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Figure 1. Study Sampling Sites; Area Map  
 
Table 1. Federal, State and Regional Surface Water Quality Regulatory Standards  

Water Quality Metric Standard Source 

Temperature  
(C) 

< 25C CA State Water Board 

Dissolved Oxygen 
(DO) (mg/L) 

>4 mg/L CA State Water Board, Lahontan Region  

pH 6.5-8.5 CA State Water Board, Lahontan Region  

Turbidity  
(NTU) 

<100 NTU CA State Water Board (Fact Sheet) 

Conductivity 
(uS/cm)  

150-500 Range  
<336 ms/cm (Average) 

EPA (Range) 
CA State Water Board (Average) 

Nitrate (NO3-) 
(mg/L) 

0.8-2.5 mg/L San Bernardino Mountains Hooks Creek 
Objectives 

Ammonium (NH4+) 
(mg/L) 

0.02-0.4 mg/L EPA Aquatic Life Criteria  

Total Coliform (TC) 
(cfu/100mL) 

1,000 cfu/100mL CA State Water Board Objectives  

e. Coli 
(cfu/100mL) 

<126 cfu/100mL EPA Recreational Standards 

Enterococcus 
(cfu/100mL) 

<35 cfu/100mL EPA Recreational Standards 
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Methods 
 
Water Quality Sampling   

Water quality was monitored in situ from August 2019 through August 2020 (ongoing) 

for each catchment  (i.e. LBC1, LBC2, BMC, OC) for ammonium (NH4+, mg/L), conductivity 

(μS/cm), dissolved oxygen (DO, mg/L), stream flow (m/s), pH, nitrate (NO3
- , mg/L), turbidity 

(NTU), and water temperature (⚬C) using ion selective electrode probes and a Vernier Labquest 2 

monitor similar to Khatoon et al. (2013), Vega et al. (1998), and Varol et al. (2012). Additional 

grab samples were collected, immediately placed on ice, and transported to California State 

University at San Bernardino to test for total Coliform (TC, cfu/100mL), Escherichia Coli (E. 

Coli, cfu/100mL) and enterococcus (ET).  Total Coliform, E. Coli and enterococcus were 

analyzed using U.S. EPA approved IDEXX methods, Colilert, Colilert-18, Colisure, and Quanti-

Tray/2000 and reported to the 95% confidence interval. Grab samples were collected in 1 (L) 

brown opaque HDPE plastic bottles that were acid washed using EPA protocols (EPA 2003). 

Samples events occurred at each site bi-weekly during dry, drought conditions and weekly 

during rainfall and snow melt conditions to identify physicochemical and surface flow trends 

related to climatic and seasonal changes. Individual sampling events and sample means were 

compared to federal, state and regional water quality objectives and standards to determine the 

frequency in which samples met or exceeded these requirements as outlined in Table 1. 
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Trends to Date 
 
Table 2. Descriptive Statistics Ammonium  
*Denotes means and medians exceeding regulatory standards. 

 Headwater Tributary Water Quality Parameters Descriptive Statistics  

Ammonium 
(NH4+) 

mg/L 

Statistics LBC1 LBC2 BMC OC 
Mean 0.35 0.32 0.26 0.32 

Median 0.2 0.2 0.1 0.2 

Standard Deviation 0.36 0.43 0.27 0.36 
Variance  0.13 0.18 0.07 0.13 

# of samples 37 38 40 38 
 
 
Table 3. Descriptive Statistics Nitrate  
*Denotes means and medians exceeding regulatory standards. 

Headwater Tributary Water Quality Parameters Descriptive Statistics 

Nitrate  
(NO3-) 
mg/L 

Statistics LBC1 LBC2 BMC OC 

Mean 1.59 0.96 1.17 1.71 

Median 1.15 0.8 1.1 1.5 

Standard 
Deviation 2.62 0.78 0.90 1.31 

Variance  6.90 0.618 0.814 1.73 
# of samples 37 38 40 38 
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Table 4. Descriptive Statistics Total Coliform  
*Denotes means and medians exceeding regulatory standards. 

Headwater Tributary Water Quality Parameters Descriptive Statistics  

Total 
Coliform  

(TC) 
cfu/100mL 

Statistics LBC1 LBC2 BMC OC 

Mean 683.99 643.08 211.94 414.52 

Median 343.2 278.6 122.4 125.9 

Standard 
Deviation 726.58 740.69 278.62 679.82 

Variance  527927.34 548626.98 77632.61 462158.38 
# of samples 22 24 25 23 

Table 4 Notes:  
LBC1 Mean: 6% higher than LBC2; 69.1% higher than BMC; 40% than OC  
LBC1 Median: 19% higher than LBC2; 65% higher than BMC; 64% higher than OC 
LBC2 Mean: -6% lower than LBC1; 68% higher than BMC; 36% higher than OC 
LBC2 Median -23% lower than LBC1; 57% higher than BMC; 55% higher than OC  
 
 
Table 5. Descriptive Statistics E. coli 
*Denotes means and medians exceeding regulatory standards. 

Headwater Tributary Water Quality Parameters Descriptive Statistics  

E. coli  
(EC) 

cfu/100mL 

Statistics LBC1 LBC2 BMC OC 

Mean 302.46* 160.62* 28.81 33.72 

Median 106.5 36.95 6.7 14.2 
Standard 
Deviation 536.47 232.65 75.59 58.90 
Variance  287803.11 54127.38 5714.02 3469.36 

# of samples 22 24 25 23 
Table 5 Notes: 
LBC1 Mean: 47% higher than LBC2; 91% higher than BMC; 89% higher than OC 
LBC1 Median: 66% higher than LBC2; 94% higher than BMC; 87% higher than OC  
LBC2 Mean: -88% lower than LBC1; 83% higher than BMC; 80% higher than OC  
LBC2 Median: -188% lower than LBC1; 85% higher than BMC; 62% higher than OC  
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Table 6. Descriptive Statistics Enterococcus 
*Denotes means and medians exceeding regulatory standards. 

Headwater Tributary Water Quality Parameters Descriptive Statistics  

Enterococcus 
(ET) 

cfu/100mL 

Statistics LBC1 LBC2 BMC OC 

Mean 184.95* 66.73* 28.76 23.11 

Median 137.4* 49.5* 13.3 11.65 
Standard 
Deviation 164.16 58.01 45.65 23.19 
Variance  26951.36 3365.715 2083.94 538.15 

# of samples 12 12 13 12 
Table 6 Notes: 
LBC1 Mean: 64% higher than LBC2; 85% higher than BMC; 88% higher than OC  
LBC1 Median: 64% higher than LBC2; 91% higher than BMC; 92% higher than OC 
LBC2 Mean: -177% lower than LBC1; 57% higher than BMC; 66% higher than OC  
LBC2 Median: -177% lower than LBC1; 74% higher than BMC; 77% higher than OC  
 
Table 7. Number of Sampling Periods Exceeding Regulatory Standards Outlined in Table 1.  

Sampling 
Site 

Ammonium 
(NH4+) 
mg/L 

Nitrate 
(NO3-) mg/L 

Total Coliform 
(TC) 

cfu/100mL 

E. coli 
(EC) 

cfu/100mL 

Enterococcus 
(ET) 

cfu/100mL 
LBC1 24.3% 

n=37 
10.8% 
n=37 

22.7% 
n=22 

45.45% 
n=22 

75% 
n=12 

LBC2 28.9% 
n=38 

38.4% 
n=38 

37.5% 
n=24 

33.3% 
n=24 

66.6% 
n=12 

BMC 22.5% 
n=40 

5% 
n=40 

4% 
n=25 

4% 
n=25 

23% 
n=13 

OC 26.3% 
n=38 

15.7% 
n=38 

13% 
n=23 

8% 
n=23 

25% 
n=12 

 
Trends and Observations 
 

1. Little Bear Creek Site 1 (LBC1) represents the highest percentages of sampling periods 
that exceed regulatory standards for E. coli and Enterococcus across all perennial 
tributaries. 

2. Little Bear Creek Site 2 (LBC2) represents the highest percentages of sampling periods 
that exceed regulatory standards for NH4+, NO3-, TC and across all perennial tributaries. 

3. Collectively, LBC1 and LBC2 represents the first and second highest percentages of 
sampling periods that exceed regulatory standards for NO3-, TC, EC, and ET.  

4. No sampling locations had means, medians or individual sampling periods that exceeded 
regulatory standards for temperature, conductivity, dissolved oxygen, pH or turbidity.   

5. Multiple sampling periods with >1 metric/parameter exceeding regulatory standards 
simultaneously.  

a. Although empirically and statically Little Bear Creek is the most impaired of the 
three perennial streams studied, other tributaries have individual sampling periods 
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that exceed regulatory standards especially as they apply to NH4+, NO3-, TC, 
EC, ET.  

6. Spikes in nutrients, bacteria-based parameters are associated with precipitation events 
and during prolonged dry periods. 

a. Suggests year-round impacts already exists. 
7. Based on broad peer-reviewed literature, the approved stormwater project moving water 

from impervious surfaces in Rimforest, under Highway 18 and directly into Little Bear 
Creek will result in increases in pollution concentrations and eroded soils into this 
headwater tributary system and downstream, eventually entering Lake Arrowhead. 

8. Bioretention areas and other related EPA recommended stormwater BMPs (grass swales, 
etc.) require constant management and monitoring to remain effective. 

a. Widely accepted literature (30+ years) observes that BMPs do not improve water 
quality vs. a pre-development natural vegetated area. Instead they mitigate, to a 
degree, development impacts.  

9. The steep slopes present on this landscape where stormwater will be diverted into Little 
Bear Creek, suggests increases in turbidity (suspended solids including eroded soil 
particles) in Little Bear Creek. Eroded soils coupled with impervious surfaces have been 
identified as primary contributors to increases in land-based pollution inputs entering 
surface water systems.  

a. Pollution inputs including, phosphorus, nitrate, ammonium, coliforms, e. coli and 
other pathogens adhere to eroded soil particles and are conveyed to surface 
waterways during stormflow events.  

b. Collectively, these inputs are associated with Harmful Algal Blooms (HABs) that 
impact both human and ecological health. This is especially concerning during 
drought conditions characterized by high evaporation rates as these inputs become 
more concentrated in waterways.  

10. Observations at SkyPark CUP NRCS designed BMPs do not suggests water quality 
improvements related to nutrients.  

a. Downstream impacts to human health in recreational waterways. 
b. Both this site and Lake Arrowhead contribute to surface waters in the Mojave 

Basin posting economic, social and environmental impacts to other communities.  
11. High Quality Water Resources Essential to Community Resiliency.  

a. Social, Economic and Environmental Impacts need to be fully considered due to 
large % of Mountain Communities considered Disadvantaged by CA OEHHA 
and DWR (based on census data) 

12. In addition to impacts to Lake Arrowhead - Little Bear Creek also contributes (even 
before LA was developed) to Deep Creek which is a National Wild and Scenic River. 
There are two drainage points for LA - one on the north shore near the UCLA center 
(Willow Creek) and to the far east, which is the continuation of Little Bear Creek. Both 
terminate into Deep Creek, which creates the headwaters of the Mojave River. There are 
numerous fishing and swimming points along Deep Creek and it is so heavily used the 
USFS shut portions of it down recently due to high use.  

13. Inconsistent Conditional Use Permit (CUP) Applications within community, especially as 
they relate to the implementation of stormwater BMPs. 

a.  In addition to the conditions use permit (CUP) imbalance between this site and 
Skypark. Multiple tributaries that center Deep Creek (Holcomb, Crab, Sheeps) 
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and the upper Mojave (near us) are listed on the EPAs 303d list. This raises the 
question – Is it ok to contribute additional pollution inputs to this hydrological 
network increasing issues that violate the Clean Water Act? The cost goes to 
everyone to mitigate.  

14. A map and related reports of the Clean Water Act list of 303d impaired streams in this 
mountain region and downstream 
(https://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2014_2016.shtm
l) indicates that Sheep, Crab and to the NE Holcomb, all tributaries to Deep Creek, are all 
impaired. Additional pollution inputs from Lake Arrowhead via the perennial tributaries 
that are entering this surface body of water, increasing the impairments and  harmful 
externalities to both public human and ecological health – two factors that the governing 
bodies of San Bernardino (and their supportive staff and departments) are elected for and 
required to protect.  

 
 
 
 

Supportive Peer Reviewed Literature  
 
Effectiveness and Limitations to Stormwater Best Management Practices 
 

Establishing relationships between specific landscape activities, climatic conditions, and 

water quality allows for the identification, design, and implementation of stormwater best 

management practices (BMPs) that capture surface runoff from the landscape prior to entering 

surface water resources. BMPs are diverse and may include rain barrels and rain gardens that 

capture runoff from smaller areas, as well as grass swales, retention ponds, and bioretention 

areas designed for larger areas and related runoff events. Stormwater BMPs have been 

implemented on numerous land types and across various spatial extents to protect and improve 

water quality at headwater streams and along stream segments within a single watershed or river 

basin. A secondary advantage to implementing BMPs is assisting communities with meeting 

regulatory requirements by ensuring that specific landscape features or activities within a 

watershed are not impacting water resources downstream (Gautam et al. 2010, Hunt 2010, 

Strecker et al. 2001, McNett et al 2010). 

Effectiveness of Stormwater Best Management Practices  
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The selection of a BMP requires careful consideration of site location based on landscape 

characteristics and the quantity of stormwater runoff during precipitation events. Gautam et al. 

(2010) suggests that factors influencing stormwater BMP design for specific regions are land 

use, vegetation, soil type, topography, geology, and climatic factors. In areas with various types 

of impervious surfaces (i.e. buildings, roads, and parking lots), BMPs are highly variable in their 

ability to effectively remove pollution inputs from stormwater runoff and protect aquatic 

biodiversity (Comings et al. 2000; Roy et al. 2014; Gautam et al. 2010; Mallin et al. 2016, 

McNett et al. 2010). Comings et al. (2000) observed the effectiveness of two wet detention ponds 

in a developed (i.e. commercial and residential) watershed with 57% impervious cover located in 

Washington state. The detention ponds improved water quality, however, the pollutant removal 

efficiency varied resulting in a 20% to 50% reduction of phosphorus and less than 50% removal 

of trace metals and total suspended solids. When considering BMP effectiveness in improving 

downstream water quality, Roy et al. (2014) observed the extent to which multiple BMPs (i.e 

rain barrels and rain gardens) assisted with improving onsite stormflow volume and water quality 

in suburban catchments when compared to controlled, non-BMP catchments. Although site 

stormflow was reduced, the variation in BMP types implemented did not significantly reduce 

conductivity, iron, sulfate, nitrate, and total dissolved phosphorus concentrations downstream 

from the BMP site, which was deemed harmful to aquatic species. This suggests that the overall 

improvement of stream health warrants additional treatment of stormwater from impervious 

surfaces.  

Stormwater BMPs can also be designed as transitional zones between impervious 

surfaces and surface waterways. In an urban coastal region in North Carolina, Mallin et al. 

(2016) observed if grass swales, curb cuts, and rain gardens were effective in removing fecal 
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coliform bacteria from impervious surfaces entering coastal waterways during rain events. These 

BMPs not only reduced the pollutant load to estuarine waters, but it also reduced the loading of 

total suspended solids and stormwater discharge, providing the opportunity for infiltration and 

groundwater recharge. Results suggest that the removal of pollutant loads and fecal coliform 

bacteria through the implementation of these BMPs is essential for the protection of both aquatic 

and human health. In arid regions, water is a limited resource due to high evaporation rates 

coupled with short hydrologic seasons that provide annual precipitation over a few months. 

