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1. Introduction 

1.1 Background 

Orleans Community Services District (OCSD or District) operates in the unincorporated community 

of Orleans in Humboldt County, California. The capacity of the District’s source water is unknown at 

this time, and the District is interested in determining if current and future water demands can be 

met. Additionally, the District is interested in determining the adequacy of the current storage 

capacity, and what measures should be taken if more is necessary. Major concerns for the Orleans 

community water supply are the capability to fight fires, meet municipal demand, and to develop a 

better understanding of the water source to help mitigate the effects of drought and climate change. 

This water system evaluation includes assessing the diversion and storage capabilities of OCSD’s 

system to ensure that fire protection and municipal demand requirements can be met. This analysis 

will focus on evaluating the system under the current demand requirements.  

1.2 Project Location 

Orleans is located in Humboldt County, California on US Highway 96. The community is built 

around the Klamath River, and is located within the territory of the Karuk Tribe of Northern 

California. The location and boundary of OCSD is shown in Figure 1 The community is located at an 

elevation of approximately 400 feet, and supports a population of 605 as reported by the 2010 

census. Using the Drinking Water Watch website (Toolbox Element 1.1) it was determined the CSD 

serves a population of 430 residents (DWW, 2014). 

1.3 Purpose of this report 

The purpose of this report is to identify the needs of Orleans Community Services District in regards 

to their water demand, water storage, water rights, water shortage plan, and develop strategies for 

addressing those needs. These needs will be identified in coordination with District staff and using 

elements from the Small Community Toolbox, which is a source of compiled information designed 

to assist small utility providers in all aspects of the Utility Management Cycle. Demonstration of 

these toolbox methodologies will serve as further guidance for small utilities that face similar issues. 

This report will result in a series of next steps, which will be chosen to further address and 

understand the issues of Orleans Community Services District. 

1.4 Scope and limitations 

This report has been prepared by GHD for the North Coast Resource Partnership. The Orleans 

Community Services District has signed a participation agreement relating to the demonstration 

project that is the subject of this report. It should be emphasized that report is to be used as an 

example of how tools and processes can be used to help further infrastructure improvement 

projects for a variety of communities throughout the North Coast region. Further planning, analysis, 

engineering, and permitting will be required. 

The opinions, conclusions and any recommendations in this report are based on conditions 

encountered and information reviewed at the date of preparation of the report. This report has been 

prepared based on information provided by others, which has not been independently verified or 

checked.  
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Any cost estimates presented in this report or through related Toolbox elements are for conceptual 

purposes only. Actual prices, costs and other variables may be different at the time of an actual 

project and so are those used to prepare the Cost Estimate and may change. Actual costs will 

depend on final project configuration and requirements. There is no warranty or guarantee that the 

project as currently conceived can or will be undertaken at a cost which is the same or less than 

costs that may be inferred from this report. 
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2. Use of the Small Community Toolbox  

This Small Community Toolbox provides resources and references that allow small communities to 

approach the management of local water and wastewater infrastructure in a systematic fashion. The 

Toolbox is not a substitute for professional assistance with operations, management, engineering 

and legal issues. Rather it is intended to help small utilities develop a “first order” understanding of 

what their options are, how they should begin to budget, and how to get help. 

The Small Community Toolbox is organized around the concept of the Utility Management Cycle 

illustrated in Figure 2 

 

 

Figure 2. Utility Management Cycle 

The Utility Management Cycle represents the continuous process of utility operation. Each stage in 

the process is subdivided into relevant tools which aid users in organizing the issues involved in 

utility operation and the order in which they are performed. The Individual tools have been prepared 

for each of the elements of the Utility Management Cycle which are summarized in Table 1. This 

demonstration project will highlight several elements from the Small Community Toolbox, which are 

shown with asterisks in Table 1. Throughout this report, references will be made that demonstrate 

where methodologies from the toolbox are used. Further information on the Utility Management 

Cycle and the associated Toolbox Elements can be found in the Toolbox Summary Document. 
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Table 1. Small Community Toolbox Elements.
 

Utility Management 
Cycle Element 

Toolbox Element What it is and How it can be Used 

Utility Management 

Cycle Element 1:  

Organize and Plan 

for Success 

*
1.1: Community Networking 

Directory: 

A contacts database of willing participants interested in 
collaboration for advice and assistance.  

*
1.2: Governance Summaries: An overview of options, benefits, and steps required to form 

various types of service entities. 

*
1.3: GIS Layers:  Census, legislative, and other public data to help agencies 

access information needed for applications.  

Utility Management 

Cycle Element 2: 

Match Needs to 

Economical 

Technologies 

2.1: Technology Overviews: Overviews of common issues, technologies, and evaluation 
factors to help select alternatives.  

*
2.2: General Cost Estimating 

Charts: 

Cost estimating charts to help develop order of magnitude 
estimates for various types and sizes of infrastructure to 
begin scoping overall funding strategies. 

Utility Management 

Cycle Element 3: 

Create Viable 

Financing 

Strategies 

*
3.1: Funding Program 

Summaries: 

A one-stop information shop about funding programs suited 
to small community infrastructure projects.  

*
3.2: Capital Recovery Tables: Lookup tables to translate the portion of total project costs 

not paid by grant into annual debt service requirements met 
through a revenue mechanism. 

3.3: Financing District 

Summaries: 

Summary of strategy options for generating revenue to pay 
the annual debt service.  

*
3.4: Cash Flow 
Considerations: 

Assists entities in understanding the funds needed to move 

a project through planning, design, and construction 

Utility Management 

Cycle Element 4: 

Prepare Preliminary 

Design, Studies, 

and Applications 

*
4.1: Consolidated Preliminary 
Engineering Report Template: 

Consolidated report outline, with model tables that will meet 

the needs commonly used funding programs.  
*
4.2: CEQA/NEPA Exemptions 

and Checklists: 

Summary of CEQA/NEPA exemptions and checklists to aid 

in meeting State and Federal environmental requirements 

and funding program requirements. 
*
4.3: Common Permit Triggers: Summary chart of typical project components that often 

trigger different types of permits. 

Utility Management 

Cycle Element 5: 

Complete Final 

Design and 

Construction 

*
5.1: Guidance for Hiring 

Professionals: 

As a project moves from initial planning towards 

implementation, detailed, community-specific designs are 

required and communities will need to retain professional 

support. 

5.2: Public Bidding Process 

Overview:  

Understanding how the public bidding process works, how 

to set up a successful project bid, and how the low bid 

contractor is selected  

Utility Management 

Cycle Element 6: 

Operate and 

Manage System 

*
6.1: Technical, Managerial and 

Financial (TMF) Resources: 

Tools to help agencies be organized and managed to 

improve overall operations and funding competitiveness. 
*
6.2: Regulatory Resources: Sources to provide information to the utility operator on 

various federal and state regulations. 

6.3: Rate Setting Guidance: Linking the costs of projects to the need to rate increases 

and methods to set and change rates 

6.4: Capital Improvement 

Planning Resources: 

Part of the on-going Utility Management Cycle of planning 

for future system improvements  
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3. Model Project: Orleans Community 

Services District 

3.1 OCSD Water Distribution System 

The existing water distribution system for Orleans was constructed in 1979. The source of water for 

the system comes from Perch Creek, which is a small year round creek that enters the Klamath 

River approximately 0.9 miles north east of the Highway 96 Bridge. The water right permit issued by 

the State Water Resources Control Board (SWRCB) is for direct diversion, which is collected 

through an infiltration gallery. A system schematic is shown in Figure 3 below. 

 

Figure 3. OCSD water system schematic. 

