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1.0 Introduction 
 
 
 

 
 

 
 

 
 

 

Figure 1. Plan view of the project area on Icicle Creek near Leavenworth, Washington. Water is diverted 
for LNFH at the diversion location and through a pipeline. The main access to the site is along Icicle Creek 
Road, visible on river left in the photo. The pipeline runs west to east, just north of and parallel to 
Icicle Creek.  
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Figure 2. View of low-head diversion structure looking upstream. This photo highlights the rectangular 
concrete sill, the grouted channel, stop logs, and large boulders downstream. Direction of flow moves 
towards camera and left of the photo frame. Photograph taken August 2019. 

1 Unless otherwise noted, all elevations mentioned in this report are presented in North American Vertical Datum 
1988 (NAVD88). 
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Figure 3. Existing fish ladder that was originally intended to assist with sediment sluicing. Sediment piles 
up in channel upstream of structure (near blue arrow) as it enters the existing intake diversion channel. 
The blue arrow indicates flow direction across the sluiceway. The yellow line highlights the natural boulder 
drop downstream. Photograph taken August 2019. 

Figure 4. Looking upstream at current unscreened entrance from Icicle Creek through trash rack before
entering gate house where water is diverted into a pipeline system and transported downstream to the
hatchery. Photograph taken April 2019. 
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Figure 5. Sand settling basin at end of diversion pipeline (Photo A), sand removed from settling basin 
(Photo B), and litterfall removed from settling basin (Photo C). Photograph taken April 2019. 
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2.0 Setting 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
  

Figure 6. Looking upstream at the
confined channel and steep hillslopes 
at existing diversion site. Direction of 
flow from right to left across the
photo frame. 
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Figure 7. Photo looking upstream at the backwater pool and steep, natural rapid upstream (background) 
that extends approximately 1,000 ft from current diversion structure. Note the large boulders in the rapid 
upstream and along the banks. Photograph taken August 2019. 

Figure 8. Downstream of the existing diversion structure a natural boulder drop of 2 to 3 ft exists (photo 
looking upstream) with a deep scour hole immediately downstream. Additional large boulders are present 
in this photo that range in diameter from 5 to 15 ft. Photograph taken August 2019. 
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Figure 9. Typical cobble and boulder dominated channel with vegetated banks upstream of hatchery. 
Photograph taken approximately 1,500 ft upstream of the diversion structure by Lucy Piety, 
August 19, 2009. 

2.1 Hydrology 
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Exceedance Discharge (cfs) 
Probability Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
(%) 

5 773 855 747 1,489 3,494 3,478 2,082 513 295 651 1,210 898 
50 233 213 253 572 1,442 1,641 578 140 109 171 268 274 
95 102 96 126 219 572 599 129 60 54 70 76 94 
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Table 1. Monthly flow duration analysis results for the adjusted flow record for Icicle Creek above the 
LNFH intake. The 0.05 and 0.95 exceedance flows are highlighted (Clarkin, 2019) 

Figure 10. Photo 
looking upstream at
the existing intake
diversion at high flow 
at approximately 
4,500 cfs. Photograph 
taken by Hayley Muir, 
USFWS on December 
9, 2015. 
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Figure 11. Photo looking upstream at the project site in winter during ice conditions from
December 2, 2019, courtesy Carlo Aguon, LNFH. 

Table 2. Annual flow duration analysis results for the adjusted flow record for 
Icicle Creek above the LNFH intake 

Exceedance Flow Exceedance Flow 
Probability

(%) 
(cfs) Probability

(%) 
(cfs) 

0.1 5,343 60 232 
0.2 4,747 70 183 
0.5 3,949 80 140 
1 3,435 85 119 
2 2,906 90 97 
5 2,219 95 75 

10 1,561 98 63 
15 1,189 99 57 
20 906 99.5 49 
30 586 99.8 45 
40 401 99.9 39 
50 298 
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Table 3. Peak discharge estimates for annual exceedance probabilities for Icicle Creek 

Annual 
Exceedance 
Probability 

(%) 

Return Period 
(years) 

Estimated 
Discharge 

Lower 
(5%) 

Upper 
(95%) 