Gautam et al. (2010) suggests that stormwater BMPs designed for these regions should handle 

high precipitation rates and related flows over short periods of time, minimize sediment and 

channel erosion, and promote groundwater quality and recharge. In Southern California, Barret 

(2005) observed the effectiveness of detention basins, vegetated buffer strips and swales, 

infiltration trenches and basins, and a wet basin in reducing stormwater runoff rates from 

impervious surfaces. Runoff entering these BMPs were tested for total suspended solids, metals, 

and nutrients. The vegetated buffer strips and extended detention basins were effective in 

reducing runoff volume by 30%, while vegetated swales reduced runoff by 47%. Given the 

highly variable effectiveness of BMPs in mitigating pollution inputs from entering surface water 

systems, it is important to explore the benefits and limitations of these practices across multiple 

landscapes and climates as well as their site location within the hydrological network.  
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Water Quality: Environmental and Public Health  

 The environmental degradation of water resources is primarily linked to anthropogenic 

activities that alter the landscape and introduce excessive pollution inputs into waterways (Singh 

2014; Wang et al. 2020; C. Zhang et al. 2019; G. P. Zhang et al. 2013; Zomorodian et al. 2018). 

In recreational settings, Priskin (2003) notes that a majority of water quality impairments come 

from the impervious surfaces (i.e. roadways, parking lots, buildings) that are associated with the 

developed environment. Extensive literature has documented impervious surfaces as the primary 

conveyance system for terrestrial based pollution entering waterways during storm related runoff 

events (Arnold and Gibbons 1996; Schuler 1996; Bracbec 2009). Pollution inputs can be highly 

variable and associated with discharges from land-based and upstream industrial facilities, 

agricultural and residential based fertilizers, failing septic and sewer systems, and waste from 

humans and animals (Burkholder et al. 2007; Cahoon et al. 2006; Galfi et al. 2016; Korajkic et 
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al. 2018). Once in waterways, climatic factor (i.e. excessive heat, drought, evaporation) may 

concentrate the physicochemical (i.e. nutrients, conductivity, dissolved solids, etc.) conditions 

present in water bodies (Li et al. 2017; Van Vliet and Zwolsman 2008). Collectively, these 

factors reduce both the quantity and quality of water resources available to support recreational 

activities while simultaneously threatening public and environmental health.  

Of growing concern to recreational, natural resources, and public health agencies is the 

excessive input of nutrients (i.e. NO3-, NH4+) and bacteria that support harmful algal blooms 

(HABs) (i.e. cyanobacteria), eutrophication (i.e. excessive nutrients), and hypoxic conditions (i.e. 

low dissolved oxygen) within waterways. These conditions cause a multitude of public and 

ecological health issues including skin irritations, respiratory issues, gastroenteritis infections, 

and liver damage in humans and the bioaccumulation of cyanotoxins in aquatic species (Bello et 

al. 2017; Butcher & Covington 1995; CAWQ 2020; He et al. 2011; Manganelli et al. 2012; 

WHO 1999). During warmer seasons, when recreational waters are in high demand, higher water 

temperatures and the presences of excessive nutrients in waterways lower dissolved oxygen 

(DO) levels needed to support aquatic species leading to widespread fish kills and creating 

conditions favorable for HAB outbreaks (Burger et al. 2003; Burkholder et al. 2001; DPH 2019; 

Gandhi et al. 2017; Matuszak et al. 1997; Missaghi et al. 2017).  

These conditions require agencies to issue public health advisories leading to waterways 

closers in an effort to protect the public from consuming toxic fish and coming into contact with 

impaired waterways. The Center for Disease Control (CDC) reported that from 2000-2014, 35 

states voluntarily reported 140 recreational water impairments which resulted in 4,958 illnesses 

and two deaths. Of these cases, 80 outbreaks (57%) were associated with enteric pathogens 

including coliforms and E. coli (CDC 2020a). Anderson et al. (2000) notes that the average 
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annual economic impact of HABs alone in the United States between 1987 and 1992 was over 

$49.3 million, of which 55% was attributed to cost related to public and environmental health, 

increasing monitoring/management, and loss of recreation/tourism. Given the highly variable 

human-environmental contributions to water impairments, it is essential to identify these 

contributions so that comprehensive management strategies can be developed to mitigate site 

specific impairments.   
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Impervious Surfaces and Surface Water Quality  
 
Urbanization Thresholds and Stream Ecosystem Health  

Stream ecosystem functions not only vary in relation to different urban landscape 

features, they also show considerable variation in response to different levels of urbanization.  To 

characterize the level of development within a watershed and its impacts on in-stream ecological 

health, numerous studies (Arnold & Gibbons, 1996; Mallin et al., 2001; Schueler, 1994; Schiff & 
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Benoit, 2007; Wang, 2001) have identified thresholds at which the percentage of a particular 

land use and land cover within a catchment impacts aquatic habitats.  Several studies have used 

percent impervious surface as an indicator of stream and aquatic species health and concluded 

that the health of aquatic species begins to decline once the watershed reaches 10 to 15 percent 

impervious surface coverage.  When considering the impacts of residential and suburban 

development in coastal watershed, Mallin et al. (2001) noted stream impairment at 10 to 20 

percent watershed impervious surface.  In contrast, Schiff and Benoit (2007) concluded that 

degradation starts at greater than 5 percent and impairment begins to plateau when the watershed 

exceeds 10 percent impervious surface.  This indicates that no significant changes in stream 

condition occurred once the watershed reached greater than 10 percent impervious 

surface.  Given these varying results, it is important to consider not only the extent of 

development but also how these patterns impact the overall health of stream ecosystems that 

support and sustain aquatic species.   

In an attempt to characterize stream ecosystem functions related to different levels of 

urban development, Meyer et al. (2005) considered the functional characteristics of six 

tributaries of the Chattahoochee River near Atlanta, Georgia.  Variables considered in this study 

related to catchment land-use types and ecosystem characteristics.  Specifically, these variables 

focused on specific measures of nutrient removal and the amount of fine benthic organic matter 

(FBOM), which provides an energy source for benthic organisms and microbes.  Results indicate 

that nutrient uptake velocities in ecosystems, such as precipitation and stormwater runoff 

infiltration into soil profiles, decreased as indicators of urbanization increased, specifically, the 

percent of catchment covered by high intensity urban development characterized by contiguous 

impervious surfaces.  In addition, the amount of fine benthic organic matter (FBOM) also 
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decreased with increasing urbanization and uptake velocities of nutrients were directly correlated 

to FBOM.  When considering different instream responses to measurements of EIA and TIA, 

Meyer et al. (2005) noted that channel instability is consistent when the EIA is greater than 10 

percent and uniform low summer base flows are observed when TIA is greater than 40 

percent.  Biological impacts included consistently higher algal blooms when EIA exceeds 5 

percent and decreases in fish species quantity and diversity above 4 percent TIA and between 2 

to 4 percent EIA.   

Schiff and Benoit (2007) explored the impacts of urbanization on streams in the West 

River watershed located in, New Haven, Connecticut in an attempt to identify the spatial scale of 

watershed imperviousness and its relationship to water chemistry, macroinvertebrates, and 

physical habitat.  A multiparameter water quality index was used to characterize regional urban 

NPSP levels.  In an effort to address the spatial context of development and impairment, the 

study compared instream variables to impervious cover at three spatial scales: watersheds, local 

contributing areas, and streams with an 100-meter vegetative riparian buffers.  Water quality 

parameters included temperature, conductivity, pH, dissolved oxygen (DO), and 

turbidity.  Macroinvertebrates were also sampled once in the spring 1999 at 13 sites, three on the 

mainstem of the watershed and 10 on tributaries.  Results indicate that total impervious area 

(TIA) in the watershed draining to each macroinvertebrates collection site varied between 0 and 

61 percent.  Seven of the watersheds had less than 5 percent TIA, five had moderate coverage 

between 5 percent and 20 percent, and one watershed was highly impervious with a TIA of 60 

percent or more.  Water quality declined sharply as impervious area increased from 0 to 10 

percent and remained in a degraded state beyond the 10 percent imperviousness level.  When 

observing macroinvertebrates health, the authors indicated that biota impairment starts when 5 
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percent impervious areas in a watershed is reached and a constant level of degradation persist 

beyond the 10 percent impervious area level.  This study confirms pervious findings that the 

absence of organisms susceptible to habitat degradation occurs above the 10 percent impervious 

cover with impairment noted at the 5 percent imperviousness area threshold (Schiff & Benoit, 

2007).    
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Original Email Sent to San Bernardino County Officials  
 
Sent: Monday, January 20, 2020 7:48 PM 
To: hedi.duron@lus.sbcounty.gov <hedi.duron@lus.sbcounty.gov>; tom.nievez@Lus.sbcounty.gov <tom
.nievez@Lus.sbcounty.gov>; Terri.rahhal@lus.sbcounty.gov <Terri.rahhal@lus.sbcounty.gov>; Superviso
r.Rutherford@bos.sbcounty.gov <Supervisor.Rutherford@bos.sbcounty.gov>; lewis.murry@bos.sbcount
y.gov <lewis.murry@bos.sbcounty.gov> 
Subject: CSUSB Water Quality Research Data - Little Bear Creek COTW Proposed Development 
  
Dear Supervisor Rutherford, Ms. Duron, Mr. Nievez, Ms. Rahhal and Mr. Murray, 
  
I hope this email finds you all doing well. I am contacting you regarding to ongoing research 
funded by the Water Resources and Policy Initiatives (WRPI) related to water quality in Little 
Bear Creek; a headwater tributary to Lake Arrowhead located in the San Bernardino National 
Forest. As you likely know this tributary traverses a watershed drainage area that includes Blue 
Jay and the proposed Church of the Woods (COTW) project site.  
  
Our research assesses stream physiochemical trends bi-weekly at two sites along Little Bear 
Creek (upstream of Blue Jay (LBC1) and at Blue Jay (LBC2)) and two additional tributaries 
entering Lake Arrowhead; Willow Creek and Orchard Creek. Testing has been conducted in both 
dry and precipitation events in situ since September 2019 to present for dissolved oxygen, 



 20 

turbidity, nitrate (NO3-), ammonium (NH4+), conductivity, pH, temperature, stream flow on a 
bi-weekly basis with additional lab-based testing for E. coli, total coliform and enterococcus on a 
monthly basis.  
  
Observations include that episodic spikes in nutrients (NH4+ and NO3-) as well as bacteria are 
currently present in Little Bear Creek, as well as the other sites entering Lake 
Arrowhead. Collectively these trends indicate that there are already activities on the landscape 
related to transportation, tourism, infrastructure (i.e. septic and sewer) and impervious surfaces 
that are adversely impacting surface water resources in perennial streams entering Lake 
Arrowhead. More specifically, data to date indicates that LBC1 has exceeded regulatory 
standards 36% of the sampling periods for NH4+, 63% for NO3-, 20% for total coliform, 40% 
for E. coli and 67% for enterococcus. The second site, LBC2, has exceeded regulatory standards 
for 70% of the sampling periods for NH4+, 40% for NO3-, 50% for total coliform, 17% for E. 
coli and 50% for enterococcus with many of the exceedances occurring simultaneously across 
multiple metrics. These trends continue to contribute to algal blooms and, if not mitigated, could 
result in the harmful algal blooms associated with cyanobacteria (blue-green algal blooms) as 
experienced by Lakes Gregory and Silverwood. Such conditions impact the social, economic and 
environmental quality of all mountain communities since many of the communities are 
financially dependent on tourist activities year-round as well as public health and safety, 
especially as they related to recreational waters.  
  
I would also like to share that recent field research also assessed water quality in the BMPs at 
SkyPark that were required as part of their CUP permitting process. Trends indicate that while 
the BMPs were effective in reducing some turbidity, they were ineffective in reducing nutrient 
loads to Hooks Creek. Consequently, the BMPs ability to effectively mitigate headwater impacts 
from stormwater flowing over impervious surfaces declined over time.  
  
This is an important finding when considering if the BMPs proposed by the COTW will mitigate 
impacts related to the proposed development because not only will the excavation of a 
substantial about of soil and removal of vegetation creates changes to groundwater flows needed 
to sustain both water quality and quantity entering Lake Arrowhead year-round, it will 
simultaneously impact surface hydrology. The proposed BMPs have also not been proven, 
empirically, under similar site and climatic conditions, that they are/can be effective in 
mitigating downstream impacts in the short or long term. Additionally, it is highly likely, based 
on numerous peer-reviewed studies and assessments by hydrologists and biological engineers, 
that the county’s proposed, and now approved, stormwater project entering Little Bear Creek 
will impact water quality as indicated in over 30 years of academic research based on real-world 
assessments of BMP effectiveness. Simply put, any alterations to the natural landscape create 
some degree of adverse impacts to downstream water resources. 
  
Given the already approved stormwater project flowing into Little Bear Creek, it does not seem 
reasonable based on the implementation of verified scientific research methods in this creek 
system, even comparing it to other, less developed tributaries, that the COTW project will 
benefit the community across social, economic and environmental metrics because the location, 
landscape and hydrological alterations of the proposed COTW project, by design, will create 
adverse impacts to water resources that characterize the mountain communities. 
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I hope and trust that your backgrounds and commitment to public health and safety will alert you 
to the danger in setting such precedent, not only in the communities located in a National Forest 
highly depended on tourism based on natural settings and pristine outdoor quality to support 
summer and winter activities, but how such decisions can impact communities across San 
Bernardino County including where you live and or work. Supporting a poorly design project 
largely based on site location and no inclusion of a comprehensive hydrologic assessments that 
goes beyond a “one size fits all” approach to stormwater management will allow 1.5% (i.e. the 
350 members of the COTW congregation) to impact 98.5% of residents across three mountain 
communities directly now and for generations to come. 
  
To illustrate the scientific findings related to current water quality, I have attached a presentation 
of my research findings and would welcome the opportunity to discuss ways to support healthy 
watershed initiatives using natural resource conservation while also supporting innovative design 
that benefits all community members and visitors alike.  
  
I welcome an open dialogue and hope that you will fully consider the existing, scientifically 
verified, realities of the adverse water quality conditions already present in this community prior 
to the approval and potential development of the COTW project. 
  
Please feel free to reach out to me to discuss this further. 
  
Sincerely, 
  
Jennifer B. Alford  
(910) 547-4245 
Jennifer.alford@csusb.edu 
  
  
Jennifer B. Alford, PhD 
Assistant Professor 
Faculty Associate, CSUSB Office of Community Engagement  
Co-Chair, Resilient CSUSB Sustainability Taskforce 
Department of Geography and Environmental Studies  
CSU San Bernardino 
jennifer.alford@csusb.edu 
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The Importance of Imperviousness

The emerging field of urban watershed protection
often lacks a unifying theme to guide the efforts
of its many participants—planners, engineers,

landscape architects, scientists, and local officials. The
lack of a common theme has often made it difficult to
achieve a consistent result at either the individual
development site or cumulatively, at the watershed
scale.

In this article a unifying theme is proposed based on
a physically defined unit:  imperviousness. Impervious-
ness here is defined as the sum of roads, parking lots,
sidewalks, rooftops, and other impermeable surfaces of
the urban landscape. This variable can be easily mea-
sured at all scales of development, as the percentage of
area that is not “green.”

Imperviousness is a very useful indicator with which
to measure the impacts of land development on aquatic
systems. Reviewed here is the scientific evidence that
relates imperviousness to specific changes in the hy-
drology, habitat structure, water quality and biodiversity
of aquatic systems. This research, conducted in many
geographic areas, concentrating on many different vari-
ables, and employing widely different methods, has
yielded a surprisingly similar conclusion: stream degra-
dation occurs at relatively low levels of imperviousness
(~10%). Most importantly, imperviousness is one of the
few variables that can be explicitly quantified, managed
and controlled at each stage of land development. The
remainder of this article details the relationship between
imperviousness and stream quality.

