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Table 1: 100-Year Study Existing Conditions Discharges and Elevations vs. FIS Results

Location
Existing 

FIS Q 
(cfs)

Existing 
FIS 

Elevation

Existing 
XP-

SWMM Q 
(cfs)

Existing 
XP-SWMM 
Elevation

Lake Avenue 50 892.9 45 (240-hr) 890.9
Broadway Avenue 175 891.8 45 (240-hr) 889.3
Country Club Road 175 890.29 91 (2-hr) 888.2
Country Club Parking Lot 175 888.5 160 (2-hr) 888.2
Edgebrook Drive 175 888.39 134(48-hr) 888.2
Lundahl 268 888.15 135(48-hr) 885.4
St. Andrews Lane 268 884.51 172 (48-hr) 885.3
Barlina Road 954 883.78 -- --
McHenry Ave 954 883.1 -- --
Rakow Road 954 877.73 -- --
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Table 2: Effect of Alternatives on 100-Year Discharges and Floodplain Elevations
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Alt. 4 
Elev

Alt. 5 Q 
(cfs)

Alt. 5 Elev
Alt. 6 Q 

(cfs)
Alt. 6 Elev

Alt. 7 Q 
(cfs)

Alt. 7 Elev

Lake Avenue 50 892.9 45(240-hr) 893.1 131(120-hr) 892 123(120-hr) 891.55 46(240-hr) 890.9 46(72-hr) 890.9 46(240-hr) 891.0 46(240-hr) 891.0 123(120-hr) 892.0
Broadway Avenue 175 891.8 46(240-hr) 889.3 131(120-hr) 890 123(120-hr) 889.9 46(240-hr) 889.3 45(240-hr) 889.3 82(48-hr) 888.2 116(1-hr) 886.8 123(120-hr) 890.0
Country Club Road 175 890.29 91(48-hr) 888.2 165(120-hr) 888.5 150(120-hr) 888.4 90(2-hr) 888.2 91(2-hr) 887.4 171(1-hr) 888.2 163(2-hr) 886.7 145(120-hr) 888.1
Country Club Parking Lot 175 888.5 160(2-hr) 888.2 177(120-hr) 888.5 162(2-hr) 888.3 161(2-hr) 888.2 161(2-hr) 887.3 130(2-hr) 888.2 217(2-hr) 886.7 162(120-hr) 888.0
Edgebrook Drive 175 888.39 126(48-hr) 888.1 201(120-hr) 888.4 185(120-hr) 888.4 137(48-hr) 888.2 139(24-hr) 886.5 170(48-hr) 888.2 214(2-hr) 885.8 192(120-hr) 887.9
L d hlLundahl 268268 888 15888.15 163(48 h )163(48-hr) 885 3885.3 238(12023 h8(120- )r 885 7885.7 22223(1203(12 -h )r 885 6885.6 178(48 h )178(48-hr) 885 4885.4 197(24 h ) 885 5 165(48 h ) 885 3 259(2 h ) 884 3 244(120 h ) 885 6197(24-hr) 885.5 165(48-hr) 885.3 259(2-hr) 884.3 244(120-hr) 885.6
St. Andrews Lane 268 884.51** 162(48-hr) 885.2 220(120-hr) 885.6 206(120-hr) 885.5 176(48-hr) 885.3 211(24-hr) 885.4 159(48-hr) 885.2 362(2-hr) 883.6 203(120-hr) 885.5
Barlina Road 954 883.78 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
McHenry Ave 954 883.1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Rakow Road 954 877.73 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1 Lake Avenue Elevation Represents 100-Year BFE at Crystal Lake
*Critical Duration Elevation 24-hour event
** Represents elevations downstream of St. Andrews Lane, all other reported values for this row represent elevation immediately upstream of St. Andrews Lane
Alternative 1: Increase capacity under Lake Avenue by replacing culvert with larger sized structure to allow increase in discharge from Crys
Alternative 2: Increase capacity under Lake Avenue by replacing culvert with larger sized structure to allow increase in discharge from Crys
Alternative 3: Increase culvert capacity under Country Club Road  to elminate head loss
Alternative 4: Lower road overtop at Edgebrook Drive from 887.7 to 886.0 to reduce upstream BFEs and lower downstream access road crossings 
Alternative 5: Lower Creek channel between Broadway Avenue and Edgbrook Drive to allow for 10-year gravity storm sewer outlet from Area 4 outlet, lower Edgebrook Drive and downstream overflow elevations (4)y g y g y , g
Alternative 6: Lower Creek channel between Broadway Avenue and Edgbrook Drive to allow for 10-year gravity storm sewer from Area 4, create open channel from Edgebrook Drive to St. Andrews Lane
Alternative 7: Modify Lake Street Culvert (Alt. 1) and Crystal Lake Outlet (Alt. 2), Increase capacity of Country Club road crossing (Alt. 3A), lower Edgebrook Drive overflow and build in necessary storage in opens space around schools
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Edgebrook Drive (plus storage on School District)