95 1.05 2,200 1,800 2,400 
90 1.11 2,500 2,200 2,700 
80 1.25 2,900 2,600 3,200 
70 1.43 3,300 3,000 3,600 
67 1.50 3,400 3,100 3,800 
50 2 4,100 3,700 4,500 
20 5 6,100 5,400 6,900 
10 10 7,500 6,700 8,900 
5 20 9,100 7,900 11,300 
2 50 11,400 9,500 15,400 
1 100 13,300 10,800 19,300 

 
 

 
 

 
 
 

 
 

 
 

 
 

2.2 Icicle Creek Sediment Characteristics 
 

 
 
 

 
 

 

10 



 
  

 
 

  

L-SWISP 2D Hydraulic Modeling Report 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

11 



Date  Location  d50  Description  Source  

2009 Diversion channel immediately 
downstream of existing structure 
and trash rack  

9 mm 
 (coarse

sand)  

Size limited by 1.5 in. (38 mm) 
trash rack openings  Bountry (2010)  

2009  Hatchery channel upstream of 
spillway  

2 mm  Primarily loose sand or 
unconsolidated sandy gravel  Bountry (2010)  

2009 Gravel bars at upstream end of 
 hatchery channel and in Icicle

Creek immediately downstream  

20 to  
26 mm  

   Bed composed of a mix of
sand, gravel and cobbles  Bountry (2010)  

2019  Sediment pile excavated from
LNFH sand settling basin  

 0.35 mm 
(fine sand)  

Contained litterfall  Hardee and 
Bountry (2019)  

2019  Diversion pool immediately
 upstream of existing structure 

and trash rack  

5 mm 
 (coarse

sand)  

Sand to fine gravel deposit 
with larger gravels  Hardee and 

Bountry (2019)  
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Table 4. Bed-material samples in Icicle Creek providing indication of bed-load sediment sizes in 
millimeters (mm) at various locations 

2.3 Summary of Site-Specific Challenges 
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3.0 Design Considerations 
 
 

 

3.1 Hydraulic and Sediment Objectives 
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3.2 Intake, Fishway, and Weir Options 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 
 

 

3.3 Final Design  
 

 
 

 
 

 
 

14 



 
  

 
 

 

 

RfClAMATJON 

Icicle Creek -

lcide Creek Road 

.o.~~~.~~~ 

O O O 0 

O O O 0 
o O O 0 

() 
0 0 

················ 

tOnYeyance ~•?",~to":~. 
. . .. -

k,_ 
Icicle Cree 

E>is""c-...,...., 
~ap-,-~ 

intake ~ .,.._
. illtits 

-BURJ:AUOF­

L-SWISP 2D Hydraulic Modeling Report 

Figure 12. Proposed design at the intake area site plan and design components. 
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matches that of the natural channel top-of-bank to prevent running material up the natural 
hillslope, which would be unstable during floods. 

The location of the fishway entrance was slightly offset from the intake screens to increase 
sweeping velocities past the screen during low flows. The fishway was also located on river left 
so that during low flows, fish will be following the dominant downstream flow vectors in the 
creek with the fastest velocities to encourage quick transition into the fishway past the screens. 
The downstream end of the fishway is in a backwater created by the natural boulder drop. 

Figure 13. Cross-section showing the modeled bed elevation of the roughened channel and low-flow 
fishway. The roughened channel is located between stations 75ft to 125ft, which creates a cross slope up 
the natural channel top-of-bank. Note the large scattered boulders and the side slope towards the banks.
Note: vertical scale is exaggerated. 

3.2 Cofferdam Construction Plan 
To effectively work in “the dry”, cofferdams will be used to isolate constuction areas redirect 
flow around the construction site. The government construction plan involves three consecutive 
phases, each requiring a unique cofferdam alignment (Figure 14). The propsoed government 
construction plan may differ from the actual contractor proposals. The objectives of the three 
phases as defined by the Reclamation design team are: 

Cofferdam 1 

 Block off the left side (looking downstream, north-side) of the active channel and 
accomplish construction of the new intake structure and diversion facilitites. 

 Perform work that opens up the most usable space first on the right (south) hillslope. 
Once the access road is built and the intake structure platform is available for use, the 
roughened channel and south side of creek will be easier to access. 

