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B.9 - Supplemental Focused Rare Plant Survey
(Tim Krantz, June 2008
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B.10 - Southern Rubber Boa Letter Report
(Glen Stewart, February 2007)
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Appendix C:
Hydrology Study/Water Quality Management Plan
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C.1 - Post Construction Water Findings
(AEI CASC, October 2007)
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1070-104 Moon Camp BMP Report V2 

October 5, 2007 
  
 
Nancy Ferguson 
Michael Brandman Associates 
220 Commerce, Suite 200 
Irvine, CA 92602 
 
 
Subject:  Tentative Tract 16136, Moon Camp – Post Construction Water Quality Findings 
 
 
Dear Ms. Fergueson, 
 

We have reviewed the proposed Tentative Tract 16136 Moon Camp Project for Post Construction Best 
Management Practices (BMPs) which will address Pollutants of Concern for this project while being in 
compliance with the standards set forth in the document, “San Bernardino County Stormwater Program - 
Model Water Quality Management Plan Guidance”. The purpose of this letter is to provide the results of 
that review. 
 
PROJECT DESCRIPTION 

The Moon Camp Project is a 62.4 acre site proposing 50 subdivided lots for individual home sale. The 
project also proposes a portion of the project’s total acreage, approximately 8.6 acres, for dedication as 
open space. This project is located on the North Shore of Big Bear Lake, in the City of Big Bear, nestled 
in the San Bernardino Mountains.  
 
HYDROLOGIC CONDITIONS OF CONCERN  

Post-project runoff flows are proposed to generally remain in the existing natural drainage pattern, with 
culvert crossings occurring at low points along the highway and under interior roads, with ultimate 
discharge into Big Bear Lake. The Moon Camp Project development will have a minor impact on the 
overall existing hydrology, effecting primarily minor redirection of natural flows, with the outfall into the 
lake remaining largely unchanged in both location and quantity.1  Project runoff flows will be carried to 
the lake via six proposed storm culverts which drain directly into the lake itself; thus, runoff from the 
project becomes a small part of the vast storage volume in Big Bear Lake. 
 

The Moon Camp Project is proposing minor grading and minimal increases of impervious surfaces on 
each lot by utilizing stemwall construction and a reduced overall construction footprint. Each lot will 
further reduce project runoff with the implementation of bioretention BMPs, while roads constructed as 
part of the project will have runoff directed to bioretention areas. Big Bear Lake has a storage capacity of 
approximately 73,000 Ac-ft. The project site is estimated to produce runoff equivalent to 0.04 percent of 
lake volume before development and 0.09 percent of lake volume after development. Thus, project runoff 
is a miniscule fraction of lake storage. 
 

                                                           
1 Tract 16136 - Moon Camp Hydrology & Hydraulic Preliminary Report, July 2007, Hicks & Hartwick, Inc. 
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1070-104 Moon Camp BMP Report V2 

Big Bear Lake possesses a controlled release point for project runoff flows at Big Bear Dam, which is 
controlled by Big Bear Municipal Water District (BBMWD). The primary goal of the BBMWD is 
maintaining the water level of Big Bear Lake as level as possible given the availability of water and 
finances. The belief is that a constant water level increases recreational use, stabilizes property value, 
improves water quality and supports a healthier fish and wildlife environment. BBMWD accomplishes 
their goal by implementing a water management plan that includes the following: 2 

• Stabilization of Big Bear Lake by managing the amount of water released to the downstream 
water rights holder 

• Watershed/water quality management 

• Recreation management 

• Bear Valley Dam and Reservoir Maintenance 

In many seasons, BBMWD will elect to keep water in the lake and then purchase “in-lieu” water to meet 
demands of the downstream water rights holder. This “in-lieu” water is purchased from the San 
Bernardino Valley Municipal Water District and consists of water supplied via the State Water Project. 