The Components of Imperviousness
Imperviousness represents the imprint of land de-

velopment on the landscape. It is composed of two
primary components:  the rooftopsunder which we live,
work and shop, and the transport system (roads, drive-
ways, and parking lots) that we use to get from one roof
to another. As it happens, the transport component
now often exceeds the rooftop component in terms of
total impervious area created. For example,
transport-related imperviousness comprised 63 to 70%
of total impervious cover at the site in 11 residential,
multifamily and commercial areas where it had actually
been measured (City of Olympia, 1994b). This phenom-
enon is observed most often in suburban areas and
reflects the recent ascendancy of the automobile in both
our culture and landscape. The sharp increases in per

capita vehicle ownership, trips taken, and miles trav-
elled have forced local planners to increase the relative
size of the transport component of imperviousness over
the last two decades.

Traditional zoning has strongly emphasized and
regulated the first component (rooftops) and largely
neglected the transport component. While the rooftop
component is largely fixed in zoning, the transport
component is not. As an example, nearly all zoning
codes set the maximum density for an area, based on
dwelling units  or rooftops. Thus, in a given area, no
more than one single family home can be located on each
acre of land, and so forth.

Thus, a wide range in impervious cover is often seen
for the same zoning category. For example, impervious
area associated with medium density single family homes
can range from 20% to nearly 50%, depending on the
layout of streets and parking. This suggests that signifi-
cant opportunities exist to reduce the share of impervi-
ousness from the transport component.

Imperviousness and Runoff
The relationship between imperviousness and run-

off may be widely understood, but it is not always fully
appreciated. Figure 1 illustrates the increase in the site
runoff coefficient as a result of site impervious cover,
developed from over 40 runoff monitoring sites across
the nation. The runoff coefficient ranges from zero to
one and expresses the fraction of rainfall volume that is
actually converted into storm runoff volume. As can be
seen, the runoff coefficient closely tracks percent im-
pervious cover, except at low levels where soils and
slope factors become more important. In practical terms,
this means that the total runoff volume for a one-acre
parking lot (Rv = 0.95) is about 16 times that produced
by an undeveloped meadow (Rv = 0.06).

To put this in more understandable terms, consider
the runoff from a one-inch rainstorm (see Table 1). The
total runoff from a one-acre meadow would fill a stan-
dard size office to a depth of about two feet (218 cubic
feet). By way of comparison, if that same acre was
completely paved, a one-inch rainstorm would com-
pletely fill your office, as well as the two next to it. The
peak discharge, velocity and time of concentration of
stormwater runoff also exhibit a striking increase after
a meadow is replaced by a parking lot (Table 1).

Feature article from Watershed Protection Techniques. 1(3): 100-111
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Because infiltration is reduced in impervious areas,
one would expect groundwater recharge to be propor-
tionately reduced. This, in turn, should translate into
lower dry weather stream flows. Actual data, however,
that demonstrate this effect is rare. Indeed, Evett et al.
(1994) could not find any statistical difference in low
stream flow between urban and rural watersheds after
analyzing 16 North Carolina watersheds. Simmons and
Reynolds (1982) did note that dry weather flows dropped

20 to 85% after development in several urban water-
sheds in Long Island, New York.

It should be noted that transport-related impervi-
ousness often exerts a greater hydrological impact than
the rooftop-related imperviousness. In residential ar-
eas, runoff from rooftops can be spread out over pervi-
ous areas, such as backyards, and rooftops are not
always directly connected to the storm drain system.
This may allow for additional infiltration of runoff.
Roads and parking lots, on the other hand, are usually
directly connected to the storm drain system.

Imperviousness and the Shape of Streams
Confronted by more severe and more frequent floods,

stream channels must respond. They typically do so by
increasing their cross-sectional area to accommodate
the higher flows. This is done either through widening
of the stream banks, downcutting of the stream bed, or
frequently, both. This phase of channel instability, in
turn, triggers a cycle of streambank erosion and habitat
degradation.

The critical question is at what level of development
does this cycle begin? Recent research models devel-
oped in the Pacific Northwest suggest that a threshold
for urban stream stability exists at about 10% impervi-
ousness (Booth, 1991; Booth and Reinelt, 1993) (Figure
2). Watershed development beyond this threshold con-
sistently resulted in unstable and eroding channels.
The rate and severity of channel instability appears to
be a function of sub-bankfull floods, whose frequency
can increase by a factor of 10 even at relatively low levels
of imperviousness (Hollis, 1975; Macrae and Marsalek,
1992; Schueler, 1987).

Parking
Runoff or Water Quality Parameter Lot Meadow

Curve number (CN) 98 58
Runoff coefficient 0.95 0.06
Time of concentration (minutes) 4.8 14.4
Peak discharge rate (cfs), 2 yr., 24 hr. storm 4.3 0.4
Peak discharge rate (cfs), 100 yr. storm 12.6 3.1
Runoff volume from one-inch storm (cubic feet) 3450 218
Runoff velocity @ 2 yr. storm (feet/second) 8 1.8
Annual phosphorus load (lbs/ac./yr.). 2 0.50
Annual nitrogen load (lbs/ac./yr.). 15.4 2.0
Annual zinc load (lbs/ac./yr.) 0.30 ND

Key Assumptions:
Parking lot is 100% impervious with 3% slope, 200 feet flow length,
Type 2 Storm, 2 yr. 24 hr. storm = 3.1 inches, 100 yr. storm = 8.9
inches, hydraulic radius = 0.3, concrete channel, and suburban
Washington ‘C’ values.
Meadow is 1% impervious with 3% slope, 200 foot flow length, good
vegetative condition, B soils, and earthen channel.

Table 1:Comparison of One Acre of Parking Lot Versus
One Acre of Meadow in Good Condition

Figure 1: Watershed Imperviousness and the Storm Runoff Coefficient
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A major expression of channel instability is the loss
of instream habitat structures, such as the loss of pool
and riffle sequences and overhead cover, a reduction in
the wetted perimeter of the stream and the like. A number
of methods have been developed to measure the struc-
ture and quality of instream habitat in recent years (Galli,
1993; Gibson et al., 1993; Plafkin et al., 1989). Where
these tools have been applied to urban streams, they
have consistently demonstrated that a sharp threshold
in habitat quality exists at approximately 10 to 15%
imperviousness (Booth and Reinelt, 1993; Galli, 1994;
Shaver et al., 1995). Beyond this threshold, urban
stream habitat quality is consistently classified as poor.

Imperviousness and Water Quality
Impervious surfaces collect and accumulate pollut-

ants deposited from the atmosphere, leaked from ve-
hicles or derived from other sources. During storms,
accumulated pollutants are quickly washed off and
rapidly delivered to aquatic systems.

Monitoring and modeling studies have consis-
tently indicated that urban pollutant loads are directly
related to watershed imperviousness. Indeed, impervi-
ousness is the key predictive variable in most simula-
tion and empirical models used to estimate pollutant
loads. For example, the Simple Method assumes that
pollutant loads are a direct function of watershed imper-
viousness (Schueler, 1987), as imperviousness is the
key independent variable in the equation.

Threshold Limits for Maintaining Background
Pollutant Loads

Suppose that watershed runoff drains into a lake
that is phosphorus-limited. Also assume that the present
background load of phosphorus from a rural land use
amounts to 0.5 lbs/ac/yr. The Simple Method predicts
that the post-development phosphorus load will exceed
background loads once watershed imperviousness
exceeds 20 to 25% (Figure 3), thereby increasing the risk
of nutrient over-enrichment in the lake.

Urban phosphorus loads can be reduced when
urban stormwater treatment practices are installed, such
as stormwater ponds, wetlands, filters or infiltration
practices. Performance monitoring data indicates that
stormwater practices can reduce phosphorus loads by
as much as 40 to 60%, depending on the practice
selected. The impact of this pollutant reduction on the
post-development phosphorus loading rate from the
site is shown in Figure 3. The net effect is to raise the
phosphorus threshold to about 35 to 60% impervious-
ness, depending on the performance of the stormwater
practice installed. Therefore, even when effective prac-
tices are widely applied, a threshold of imperviousness
is eventually crossed, beyond which predevelopment
water quality cannot be maintained.

Imperviousness and Stream Warming
Impervious surfaces both absorb and reflect heat.

During the summer months, impervious areas can have
local air and ground temperatures that are 10 to 12
degrees warmer than the fields and forests that they
replace. In addition, the trees that could have provided
shade to offset the effects of solar radiation are absent.

Water temperature in headwater streams is strongly
influenced by local air temperatures. Galli (1991) re-
ported that stream temperatures throughout the sum-
mer are increased in urban watersheds, and the degree
of warming appears to be directly related to the imper-
vious cover of the contributing watershed. He moni-
tored five headwater streams in the Maryland Piedmont
over a six-month period, each of which had different
levels of impervious cover (Figure 4). Each of the urban
streams had mean temperatures that were consistently
warmer than a forested reference stream, and the size of
the increase (referred to as the delta-T) was a direct
function of watershed imperviousness. Other factors,
such as lack of riparian cover and ponds, were also
demonstrated to amplify stream warming, but the pri-
mary contributing factor appeared to be watershed
impervious cover (Galli, 1991).

Imperviousness and Stream Biodiversity
The health of the aquatic ecosystem is a strong

environmental indicator of watershed quality. A num-
ber of research studies have recently examined the links
between imperviousness and the biological diversity in
streams. Some of the key findings are summarized in
Table 2.

Figure 2: Channel Stability as a Function of Imperviousness
(Booth and Reinelt, 1993)
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Figure 4: The Effect of Impervious Cover on Stream Temperature (Galli, 1991)

Figure 3: The Effect of Impervious Cover on Urban Phosphorus Load Under Several Sce-
narios, as Computed by the Simple Method
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Aquatic Insects
The diversity, richness and composition of the

aquatic insect community has frequently been used to
evaluate the quality of urban streams. Not only are
aquatic insects a useful environmental indicator, but
they also form the base of the stream food chain in most
regions of the country.

Klein (1979) was one of the first to note that macro-
invertebrate diversity drops sharply in urban streams in
Maryland. Diversity consistently became poor when
watershed imperviousness exceeded 10 to 15%. The
same basic threshold has been reported by all other
research studies that have looked at macroinvertebrate
diversity in urban streams (Table 2).

In each study, sensitive macroinvertebrates were
replaced by ones that were more tolerant of pollution
and hydrologic stress. Species such as stoneflies, may-
flies, and caddisflies largely disappeared and were
replaced by chironomids, tubificid worms, amphipods,
and snails. Species that employ specialized feeding
strategies—shredding leaf litter, grazing rock surfaces,
filtering organic matter that flows by, or preying on
other insects—were lost.

A typical example of the relationship between imper-
viousness and macroinvertebrate diversity is shown in
Figure 5. The graph summarizes diversity trends for 23
sampling stations in headwater streams of the Anacostia
watershed (Schueler and Galli, 1992). While good to fair

diversity was noted in all headwater streams with less
than 10% impervious cover, nearly all stations with 12%
or more impervious cover recorded poor diversity. The
same sharp drop in macroinvertebrate diversity at around
12 to 15% impervious cover was also observed in
streams in the coastal plain and piedmont of Delaware
(Shaver et al., 1995).

Other studies have utilized other indicators to mea-
sure the impacts of urbanization on stream insect com-
munities. For example, Jones and Clark (1987) monitored
22 stations in Northern Virginia and concluded that
aquatic insect diversity composition changed markedly
after watershed population density exceeded four  or
more individuals per acre. This population density
roughly translates to half-acre or one acre lot residential
use, or perhaps 10 to 15% imperviousness.

Steedman (1988)  evaluated 208 Ontario stream sites,
and concluded that aquatic insect diversity shifted from
fair to poor at about 35% urban land use. Since “urban
land” includes both pervious and impervious cover, the
actual threshold in the Ontario study may well be closer
to seven to 10% imperviousness (Booth and Reinelt,
1993). Steedmanalso reported that urban streams with
intact riparian forests had higher diversity than those
that did not, for the same level of urbanization.

While the exact point at which stream insect diver-
sity shifts from fair to poor is not known with absolute
precision, it is clear that few, if any, urban streams can

Figure 5: Impacts of Imperviousness on Macroinvertebrate Communities in the Headwater
Streams of the Anacostia River (Schueler and Galli, 1992)
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Table 2: Review of Key Findings of Urban Stream Studies Examining the Relationship of
     Urbanization to Stream Quality

Ref. Year Location Biological Parameter Key Finding

Booth 1991 Seattle Fish habitat/ Channel stability and fish habitat
channel stability quality declined rapidly after 10% imperv.

Galli 1994 Maryland Brown trout Abundance and recruitment of brown trout
declines sharply at 10-15% imperv.

Benke 1981 Atlanta Aquatic insects Negative relationship between number of
et al. insect species and urbanization in 21

streams

Jones 1987 Northern Aquatic insects Urban streams had sharply lower diversity of
and Clark Virginia aquatic insects when human population

density exceeded 4 persons/acre. (esti-
mated 15-25% imperv. cover)

Limburg 1990 New York Fish spawning Resident and anadromous fish eggs and
and larvae declined sharply in 16 tributary
Schimdt streams greater than 10% imperv.

Shaver 1994 Delaware Aquatic insects Insect diversity at 19 stream sites dropped
et al. sharply at 8 to 15% imperv.

Shaver 1994 Delaware Habitat quality Strong relationship between insect diversity
et al. and habitat quality; majority of 53 urban

streams had poor habitat

Schueler 1992 Maryland Fish Fish diversity declined sharply with increas-
and Galli ing imperv., loss in diversity began at

10-12% imperv.

Schueler 1992 Maryland Aquatic insects Insect diversity metrics in 24 subwatersheds
and Galli shifted from good to poor over 15% imperv.

Black 1994 Maryland Fish/insects Fish, insect and habitat scores were all
and Veatch ranked as poor in 5 subwatersheds that

were greater than 30% imperv.

Klein 1979 Maryland Aquatic insects/fish Macroinvertebrate and fish diversity declines
rapidly after 10% imperv.

Luchetti 1993 Seattle Fish Marked shift from less tolerant coho salmon
and to more tolerant cutthroat trout populations
Fuersteburg noted at 10-15% imperv. at 9 sites

Steedman 1988 Ontario Aquatic insects Strong negative relationship between biotic
integrity and increasing urban land use/
riparian condition at 209 stream sites.
Degradation begins at about 10% imperv.

Pedersen 1986 Seattle Aquatic insects Macroinvertebrate community shifted to
and chironomid, oligochaetes and amphipod
Perkins species tolerant of unstable conditions.

Steward 1983 Seattle Salmon Marked reduction in coho salmon popula-
tions noted at 10-15% imperv. at 9 sites

Taylor 1993 Seattle Wetland plants/ Mean annual water fluctuation was inversely
amphibians correlated to plant and amphibian density in

urban wetlands. Sharp declines noted
over 10% imperv.

Garie and 1986 NewJersey Aquatic insects Drop in insect taxa from 13 to 4 noted in
McIntosh urban streams

Yoder 1991 Ohio Aquatic insects/ 100% of 40 urban sites sampled had fair to
fish very poor index of biotic integrity scores
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support diverse aquatic insect communities at moder-
ate to high levels of impervious cover (25% or more).
Four different studies  (Benke et al., 1981; Black and
Veatch, 1994; Booth, 1991; Garie and McIntosh, 1986)
all failed to find aquatic insect communities with good
or excellent diversity in these highly urban streams.