17 



 
 

 

L-SWISP 2D Hydraulic Modeling Report 

  
 

 
 

 

  
 

 
  

 

 

  
 

  
 

 
 

  
 

 
 

 
 

18 



 
  

 19 
 

 

L-SWISP 2D Hydraulic Modeling Report 

Figure 14. Cofferdam layout for Phase 1, 2 and 3 of construction of new intake and roughened channel. 
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4.0 Fish Screen and Passage Criteria 
 

 
 

 
 

4.1 Fish Migration and Design Discharges   
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Species and Discharge J F M A M J J A S O N D Exceedance (cfs)  
Bull Trout Adult 

 Migration       73 / 3,002       *1, 2 
 (95% / 5%) cfs 

 Bull Trout 
Adult/Subadult Foraging     71 / 2,458   *5 

 (95% / 5%) cfs 
Steelhead/Rainbow  

 Trout  163 /            *3, 4  2,671 
 (95% / 5%) cfs 

 Monthly  102 /  96 /  126 /  219 /  572 /  599 /  129 /  60 /  54 /  70 /  76 /  94 /
 (95% / 5%) cfs 773 855 747 1,489  3,494 3,478 2,082 513 295 651 1,210 898 

*1: Nelson, 2008; 2:  Wydoski and Whi  tney. 2003; 3: Hall, et al., 2014; 4: written communication Jim Craig, LFC, USFWS,  
April 27, 2020); 5: Anglin et al., 2013  
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Table 5. Adult upstream migration and foraging timing in Icicle Creek for ESA listed species Bull Trout and 
Steelhead/Rainbow Trout. Typical upstream migration times are shown in grey and peak migration times 
are shown as dark grey for fish migrating upstream to spawning areas. Bull trout timing in Icicle Creek for 
foraging shown in yellow. The 95% and 5% exceedance discharge in units of cfs are shown for each period 

Table 6. Peak juvenile downstream migration during spring and fall freshets with the 95% and 5% 
exceedance value for those periods (Wydoski and Whitney, 2003) 
Species and Discharge 
Exceedance (cfs) J F M A M J J A S O N D 

Bull  
Trout 
(95%/5%) cfs 

581 / 3,483 64 / 523 

Steelhead /Rainbow 
Trout 
(95%/5%) cfs 

581 / 3,483 64 / 523 

Monthly  
(95%/5%) cfs 

572 /
3,494 

599 /
3,478 

54 /
295 

70 /
651 
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4.2 Fish Screen Hydraulic Requirements 
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able 7-1. Maximum Allowable Average Culve1t Velocity 

Culve1t Maximum Average Velocity (ft/s) 
Length (ft) Chinook, Steelhead, Pink and Chum Juvenile Salmonids 

Sockeye, and Adults 
Coho Adults 

<60 6.0 5.0 1.0 
60-100 5.0 4.0 1.0 
100-200 4.0 3.0 1.0 
200-300 3.0 2.0 1.0 

>300 2.0 2.0 1.0 

Figure 15. Maximum allowable average culvert velocity guidance used to set criteria for fish passage in 
roughened channels in NMFS (2011).  
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4.3 Fish Passage Hydraulic Requirements 
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4.4 Roughened Channel Design Requirements (NFMS) 
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 Modeled Incoming
Discharge  

 (After intake diversion) 
 (cfs) 

Corresponding Hydrologic Analysis Method  

75 (33) 

100 (58) 
163 (121) 
298 (256) 
401 (359) 
523 (481) 
586 (544) 
906 (864) 

1,600 (1,558) 
2,219 (2,177) 

 2,458 (2,416) 
2,671 (2,408) 
3,002 (2,952) 
3,483 (3,441) 
4,100 (4,058) 
7,500 (7,458) 

13,300 (13,258) 
19,800 (19,758) 

Bull trout upstream 95% migration flows (73 cfs) & foraging (71 cfs); 
minimum discharge modeled  

Future minimum flow in drought years per Icicle Work Group  
 Stealhead/Rainbow trout upstream 95% migration flow 

50% mean daily  
40% mean daily  

 Sept/Oct downstream 5% migration flow (both species)  
 May/June downstream 95% migration flow (581 cfs, both species)  

20% mean daily  
intermediate discharge  

5% mean daily  
Bull Trout foraging 5% flow  

 Steelhead/Rainbow trout upstream 5% migration flow  
Bull Trout upstream 5% migration flow  

May/June downstream 5% migration flow (both species)  
50% peak discharge (2-yr)  
10% peak discharge (10-yr)  

 1% peak discharge (100-yr) 
Peak discharge on record  
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5.0 Hydraulic Model Results 
 

 
 

 
 

 
 

 
 

 
 