Releases from Big Bear Dam encounter another controlled release point further downstream at the Seven 
Oaks Dam, which is controlled by the United States Army Corps of Engineers (USACE). The USACE 
operates Seven Oaks Dam in tandem with the Prado Dam, located 40.3 miles downstream on the Santa 
Ana River, by implementing the following strategies: 3  

• Runoff during the early flood season is stored behind Seven Oaks Dam to build a debris pool to 
protect outlet works; 

• Small releases from Seven Oaks Dam are made on continual basis to maintain downstream water 
supply; 

• During a flood, Seven Oaks Dam will store runoff for as long as the reservoir pool at Prado Dam 
is rising; 

• After the flood threat has passed, Seven Oaks Dam will release stored water at a rate which does 
not exceed the downstream channel capacity; and 

• After the flood season, Seven Oaks Dam will be gradually drained and the Santa Ana River will 
flow through unhindered. 

BBMWD and the USACE’s regulation of their structures is a function of irrigation demand, availability 
of water from other sources, and flood control purposes. Because these two organizations and their 
structures regulate and control discharges to downstream waters, and because runoff from the project is 
miniscule compared to the volume stored in Big Bear Lake, Hydrologic Conditions of Concern (HCOC) 
for the Moon Camp Project development are independently minimal and not expected to directly and 
significantly impact down stream receiving waters. 
 

                                                           
2 http://www.bbmwd.org/, Accessed Oct 1, 2007 
3 http://www.spl.usace.army.mil/resreg/htdocs/7oaks.html, Accessed Oct 1,2007 
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1070-104 Moon Camp BMP Report V2 

PROJECT RECEIVING WATERS 

Big Bear Lake is the primary downstream receiving water for the Moon Camp project. As project runoff 
flows continue westerly, further downstream receiving waters are the Santa Ana River, Reaches 6 through 
1, which ultimately drain to the Pacific Ocean. As Table 1 indicates, one or more of these receiving 
waters are impaired. 

 
Table 1 – Project Receiving Waters and Impairments 

 
 
PROJECT POLLUTANTS AND POLLUTANTS OF CONCERN 

Table 2 lists the pollutants likely to be associated with the development of the Moon Camp Project and 
compares these pollutants to pollutants causing stress in local receiving waters. When a project pollutant 
is the same as a pollutant causing stress in the receiving waters, the San Bernardino County Model Water 
Quality Management Plan Guidance requires that project runoff be treated for said pollutants utilizing 
BMPs that are medium to high effectiveness. Pollutants of concern for the Moon Camp project are 
bacteria/virus, heavy metals, nutrients, and sediments, see Table 2. 
 

Receiving Water 
Classification 303(d) Listing Storm Drains and 

Receiving Waters 
Proximate Downstream 

Primary 
Hydro Unit 
Basin No. Listed? Pollutant Causing Impairment 

TMDL 
Pollutants 

 
 
 
 
Big Bear Lake Yes Yes 801.71 Yes 

Copper, Mercury & Metals – 
Source: Resource Extraction 

 
Noxious Aquatic Plants, Nutrients 

& Sedimentation/siltation – 
Source: Construction/Land 

Developement 
 

PCBs (Polychlorinated biphenyls) 
– Source: Unknown 

Adopted 
Phosphorus 

Santa Ana River 
(Reach 6) No Yes 801.72 No None None 

Santa Ana River 
(Reach 5) No Yes 801.52 No None None 

Santa Ana River 
(Reach 4) No Yes 801.25 Yes Pathogens – Non Point Source Not Adopted 

Santa Ana River 
(Reach 3) No Yes 801.21 Yes Pathogens – “Dairies” Not Adopted 

Prado Basin 
Management Zone No Yes 802.21 No None None 

Santa Ana River 
(Reach 2) No Yes 801.11  No None None 

Santa Ana River  
(Reach 1) No Yes 801.11 No None None 

Pacific Ocean No Yes 801.11 No None None 
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Nutrients are of particular concern because a TMDL for phosphorus has been adopted for Big Bear Lake. 
The current TMDL assigned to Big Bear Lake is 475 lbs per year for Urban Waste Load Allocation for 
phosphorus. For urban areas, compliance with this TMDL requires compliance with the Municipal 
separate storm sewer system (MS4) Permit which, in turn, requires implementation of Best Management 
Practices (BMPs) which treat pollutants of concern at a medium to high level of effectiveness. 
 