Fish Surveys
The abundance and diversity of the fish community

can also serve as an excellent environmental indicator.
Surprisingly, relatively few studies have examined the
influence of imperviousness on fish communities in
headwater streams. The results of one study are illus-
trated in Figure 6. Four similar subwatersheds in the
Maryland Piedmont were sampled for the number of fish
species present. As the level of watershed impervious-
ness increased, the number of fish species collected
dropped. Two sensitive species (trout and sculpin)
were lost as imperviousness increased from 10 to 12%,
and four more were lost when impervious cover in-
creased to 25%. Significantly, only two species re-
mained in the fish community at 55% imperviousness.
Sensitive species, defined as those with a strong depen-
dence on the substrate for feeding and/or spawning,
showed a more precipitous decline. Klein (1979) found
a similar relationship between fish diversity and water-
shed impervious cover in several dozen headwater
streams in the Maryland Piedmont.

Salmonid fish species (trout and salmon) and anadro-
mous fish species appear to be most negatively im-
pacted by impervious cover. Trout have stringent tem-
perature and habitat requirements, and seldom are
present in mid-Atlantic watersheds where impervious-
ness exceeds 15% (Galli, 1994). Declines in trout spawn-
ing success are evident above 10% imperviousness
(Galli, 1994). In the Pacific Northwest, Luchetti and
Feurstenburg (1993) seldom found sensitive coho
salmon in watersheds beyond 10 or 15% impervious-
ness. Booth and Reinelt (1993) noted that most urban
stream reaches had poor quality fish habitat when
imperviousness exceeded eight to 12%.

Fish species that migrate from the ocean to spawn
in freshwater creeks are also very susceptible to impacts
of urbanization such as fish barriers, pollution, flow
changes, and other factors. For example, Limburg and
Schmidt (1990) discovered that the density of anadro-
mous fish eggs and larvae declined sharply after a 10%
imperviousness threshold was surpassed in 16 subwa-
tersheds draining into the Hudson River.

The Influence of Imperviousness on Other Urban
Water Resources

Several other studies point to the strong influence
of imperviousness on other important aquatic systems
such as shellfish beds and wetlands.

Figure 6: Fish Diversity as a Function of Watershed Imperviousness in Four Subwatersheds
in the Maryland Piedmont (Schueler and Galli, 1992)
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Even relatively low levels of urban development
yield high levels of bacteria, derived from urban runoff
or failing septic systems. These consistently high bac-
terial counts often result in the closure of shellfish beds
in coastal waters, and it is not surprising that most
closed shellfish beds are in close proximity to urban
areas. Indeed, it may be difficult to prevent shellfish
closure when more than one septic drain field is present
per seven acres—a very low urban density (Duda and
Cromartie, 1982). Although it is widely believed that
urban runoff accounts for many shellfish bed closures
(now that most point sources have been controlled), no
systematic attempt has yet been made to relate water-
shed imperviousness to the extent of shellfish bed
closures.

Taylor (1993) examined the effect of watershed
development on 19 freshwater wetlands in King County,
Washington, and concluded that the additional storm-
water contributed to greater annual water level fluctua-
tions (WLF). When the annual WLF exceeded about
eight  inches, the richness of both the wetland plant and
amphibian community dropped sharply. This increase
in WLF began to occur consistently when upstream
watersheds exceeded 10 to 15% imperviousness.

Implications at the Watershed Level
The many independent lines of research reviewed

here converge toward a common conclusion: that it is
extremely difficult to maintain predevelopment stream
quality when watershed development exceeds 10 to
15% impervious cover. What implications might this
apparent threshold have for watershed planning?

Should Low Density or High Density Development be
Encouraged?

At first glance, it would seem appropriate to limit
watershed development to no more than 10% total
impervious cover. While this approach may be wise for
an individual “sensitive” watershed, it is probably not
practical as a uniform standard. Only low density devel-
opment would be feasible under a 10% zoning scenario,
perhaps one-acre lot residential zoning, with a few
widely scattered commercial clusters. At the regional
scale, development would thus be spread over a much
wider geographic area than it would otherwise have
been. At the same time, additional impervious area (in
the form of roads) would be needed to link the commu-
nity together.

Paradoxically, the best way to minimize the creation
of additional impervious area at the regional scale is to
concentrate it in high density clusters or centers. The
corresponding impervious cover in these clusters is
expected to be very high (25% to 100%), making it
virtually impossible to maintain predevelopment stream
quality. A watershed manager must then confront the

fact that to save one stream’s quality it may be neces-
sary to degrade another.

A second troubling implication of the impervious
cover/stream quality relationship involves the large
expanses of urban areas that have already been densely
developed. Will it be possible to fully restore stream
quality in watersheds with high impervious cover?
Some early watershed restoration work does suggests
that biological diversity in urban streams can be par-
tially restored, but only after extensive stormwater
retrofit and habitat structures are installed. For example,
fish and macroinvertebrate diversity has been partially
restored in one tributary of Sligo Creek, Maryland (Galli,
1994). In other urban watersheds, however, comprehen-
sive watershed restoration may not be feasible, due to
a lack of space, feasible sites, or funding.

A Proposed Scheme for Classifying Urban Stream
Quality Potential

The thresholds provide a reasonable foundation for
classifying the potential stream quality in a watershed
based on the ultimate amount of impervious cover. One
such scheme is outlined in Table 3. It divides urban
streams into three management categories based on the
general relationship between impervious cover and
stream quality:

1. Sensitive streams (one to 10% impervious
cover)

2. Impacted streams (11 to 25% impervious
cover)

3. Non-supporting streams (26 to 100% im-
pervious cover)

The resource objective and management strategies
in each stream category differ to reflect the potential
stream quality that can be achieved. The most protec-
tive category are “sensitive streams” in which strict
zoning, site impervious restrictions, stream buffers and
stormwater practices are applied to maintain
predevelopment stream quality. “Impacted streams”
are above the threshold and can be expected to experi-
ence some degradation after development (i.e., less
stable channels and some loss of diversity). The key
resource objective for these streams is to mitigate these
impacts to the greatest extent possible, using effective
stormwater management practices.

The last category, "non-supporting streams," rec-
ognizes that predevelopment channel stability and
biodiversity cannot be fully maintained, even when
stormwater practices or retrofits are fully applied. The
primary resource objective shifts to protect down-
stream water quality by removing urban pollutants.
Efforts to protect or restore biological diversity in
degraded streams are not abandoned; in some priority
subwatersheds,  intensive stream restoration techniques
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are employed to attempt to partially restore some as-
pects of stream quality. In other subwatersheds, how-
ever, new development (and impervious cover) is en-
couraged to protect other sensitive or  impacted streams.

Watershed-Based Zoning
Watershed-based zoning is based on the premise

that impervious cover is a superior measure for gauging
the impacts of growth, compared to population density,
dwelling units or other factors. The key steps in
watershed-based zoning are as follows: First, a commu-
nity undertakes a comprehensive physical, chemical
and biological monitoring program to asses the current
quality of its entire inventory of streams. The data are
used to identify the most sensitive stream systems and
to refine impervious/stream quality relationships. Next,
existing impervious cover is measured and mapped at
the subwatershed level. Projections of future impervi-
ous cover due to forecasted growth are also made at this
time.

The third step involves designating the future
stream quality for each subwatershed based on some
adaptation of the urban stream classification scheme
presented earlier.  The existing land use master plan is
then modified to ensure that future growth (and imper-
vious cover) is consistent with the designated stream
classification for each subwatershed.

The final step in the watershed-based zoning pro-
cess involves the adoption of specific resource objec-

tives for each stream and subwatershed. Specific poli-
cies and practices on impervious cover limits, stormwa-
ter practices, and buffers are then instituted to meet the
stream resource objective, and these practices directly
applied to future development projects.

Watershed-based zoning should provide managers
with greater confidence that resource protection objec-
tives can be met in future development. It also forces
local governments to make hard choices about which
streams will be fully protected and which will become at
least partially degraded. Some environmentalists and
regulators will be justifiably concerned about the streams
whose quality is explicitly sacrificed under this scheme.
However, the explicit stream quality decisions which are
at the heart of watershed-based zoning are preferable to
the uninformed and random “non-decisions” that are
made every day under the present zoning system.

A Cautionary Note
While the research on impervious cover and stream

quality is compelling, it is doubtful whether it can serve
as the sole foundation for legally defensible zoning and
regulatory actions at the current time. One key reason
is that the research has not been standardized. Different
investigators, for example, have used different methods
to define and measure imperviousness. Second, re-
searchers have employed a wide number of techniques
to measure stream quality characteristics that are not
always comparable with each other.  Third, most of the
studies have been confined to few ecoregions in the

Table 3: A Possible Scheme for Classifying and Managing for Headwater Urban Streams
Based on Ultimate Imperviousness

Urban Stream Sensitive Impacted Non-supporting
Classification (0-10% Imperv.) (11-25% Imperv.) (26-100% Imperv.)

Channel stability Stable Unstable Highly Unstable

Water quality Good Fair Fair-Poor

Stream biodiversity Good-Excellent Fair-Good Poor

Resource objective Protect biodiversity Maintain critical ele- Minimize downstream
and channel stability ments of stream quality pollutant loads

Water quality Sediment and Nutrient and Control bacteria
objectives temperature metal loads

Stormwater Practice Secondary environmental Removal efficiency Removal efficiency
Selection Factors impacts

Land Use Controls Watershed-wide imp. Site imp. cover limits Additional infill and
cover limits (ICLs), (ICLs) redevelopment
site ICLs encouraged

Monitoring and GIS monitoring of imp. Same as “Stressed” Pollutant load
enforcement cover, biomonitoring modeling

Development rights Transferred out None Transferred in

Riparian buffers Widest buffer network Average bufferwidth Greenways
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country. Little research has been conducted in the
Northeast, Southeast, Midwest, and semi-arid Western
regions. Lastly, none of the studies has yet examined
the effect of widespread application of  stormwater
practices on impervious cover/stream quality relation-
ships. Until studies determine how much stormwater
practices can “cheat” the impervious cover/stream qual-
ity relationship, it can be argued that structural prac-
tices alone can compensate for imperviousness effects.

On the positive side, it may be possible for a com-
munity to define the impervious cover/stream quality
relationship in a short time and at relatively low cost. A
suggested protocol for conducting a watershed moni-
toring study is presented in Table 4. The protocol
emphasizes comparative sampling of a large population
of urban subwatersheds of different increments of
imperviousness (perhaps 20 to 50).

A rapid sampling program collects consistent data
on hydrologic, morphologic, water quality, habitat and
biodiversity variables within each subwatershed. For
comparison purposes, series of undeveloped and un-
disturbed reference streams are also monitored. The
sampling data are then statistically and graphically
analyzed to determine the presence of imperviousness/
stream quality relationships.

The protocol can be readily adapted to examine how
stormwater practices can shift the stream quality/imper-
viousness relationship. This is done by adjusting the
sampling protocol to select two groups of study subwa-
tersheds: those that are effectively served by stormwa-
ter practices and those that are not.

Table 4: Proposed Protocol for Defining Functional Relationships Between Watershed
Imperviousness and Stream Quality

■ General study design
A systematic evaluation of stream quality for a population of 20 to 50 small subwatersheds that have
different levels of watershed imperviousness. Selected field measurements are collected to represent
key hydrological, morphological, water quality, habitat and biodiversity variables within each defined
subwatershed. The population of subwatershed data is then statistically analyzed to define functional
relationships between stream quality and imperviousness.

■ Defining reference streams
Up to 5 non-urban streams in same geo-hydrological region, preferably fully forested, or at least full
riparian forest coverage along same length. Free of confounding NPS sources, imperviousness less
than 5%, natural channel and good habitat structure.

■ Basic Subwatershed Variables
Watershed area, standard definition and method to calculate imperviousness, presence/absence of
stormwater practices.

■ Selecting subwatersheds
Drainage areas from 100 to 500 acres, known level of imperviousness and age, free of confounding
sources (active construction, mining, agriculture, or point sources). Select three random non-overlapping
reaches (100 feet) for summer and winter sampling of selected variables in each of five key variables
groups:

1. Hydrology variables: summer dry weather flow, wetted perimeter, cross-sectional area of stream,
peak annual storm flow (if gaged).

2. Channel morphology variables: channel alteration, height, angle and extent of bank erosion,
substrate embeddedness, sediment deposition, substrate quality.

3. Water quality variables: summer water temperature, turbidity, total dissolved solids, substrate fouling
index, EP toxicity test, wet weather bacteria, wet weather hydrocarbon.

4. Habitat Variables: pool- riffle ratio, pool frequency, depth and substrate, habitat complexity, instream
cover, riffle substrate quality, riparian vegetative cover, riffle embeddeness

5. Ecological Variables: fish diversity, macroinvertebrate diversity, index of biological integrity, EPA
Rapid Bioasessment Protocol, fish barriers, leaf pack processing rate.
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Conclusion
Research has revealed that imperviousness is a

powerful and important indicator of future stream qual-
ity and that significant degradation occurs at relatively
low levels of development. The strong relationship
between imperviousness and stream quality presents a
serious challenge for urban watershed managers. It
underscores the difficulty in maintaining urban stream
quality in the face of development.

At the same time, imperviousness represents a
common currency that can be measured and managed
by planners, engineers and landscape architects alike.
It links activities of the individual development site with
its cumulative impact at the watershed scale. With
further research, impervious cover can serve as an
important foundation for more effective land use plan-
ning decisions.
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Response B4 
Steven Farrell, Conservation Chair 

B4.1: The DEIR does not contain omissions or errors or make erroneously assumptions 
in the impact analysis as outlined in further detail in Responses to Comment B4.2 
through B4.17 below. 

B4.2: The following is the information that was provided in the Notice of Availability 
related to the public comment period: 

“Public Comment Period: The DEIR and its technical studies are available for the 
CEQA required 45-day public review and comment period from June 7, 2016 
through July 22, 2016. Written comments on the Draft EIR and technical studies 
must be received no later than 4:30 pm on Monday July 22, 2016.” 

The comment correctly identifies an error in the Notice of Availability that was 
sent out to agencies, organizations and the public at the release of the public 
review Draft EIR on June 7, 2016. The error is that the notice indicated that the 
comments on the DEIR were due on “Monday” July 22, however, July 22 in the 
year 2016 falls on a Friday.  However, the notice clearly states that the CEQA 
required 45-day public review and comment period is from June 7, 2016 through 
July 22, 2016. If anyone was confused about the deadline for comments to be 
submitted to the County for this project, contact information for Kevin White the 
project planner, was also provided in the notice including a telephone number. 
Anyone from the public could have called, written an email or letter, or gone to 
the County building to get clarification related to the deadline for comments. All 
contact information for Kevin White, the project planner, was correctly provided 
in the Notice of Availability. The email that was provided in the notice for the 
County Planner Kevin White “kwhite@lusd.sbcounty.gov” is correct and was 
correct at the time the Notice of Availability was issued. 

B4.3: The analysis contained in the DEIR in Section 4.0-4.17 Environmental Analysis, 
Section 5.1-5.5 Other CEQA Required Topics, Section 6.0 Effects Found Not to be 
Significant, Section 7.0 Growth Inducing Impacts, and Section 8.0 Alternatives 
were all based on the detailed project description contained in Section 3.0. 

Section 3.0 of the Project Description does identify snow play activities under the 
Amusement Park Zone description on page 3.0-28 and under the Santa’s Village/ 
Winter Attractions description on page 3.0-32. The general location of the 
Amusement Park Zone is provided here. However, the location of the Amusement 
Park Zone was added to Exhibit 3.0-3, SkyPark at Santa’s Village Site Plan, to provide 
further clarification. The proposed activities in the Amusement Park Zone and this 
location was analyzed as part of the proposed Project throughout the DEIR. The 
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project description in the DEIR also included a description of the campground Site 
(page 3.0-33) and the camp fire rings. The exact location of the camp fire rings is 
not known at this time and was not included on the site plan. Campfire safety and 
the potential of wildfires was analyzed in the DEIR in Section 4.8 Hazards and 
Hazardous Materials (page 4.8-19-4.8-21). 