Table 7. Modeled discharges for design analysis 
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5.1 Upstream Passage:  Low Discharges 
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Figure 16. Modeled depth (top) and velocity (bottom) in the low-flow fishway at 75 cfs show 1 ft and 1 ft/s contours, respectively. Flow depth 
through the low-flow fishway is greater than 1 ft, except on the margins and the crest at the fishway exit (shown as dark blue). Velocity through the
low-flow fishway is below 3 ft/s for the vast majority of the fishway, except between boulders and at the crest. Note: the hydraulic conditions of the 
natural boulder drop downstream of the low-flow fishway (circled in yellow). 
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Figure 17. Modeled depth (top) and velocity (bottom) in the low-flow fishway at 75 cfs show contours based on criteria. Flow depth through the
low-flow fishway is greater than 1 ft, except on the margins and the crest at the fishway exit (shown as dark blue). Velocity through the low-flow 
fishway is below 3 ft/s for the vast majority of the fishway, except between boulders and at the crest. Note: the hydraulic conditions of the natural 
boulder drop downstream of the low-flow fishway (circled in yellow). 
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Figure 18. WSE through low-flow fishway shows drop height through the fishway. Note: bed elevation of 
actual boulder weirs not shown to highlight through swimming between the boulders. Note: vertical scale 
is exaggerated. 

Figure 19. Cross-section profile at approximately mid-point of roughened channel showing the bed 
elevation (brown) and modeled WSE for 75 cfs (blue), 100 cfs (green), and 401 cfs (red). Note: vertical 
scale is exaggerated. 
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Figure 20. Modeled depth (left) and velocity (right) for discharges 100, 298, and 401 and 298 cfs shown with 1 ft and 1 ft/s intervals, respectively. 
The natural boulder drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle 
Creek. 
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Figure 21. Contours showing the modeled depth (left) and velocity (right) for discharges 100, 298, and 401 and 298 cfs based on criteria. The 
natural boulder drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle Creek. 
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5.2 Upstream Passage: High Discharges 
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Figure 22. Modeled depth (left) and velocity (right) for discharges 401 and 586 cfs shown with 1 ft and 1 ft/s intervals, respectively. The natural 
boulder drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle Creek. 
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Figure 23. Contours showing the modeled depth (left) and velocity (right) for discharges 401 and 586 cfs based on criteria. The natural boulder 
drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle Creek. 
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Figure 24. Modeled depth (left) and velocity (right) contours 906 and 1,600 cfs shown with 1 ft and 1 ft/s intervals, respectively. The natural boulder 
drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle Creek. 
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Figure 25. Contours showing the modeled depth (left) and velocity (right) for discharges 906 and 1,600 cfs based on criteria. The natural boulder 
drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle Creek. 
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Figure 26. Modeled depth (left) and velocity (right) contours 2,671 and 3,002 cfs shown with 1 ft and 1 ft/s intervals, respectively. The natural 
boulder drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle Creek. 
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Figure 27. Contours showing the modeled depth (left) and velocity (right) for discharges 2,671 and 3,002 cfs based on criteria. The natural boulder 
drop directly downstream of the proposed roughened channel is circled (yellow) for reference to natural conditions in Icicle Creek. 
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Figure 28. Modeled velocities were sampled along the cross-section locations shown. Three roughened channel cross-sections 
(XS-upper, XS-middle, and XS-lower) and two reference (XS-boulders and XS-riffle). 
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Figure 29. Comparison of modeled velocity between proposed design and natural channel sampled along five cross-sections. The XS-upper, XS-
middle, and XS-lower are located within the proposed designed roughened channel at the upstream end, the middle, and downstream end, 
respectively. These are compared to two natural reference cross-sections: XS-boulders and XS-riffle. The line represents the median velocity, the X 
is the mean velocity, the box represents the upper and lower quartile range, the whiskers show the upper and lower extremes, and outliers are 
shown in as circles. The black dashed line shows the velocity criteria of 3 ft/s. 
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5.3 Fish Screen Operations 
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  May June   September   October   
Juvenile 
Downstream 

 Passage
Discharges 

 (cfs) 

572 3,494  
(95%) (5%) 

599 3,478   
(95%) (5%) 

54* 295   (95%) (5%) 
70* 651   (95%) (5%) 

Model  
Discharge 

 Across Intake 
Screen** (cfs) 