Table 2 – List of Project Pollutants 5 
 

 
Associated Project Pollutants 

Is Pollutant 
303(d) Listed and / or 

TMDL for Receiving Water4 Land Use 

Pollutants Status  

Bacteria/Virus Expected Yes 

Heavy Metals Expected Yes 

Nutrients Expected Yes 

Pesticides Expected No 

Organic 
Compounds Expected No 

Sediments Expected Yes 

Trash and Debris Expected No 

O2 Demanding 
Substances Expected No 

Home Subdivisions of 10 
units or more & 

Streets/Highways/Freeways 

Oil and Grease Expected No 

 
PERMIT REGULATIONS 
 
WQMP Requirements 

The Santa Ana Regional Water Quality Control Board Order Number R8-2002-0012, NPDES Permit No. 
CAS618036 (Permit) requires post-construction BMPs to be implemented for new development and 
significant redevelopment projects, for both private and public agencies. A Water Quality Management 
Plan (WQMP) is then used to guide the development and implementation of a program to minimize the 
detrimental effects of urbanization on the beneficial uses of receiving waters, including effects caused by 
increased pollutants loads and changes in hydrology. 5 Under the permit’s requirements, Moon Camp will 
be required to comply with the WQMP guidance document by implementing the following: 

• Incorporate and implement site design BMPs 

• Incorporate and implement all applicable source control BMPs  
                                                           
4 California Regional Water Quality Control Board, 2006 CWA Section Proposed 303(d) List of Water Quality 
Limited Segments, approved by the USEPA October 25, 2006. 
 
5 San Bernardino Stormwater Program – Model Water Quality Management Plan Guidance Document, June 2005 
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• Incorporate or implement Treatment Control BMPs 

• Utilize a combination of site design, source control and/or treatment control that addresses all 
identified pollutants and hydrologic conditions of concern. 

 
TMDL Requirements 

The Santa Ana Regional Water Quality Control Board Resolution No. R8-2006-0023, amending the 
Water Quality Control Plan for the Santa Ana River Basin to Incorporate a Nutrient Total Maximum 
Daily Load (TMDL) for Dry Hydrological Conditions for Big Bear Lake, was approved by the Office of 
Administrative Law (OAL) on August 21, 2007. Under this resolution, it appears that the only TMDL 
implementation provision applicable to the Moon Camp project is the item referring to the MS4 
Stormwater Permit: 
 

Implementation Task 3.1 – “Waste Discharge Requirements for the San Bernardino County Flood 
Control and Transportation District, the County of San Bernardino and the Incorporated Cities of 
San Bernardino County within the Santa Ana Region, Areawide Urban Runoff, NPDES No. CAS 
618036 (Regional Board Order No. R8-2002- 0012). The current Order has provisions to address 
TMDL issues. In light of these provisions, revision of the Order may not be necessary to address 
TMDL requirements.”  

 
The deadline for the Regional Board’s update to the MS4 permit is February 29, 2008; however, as noted 
in Implementation Task 3.1, changes to the MS4 permit may not be necessary to address TMDL issues.   
 
The County of San Bernardino, in compliance with its MS4 permit, has adopted a program that requires 
new development projects, such as the Moon Camp project, to prepare and implement a Water Quality 
Management Plan (WQMP) that includes a combination of site design, source control, and treatment 
control BMPs to reduce the discharge of pollutants and hydrologic conditions of concern resulting from 
the development.  This letter report outlines the site design BMPs, source control BMPs, and treatment 
control BMPs to be implemented by the Moon Camp project, with said controls to ultimately be 
documented in a project-specific WQMP.  Therefore, by preparing and implementing a WQMP including 
the prescribed BMPs, the Moon Camp project will be compliant with the County’s requirements, and by 
extension, the MS4 permit and TMDL implementation plan. 
 
