F¥ponent

Water Resources Engineering

Technical Memorandum

Paradise Hills Hydrology &
Hydraulic Analysis — Existing
Condition Assuming Post-Burn
Project No. 0C10891.000

October 25, 2007




Exponent

F¥ponent 1oy Coddnrd

Suite 200
Irvine, CA 92618

telephone 949-242-6000
facsimile 949-242-6099
WWW. exponent. com

Technical Memorandum

Paradise Hills Hydrology &
Hydraulic Analysis — Existing
Condition Assuming Post-Burn
Project No. 0C10891.000

Prepared for

Inland Communities
Attn: Mr. Jim Ahmad
1801 Avenue of the Stars
Suite 1205

Los Angeles, CA 90067

Prepared by

N M W
Neil M. Jordan, P.E.
Senior Engineer
Licensed Civil Engineer, C44012, by the
California Board for Professional Engineers and
Land Surveyors

October 25, 2007

0C10891.000 HOTO 1007 TNJ1 Ex ™
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Paradise Hills Hydrology & Hydraulic Analysis — Existing
Condition Assuming Post-Burn

Executive Summary

Exponent was retained by Inland Communities to analyze existing condition hydrology and
hydraulics for the Paradise Hills (renamed University Hills) project in the City of San
Bernardino. In particular, the analysis was to consider worst case, post-burn condition runoff
and sediment yield in: 1) Badger Canyon, and 2) an unnamed, but mapped, intermediate canyon
(hereinafter “FEMA” canyon or branch) tributary to Sycamore Canyon. The results were
compared with the areas mapped by Federal Emergency Management Agency. The analysis

will be used in conjunction with evaluation of development footprint, access, and subsequent

FEMA mapping issues.

Hydrologic analysis used FEMA-1498-DR-CA', which was developed by FEMA and San
Bernardino County for estimating post-burn floodplain hazards. Hydrologic methodology using
California Regional Regression Equaltions2 is consistent with FEMA’s flood hazard mapping
procedures3. Section C.1.1.3 of this document states that regional regression methodology takes
precedence over rainfall-runoff relationships for estimating runoff from ungaged watersheds.
Note that one percent annual chance (“100-year”) peak discharges were estimated and used in

floodplain hydraulic analysis for the project.

The aforementioned methodology was applied to each of the watersheds to develop tributary
area vs. discharge relationships. The discharges were first adjusted upward to account for

increased post-burn clear water discharges, and then adjusted upward a second time to account

! “The Hydrologic and Hydraulic Methodology Used to Estimate Post-Burn Floodplain Hazards”,
FEMA-1498-DR-CA.

2 U.S. Geological Survey Water-Resources Investigations Report 94-4002.

* “EEMA Specifications for Flood Hazard Mapping Partners”, Appendix C, Guidance for Riverine
Flooding Analyses and Mapping, April 2003.
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for post-burn bulked discharges due to erosion. The bulking factor used in the hydrologic
analysis exceeded 3, which is considered very conservative. Debris yield for a debris basin at
“A” Street and Little Mountain Road was calculated using U.S. Army Corps of Engineers (CoE)
Los Angeles District Debris Method®. The hydraulic analysis was performed using the CoE
HEC-RAS computer program. The cross-sections used in the analysis were extracted from
detailed topography supplied by the Inland Communities site civil engineer. Roughness

coefficients were obtained from FEMA's flood insurance :~;tudy5 .

FEMA had previously mapped Badger Canyon and the unnamed branch special flood hazard
areas by using approximate methods with clear water flows, and designated these areas as Zone
A. A request for engineering data resulted in a response from FEMA stating that their records
did not have this information®. The results of our analysis show that floodplain widths in
Badger Canyon, using detailed methods with bulked flows, were all narrower than the
floodplain widths mapped by FEMA using approximate methods. Similarly, floodplain widths
for the unnamed branch mapped by FEMA were also narrower than the floodplain width
mapped by FEMA using approximate methods. Furthermore, the computed flow depths in
upper reaches of both areas were lower than flow depths inferred from floodplain widths

mapped by FEMA.

