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1.0 INTRODUCTION 

1.1 Background 
In June 2008 URS prepared the report, Feasibility Study, Black Rascal Creek Flood 
Control Project.  The report presented three alternative detention basin projects that 
would reduce the peak 100-year flood discharge at the upstream end of the Black Rascal 
Creek diversion channel to about 3000 cubic feet per second (cfs). 

Since completion of the June 2008 report, the City of Merced, County of Merced and 
Merced Irrigation District (the Streams Group) have requested that additional studies be 
completed to determine the approximate facility sizes, costs, and impacts if the three 
alternative project concepts presented in the June 2008 report are upgraded to reduce the 
peak 200-year flood discharge at the upstream end of the diversion channel to about 3000 
cfs.  URS understands that the Streams Group needs protection against a 200-year flood 
event to obtain funding assistance for a flood control project. 

In November 2008, the County of Merced (on behalf of the Streams Group) authorized 
URS to prepare an addendum to the June 2008 report.  This addendum presents the 
results of additional studies of the three original project alternatives but with increased 
capacity to protect against a 200-year flood event.  In addition, they asked that a variation 
on one of the original project alternatives that would reduce environmental impacts be 
added to the studies.   

1.2 Purpose 
The purpose of this addendum is to increase the scope of URS’ June 2008 (“main”) 
report to address flood protection against a 200-year flood event.   

1.3 Scope 
The three flood control concepts presented in the main report were analyzed to determine 
approximate facility sizes, costs, and impacts if they are designed to protect against a 
200-year flood event.  A variation on one of the original project alternatives to reduce 
environmental impacts was also studied. 

This addendum is not a stand-alone document but is intended to be used in conjunction 
with the main report.  Thus, analyses methodologies, data descriptions and sources, 
numerical model description and calibration, and description of the environmental setting 
are not included in this addendum but are included in the main report.  In addition, the 
figures and tables presented in this addendum use table and figure numbers that 
correspond to the table and figure numbers used in the main report, by adding the letter 
“A” as a prefix.  For example, Table A2-3 corresponds to Table 2-3 in the main report 
but includes the 200-year event data.  The exceptions are Figures A-1 and A-2, which are 
unique to this addendum. This facilitates comparison of the 200-year results presented in 
the addendum to the 100-year results presented in the main report. 

 

The following specific tasks are included in the scope of work for this addendum: 
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 1. Research NOAA Atlas 2 and Merced Airport precipitation gauges.  Determine 24-
hour duration, 200-year precipitation by plotting, interpolation, and extrapolation 
and prepare a new precipitation versus duration table and figure for the 200-year 
storm event (equivalent to Table 2-3 and Figure 2-2 in the main report). 

 2. Calculate the temporal distribution of the theoretical 24-hour duration, 200-year  

 3. Conduct HEC-HMS analyses of detention basin requirements for the 200-year 
storm event for the three alternative project configurations described on page 4-2 
of the main report.   

 4. Add one new optional alternative that provides a single detention basin at Site D 
with levees to confine inundation to primarily agricultural land. 

 5. Prepare new maps of inundation at the basin sites for the 200-year flood event 
(equivalent to Figure 4-2 of the main report). 

 6. Prepare a new figure showing hydrographs with & without projects for the 200-
year flood event (equivalent to Figure 4-4 of the main report). 

 7. Prepare new tables presenting facility sizes and costs for 200-year flood 
protection (equivalent to Tables 4-1 and 4-2 of the main report). 

 8. Prepare a new table that compares the three 200-year flood protection alternatives 
(equivalent to Table 6-1 of the main report). 