From the gallery (C), water travels gravity fed through 8” pipes to the treatment and storage facility, 

approximately 70 feet down gradient. The maximum system intake rate is 453 gallons per minute 

(gpm), which is based on the filtration system flow rate that keeps the treatment system within State 

compliance (Jarvis, 2014).During low-flow months, an additional intake apparatus (B) is constructed 

along the creek that supplements the intake rate in the infiltration gallery. This apparatus consists of 

two PVC pipes that collect water upstream and discharge into two standup pipes. When the storage 

system is operating water moves through the inflow meter (D), is treated with polymer and 

hypochlorite (E), passes through three dual media inline filters (anthracite and sand), then is stored 

in one of three storage tanks (H,I). The 100,000 gallon redwood tank is from original construction in 

1979 and the two 10,000 gallon HDPE tanks were added later. Before delivery to the service 

connections the water passes through a high flow turbine meter (J). The water system is gravity fed 

from the tanks, which are situated at an elevation of 700 feet. The elevation difference in the water 

system results in approximate maximum static pressures of 130 psi. Water is conveyed through a 

system of 4”, 6”, and 8” asbestos cement and ductile iron pipes. Suspended cables are used to 

convey the waterlines over both Perch Creek and the Klamath River to the distribution system. 

When the treatment system is not operating the intake valve is shut off and a 2” valve is opened to 

a fish pond (L) approximately 200” down gradient. The intake to the fish pond is part of a deal with 

the downhill property owner that provided the land to the CSD. A detention pond (K) exists between 
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the filters and the storage tanks that collects filter backwash water and leakage from the 100,000 

gallon tank (H). 

OCSD currently uses inline filtration, which is no longer an accepted filtration technology in the state 

of California. As a result, the District has recently applied for funding a project which includes a 

fourth filter, turbidity meters, a second 100,000 gallon storage tank, and a new exit flow meter to 

replace the high flow turbine meter. Additionally, it has been proposed by the district to move the 

polymer and chlorine injection point further uphill from the current treatment point, which could 

provide the necessary flocculation time to change the system from inline to direct filtration. Another 

option to moving the polymer injection point is the consideration of two-stage filtration. In either 

case another item to be evaluated is providing adequate chlorine contact time between the injection 

point and the exit of the tanks. 

Another water system operates within the Orleans area, the Orleans Mutual Water Company. The 

water right for this system comes from Crawford Creek, and services the southwest portion of 

Orleans. Specifics regarding the service and infrastructure of this system are unknown, and are not 

considered within the scope of this analysis.  

The CSD serves members of the Karuk Tribe. Indian Health Services also monitors the OCSD 

system and has indicated it is at high risk due to recent drought conditions (IHS, 2014). Many 

hydrologic model studies conducted for Northwestern California suggest that earlier snowmelt and 

less snowmelt equivalent will occur going forward (Butz and Safford, 2010). For a community such 

as Orleans, this means less sustained stream 

flow throughout the later parts of the year, 

which could impact the ability of Perch Creek 

to meet municipal demand. These 

circumstances further impress the importance 

of appropriate water system understanding 

and management through analysis of the 

current water use. 

3.2 Existing Conditions 

GHD undertook a site visit on October 2
nd

, 

2014 to determine the existing conditions of 

the intake, treatment and storage system. 

Additional information regarding the treatment 

system was obtained from Indian Health 

Services and the conditions of the conveyance 

system were assumed to be those present in 

the original design drawings, which can be 

found in Appendix D. It should be noted that the actual alignment of the system may not be those 

presented in the design drawings.  

The infiltration gallery currently has issues with sediment, which is a result of a backhoe damaging 

the filter fabric during cleaning. Currently, the infiltration gallery is backwashed using compressed 

air injected though two stand pipes. The additional intake apparatus mentioned above was 

incorporated to increase intake capacity during the low flow months (Figure 4). There is wire mesh 

covering the standpipe openings that prevents debris from blocking the intake pipes. 

  

Figure 4. Supplementary intake structure. 
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The access road between the intake site and the treatment facility has a consistent source of water 

flowing over the road. The source was originally assumed to be a seep or spring; however, chlorine 

tracer tests determined that the water originates from a leak in the conveyance line. It is unknown at 

this time how much water is being lost through this leak. The pipe crosses the creek further downhill 

from the suspected leak. At this crossing, the protective casing around the pipe is broken and is 

supported by a vertical 4” x 4” (Figure 5). If the casing were to completely severe, a complete 

breakage of the conveyance line could result. A land slide on a hillside adjacent to the access road 

resulted in the exposure of the pipe, which is now supported by a cable system (Figure 5). Although 

it is believed that the condition of 

the pipe and cable system is 

adequate at this time, the road at 

this point is continually sliding 

downhill. This section of the road 

becomes difficult to pass during or 

after rain events. 

The former operator believed that 

the cumulative capacity for the 

three tanks is 108,000 gallons due 

to air gaps. The redwood tank 

currently has a leak of 

approximately 2-3 gallons per 

minute (gpm), which increases with 

lower temperatures (IHS, 2014). 

As noted above the leakage is 

routed into the detention basin 

between the tank and the filters 

through a small diameter PVC pipe. It is unknown at this time if the metal straps around the 

redwood tank have ever been tightened. The flow meter at the exit of the system is a high flow 

turbine meter, which is believed to be contributing to inaccuracies in the meter data during low 

flows. As noted above, OCSD is currently planning improvements to the system which would 

replace this device with an electromagnetic meter that should improve the measurement accuracy. 

  

Figure 6. Leak in the redwood tank. 

Figure 5. Severed pipe casing (left) and cable pipe bridge at slide (right). 
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4. Water Demand 

Water demand is the volume of water used on a daily basis by a utility district or community. 

Understanding the demands placed on a water system is one of the first steps in evaluating a water 

system’s ability to serve the community. This section discusses the methodology used to determine 

the water demands, the current water demands, and the projected future water demands for OCSD. 

4.1 Methodology 

Using Toolbox Element 6.2, Regulatory Resources, the method chosen for determining the user 

demand is that outlined by the California Code of Regulations Title 22 Chapter 16 (Appendix A). 

The data used in this analysis is based upon the water meter data provided by OCSD. The water 

meter data provided was for 157 connections (gallons/month) during the year 2013. The metered 

sites were mostly residential, however, also included a vineyard and plant, a United State Forest 

Service (USFS) district office, and a restaurant and motel. During the month of August 2013, a 

series of fires occurred in the District. These fires resulted in irregularities in the data as water 

usages during this time were above normal due to fire suppression efforts. As a result, the demand 

value used for August is the average of the two surrounding months (July and September). The 

average daily, peak daily, and peak hourly water demands were computed using the estimated 

August demand. 

4.2 Current Demand 

Based on the water meter data provided by OCSD, the average daily demand of the system was 

133,574 gallons per day (gpd) during 2013. This value is inclusive of all water use measured by the 

OCSD at the user meters, and does not differentiate between residential, municipal, irrigation and 

commercial use. The maximum daily, peak hourly, and average summer month demand values are 

shown in Table 2.  

Table 2. Current water demands for OCSD using meter data.  

Description Average Daily 

Demand (gpd) 

Maximum Daily 

Demand (gpd) 

Peak Hourly 

Demand 

gallons/hour (gph) 

Summer 

Average Daily 

Demand (gpd) 

End User Meter 

Data 

133,574 315,828 19,739 202,873 

Engineering 

Estimation 
55,900 83,850 5,241 

N/A 

             D
etermined using per capita usage of 130 gallons/capita/day for a population of 430. 