Areas within and downstream of this project will be impacted by recent FEMA action’
regarding mapping of areas where uncertified levees are shown as providing flood protection.

The revised FIRMs were released to the public on September 28, 2007. The impact of FEMA

4 “Debris Method, Los Angeles District Method for Prediction of Debris Yield”, U.S. Army
Corps of Engineers, Los Angeles District, February 1992, Updated February 2000.

3 “Flood Insurance Study, San Bernardino County, California and Incorporated Areas”, Vol. 1
of 4, Rev. January 17, 1997.

¢ Letter from FEMA Map Coordination Contractor, Re Case No. B0609007, dated 07 April
2005.

7 «“Procedure Memorandum No. 43 - Guidelines for Identifying Provisionally Accredited
Levees”, FEMA, September 25, 2006.
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action within the project is evident in Planning Areas 9, 11, 12, 14, 15, 16, 17, and 18 which
were originally outside the FIRM floodplain but now are partially or completely within
Approximate Zone A floodplains. This eventuality was not included in the original modeling,
so we can not provide an opinion as to whether detailed floodplain modeling would reduce

or eliminate these encroachments. The impact of FEMA’s revised FIRMs would be analyzed at

a future date by others as a condition of development.

Proposed Project

The proposed Paradise Hills development project involves constructing infrastructure, homes,
and ancillary structures adjacent to and within FEMA floodplains mapped by approximate
methods. Some development activity would involve constructing access roads and utilities
across FEMA mapped floodplains, and across uncertified levees previously mapped as
providing flood protection. For the purposes of the present Technical Memorandum, the
objective of the hydrologic and hydraulic analyses is to delineate the quantity and lateral extent
of post-burn flows and debris yields so that infrastructure can be designed in accordance with
San Bernardino County criteria. FEMA issues would be investigated at a future date by others

as a condition of development.

FEMA Flood Insurance Study and Remapping

Even though the scope of this Technical Memorandum is focused on San Bernardino County
criteria, the foundation of the hydrologic and hydraulic analyses rests on the past FEMA Flood
Insurance Study (FIS) that documents potential flooding conditions in the area. FEMA studied
Badger Canyon, an intermediate unnamed canyon, and Sycamore Canyon by approximate
methods, assuming clear water flow in non-burn conditions. Portion of these canyons were
designated Zone A by FEMA. Four Flood Insurance Rate Map panels (FIRMs) covered the
area at the beginning of this project: 06071C 7930 F, 06071C 7935 F, 06071C 7940 F, and

™
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06071C 7945 F. A FEMA External Data Request resp()nse8 yielded no additional information

beyond what was available from the FEMA map center.

On September 28, 2007, FEMA released revised FIRMs that include annotations for
Provisionally Accredited Levees (PALs). The project area is now covered by seven FIRMs:
06071C 7930 G, 06071C 7933 G, 06071C 7935 G, 06071C 7940 G, 06071C 7942 G, 06071C
7944 G, and 06071C 7945 G. These FIRMs show additional areas designated Zone X that will

be converted to approximate Zone A if levees are not certified by September 2009.

The FIRMs also show two Approximate Zone A areas at the project site expanded beyond the
original boundaries shown in Figure 1. Figures 2 and 3 illustrate the expanded Zone A
boundaries. The impact of FEMA action within the project is particularly evident in Planning
Areas 16, 17, and 18 which were originally outside the FIRM floodplain but now are completely
within an Approximate Zone A floodplain. There is an impact on parts of Planning Areas 9, 11,

12, 14, and 15.

Hydrologic Analysis

The aforementioned four FIRM panels were overlaid on U.S. Geological Survey San
Bernardino North quadrangle to provide guidance in delineating the drainage areas used in the
regression analysis. Where a mismatch existed, USGS topography was given precedence.

Drainage boundaries and subarea delineations are shown in Figure 1.