9. Prepare an addendum to the main report to include the above analyses, tables and 
figures. 

10. Provide an Independent Technical Review (ITR) and Project Management 
services for this scope of work. 
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2.0 ANALYSIS RESULTS 
2.1 Two Hundred-Year, 24-Hour Precipitation Amount and Temporal 

Distribution 
Precipitation-duration amounts for the 200-year, 24-hour storm event were obtained from 
the DWR website (http://www.weather.water.ca.gov/engineering/) for the Merced 
Airport location.  Precipitation amounts for 5-minute and 15-minute and 1-hour, 3-hour, 
6-hour, 12-hour, and 24-hour durations were estimated for the 2-year, 5-year, 10-year, 
25-year, 50-year and 100-year return frequency storm events using procedures presented 
in NOAA Atlas 2.  These values were plotted as shown in Figure A-1 as return frequency 
versus precipitation amount for each of the durations.  The plots were extrapolated 
assuming a linear-log fit to estimate the 200-year precipitation amounts for each of the 
durations.  The results of these estimates are presented in Table A2-3 and Figure A2-2.  
Also included in Table A2-3 and Figure A2-2 are the precipitation-duration amounts for 
the 100-year storm events that are presented in the main report, Table 2-3 and Figure 2-2.  
The NOAA Atlas 2 precipitation-duration estimates presented in Table A2-3 for the 200-
year storm event were used in subsequent analyses for this addendum (the 100-year 
NOAA Atlas 2 precipitation amounts were used in the alternatives analyses presented in 
the main report). 

The temporal distribution of the 200-year precipitation amount was determined using the 
same methodology as was used for the main report analyses of the 100-year flood event.  
The temporal distribution is illustrated in Figure A-2. 
 

Figure A-1 Plot of Precipitation Depth versus Retur n Period for Estimated Storm Durations and 
Volumes from NOAA Atlas 2
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FIGURE A2-2: Comparison of 100-Year and 200-Year Pr ecipitation Amounts - DWR's Merced 
Estimates and NOAA's Atlas #2 Estimates
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Table A2-3 Precipitation Volume for 100 Year and 20 0 Year Event(s) 

Duration DWR Merced Precipitation 
Frequency 

NOAA Atlas #2 Precipitation-
Frequency 

Hours Minutes (100-Year) (200-Year) (100-Year) (200 -Year) 
0.083 5 0.35 0.38 0.23 0.26 
0.25 15 0.54 0.58 0.46 0.58 

1 60 0.9 0.98 0.80 0.88 
2 120 1.19 1.29 1.06 1.20 
3 180 1.38 1.50 1.30 1.45 
6 360 1.78 1.93 1.88 2.09 
12 720 2.31 2.50 2.75 3.00 
24 1440 2.81 3.05 3.50 3.80 
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 Figure A-2 Hyetograph for 200-year Storm Event use d in Black Rascal Creek Detention Basin 
Study
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2.2 Inundation Maps and Outflow Hydrographs 
 
The same three alternative detention basin projects analyzed in the main report (see 
Section 4.2) plus a modification to the project at site D to reduce environmental impacts 
were analyzed in this addendum.  These analyses resulted in the required detention basin 
sizes presented in Table A4-1 for each of the alternative projects.  As noted in Table A4-
1, the outlet for the basin at Site B was sized to limit outflows from sub-area BR6 to a 
practical minimum, about 100 cfs.    

Figure A4-2 shows the inundated area for each of the alternatives.  For sites A and B the 
inundated area is about the same for both the 100-year and 200-year events.  The 
resolution of the topographic data is not sufficient to distinguish the areas.  In the main 
report Figure 4-2 shows results using a curve number of 91 and 97 since there was some 
uncertainty in the actual measured flow rate in the diversion.  However, all results in the 
main report for costs and design are for the curve number of 91 only since it was 
considered to be the more likely value.  Therefore, Figure A4-2 shows results using a 
curve number of 91 only. 