PROJECT BMPs 

In order to address the project POCs and to reduce the chance of pollutants entering Big Bear Lake, the 
project will implement a treatment BMP that is effective for all POCs and also prepare a Water Quality 
Management Plan (WQMP) which shall incorporate the following: 
 
Site Design 
Lots in the Moon Camp Project are proposed to be low density with stem wall construction, thereby 
reducing the area of construction. This criteria in planning reduces the overall footprint of construction 
and minimizes the imperviousness of each lot. 
 
Source Control 
Activity restrictions and property owners’ education are crucial to the project’s success at preserving 
water quality. The more informed each property owner is the more likely they are to participate in 
compliance with imposed water quality standards. Conditions, covenants & restrictions (CC&R) shall be 
utilized in this project to clearly spell out activities that are not beneficial to water quality and shall not be 
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1070-104 Moon Camp BMP Report V2 

allowed on the project site. The CC&Rs will be implemented and maintained by the project’s Property 
Owner’s Association (POA). 
 
Treatment Control 
Assuming a generous average house footprint of 3,500 sf on a 43,560 sf lot, with an estimated driveway 
surface of 3,000 sf, produces and impervious percentage of 15. Using this average 15% yields a water 
quality volume (V0) of 1.56 Ac-ft for all project lots. Calculating the water quality volume of street runoff 
at 90% yields a V0 of 0.37 Ac-ft. Therefore the individual lot treatment BMPs shall be designed to 
address 1.56 Ac-ft of total water quality volume, approximately 0.03 Ac-ft per lot, while the street 
treatment BMPS shall address the remaining 0.37 Ac-ft of the water quality volume. 

 
Table 3 –BMPs Level of Treatment 6 

 
Treatment Control 

BMP Categories Pollutant of Concern 
Biofilter Filtration  

Sediment/Turbidity H/M H/M 

Nutrients L L/M 

Organic Compounds U H/M 

Trash & Debris L H/M 

Oxygen Demanding 
Substances 

L H/M 

Bacteria & Viruses U H/M 

Oils & Grease H/M H/M 

Pesticides 
(non-soil bound) 

U U 

Metals H/M H 

 
Bioretention is the selected treatment BMP for the Moon Camp Project and operates similar to that of a 
biofilter and filtration. The individual lots will each treat their water quality volume prior to discharging 
from the site, with maintenance provided from the site, with maintenance provided by individual owners. 
The street runoff will also be treated with bioretention that is located in common areas or on open space 
lots, with maintenance by the POA. 
 
As shown on Table 3, the combination of a biofilter and filtration will treat the project pollutants of 
concern at medium to high level of effectiveness. The Caltrans Treatment BMP Technology Report (April 
2007) provides results of their full-scale pilot studies performed on various BMPs. The report shows that 
bioretention will effectively treat nutrients from the project, including nitrogen and phosphorus, at a 
medium level of effectiveness, see attached fact sheet. 
 

                                                           
6 San Bernardino Stormwater Program – Model Water Quality Management Plan Guidance Document, June 2005 
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The key factor in bioretention success 
is utilizing soils that have an initial 
low phosphorus index (P-Index) 
rating existing in the soil. The P-
Index of the soil is the measurement 
of how much phosphorus already 
exists in the soil media. The lower 
the P-Index, the greater the amount of 
phosphorus the media can capture. 
The success of this BMP to properly 
address phosphorous is based on the 
appropriate fill media being used. 
 
 
RECOMMENDATION 
 
Therefore, it is our recommendation 
that the Moon Camp Project 
development include site design, 
source control and appropriate 
treatment control BMPs, such as 
bioretention, that meet the 
requirements of the MS4 Permit, 
TMDL requirements and the 
requirements of the San Bernardino 
County Water Quality Management 

Plan Guidance.  The bioretention areas must be situated to capture runoff from the project and must be 
constructed utilizing an engineered planting and filtering media with a low P-Index. 
 