California Regional Regression Equations for South Coast Rural Region 5, in U.S. Geological

Survey National Flood Frequency (NFF) Pngram9 were used. The variables were drainage

8 Letter from FEMA Map Coordination Contractor, Re Case No. B0609007, dated 07 April
2005

? U.S. Geological Survey National Flood Frequency (NFF) Program Version 1.1, November 21,

1994 (The documentation for this program is U.S. Geological Survey Water-Resources

Investigations Report 94-4002.)
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area, A (sq. mi.) and mean annual precipitation, P (in.). The mean annual precipitation,
obtained from the USGS database for the site latitude and longitude, was 22.5 inches. Peak
clear flow discharges at selected concentration points were calculated for 1 percent annual

chance (100-year) runoff using equation:
Q100 = 1.95 A*® p'¥

Concentration points, tributary areas, and peak clear flow discharges are summarized in Table 2.
Using FEMA post-burn procedures, the maximum clear water adjustment factor of 2.62 (high
burn) was applied to each peak discharge at each concentration point. Next, the sediment-
bulking factor of 40 (= 140% for Q100, area <3 sq mi) was applied to each peak discharge for

each concentration point. The combined bulking factor was 3.7.

Tables 3, 4, and 5 provide calculated peak discharges for Badger Canyon, unnamed “FEMA”
branch, and Sycamore Canyon, respectively, for the three watershed conditions. To model the
gradual increase in flows from the upper to lower reaches of the watersheds, peak discharges for

HEC-RAS cross sections at intermediate elevations were calculated by linear interpolation.

Debris Yield

If it is proposed to redirect flows from unnamed “FEMA” branch tributaries upstream of “A”
Street to a debris basin at the north side of “A” Street at the intersection with Little Mountain
Road. Clear flow would pass through a culvert under Little Mountain Road. CoE Debris
method Equation 1 was used, to investigate two debris yield cases in accordance with San
Bernardino County Flood Control District'%: 100 year event 4 years after 100% wildfire (Fire
Factor = 4.50) and 10-year event 1year after 100% wildfire (FF = 6.50). CoE Equation 1 is:

LOG Dy = 0.65(LOG P) + 0.62(LOG RR) + 0.18(LOG A) + 0.12(FF)

10 «“Debris Flow Hazard Delineation for Areas in San Bernardino County Affected by the
Hemlock Fire.”, D.L. Hamilton; March 11, 1998.

™
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This equation was solved for the two cases, for the west FEMA branch, east FEMA branch, and
the total area upstream of the proposed debris basin and culvert. A summary of the spreadsheet
calculations is provided in Table 6. Total debris yields for the 100-year and 10-year events are

4,693 cubic yards and 6,266 cubic yards respectively.

Proposed Project Overlay

The original Paradise Hills project footprint was subject to numerous changes over the term of
this project. The final footprint has evolved as University Hills, and is illustrated in Figure 2 as

an overlay on the Topographic Workmap.

There are four culvert crossing areas. The site civil engineer has provided culvert parameters

for these crossings, described below.

There are encroachments into the Badger Canyon and Sycamore Canyon FEMA floodplains.
Upon successful processing of a Letter of Map Revision (LOMR), it is anticipated that the
Badger Canyon floodplain will be smaller, with a smaller impact to Planning Areas 9, 11, 12,
14, and 15. FEMA remapping has joined the Badger Canyon and Sycamore Canyon floodplain
into a contiguous Approximate Zone A that covers Planning Areas 16, 17, and 18. The
Sycamore Canyon floodplain is subject to backwater from water storage in Sycamore Canyon

basin.

Culvert Discharges

Culvert design by the site civil engineer will be based on post-burn clear flow or post-burn

bulked flow calculated peak discharges previously provided to the client and site civil engineer,

™
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or discharges provided by San Bernardino County Flood Control District. The site civil

engineer has developed culvert design parameters and provided them in Table ™,

Hydraulic Analysis

Two separate steady flow HEC-RAS hydraulic models were prepared for this project. One
model covered Badger Canyon (P_HILLS_BC.*), while the second model covered the South
Badger Storage Basin, Lower Sycamore Canyon, and the unnamed FEMA tributary
(P_HILLS_SC.*¥). The HEC-RAS analyses were done with all three discharges, which are
identified as PF1, PF2, and PF3, for clear flow, post-burn clear flow, and post-burn bulked flow,
respectively (see Tables 3, 4, and 5).