Table 3:  Summary of Benefits and Costs by Alternative

Alternative

Approxima
Propertie

Flote Floodplain 
s Removed

odway Properties 
Removed

N
LO

ecessary 
MR Model 
Support

round Crystal 
Lake

Lake Avenue to St. 
Andrews Lane

Lake Avenue to        
St. Andrews Lane Capital CostBenefits Non-Monotary Costs

Alternative 1: Culvert under Lake Aven
(Alternatives 3, 4 and Storage)

ue                      
Enhanced Study 

Models 200 Increased BFE 0 Better routine drainage around Lake 
for Areas 1-3 $1,387,000

Increased BFE below Lake Avenue 
without storage on Country Club Road 

or School District Property

Alternative 1 and 2                              
(Alternatives 3, 4 and Storage)

                        
Enhanced Study 

Models 250 Increased BFE 0 Better routine drainage around Lake 
for Areas 1-3 $1,463,000

Increased BFE below Lake Avenue 
without storage on Country Club Road 

or School District Property

Alternative 3A: Culvert under Country Club Road

Existing FEMA 
Hydraulic Model 

Edits
0 40 25 Same result through LOMR 

submittal $169,000

Could be accomplished by submitting 
LOMR on Enhanced Modeling, 

Increased BFE Downstream without 
storage on Country Club Road or School 

District Property

Alternative 3B: LOMR based on enhanced study models

Enhanced Study 
Models 0 40 25

S
app

upport for regulatory flows and 
roved modeling to support future 
design and LOMR submittals

$35,000 None

Alternative 4: Improved conveyance do
Edgebrook Drive (plus storage on School     

wnstream of
District) 

 
Enhanced Study 

Models 0 40 25 Better routine drainage for Area 4 $1,089,000
Increased BFE below St. Andrews Lane 
without storage on Country Club Road 

or School District Property

Alternative 5: 10-year storm sewer, low
feet to Edgebrook Drive, lower overlan
from Edgebrook Drive to St. Andrews
storage on School District)

er Crystal Cr
d flow 1.5 fe

 Lane (plus 

eek 5 
et Enhanced Study 

Models 0 40 25 Better routine drainage for Area 4 
and Crystal Creek $4,702,000

Increased BFE below Country Club 
Road without storage on Country Club 

Road or School District Property

Alternative 6: 10-year storm sewer, low
feet to St. Andrews Lane (plus storage 
District)

er Crystal Cr
on School 

eek 5 Enhanced Study 
Models 0 65 25 Better routine drainage for Area 4 

and Crystal Creek $5,002,000
Increased BFE below Country Club 

Road without storage on Country Club 
Road or School District Property

Alternative 7: Alternatives 1, 2, 3 and 4
School District property

 with storage on 
Enhanced Study 

Models 250 65 25 Better routine drainage for Area 4 
and Crystal Creek $1,463,000

Increased BFE below Country Club 
Road without storage on Country Club 

Road or School District Property



Hey and Associates, Inc.

Table 4 Simulated and Measured Lake Levels

Annual Mean June-August Mean

Simulated Existing
1959-2008 889.52 889.39
2005-2008 890.31 890.29

Measured
2005-2008 890.25 890.47

Simulated Larger Culvert Under Lake Street
1959-2008 889.48 889.35
2005-2008 890.32 890.29

Simulated Weir Notch at 890.0 with Larger Culvert
1959-2008 888.58 888.45
2005-2008 889.42 889.39

Simulated Weir Notch at 890.0 with Larger Culvert and Leak Fixed
1959-2008 890.12 890.08
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Table 5:   Project Conceptual Cost Estimates

Alternative

A B C D E F G

Submit LOM
Creek Usin

R for Crystal 
g New Model

New Hydrologic Mo
for Crystal Lake

del 
 

Investigat
Lakewood

e Leakage to 
 Storm Sewer

Increase Culvert Ca
under Lake Aven

pacity 
ue

Notch Lake Outlet Weir Ca
Increase Culvert 

pacity under Country
Club Road

 
Lower Crystal Creek 5 Feet
from Broadway A

Country Club Ro

Item Units Unit Cost Quantity Total Quantity Total Quantity Total Quantity Total Quantity Total Quantity Total Quantity Total Quantity Total Quantity Total Quantity Total Quantity Total