Figure A4-4 presents the discharge hydrographs at the Black Rascal Creek diversion 
during the design flood for existing conditions (no detention basins) and for each of the 
three alternative detention basin projects.  As shown by Figure A4-4, all of the alternative 
detention basin projects reduce the peak flow at the diversion to about 3,000 cfs. 
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The goal of reducing Black Rascal Creek peak flows to about 3,000 cfs by use of the 
detention basin alternative projects examined in these studies can only be achieved by 
providing a relatively large detention basin at either Site C or Site D.  Modifying the 
basin at Site D to eliminate the inundation of potentially sensitive habitat results in the 
same amount of storage as in the unmodified basin.  However, the storage that occurs to 
the north of the agricultural area (in an area that could potentially contain vernal pools) 
with the unmodified basin occurs within the orchard located on the east side of the site 
when the basin is modified to contain water only on agricultural lands.  The lower end of 
the Black Rascal Creek watershed is very flat. Water contained within the detention basin 
would backwater up Black Rascal Creek and spill onto land that could potentially contain 
vernal pools without the training berms.  These berms would be short (a few feet tall) 
located along the creek to prevent the backwater from overtopping the creek banks.  The 
available topographic data are not sufficient to define these berms accurately.  Another 
issue associated with the modified basin is local drainage.  Runoff that collects on the 
outside the berms on the north side of the agricultural lands would need to be diverted 
around the berms. This may require construction of a small drainage ditch along the edge 
of the agricultural lands. 

 

Figure A4-4 Effect of Detention Basin in Black Rasc al Creek Watershed at the Black Rascal 
Creek Diversion during a 200-year Precipitation Eve nt  

0

1000

2000

3000

4000

5000

0 6 12 18 24 30 36 42 48 54
Hours since beginning of Storm

F
lo

w
 (

cf
s)

NOAA 200-Yr existing 200-Yr w/ Basin C only
200-Yr w/ Basins@Sites A,B,C 200-Yr w/ Basin @ Site D only
200-Yr w/ modified Basin @Site D only



SECTIONSECTIONSECTIONSECTION    TWO  Analysis Results    

 

 P:\Merced Co On-Call\Black Rascal Cr\Addendum_2009_18715212\Addendum Final_2.27.09.doc   2-7 

Table A4-1  Alternative Detention Basin Projects 

Project 
Alternative 

Culvert 
Outlets 

Height - 
culvert 
floor to 
spillway 

crest 

Height - culvert 
floor to 

embankment 
crest 

Basin storage @ 
spillway crest (acre-

feet) 

Basin storage @ 
dam crest (acre-feet)  

            
Alternative 1 - A 
single large 
detention basin at 
Site C 

3 - 5' x 10' 
culverts 14 feet 17 feet 1136 1438 

            

            

Alternative 2 - Three 
detention basins:           

Site A Basin 2 - 5' x 10' 
culverts 10 feet 13 feet 202.7 319 

Site B Basin 
limit 

outflow to 
100 cfs 

11 feet 14 feet 306.9 486.9 

Site C Basin 5 - 5' x 10' 
culverts 9 feet 12 feet 676.3 945.2 

            
            

Alternative 3 - A 
single large 
detention basin at 
Site D 

2 - 10' x 12' 
culverts 12.6 feet 15.6 feet 1,711 2,374 

            
Alternative 4 - A 

single large 
detention basin at 
Site D restricted to 

agricultural land 
only 

2 - 10' x 12' 
culverts 14.5 feet 17.5 feet               1,711  2,534  
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2.3  Cost of Alternative Detention Basins 
URS developed concept-level cost estimates to construct each of the alternative detention 
basin configurations listed in Table A4-1.  Actual costs would be determined during final 
design when requirements imposed by DSOD, environmental requirements, and site-
specific conditions are better known. Assumptions used in the cost estimate are the same 
as in the main report and are repeated below: 

• The embankment of the dam could be constructed from onsite materials. 

• Three feet of material would be excavated for the foundation. 

• The general layouts of the impoundment structure, outlet, and spillway are as shown 
on Figures A4-2 and 4-3. 

