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RWQCB Order R9-20 10-0016 (Order) does not specifically address the quantities of 

water that may be lost from baseflows due to the impact of implementing on-site retention and 

infiltration of rainfall. However, by specifYing the 85th percentile, 24-hour rainfall event as the 

standard for on-site retention (p. 33), the Order assures that significant amounts of rainfall may 

be captured. The impact to baseflows will depend on how widely LID retrofits are implemented, 

and on the size of the projects' drainage areas. The example below illustrates how streamflow 

may be affected in the Murrieta Creek sub-watershed of the Santa Margarita River watershed. 

At the Wildomar rainfall station, located in Riverside County near the western boundary 

of the Murrieta Creek sub-watershed, the 85th percentile, 24-hour rainfall amount is about 0.8 

inch. This station averages rainfall of about 14.0 inches per year. Two recent water years (WY) 

were reviewed in order to roughly estimate the amount of rainfall that would be captured by on­

site LID detention designed for the 85th percentile rainfall. At the Wildomar station, WY 2003 

was an above-average year, with 18.3 inches of rain. WY 2006 was a below-average year, with 

7.4 inches of rain. In WY 2003 and 2006, the total measured streamflow at the Murrieta Creek 

streamflow gaging station (USGS 11043000, Murrieta Creek at Temecula) was 14,831 acre-feet 

and 5,523 acre-feet, respectively. 

The impact to streamflow from the Order will depend upon the total drainage area of 

existing development that is retrofitted with on-site LID storm water capture. The total area and 

types of developments are not known, but an example is provided here to illustrate potential 

impacts to streamflow in the Murrieta Creek drainage. 

The net loss of streamflow due to LID retrofit projects depends on the proportion of 

rainfall that is lost on-site to groundwater infiltration and evapotranspiration compared to how 

I f r ~ G I E E:. R 

Supporting Document No. 14 
Item No. 6 
November 10, 2010

http:stetsonengineers.com


much rainfall became surface water runoff to streams. This percentage, known as the runoff 

coefficient, depends on the soil type, land cover, slope, and antecedent conditions of a particular 

site. Each area that undergoes a LID retrofit will have a runoff coefficient associated with it that 

is determined by its site-specific conditions. The impact associated with retrofitting a 1,000-acre 

commercial area in the Murrieta Creek sub-watershed with LID is discussed as an example. 

Rainfall amounts from WY 2003 are used in this example. 

A typical estimate of the runoff coefficient' for a commercial site is 0.5, meaning 50% of 

rainfall will infiltrate or evaporate, and 50% will run off as surface water (Caltrans, 2008). Prior 

to LID retrofit, the quantity of surface water runoff from this area in WY 2003 was 760 acre-feet 

(50% of the 18.3 inches, applied to 1,000 acres). With LID in place, the first 0.8 inches of 

rainfall from each event is assumed to be captured and infiltrated on-site. The remainder of the 

rainfall is assumed to infiltrate and run off following the same runoff coefficient of 0.5. In WY 

2003, about 6.5 inches of rainfall would be captured and infiltrated by LID measures; of the 

remaining 11.8 inches of rainfall, 5.9 would also infiltrate, and 5.9 inches would become surface 

runoff. This equates to an annual surface water runoff volume of 490 acre-feet. The result of 

LID is a 270 acre-feet net reduction in surface water runoff downstream of the LID site. For 

comparison, this amount equates to 2% of the flow at the Murrieta Creek gage for WY2003. The 

rainfall, infiltration, and runoff volumes are given in Table 1. Figure 1 also shows the infiltration 

and runoff depths before and after implementation of LID measures. 

If the same assumptions are applied to the I ,OOO-acre commercial area using WY 2006 

rainfall, 5.8 inches of the total 7.4 inches of rainfall would be captured by LID measures. 

However, in this case, the runoff coefficient is assumed to be 0.25, in order to account for the dry 

conditions. Dry antecedent conditions mean a higher percentage of rainfall would infiltrate. 

The pre-LID runoff quantity is 155 acre-feet, while the post-LID runoff quantity is 33 AF, 

resulting in a net reduction of 120 acre-feet of surface water flows immediately downstream of 

the site. Compared to the total flow at the Murrieta stream gage, the additional water infiltrated 

on-site amounts to 2% ofthe total flow at the gage for WY 2006. The rainfall, infiltration, and 

runoff volumes are given in Table 1. Figure 2 also shows the infiltration and runoff depths 

1 The runoff coefficient is a simplified concept intended to be used with the rational method, generally used to 
calculate single-event storm runoff. The coefficient is used here in lieu of a more sophisticated daily model, which 
would account for antecedent moisture conditions. However, for this general, order-of-magnitude-Ievel analysis, the 
runoff coefficient provides a simple estimate of annual runoff volumes. 

Stetson Engineers Inc. Page 2 October 1. 2010 
2010 09 30 DRAFT Memorandum - MS4-LID Comments 



before and after implementation of LID measures. The net reduction in surface water flows could 

be higher iflarger areas of existing development are retrofitted with LID or if the sites have 

higher runoff coefficients. 

The policy of promoting on-site infiltration in the upper Santa Margarita River watershed 

will reduce surface water flows to Camp Pendleton. In the 1950s and 1960s, groundwater 

pumping in the upper Santa Margarita basin led to a disconnection between the upper basin and 

the lower basin (the limit between the two is the Temecula Gorge). This is demonstrated by 

Figure 3, which shows the decline in baseflows in the River at the Gorge. Because of this 

disconnection, increasing infiltration in the upper groundwater basin will increase groundwater 

storage in the upper basin, but none of this water will be conveyed to the lower watershed. 

Instead, additional water infiltrated on-site by the proposed Order will be retained for use by 

groundwater pumpers upstream of Camp Pendleton. The Base's ability to exercise its water 

right to use water from the Santa Margarita River will likely be impacted from diminished 

surface water flows resulting from the proposed Order. 

Reference 

California Department of Transportation (Caltrans) Highway Design Manual. 2008. Chapter 810 

Hydrology. Updated July 1,2008. Sacramento, CA. 
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TABLE 1. SUMMARY OF INFILTRATION AND RUNOFF FOR 1,OOO-ACRE COMMERCIAL AREA, 


BEFORE AND AFTER IMPLEMENT A TION OF LID 


[1 ) [2) [3) [4) [5) [6) [7] [8] 

Water 
Year 

Total 
Rainfall at 
Wildomar 

(inches) 

Runoff 
Coef­
ficient 

(--) 

Pre-LID Runoff 

Depth Volume 

(in) (AF) 

Rainfall 
Depth 

Captured 
by LID 

(in) 

Additional 
Infil­

tration 

(in) 

Post-LID Runoff 

Depth Volume 

(in) (AF) 

Net 
Change in 

Surface 
Runoff 

(AF) 

2003 18.3 0.50 9.1 760 6.5 5.9 5.9 490 -270 

2006 7.4 0.25 a 3.7 155 5.8 1.2 0.4 35 -120 

Column Descriptions: 
[1] Water year: October I through September 30, 2010 
[2] From daily data obtained from the Riverside County Flood Control and Water Conservation District; average aru1Ual 

amount is 14.0 inches. 
[3] Estimated proportion of rainfall that becomes surface runoff; Range of values from Caltrans (2008) is 0.50 to 0.70 for a 

"neighborhood business district"; 0.50 was used for normal to wet hydrology but was reduced as described in note "a" 
for dry conditions. 

[4] Total runoff from developed site, prior to LID retrofit, equal to the runoff coefficient in [3] multiplied by [2]; converted 
to a volume by multiplying by (I ftl12 in) and multiplying by the area of the site, 1,000 acres. 