It should be noted that an alternate method for determining average daily demand would be to do 

so during only the summer months when demand is increased. During the summer months (June, 

July, and September) the average daily demand is approximately 202,873 gpd. August is omitted 

from this calculation as there was the fire which introduced abnormality into the data. All 

subsequent calculations in this report are based on the annual average water demand; to correct 

these values during design for the summer demand and additional 70,000 gallons would be 

required. 
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Table 2 also shows the water demands that would be estimated assuming all connections are 

residential and using a relatively high per capita water usage rate (Lindeburg, 2001). The population 

assumed for this analysis is based on the number reported by the Drinking Water Watch Website 

(DWW, 2014). The engineering estimation is determined using the upper limit estimation value for 

per capita water usage, 130 gallons/person/day (Lindeburg, 2001). When the two demands are 

compared, the meter data shows that there is above average water usage taking place.  

Master meter data for the water system was provided by the District in order to verify these above 

normal usages; however, there is a large amount of unaccounted for losses. Differences between 

the inlet and outlet meter readings on the tanks range in value between 431,600 and 4,132,300 

gallons/month. The three main sources of error currently identified include the leak in the redwood 

tank, filter backwashing, and the flow meter (turbine meter) at the tank exit (IHS, 2014). Assuming a 

3 gpm leak over a 31 day month, the total amount lost through leakage would be 133,920 gallons, 

which constitutes between 3.2 and 31% of the total range of losses, depending on the month. It is 

unknown at this time how much of the losses are due to filter backwashing and the tank exit flow 

meter. Due to these uncertainties, use of the end user meter data was determined to be more 

appropriate for this analysis. The master meter data can be found in Appendix B. 

It should be noted that the values in Table 2 do not account for any potential losses in either the 

conveyance or treatment system. Because use of the master meter data to characterize treatment 

facility losses was determined to be subject to uncertainty, losses where assumed to be a 

percentage of the system demand. Table 3 shows the average per capita demands placed on the 

treatment facility using assumed system losses of 10%, which is a low end typical loss value.  

Table 3. Per capita water treatment demand comparison. 

Description Average Daily Treatment Demand 

(gallons/capita/day) 

End User Meter Data 341.7
1
 

Engineering Estimation  85 – 150
2 

             1
Based on a population of 430. 

           
2
Includes assumed waste and loss of 10-20 gpd (Lindeburg, 2001). 

The per capita water demand is approximately 2.3 times greater than highest value estimated using 

standard engineering methodologies. It should be noted that the engineering estimation assumed 

all residential use, and as noted earlier are designed to be conservative, which makes the reported 

usages in OCSD even more alarming. Clearly, there is an issue with how much water is being used 

in this system. 

4.3 Future Water Demand 

As reported by the District, water service connections have been growing at a rate of one meter per 

year over the past 14 years. Additionally, there has been a proposed housing development project 

which could add another 35 homes to the CSD’s system. To project the demands for the treatment 

system going forward at this rate, the average daily demand (ADD) per connection is determined. 

This is done by dividing the ADD (Table 2) including assumed losses by the number of service 

connections (157). The demand projections for 10, 20, and 30 years is presented in the subsequent 

section (Table 4).  
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4.4 Demand Summary 

The average daily water demand for OCSD is much larger than standard engineering estimations. 

The average daily, maximum daily, and peak hourly water demands assuming 10% losses are 

146,931 gpd, 347,411 gpd, and 21,713 gph, respectively. Table 4 below summarizes the current 

and projected water demands. 

Table 4. Current and projected daily water demands. 

Years in the Future Present 10 20 30 

Projected Average 

Daily Water Demand
1
 

(gpd)
 

146,931 156,290 165,649 175,007 

Maximum Daily 

Water Demand
2
 

(gpd) 

347,411 369,539 391,667 413,795 

Number of Total 

Connections 
157 167 177 187 

1
If 35 home development occurs, add 32,755 gallons to all demands. 

2
If 35 home development occurs, add 77,488 gallons to all demands. 

When system losses are assumed, the per capita daily water demand at the treatment plant is 

approximately 2.3 times larger than the maximum expected value. Given the magnitude of these 

demands, measures need to be taken to reduce daily water consumption and mitigate leaks in the 

conveyance system. This could include repairing the leak in the line connecting the intake to the 

treatment facility and continuing to identify and repair leaks in the conveyance system to the service 

connections. In addition, efforts should be made to improve the understanding of the tank master 

meter data. This would include characterizing the losses in the storage system and addressing any 

infrastructure deficiencies which are causing the losses at the treatment site. The new exit flow 

meter which is part of the current funding application should be one component that will help 

address this problem. Lastly, it is recommended that a minimum of five years of user demand data 

be gathered to be used in future evaluations of the water system. 

5. Water Storage 

Orleans CSD currently operates three storage tanks, one 100,000 gallon redwood tank and two 

10,000 gallon HDPE tanks. The water system operator believes that with all three tanks the 

cumulative storage capacity is 108,000 gallons. These tanks are located on the northeast end of 

Orleans at approximately 700 feet elevation. 

5.1 Storage Volume Requirements 

There are three components that compose the necessary storage volume: working, fire, and 

emergency storage. The working storage needs are based on the adjusted meter data for the year 

2013, the emergency storage is based on health standards, and the fire storage is based on an 

assumed fire flow of 1500 gpm.  
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5.1.1 Working Storage 

Working storage is the volume of water necessary to accommodate for daily variations in water 

usage. Due to the large demands determined from the meter data, the average daily demand was 

chosen over the maximum daily or peak hourly demands to calculate working storage volume. For 

one day of ADD, the necessary working storage volume is approximately 147,000 gallons. It should 

be noted that the working storage does not include considerations for future population growth. If 

the growth of the system were to be included for a 20 year planning horizon, the resulting working 

storage would be 166,000 gallons. 

5.1.2 Fire Storage 

Available water storage for fire suppression is a key design element for any community. In August 

of 2013, Orleans experienced two fires, requiring some homes to use municipal water to fight 

encroaching fires. Given the inherent risk associated with wildfires in this area, ensuring necessary 

fire storage is of paramount concern to the community of Orleans and the OCSD. 

The needed fire flow (NFF) for Orleans is based on a one structure fire for the largest inhabited 

structure, as recommended by the ISO fire standards (ISO, 2008). For Orleans, the largest 

inhabited structure is assumed to be the elementary school. However, because there is no available 

information as to the composition of the structure, the necessary fire flow is assumed to be 1500 

gpm. Over a 2-hour fire event, this results in a fire storage volume of 180,000 gallons. This storage 

requirement can be reduced by combining the contribution of the available production capacity, 

which in this case is the diversion from Perch Creek (Mays, 2000). Assuming the maximum 

diversion rate of 453 gpm, the necessary fire storage over a two hour fire event is reduced to 

126,000. It should be noted that the increased flow experienced during a fire event could affect the 

chlorine contact time, which could compromise system water quality. Future work should be done to 

investigate how fire flows effect the contact time in the system. 

Typically small water systems serving a permanent (non-vacation) population operate at or near full 

capacity. In this case, the water system should never be operated with less than 126,000 gallons in 

storage, which is the amount necessary for firefighting. Further analysis of this system would be 

necessary to determine if required residual pressures and velocities would be maintained in the 

system under this minimum storage amount. 

5.1.3 Emergency Storage 

Emergency storage is the volume of stored water the system needs if the water treatment plant 

goes offline due to maintenance or emergency. For small rural water systems a typical volume of 

emergency storage would be two to three days of ADD, as the time to order parts or hire 

technicians can be several days longer than in developed areas. For Orleans, two to three days of 

additional ADD storage would be between 267,000 and 400,750 gallons. Because this is such a 

large quantity for a small community with limited resources, emergency storage will be estimated 

using 50 gallons/person/day, which is the minimum requirement for health and safety. At this usage 

rate, three days of emergency storage for the general population of 430 would be approximately 

65,000 gallons. In addition, storage is considered for the Orleans Karuk Tribal Wellness clinic. 