• The spillway for each detention basin is sized to pass the 200-year flood event with 3 
feet of freeboard.  However, since all the basins have a hydraulic height greater than 6 
feet, DSOD could require more stringent spillway requirements even though the 
reservoirs are in a relatively undeveloped area.  DSOD often will require that an 
allowance for wind-waves also be included in the freeboard estimates.  Since these 
basins are not designed to hold water only to reduce peak flows for the 200 year 
event, water levels are only expected to be near their peak elevations for a few hours 
then quickly recede so additional freeboard for wind-waves was not included 

For purposes of the feasibility cost estimate it is assumed that the reservoir lands will be 
purchased in fee.  A small cost savings may be realized if flood easements can be 
obtained.  This is an important assumption for the modified basin at Site D (Alternative 4 
in Table A4-2) since all the storage is assumed to occur on agricultural lands, and the cost 
of orchard land is assumed to be high.  

• Environmental costs are assumed to consist of mitigation for loss of habitat due to the 
dam footprint and possible damage to vernal pools within the inundation area. 
Construction of the dam is not assumed to destroy the vernal pool habitat but may 
change the characteristics of the pools that are inundated. Therefore, a lower cost was 
assigned to the pool impact. 

Construction quantities, project costs, and environmental impacts and their costs are 
presented in Table A4-2 for the alternative projects.  In addition, unit costs used in the 
estimate as well as assumptions associate with environmental impacts are presented as 
footnotes on Table A4-2. 

The alternative projects listed in Table A4-1 were qualitatively evaluated based on their 
performance in relation to addressing the following four issues: 

• Effectiveness in Reducing Black Rascal Creek Flows 

• Environmental Acceptability 

• Project Costs 

The relative advantages and disadvantages of the detention basins and combinations of 
detention basins in addressing these issues are summarized in Table A6-1.
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Table A4-2: Black Rascal Creek Project Cost Estimat e (Sheet 1 of 5)  

            

  Alternative 1 Alternative 2 Alternative 3 Alternati ve 4 

 Project Element Single Basin 
@ Site C  Basin @ 

Site A 
Basin @ 

Site B 
Basin @ 

Site C 

Total of 
Sites A,B 

& C 

Single Basin 
@ Site D 

Single Basin 
@ Site D  

Embankment Fill:            
 Emb. Crest Width, ft. = 15  15 15 15  15 15 

 
Height to 200-Year Water Surface, ft. 
= 14  10 11 9  12.6 14.5 

 
Freeboard Above 200-Year Water 
Surface, ft. = 3  3 3 3  3 3 

 Emb. Height, ft. = 17  13 14 12  16 18 
 Upstr. Emb. Slope, H:1V = 2.5  2.5 2.5 2.5  2.5 2.5 
 Dwnstr. Emb. Slope, H:1V = 2.5  2.5 2.5 2.5  2.5 2.5 
 Emb. Length (excl. outlet), ft. = 4,520  408 380 3,146  8,029 11,973 
 Emb. X-Sect. Area, sq.-ft. = 456  284 413 100  842 1,028 
 Emb. Vol. (excl. outlet), CY = 76,260  4,285 5,819 11,627 21,731 250,505 455,916 
            
Foundation:           
 Foundation Excavation Depth, ft. = 3  3 3 3  3 3 
 Emb. Base Width, ft. = 67.25  48.5 58 29.5  93 102.5 
 No. Outlet Culvert Barrels, # = 3  2 1 5  2 2 
 Outlet/Spillway Width, ft. = 34  23 12 56  27 27 
 Embankment & Outlet Length, ft. = 4,554  431 392 3,202  8,056 12,000 

 
Embankment & Outlet Footprint, sq.-
ft. = 306,257  20,904 22,736 94,459  749,208 1,230,000 