 
Best regards, 
 
AEI-CASC Consulting 
 
 
 
Melanie E. Sotelo 
Design Engineer 
 
 
 
Jeffrey D. Endicott, P.E., DEE 
Engineering Director 
R.C.E. 40658 
Expiration 3-31-2009 
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C.2 - Drainage Study Review for
“Hydrology and Hydraulics Preliminary Report”

in Conjunction with Development of Tentative Tract 16136
(AEI CASC, May 2007)
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October 12, 2007 
 
 
Ms. Nancy M. Ferguson  
Regional Manager 
Michael Brandman Associates 
340 S. Farrell Drive, A210 
Palm Springs, CA  92262 
 
 
Re: Drainage Study Review for “Hydrology and Hydraulics Preliminary Report” in 

conjunction with the development of Tract 16136 in the County of San Bernardino 
 
Dear Ms. Ferguson: 

INTRODUCTION: 
 
Michael Brandman Associates (MBA) in conjunction with the County of San Bernardino 
requested AEI-CASC Consulting Inc. to provide technical services in order to assist the County 
in the review of the study “Hydrology and Hydraulics Preliminary Report” for Tract 16136.  The 
study was prepared by Hicks& Hartwick, Inc. and was revised July 2007. 
  
DRAINAGE REVIEW AND EVALUATION COMMENTS 
 
In general the report performed an existing and proposed hydrology analysis based on the San 
Bernardino County Flood Control Hydrology Manual. The rational method hydrology was 
performed for the 100-yr and 10-yr storm events for a drainage area of approximately 181-acres.  
The drainage area consists of several natural streams that cross the State Highway 18 at various 
locations along the project limits.  The drainage area and project are tributary to Big Bear Lake.  
The hydrology calculations performed are complete and in accordance with the San Bernardino 
County Flood Control Hydrology Manual. Based upon the last review by AEI-CASC Consulting, 
the drainage report has been partially revised.  Please note that no response letter addressing the 
comments and recommendations by AEI-CASC Consulting (May 7, 2007 letter) has been 
provided by Hicks& Hartwick, Inc. 
 
Upon completing the review of the Study, we offer the following comments and recommendations:  
 

 The Proposed hydrology map showed the proposed lot lines and street alignments, but 
elevations and proposed grading was not shown.  To verify the proposed boundaries and 
conveyance of storm flows a copy of the TTM should be included in the report.   
Additionally, to assist in the verification of the proposed routing and drainage 
boundaries, the proposed TTM grading should be added to the proposed hydrology map 
and the scale increased to show the requested detail. A response to this issue has not 
been obtained.  Clarification should be provided in the report.     



Ms. Nancy Ferguson 
October 12, 2005 
2 of 2 
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 The proposed condition hydrology calculations show the developed flows increase the 
peak flow rate downstream of the project and into Big Bear Lake.  Per the San 
Bernardino County Flood Control District Hydrology manual and guidelines, the 
increased flow rates should be decreased via detention basins to 90% of the existing 
condition flow rates or demonstrate that the increase in flow will not impact any 
downstream facilities.  Based on the calculations provided the project does not meet this 
condition.  The exemption of this condition should be discussed and approved by San 
Bernardino County Flood Control District. A response to this issue has not been 
obtained.  Clarification should be provided in the report or response letter format.             

 The proposed condition hydrology map shows that drainage areas “A” and “F” will be 
conveyed via roadway culverts and natural stream sections through the project site.  Due 
to the high flow rates and steep terrain it is recommended that a storm drain system be 
extended to intercept these drainage flows.  The flows should include debris and bulking 
factors in the analysis.  San Bernardino County Flood Control District typically requires 
a bulking factor of 2.0 when a debris analysis is not performed.  A response to this issue 
has not been obtained.  Clarification should be provided in the report.       

 A flood plain analysis was performed for the project.  The calculations could not be 
review since a flood plain map showing the cross sections and floodplain widths was not 
provided.  It is recommended that a map showing the above information be included to 
support the calculations.   