The lower reach of Badger Canyon was designated as “Lower Badger Canyon” in the HEC-
RAS model. This model also includes the two upper tributaries to “Lower Badger Canyon”,
which include the East Badger and West Badger Canyons. The Badger Canyon culvert location
under “A” Street is downstream of Station 9+60. The results of the analysis show that the post-
burn bulked flow (PF3) floodplain is narrower than, and within, the floodplain designated by
FEMA using approximate methods. Figures 2 and 3 illustrate the computed floodplain for
profile PF3, while Table 7 is the HEC-RAS summary printout for the Badger Canyon model.
There is an encroachment into the Badger Canyon FEMA floodplain at the downstream end of
the Badger Canyon Zone A floodplain. Upon successful processing of a Letter of Map Revision
(LOMR), it is anticipated that the floodplain will be smaller so that there would not be an

encroachment.

The second model consists of three reaches. The first downstream reach includes the South
Badger Storage Basin and spillway. This reach was designated as the “South Badger Storage
Basin” in HEC-RAS analysis. The culverts under Little Mountain Road convey the spillway

1 «2007-0926-Culvert-Parameter(1).xls”, A. Fawaz, attachment to email dated Thursday,
September 27, 2007 2:08 PM.
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flow. The next upper reach includes the lower reach of Sycamore Canyon, which is another
storage basin. Tributary to the Sycamore Canyon reach is the unnamed FEMA tributary, i.e.
designated FEMA Branch. FEMA branch includes a culvert location under Little Mountain
Road just upstream of the confluence with Sycamore Canyon, and a culvert location under “A”

Street. A debris basin is considered upstream of these culverts.

The results of the HEC-RAS analysis show that Badger Canyon and the FEMA Branch have the

capacity to convey the PF2 post-burn clear and PF3 post-burn bulked flows as appropriate.

Portions of the existing South Badger Storage Basin, Spillway Canyon, and Sycamore Canyon
ranch reaches do not have sufficient conveyance for PF2 and PF3 discharges. These reaches are
peripheral to the proposed project, and do not adversely impact project design. Figure 3
Topographic Workmap illustrates the computed floodplain for profile PF1 for South Badger
Storage Basin, profile PF2 for Sycamore Canyon, and profile PF3 for South Badger Storage
Spillway Canyon. Profile PF3 is used for unnamed West FEMA Branch, and profile PF2 is
used for unnamed FEMA Branch downstream of “A” Street and the proposed debris basin.

Table 8 is th> HEC-RAS summary printout for the Sycamore Canyon model.

Conclusion

Hydrologic and hydraulic analyses estimated worst case, post-burn condition flow in Badger
Canyon and an unnamed FEMA intermediate canyon tributary to Sycamore Canyon that had
been mapped by FEMA and recently remapped using approximate methods. Floodplain widths

were generally narrower than, and within, floodplains mapped or remapped by FEMA.

Floodplain widths in Badger Canyon, using detailed methods with bulked flows, were all
narrower than the floodplain widths mapped or remapped by FEMA using approximate
methods. Similarly, floodplain widths for the unnamed branch mapped by FEMA were also
narrower than the floodplain width mapped or remapped by FEMA using approximate methods.
Furthermore, the computed flow depths in upper reaches of both areas were lower than flow

depths inferred from floodplain widths mapped by FEMA.
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Areas within and downstream of this project will be impacted by recent FEMA action'?
regarding mapping of areas where uncertified levees are shown as providing flood protection.
The revised FIRMs were released to the public on September 28, 2007. The impact of FEMA
action within the project is evident in Planning Areas 9, 11, 12, 14, 15, 16, 17, and 18 which
were originally outside the FIRM floodplain but now are partially or completely within
Approximate Zone A floodplains. This eventuality was not included in the original modeling,
so we can not provide an opinion as to whether detailed floodplain modeling would reduce

or eliminate these encroachments. The impact of FEMA’s revised FIRMs would be analyzed at

a future date by others as a condition of development.

12 «procedure Memorandum No. 43 - Guidelines for Identifying Provisionally Accredited
Levees”, FEMA, September 25, 2006.