586 3,483 
 to to 

544 3,441 

586 3,483 
  to to 

544 3,441 

298 75 to   to 33 258 

586 75 to   to 33 544 

 Average
 Sweeping

Velocity*** 
(ft/s) 

  2.4 5.9   2.4 5.9  0.7  1.5  0.7  2.4 

Exposure Time 
Across Total 
Screen Length 

 (sec) 

 9 4   9 4  35  16  35  9 

Total screen 
exposure time 
less than 60 Criteria met   Criteria met   Criteria met   Criteria met  

seconds  
 Sweeping

velocity criteria 
met (0.8 ft/s)  

30 days (100% 
month)  

31 days (100%  month)  
17 days (57%  month)  

25 days (80%  month)  

*Minimum incoming design flow for fisheries analysis is 75 cfs based on design assumption from Icicle Working 
Group that future incoming discharge past diversion weir will not be less than ~100 cfs.   

 ** Model discharge at upstream end based on incoming flow and downstream end of screens after 42 cfs diversion.  

***Approach velocity is 0.4 ft/s; sweeping velocity goal is 2 times approach or 0.8 ft/s  
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Table 8. Summary of hydraulic conditions for juvenile downstream Bull Trout and Steelhead passage 
based on MPOR. Sweeping velocity and exposure time are averaged over the total length in front of the
intake fish screens 
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Table 9. Summary of hydraulic conditions for juvenile downstream Bull Trout and Steelhead passage 
based on MPOR. Sweeping velocity and exposure time are averaged over the total length of the intake 
fish screens (~21.4 ft) 

Period Mean Daily 
Discharges (cfs) 

May and June 

581 (95%) and 3,483 
(5%) 

September and
October 

64* (95%) and 523 (5%) 

Annual 
(January to December) 
75 (95%) and 2,219 (5%)

16* (min) and 14,540 (max) 

Model Discharge Across
Intake Screen** (cfs) 

Average Sweeping Velocity
for 95% and 5% Flow (ft/s) 
Exposure Time Across Total 
Screen Length (sec) 

586 to 544 (95%) 
3,483 to 3,441 (5%) 

2.4 to 5.8 

4 to 10 seconds 

75 to 33 (95%)
523 to 481 (5%) 

0.6 and 2.2 

10 to 35 seconds 

75 to 33 (95%) 
2,219 to 2,177 (5%) 

0.6 and 4.7 

5 to 35 seconds 

Total screen exposure time
less than 60 seconds Criteria met Criteria met Criteria met 

Sweeping velocity criteria
met (0.8 ft/s) 

61 days (100% of 
time period) 

41 days (68% of time 
period) 

326 days (89% of time 
period) 

*Minimum incoming design flow for analysis is 75 cfs (95% annual flow exceedance) based on design assumption 
from Icicle Working Group that future incoming discharge past diversion weir will not be less than an incoming 102 
cfs (60 cfs in fishway after 42 cfs diversion). 
** Model discharge at upstream end of screens based on incoming flow and downstream end of screens after 42 cfs 
diversion. 

5.4 Flood Protection 
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Figure 30. Contours showing the modeled WSE at 1 ft increments for the 100-yr flood (13,300 cfs). 
The WSE is highest at the upstream side of the intake structure (1,205 to 1,206 ft) and drops about 1 ft in 
front of the fish screens (1,204 ft). Weir crest location is shown with black line. Inundation beyond the 
black line on river right is along the steep hillslope. 
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5.5 Sediment Deposition at Intake 
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Figure 31. Potential sediment mobility based on dimensionless shear stress for 4,100 cfs (2-yr flood). 
Contours show areas of mobility for fines (dark blue), sand (light blue, 0.063 to 2 mm), very-fine to coarse 
gravel (teal, 2 to 32 mm), coarse-gravel to very-coarse gravel (green, 32 to 64 mm), cobbles (light green, 
64 to 256 mm), small boulders (orange, 256 to 512 mm), and large boulders (512 mm and up). New weir 
location shown with black line. 
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Figure 32. Potential sediment mobility based on dimensionless shear stress for 7,500 cfs (10-yr flood). 
Contours show areas of mobility for fines (dark blue), sand (light blue, 0.063 to 2 mm), very-fine to coarse 
gravel (teal, 2 to 32 mm), coarse-gravel to very-coarse gravel (green, 32 to 64 mm), cobbles (light green, 
64 to 256 mm), small boulders (orange, 256 to 512 mm), and large boulders (512 mm and up). New weir 
location shown with black line. 