[5] Rainfall depth captured by LID measures, assuming design volume equal to the 85 th percentile, 24-hour rainfall, which is 
0.8 inches for Wildomar. Capture rainfall was determined by examining the daily rainfall record for the water year and 
assuming the first 0.8 inches of each event is captured on-site. Converted from depth to volume by multiplying by (I 
ftl12 in) and multiplying by the area of the site, 1,000 acres. 

[6] Quantity of rainfall, after LID capture, which is infiltrated: ([2] ---, [5] )* [3] 
[7] Surface water runoff from the developed side, with LID implementation, equal to [2] - [5] - [6]. Converted from depth 

to volume by multiplying by (I ftlI2 in) and multiplying by the area of the site, 1,000 acres . 
[8] Net change in surface runoff volume from the site: [4] - [7] 

Note: 
a. For WY 2006, the textbook value of 0.50 for a commercial site was reduced to 0.25 to account for antecedent conditions 
during the below-normal rainfall conditions of that water year. The rational method runoff coefficient does not account for 
antecedent soil conditions. 
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FIGURE 1. INFILTRATION AND RUNOFF DEPTHS FOR 1,OOO-ACRE LIGHT COMMERCIAL AREA 

FORWY2003 
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FIGURE 2. INFILTRATION AND RUNOFF DEPTHS FOR 1,000-ACRE COMMERCIAL AREA FOR WY 
2006 
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FIGURE 3. NON-AuGMENTED FLow AT THE SANTA MARGARITA RIvER GORGE 

Santa Margarita River near Temecula (Gorge) 

Gaged Flows Less Historical Augmentation 
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ALTERNATIVES BELOW ARE BASED ON THE LANGUAGE IN THE TENTATIVE ORDER 
 

Preferred Language 
(c) LID BMPs sizing criteria: 
 

(i) LID BMPs must be sized and designed to ensure onsite retention without runoff, 
of the volume of runoff produced from a 24-hour 85th percentile storm event1 
(“design capture volume”); 
 

(ii) If onsite infiltration LID BMPs are technically infeasible per section F.1.d.(7)(b), 
other LID BMPs may treat any volume that is not retained onsite provided that 
the other LID BMPs are sized to hold the design storm volume that is not 
infiltrated.  The LID BMPs must be designed for an appropriate surface loading 
rate to prevent erosion, scour and channeling within the BMP.  

 

Alternate Language #1 
From section F.1.d. 

(d) LID BMPs sizing criteria: 
 

(i) LID BMPs must be sized and designed to ensure onsite retention without runoff, 
of the volume of runoff produced from a 24-hour 85th percentile storm event2 
(“design capture volume”) that is in excess of the runoff from the pre-
development site; 
 

(ii) If onsite infiltration retention LID BMPs are technically infeasible per section 
F.1.d.(7)(b), other LID BMPs may treat any volume that is not retained onsite.  
Due to the flow through design of non-retention LID BMPs, the total volume of 
the BMP, including pore spaces and pre-filter detention volume, must be sized to 
hold at least 0.75 times the portion of the design capture volume that is not 
retained onsite by LID retention BMPs.  provided that the other LID BMPs are 
sized to hold the design storm volume that is not infiltrated.  The LID BMPs must 
be designed for an appropriate surface loading rate to prevent erosion, scour and 
channeling within the BMP.  

 

                                                            
 
 



 

 

Alternate Language #2 
From section F.1.d. 

(c) LID BMPs sizing criteria: 
 

(i) LID BMPs must be sized and designed to ensure onsite retention without runoff, 
of the volume of runoff produced from a 24-hour 85th percentile storm event3 
(“design capture volume”); 
 

(ii) If onsite infiltration retention LID BMPs are technically infeasible per section 
F.1.d.(7)(b), other LID BMPs may treat any volume that is not retained onsite.  
Due to the flow through design of non-retention LID BMPs, the total volume of 
the BMP, including pore spaces and pre-filter detention volume, must be sized to 
hold at least 0.75 times the portion of the design capture volume that is not 
retained onsite by LID retention BMPs.  provided that the other LID BMPs are 
sized to hold the design storm volume that is not infiltrated.  The LID BMPs must 
be designed for an appropriate surface loading rate to prevent erosion, scour and 
channeling within the BMP.  

 
With concurrent changes to section F.1.d.(7) 

(b) For each Priority Development Project participating, the Copermittee must find  that it is 
technically infeasible to implement LID BMPs that comply with the requirements of 
Section F.1.(d)(4).  The Copermittee(s) must develop criteria to determine the technical 
feasibility of implementing LID BMPs .  Each Priority Development Project participating 
must demonstrate that LID BMPs were implemented as much as feasible given the site’s 
unique conditions.  Technical infeasibility may result from conditions including, but not 
limited to: 

 
(i) Locations that cannot meet the infiltration and groundwater protection 

requirements in section F.1.c.(6) for large, centralized infiltration BMPs.  Where 
infiltration is technically infeasible, the project must still examine the feasibility of 
other onsite LID BMPs; 

(ii) Insufficient demand for storm water reuse; 
(iii) Sites where full retention of the design capture volume would reduce runoff from 

the site below the pre-development conditions, or would otherwise conflict with 
hydromodification requirements, must still examine the feasibility of retaining that 
portion of the design capture volume that is in excess of the runoff from the pre-
development site. 

(iv) Smart growth and infill or redevelopment locations where the density and/or 
nature of the project would create significant difficulty for compliance with the LID 
BMP requirements; and 

(v) Other site, geologic, soil, or implementation constraints identified in the 
Copermittees updated SSMP document. 

 

                                                            
 



 

Alternate Language #3 
From section F.1.d. 

 

(c) LID BMPs sizing criteria: 
 

(i) LID BMPs must be sized and designed to ensure onsite retention without runoff, 
of the volume of runoff produced from a 24-hour 85th percentile storm event4 
(“design capture volume”); 
 

(ii) If onsite infiltration LID BMPs are technically infeasible per section F.1.d.(7)(b), 
other LID BMPs may treat any volume that is not retained onsite.  Due to the flow 
through design of non-retention LID BMPs, the total volume of the BMP, 
including pore spaces and pre-filter detention volume, must be sized to hold at 
least 0.75 times the portion of the design capture volume that is not retained 
onsite by LID retention BMPs.  provided that the other LID BMPs are sized to 
hold the design storm volume that is not infiltrated.  The LID BMPs must be 
designed for an appropriate surface loading rate to prevent erosion, scour and 
channeling within the BMP.  

(iii)  
(iii) The sizing criteria identified in section F.1.d.(4)(c)(i) above shall remain in effect 

until the completion of the special study identified in Attachment E, on the Effects 
of LID retention of Downstream Hydrology. At that time the following LID sizing 
criteria shall become effective unless the study has determined that the following 
criteria would be detrimental to downstream beneficial uses:  

 
[a] LID BMPs must be sized and designed to ensure onsite retention without runoff, 

of the volume of runoff produced from a 24-hour 85th percentile storm event. 
 

With concurrent addition to Attachment E, Section II.E. (in place of one of the other special studies) 

Effects of LID Retention of Downstream Hydrology: 
 
The Copermittees must conduct a study to assess if there will be any downstream 
hydrologic effects resulting from the full retention of the 24-hour 85th percentile storm runoff, 
that may negatively affect beneficial uses. The analysis should assess the potential effects 
on both habitat and municipal uses, and must be complete by XXXX. The Copermittees 
must implement the special study unless otherwise authorized in writing by the San Diego 
Water Board. 

                                                            
 







































































































































Assumptions and Realities in the SMR
Assumptions Reality

Vbmp 0.6”? 1.02” (70% greater)

Natural Runoff 10%? Range from 7%-27% 

Habitat Impacts No impact?

Sub-Regional Scale*

95% less days of flow from site compared 

to pre-development condition

Watershed Scale

40% of flow days are from storms under 1”

in pre-development condition

Downstream Water 

Use
No impact?