Easements LS $5,000.00 0 $0.00 1 $5,000.00 0 $0.00 1 $5,000.00 9 $45,000.00 1 $5,000.00 2 $10,000.00 0 $0.00
Clearing and Demolition AC $5,000.00 0.5 $2,500.00 1 $5,000.00 0.5 $2,500.00 4 $20,000.00 8 $40,000.00 4 $20,000.00 3 $15,000.00 0 $0.00
Earthwork (Assume Haul Off) CY $18.00 250 $4,500.00 0 $0.00 250 $4,500.00 15000 $270,000.00 6500 $117,000.00 3000 $54,000.00 11000 $198,000.00 25000 $450,000.00
Granular Import and Placement CY $20.00 500 $10,000.00 0 $0.00 500 $10,000.00 0 $0.00 1000 $20,000.00 500 $10,000.00 0 $0.00 0 $0.00
Culvert 6'-8' wide x 3' LF $200.00 150 $30,000.00 0 $0.00 150 $30,000.00 150 $30,000.00 0 $0.00 100 $20,000.00 250 $50,000.00 0 $0.00
Storm Sewer 12" - 36" LF $60.00 0 $0.00 0 $0.00 0 $0.00 0 $0.00 3500 $210,000.00 200 $12,000.00 0 $0.00 0 $0.00
Deep Storm Sewer 24" - 48" LF $250.00 0 $0.00 0 $0.00 0 $0.00 0 $0.00 4000 $1,000,000.00 0 $0.00 0 $0.00 0 $0.00
Utility Replace LF $25.00 250 $6,250.00 0 $0.00 100 $2,500.00 1000 $25,000.00 1000 $25,000.00 500 $12,500.00 1000 $25,000.00 0 $0.00
Soil Erosion Control 1 $12,500.00 1 $1,000.00 1 $15,000.00 1 $30,000.00 1 $50,000.00 1 $30,000.00 1 $30,000.00 0 $0.00
Pavement Repair LS $25,000.00 1 $25,000.00 0 $0.00 1 $25,000.00 1 $25,000.00 20 $500,000.00 3 $75,000.00 5 $125,000.00 0 $0.00
Restoration and SeedingRestoration and Seeding AC $10,000.00AC $10 000.00 0.50.5 $5$5,000.00000.00 0 $0.00$0.00 0.250.25 $2,500.0$2 500.000 4 $40,000.00 10 $100,000.00 5 $50,000.00 5 $50,000.00 0 $0.00$40 000.00 10 $100 000.00 $50 000.00 $50,000.00 $0.00

$95,750.00 $11,000.00 $92,000.00 $445,000.00 $2,107,000.00 $288,500.00 $503,000.00 $450,000.00

Contingency 25% $23,937.50 $2,750.00 $23,000.00 $111,250.00 $526,750.00 $72,125.00 $125,750.00 $110,000.00

Total Construction $119,687.50 $13,750.00 $115,000.00 $556,250.00 $2,633,750.00 $360,625.00 $628,750.00 $560,000.00

Engineering 12% $25,000.00 $50,000.00 $14,362.50 $1,650.00 $13,800.00 $66,750.00 $316,050.00 $43,275.00 $75,450.00
Permits (COE, IEPA, IDNR-OWR, CLSO)
  Wetland LS VARIES $5,000.00 $10,000.00 $5,000.00 $25,000.00 $15,000.00 $25,000.00 $25,000.00 $65,000.00
  LOMR/CLOMR Submittal LS VARIES $35,000.00 $0.00
  Stormwater (H&H Modeling)* LS ESVARI $0.00

$35,000.00 $25,000.00 $50,000.00 $139,050.00 $25,400.00 $133,800.00 $648,000.00 $2,964,800.00 $428,900.00 $729,200.00 $625,000.00
*Assumed to be modeling necessary for permit submittal to establish revised regulatory floodplain elevations and flows including finalization of existing modeling done for this report
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Table 6 Crystal Creek Drainage Analysis Permitting Matrix 
 