5.6 Construction Cofferdam  
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6.0 Discussion 
 

 
 

  
 

  
 

 
  

 
 

  
 

 
 

  
 

 
  

6.1 Sediment Management to Maintain Fish Screen Submergence 
Criteria 
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6.2 Fish Screen Criteria 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

6.3 Upstream Adult Fish Passage  Criteria  
 

 
 

 
 

 

 
 
 

 
 

 
 

 

 
 

49 



 
 

 

 

L-SWISP 2D Hydraulic Modeling Report 

 
 

 
 

 
 

 
 

 
 
 

 
 

 

 
 

 
 

 
 

 
 

 

6.4 Roughened Channel Rocks and Grouting Needs 
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6.5 Large Wood and Debris 
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Appendix A – 2010 Sediment Analysis at 
Hatchery Channel  
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Figure 33. Location map of Icicle Creek and Leavenworth National Fish Hatchery (LNFH) on 2009. 
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Figure 34. Approximate locations of test pits excavated upstream of fish hatchery in August 2009. 
Locations are from waypoints taken with a hand-held GPS unit. 
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Appendix B – Sediment sample results from 
laboratory analysis (Hardee and Bountry, 2019) 
Copy of laboratory reports for two samples located just upstream of existing diversion weir 
and collected from excavated sediment from sand settling basin. 
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Appendix C - Hydraulic Model Development 
 

 
 

 

  
 

 
  

 
 

  
 

 
  

 
 

 
 

  
 

 
  

 
 

  
 

  
 

Topographic Data 
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• Ramp Boulder Height Above Existing Bed (ft) 

50 Feet 
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Figure 35. Location and rock height above existing bed (ft) for placed boulders on ramp. Letters designate
label that corresponds to Table 10 and numbers represent rock height. 



Label   Easting
(ft) 

 Northing
 (ft) 

 Existing
Elevation 

(ft) 

Ramp 
Elevation 

(ft)  

 Top Rock
Elevation 

(ft)  

Height 
Above 

Bed  
(ft) 

Exposed 
Height 
Above 

Ramp (ft)  
A  1674919 199676  1188.1 1192.9  1195.0  7 2 
B  1674948 199674  1189.8 1191.0  1193.5  4 3 
C  1674980 199678  1188.9 1189.4  1192.0  3 3 
D  1674991 199638  1188.6 1188.0  1191.5  3 4 
E  1674989 199628  1188.8 1188.6  1191.5  3 3 
F  1674976 199614  1188.0 1189.9  1192.0  4 2 
G  1674970 199623  1186.6 1189.6  1192.0  5 2 
H  1674972 199633  1189.8 1189.1  1192.0  2 3 
I  1674957 199606  1189.0 1191.0  1193.0  4 2 
J  1674949 199612  1189.0 1191.1  1193.0  4 2 
K  1674952 199636  1189.1 1190.1  1193.0  4 3 
L  1674933 199638  1189.2 1191.0  1194.0  5 3 
M  1674928 199629  1190.1 1191.3  1194.0  4 3 
N  1674936 199622  1190.0 1191.3  1194.0  4 3 
O  1674931 199609  1189.9 1191.8  1194.0  4 2 
P  1674926 199600  1190.1 1192.2  1194.0  4 2 
Q  1674934 199593  1189.5 1192.2  1194.0  4 2 
R  1674908 199597  1187.9 1193.0  1195.0  7 2 
S  1674899 199602  1192.9 1193.2  1195.0  2 2 
T  1674903 199611  1186.7 1192.8  1195.0  8 2 
U  1674915 199622  1188.9 1192.1  1195.0  6 3 
V  1674907 199630  1188.5 1192.3  1195.0  6 3 
W  1674881 199615  1190.7 1193.4  1196.0  5 3 
X  1674876 199607  1190.3 1193.7  1196.0  6 2 
Y  1674880 199598  1190.6 1193.7  1196.0  5 2 

 

 
 

 

 

L-SWISP 2D Hydraulic Modeling Report 

Table 10. Locations and elevations of the large, roughened channel boulders 

Mesh Generation 
 

 
 

 
 

 
 

64 



 
  

 

 

 

L-SWISP 2D Hydraulic Modeling Report 

Figure 36. Computational mesh developed in SMS on proposed modeled bed elevation at the project site. 