The proposed project in the Conditional Use Permit (CUP) application are 
superseded by the project description in the DEIR. The project description in the 
DEIR was refined after the CUP application was submitted to the County. The 
analysis in the DEIR is based on the project description of the DEIR which is the 
current proposed project. Although special events, such as concerts in the 
meadow, were held in the past they are not currently proposed. The DEIR project 
description describes the current proposed project and activities. 

Lighting from the campground where the RV’s would be located is analyzed in 
Section 4.1 Aesthetics, Light and Glare, the vehicle exhaust emissions from RV’s is 
accounted for in the trips to and from SkyPark identified in the Traffic Impact 
Analysis (Appendix I) and the air quality and greenhouse gas emissions modeling 
(Appendix C). An evaluation of the noise generated by the project, including the 
campground, is included in Section 4.12 Noise of the DEIR. 

Section 3.0 Project Description of the DEIR described the total number of visitors 
expected in the winter and summer seasons. Per page 3.0-33,  

“Peak season for the proposed project is anticipated to be November and 
December (approximately 2,000 visitors per day).  Low season is anticipated to be 
during spring and early fall.  Summer is anticipated to have an average of 1,000 
visitors per day.  Operating hours are proposed to be 8AM to 10PM.  The project 
is proposed to be fully operational year round, with no planned closures.”  

The potential impacts to sensitive wildlife species is analyzed in the DEIR, Section 
4.4 Biological Resources. This section also includes 25 mitigation measures to 
reduce potential impacts to biological resources. 

The proposed zipline is described in Section 3.0, Project Description, page 3.0-31. 
However, the location of the ziplines were added to Exhibit 3.0-3, SkyPark at Santa’s 
Village Site Plan, to provide further clarification. 

B4.4: Refer to Response to Comment B1.3 above. 

B4.5: Dogs may be allowed at SkyPark. However, if allowed, they will be required to be 
on a leash at all times in accordance with the San Bernardino County leash law. 
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B4.6: The analysis contained in the DEIR identifies the importance of wildlife corridors 
and indicates that the project is located entirely within a wildlife corridor 
designated in the San Bernardino County General Plan Open Space Element. As 
outlined in the DEIR, Section 4.4 Biological Resources, page 4.4-21, 

“Habitat linkages provide links between larger undeveloped habitat areas that are 
separated by development. Wildlife corridors are similar to linkages, but provide 
specific opportunities for animals to disperse or migrate between areas. A corridor 
can be defined as a linear landscape feature of sufficient width to allow animal 
movement between two comparatively undisturbed habitat fragments. Adequate 
cover is essential for a corridor to function as a wildlife movement area. It is 
possible for a habitat corridor to be adequate for one species but inadequate for 
others. Wildlife corridors are significant features for dispersal, seasonal migration, 
breeding, and foraging. Additionally, open space can provide a buffer against both 
human disturbance and natural fluctuations in resources.  

The project site is surrounded by natural plant communities and forest and is 
located entirely within a wildlife movement corridor, as designated by the San 
Bernardino County General Plan Open Space Element (Exhibit 8, Wildlife Corridors 
in the HA). The site is located within an area designated simply as “Dispersion 
Corridor,” which provides movement opportunities primarily between the Deep 
Creek and City Creek designated corridors. The dispersion corridor essentially 
allows wildlife an area to utilize for traversing the San Bernardino Mountains from 
the north (Deep Creek) end to the south (City Creek), and vice versa.” 

The conclusion in the DEIR that the project will not interfere substantially with 
wildlife movement was based on the fact that the proposed improvements will 
largely be confined to existing developed/disturbed areas and the undeveloped 
forest surrounding the existing buildings and infrastructure has the potential to 
support the movement of muledeer, bobcat, coyote, and black bear through and 
around the site. 

The proposed improvements do not include large structures or perimeter fencing 
that would impede wildlife movement across the site. The proposed location of 
the campground is open and largely devoid of vegetative cover due to past fires, 
use as staging area, and existing paved parking lot. As outlined above, adequate 
cover is essential for a corridor to function as a wildlife movement area. Thus, the 
existing camping site area does not provide adequate cover for a wildlife cover. 
Wildlife moving along the corridor are anticipated to move in a north-south 
direction on either the east or west side of the open campground area. Therefore, 
construction of the campground and use of the campground is not expected to 
interfere substantially with wildlife movement. 
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As outlined the DEIR, Section 4.4 Biological Resources, page 4.4-45, 

“The meadow rehabilitation project will realign, expand, and restore the upstream 
portions of Hooks Creek and will include removal of the wood chips and other 
debris that were left behind from previous activities. The meadow rehabilitation 
project will also entail constructing a lined waterway along the length of the 
meadow, periodically split by new water/sediment control basins, to connect to an 
onsite pond. Exotic vegetation and large obstructions will be removed throughout 
the meadow, and new hedgerows will be planted along its perimeter. Wildlife 
structures including nest boxes, downed wood, and rock piles will be strategically 
located at different locations along or near to the new waterway.” 

Restoration of Hencks meadow includes enhancements that will also improve its 
habitat function and value for wildlife movement. As outlined in Mitigation 
Measure MM BIO-6, trails signs and physical barriers shall be strategically placed 
along the trail, under direction of a qualified biologist, to prevent guests from 
wandering outside of the trail boundaries. The qualified biologist will ensure that 
use of physical barriers will not prohibit wildlife movement. Hooks Creek north 
of and downstream of the existing pond, will not be impacted and will be 
preserved within the site. Therefore, within the Project site the existing wildlife 
corridor along Hencks Meadow, the pond, and Hooks Creek will be preserved and 
enhanced and will continue to provide for unobstructed wildlife movement. 

B4.7: The Project site in the past has had more fencing. The previous owners had animals 
on the site and had perimeter fencing on the site to contain the animals. The 
current owner has removed this fencing, an estimated 3 miles of it. Currently the 
site contains no more than a total of approximately 500 linear feet of fencing at two 
different locations. Two segments of approximately 100 feet of fencing occurs at 
the driveway of Santa’s Village on SR-18 and on the west side of the property along 
SR-18 where there is a dirt road access for CLAWA easement. These segments of 
fencing are to control unauthorized access to the site by people. Because the 
existing fencing is only in short discontinuous segments it is not an impediment 
to wildlife movement. 

B4.8: The Caltrans Wildlife Crossings Guidance Manual is available online at  
https://roadecology.ucdavis.edu/files/content/projects/CA_Wildlife%20Crossings
%20Guidance_Manual.pdf 

As outlined in the Manual, Section 1.1.2 Who Should Use the Manual, page 2, 

“The intended primary audience for this manual is Caltrans biologists and other 
technical staff at the agency. It may also be useful to other transportation experts 
involved in planning, program management, or maintenance that need to know 
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how roads may affect wildlife and ecological systems in California. “… 
“Transportation planning decisions have both a regulatory and an ecological 
context, and the manual seeks to integrate both to provide guidance, in the form 
of a process illustrated schematically in Figure 1, to those with responsibilities for 
identifying and mitigating wildlife crossing, listed species, habitat connectivity, 
and public safety conflicts.” 

The manual is intended to assist Caltrans and any other agencies planning for new 
or expanded transportation facilities and avoiding, minimizing, and/or mitigating 
impacts of those facilities on existing wildlife corridors. The project will construct 
a new signalized intersection along SR-18 at the modified driveways/entrance in 
order to provide for safe entrance and exit to the park and campground for both 
visitors and other drivers using SR-18. The project does not include construction 
of a new roadway or expanded roadway. Although the Manual provides helpful 
information, guidance and tools related to crossings of wildlife corridors, it is not 
directly applicable to the proposed Project. 

B4.9: As outlined in Response to Comment A2.2 (from the Lahontan Regional Water 
Control Board), for the onsite restoration of Hencks Meadow and Hooks Creek the 
USDA Natural Resources Conservation Service did prepare Drawings and 
Specifications for the Lined Waterways or Outlet and Water & Sediment Control 
Basins which include Detail Plans for the Water & Sediment Control Basins and 
Lined Waterways. Both of these documents have been added to the EIR 
Appendices, in Appendix K, Drawings and Specifications, in response to 
comments on the DEIR to allow for public and agency review of these documents. 
The Drawings and Specifications include Practice Standards, Job Classification, 
Design Calculations, Environmental Assessment, Utility Check Sheet, Engineer’s 
Cost Estimate, Operation & Maintenance Requirements, Practice Specifications, 
Practice Requirements, and Construction Drawings. The construction drawings or 
detail plans include the overall plan view, plan view and profile views of the three 
sediment basins (south, middle, and north), and section views of the rock lined 
waterways (south, middle and north).  

The existing hydrology of the site is outlined in the DEIR, Section 4.9 Hydrology 
and Water Quality, page 4.9-1 to 4.9-2, 

“The entire Santa’s Village attraction area between attractions/buildings was 
paved with asphalt.  Stormwater runoff from the developed park area and 
surrounding forested area to the park area and parking lot are conveyed via sheet 
flow downslope to the park area and into v-ditches and corrugated pipes to the 
northern portion of the developed site and end of paved parking lot to the 
disturbed grassy meadow.  Stormwater runoff is conveyed in a northern direction 
through the disturbed meadow in a small incised channel to a manmade pond.”… 
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“Stormwater runoff originating north of SR-18 sheet flows for approximately 700 
feet across the existing paved parking lot of Santa’s village before flowing into the 
grassland meadow. Hooks Creek extends through Hencks Meadow for 
approximately 530 feet before it continues for approximately 420 feet through the 
area previously disturbed when it was used as a storage yard and staging area for 
the bark beetle infested lumber. Hencks Meadow is a natural, narrow meadow 
located northeast of the existing parking lot north of SR-18, along the property’s 
eastern boundary. Per a 1953 USGS topographic map, Hooks Creek was mapped 
as intermittent in the Hencks Meadow area and perennial downstream of Hencks 
Meadow. After the disturbed area, Hooks Creek extends through a southern 
willow scrub plant community for approximately 1,200 feet before exiting the 
property.” 

Currently stormwater runoff from the Santa’s Village attraction and the existing 
parking lot sheet flow to the meadow. In storm events that are large enough to 
generate flows from the existing developed area of Santa’s Village and the parking 
lot, storm water runoff would be expected to pick up sediment and debris (bark 
chips) and convey them to the meadow and incised channel of Hook’s Creek. 
Sediment and debris are deposited in the meadow and in the pond.  

Per the NRCS Drawings and Specifications for the Lined Waterways or Outlet and 
Water & Sediment Control Basins a water and sediment control basin will be 
constructed directly south of the existing parking lot. The outflows from this basin 
will be conveyed via a rock lined waterway to two additional water and sediment 
basins, in series, before outletting to the existing pond. All stormwater runoff from 
the developed areas of SkyPark south of SR-18 will be directed to the series of 
debris basins. Sediment, trash, and debris that are conveyed in stormwater runoff 
from the developed areas of SkyPark will settle out in this basin and will be 
removed from the basin through regular maintenance of the basin. 

As outlined in the NRCS’ Drawings and Specifications, the purpose of the water 
and sediment basins is to be applied as part of a resource management system for 
one or more of the following: to reduce watercourse and gully erosion; to trap 
sediment; to reduce and manage onsite and downstream runoff. The lined 
waterway and water and sediment control basins were designed by a qualified 
NRCS engineer in accordance with NRCS standards and guidelines. The lined 
waterway and water and sediment control basins will provide stormwater runoff 
control and water quality treatment for the stormwater runoff from the developed 
areas of SkyPark (north of SR-18) prior to discharge to the undisturbed portion of 
Hooks Creek onsite (downstream of the pond) and offsite. 

B4.10: Refer to Response to Comment B4.9 above. 
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B4.11: Refer to Response to Comment B4.9 above. 

B4.12: Peak hour trips used in traffic analyses are not intended to represent the greatest 
number of all vehicles on a roadway at a given time or the greatest traffic 
congestion. Peak hours, as used in the Traffic Impact Analysis, are the days and 
times when the greatest number of trips are generated from a project. For the 
SkyPark project, it was determined with consultation with Caltrans and the 
County that intersection traffic impacts would be evaluated for Saturday and 
Sunday during the morning peak hours (9:00 am to 11:00 am) when the highest 
number of park guests will be arriving and afternoon peak hours (2:30 pm to 4:30 
pm) when the highest number of park guests will be departing. Therefore, peak 
hour trips are specific to the days and times when the Project generates the greatest 
number of trips.  

Traffic counts are taken to determine the existing intersection traffic volumes, or 
existing conditions. For the purposes of the Traffic Impact Analysis the peak hour 
trips generated by a given project are added to the existing intersection conditions 
to determine impacts from that project on the condition of various intersections. 
The traffic counts were taken on a Saturday and Sunday during the morning and 
afternoon peak hour timeframes for the SkyPark project. 

As outlined in the Traffic Impact Analysis, Appendix I of the DEIR, page 1 “The 
methodology and assumptions used in this analysis were established in 
conjunction with the interim Traffic Impact Study Guidelines (County of San 
Bernardino Department of Public Works Traffic Division, April 2014) as well as 
with the California Department of Transportation (Caltrans). The analysis 
presented in this traffic study incorporates all previous response to comments 
from Caltrans and the County of San Bernardino staff on earlier draft reports; 
specific comments are available in the appendices.” The Traffic Impact Analysis, 
including traffic counts, was prepared in accordance with State and local 
standards. 

It is acknowledged that bad weather, such as snow or ice on the roads, dense fog, 
and/or heavy rain creates dangerous driving conditions and can adversely affect 
traffic. It is anticipated that when the weather is bad less visitors would travel to 
the mountains and to SkyPark. Therefore, bad weather would be anticipated to 
result in less trips to and from the Project not an increase in trips. 

B4.13: The Skypark traffic analysis did include a Year 2035 cumulative analysis that 
reviewed the SANBAG long-range computer model that projects traffic to 
represent buildout conditions.  To the extent that the Church of the Woods project 
does proceed, the land use assumptions in the long-range model would include 
development on that site. 



SkyPark at Santa’s Village Project   Final EIR 
 

Responses to Comments 72 May 2017 

Church of the Woods is a proposed future project however it has not been 
approved by the County. A Notice of Preparation of Environmental Impact Report 
for the Church of the Woods Project for a tentative parcel map and conditional use 
permit was posted on the County’s website February 10, 2005. A Notice of 
Availability of the Draft Environmental Impact report for the Church of the Woods 
Project was posted on the County’s website for a public review comment period 
from April 19, 2010 until June 3, 2010. The Church of the Woods project proponents 
have informed the County that the proposed project is being revised. As the 
Church of the Woods project is not an approved project, the County cannot require 
it to be analyzed in the SkyPark Traffic Impact Analysis and DEIR. Further, since 
the proposed Church of the Woods project is being revised it would be speculative 
to try to identify the actual trips generated from the revised Church project to 
include in a cumulative analysis for the SkyPark project. 