Alternative ACOE USFWS IDNR MCSWCD IEPA IDNR-OWR MCSO/CLSO FEMA 

1 Regional Permits 
7-Temporary Construction Activities 
9-Maintenance 

Consultation under Federal 
Endangered Species Act 

Consultation under the 
Illinois Endangered Species 
Protection Act 

Soil Erosion and 
Sediment Control Plan 
Review 

N/A Review of LOMR 
Review of New 
BFE 

Review of BFE 
for 100-640 ac 
watersheds  

Confirmation of 
LOMR 

2 Regional Permits 
7-Temporary Construction Activities 
9-Maintenance 

Consultation under Federal 
Endangered Species Act 

Consultation under the 
Illinois Endangered Species 
Protection Act 

Soil Erosion and 
Sediment Control Plan 
Review 

N/A Review of LOMR 
Review of New 
BFE  

Review of BFE 
for 100-640 ac 
watersheds 

Confirmation of 
LOMR 

3 Regional Permits 
7-Temporary Construction Activities 
9-Maintenance 

Consultation under Federal 
Endangered Species Act 

Consultation under the 
Illinois Endangered Species 
Protection Act 

Soil Erosion and 
Sediment Control Plan 
Review 

N/A Review of New 
BFE Review of 
LOMR 

Review of BFE 
for 100-640 ac 
watersheds 

Confirmation of 
LOMR 

4 Regional Permits 
7-Temporary Construction Activities 
9-Maintenance 

Consultation under Federal 
Endangered Species Act 

Consultation under the 
Illinois Endangered Species 
Protection Act 

Soil Erosion and 
Sediment Control Plan 
Review 

N/A Review of New 
BFE Review of 
LOMR 

Review of BFE 
for 100-640 ac 
watersheds 

Confirmation of 
LOMR 

5 Regional Permits 
7-Temporary Construction Activities 
9-Maintenance 
5-Wetland and Stream Restoration 

and Enhancement 

Consultation under Federal 
Endangered Species Act 

Consultation under the 
Illinois Endangered Species 
Protection Act 

Soil Erosion and 
Sediment Control Plan 
Review 

N/A Review of New 
BFE Review of 
LOMR 

Review of BFE 
for 100-640 ac 
watersheds 

Confirmation of 
LOMR 

6 Section 404 Individual Permit Consultation under Federal 
Endangered Species Act 

Consultation under the 
Illinois Endangered Species 
Protection Act 

Soil Erosion and 
Sediment Control Plan 
Review 

Section 401 Individual 
Water Quality Certification 

Review of New 
BFE Review of 
LOMR 

Review of BFE 
for 100-640 ac 
watersheds 

Confirmation of 
LOMR 

7 Regional Permits 
7-Temporary Construction Activities 
9-Maintenance 

Consultation under Federal 
Endangered Species Act 

Consultation under the 
Illinois Endangered Species 
Protection Act 

Soil Erosion and 
Sediment Control Plan 
Review 

N/A Review of New 
BFE Review of 
LOMR 

Review of BFE 
for 100-640 ac 
watersheds 

Confirmation of 
LOMR 
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Study Models 
 
Attempts to recover the official regulatory hydrology modeling for Crystal Lake were unsuccessful.  It appears 
that FEMA does not have this model.  The regulatory hydraulic model was recovered but was run with the 
unsupported flow values, and thus also provides unsupported results.  To replace the missing hydrology model, 
two separate models, representing the storage in Crystal Lake and the detailed drainage of Area 4 and the 
downstream areas of Crystal Creek, were constructed for this project.  It should be noted that this modeling 
was not performed with the intent to submit for review and acceptance of new regulatory flood elevations.  
This modeling was performed to provide a basis of comparison to weigh the potential design alternatives 
detailed in this report.  Should the City pursue revised regulatory floodplain elevations for both Crystal Lake 
and Crystal Creek downstream of the lake outlet, the modeling described below will need to be supplemented 
with additional detailed as-built survey and calibrated further to available data.   

A PondPack hydrologic model was constructed for the Lake.  An XP-SWMM model was constructed for 
Crystal Creek from Lake Avenue to St. Andrews Lane.  Tributary areas for these models were delineated using 
available 1968 1-footCity topography, 2005 McHenry County 2-foot topography and detailed survey performed 
by Hey (included in this Appendix C).  Stage storage information, culvert, storm sewer and channel data were 
taken from the data listed above as well as numerous available engineering studies, field reconnaissance and the 
City of Crystal Lake storm sewer atlas. 