Sub-Regional Scale*

Average Loss of 30% of volume of runoff

Loss of 7 ac-ft, per sq. mi., per year

Watershed Scale

XX% of volume is from storms under 1”

* Continuous simulation based on HSPF, Assumed 640 acres natural grass on B soils 

converted to 70% urban impervious 



Assumptions and Realities in the SMR
Assumptions Reality

What Constitutes 

MEP?

85% Storm Retention 

most effective way to 

reduce pollution and 

protect uses

Current proposal leaves water above the 

85% storm untreated, and loss of flow can 

itself constitute “water pollution.” A mix 

of onsite infiltration and biofiltration may 

be more protective of downstream 

beneficial uses in the unique 

circumstances of the SMR Basin.  85% 

Retention is not “industry standard” as 

suggested by NRDC.

Impact of 

Urbanization on 

Flows in SMR

Urban runoff from 

impervious surfaces 

leaves the SMR with 

more water than it 

would “naturally”

receive.

River Data from 1925-2008 suggest that 

the amount of runoff reaching the 

Temecula Gorge has been relatively 

constant.  The increased runoff associated 

with impervious surfaces appears to have 

offset the losses associated with GW 

mining and Vail Dam.



Assumptions and Realities in the SMR
Assumptions Reality

Impact on 

Downstream 

Water Rights

Reductions in runoff 

will not harm 

CPEN/FPUD ability to 

fully utilize their 

water rights

Large scale development/redevelopment 

has the potential to reduce flows reaching 

Camp Pendleton

The CWRMA and 

Base Flow

CPEN is made whole 

for increased 

infiltration via the 

CWRMA Agreement

The CWRMA only addresses Base Flow.  

The majority of the water that 

replenishes CPEN’s groundwater basins 

comes from storm flows.  The CWRMA 

does not replace Storm Flows lost to 

infiltration or reuse in the upper basin



Assumptions and Realities in the SMR
Assumptions Reality

Federal Standard 

for Stormwater 

Capture

The Federal Standard 

requires capture of 

the 95th percentile 

storm under all 

circumstances. 

The Federal standard requires 95th

percentile storm capture unless 

hydrologic conditions indicate natural site 

conditions would yield less than 95% 

infiltration in a pre-development 

condition.  No requirement to 

retain/infiltrate beyond Delta V.

Infiltration versus 

Retention 

Standards

CPEN is harmed 

equally by the 

retention versus 

infiltration standard

Retention or infiltration of the 85th

percentile storm at every new or 

redeveloped property will reduce the 

hydrograph beyond that which would 

occur “naturally.” However, retention is 

worse because the water in many cases is 

entirely lost to the hyrologic system.



Assumptions and Realities in the SMR
Assumptions Reality

Retrofit of 

Existing 

Properties

Retrofit will not 

cause any adverse 

effect on 

downstream flows 

because the 85th

percentile retention 

standard is not 

mandated

Language in the existing permit is 

ambiguous and can be read to require 

retrofit projects to meet the EPA/NRDC 

proposed VBMP.



 

Land Use: Runoff Coefficient 

 Low High Midpoint 

Unimproved areas 0.10 0.30 0.20 

Residential (suburban) 0.25 0.40 0.33 

Residential multiunit, detached 0.40 0.60 0.50 

Neighborhood business area 0.50 0.70 0.60 

Light industrial 0.50 0.80 0.65 
Source: Viessman & Lewis, Introduction to Hydrology, 4th edition, HarperCollins 

College Publishers: New York, 1996. 

 

 

Example Comparing RB’s Permit Requirements with Delta-V Alternative 

 

• A 100-acre parcel is planned to be developed into a multi-family residential community 

• Prior to development, the runoff coefficient is 0.20 

• After development, the runoff coefficient will be 0.50 

• This example compares runoff quantities from the 85
th

 percentile, 24-hour storm, 

assuming it has a depth of 1 inch: 

-Pre-development runoff = 0.2 inches or 1.7 acre-feet 

-Post-development runoff = 0.5 inches or 4.2 acre-feet 

• Design Capture Volume (DCV) as defined by permit = runoff from the 85
th

 percentile, 

24-hour storm.  For this site, DCV is 4.2 acre-feet. 

• The Delta-V approach would require that LID retain the difference between pre- and 

post-development runoff, such that the natural hydrology of the site is maintained
1
: 

-DCV for Delta-V = 4.2 ac-ft – 1.7 ac-ft = 2.5 acre-feet 

• The permit as written would alter the natural hydrology by retaining an additional 1.7 

acre-feet of runoff per event.  Multiplied by multiple sites, with many events per year 

over many years, this is a significant quantity of water over time, which should be 

quantified in more detailed studies.  

• The Delta-V approach ensures that (1) the natural hydrology is maintained, i.e. the 

quantity of runoff is the same as under pre-development conditions, and (2) water 

quality objectives are met by treating the remainder of runoff for the 85
th

 percentile, 24-

hour storm using traditional BMPs. 

 

 

                                                 
1
 The Delta-V approach would require LID to retain the difference between pre- and post-development runoff. 

Runoff from the 85
th

 percentile, 24-hour storm which is not retained by LID would be treated and released using 

traditional BMPs. 



 

Impact of Retro-Fitting Developed Sites with LID 

 

• An existing 100-acre, multi-family residential community will be outfitted with LID to 

comply with the permit 

• The runoff coefficient of the site is 0.50 

• This example uses runoff quantities from the 85
th

 percentile, 24-hour storm, assuming it 

has a depth of 1 inch: 

-Existing runoff = 0.5 inches or 4.2 acre-feet 

• Design Capture Volume (DCV) as defined by permit = runoff from the 85
th

 percentile, 

24-hour storm.  For this site, DCV is 4.2 acre-feet. 

• After LID is implemented, 4.2 acre-feet of rainfall will be captured and retained per 

event, potentially removing that 4.2 acre-feet from the surface water flows as they exist 

today. 

• This would alter the existing hydrology by potentially removing significant quantities of 

water from the surface water system. 

• In order to quantify the total impact to Camp Pendleton’s water supply, detailed studies 

are needed.  

• Questions that must be answered by further study include: 

-How many total acres of existing development will be retrofitted with LID? 

-What are the actual runoff coefficients of sites to be outfitted with LID? 

-What is the seasonal variation of those runoff coefficients?   

-Will LID retention and infiltration be feasible during extended wet conditions? 

-What are the locations of planned LID facilities, and how does runoff from 

those sites contribute to surface water flows leaving the upper watershed? 

•  

 



 

Impact of Using Different Design Storms for Design Capture Volume 

 

• A hypothetical, daily model of LID capture was created to simulate long-term retention 

by LID at a single site. 

• The site is assumed to have a runoff coefficient of 0.50 for every storm, regardless of 

antecedent conditions.  This is a simplification which allows us to make a relative 

comparison between design storm percentiles. 

• The table below presents the percent of rainfall that is retained by LID for different 

percentiles of the 24-hour storm 

• The figure shows the data from the table in graphical format 

• The slope of the line begins to increase at about the 50
th

 percentile storm 

 

 

 

 

24-hour Storm 

Percentile 

Corresponding 24-

hour Rainfall Depth
1
 

(in) 

Percent of Rainfall that 

is Retained by LID
2
 

 1% 0.01 1% 

 5% 0.02 1% 

 10% 0.03 2% 

 15% 0.04 2% 

 20% 0.06 4% 

 25% 0.08 5% 

 30% 0.10 6% 

 35% 0.12 7% 

 40% 0.15 8% 

 45% 0.18 9% 

 50% 0.21 11% 

 55% 0.25 12% 

 60% 0.30 14% 

 65% 0.37 16% 

 70% 0.45 18% 

 75% 0.51 20% 

 80% 0.64 23% 

* 85% 0.80 26% 

 90% 1.06 30% 

 95% 1.64 36% 

 99% 2.90 43% 

 

*Design storm as defined by current Permit 

Notes: 

1. Based on rainfall data from 1914-2008 at Wildomar station (Riverside County 

Flood Control Network) 

2. Based on retention and runoff from a single site assuming a 50% runoff 

coefficient for all storms; also assumes that LID retention and infiltration is 

feasible in wet conditions. 



