.17 
0.1 6 
2.91 
2.74 - 
1.06 
4.80 
4.69 
4.69 
4.69 
3.93 
1.04 
1.04 
0.56 
0.56 
0.59 
nla 
nla 
nla 
nla 

- nla 
nla 

Flows, 
10-year 

8.35 
4.42 
4.35 
2.54 
2.50 
2.47 
2.46 
2.27 
2.28 
2.30 
2.32 
0.32 
0.21 
0.23 
0.21 
0.23 
0.03 
0.00 

-0.47 
2.37 
2.21 
2.21 
2.21 
1.26 
1.23 
1.23 
0.64 
0.64 
0.66 

-- -1.85 
-1.43 
-1.18 
2.04 
1.01 
1.23 

Flows, 

10-year 
8.17 
4.37 
4.32 
2.48 
2.45 
2.45 
2.46 
2.28 
2.29 
2.31 

- 

2.32 
0.32 
0.21 
0.23 
0.21 
0.23 
2.98 
5.02 
1.55 
5.79 
5.62 
5.64 
5.67 
4.52 
1.54 
1.54 
0.80 
0.80 
0.83 

n/a 
nla 
nla 
nla 
nla 
nla 

cfs 
25-year 

9.26 
5.08 
5.03 
2.94 
2.84 
2.79 
2.83 
2.67 
2.70 
2.73 
2.75 
0.37 
0.23 
0.25 
0.24 
0.27 
0.16 
0.00 

-0.51 
2.88 
2.68 
2.66 
2.67 
1.58 
1.42 
1.42 
0.74 
0.74 
0.76 

-2.01 
-1.44 
-1.18 
2.04 
1.20 
1.36 

-- 

100-year 
11.30 
6.70 
6.64 
4.20 
3.98 
- 3.69 

3.38 
3.09 
3.25 
3.42 
3.48 
0.40 
0.29 
0.33 
0.32 
0.31 
0.61 
0.00 

-0.59 
4.24 
3.97 
3.91 
3.91 
2.42 
1.82 
1.82 
0.95 
0.95 
0.96 

-2.29 
-1.34 
-1.1 8 
2.04 
1.20 
1.36 

cfs 
25-year 

9.31 
5.47 
5.29 
3.33 
3.10 
2.78 
2.68 
2.59 
2.67 
2.73 
- 

2.75 
0.37 
0.23 
0.25 
0.24 
0.27 
2.99 
6.49 
1.81 
6.33 
6.10 
6.03 
6.08 
4.79 
1.82 
1.82 
0.94 
0.95 
0.98 

nla 
nla 
nla 
nla 
nla 
nla 

100-year 
12.50 
7.92 
7.46 
5.36 
4.87 
4.17 
3.71 
3.18 
3.18 

-- 
3.38 
3.48 

-1.22 
-1.02 
-0.77 
0.66 
0.66 
3.57 
9.25 
2.33 
7.60 
7.27 
7.24 
7.22 
5.91 
2.56 
2.49 
1.59 
1.27 

- 1.27 
nla 
nla 
n/a 
nla 
n/a 
nla 
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Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
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GAR1 50L 
GAR005A 
GAR005B 
GAR020A 
GAR0206 
GARO3OA 

11.74 
8.50 

78.62 
1.92 

83.07 
2.01 

2.34 
7.11 
0.00 
4.25 
0.00 
2.72 

2.37 
7.60 
0.00 
4.54 
- 0.00 

2.85 

2.43 
8.16 
0.00 
5.06 
0.00 
3.06 

2.43 
8.68 

12.10 
5.31 
0.00 
3.16 

2.40 
9.53 

16.10 
5.78 
0.00 
3.37 

2.32 
7.18 
0.00 
4.30 
0.00 
2.84 

2.37 
7.62 
0.00 
4.58 
0.00 
2.97 

2.38 
8.18 
0.00 
5.10 
0.00 
3.17 

2.36 
8.78 

13.74 
5.36 
0.00 
3.28 

17.00 
9.53 

16.16 
5.85 
0.00 ~- 

3.50 
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