 Foundation Vol., CY = 34,029  2,323 2,526 10,495 15 ,344 83,245 136,667 
            
Culvert Concrete:           
 Culvert Length, ft. = 15  15 15 15  15 15 
 Wall, Roof, Floor Thickness, ft. = 1.0  1.0 1.0 1.0  1.0 1.0 
 Barrel Width, ft. = 10  10 10 10  12 12 
 Barrel Height, ft. = 5  5 5 5  10 10 
 X-Sect. Concrete, sq.-ft. = 88  61 34 142  84 84 
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 Table A4-2: Black Rascal Creek Project Cost Estimat e (Sheet 2 of 5)  
          
  Alternative 1  Alternative 2  Alternative 3 Alternative 4 

 
Project Element Single Basin 

@ Site C  Basin @ 
Site A 

Basin @ 
Site B 

Basin @ 
Site C 

Total of 
Sites A,B 

& C 

Single Basin 
@ Site D 

Single Basin 
@ Site D  

          
 Culvert Concrete, CY = 49  34 19 79 132 47 47 
            
Spillway Crest Concrete:           

 
Crest Elevation Above Culvert Floor, 
ft. = 14  10 11 9  13 15 

 Crest Height Above Culvert Roof, ft. = 8  4 5 3  2 4 
 Crest Length, ft. = 32  21 10 54  25 25 
 Crest Thickness, ft. = 1.0  1.0 1.0 1.0  1.0 1.0 
 Spillway Crest Concrete, CY = 1  1 0 2 3 1 1 
            
Inlet/Outlet Apron Concrete:           
 Width @ Culvert, ft. = 34  23 12 56  27 27 
 Width @ Emb. Toe, ft. = 119  88 82 116  105 114.5 
 Upstr. & Dwnstr. Apron Length, ft. = 85  65 70 60  78 87.5 
 Total Apron Area, sq.-ft. = 6,503  3,608 3,290 5,160  5,148 6,191 
 Apron Thickness, ft. = 0.7  0.7 0.7 0.7  0.7 0.7 
 Apron Concrete, CY = 161  89 81 127 298 127 153 
            
Wingwall Concrete:           
 Wall Thickness, ft. = 0.7  0.7 0.7 0.7  0.7 0.7 
 Wall Height at Culvert (one side), ft. = 11.0  7.0 8.0 6.0  4.6 6.5 

 
Concrete Above Culverts (two sides), 
CY = 8  5 6 4  3 5 

 Wall Height (@ Apron), ft. = 17  13 14 12  15.6 17.5 
 Wall Base Length (one side/end), ft. = 60  46 49 42  55 62 
 Area - 4 walls, sq.-ft. = 2,044  1,195 1,386 1,018  1,721 2,166 
 Total Wingwall Concrete, CY = 59  35 40 30 104 46 58 
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Table A4-2: Black Rascal Creek Project Cost Estimat e (Sheet 3 of 5)  
         
 Alternative 1  Alternative 2  Alternative 3 Alterna tive 4 

Project Element Single Basin 
@ Site C  Basin @ 

Site A 
Basin @ 

Site B 
Basin @ 

Site C 

Total of 
Sites A,B 

& C 

Single Basin 
@ Site D 

Single Basin 
@ Site D  

Total Concrete, CY = 269  158 141 238 537 221 259 
            
Land Requirements: (inundated area)           
 Undeveloped Land, acres = 193  40 65 86 191 76 0 
 Agricultural Land, acres = 0  0 0 0  70 70 
 Orchard Land, acres = 0  0 0 0  70 282 
           
Unit Costs:          
 Embankment Fill, $/CY = $20  $20 $20 $20  $20 $20 
 Foundation, $/CY = $9  $9 $9 $9  $9 $9 
 Concrete, $/CY = $600  $600 $600 $600  $600 $600 
 Undeveloped Land, $/ac = $3,200  $3,200 $3,200 $3,200  $3,200 $3,200 
 Agricultural Land, $/ac = $3,250  $3,250 $3,250 $3,250  $3,250 $3,250 
 Orchard Land, $/ac = $42,000  $42,000 $42,000 $42,000  $42,000 $42,000 
            