Assuming a five bed clinic with 10 employees, the resulting additional emergency storage is 2000 

gallons (Metcalf and Eddy, 2003). The resulting final emergency storage volume is 67,000 gallons. 
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5.2 Storage Summary 

The required storage capacity for the system is determined by adding the fire storage, working 

storage, and emergency storage. Table 5 below summarizes the results. 

Table 5. Storage summary table. 

Storage Type Volume (gallons) 

Working 147,000 

Fire 126,000 

Emergency 67,000 

Total 340,000 

The current storage capacity needed to satisfy all storage demands is 340,000 gallons. Given an 

estimated current storage capacity of 108,000 gallons, an additional 232,000 gallons of storage 

would be necessary to meet this requirement. It should be noted that if the air gaps which are 

currently reducing the available storage capacity could be addressed, an additional 12,000 gallons 

of storage could be made available. This would reduce the additional recommended storage to 

approximately 220,000 gallons. As noted previously the District is seeking funding for system 

upgrades including an additional 100,000 gallons storage tank. If this upgrade were to occur the 

system would still require an additional 120,000 gallons. 

6. Water Rights 

A water right is a permit obtained from the State Water Resources Control Board which outlines the 

permissible beneficial use amounts of a water source, and the terms which must be followed as part 

of that usage. Understanding the terms of a district’s water right is important in engaging in 

responsible and legal usage of water resources. This section discusses OCSD’s permitted diversion 

amounts and the required bypass flows in Perch Creek. Further resources on water rights can be 

found in Toolbox Element 6.1.  

6.1 Permitted Diversion Amounts 

Water diversion for OCSD is permitted for two uses, domestic and irrigation. The following table 

summarizes OCSD’s permitted diversion amounts and the times which they are applicable. A full 

listing of the water right permit can be found in Appendix B. 

Table 6. Beneficial usage amounts for Orleans CSD. 

Parameter Value Date Applicable 

Maximum Instantaneous 

Domestic/Recreational Diversion 

0.321 cfs 1/1-12/31 

Maximum Instantaneous 

Irrigation Diversion 

1.74 cfs 4/1-9/1 

Maximum Annual Diversion 751 acre-feet 1/1-12/31 
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As shown above, there are no set diversion limits for irrigation during the wet months (September-

April). Currently, the District does not differentiate between irrigation diversion and domestic 

diversion. Domestic diversion is defined in the California Code of Regulations as: 

“..water use in homes, resorts, motels, organizations, camps, camp grounds, ect., including the 

incidental watering of domestic stock for family sustenance or enjoyment and the irrigation of not to 

exceed one-half acre in lawn, ornamental shrubbery, or gardens at any single establishment.” 

Watering or irrigating any lawns or gardens over ½ acre in size qualifies as irrigation usage. Orleans 

is a rural community with many homes on land greater than ½ acre; therefore, there could be 

homes that are operating under the definition of irrigation. Without differentiation of usage type it is 

difficult to accurately determine whether OCSD is meeting the permit requirements by diversion 

type. OCSD should undertake a user survey to determine which water service connections qualify 

under irrigation diversion  

6.2 Bypass Flow 

In addition to the permissible diversion amount, necessary bypass flows are prescribed to maintain 

in stream flows for aquatic species in Perch Creek. Bypass flows are minimum flow amounts which 

must be maintained in the creek after diversion has occurred. The bypass flow requirements for the 

OCSD’s water right can be found in the attached permit (Appendix B).  

Stream flow data for Perch Creek was provided by the District. The data provided is over a twelve 

year period (July 2002 - August 2014), with measurements performed by two different agencies at 

several different measurement sites. Table 7 below shows the average dry-month flows for Perch 

Creek at a gaging site below the water system intake, labeled in the data as “Trail to pool at gate in 

Perch Creek Campground”. The full listing of flow data can be found in Appendix B. 

Table 7. Average annual, maximum, and minimum flows (cfs) at "Trail to pool at 

gate in Perch Creek CG" gaging station. 

Parameter June July August September 

Avg. Flow (cfs) 12.7 7.3 3.9 1.9 

Max. Flow (cfs) 17.8 11 7.2 2.1 

Min. Flow (cfs) 5.3 2.6 1.9 1 

During the summer months the required bypass flow is 1.5 cfs. Over the period of record shown in 

Table 7, only one measurement was recorded that was less than the bypass flow, dated September 

5, 2002 (1 cfs). Under current drought conditions, the District has reported summer 2014 stream 

flows below the municipal intake of 1.55 (7/16/2014), 1.51 (7/30/2014), and 1.36 (9/3/2014) cfs. As 

the exact gaging location for these readings is unknown, they are not included in the averages 

presented in Table 7. These values are just above the legal diversion limit from the creek or lower, 

and further impress the importance of reducing water usage, which as previously noted have been 

found to be far above average. In order to perform a more in-depth source assessment for Perch 

Creek, it is recommended that daily flow data at a consistent gage location be gathered. This data 

could lead to a more accurate source assessment, and a greater overall understanding of the 

capacity of Perch Creek to meet OCSD demands going forward. Methodologies for this type of 

assessment can be found in Toolbox Element 6.1, Technical, Managerial and Financial Resources 

Module 4: Source Capacity.  
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6.3 Water Rights Summary 

Operating within the terms of the District’s water right is important in maintaining a legal and 

sustainable utility going forward. The District’s water right includes both domestic/recreational and 

irrigation diversion amounts. The District does not track customer water use by type. It is 

recommended that OCSD conduct a customer survey to determine which water connections may 

qualify as Irrigation usage. 

The District’s water right includes a requirement to bypass 1.5 cfs past the diversion point during the 

dry months. It is recommended that the District set up a calibrated flow monitoring station to 

accurately track daily flow for compliance with the water right. 

7. Water Conservation 

California declared a state of emergency in January 2014 due to the drought which has persisted 

the past several years. Under these drought conditions, utility providers statewide are being asked 

to implement drought contingency plans if available, or begin to draft measures if they are not yet in 

place. The following items are common components which should be addressed in a drought 

contingency plan. 

7.1 Water Shortage Strategy Stages 

A common way to implement drought contingency measures is through a staged approach. During 

each stage, different levels of demand reduction and water supply augmentation are enacted to 

help mitigate the effects of drought conditions. A typical water shortage contingency plan will have 

four stages. One common method for triggering the various stages is using a percentage of total 

supply or usage reduction (USBR, 2003). The following table is an example of the stage 

methodology adapted from the United States Bureau of Reclamation. 

Table 8. Common trigger intervals for various stages of water shortage plans 

(USBR, 2003). 

Implementation Triggers for Water Shortage Plans 

Stage 1 - Minimal 10-15% Supply Reduction 

Stage 2 - Moderate 15-25% Supply Reduction 

Stage 3 - Severe 25-35% Supply Reduction 

Stage 4 - Critical 35-50% Supply Reduction 

In many water conservation plans, the initial stage is voluntary and the subsequent stages are 

mandatory. OCSD has currently drafted a water shortage plan with three stages of supply 

reductions, 20%, 50% and 75%. These reductions constitute a percentage reduction in water 

usage. While it is important to note that water shortage plan stages, actions, and triggering levels 

are very subjective, there are advantages to implementing the above four stage approach. With a 

greater number of stages, the utility has more time over which to implement demand reduction and 

supply augmentation measures. Additionally, customers have more time to adjust to water 

conservation measures as they can be enacted in a more gradual manner.  
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Presented below (Table 9) is an example four-stage water shortage plan with two contrasting Perch 

Creek flow trigger levels. The flow trigger levels in the third column (Flow Trigger 1) are based on 

the permitted diversion rates in the OCSD water right. In this method, Stage 1 conservation occurs 

when the flow in Perch Creek is equal to the bypass flow (1.5 cfs) plus the maximum permissible 

diversion rate (2.061 cfs). Stage 3 occurs when the creek flow is equal to the bypass flow plus the 

maximum treatment system diversion rate (1.01 cfs) and Stage 4 occurs when the flow is equal to 

the bypass flow plus the maximum permissible domestic diversion rate (0.321 cfs). The flow trigger 

for Stage 2 conservation is linearly interpolated between Stages 1 and 3. 