 

Percent of Rainfall Captured at a Single Site by LID Retention

Based on Hypothetical, Long-Term Daily Model using Rainfall from Wildomar Gage,

WY 1925-2008

Site Runoff Coefficient of 50%
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Wayne Chiu - Fwd: LID (non-retention) Sizing Methods 

  

 
 

>>> "Padres, Claudio" <CMPadres@rcflood.org> 10/28/2010 1:32 PM >>> 

Ben, 

  

As we discussed in our last meeting, there are several significant problems with the performance criteria in the 

errata for non-retention LID BMPs. Below is a comparison of the two methods: 

  

  

*See attached calculations for background on the size comparison. 

  

It is highly appropriate that the performance standard for non-retention BMPs be restored to the 0.75 x VBMP 

standard as shown on the attached ‘permit language’ word document. This change (compared to the errata) 

will result in better protection of water quality, better and clearer implementation, and further it maintains the 

Copermittees’ ability to implement the pending LID BMP Design Manual within this watershed. 

  

Additionally, in our discussions prior to the public release we offered 1 x VBMP as an additional safety factor to 

From:    Chiara Clemente

To:    Chiu, Wayne

Date:    10/29/2010 9:47 AM
Subject:    Fwd: LID (non-retention) Sizing Methods
Attachments:   Sizing of a Bioswale (w_att).pdf; Permit Language.docx

  Ventura South OC 

Implementation of 

performance criteria 

‘Equivalent Pollutant and 

Volume reduction’ is 

undefined, un-implementable, 

and un-enforceable. 

‘hold’ .75 times VBMP: is clear, implementable, 

and enforceable – this is why we agreed to it 

previously. 

WQ Protection Less Protective (see next 

column) 

Results in BMPs over 30 times larger than 

Ventura Method*, which in turn will: 

•         treat much more water, and  

•         result in much more incidental volume loss 

through infiltration, surface wetting, and 

evapotranspiration. 

•         Result in much greater pollutant removal.  

  

Because we all recognize the importance of 

these benefits, we had agreed to this sizing 

method, even knowing that it was very 

conservative.  

  

LID Manual Completely inconsistent with 

our LID BMP Design Manual 

Based on our agreements leading to the public 

release, we have been finalizing our LID BMP 

Design Manual based on the non-retention sizing 

methodology in South OC. We are vested in that 

approach. 
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only facilitate the change to infiltration. If the infiltration language does not remain as originally drafted 

(infiltration), that safety factor is not appropriate and should be restored to the 0.75 factor. 

  

Please give me a call at your earliest convenience, and we can discuss this further. 

Best regards, 

  

----------------------------------------------------------------------------- 

Claudio M. Padres, PE 
Senior Civil Engineer 
Watershed Protection Division - NPDES 
_______________________________________________________________________________________________________  
Riverside County Flood Control  

    and Water Conservation District  

          1995 Market Street, Riverside, CA 92501  

------------------------------------------------------------------------------ 

Direct: 951.955.8602 | Cell: 951.312.7467 | cmpadres@rcflood.org 
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Sizing of a Bioswale 
Assumptions: 

Project: 1‐acre commercial development (95% Impervious) 

Location: Temecula 

24‐hour 85th percentile storm volume: 1.02” 

Peak hourly intensity (in/hr) for a 24‐hour storm: 14% of storm volume  
(per Riverside County Hydrology Manual) 
 
Runoff Coefficient C: 0.81 

VBMP: 2977 Ft
3 (See attachment 1) 

Sizing Method: Flow 

Per South OC Method 
“HOLD 0.75 TIMES VBMP” (Requirements based on Volume) 

Swale Volume = 0.75 x VBMP  

Swale Volume = 2,233 ft3 

Per Ventura Method 
“TREAT 1.5 TIMES VBMP” (Requirements based on Flow) 

Need to calculate the Flow Rate (Q) that will treat a volume of 1.5 x VBMP.  

1.5 x VBMP = 4466 ft^3 

Q= C x I x A => need to find I to be able to calculate Q. 

To produce 4466 ft3 of runoff, you would need a storm depth of 1.53”  
(See attachment 2) 
 
24‐hour peak hourly intensity (I) = 14% of storm volume =  0.14 x 1.53  

I= 0.21 inches/hour 

Q = C x I x A = 0.81 x 0.21 x 1(acre) = 0.17 cfs 

Swale Volume = 71.40 ft3 (See attachment 3) 

 



Date

Enter the Area Tributary to this Feature AT = 1 acres

Site Location Township
Range

Section

 = 1.02 inches

Total Impervious Area in the Area Tributary to the Feature AIMP = 0.95 acres
Total Area Tributary to the Feature AT = 1 acres

Impervious Percentage i = 95%

Use the following equation based on the WEF/ASCE Method
C = 0.858i3 - 0.78i2 + 0.774i + 0.04 C = 0.81

24-hour 85th % Storm Volume

Calculate the Impervious Percentage

Calculate the composite Runoff Coefficient, C for the BMP Tributary Area

County/City Case No

BMP Design Volume, VBMP, Santa Ana/ Santa Margarita       Legend:
Required Entries    
Calculated Cells     

Company Name

Test Case: 1-acre commercial in Temecula (95% impervious)

Slope value from Design Volume Curve in Appendix A

Designed by

  Riverside County Best Management Practice Design Handbook
  

Vu = 0.82

VBMP (ft3)=  VBMP = 2,977 ft3

Notes: 

Calculate the design storage volume of the BMP, VBMP.

12 (in/ft)

Calculate VU, the 85% Unit Storage Volume   VU= SC x C

 VU (in-ac/ac) x AT (ac) x 43,560 (ft2/ac)

Determine Design Storage Volume, VBMP

(in*ac)/ac

  Riverside County Best Management Practice Design Handbook
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Date

Enter the Area Tributary to this Feature AT = 1 acres

Site Location Township
Range

Section

 = 1.53 inches

Total Impervious Area in the Area Tributary to the Feature AIMP = 0.95 acres
Total Area Tributary to the Feature AT = 1 acres

Impervious Percentage i = 95%

Use the following equation based on the WEF/ASCE Method
C = 0.858i3 - 0.78i2 + 0.774i + 0.04 C = 0.81

24-hour 85th % Storm Volume

Calculate the Impervious Percentage

Calculate the composite Runoff Coefficient, C for the BMP Tributary Area

County/City Case No

BMP Design Volume, VBMP, Santa Ana/ Santa Margarita       Legend:
Required Entries    
Calculated Cells     

Company Name

Test Case: 1-acre commercial in Temecula (95% impervious)

Slope value from Design Volume Curve in Appendix A

Designed by

  Riverside County Best Management Practice Design Handbook
  

Vu = 1.23

VBMP (ft3)=  VBMP = 4,465 ft3

Notes: 

Calculate the design storage volume of the BMP, VBMP.