However, it was the applicant’s decision to have the traffic consultant conduct a 
cumulative analysis including the SkyPark and the Church of the Woods project, 
using the information contained in the Church of the Woods Traffic Study for the 
2010 DEIR which is still available on the County’s website 
(http://cms.sbcounty.gov/lus/Planning/Environmental/Mountain.aspx). The 
following paragraph is an excerpt from the make this clear, here is an excerpt 
describing the projected trip generation of the Church of the Woods traffic impact 
analysis: 

“The Sunday peak hour trip generation was calculated based on estimated church 
attendance. The church will have two Sunday services: 8:30 to 10:00 a.m. and 11:00 
a.m. to 12:30 p.m. There will be one hour between services, during which time the 
attendees from the first service will depart and the attendees of the second service 
will arrive. Based on current attendance and future projections, it is expected that 
each service will have 500 attendees by 2009 and 1,200 attendees by 2013. 
Attendees will arrive and depart via automobiles with an average occupancy of 
three persons per vehicle. Based on these assumptions, the church is projected to 
generate 334 trips during the Sunday peak hour in 2009 and 800 trips during the 
Sunday peak hour in 2013 and 2030.” 

The projected traffic from the previous Church of the Woods traffic analysis has 
been added to the cumulative analysis conducted for the Skypark project, added 
to the DEIR as Appendix L, Cumulative Traffic Analysis with Church of the 
Woods.  Full build-out plus project conditions (Year 2035) with Church of the 
Woods Project was evaluated for Saturday peak hour levels of service as well as 
Sunday peak hour levels of service. Even with the Church of the Woods added to 
the Sunday morning long-range cumulative analysis, no intersections are 

http://cms.sbcounty.gov/lus/Planning/Environmental/Mountain.aspx
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projected to operate at Level of Service E or F and therefore the conclusions of the 
Skypark EIR are still valid. 

B4.14: No evidence is provided in this comment that relates to the adequacy of the traffic 
analysis contained in the Traffic Impact Analysis or the DEIR. The traffic analysis 
contained in the Traffic Impact Analysis and DEIR for the SkyPark project is 
thorough, adequate pursuant to CEQA, and does not need to be recirculated. 

B4.15: According to SANBAG’s website on the Mountain Area Transportation Study 
(http://www.sanbag.ca.gov/planning2/study_mtn-area-transport.html) the study 
is to identify and analyze the major and secondary arterials and intersections that 
provide access to, from, and within the San Bernardino Mountain communities. 
The primary goal of the effort is development of a sub-regional transportation 
improvement plan that identifies key projects that address both existing and 
forecast deficiencies during both peak summer and winter seasons. The study 
recommendations would not include costly new roadway facilities or 
realignments but would rather include operations-type capacity improvements 
that could then be prioritized and funded by local agencies and Caltrans. The focus 
is primarily on the identification of traffic bottlenecks and potential improvement 
options with recommendations and implementation plans.  

While it is true the SR-173 at SR-18 will become more of an issue with additional 
development, the SkyPark Traffic Impact Study included analysis for this 
intersection throughout the document as one of six intersections analyzed, 
including pages 10, 18, 19, 25, 26, 31, 32, 44, 45, 54, and 55 among other areas of the 
study.   The analysis contained in the Draft EIR included the project’s impacts on 
the SR-173 at SR-18 intersection and conveyed the trips generated by the project 
and the impact of those additional trips on the affected roadway network per the 
SkyPark Traffic Impact Study results.  Thus, the Traffic Impact Analysis and DEIR 
evaluated the intersection of SR-173 and SR-18 and found no significant project 
impact under Existing + Project, Opening Year + Project, and Year 2035 
Cumulative + Project. 

B4.16: According to SANBAG’s website on the San Bernardino County CMP, 2016 
Update (http://www.sanbag.ca.gov/planning2/cmp/CMP16-Complete-
061416.pdf), a Congestion Management Program (CMP), under Proposition 111, is 
required within each county with an urbanized area having a population of 50,000 
or more, to be developed and adopted by a designated Congestion Management 
Agency (CMA). In 1990 SANBAG was designated the San Bernardino County 
CMA by the County Board of Supervisors and a majority of the cities representing 
a majority of the incorporated population. While this interjurisdictional approach 
provides political and technical consistency for future development within the 
County, the CMP is only a mechanism to be used to guide efforts in a more efficient 
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manner. It is not to be considered a replacement to the Regional Transportation 
Plan (RTP).  As such, a CMP would not be a document completed by a project 
applicant, but rather by a CMA, or SANBAG in this context.  Because there are no 
CMP arterial monitoring intersections in the project vicinity, no CMP analysis for 
compliance is required for this project.  In addition, per the CMP guidelines only 
projects that generate greater than 250 peak hour trips require this analysis. 

B4.17: It is correct that Lake Arrowhead and the Skyforest community is not located 
within the list of areas with a Very High Fire Hazard Severity Zone as stated in the 
DEIR, Section 4.8 Hazards and Hazardous Materials, page 4.8-19, as accessed on 
the Cal Fire website, as identified in the Section 9.0 References of the DEIR.  It is 
also correct that the maps referenced in the comment do show the project is within 
a Very High Fire Hazard Severity Zone on the maps.  So there is a discrepancy 
between the two different maps referenced. However, the DEIR analysis was 
based on the recognized increased fire risk of the Project site and the surrounding 
forested areas. 

The property owner partnered with the National Resources Conservation Service 
(NRCS) to prepare and implement a California Cooperative Forest Management 
Plan (CCFMP) for the project site. The plan objective is to increase the forest’s 
defense against fire, as well as maintain a healthy forest for recreational purposes 
by managing areas with overgrown chaparral and shade tolerant trees. The 
CCFMP also includes creation of sheltered fuel breaks along roads and near 
structures for future fire prevention or spread. Thus, the CCFMP is a key 
component in reducing the rate of spread and intensity of potential wildfires by 
removing, thinning, or pruning flammable vegetation to obtain a vertical and 
horizontal separation of fuels in the Project site. Although, the commenter 
identified a discrepancy in identification of the Project site within a “Very High 
Hazard Severity Zone,” this does not change the analysis or findings in the DEIR, 
as the analysis contained in the DEIR already took into consideration that the 
Project site is in a high fire hazard area and identified mitigation measures to 
ensure potential impacts associated with fire risks are reduced to less than 
significant levels. 
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Griffin Cove Transportation Consulting, PLLC 

June 29, 2020 

 

 

Ms. Laurel L. Impett, AICP 

Shute, Mihaly & Weinberger LLP 

396 Hayes Street 

San Francisco, California  94102 

   

Subject: Church of the Woods 

   Rimforest, California 
 

Dear Ms. Impett: 

As requested, Griffin Cove Transportation Consulting, PLLC (GCTC) has completed a review of various 

elements of the environmental documentation associated with the proposed Church of the Woods project 

(“Project”) in unincorporated Rimforest, California, which is located within San Bernardino County.  Of 

particular interest were the following documents: 

• Final Environmental Impact Report – Church of The Woods Project (T&B Planning, Inc., January 

10, 2020),  

• Draft Revised Environmental Impact Report – Church of The Woods Project (T&B Planning, Inc., 

January 3, 2019), 

• Church of the Woods Traffic Impact Analysis (Translutions, Inc., September 12, 2018), and 

• Evacuation Plan – Church of the Woods Site (Paysen, Timothy E., PhD, Revised April 2019). 

Our review focused on the technical adequacy of these documents, particularly with respect to traffic 

operations. 

BACKGROUND 

The proposed project would consist of the following components: 

• A 27,364-square-foot (SF) “gymnatorium,” 

• A 41,037 SF assembly/children’s ministry building, 

• A 1,500 SF maintenance and caretaker’s residence building, 

• An ancillary 54,000 SF sports field and courts, and 

• A 7,838 SF water quality bioretention basin. 

The proposed Project would be located on the north side of State Route 18 (SR 18), between Daley Canyon 

Road and Bear Springs Road.  Parking for 311 vehicles is also proposed on the site. 

Vehicular access serving the site is proposed via a traffic signal-controlled, three-way intersection on SR 

18. In addition, an emergency vehicle only driveway is proposed at a location about 325 feet to the east of 

the primary driveway.   

The Project proposes to widen a 600-foot section of SR 18, about 300 feet in each direction from the Project 

driveway. The widening would accommodate an eastbound left-turn lane and a westbound 

deceleration/right-turn lane. Acceleration lanes would also be provided for vehicles entering the state 

highway in both directions. 
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ENVIRONMENTAL IMPACT REPORT REVIEW 

Our review of the Final Environmental Impact Report (FEIR) and the Draft Revised Environmental Impact 

Report (DREIR) revealed several issues affecting the validity of the analysis results. These issues, which 

are presented below, must be addressed prior to certification of the environmental document and approval 

of the proposed Project by the County of San Bernardino. Those issues can generally be categorized as 

relating to: 

• Project Traffic Impacts, 

• Project Hazards, and 

• Project Evacuation Plan. 

Project Traffic Impacts 

The impacts of the Project on study area traffic operations were addressed relative to “Threshold of 

Significance a),” which asks (DREIR, p. 3.I-8): 

Would the Project conflict with an applicable plan, ordinance or policy establishing measures of 

effectiveness for the performance of the circulation system taking into account all modes of 

transportation including mass transit and non-motorized travel and relevant components of the 

circulation system, including but not limited to intersections, streets, highways and freeways, 

pedestrian and bicycle paths, and mass transit?  

The detailed analysis of the Project’s traffic impacts is presented in the above-referenced report prepared 

by Translutions, Inc. The results of that analysis were summarized in “Section 3.I – Transportation and 

Circulation” of the environmental documents.   

Several study area intersections were found to have significant and unavoidable impacts and unacceptable 

levels of service upon completion of the Project, even after consideration of mitigation measures.  Those 

facilities, which are illustrated in Attachment A, include: 

• Existing Plus Project Scenario 

o Intersection #4 – Bear Springs Road/State Route 18 (Saturday peak hour – LOS F / Sunday 

peak hour – LOS E) 

o Intersection #18 – Pine Avenue/State Route 18 (Saturday peak hour – LOS E) 

• Cumulatively Considerable Impacts 

o Intersection #4 – Bear Springs Road/State Route 18 (Saturday peak hour – LOS F / Sunday 

peak hour – LOS F) 

o Intersection #8 – Daley Canyon Road/State Route 189 (Saturday peak hour – LOS E) 

o Intersection #10 – Daley Canyon Road/State Route 18 (Saturday peak hour – LOS F / Sunday 

peak hour – LOS E) 

o Intersection #11 – Daley Canyon Access Road/State Route 18 (Saturday peak hour – LOS E) 

o Intersection #17 – State Route 173/State Route 18 (Saturday peak hour – LOS F) 

o Intersection #18 – Pine Avenue/State Route 18 (Saturday peak hour – LOS F) 
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In the case of the Existing Plus Project Scenario, the Project impacts were designated significant and 

unavoidable, as there is no certainty that the mitigation measures identified for these locations can be 

accomplished, given that the intersections are under the jurisdiction of Caltrans and not San Bernardino 

County. 

Similarly, the Cumulatively Considerable Impacts summarized here were also designated as significant and 

unavoidable.  Again, as Caltrans-controlled intersections, these locations are beyond the jurisdiction of San 

Bernardino County. Moreover, Caltrans has no funding mechanism in place to allow for the payment of 

fair-share contributions for highway improvements, as called for by the pertinent mitigation measure. 

Because there is no certainty that the identified mitigation measures can be accomplished, there is a 

reasonable likelihood that unacceptable traffic operations will continue to exist along the key study area 

roadways, including the primary evacuation route for Project visitors and other nearby communities, even 

on a “normal” day. In other words, key components of the primary evacuation route (SR 18) serving the 

Project site are expected to operate at or above capacity, leaving no room to accommodate a sudden influx 

of vehicles associated with an emergency evacuation. Traffic flow would be substantially impeded (with or 

without an evacuation), with congestion, stop-and-go travel conditions, and high levels of driver frustration 

likely to prevail. 

The specific characteristics associated with operation at or above the capacity of a road are addressed in 

greater detail later. 

Project Hazards 

Potential traffic hazards associated with the Project were evaluated relative to “Threshold of Significance 

d),” which is presented at page 3.I-15 of the DREIR: 

 Would the Project substantially increase hazards due to design features (e.g., sharp curves of 

dangerous intersections) or incompatible uses (e.g., farm equipment)? 

Based on review of the Project’s application materials, but without meaningful analysis or support, the San 

Bernardino County Public Works Department determined that no hazardous design features would be 

introduced by the Project, and the impact would be less than significant.  

The FEIR further addresses this issue in Response to Comment 10-41. The comment called for an 

evaluation of the Project’s potential to increase traffic hazards as a result of construction of the new traffic 

signal-controlled driveway on SR 18.  Response to Comment 10-41 states: 

The Project includes the proposed installation of a traffic signal at that [sic] intersection of the 

Project’s driveway with SR-18. Based on AASHTO’s A Policy on Geometric Design of Highways 

and Streets, the stopping sight distance on a roadway with a speed of 35 miles per hour is 287 

feet on a 9% downgrade and 222 feet on a 9% upgrade. Based on review of the site plan (DREIR 

Figure 2-7 on DREIR p. 2-18), the new traffic signal on SR-18 will include 300 feet of stopping 

sight distance approaching from the west (downgrade) and over 300 feet of stopping sight 

distance from the east (upgrade). Therefore, there is adequate stopping sight distance between 

the Project’s proposed driveway and curves on SR-18. 

As described in Response to Comment 10-41, the proposed intersection design provides a surplus of 13 feet 

of stopping sight distance in the eastbound/downhill direction; that is, 287 feet of sight distance is required 

and 300 feet will be provided. 
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However, the analysis that concluded that adequate stopping sight distance would be provided is flawed. 

The specific deficiencies in the analysis are addressed in detail in the following sections. 

Incorrect Speed Assumption 

It is incorrect to use the posted speed limit as the basis for determining whether sufficient sight distance is 

available. The AASHTO document referenced in Response to Comment 10-41 specifically calls for the use 

of the design speed, not the speed limit. The design speed is invariably higher than the speed limit; if it 

were equal to or less than the speed limit, then vehicles traveling at or even slightly above the speed limit 

would exceed the physical capabilities of the roadway. In this case, with the speed limit being 35 miles per 

hour (MPH), it is likely that the design speed is 40 or 45 MPH. 

According to the referenced AASHTO (American Association of State Highway and Transportation 

Officials) document, A Policy on Geometric Design of Highways and Streets (Sixth Edition, 2011, pp. 3-2 

– 3-5), stopping sight distance (SSD) on grades is calculated using the following formula: 

SSD = [(1.47Vt + (1.075)(V2/a)] + [V2/30((a/32.2) + G)], where: 

   SSD = Stopping sight distance (in feet) 

V  = Design speed, MPH 

t  =  Brake reaction time (2.5 seconds) 

a  = Deceleration rate (11.2 feet/second2) 

G  = Grade 

The first portion of this equation computes the “brake reaction distance,” which describes how far the 

vehicle travels while the driver recognizes a need to stop and actually hits the brake pedal.  The second 

element of the equation provides the braking distance (i.e., how long it takes to stop the vehicle after the 

brakes are applied). 

Note the reference to “design speed” in the equation, rather than speed limit. Also, in this case, the factor 

G is equal to 0.09 for the uphill intersection approach and -0.09 for the downhill intersection approach, 

based on 9 percent slopes in each direction. 

Using this formula, Table 1 presents stopping sight distance values for the eastbound/downhill intersection 

approach for design speeds ranging from 35 MPH to 45 MPH.  

The first row within the table matches the 287-foot value for 35 MPH incorrectly claimed in FEIR Response 

to Comment 10-41. However, the second row of the table shows that the stopping sight distance for a 

vehicle traveling at just 1 MPH over the posted speed limit would exactly match the total distance available.  