Table 9. Example Perch Creek trigger flows for stages of a water shortage plan. 

Water Shortage Plan 

Stage 

Usage Reduction 

Level 
Flow Trigger 1 (cfs) Flow Trigger 2 (cfs) 

Stage 1 - Minimal 10% Reduction 3.561 2.038 

Stage 2 - Moderate 20% Reduction 3.035 1.984 

Stage 3 - Severe 30% Reduction 2.510 1.930 

Stage 4 - Critical 50% Reduction 1.821 1.876 

The flow trigger levels in the fourth column (Flow Trigger 2) are based on the maximum daily 

demand and the water conservation enacted from the previous stage. State 1 conservation would 

occur when the flow in the creek is equal to the bypass flow plus the maximum daily flow (0.538 

cfs). Stages 2-4 conservation occurs when the creek flow is equal to the bypass flow plus the net 

previous reduction percentage of the maximum daily demand. For example, the flow trigger levels in 

Stage 3 and 4 is the bypass flow plus 80% and 70% of the maximum daily flow, respectively. It 

should be noted again that flow trigger levels are subjective; the two methods above are developed 

to show the utility and differences that can result from how triggers are chosen. 

Because diversion rates must change through the implementation of a water conservation plan, it is 

useful to estimate how long the treatment system must operate in order to meet demand over the 

possible levels of diversion rates.Table 10 below shows the number of hours the system must 

operate to meet daily demands. 

Table 10. Diversion time required to meet system daily demands. 

Demand Type Volume (gal) 

Hours at Maximum 

System Intake    

(1.01 cfs) 

Hours at Maximum 

Domestic Permitted 

Diversion Rate (0.321 cfs) 

Average Daily Demand 146,931
 

5.4 17 

Maximum Daily Demand 347,411
 

12.8 n/a 

It should be noted that flow triggers based on Perch Creek stream flows could be developed; 

however, this would require the collection of a larger amount of stream flow data from a calibrated 

gaging location. 
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7.2 Demand Reduction Strategies 

Demand reduction strategies are methods by which utilities can encourage or require users to 

reduce water usage. These measures vary from small voluntary changes in water use habits to 

large mandatory changes, and are generally tailored to meet the needs of the community involved. 

Example demand reduction strategies for each stage in a water shortage plan are presented below. 

Table 11. Example demand reduction strategies for various stages of a water 

shortage plan. 

Water Shortage Plan Stage Example Water Use Reduction Measures 

Stage 1 - Minimal Encourage morning/evening watering, reduce showering times 

Stage 2 - Moderate 
Require shut off nozzles on hoses, restrict water use on 

impervious surfaces 

Stage 3 - Severe Enact excessive use charges, restrict vehicle washing 

Stage 4 - Critical Restrict household per capita usage (gallons/person/day) 

Properly selecting demand reduction measures depends upon the typical use of water within a 

service district. Utilities should rank their water usage priorities in descending order, and enact 

demand reduction methods that reduce use in the low priority areas. More information regarding 

demand reduction strategies can be found in Appendix F. 

7.3 Water Supply Augmentation 

Supply augmentation is a way to mitigate the effects of water shortage by increasing the storage 

capacity or by providing temporary alternatives when water shortages occur. The U.S. Bureau of 

Reclamation categorizes supply augmentation techniques into the following five categories: 

1. Methods to increase existing supplies or develop new supplies 

a. Increase use of recycles water 

b.  Add additional tank storage capacity 

2. Drawing from reserve supplies 

a. Add new sources 

3. Methods to increase efficiency (demand reductions) 

a. Address leaks in the system  

b. Conduct distribution system audits 

4. Modifications to operations 

a. Re-circulate backwash water 

b.  Change water storage and release operations 

5. Cooperative efforts with other agencies 

a. Water transfers or interconnections 

b. Mutual aid agreements 
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Specific to OCSD, some supply augmentation strategies could include re-circulating the filter 

backwash water, adding additional storage, and addressing leaks within the transmission, storage, 

and distribution systems. In general, many supply augmentation techniques are beneficial when 

implemented prior to a water shortage because they take time to implement. More examples of how 

to address the issue of supply augmentation can be found in Appendix F.  

8. Project Funding Sources 

Securing funding for infrastructure projects is an important step for most utilities. First, eligible 

funding programs need to be identified based on factors such as governance structure and project 

type. Orleans operates as a Community Services District, which is public, independent type of 

governance structure. Using the Available Funding Summary Table from Toolbox Element 1.2 

(Governance Summaries), the following agencies are identified as potential project funders: 

 California Department of Public Health 

 Department of Water Resources 

 California Infrastructure and Economic Development Bank (I-Bank) 

 United States Department of Agriculture 

 North Coast Resource Partnership 

 Rural Community Assistance Corporation 

 Indian Health Services 

OCSD would need to define a project to be undertaken, and complete any pre-application steps 

necessary in order to be considered for funding. For example, for funding through Safe Drinking 

Water State Revolving Fund (CDPH), a universal pre-application sheet is available for submission 

through their website. In addition to pre-applications, most projects will require a preliminary 

engineering report (PER). A PER is a planning document that is required by most funding agencies 

in order to obtain funding. Further information about PER’s can be found in Toolbox Element 4.1. 

9. Summary  

Using the meter data provided by the District the average daily, maximum daily, and peak hourly 

water demands are 146,931 gpd, 347,411 gpd, and 21,713 gpd, respectively. Determining losses 

through the use of the master meter data was determined to be unreliable so these values include 

assumed 10% system losses. These usages are 2.3 times greater than conservative engineering 

estimates for residential use, and further impress the need for water use reduction. Repairing 

deficiencies in the conveyance system would also help reduce the demand placed on the treatment 

plant.  

The current storage capacity for the three existing water tanks is estimated to be 108,000 gallons. 

To meet working, emergency, and fire storage capacity OCSD would need an available storage 

volume of 340,000 gallons. Under these conditions OCSD would require approximately 232,000 

gallons of additional storage. If an additional 100,000 gallon storage tank is installed as part of the 

current proposed improvement project and the 12,000 gallons is recovered from the current storage 

system (air gaps) the system would still require an additional 120,000 gallons of storage capacity. 
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OCSD does not currently differentiate between irrigation and domestic diversion purposes. As 

Orleans is a rural community with many parcels above ½ acre in size, many household may be 

using water under the definition of irrigation use. The CSD should conduct a user survey to 

determine which connections are using water for irrigational purposes. A greater understanding of 

these two diversion types would lead to a better understanding if the CSD was meeting the water 

right allotted for domestic usage. 

The current stream flow data indicates Perch Creek is near or below bypass flow at times. However 

the accuracy of the data collected is not known, which is why a calibrated gaging station is 

recommended. The addition of new connections to the system is not recommended until a 

calibrated gaging station is installed and a drought contingency plan is in place so that usage can 

be reduced during low stream flow periods. 

OCSD is currently drafting a water conservation plan to further address the issues of drought and 

water use efficiency. An example four stage water shortage implementation plan was developed 

following methodology presented in the 2003 U.S. Bureau of Reclamation report Water Shortage 

Contingency/Drought Planning Handbook. Two separate methods were used to determine flow 

trigger levels in Perch Creek, one based on the water right and the other on maximum daily 

diversion. Water supply augmentation strategies such as increasing storage capacity, system leak 

repair, and re-circulation of filter backwash water could significantly help water conservation efforts. 