Crystal Lake Model 

Hydrologic parameters for this model were estimated using soils information, review of aerial photography and 
topography as noted above.  The stage storage information for Crystal Lake was taken from the 2005 McHenry 
County 2-foot topography.  Table 1 outlines hydrologic parameters for the PondPack model representing the 
Lake.  A copy of the model schematic is included with this Appendix.  The area draining from Lippold Park 
through the Honeysuckle drain tile was included in the model as a 15 cfs input based upon gauged data and 
previous calculations performed by Hey.  The digital modeling and digital results files are included on the 
attached CD. 

Table 1 PondPack Hydrologic Parameters 

Subbasin Area (ac) CN Tc (hr) 
Crystal Lake 175.0 77 6 
Woodland Wetland 55.0 77 1 
Cove Pond 640.0 77 12 
East  245.6 77 6 

 
This modeling was then supplemented with revised outlet conditions to represent Alternatives 1 and 2.  Digital 
models of these two alternatives are also included on the attached CD. 
 
Crystal Creek Model 

The focus of this project was to define detailed drainage conditions in the area south of the Lake, termed Area 
4, and to assess design alternatives to decrease drainage problems in this area as well as along Crystal Creek 
between the Lake outlet and St. Andrews Lane.  A detailed model of this was constructed to create a basis for 
evaluating the selected alternatives.  Initially Hey reviewed the available effective HEC-RAS hydraulic model for 
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Crystal Creek.  However, due to limitations in modeling storm sewers, supplementing this model with 
additional information would not allow for an adequate representation of the area.  XP-SWMM was selected 
instead for its ability to model storm sewer, storage, hydrology and open channel flows in detail.  An XP-
SWMM model for the area draining to Crystal Creek, the Creek itself and area downstream of Edgebrook 
Avenue where the creek enters storm sewer was constructed.  The modeling was carried to the open channel 
downstream of St. Andrews Lane, where the storm sewer daylights to the Crystal Creek channel.  Table 2 
identifies hydrologic parameters used in the modeling as well as identifying the SWMM node that each subbasin 
is added to the model (shown on Exhibit 8).  Flow from Crystal Lake was put into the model as tabular 
hydrograph data taken from the PondPack model described earlier.  A spreadsheet containing this hydrograph 
data is included in the digital portion of this appendix. 

A curve number of 61 was selected for open space areas representing open space with good vegetated cover 
and Hydrologic Soil Group B soils.  The percentage of impervious area in each subbasin was estimated from 
available aerial photography and specified in the model.  Time of concentration values were determined based 
upon measured flow path lengths and an assumed velocity of 1.5 fps, as much of the flow length for each basin 
takes place within storm sewer.  Stage Storage information was developed from the 1968 1-foot City 
topographic information.  Controlling hydraulic parameters, including invert and rim elevations, overflow weirs 
and pipe geometries, were taken from a variety of sources as described earlier in this appendix.  Table 2 
identifies hydrologic parameters for each subbasin shown on Exhibit 8. 

Table 2: XP-SWMM Hydrologic Parameters 
Subbasin Area (ac) Tc FP L (ft) Tc (min) XP-SWMM Node 

BW1 108.46 4733 53 BW1 
BW2 37.31 2345 26 BW2 
BW4 22.28 2384 26 BW4 
BW Drain 2  12.28 1401 16 BW Drain 2  
BW Drain 3  13.54 1396 16 BW Drain 3  
BW Drain 4  13.65 1226 14 BW Drain 4  
BWN 14.08 1193 13 BWN 
CL 14.22 1146 13 CL 
CC1 21.54 1599 18 CC1 
CC5-2-1 15.54 1722 19 CC5-2 
CC5-2-2 10.59 1287 14 CC5-2 
CC5-1 24.38 1382 15 CC5-1 
CC4-1 40.06 1993 22 CC4-1 
CC4-2 19.65 1486 17 CCSS DS 
CCSS DS 13.75 1356 15 CCSS DS 
CC DS 45.55 2412 27 CCDS 
30 1 16.58 1010 11 30 1 
30 2 2.58 936 10 30 2 
30 3 27.41 1956 22 30 3 
30 4 42.59 1558 17 30 4 
BW7 33.43 2008 22 BW7 
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A copy of the model schematic for the XP-SWMM model is included with this appendix and the attached CD 
contains digital model inputs and results files. 

The existing conditions XP-SWMM model was edited to assess the various alternatives for storage and 
conveyance described in this report.  Appropriate changes were made to the XP-SWMM model for each 
alternative to assess variance conveyance and storage solutions.  The attached CD also contains digital modeling 
for Alternatives 1 through 7 along with digital copies of the results from these models. 
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