For vehicles traveling 2 or more MPH over the speed limit, inadequate stopping sight distance would be 

provided. Such vehicles would be unable to stop in time to avoid entering the intersection if a red light is 

encountered or the intersection is otherwise occupied (e.g., pedestrians or bicyclists crossing against a red 

light or vehicles occupying the intersection because they have been involved in an earlier collision). 
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Table 1 

Stopping Sight Distance 

State Route 18/Project Driveway – Eastbound/Downhill Approach 

Design Speed Grade 

Brake Reaction 

Distance (Feet) 

Braking Distance 

(Feet) 

Stopping Sight 

Distance (Feet) 

35 - 9% 129 158 287 

36 - 9% 132 168 300 

37 - 9% 136 177 313 

38 - 9% 140 187 327 

39 - 9% 143 197 340 

40 - 9% 147 207 354 

41 - 9% 151 217 368 

42 - 9% 154 228 382 

43 - 9% 158 239 397 

44 - 9% 162 250 412 

45 - 9% 165 262 427 

 

To ensure safe operation, a minimum of 354 feet of stopping sight distance must be provided (i.e., the value 

for 40 MPH) and it would be advisable to provide 427 feet, which would allow safe operation at up to 45 

MPH. As noted above, these values represent the likely design speed for SR 18 at this location. 

Further support for our position is provided by referring to the research document that served as the basis 

for the establishment of the AASHTO stopping sight distance equation: National Cooperative Highway 

Research Program Report 400 – Determination of Stopping Sight Distances (Transportation Research 

Board, 1997). 

 

Particularly with regard to speed, the NCHRP document states (p. 58): 

Recent studies have documented a noticeable disparity between design and operating speeds. A 

1992 FHWA study on design consistency collected speed data at 138 horizontal curves on 29 

rural two-lane highways in five states (New York, Oregon, Pennsylvania, Texas, and Washington) 

(80). The data in Figure 15 showed that the 85th percentile speed exceeded the inferred design 

speed on all but two curves whose design speed was 55 mph or less. . . . The disparity between 

the 85th percentile speeds and inferred design speeds is greatest for the lowest design speeds.  For 

curves with design speeds between 25 and 40 mph, 85th percentile speeds average 11 to 12 mph 

faster than the design speed (80). 

For reference, Figure 15 from NCHRP Report 400 is presented as Attachment B. To clarify, the 85th 

percentile speed is defined as the speed at or below which 85 percent of all vehicles are observed to travel; 

in other words, 15 percent of the observed vehicles exceed this speed.  

This strongly suggests that vehicles approaching the Project site from the west will, at a minimum, exceed 

the 35 MPH speed limit and will likely exceed the 40 or 45 MPH design speed. As noted above, the stopping 

sight distance analysis presented in the EIR fails to account for vehicle operation above the speed limit. 

The NCHRP report further states: 
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This research and other studies documented in the literature show that many drivers exceed the 

inferred design speed (design speed calculated using current criteria and existing geometry) of 

horizontal and vertical curves. The consistency of these results does not support the use of initial 

speeds less than the roadway’s design speed for determining stopping sight distance 

requirements. 

The inappropriate use of the posted speed limit (instead of the design speed) in determining the required 

safe stopping sight distance is a substantial flaw in the EIR, which calls into question the finding of a less 

than significant impact relative to Project hazards. In fact, it can be reasonably concluded that construction 

of the traffic signal-controlled Project access intersection will create a substantial traffic hazard. In 

particular, many drivers approaching the site on eastbound SR 18 will be unable to safely avoid any 

obstructions that might be present in the Project access intersection, as they will be unable to stop before 

entering the intersection. The result will be collisions within the intersection, which will be a direct result 

of construction of the Project. 

Failure to Consider the Presence of Queued Vehicles 

As described above, the proposed intersection design provides 300 feet of stopping sight distance in the 

eastbound/downhill direction, compared to a claimed requirement of 287 feet (assuming operation at 35 

MPH). Thus, a surplus of 13 feet of stopping sight distance will be provided for vehicles traveling at that 

speed. In other words, an eastbound vehicle rounding the curve to the west of the Project driveway and 

needing to stop (because the signal is red or there’s an obstruction in the road) will be able to stop 13 feet 

before entering the intersection.  (Note that this assumes that the claimed 300 feet of sight distance is 

measured from the westerly edge of the intersection and not from the intersection’s centerline.) 

If there are no vehicles queued at the intersection (e.g., waiting for a red light to turn green), this will be 

adequate at 35 MPH. However, if there are one or more stationary vehicles on the eastbound approach to 

the intersection, the approaching vehicle would be unable to stop in time to avoid a rear-end collision with 

the last vehicle in the standing queue. 

For reference, the Chevrolet website provides dimensions for each of the vehicles in their line-up. Selected 

vehicles have the following overall length dimensions: 

• 2020 Silverado Pick-up Truck:  19.1 – 20.1 feet (depending upon passenger cab configuration), 

• 2020 Tahoe Sport Utility Vehicle:  17.0 feet, 

• 2021 Tahoe Sport Utility Vehicle:  17.6 feet, and  

• 2020 Malibu Sedan:  16.2 feet. 

Each of these vehicles is longer than the 13 feet that will be available in advance of the intersection. Thus, 

a queue as short as one vehicle would completely consume the excess stopping sight distance for eastbound 

vehicles. In other words, unless there are no vehicles waiting on the eastbound intersection approach, there 

will be inadequate stopping sight distance available. 

The Translutions traffic impact study included a queuing analysis, but only considered the projected queues 

at the eastbound left-turn lane and the westbound right-turn lane.  (That analysis was not included in the 

EIR “Transportation and Circulation” section.)  Although the queuing analysis indicated that the two turn 

lanes would be long enough to accommodate the projected queues of vehicles, it ignored the adequacy of 

the eastbound and westbound through lanes.  
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Appendix F to the Translutions report contains the queuing analysis calculation sheets. Table 2 summarizes 

the projected queue lengths for the eastbound and westbound through movements for each of the study 

scenarios. For ease of reference, the relevant calculation sheets are presented here in Attachment C. 

 

Table 2 

Queue Length Analysis Summary1 

Analysis Scenario 

Projected Queues (Feet) 

Eastbound Through Lane Westbound Through Lane 

Saturday 

Peak Hour 

Sunday Peak 

Hour 

Saturday 

Peak Hour 

Sunday Peak 

Hour 

Existing + Project 311 125 316 375 

Opening Year (2018) 316 126 319 380 

Cumulative (2018) 378 155 335 397 

Year 2040 390 158 396 #5482 

Notes: 
1 Reference:  Translutions, Inc., Church of the Woods Traffic Impact Analysis, September 12, 2018. 
2 According to the Synchro analysis sheet, the “#” symbol indicates “95th percentile volume exceeds 

capacity, queue may be longer.” 

 

Looking initially at the eastbound through lane, in each of the analysis scenarios, the projected queue 

exceeds the 300 feet of claimed available stopping sight distance in the Saturday peak hour, with queue 

lengths ranging from 311 feet to 390 feet. Thus, all of the available sight distance will be consumed by 

standing vehicles. 

In the westbound direction, the projected queues exceed 300 feet in each of the analysis scenarios on both 

Saturday and Sunday. In the Saturday peak hour, the queues are expected to be 316 – 396 feet long, while 

in the Sunday peak hour, they will be a minimum of 375 feet long.  Of particular interest is the result for 

the Year 2040, which shows a queue of “#548” feet. As described in a footnote on the calculation sheet, the 

“#” symbol indicates that the “95th percentile volume exceeds capacity, queue may be longer” than 548 

feet.  Although the EIR (and, specifically, Response to Comment 10-41) is not specific with regard to the 

amount of safe stopping sight distance in the westbound direction (saying only “over 300 feet”), a queuing 

issue is clearly projected (although not acknowledged) in the Translutions analysis.  

In summary, Response to Comment 10-41 is incorrect in claiming that adequate stopping sight distance 

will be available, as it completely ignores projected operational conditions at the Project access intersection 

with direct adverse effects on the safety of that location. Consequently, the finding of a less than significant 

impact with respect to Project hazards is unsupported and, more importantly, wrong. 

Failure to Consider Adverse Weather Conditions 

Once again, we refer to the claim that the eastbound approach to the proposed Project access intersection 

will have 13 feet of surplus available stopping sight distance. Recall also that this intersection approach is 

on a 9 percent downgrade (i.e., for every 100 feet of horizontal travel, the roadbed drops 9 feet vertically). 

Notwithstanding the deficiencies we have pointed out above, while this may be adequate under good (or 

even wet) weather conditions, its adequacy has not been proven under icy or snowy conditions. 
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Variations in driver skill and vehicle capability (such as the presence of anti-lock brakes or electronic 

traction control) become more critical under unfavorable operating conditions. While some drivers may 

have the acumen to safely traverse the curving, downhill grade approaching the Project site, others will not.  

In either case, it is reasonable to expect that stopping distances will increase, reducing the likelihood that 

an approaching driver will be able to stop prior to entering the intersection (or encountering the rear end of 

a queued vehicle). 

The conclusion of a less than significant Project hazard impact is, therefore, once again called into question. 

Summary 

In the preceding sections we have provided detailed evidence indicating that the EIR’s conclusion that the 

Project will have a less than significant impact with respect to Project hazards is flawed. For the reasons 

stated, there is little doubt that construction of the Project access intersection on SR 18 will create a hazard 

that will result in an increase in collisions. The severity of those collisions, as well as whether they will be 

restricted to vehicular collisions (or will also involve pedestrians and bicyclists) is unknown. 

WILDLAND FIRE RISK ASSESSMENT REVIEW 

Potential Project-related risks associated with wildland fire are addressed in Section 3.E Hazards of the 

EIR. In establishing the environmental setting for the Project site, that section states: 

• Wildland fire hazards are particularly acute in San Bernardino County due to its Mediterranean 

climate. . . . Prolonged dry periods from June to December leads [sic] to hazardous fire conditions 

until the winter rains start.  (DREIR, p. 3.E-1) 

• Additionally, the forested mountain areas attract visitors and due to the steep mountainous terrain, 

there are only five routes in and out of the area for nearly 60,000 residences in addition to visitors. 

These factors create severe safety hazards for the area. (San Bernardino County, 2017, p. 73)  

(DREIR, p. 3.E-1) 

• The Mountain Area Safety Taskforce (MAST) is a coalition of local, State, and federal government 

agencies, private companies, and volunteer organizations in San Bernardino and Riverside 

Counties that work together to prevent and reduce the consequences of catastrophic wildfires. . . . 

As identified by MAST, the closest evacuation route to the Project site is Highway 18. (MAST, 

2003) (DREIR, p. 3.E-2) 

• Evacuation routes have been prepared by the Office of Emergency Services (OES) as well as MAST 

to ensure the efficient evacuation of all residents in the event that a wildfire or other emergency 

occurs. . . . The Project site is located in Area 1 as designated by MAST Mountain Area Emergency 

Routes. The ideal emergency routes to evacuate Area 1 are Highway 18, Highway 173, and 

Highway 189. In the event that the Project site requires evacuation, Highway 18, Daley Canyon 

Road, and Highway 189 would be used to evacuate the Project site. (MAST, 2003)  (DREIR, p. 

3.E-3) 

It is also important to note that: 

According to the California Fire Hazard Severity Zone Map, the Project site is located in a “Very 

High Fire Hazard Severity Area” in a Local Responsibility Area. (DREIR, p. 3.E-7) 
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Project Evacuation Plan 

The EIR’s assessment of the potential impacts related to wildfire hazards was based, in part, on review of 

a Project-specific evacuation plan, which was included as Technical Appendix E-1 to the EIR.  (Reference:  

Paysen, Timothy E., PhD, Evacuation Plan – Church of the Woods Site, Revised April 2019) Based on 

information presented in the evacuation plan, the DREIR (p. 3.E-6) identifies the following preferred 

evacuation routes: 

Evacuation to the south of the Project site is provided by SR-18, while evacuation to the north is 

available via SR-138. SR-189 provides an alternative evacuation route; however, this route would 

only be used by occupants of the Project site if time constraints do not exist or if there are no 

other alternative routes. (Payson [sic], E. T., 2017b, p. 8) In the event that a fire threatens the 

Project site from the south, evacuation from the Project site would be expected to occur via SR-

18 and with travel towards Lake Silverwood and the I-15 freeway, or towards the Big Bear Lake 

area along SR-18 to the east (Payson [sic], E. T., 2017b, p.11) 

Neither the EIR nor the evacuation plan address the feasibility of these evacuation routes, however. 

Specifically, no attempt was made to establish whether the roads identified as the primary evacuation routes 

serving the Project would have adequate capacity to perform that role and, therefore, to provide a safe 

means of escape from an approaching wildfire. 

Due to the deficiencies in the Evacuation Plan, the following basic questions remain unanswered: 

1. If a wildland fire is approaching the Project site from a direction that necessitates evacuation to the 

south, does the two-lane SR 18 have adequate capacity to accommodate all Project- and non-

Project-related traffic that might be on that road during an evacuation?   

2. If a fire is approaching the Project site from a direction that necessitates travel to the north on SR 

138, does that winding, two-lane road have adequate capacity to accommodate all Project- and non-

Project-related traffic that might be on that road during an evacuation?  

3. How long would it take to evacuate the Project site in the event of a wildland fire? 

4. Most importantly, can an evacuation be successfully and safely accomplished? 

Other Evacuation-Related Documents 

Given the lack of meaningful information in the EIR and the Project evacuation plan, we sought out other 

sources to document whether a wildfire evacuation could be safely and feasibly accomplished. The most 

relevant information in this regard is provided in the Mountain Region Emergency Road Capacity Study, 

which was prepared, “. . . to implement certain San Bernardino County 2007 General Plan goals, policies 

and programs relative to evacuation of the mountain communities during emergencies . . .”  (Reference:  

URS, Mountain Region Emergency Road Capacity Study, April 16, 2012, p. 1.)  

That document tested the abilities of SR 18 and SR 330 to accommodate traffic during an emergency 

evacuation in the Lake Arrowhead area. “Scenario 1” assumed that the evacuation would occur along SR 

18, while “Scenario 2” addressed an evacuation primarily occurring along SR 330.  Table 3 below presents 

excerpts from Table 2.7-9 – Lake Arrowhead Evacuation Scenario 1 (URS, p. 30) Table 4 shows 

information from Table 2.7-9 – Lake Arrowhead Evacuation Scenario 2 (URS, p. 32). For reference, 

Attachment D presents a map from the URS study, which illustrates the road system serving the  “Mountain 

Region Communities.” 



Table 3 

Lake Arrowhead Evacuation Results – Scenario 1
1
 

Evacuation via State Route 18 

Evacuation 

Route Segment 

Existing 2030 Population Projection 

Max. Population at 

General Plan Buildout 

Evacuating 

Vehicles 

Evacuation 

Speed 

(MPH) 

Evacuation 

Time 

Evacuating 

Vehicles 

Evacuation 

Speed 

(MPH) 

Evacuation 

Time 

Evacuating 

Vehicles 

Evacuation 

Speed 

(MPH) 

Evacuation 

Time 

State 

Route 18 

SR 138 – 49th St. 
8,876 -- -- 7,830 -- -- 36,153 -- -- 

SR 138 – SR 189 
8,876 -52.2 -- 7,830 -40.7 -- 36,153 -- -- 

SR 189 – Daley 

Canyon Rd. 
6,657 -25.5 -- 5,872 -17.4 -- 27,115 -- -- 

Daley Canyon Rd. 