10. Implementation Strategy and Next 

Steps 

Using Toolbox Elements from the Small Community Toolbox, deficiencies in the OCSD municipal 

water infrastructure have been identified. To address some of these issues, a recommended project 

is proposed. Additionally, operational improvements are presented to help improve system 

operation. Similar to this analysis, components of this project would involve using resources 

available in the Small Community Toolbox.  

10.1 Recommended Project 

The following system components are recommended as part of the improvement project: 

 Construct a permanent calibrated Perch Creek gaging station and gather daily readings. 

 If not currently possible, improve intake system to allow for reduction of intake flows. 

 Add 100,000 gallons of additional storage. This recommendation assumes that the current 

project proposal including a new 100,000 gallon storage tank proceeds. This would result in 

a total storage volume of 300,000 gallons. 

 Repair the transmission line in between the infiltration gallery and the treatment plant. 

Funding for this project could come from a variety of sources, which have been summarized in 

section 8. The next step in securing funding from one of these sources is the completion of a 

preliminary engineering report and any applications for funding that are required by specific 

agencies. Further information on completing these tasks is presented in Toolbox Element 4.1: 

Consolidated Preliminary Engineering Report. 
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10.2 Operational Improvements 

The following improvements are presented to address operational deficiencies in the water system: 

 Complete the water shortage contingency plan and inform customers about the need for 

continued water conservation. 

 Review user meter data on a regular basis to identify leaks in the conveyance system. 

 Coordinate with users to identify connections that qualify under the irrigational water use. 

 Continue to identify and repair leaks in the storage and treatment system. 

 Gather a minimum of five years of user demand data. 

10.3 Future Investigations 

This analysis focused on the issue of water supply and demand for Orleans CSD. A parallel issue 

that the CSD faces is the adequacy of the treatment system given the large demands and storage 

requirements. During high flows, which could be a result of peak demand or fire occurrences, the 

current water system may not be achieving the chlorine contact times required for the removal of 

viruses and Giardia. Moving forward, the CSD should investigate the relationship between chlorine 

contact time and peak demand to ensure that during such events water quality is not compromised. 

Additionally, the design and implementation of any new storage tanks in the future should be 

selected and operated to ensure sufficient contact time. 
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Appendix A California Code of Regulations Title 22 
Chapter 16 

This appendix contains the methodology used to determine the design flows of the system. 
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(7) The running annual average for both TTHM and HAA5 for systems meeting 

the criterion in section 64536(a)(3) or (4). 

(8) The running annual average of the amount of magnesium hardness removal 

(as CaCO3, in mg/L) for systems meeting the criterion in section 64536(b)(2). 

(9) Whether the system is in compliance with the particular alternative 

compliance criterion in section 64536(a) or (b). 

CHAPTER 16. CALIFORNIA WATERWORKS STANDARDS 

Article 1. Definitions 
§64551.10. Distribution Reservoir.

―Distribution reservoir‖ means any tank or other structure located within or connected to 

the distribution system and used to store treated/finished drinking water. 

§64551.20. Distribution System.

―Distribution system‖ means all physical parts of the water system, including, but not 

limited to:  Pipes, valves, pumping stations, storage tanks or reservoirs, and user service 

lines, that are located between the water treatment plant, or the source if there is no 

treatment, and the consumer’s service connection. 

§64551.30. Maximum Day Demand (MDD).

―Maximum day demand (MDD)‖ means the amount of water utilized by consumers 

during the highest day of use (midnight to midnight), excluding fire flow, as determined 

pursuant to Section 64554. 

§64551.35. Peak Hour Demand (PHD).

―Peak hour demand (PHD)‖ means the amount of water utilized by consumers during the 

highest hour of use during the maximum day, excluding fire flow, as determined pursuant 

to Section 64554. 

§64551.40. Source Capacity.

―Source capacity‖ means the total amount of water supply available, expressed as a flow, 

from all active sources permitted for use by the water system, including approved surface 

water, groundwater, and purchased water. 

§64551.60. User Service Line.

―User service line‖ means the pipe, tubing, and fittings connecting a water main to an 

individual water meter or service connection. 

§64551.70. Water Main.

―Water main‖ means any pipeline, except for user service lines, within the distribution 

system. 
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Article 1.5. Waivers and Alternatives 
§64551.100. Waivers and Alternatives.

(a) A water system that proposes to use an alternative to a requirement in this chapter 

shall: 

(1) Demonstrate to the Department that the proposed alternative would provide at 

least the same level of protection to public health; and 

(2) Obtain written approval from the Department prior to implementation of the 

alternative. 

Article 2. Permit Requirements 
§64552. Initial Permit for Public Water System.

(a) Each public water system applying for an initial domestic public water system 

permit shall submit an application that includes: 

(1) A map and description of the entire existing and proposed service area, 

showing: 

(A) The location of each water source, as well as wells that are abandoned, 

out-of-service, destroyed, standby, or inactive (not physically connected to the water 

system), together with: 

1. Any valid water rights owned by the system for surface water sources,

including information on any limitations or restrictions of those rights; 

2. For a groundwater aquifer, the groundwater levels and drawdown

patterns; 

3. Permits or approvals for groundwater extraction if pumping from an

adjudicated groundwater basin; 

4. Existing and planned source pumping capability and distribution storage

capacity for the system as a whole and for each pressure zone; 

5. The calculated sustained well yields of existing wells if groundwater

sources are used; 

6. Permits for any waters proposed for use to offset potable water demand;

and 

(B) Treatment facilities and pumping plants; 

(C) Distribution system piping, pressure zones, hydropneumatic tanks, and 

reservoirs; 

(D) Valves, sample taps, and other system appurtenances; 

(E) Recycled water and sewage systems;  

(F) Conveyance facilities;  

(G) Any flood plains in the projected service area; and 

(H) The 100 year flood or highest recorded flood level, whichever is higher. 

(2) The population, and number and type of residential, commercial, agricultural, 

and industrial service connections, in the system’s projected service area;   

(3) Design drawings of proposed facilities drawn to scale, showing location, size, 

and construction material; 
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(4) As-built drawings of existing facilities, drawn to scale, showing location, size, 

construction materials, and year of installation of any water main or other facility that has 

already been constructed; 

(5) The estimated MDD and PHD with the methods, assumptions, and 

calculations used for the estimations;  

(6) A source water assessment and description of each source of water proposed 

for use to meet the estimated MDD and information demonstrating that the sources are 

adequate to do so, such as, but not limited to, well pump tests, the capacities of all 

pumping facilities, and the hydraulic capacity of surface water treatment facilities, 

(A) If the system plans to use surface water, the system shall demonstrate that 

it holds a valid water right to that amount of water including any allowable reductions or 

limitations on its availability, as stated in the water rights contract; 

(B) If groundwater is to be used, the system shall demonstrate that the 

groundwater aquifer is sufficient, or in the case of adjudicated groundwater basins, that 

approval has been obtained to allow that amount of sustained withdrawal including any 

allowable reductions or limitations on its availability, as stated in the water rights 

contract; 

(C) If purchased water is to be used, the system shall provide contracted 

amount and the hydraulic capacity at each turnout and any allowable reductions or 

limitations on its availability, as stated in the purchased water contract; and 

(7) Information that demonstrates how the system proposes to reliably meet four 

hours of PHD using, but not limited to, available source capacity and distribution 

reservoirs. 

(b) The information in subsection (a) shall be prepared by a professional civil 

engineer registered in the State of California with experience in water supply 

engineering. 