12 (in/ft)

Calculate VU, the 85% Unit Storage Volume   VU= SC x C

 VU (in-ac/ac) x AT (ac) x 43,560 (ft2/ac)

Determine Design Storage Volume, VBMP

(in*ac)/ac

  Riverside County Best Management Practice Design Handbook
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Company Name: Date:
Designed by: County/City Case No.:

Enter the area tributary to the swale, max = 10-acres AT = 1.0 acres

Enter QBMP from Flow Worksheet QBMP = 0.17 cfs

unitless

Enter side slope of proposed swale Side Slope (z) = 4
     Max z = 4:1 (slopes must be 4:1 or flatter)

Enter longitudinal slope of the swale slope (s) = 0.01
     smin = 0.002, smax = 0.020

Enter depth, d, of flow in the swale Depth of flow (d) = 5 inches
     maximum 3 - 5 inches

The simplified manning equation below will solve for the bottom width, b of the swale
b min = b min = 1.0 ft

Design Procedure - Bioswale

Test Case: 1-acre commercial in Temecula (95% impervious)

Sized per Ventura Methodology

 

5/3 1/2

Required Entries
  Legend:

 

 

0.20

Calculated Cells

Enter Swale Slope, Sideslopes and depth of flow
Mannings roughness (n) = 

Determine bottom width of swale

QBMP (n)

        Riverside County Stormwater Quality Best Management Practice Design Handbook
        

Enter proposed swale bottom width, Minimum = 2 ft b design = 2.0 ft

d design =      QBMP (n) 3/5 12 in
1.49(b design)(s1/2) 1 ft d design = 3.3 inches

Calculate cross sectional area of the swale
Area (A) = d (b+ zd) A = 0.84 sq ft

Calculate the velocity of the swale, max = 1 foot/sec
V = QBMP V = 0.20 fps

A

Design Length (L) = V (ft/s) x 7 min contact time x (60 sec/min) L min = 85 ft
Minimum Top Width, TW

TW min = b design  + d design (z)(2) TW min = 4.17 ft

Underdrains provided for C or D type soils or slopes < 0.5%?  No
Check Dams provided for steep slopes?  N/A

Volume = 71.40 ft^3

Use pulldowns

 

1.49(d5/3)(s1/2)

If the swale has been designed correctly, there should be no error messages on the spreadsheet.  

Check Velocity, V

Calculate Minimum Length and Minimum Top Width

x

        Riverside County Stormwater Quality Best Management Practice Design Handbook
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Page # 33-34 Section F.1.d.(4)(c)(ii) - If onsite [infiltration]* LID BMPs are technically infeasible 
per section F.1.d.(7)(b), other LID BMPs may treat any volume that is not retained onsite. Due 
to the flow through design of non-retention LID BMPs, the total volume of the BMP, including 
pore spaces and pre-filter detention volume, must be sized to hold at least 0.75 times the 
portion of the design capture volume that is not retained onsite by LID retention BMPs. provided 
that the other LID BMPs are sized to achieve equivalent storm water volume and pollutant load 
reduction as if the entire design capture volume were retained onsite. The LID BMPs must be 
designed for an appropriate surface loading rate to prevent erosion, scour and channeling within 
the BMP. 
 
*The issue of ‘retention’ versus ‘infiltration’ is another independent point of contention. The proposed 
changes are appropriate regardless of the outcome of the retention/infiltration discussion. 



From: Jungreis CIV Jeremy N <jeremy.jungreis@usmc.mil>
To: <cclemente@waterboards.ca.gov>, Ben Neill <BNeill@waterboards.ca.gov>, W...
CC: Carlisle LtCol Kevin T <kevin.carlisle@usmc.mil>, Boughman CIV Paul R <p...
Date: 11/3/2010 2:41 PM
Subject: Draft Language for Hearing on 10 November
Attachments: Draft Memo 3 November 2010.doc; Assumptions and Realities of Riverside MS4 
Permit.ppt; LID_examples_10-27-2010.doc; Hydrologic Points to R9-MS4 Order.pdf

Chiara:

Per our discussion of a short time ago, please find attached in the Memo entitled "3 November 2010," 
answers to the questions posed by your staff last Wednesday.  The memo also contains proposed 
language that would, if adopted, eliminate the possibility of harm to downstream water uses as the result 
of volumetric losses associated with implementation of the proposed 85th percentile retention standard.

As reflected in the information previously provided to Board staff (also attached), we believe that we have 
been responsive in demonstrating the possibility of harm to downstream water uses associated with 
implementation of the proposed permit.  As you have requested, we will endeavor to further refine the 
answers provided in the 3 November memo, and provide you with additional data regarding hydrologic 
implications before the November 10 Board meeting.  However, we believe that our actions thus far 
demonstrate due diligence and a good faith effort to reach a mutually beneficial resolution based on 
available data.   We continue to believe that a comprehensive study of the entire hydrograph is needed to 
determine what amount of onsite retention versus treatment is the best means of assuring that 
downstream beneficial uses are protected.

Best Regards,

Jeremy Jungreis

Mr. Jeremy N. Jungreis, Esq.
Director, Office of Water Resources
Marine Corps Base, Camp Pendleton
(760) 725-1059 (Office)
(760) 846-2273 (Blackberry)
http://www.sdcwa.org/board/jungreis.phtml 
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2171 E. Francisco Blvd., Suite K • San Rafael, California • 94901 
TEL: (415) 457-0701   FAX: (415) 457-1638   e-mail: stever@stetsonengineers.com 

 

 

TO: Camp Pendleton Office of Water Resources 

 

DATE: November 3, 2010 

FROM: Stetson Engineers JOB NO: 2199-5001 

RE: Impact to Water Resources on Camp Pendleton from RWQCB Tentative                         

Order No. R9-2010-0016 

INTRODUCTION 

Stetson Engineers has performed a cursory review the Santa Margarita River hydrology 

and potential impacts from RWQCB Tentative Order No. R9-2010-0016.  Generally, the 

implementation of LID as dictated in the tentative order may negatively impact the water resources 

available to Camp Pendleton and reduce the ability to fully exercise its water rights and protect its 

riparian ecosystems.  The tentative order would cause impacts in the tributary areas of the Santa 

Margarita River upstream of Camp Pendleton’s boundary in Riverside County.  The purpose of 

this technical memorandum is to identify the potential impacts to Camp Pendleton’s water rights 

and identify alternative language in the tentative order that could be adopted to mitigate future 

negative impacts to the Base’s water supply caused by the wide-spread implementation of LID. 

Alternative Language 

Stetson advocates using the approach known as “Delta-V” for sizing LID facilities for 

projects greater than 1 acre.  The Delta-V approach ensures that LID facilities are sized such that 

pre-development hydrology is maintained.  The Design Capture Volume (DCV) for LID as 

currently defined by the permit is the runoff volume from the 85
th

 percentile, 24-hour storm.  The 

Delta-V approach would require that LID retain the difference between pre- and post-development 

runoff.  That is, LID facilities would be required to retain the runoff in excess of that under pre-

development conditions, rather than the entire runoff volume of the storm.  However, the 

remaining runoff volume would still be required to be treated with traditional treatment control 

BMPs.  The Delta-V approach would be required for projects with a size greater than 1 acre.  

Lacking detailed hydrologic analysis, the 1 acre threshold was chosen to be consistent with the 

State General Construction Permit requirements.  Following collection and analysis of detailed 

data sets, the 1-acre threshold could be adjusted at the next permit renewal cycle if retention at the 

Delta-V level combined with biofiltration of residual runoff is found not to remove pollutants to 

the maximum extent practicable. 
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To implement this change, the following alternative language is proposed, with additions 

shown in red: 

Add to Section F.1.d.(4): 

 

 (c) LID BMPs sizing criteria: 

(i) For Priority Development Projects with a total area less than or equal to 1 acre, LID 

BMPs must be sized and designed to ensure onsite retention without runoff, of the volume 

of runoff produced from a 24-hour 85
th

 percentile storm event (“design capture volume”); 

For Priority Development Projects greater than 1 acre, LID BMPs must be sized and 

designed to ensure onsite retention without runoff of the volume of runoff produced from a 

24-hour 85th percentile storm event that is in excess of the runoff that would otherwise 

occur from the pre-development site.  Conventional treatment control BMPs, such as 

biofiltration or other natural treatment systems, must be implemented to treat the remaining 

runoff from the site. 