™
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Table 2. Drainage Area Summary — Keyed to Figure 1

Planimetry] Computed
Concentration Point Note| Elevation Acres Sq Mi
West Badger Cyn @ N Bdy WBC-N 2400 69.173 0.108
West Badger Cyn u/s confl WBC-C 2020 164.095 0.256
East Badger Cyn @ N Bdy EBC-N 2360 189.405 0.296
East Badger Cyn u/s confl EBC-D 2020| 291.065 0.455
Badger Cyn d/s confl BC-B 2020| 455.160 0.711
Badger Cyn @ Basin BC-A 1708| 524.791 0.820

Unnamed FEMA tributary "FEMA"
FEMA West branch u/s "A" Street F-C 1630 111.130 0.174
FEMA East branch u/s "A" Street 1620 34.880 0.055
FEMA West, East branch combined u/s "A" Street @ debris basin 1620 146.010 0.228
FEMA tributary d/s "A" Street cut off F-B 1540 19.490 0.030
Unnamed FEMA tributary @ Sycamore Cyn F-A 1540| 165.500 0.259
Sycamore Cyn SC-G 2800[ 132.831 0.208
Sycamore Cyn SC-F 2120 318.679 0.498
Sycamore Cyn SC-E 1840| 545.293 0.852
Sycamore Cyn SC-D 1560| 656.653 1.026
Sycamore Cyn u/s confl wW/FEMA SC-C 1540 723.545 1.131
Sycamore Cyn d/s confl wW/FEMA SC-B 1540 869.049 1.358
Sycamore Cyn @ Badger Basin SC-A 869.049 1.358

0C10891.000 HOTO 1007 TNJ1
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Table 3. Badger Canyon 100-year Discharges

EAST BADGER CYN AND LOWER BADGER CYN
Clear| Post-Burn Post-Burn
Flow| Clear Flow| Bulked Flow

Elevation Sta cfs cfs cfs

Upper EBC 3700 9500 1 3 4
3400 8800 42 110 154

3120 8030 87 229 320

2880 7430 123 321 449

2680 6730 164 429 600

2480 6030 205 537 751

EBC N Bdy 2360 5430 240 629 880
2239 5000 259 678 948

2200 4650 274 718 1004

2159 4350 287 752 1052

2120 3950 304 797 1115

2079 3630 318 833 1166

U/S Confl 2020 3051 343 899 1258
D/S Confl 2020 3050 496 1300 1819
1958 2600 509 1333 1865

1917 2200 520 1362 1906

1877 1950 527 1380 1931

1839 1650 535 1402 1962

1799 1300 545 1428 1998

1760 960 554 1453 2033

1720 837 558 1462 2045

Basin 1708 790 559 1465 2050

WEST BADGER CYN ONLY

Clear| Post-Burn Post-Burn
Flow| Clear Flow| Bulked Flow

Elevation Sta cfs cfs cfs

Upper WBC 3830 9500 1 3 4
3480 8500 27 70 98

3200 8000 40 104 145

3000 7400 55 144 202

2800 6700 73 191 268

2520 6000 91 238 334

WBC N Bdy 2400 5500 104 272 381
2279 4990 127 332 464

2240 4750 137 360 503

2200 4500 149 389 544

2160 4200 162 424 593

2120 3900 175 459 642

2080 3600 189 494 691

U/S Confl 2020 3051 213 558 781

™
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Table 4. Unnamed “FEMA” Branch Peak 100-year Discharges

UNNAMED FEMA BRANCH

0C10891.000 HOTO 1007 TNJ1

Clear| Post-Burn| Post-Burn
Area Flow| Clear Flow| Bulked Flow
Elv Sqg Mi cfs cfs cfs
Upper FEMA
West Branch u/s "A" St 1630 0.174 154 404 566
East Branch u/s "A" St 1620 0.054 58 153 214
Combined @ basin 1620 0.228 193 506 708
Lwr FEMA cut off 1540.5 0.031 37 97 135
Lwr FEMA @ Syc 24+00 1540.5 0.259 215 562 787
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Table 5. Sycamore Canyon Peak 100-year Discharges