§64554. New and Existing Source Capacity.

(a) At all times, a public water system’s water source(s) shall have the capacity to 

meet the system’s maximum day demand (MDD).  MDD shall be determined pursuant to 

subsection (b). 

(1) For systems with 1,000 or more service connections, the system shall be able 

to meet four hours of peak hourly demand (PHD) with source capacity, storage capacity, 

and/or emergency source connections. 

(2) For systems with less than 1,000 service connections, the system shall have 

storage capacity equal to or greater than MDD, unless the system can demonstrate that it 

has an additional source of supply or has an emergency source connection that can meet 

the MDD requirement. 

(3) Both the MDD and PHD requirements shall be met in the system as a whole 

and in each individual pressure zone. 

(b) A system shall estimate MDD and PHD for the water system as a whole (total 

source capacity and number of service connections) and for each pressure zone within the 
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system (total water supply available from the water sources and interzonal transfers 

directly supplying the zone and number of service connections within the zone), as 

follows: 

(1) If daily water usage data are available, identify the day with the highest usage 

during the past ten years to obtain MDD; determine the average hourly flow during MDD 

and multiply by a peaking factor of at least 1.5 to obtain the PHD. 

(2) If no daily water usage data are available and monthly water usage data are 

available: 

(A) Identify the month with the highest water usage (maximum month) during 

at least the most recent ten years of operation or, if the system has been operating for less 

than ten years, during its period of operation; 

(B) To calculate average daily usage during maximum month, divide the total 

water usage during the maximum month by the number of days in that month; and 

(C) To calculate the MDD, multiply the average daily usage by a peaking 

factor that is a minimum of 1.5; and 

(D) To calculate the PHD, determine the average hourly flow during MDD 

and multiply by a peaking factor that is a minimum of 1.5. 

(3) If only annual water usage data are available: 

(A) Identify the year with the highest water usage during at least the most 

recent ten years of operation or, if the system has been operating for less than ten years, 

during its years of operation; 

(B) To calculate the average daily use, divide the total annual water usage for 

the year with the highest use by 365 days; and 

(C) To calculate the MDD, multiply the average daily usage by a peaking 

factor of 2.25. 

(D) To calculate the PHD, determine the average hourly flow during MDD 

and multiply by a peaking factor that is a minimum of 1.5. 

(4) If no water usage data are available, utilize records from a system that is 

similar in size, elevation, climate, demography, residential property size, and metering to 

determine the average water usage per service connection.  From the average water usage 

per service connection, calculate the average daily demand and follow the steps in 

paragraph (3) to calculate the MDD and PHD. 

(c) Community water systems using only groundwater shall have a minimum of two 

approved sources before being granted an initial permit.  The system shall be capable of 

meeting MDD with the highest-capacity source off line. 

(d) A public water system shall determine the total capacity of its groundwater 

sources by summing the capacity of its individual active sources.  If a source is 

influenced by concurrent operation of another source, the total capacity shall be reduced 

to account for such influence.  Where the capacity of a source varies seasonally, it shall 

be determined at the time of MDD. 



 

 

Appendix B Meter Data, Stream flow Data, Master 
Meter Data, and Water Rights 

This Appendix contains data for the system provided by the District. 

  



 



Meter 
Number Jan-13 Feb-13 Mar-13 Apr-13 May-13 Jun-13 Jul-13 Aug-13 Aug-13 Sep-13 Oct-13 Nov-13 Dec-13

Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month Gal/month
2015 0 0 0 0 0 0 0 0 0 0 0 0 0
3624 0 0 0 0 0 0 0 0 0 0 0 0 0
3725 -                -                -                -                -                -                -                -                  0 -                -                -                -                
4211 -                -                -                -                -                -                -                -                  0 -                -                -                -                
9592 -                -                -                -                -                -                -                -                  0 -                -                -                -                
6550 -                -                -                10                 -                -                -                -                  0 -                -                -                -                
5794 480               420               580               850               770               800               1,160           2,680              920 680               500               480               340               
3493 -                -                -                -                1,020           340               -                4,510              0 -                10                 -                -                
1131 -                20                 930               30                 -                130               150               90                   440 730               640               710               1,600           
9630 1,580           1,050           1,270           1,800           1,720           2,780           1,940           2,450              1055 170               110               270               240               
9666 -                -                -                3,000           -                -                -                -                  0 -                -                -                -                
6795 -                -                -                -                -                3,030           750               32,640           1950 3,150           -                -                -                
9625 -                -                -                -                -                1,040           1,180           1,050              1125 1,070           1,090           840               3,790           
6793 4,760           3,390           2,160           3,730           7,070           5,700           3,410           4,350              3545 3,680           4,750           3,520           6,570           
3093 -                250               60                 -                220               2                   -                10                   1615 3,230           280               -                5,330           
3892 100               190               160               70                 2,300           2,350           980               9,580              3505 6,030           320               250               1,560           
3671 4,240           3,950           3,750           4,180           5,450           9,470           6,200           22,140           7570 8,940           4,310           3,320           4,480           
794 2,070           1,530           2,260           2,070           7,030           8,300           4,360           15,230           4890 5,420           7,500           5,110           3,410           
217 9,790           7,720           7,730           8,390           10,700         10,140         13,550         38,980           13465 13,380         7,080           6,510           8,740           

9602 520               6,090           4,400           1,170           880               2,080           4,050           6,620              5945 7,840           920               900               1,500           
2774 8,100           900               600               2,400           2,100           5,100           1,100           51,400           1200 1,300           1,800           1,700           900               
3040 1,750           2,100           1,880           1,750           2,350           4,530           4,790           12,430           6715 8,640           1,820           1,580           810               
4556 2,800           3,800           3,400           2,500           5,100           5,200           9,400           77,300           10050 10,700         3,200           3,200           3,900           

3020/3491 -                -                -                -                -                -                -                -                  0 -                670               7,590           8,850           
5799 3,350           2,570           3,270           10,290         5,340           5,460           4,610           17,190           6325 8,040           3,940           1,420           2,870           
4741 5,510           5,770           4,860           4,320           11,930         4,190           2,530           5,050              2995 3,460           3,300           3,110           4,890           
9109 6,940           5,110           5,470           6,010           4,680           14,200         13,360         31,650           11190 9,020           7,530           6,760           12,870         
6794 2,250           10,010         7,170           4,290           2,860           6,140           7,210           11,270           9625 12,040         2,860           4,470           3,680           
7920 4,260           1,680           1,840           1,850           4,180           11,400         8,790           11,220           9205 9,620           1,140           890               2,500           
757 780               5,770           8,630           12,190         5,210           7,530           5,110           8,890              6915 8,720           6,170           4,670           7,050           

7914 10,730         10,480         13,550         14,000         7,150           10,340         9,230           7,820              6440 3,650           4,050           4,740           16,060         
8221 7,770           5,980           6,590           9,060           17,490         18,280         13,160         35,090           13325 13,490         19,450         7,840           7,640           
9691 3,860           2,980           3,310           3,030           9,690           11,390         14,610         17,600           13610 12,610         3,910           780               5,760           
5766 6,600           5,000           5,000           5,900           5,200           13,700         12,100         24,300           15500 18,900         8,700           6,900           7,600           
3623 5,800 6,000 3,370 5,160 10,250 18,460 11,040 22,310 12855 14,670 13,520 8,030 12,030
5802 140               110               1,440           1,730           5,860           15,380         13,690         21,870           14245 14,800         5,880           2,580           1,530           

hy7590 -                -                -                -                -                -                -                50,000           0 -                1,400           15,400         8,000           
9326 0 0 0 0 0 900               15,400         21,200           10500 5,600           4,900           3,800           5,900           
4709 15,580         10,870         11,970         11,420         11,990         11,090         9,070           9,300              8870 8,670           11,500         9,620           24,210         
9689 11,120         9,960           10,390         9,300           8,140           10,220         4,050           14,720           11945 19,840         12,200         6,050           7,830           
5879 5,100           8,300           4,600           5,900           6,600           7,100           2,900           4,100              2950 3,000           1,900           1,500           17,300         
6796 6,180           3,890           4,500           6,850           13,870         18,820         6,520           13,460           10925 15,330         3,510           3,010           4,350           
9651 17,220         6,110           6,140           3,850           5,590           10,440         9,590           8,790              7565 5,540           4,690           1,400           6,310           
679 3,050           7,210           4,620           1,882           13,988         13,080         17,200         45,010           16005 14,810         2,850           1,330           5,320           