(ii) If onsite retention LID BMPs are technically infeasible per section F.1.d.(7)(b), other 

LID BMPs may treat any volume that is not retained onsite provided that the other LID 

BMPs are sized to hold the design storm volume that is not infiltrated to achieve equivalent 

storm water volume and pollutant load reduction as if the entire design capture volume 

were retained onsite. The LID BMPs must be designed for an appropriate surface loading 

rate to prevent erosion, scour and channeling within the BMP.  

 

Edit and Add to F.1.d.(7): 

Technical infeasibility may result from conditions including, but not limited to:  

  

(i) Locations that cannot meet the infiltration and groundwater protection requirements in section 

F.1.c.(6) for large, centralized infiltration BMPs.  Where infiltration is technically infeasible, the 

project must still examine the feasibility of other onsite LID BMPs;  

(ii) Insufficient demand for storm water outdoor reuse;  

(iii) Smart growth and infill or redevelopment locations where the density and/or nature of the 

project would create significant difficulty for compliance with the LID BMP requirements; and  

(iv) Other site, geologic, soil, or implementation constraints identified in the Copermittees updated 

SSMP document.  

(v) Reduction in site runoff that negatively impacts downstream water availability. 

  

Edit Errata language in Section F.1.C.(8): 

Rain water harvesting and outdoor water reuse, where feasible must may be encouraged as part if 

of the site design and construction to reduce pollutants in storm water discharges to the MEP. 

Edit the original language in F.3.D.(4): 

(4) Each Copermittee must consider the results of the evaluation in prioritizing work plans for the 

following year in accordance with Sections G.1 and J.  Highly feasible projects expected to benefit 

water quality should be given a high priority to implement source control and treatment control 

BMPs.  Where feasible, the retrofit projects may be designed in accordance with the SSMP 

requirements for conventional treatment control BMPs. within sections F.1.d.(3) through F.1.d.(8). 
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and the Hydromodification requirements in Section F.1.h.  

 

Edit the Errata Page # C-7 - Add the following definition:  

 

Low Impact Development Best Management Practices (LID BMPs)  - LID BMPs include 

schedules of activities, prohibitions of practices, maintenance procedures, and other management 

practices to prevent or reduce the pollution of waters of the United States through storm water 

management and land development strategies that emphasize conservation and the use of on-site 

natural features integrated with engineered, small-scale hydrologic controls to more closely reflect 

pre-development hydrologic functions.  LID BMPs include retention practices that do not allow 

runoff such as infiltration, rain water harvesting for outdoor use, and reuse (outdoor), and 

evapotranspiration. Infiltration BMPs should be given priority over other LID BMPs during design 

of facilities. LID BMPs also include flow-through practices such as biofiltration that may have 

some discharge of storm water following treatment. Reuse or rainwater harvesting for indoor 

applications that may result in exportation of water from the Santa Margarita River Basin shall 

demonstrate compliance with California Water Code Sections 1200 through 1225. 

 

Hydrologic Questions and Further Studies 

Following an October 27, 2010 meeting with the RWQCB, the following questions were 

posed by the Camp Pendleton and the RWQCB Staff: 

� What is the runoff coefficient for this watershed (understanding that this is based on 

a 5-year storm)? 

� What is the annual runoff amount?   

� What is the runoff percentage for the 85
th

 percentile, 24-hour storm?  

� What is the largest storm that would still likely have no runoff – the threshold 

storm?  

To be properly answered with a high degree of certainty, each of these questions requires 

in-depth study that includes numerical modeling and use of hourly rainfall data to quantify the 

response.  The limited period of time since the errata language requiring retention of the 85
th

 

percentile storm onsite was released has constrained the ability of Camp Pendleton to analyze the 

questions posed in a comprehensive manner.   Implementation of the tentative order, depending on 

the final requirements, should include a requirement for the collection of hydrologic data so the 

questions outlined above may be addressed.  The following section outlines each of these 

questions and the value for continuing studies. 
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What is the runoff coefficient for the Santa Margarita River watershed? 

The runoff coefficient varies depending on land use, soil type, rainfall intensity, slope, 

vegetative cover, and antecedent conditions.  Additionally, the runoff coefficient will vary from 

pre-developed to post-developed conditions based on anthropogenic changes to groundwater 

levels.  For example, pre-development areas of rising or elevated groundwater levels would 

naturally support increased runoff, resulting in a higher runoff coefficient and lower infiltration 

rate.  Post-development conditions in the Santa Margarita River watershed are characterized by 

lower groundwater levels that increase infiltration and reduce runoff.  Given the same site, the 

runoff coefficient may vary between pre- and postdevelopment conditions. 

The following are a list of factors, and a short description of the issues, that would need to 

be addressed to answer this question. 

Antecedent conditions - What are the soil conditions during the design rainstorm? Flood analysis 

may typically assume saturated soils that maximize the run-off 

coefficient.  While calculating the design flow runoff, unsaturated soils 

will dictate a lower runoff coefficient than saturated soils. The seasonal 

timing of storms will lead to different antecedent conditions for similar 

storm events; the frequency of storms within short (i.e. month-long) 

periods also affects runoff conditions. 

Time - An analysis of the watershed on an annual or event driven rainfall event 

will affect the runoff coefficient.  Generally, runoff coefficients are less 

during the beginning of the rainy season and greater at the end.  An 

annual runoff coefficient would differ from an event-specific runoff 

coefficient. 

Site Conditions - The soils are site-specific and will greatly affect the runoff coefficient.  

Runoff from granitic basement rock is greater than runoff from 

unsaturated alluvium.  While a watershed runoff coefficient may be 

desired, it would vary from site to site.  Runoff is also affected by site 

slope, with greater slopes generally leading to higher runoff percentages.  

In addition, vegetative cover affects runoff:  bare soils generate more 

runoff than ground covered with thick vegetation. 
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EXAMPLE SITE SPECIFIC RUNOFF COEFFICIENTS FOR 5- TO 10-YEAR STORM EVENTS 

Land Use: Runoff Coefficient 

 Low High Midpoint 

Unimproved areas 0.10 0.30 0.20 

Residential (suburban) 0.25 0.40 0.33 

Residential multiunit, detached 0.40 0.60 0.50 

Neighborhood business area 0.50 0.70 0.60 

Light industrial 0.50 0.80 0.65 
Source: Viessman & Lewis, Introduction to Hydrology, 4th edition, HarperCollins 

College Publishers: New York, 1996. 

 

What is the annual runoff amount?   

The annual runoff is dependent on groundwater levels, antecedent conditions, precipitation, 

land use, soils type, and other factors that influence the runoff coefficient.  It varies depending on 

the type of hydrologic condition:  more runoff during heavy precipitation years and less runoff 

during drier years.  The precipitation varies depending on natural and anthropogenic (eg. global 

warming) variations in hydrologic cycles.  Precipitation in the Santa Margarita River watershed is 

controlled by northern Pacific storms, southern tropical storms, and to a lesser degree, summer 

monsoonal rains.  As these storm cycles change from year to year, the annual runoff from the 

related precipitation also varies.  For instance, given the same amount of rainfall, high intensity 

southern tropical storms may generate more runoff, on an annual basis, than more frequent and 

less intense northern pacific storms. 

What is the runoff percentage for the 85
th

 percentile, 24-hour storm?  