Hydraulic Roughness 
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Figure 37. Model roughness values at the project site. 
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Boundary Conditions 
 
 

 
 

 
 

 
 

 
 

Calibration/Sensitivity 
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Model Limitations 
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Appendix D – Construction Cofferdam Results 
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Phase 1/Cofferdam 1 Phase 2/Cofferdam 2 Phase 3/Cofferdam 3 

Dates July – September September October 

95% Exceedance Prob. 100 cfs 54 cfs 70 cfs 

5% Exceedance Prob. 2,000 cfs 295 651 

Model Flows Likely to 
Occur in Construction 

298, 906, 1,600 cfs 298 cfs* 298 and 906 cfs* 

Terrain Existing Conditions 

Proposed Conditions 
for Phase 1 
Construction Area & 
Existing Conditions in 
Reamining Areas 

Proposed Conditions 

*Model runs also available for 906, 1,600, and 3,400 cfs due to uncertainty in final construction timing. 

Cofferdam 1 for Phase 1 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 

70 



 
  

 

 

1 
1210 

1207 

1204 

1201 

1198 

1195 

1192 

1189 

1186 

1183 

1180 

E 
D 

A 
B C 

Figure 38. Representation of existing conditions terrain and Cofferdam 1 during phase 1 of construction. Letters A to E are provided for reference 
locations in the discussion. Flow moves from left to right across the image. 
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Figure 39. 2D results at 298 cfs with Cofferdam 1 for water depth (ft) and velocity (ft/s) in top and bottom
images, respectively. Contour interval is in 1-ft (ft/s) increments for this figure and all following figures. 
Flow is from left to right in this figure and all subsequent figures. 
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Figure 40. 2D results at 906 cfs with Cofferdam 1 for water depth (ft) and velocity (ft/s) in top and bottom
images, respectively. 
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Figure 41. 2D results at 1,600 cfs with Cofferdam 1 for water depth (ft) and velocity (ft/s) in top and 
bottom images, respectively. 
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Figure 42 2D results at 3,400 cfs with Cofferdam 1 for water depth (ft) and velocity (ft/s) in top and 
bottom images, respectively. 
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Figure 43. 2D water surface elevation (NAVD88 ft) results for Cofferdam 1 at 1,600 (top) and 3,400 cfs 
(bottom). Contour interval is in 1-ft increments. 
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Figure 44. Representation of existing conditions terrain and Cofferdam 2 during phase 2 of construction. 
Letters A to E are provided for reference locations in the discussion. 
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Cofferdam 2 for Phase 2 
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Figure 45. 2D results at 298 cfs with Cofferdam 2 for water depth (ft) and velocity (ft/s) in top and bottom
images, respectively. 
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Figure 46. 2D results at 906 cfs with Cofferdam 2 for water depth (ft) and velocity (ft/s) in top and bottom
images, respectively. 
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Figure 47. 2D results at 1,600 cfs with Cofferdam 2 for water depth (ft) and velocity (ft/s) in top and 
bottom images, respectively. 
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Figure 48. 2D water surface elevation (NAVD88 ft) results for Cofferdam 2 at 1,600 (top) and 3,400 cfs 
(bottom). 
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Cofferdam 3 for Phase 3 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

A 

B 

C D 

E 

Figure 49. Representation of existing conditions terrain and Cofferdam 3 during phase 3 of construction. 
Letters A to E are provided for reference locations in the discussion. 
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Figure 50. 2D results at 298 cfs with Cofferdam 3 for water depth (ft) and velocity (ft/s) in top and bottom
images, respectively. 
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Figure 51. 2D results at 906 cfs with Cofferdam 3 for water depth (ft) and velocity (ft/s) in top and bottom
images, respectively. 
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Figure 52. 2D results at 1,600 cfs with Cofferdam 3 for water depth (ft) and velocity (ft/s) in top and
bottom images, respectively.  

85 



 
 

 

 

 
  

Elev ft 
1205 -

1193 
1191 

1189 

1187 
1185 

Water Elev ft 
1205 -

I 
! 
I 

1193 
1192 

1192 

195 
1194 

1193 

1193 
1194 1194 1193 

1191 

+ 

Figure 53. 2D water surface elevation (NAVD88 ft) results for Cofferdam 3 at 906 (top) and 1,600 cfs 
(bottom). 
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