0C10891.000 HOTO 1007 TNJ1

FLOW VS ELEVATION SYCAMORE CYN
Clear| Post-Burn| Post-Burn
Flow| Clear Flow| Bulked Flow
Elv cfs cfs cfs
Upper Sycamore 3800 1 3 4
3760 8 21 30
3720 15 40 56
3680 22 59 82
3640 29 77 108
3600 37 96 134
3560 44 115 160
3520 51 133 186
3480 58 152 213
3440 65 171 239
3400 72 189 265
3360 79 208 291
3320 86 226 317
3280 94 245 343
3240 101 264 369
3200 108 282 395
3160 115 301 422
3120 122 320 448
3080 129 338 474
3040 136 357 500
3000 143 376 526
2960 151 394 552
2920 158 413 578
2880 165 432 604
2840 172 450 630
Sycamore @ 2800' 2800 179 469 657
2760 190 498 698
2720 201 528 739
2680 213 857 780
2640 224 586 821
2600 235 615 862
2560 246 645 903
2520 257 674 944
2480 268 703 985
2440 280 733 1026
2400 291 762 1067
2360 302 791 1108
2320 313 820 1149
2280 324 850 1190
2240 335 879 1231
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2200 347 908 1272

2160 358 937 1312

Sycamore @ 2120' 2120 369 967 1353
2080 399 1045 1462

2040 428 1122 1571

2000 458 1200 1680

1960 488 1278 1789

1920 518 1356 1898

1880 547 1434 2007

Sycamore @ 1840' 1840 577 1512 2116
1800 591 1548 2167

1760 604 1584 2217

1720 618 1620 2267

1680 632 1655 2318

1640 646 1691 2368

1600 659 1727 2418

Sycamore @ 1560' 1560 673 1763 2469
Sycamore d/s 1540 865 2266 3173

™
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Table 6. Unnamed FEMA Branch Debris Yields

DEBRIS YIELD PER CoE LOS ANGELES |SBCFCD
DISTRICT CRITERIA
EQUATION 1 100-YEAR Q100, 4 Y AFTER FIRE
BASIS
UNNAMED FEMA WATERSHED
BRANCH)| P (in)] LOG(100* P) D ELEV| CHLLGT RR LOG| AREA| LOG A FF(LOG Dy
(ft) (mi)|  (ft/mi) RR (ac)
WEST 1.5 2.18 1220 0.82 1488 317 111.13 2.05 4.50 4.29
EAST 1.5 2.18 900 0.65 1385 3.14 34.88 1.54 4.50 418
TOTAL 1.5 2.18 1230 0.82 1500 3.18| 146.01 2.16 4.50 4.31
UNIT Dy DEBRIS
BRANCH| LOG (cy/sq mi)| AREA (sq|YIELD (cy)
Dy mi)
WEST| 4.29 19484 0.174 3383
EAST| 4.18 15127 0.055 824
TOTAL| 4.31 20570 0.228 4693
EQUATION 1 10-YEAR Q10,1 Y AFTER FIRE
BASIS
UNNAMED FEMA WATERSHED
BRANCH)| P (in)] LOG(100* P) D ELEV| CHLLGT RR LOG| AREA| LOGA FF|LOG Dy
(ft) (mi)]  (ft/mi) RR (ac)
WEST 1 2.00 1220 0.82 1488 3.17] 111.13 2.05 6.50 4.42
EAST 1 2.00 900 0.65 1385 3.14 34.88 1.54 6.50 4.31
TOTAL 1 2.00 1230 0.82 1500 3.18| 146.01 2.16 6.50 4,44
UNIT Dy DEBRIS
BRANCH| LOG (cy/sq mi)| AREA (sq| YIELD (cy)
Dy mi)
WEST| 4.42 26015 0.174 4517
EAST| 4.31 20197 0.055 1101
TOTAL| 4.44 27464 0.228 6266
OC10881.000 HOTO 1007 TNJ1 17 Ex Ly
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Figure 1. Hydrology Worksheet, in pocket after this page.
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Paradise Hills Hydrology & Hydraulic Analysis — Existing Condition Assuming Post-Burn
Technical Memorandum
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Figure 2. Proposed Project Overlay, in pocket after this page.
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Figure 3. Topographic Workmap, in pocket after this page.
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