Project Construction Costs:           
 Embankment Cost $1,525,195  $85,708 $116,373 $232,530 $434,611 $5,010,096 $9,118,326 
 Foundation Cost $306,257  $20,904 $22,736 $94,459 $138,099 $749,208 $1,230,000 
 Concrete Cost $161,541  $95,059 $84,384 $142,729 $322,173 $132,360 $155,239 
 Total Construction Costs $1,992,993  $201,671 $223 ,493 $469,719 $894,883 $5,891,664 $10,503,565 
            
Contingencies           
 Engineering @ 10% = $199,299  $20,167 $22,349 $46,972 $89,488 $589,166 $1,050,357 
 Contingencies @ 50% = $996,497  $100,835 $111,747 $234,859 $447,441 $2,945,832 $5,251,783 

 
Construction Costs with 
Contingencies $3,188,789  $322,673 $357,589 $751,55 0 $536,930 $9,426,663 $16,805,705 

            
 Undeveloped Land Cost $617,600  $128,000 $208,000 $275,200 $611,200 $243,200 $0 
 Agricultural Land Cost $0  $0 $0 $0 $0 $227,500 $227,500 
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Table A4-2: Black Rascal Creek Project Cost Estimat e (Sheet 4 of 5)  
          
  Alternative 1  Alternative 2  Alternative 3  Alternative 4  

 
Project Element Single Basin 

@ Site C  Basin @ 
Site A 

Basin @ 
Site B 

Basin @ 
Site C 

Total of 
Sites A,B 

& C 

Single Basin 
@ Site D 

Single Basin 
@ Site D  

 Orchard Land Cost $0  $0 $0 $0 $0 $2,940,000 $11,844,000 
 Total Land Costs $617,600  $128,000 $208,000 $275, 200 $611,200 $3,410,700 $12,071,500 
            
Total Construction Cost Including 
Land = $3,806,389  $450,673 $565,589 $1,026,750 $2,043,013 $12,837,363 $28,877,205 
           
Environmental Impacts:          

 
Direct Environmental Impacts, acres 
= 7.0  0.5 0.5 2.2 3.2 17.2 28.2 

 
Indirect Environmental Impacts, acres 
= 193  40 65 86 191.0 76 0 

            
Environmental Impacts Unit Costs          
 Wetland/vernal pool density 0.2  0.2 0.2 0.2  0.2 0.2 
 Direct (vernal pools) (3:1 mitigation)          

 
Preservation of Vernal pools 
(cost/acre) (2:1) $65,000  $65,000 $65,000 $65,000  $65,000 $65,000 

 Creation of new Vernal Pools (1:1) $130,000  $130,000 $130,000 $130,000  $130,000 $130,000 

 
Indirect Environmental Costs (vernal 
pool habitat)          

 
Preservation of Vernal pools 
(cost/acre) (2:1) $65,000  $65,000 $65,000 $65,000  $65,000 $65,000 

 
Environmental Review/Permitting (per 
alternative) $500,000    $500,000  $500,000 $500,000 

 
Direct Environmental Impacts for 
Agricultural Land $15,000  $15,000 $15,000 $15,000  $15,000 $15,000 

            
Environmental Costs:           
 Direct Environmental Costs = $365,595  $24,954 $27,141 $112,761 $164,856 $481,903 $423,554 
 Indirect Environmental Costs = $5,018,000  $1,040,000 $1,690,000 $2,236,000 $4,966,000 $695,259 $0 
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 Table A4-2: Black Rascal Creek Project Cost Estimat e (Sheet 5 of 5)  
          
  Alternative 1  Alternative 2   Alternative 3 Alternative 4 

 
Project Element Single Basin 

@ Site C  Basin @ 
Site A 

Basin @ 
Site B 

Basin @ 
Site C 

Total of 
Sites A,B 

& C 

Single Basin 
@ Site D 

Single Basin 
@ Site D  

 Total Environmental Costs = $5,883,595  $1,064,954 $1,717,141 $2,848,761 $5,130,856 $1,677,162 $923,554 
            