The runoff percentage (eg. coefficient) for the 85
th

 percentile, 24-hour storm, varies 

depending on soil type, land use, antecedent conditions, rainfall intensity, and other factors 

described in the response to the previous questions.  Generally, runoff from a developed area on 

top of basement rock (or saturated alluvium) will generate more runoff than from an undeveloped 

area that overlies unsaturated alluvial sediments.  The runoff percentage is a site-specific number 

that should be determined based on soils, groundwater levels, slope, vegetative cover, and rainfall 

intensity.  Example site-specific runoff coefficients are shown in the previous table.  The 

watershed-wide runoff coefficient could be estimated by using streamflow, precipitation, geology, 

and land use data to calculate the watershed-wide runoff coefficient.   

The runoff measured by the USGS at the Santa Margarita River at Temecula Gage varied 

over the last 10 years between 3,350 AFY (WY2002) and 86,300 AFY (WY2005).  During a 

longer period of record from 1974 through 2009, the flow from at the Temecula gage has varied 
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from a minimum of 1,570 AFY (WY 1987) to 132,400 AFY (WY 1993).  While variability of 

runoff is related to hydrologic conditions, land use and other anthropenic changes also impact the 

amount of runoff measured at the Temecula gage.  A relationship between precipitation and runoff, 

for varying antecedent conditions and changes in land use over time, could be developed through 

detailed studies.  

What is the largest storm that would still likely have no runoff – the threshold storm?  

The development of a threshold storm based on runoff is site specific, but would vary 

depending on soils, antecedent conditions, rainfall intensity, level of development, etc.  When soils 

are saturated, the runoff from a site located on basement complex rock will be greater than a site 

that overlies unsaturated alluvium.  Similarly, runoff during pre-developed conditions may be 

greater than runoff during developed conditions due to elevated groundwater levels and saturated 

stream channels.  Estimating the impact of water development projects such as Vail Dam, Lake 

Skinner, and Diamond Valley Lake would be required to determine what level of storm would 

result in zero runoff from the watershed.  Runoff from the site-level perspective is also affected by 

natural and anthropengic impacts that would need to be accounted for in analysis of the hydrology. 

Data obtained from a detailed study that related precipitation versus runoff, given changing 

land use conditions discussed in the previous section, could be used to identify the threshold storm.  

The results of the study would likely identify the threshold storm for varying hydrologic condtions.  

Conclusions That Can Be Made from Existing Data 

Analysis of tentative Order No. R9-2010-0016 indicates that retention of the 85% 

percentile, 24-hour storm, will cause a reduction of downstream surface flow.  This result has been 

preliminarily identified in Stetson’s previous October 11, 2010 memorandum regarding 

Hydrologic Points Related to Tentative Order R9-2010-0016.  The greatest impact to water 

resources downstream of the Temecula Gorge will occur during dry hydrologic conditions when 

limited water supplies are available to meet both domestic water supply and habitat requirements.  

A preliminary estimation of streamflow impacts due to the tentative order, based on a range of 

hydrologic conditions, will be prepared based on available datasets for the Board Hearing on 

November 10th. 



Assumptions and Realities in the SMR
Assumptions Reality

Vbmp 0.6”? 1.02” (70% greater)

Natural Runoff 10%? Range from 7%-27% 

Habitat Impacts No impact?

Sub-Regional Scale*

95% less days of flow from site compared 

to pre-development condition

Watershed Scale

40% of flow days are from storms under 1”

in pre-development condition

Downstream Water 

Use
No impact?

Sub-Regional Scale*

Average Loss of 30% of volume of runoff

Loss of 7 ac-ft, per sq. mi., per year

Watershed Scale

XX% of volume is from storms under 1”

* Continuous simulation based on HSPF, Assumed 640 acres natural grass on B soils 

converted to 70% urban impervious 



Assumptions and Realities in the SMR
Assumptions Reality

What Constitutes 

MEP?

85% Storm Retention 

most effective way to 

reduce pollution and 

protect uses

Current proposal leaves water above the 

85% storm untreated, and loss of flow can 

itself constitute “water pollution.” A mix 

of onsite infiltration and biofiltration may 

be more protective of downstream 

beneficial uses in the unique 

circumstances of the SMR Basin.  85% 

Retention is not “industry standard” as 

suggested by NRDC.

Impact of 

Urbanization on 

Flows in SMR

Urban runoff from 

impervious surfaces 

leaves the SMR with 

more water than it 

would “naturally”

receive.

River Data from 1925-2008 suggest that 

the amount of runoff reaching the 

Temecula Gorge has been relatively 

constant.  The increased runoff associated 

with impervious surfaces appears to have 

offset the losses associated with GW 

mining and Vail Dam.



Assumptions and Realities in the SMR
Assumptions Reality

Impact on 

Downstream 

Water Rights

Reductions in runoff 

will not harm 

CPEN/FPUD ability to 

fully utilize their 

water rights

Large scale development/redevelopment 

has the potential to reduce flows reaching 

Camp Pendleton

The CWRMA and 

Base Flow

CPEN is made whole 

for increased 

infiltration via the 

CWRMA Agreement

The CWRMA only addresses Base Flow.  

The majority of the water that 

replenishes CPEN’s groundwater basins 

comes from storm flows.  The CWRMA 

does not replace Storm Flows lost to 

infiltration or reuse in the upper basin



Assumptions and Realities in the SMR
Assumptions Reality

Federal Standard 

for Stormwater 

Capture

The Federal Standard 

requires capture of 

the 95th percentile 

storm under all 

circumstances. 

The Federal standard requires 95th

percentile storm capture unless 

hydrologic conditions indicate natural site 

conditions would yield less than 95% 

infiltration in a pre-development 

condition.  No requirement to 

retain/infiltrate beyond Delta V.

Infiltration versus 

Retention 

Standards

CPEN is harmed 

equally by the 

retention versus 

infiltration standard

Retention or infiltration of the 85th

percentile storm at every new or 

redeveloped property will reduce the 

hydrograph beyond that which would 

occur “naturally.” However, retention is 

worse because the water in many cases is 

entirely lost to the hyrologic system.



Assumptions and Realities in the SMR
Assumptions Reality

Retrofit of 

Existing 

Properties

Retrofit will not 

cause any adverse 

effect on 

downstream flows 

because the 85th

percentile retention 

standard is not 

mandated

Language in the existing permit is 

ambiguous and can be read to require 

retrofit projects to meet the EPA/NRDC 

proposed VBMP.



 

Land Use: Runoff Coefficient 

 Low High Midpoint 

Unimproved areas 0.10 0.30 0.20 

Residential (suburban) 0.25 0.40 0.33 

Residential multiunit, detached 0.40 0.60 0.50 

Neighborhood business area 0.50 0.70 0.60 

Light industrial 0.50 0.80 0.65 
Source: Viessman & Lewis, Introduction to Hydrology, 4th edition, HarperCollins 

College Publishers: New York, 1996. 

 

 

Example Comparing RB’s Permit Requirements with Delta-V Alternative 

 

• A 100-acre parcel is planned to be developed into a multi-family residential community 

• Prior to development, the runoff coefficient is 0.20 

• After development, the runoff coefficient will be 0.50 

• This example compares runoff quantities from the 85
th

 percentile, 24-hour storm, 

assuming it has a depth of 1 inch: 

-Pre-development runoff = 0.2 inches or 1.7 acre-feet 

-Post-development runoff = 0.5 inches or 4.2 acre-feet 

• Design Capture Volume (DCV) as defined by permit = runoff from the 85
th

 percentile, 

24-hour storm.  For this site, DCV is 4.2 acre-feet. 

• The Delta-V approach would require that LID retain the difference between pre- and 

post-development runoff, such that the natural hydrology of the site is maintained
1
: 

-DCV for Delta-V = 4.2 ac-ft – 1.7 ac-ft = 2.5 acre-feet 

• The permit as written would alter the natural hydrology by retaining an additional 1.7 

acre-feet of runoff per event.  Multiplied by multiple sites, with many events per year 

over many years, this is a significant quantity of water over time, which should be 

quantified in more detailed studies.  