 The proposed condition map shows that a storm drain will be extended from the project 
site (drainage area “A”) to Big Bear Lake.  The proposed alignment appears to require the 
acquisition of a drainage easement and/or right-of-way.  Please demonstrate the size of 
required storm drain and that the proposed facility could be constructed through this area.  
Also, coordination with the affected property owner to provide the above mentioned 
rights should be demonstrated to the County of San Bernardino.  This issue should be 
discussed in detail since it appears that the development will impact these existing 
residents.  A response to this issue has not been obtained.  Clarification should be 
provided in the report.     

It should be noted that some of these comments and recommendations could be addressed in 
the final design stage of the project.  It is at the discretion of San Bernardino County to 
postpone of eliminate any of the comments and recommendations.  If there are any questions 
or clarifications needed please feel free to call me at 951-342-7990 ext. 105 

 
Sincerely, 
AEI-CASC CONSULTING, INC. 
 

 
 
Aric M. Torreyson, P.E. 
Project Manager 
AMT/bc 
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Memorandum
To: Ms. Nancy Ferguson

MICHAELBRANDMANASSOCIATES

From: Aric Torreyson, P.E.
AEI-CASCConsulting

Date: March 23, 2007

Re: MoonCamp ,Tentative Tract Map 1616

Cc: Ceazar Aguilar,AEI-CASC Consulting

Comments to the Engineer:

1st PLAN CHECK COMMENTS

HYDROLOGY ANDWATER QUALITY TECHNICAL APPENDIX

AEI-CASC Engineering, Inc. has performed a review of the report entitled, “Moon Camp
Tentative Tract 16136, Hydrology and Water Quality Technical Appendix”, prepared by
R.B.F. Consulting and we offer the following comments:

I. Hydrology Study

 In the narrative, please indicate the rainfall values, slope of intensity duration
curve, and antecedent moisture condition values used in the analysis.

 Provide a hydrologic soils map and rainfall charts in the report. Show and



label the general location of the project on all maps and charts.

 For the proposed condition rational method calculations, please verify area
“J”. (The calculations do not match the tables shown in the narrative)

 Consider creating a large scale land use map – figure 6. (i.e. the information is
difficult to read)

 Consider replacing the pictures provided for figure 5 with pictures that are
more presentable.

 Please provide a FIRM map showing that there will be no existing flood
hazards within the project site.

 For consistency in the narrative, please provide the pipe lengths in the tables.

 Please re-format the rational method output files to display all of the input
parameters used. (i.e. slope of intensity duration curves and rainfall values)

 Please provide an R.C.E. stamp. (With signature)

 Please see the report for additional comments.

 It is mentioned in the report that the project will increase the run off to Big
bear Lake. It should be noted that San Bernardino County Flood Control
Hydrology Manual states that developed flows should be mitigated to 90% of
existing flow rates. This project may need to provide this mitigation.
Coordination with the district may be a required.

II. Hydrology Map

For the existing condition hydrology map it is recommended that the
following information be provided:

 Consider creating a large scale map. (The information is difficult to read)

 Existing drainage facilities, in and around the project site, as appropriate.
(and label them).

 Contour elevations.

 Add soil type “D” to the hydrologic data table.

 Label the flow path lengths.

 A vicinity map.

 Provide a leader line for all nodal points.

 Node elevations.

 Street names.

 Delete one of the north arrows.

For the proposed condition hydrology map it is recommended that the



following information be provided:

 Consider creating a large scale map. (The information is difficult to read)

 Existing drainage facilities, in and around the project site, as appropriate.
(and label them).

 Contour elevations.

 Add a hydrologic data table. (See the existing hydrology map)

 A vicinity map.

 Street names.

III.Hydraulics Study

1. Please provide preliminary pipe sizes for the cross culverts.

Please include a response to comments letter with the next plan check.
Failure to do so may result in the return of submittal without plan check.

Sincerely,

AEI-CASC Consulting, Inc.

Aric M. Torreyson, P.E.
Project Manager
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C.5 - Water Supply Analysis
(California Collaborative Solutions, February 2009)
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