Total Including Land and 
Environmental Costs = $9,689,984  $1,515,627 $2,282,730 $3,875,511 $7,673,868 $14,514,525 $29,800,759 
            
            
Total Costs Without Land Costs = $9,072,384  $1,387 ,627 $2,074,730 $3,600,311 $7,062,668 $11,103,825 $17,729,259 
            
NOTES:           
(1) Area of direct impact is assumed to be equal to foot print of the dam.  
(2) Indirect impacts are assumed equal to the inundated area.  
(3) Costs of impacts are based on a 3:1 mitigation ratio for direct impacts to wetlands. Wetland density is assumed to be 20 percent of 
total grassland area affected. Mitigation for direct impacts would include 2:1 preservation at $65,000 per impact acre and 1:1 creation at 
$130,000 per acre of impact. Mitigation for indirect impacts is assumed to be preservation credits at a 2:1 ratio based on a cost of 
$65,000 per acre of indirect impact. A flat cost of $500,000 is included for each site that would include all environmental review and 
permitting.  

(4) Basin BR10b is located on land that is currently cultivated with low potential for vernal pool species.  Cost estimate is based on a 1:1 
mitigation ratio for direct loss of potential foraging habitat for Swainson's hawks and San Joaquin kit fox and 0.2:1 mitigation for indirect 
effects at $15k per acre. There may also be costs associated with obtaining a flood easement.  
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Table A6-1 

Comparison of Alternative Projects 

Evaluation Criteria Basin/Project Capabilities Comments 

Potential DSOD 
Jurisdiction: 

All basins, regardless of whether 
or not they are provided in 
combination with other basins or 
as the only basin, will probably be 
under DSOD jurisdiction. 

Based on comparison to Burns Dam, the 
spillways for the larger basins at Sites C 
& D may be adequate. 

Effectiveness In 
Reducing BRC Flows: 

All Alternatives are equally 
effective in reducing BRC flows. 

  

Environmentally 
Acceptable: 

    

  
Site C - Alternatives 
1 & 2 

Has Known Adverse 
Environmental Impacts - 
Probably Not Permitable 

If Permitted, Environmental Mitigation 
May Be Very Costly 

  
Site A - Alternative 
2 

Probably Has Adverse 
Environmental Impacts But Needs 
Investigations (not previously 
studied in detail)- Possibly 
Permitable 

Will Probably Incur Significant 
Environmental Mitigation Cost.  
Requires long access road and associate 
impacts 

  
Site B - Alternative 
2 

May have least adverse 
environmental impacts, needs 
more investigation (not previously 
studies in detail) - Probably 
Permitable 

Will Probably Have Some Environmental 
Mitigation Cost.  Requires long access 
road and associated impacts. 

  
Site D - Alternative 
3 

May have least environmental 
impacts - impacts primarily to 
agricultural land 

May be one house relocation - no other 
known social impacts.  Environmental 
impacts could possibly be reduced 
further.  Detailed topographic data should 
be collected for final design if this option 
is selected. 

Relative Project Costs:     

  
Alternative 1 - Site 
C Only 

$9,689,984  
Construction Cost = 33%, Land Cost = 
6%, Environmental Cost = 61% 

  
Alternative 2 - Sites 
A, B, & C 

$7,673,868  
Construction Cost = 17%, Land Cost = 
8%, Environmental Cost = 75% 

  
Alternative 3 - Site 
D Only 

$14,514,525  
Construction Cost = 65%, Land Cost = 
23%, Environmental Cost = 12% 

Alternative 4 - Site D 
Only, Modified 
Basin 

$29,800,759 
Construction Cost = 56%, Land Cost = 
41%, Environmental Cost = 3% 

 