• The Delta-V approach ensures that (1) the natural hydrology is maintained, i.e. the 

quantity of runoff is the same as under pre-development conditions, and (2) water 

quality objectives are met by treating the remainder of runoff for the 85
th

 percentile, 24-

hour storm using traditional BMPs. 

 

 

                                                 
1
 The Delta-V approach would require LID to retain the difference between pre- and post-development runoff. 

Runoff from the 85
th

 percentile, 24-hour storm which is not retained by LID would be treated and released using 

traditional BMPs. 



 

Impact of Retro-Fitting Developed Sites with LID 

 

• An existing 100-acre, multi-family residential community will be outfitted with LID to 

comply with the permit 

• The runoff coefficient of the site is 0.50 

• This example uses runoff quantities from the 85
th

 percentile, 24-hour storm, assuming it 

has a depth of 1 inch: 

-Existing runoff = 0.5 inches or 4.2 acre-feet 

• Design Capture Volume (DCV) as defined by permit = runoff from the 85
th

 percentile, 

24-hour storm.  For this site, DCV is 4.2 acre-feet. 

• After LID is implemented, 4.2 acre-feet of rainfall will be captured and retained per 

event, potentially removing that 4.2 acre-feet from the surface water flows as they exist 

today. 

• This would alter the existing hydrology by potentially removing significant quantities of 

water from the surface water system. 

• In order to quantify the total impact to Camp Pendleton’s water supply, detailed studies 

are needed.  

• Questions that must be answered by further study include: 

-How many total acres of existing development will be retrofitted with LID? 

-What are the actual runoff coefficients of sites to be outfitted with LID? 

-What is the seasonal variation of those runoff coefficients?   

-Will LID retention and infiltration be feasible during extended wet conditions? 

-What are the locations of planned LID facilities, and how does runoff from 

those sites contribute to surface water flows leaving the upper watershed? 

•  

 



 

Impact of Using Different Design Storms for Design Capture Volume 

 

• A hypothetical, daily model of LID capture was created to simulate long-term retention 

by LID at a single site. 

• The site is assumed to have a runoff coefficient of 0.50 for every storm, regardless of 

antecedent conditions.  This is a simplification which allows us to make a relative 

comparison between design storm percentiles. 

• The table below presents the percent of rainfall that is retained by LID for different 

percentiles of the 24-hour storm 

• The figure shows the data from the table in graphical format 

• The slope of the line begins to increase at about the 50
th

 percentile storm 

 

 

 

 

24-hour Storm 

Percentile 

Corresponding 24-

hour Rainfall Depth
1
 

(in) 

Percent of Rainfall that 

is Retained by LID
2
 

 1% 0.01 1% 

 5% 0.02 1% 

 10% 0.03 2% 

 15% 0.04 2% 

 20% 0.06 4% 

 25% 0.08 5% 

 30% 0.10 6% 

 35% 0.12 7% 

 40% 0.15 8% 

 45% 0.18 9% 

 50% 0.21 11% 

 55% 0.25 12% 

 60% 0.30 14% 

 65% 0.37 16% 

 70% 0.45 18% 

 75% 0.51 20% 

 80% 0.64 23% 

* 85% 0.80 26% 

 90% 1.06 30% 

 95% 1.64 36% 

 99% 2.90 43% 

 

*Design storm as defined by current Permit 

Notes: 

1. Based on rainfall data from 1914-2008 at Wildomar station (Riverside County 

Flood Control Network) 

2. Based on retention and runoff from a single site assuming a 50% runoff 

coefficient for all storms; also assumes that LID retention and infiltration is 

feasible in wet conditions. 



 

Percent of Rainfall Captured at a Single Site by LID Retention

Based on Hypothetical, Long-Term Daily Model using Rainfall from Wildomar Gage,

WY 1925-2008

Site Runoff Coefficient of 50%

0%

10%

20%

30%

40%

50%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

24-hour Rainfall Percentile used to Determine Design Capture Volume

P
e

rc
e

n
t 

o
f 

R
a

in
fa

ll 
C

a
p

tu
re

d
 b

y
 O

n
-S

it
e

 L
ID

 R
e

te
n

ti
o

n

Percent of Rainfall Captured by LID Retention

Values for 50th and 85th Percentile, 24-hour Rainfall

Line of constant slope

 



W  A  T  E  R            R  E  S  O  U  R  C  E            E  N  G  I  N  E  E  R  S 

MEMORANDUM 

 

2171 E. Francisco Blvd., Suite K • San Rafael, California • 94901 
TEL: (415) 457-0701   FAX: (415) 457-1638   e-mail: @stetsonengineers.com 

 

 
TO: Jeremy Jungreis DATE: October 11, 2010 

FROM: Stetson Engineers JOB NO: 2197-5000-5001AC 

RE:      Hydrologic Points Related to Tentative Order R9-2010-0016 

 

The San Diego Regional Water Quality Control Board (RWQCB) has published 
Tentative Order R9-2010-0016, entitled “Waste Discharge Requirements for Discharges from 
the Municipal Separate Storm Sewer Systems (MS4s) Draining the County of Riverside, the 
Incorporated Cities of Riverside County, and the Riverside County Flood Control and Water 
Conservation District within the San Diego Region”.  The Order introduces Low-Impact 
Development (LID) site design as an option for new development, redevelopment and retrofit 
projects to comply with the Order.  Specifically, the Order requires that “LID BMPs must be 
sized and designed to ensure onsite retention without runoff, of the volume of runoff produced 
from a 24-hour 85th percentile storm event” (p 33).   

 
The Order does not specifically address the quantities of water that may be lost from 

streamflow.  However, by specifying the 85th percentile, 24-hour rainfall event as the standard 
for on-site retention (p. 33), this assures that significant amounts of rainfall may be captured and 
potentially affect water resources for domestic and environmental uses on Camp Pendleton.  The 
following are topics that require discussion in order to understand the impact of R9-2010-0016 to 
Camp Pendleton’s ability to meet its existing and future water requirements. 

 
I. Hydrogeologic Setting – Upper v. Lower Groundwater Basins 

II. Hydrology of the Santa Margarita River and its tributaries (Fig 1) 

III. Order Requirements – Runoff from the 85% 24-Hour Rainfall/Capture 
Requirements 

IV. Occurrence of Precipitation – Impact of antecedent conditions - Dry v. Wet Years 

IV. Example during Wet (WY 2003) and Dry (WY 2006) conditions (Figs 2 and 3) 

V. Impacts from Retrofit and Future Development  

VI. Impact to CPEN Water Supply – Reliance on Stormflows 

VII. Preferred Changes to Existing Order. 
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FIGURE 1. NON-AUGMENTED FLOW AT THE SANTA MARGARITA RIVER GORGE 

Santa Margarita River near Temecula (Gorge)
Gaged Flows Less Historical Augmentation

WY 1924 - 2009
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FIGURE 1.  INFILTRATION AND RUNOFF DEPTHS FOR 1,000-ACRE  
COMMERCIAL AREA  FOR WY 2003 

Example Infiltration and Runoff Depths for a 1,000-acre Commercial Area 
Retrofitted with LID

WY 2003 - Wetter than normal year
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*Data presented here are monthly sums computed from the daily precipitation values used in this analysis
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FIGURE 2.  INFILTRATION AND RUNOFF DEPTHS FOR 1,000-ACRE  
COMMERCIAL AREA FOR WY 2006 

Example Infiltration and Runoff Depths for a 1,000-acre Commercial Area 
Retrofitted with LID

WY 2006 - Drier than normal year
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*Data presented here are monthly sums computed from the daily precipitation values used in this analysis  
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