– SR 173 
3,817 3 26 3,367 7.8 10 15,546 -- -- 

SR 173 – Kuffel 

Rd. 
1,154 33 2 1,018 32.9 2 4,700 -6.1 -- 

Kuffel Rd. – SR 

330 
0 -- -- 0 -- -- 0 -- -- 

State 

Route 330 
SR 18 - Highland 0 -- -- 0 -- - 0 -- -- 

Notes: 
1 Reference: URS, Mountain Region Emergency Road Capacity Study, April 16, 2012, Table 2.7-9 – Lake Arrowhead Evacuation Scenario 1, 

 p. 30. 
2 Highlighted cells denote negative travel speeds or missing travel speeds. 

 

  



Table 4 

Lake Arrowhead Evacuation Results – Scenario 2
1
 

Evacuation via State Route 330 

Evacuation 

Route Segment 

Existing 2030 Population Projection 

Max. Population at 

General Plan Buildout 

Evacuating 

Vehicles 

Evacuation 

Speed 

(MPH) 

Evacuation 

Time 

Evacuating 

Vehicles 

Evacuation 

Speed 

(MPH) 

Evacuation 

Time 

Evacuating 

Vehicles 

Evacuation 

Speed 

(MPH) 

Evacuation 

Time 

State 

Route 18 

SR 138 – 49th St. 
0 -- -- 0 -- -- 0 -- -- 

SR 138 – SR 189 
0 -- -- 0 -- - 0 -- -- 

SR 189 – Daley 

Canyon Rd. 
621 37.5 4.32 548 38.2 4 2,531 16.3 10 

Daley Canyon Rd. 

– SR 173 
4,615 -5.2 -- 4,071 0.5 156 18,799 -- -- 

SR 173 – Kuffel 

Rd. 
7,722 -37.6 -- 6,812 -27.9 -- 31,453 -- -- 

Kuffel Rd. – SR 

330 
8,876 -54 -- 7,830 -- -- 36,153 -- -- 

State 

Route 330 
SR 18 - Highland 8,876 -18.7 -- 7,830 -- -- 36,153 -- -- 

Notes: 
1 Reference: URS, Mountain Region Emergency Road Capacity Study, April 16, 2012, Table 2.7-9 – Lake Arrowhead Evacuation Scenario 2, 

 p. 32. 
2 Highlighted cells denote negative travel speeds or missing travel speeds. 
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Several cells within the tables are highlighted in yellow. These highlights represent analysis results that 

indicate a negative travel speed, which is, obviously, not possible. This occurs within the analysis software 

when the traffic demand exceeds the capacity of the road. In other highlighted cells, no information is 

presented. Based on our experience, this suggests that the analysis parameters exceed the capabilities of the 

software; for example, the entered traffic volume might be greater than the analysis methodology can 

accommodate.  One obvious example of this is the scenario addressing “Max. Population at General Plan 

Buildout,” for which the Scenario 1 traffic volumes on SR 18 are shown to include values ranging between 

15,546 and 36,153.  These volumes cannot be entered into the analysis software, which only accepts traffic 

volumes having four digits or fewer (i.e., 9,999 or less). 

To gain a greater understanding of the findings presented in the URS Mountain Region Emergency Road 

Capacity Study, we attempted to duplicate the analysis results for the segment of SR 18 between SR 189 

and Daley Canyon Road using the same software employed in that work (i.e., the “Highway Capacity 

Software” (HCS)), which implements the methodologies documented in the 2000 Highway Capacity 

Manual (HCM) published by the Transportation Research Board. (URS, p. 7) Although not all of the 

pertinent analysis parameters were revealed in the URS study, we were able to match the evacuation speed 

results using the known parameters and reasonable assumptions about others.  Our analysis results are 

presented in Attachment E and are summarized below. 

As  noted above, the “Existing” and “2030 Population Projection” evacuation speeds for this segment of 

SR 18 were negative numbers, indicating that the traffic demand exceeds the capacity of SR 18. This is 

reinforced by the “volume/capacity” (V/C) ratios provided by the HCS software, but not reported in the 

URS study.  For “Existing” conditions, the V/C ratio for this portion of SR 18 is shown to be 4.53, while 

the V/C ratio for the “2030 Population Projection” scenario is 3.99. Considering that road capacity is 

defined to occur at V/C = 1.00, the analysis indicated that the traffic demand during an evacuation on SR 

18 would be roughly four to four-and-one-half times the capacity of the road.   

To further illuminate this point, according to the current version of the Highway Capacity Manual 

(Transportation Research Board, Sixth Edition, 2016), which is the most widely-accepted authority on 

matters relating to road capacity, the capacity of this two-lane road would reflect the following (p. 15-6): 

A two-lane highway’s capacity under base conditions is 1,700 pc/h [passenger cars/hour] 

in one direction, with a limit of 3,200 pc/h for the total of the two directions. 

The “base conditions” referenced here are defined as (HCM, p. 15-5 – 15-6): 

• Lane widths greater than or equal to 12 feet, 

• Clear shoulders wider than or equal to 6 feet, 

• No no-passing zones,  

• All passenger cars (i.e., no trucks) in the traffic stream, 

• Level terrain, and 

• No impediments to through traffic (e.g., traffic signals, turning vehicles). 

Obviously, not all of these conditions apply to the pertinent segment of SR 18.  For example, according to 

Caltrans truck volume data, at its junction with SR 173 (a short distance east of the Project site), SR 18 

carries 17.3 percent trucks.  To the west, SR 18 carries 18.2 percent trucks at its junction with SR 189. In 

addition, the roadway shoulders in the section of SR 18 are not all equal to or greater than six feet, and it 
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certainly is not level – the URS analysis assumed that the grade of that segment was 6.9 percent overall, 

which affects truck travel along SR 18 (particularly with respect to slower acceleration and longer stopping 

distances).  As noted earlier, the grade in the immediate vicinity of the Project site is 9 percent, which is 

even steeper than the URS assumption. 

Moreover, the analysis presented in the URS study ignores several factors that directly affect roadway 

capacity, including: 

• The possibility that the road will be obscured by smoke or that other fire-related factors (such as 

visible flames or flying embers) will exist that will have the effect of reducing roadway capacity; 

and 

• The emotional state of the evacuees, which could lead to irrational or unpredictable behavior by 

drivers. 

We should also note that only one lane of the two-lane highway would be available to evacuating traffic as 

the “inbound” traffic lane would need to be reserved for approaching emergency vehicles, as stated in 

Response to Comment 10-45. (FEIR, p. FEIR-163) 

Consequently, the actual capacity of SR 18 would be substantially less than 1,700 passenger cars/hour. (As 

a side note, although it was impossible to analyze the “Max. Population at General Plan Buildout” scenario, 

the projected evacuating traffic volume of 27,115 on SR 18 between SR 189 and Daley Canyon Road would 

have a V/C ratio of about 16.0, if the road capacity were 1,700 passenger cars/hour. Given the physical 

characteristics of the road, its capacity is lower, so the actual V/C ratio would be even higher. Again, road 

capacity is defined to occur at V/C = 1.00.) 

The quality of flow on a road is described in terms of “level of service” (LOS), which ranges from LOS A 

(free-flowing conditions) to LOS F (highly congested; V/C > 1.00). V/C ratios of 4.53, 3.99, and 16.0 

indicate operation well in excess of the road’s capacity and, by definition, represent LOS F. According to 

the Highway Capacity Manual (TRB, 2016, p. 12-18):   

Oversaturated conditions are represented by LOS F. LOS F describes unstable flow. . . . 

breakdown occurs when the ratio of existing demand to actual capacity, or of forecast demand to 

estimated capacity, exceeds 1.00. 

Unstable flow will be manifested in high levels of congestion and stop-and-go traffic, which will increase 

not only the time needed to evacuate, but also the levels of stress and anxiety for evacuees. The following 

graphic illustrates the relationship between LOS and travel speed. As shown, when a roadway reaches LOS 

F (i.e., V/C > 1.00), the operating speed rapidly declines.  We should note, however, that the speed never 

becomes a negative number (as suggested in the URS study). 
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In summary, although neither the EIR nor the Project evacuation plan address the feasibility of safely 

accomplishing a wildfire-related evacuation, the URS Mountain Region Emergency Road Capacity Study 

demonstrates conclusively that inadequate road capacity exists and the likelihood of a safe evacuation is 

negligible, at best.  

Lack of Available Evacuation Routes 

A significant issue for evacuations is the relative lack of available routes. As noted above, the Project 

Evacuation Plan (p. 8) identifies SR 18, SR 138, and SR 189 as the primary evacuation routes, although SR 

189 “. . . should only be chosen if serious constraints are not present (or, if there is no other choice) . . .”  

This conditional recommendation regarding the potential use of SR 189 suggests that, in reality, there are 

only two reliable escape routes from the Project area – SR 18 and SR 138. 

However, SR 138 is also subject to significant, longstanding constraints on its use.  Although it is the only 

evacuation route to the north from the Project area, it is a very narrow, steep, winding road with hairpin 

turns that are difficult for large vehicles to negotiate.  Caltrans has installed advisory signs warning against 

use of this highway by large trucks, but no enforceable truck prohibition is in place. Attachment F illustrates 

the existing truck advisory sign. 

An article in the Alpenhorn News describes recent discussions regarding this roadway. (Reference: 

Alpenhorn News, Douglas W. Motley, “Proposal to Ban Big Rigs on Hwy. 138 Backside Moves Forward,” 

February 18, 2017.)  According to that article, which is presented here as Attachment G: 

In a February 7 presentation by Jerome (“Punch”) Ringhoffer before the Crest Forest Municipal 

Advisory Council, it was suggested that a ban on big rig semi-trucks and other large vehicles 

traversing the backside of Highway 138 between Valley of Enchantment and Silverwood Lake is 

necessary to protect public safety during an emergency evacuation scenario. 

Speed decreases when V/C > 1.00 
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Ringhoffer, retired Twin Peaks Sheriff’s Station Commander – who later became the 

Department’s Deputy Chief – recalled several past instances when big rigs using the only 

available northbound escape route from the west end of the San Bernardino Mountains had 

jackknifed on the winding highway, completely blocking traffic in both directions. Gridlock 

created by such an incident, he pointed out, could turn deadly in the event of a wildland fire, such 

as 2003’s devastating Old Fire. 

According to a report from Rim of the World Mountains Mutual Aid Association President Aaron 

Scullin, Highway 138 is frequently partially or completely blocked by semi-trucks, trailers and 

other oversized vehicles unable to negotiate the switchbacks, or in winter conditions unable to 

maintain sufficient traction. Scullin also cited tour buses as being prone to becoming stuck. 

Clearly, consideration of SR 138 as a primary evacuation route for the Project is inappropriate, as it is 

simply not reliably available.  

A May 8, 2019 article published in the Victorville Daily Press further addressed the issue of a lack of 

available evacuation routes. (Reference: Victorville Daily Press, Matthew Cabe, “Big Bear’s Fire Escape 

Routes High Risk,” May 8, 2019.)  For reference, that article is presented here as Attachment H. Although 

the article specifically describes conditions in the Big Bear Valley, the issues described there also apply to 

the Project area. Excerpts from that article follow: 

• There are three main routes out of the Big Bear Valley, but what happens when one of those 

routes proves too dangerous for evacuations during a large-scale wildfire? 

That question became a reality during the Old Fire, which burned more than 91,000 acres 

after joining the Grand Prix Fire in October 2003. 

• “The first communities that were evacuated were Lake Arrowhead and Running Springs, and 

the evacuation route that most chose was coming to Big Bear,” [Big Bear Fire Department 

Chief Jeff] Willis said. “A few days later . . . the Big Bear community needed to be evacuated, 

so we experienced a situation where we were artificially high (in population).” 

The three routes out of the Big Bear Valley are highways 330, 38, and 18, Willis said. During 

the Old Fire, an estimated 80,000 full-time residents were evacuated from the San Bernardino 

Mountains between Oct. 25 and Oct. 29, according to a 2003 Daily Press report. 

Evacuees in Big Bear experienced a 28-mile traffic jam into Lucerne Valley on Highway 18. 

Willis said that route was shut down, which “forced the issue on the other two” highways. 

Ultimately, the Old Fire never reached Big Bear and none of the six deaths occurred there, 

but the small number of routes available for evacuations remains a pressing issue. 

Interestingly, the Evacuation Plan (p. 11) specifically states: 

Should a fire emerge from the South, and accurate knowledge of its location is unknown, then a 

“wait and see” approach to evacuation is not wise. People on site should leave immediately by 

way of Highway 18, and set a destination for either Lake Silverwood and Interstate-15, or for the 

Big Bear area-continuing along Highway 18 to the east. Highways 18 and 330 to the South should 

not be considered. 
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Thus, the recommended evacuation route would potentially lead directly to a situation identical to that 

experienced during the 2003 Old Fire, with a flood of evacuees who would be sitting ducks in the event 

that it became necessary to evacuate Big Bear at a later time. 

These significant constraints in the Project-area road system reinforce the need to provide a comprehensive 

evacuation plan, including detailed analysis of the ability of that system to accommodate the surge of traffic 

that would occur in the event of a wildland fire.  

The DREIR (p. 3.E-6) attempts to minimize the impacts of the Project by stating that: 

Due to the nature of the proposed use of the Project as a community church, the vast majority of 

the site occupants are anticipated to already live in the nearby mountain communities; therefore, 

the Project would not meaningfully change the number of people requiring evacuation down the 

mountain during a major wildfire. 

This statement ignores the fact that the Project would result in the concentration of 900 individuals in one 

location, which might complicate the evacuation process. Would those individuals feel a need to return 

home (to retrieve goods, pets, or other family members, for example) before initiating their evacuation? If 

so, the number of trips on the roadway system would, in fact, be increased. 

Even without any additional trips of this sort, as described above, experience has demonstrated that the 

limited number of highly-constrained evacuation routes have insufficient capacity to accommodate the 

expected sudden swell in traffic demand. This exacerbation of an existing deficiency clearly represents a 

significant Project-related impact that was not addressed in the EIR. 

Summary 

FEIR Response to Comment 10-43 (p. FEIR-162) asserts: 

. . . the Project’s revised Evacuation Plan . . . provides substantial evidence that emergency egress 

from the Project site and local area can be accomplished in a manner that provides for the safety 

of both Project occupants and the surrounding community. 

As demonstrated above, however, no such evidence has been provided by the evacuation plan. Simply put, 

the deficiencies in that document allow no such conclusion to be reached. 

CONCLUSION 

Our review of the environmental documentation and the “Evacuation Plan” completed in connection with 

the proposed Church of the Woods project in unincorporated Rimforest, California revealed several issues 

regarding the adequacy of the traffic analysis and the Project’s evacuation plan. The deficiencies we have 

identified raise significant questions as to the validity of the conclusions presented in those documents with 

respect to Project-related impacts. 

Of particular concern is the failure of the environmental analysis to identify a clear Project-related hazard 

at the proposed traffic signal-controlled access intersection on State Route 18. Further, the Project’s 

evacuation plan provides no support for the finding of a less than significant impact with respect to wildland 

fire impacts. The evacuation plan includes no analysis addressing whether the primary evacuation routes 

serving the Project would have sufficient capacity to provide a safe means of escape from an approaching 

wildfire. 
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These issues must be addressed prior to approval of the proposed project and its environmental 

documentation by the County of San Bernardino. 

We hope this information is useful.  If you have questions concerning any of the items presented here or 

would like to discuss them further, please feel free to contact me at (906) 847-8276. 

 

Sincerely, 

GRIFFIN COVE TRANSPORTATION CONSULTING, PLLC 

 
Neal K. Liddicoat, P.E. 

Principal 
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ATTACHMENT A 

Intersections with Significant and Unavoidable Impacts 

(Operation At or Beyond Capacity) 

 

(Reference: Translutions, Inc., Church of the Woods Traffic Impact Analysis, September 12, 2018.) 

  


	Exhibit J
	Exhibit K
	Exhibit L
	Exhibit M