9692 1,190           950               440               1,330           600               3,470           14,590         6,730              15670 16,750         2,810           580               7,280           
ce105 810               940               720               1,300           16,930         5,890           990               7,940              1260 1,530           1,090           9,600           20                 
5798 13,230         11,260         9,840           9,120           13,930         24,930         9,350           56,710           8620 7,890           7,940           9,380           17,580         
9669 1,440           1,050           1,570           1,460           12,420         18,140         13,140         26,470           11840 10,540         1,750           1,360           2,570           
7714 3,560           2,630           3,050           4,640           17,200         12,420         20,310         61,000           19360 18,410         9,120           9,790           14,330         
266 200               -                200               100               2,100           1,900           600               8,400              8650 16,700         13,100         12,300         18,700         

2327 7,820           5,070           6,810           6,160           20,190         15,300         7,730           21,310           8550 9,370           7,310           1,450           5,690           
2329 60                 3,080           4,170           3,860           1,250           100               10                 64,010           9410 18,810         4,700           4,330           4,580           
6952 3,500           2,220           2,910           2,770           8,930           18,830         21,230         18,460           12285 3,340           2,360           2,330           2,460           
2328 4,280           4,470           6,390           4,870           6,500           21,060         19,100         120,110         13365 7,630           2,040           3,800           4,390           
6418 2,610           1,690           2,640           3,650           9,560           20,770         14,430         36,250           15410 16,390         3,330           2,440           5,080           
9613 1,540           1,700           1,260           2,600           2,320           3,240           1,010           3,380              10360 19,710         80                 1,750           2,380           
9426 21,300         18,000         14,300         17,800         1,400           7,100           2,800           14,400           3550 4,300           20,200         1,300           8,500           
8223 4,350           4,010           4,570           5,620           12,000         22,580         15,930         35,740           14720 13,510         2,060           4,540           7,490           
5363 11,850         8,960           9,630           14,090         19,550         16,460         29,920         30,130           24725 19,530         10,620         10,630         12,640         
9696 2,310           1,410           2,840           3,220           5,210           22,050         8,900           15,160           7670 6,440           1,420           1,030           5,250           
9632 1,640           1,440           2,570           2,460           1,190           21,300         12,150         26,700           16660 21,170         1,920           480               90                 
9605 28,800         10,040         12,350         14,230         17,100         19,600         16,360         31,980           18185 20,010         9,440           7,330           18,660         
5362 450               460               420               420               580               9,270           18,690         73,610           20775 22,860         420               340               240               
397 3,080 2,380 3,460 4,060 10,090 22,340 23,450 56,760 24365 25,280 2,660 3,340 3,840

9695 4,430           1,070           3,820           5,850           8,500           20,900         23,230         23,920           11810 390               610               210               780               
9751 5,310           4,440           4,070           25,970         17,130         5,270           3,930           13,660           3370 2,810           1,920           1,900           13,070         
5609 28,630         22,450         22,800         27,430         20,760         30,420         16,080         34,440           26245 36,410         40,790         22,680         33,290         
9595 2,000           1,400           1,400           1,500           16,190         25,400         18,200         27,500           18000 17,800         1,600           600               2,000           
9674 7,950           14,270         3,260           21,830         21,970         28,230         8,560           45,110           14720 20,880         7,780           5,370           7,110           
1814 7,430           7,200           11,360         8,600           27,690         30,080         21,500         25,860           21620 21,740         10,940         5,040           16,160         
1648 25,740         1,220           3,000           3,450           6,480           26,060         22,710         44,320           24220 25,730         2,070           990               3,640           
797 5,970           6,020           8,170           4,980           14,340         23,460         31,050         69,050           25920 20,790         5,000           5,160           9,210           

9107 1,000           1,200           700               300               7,000           26,500         -                87,300           2950 5,900           3,300           -                -                
9664 6,510           3,570           3,470           4,470           600               2,730           28,020         -                  14010 -                -                -                960               
8219 2,580           6,070           3,380           15,920         8,920           7,650           28,420         31,070           14210 -                -                -                -                
7271 340               2,500           5,810           3,590           29,530         18,820         1,224           40,370           8177 15,130         3,480           13,280         27,550         
9657 -                -                -                -                30                 25,020         29,300         90,630           25630 21,960         7,660           140               12,840         

Orleans CSD End User Meter Data for the year 2013



9653 200               13,630         1,300           30,740         630               270               1,110           1,050              915 720               1,360           3,200           9,350           
3452 4,200           1,460           4,510           4,210           19,190         32,160         30,220         55,830           29625 29,030         6,030           2,690           4,450           
7719 7,610           5,830           6,600           8,730           9,700           18,360         13,130         32,590           24970 36,810         10,130         9,800           13,460         
6417 3,460           2,990           3,290           3,760           9,710           32,020         34,180         45,020           32555 30,930         30,030         5,510           3,290           
9112 2,570           2,300           2,550           2,510           1,810           2,200           32,950         126,510         17790 2,630           1,700           2,250           2,360           
3001 15,170         6,970           5,250           6,030           14,660         20,350         22,710         53,170           28955 35,200         5,680           3,650           12,040         
8224 4,400           1,040           1,080           1,660           3,790           28,790         31,750         13,440           18405 5,060           60                 1,500           1,690           

59 31,080         28,870         37,040         40,870         31,830         38,460         39,280         103,390         45910 52,540         36,370         20,520         20,680         
5360 5,980           6,410           7,140           5,490           10,370         36,060         4,770           29,310           5810 6,850           4,680           3,860           5,160           
9004 5,670           4,730           6,150           12,270         32,890         37,700         21,320         58,130           21945 22,570         6,360           4,580           6,450           
2330 9,370           2,750           1,940           3,820           4,370           35,430         9,020           35,490           10275 11,530         2,510           3,320           3,090           
9679 33,730         4,690           190               3,030           810               210               2,010           2,980              2295 2,580           730               670               15,460         
7869 6,840           5,230           6,440           5,990           16,120         38,840         21,210         48,960           28455 35,700         19,590         13,920         9,170           
2324 6,340           4,860           900               1,080           2,250           31,140         35,750         84,240           34220 32,690         5,750           2,230           1,400           
7873 3,170           1,410           740               570               460               670               36,040         59,080           34045 32,050         2,520           1,620           2,830           
3901 4,600           3,840           4,960           6,560           22,470         39,900         24,580         52,280           19375 14,170         5,690           2,820           11,330         
9648 6,300           3,650           6,320           8,310           23,730         39,600         36,700         52,230           20105.5 3,511           1,360           -                9,480           
2325 4,150           3,220           3,490           4,840           20,780         44,360         31,170         63,690           37045 42,920         10,130         8,530           7,670           
6187 28,160         26,240         32,820         47,820         6,600           19,060         14,890         29,610           19335 23,780         9,570           5,830           13,890         
9672 30 20 20 30 33,920 39,530 15,360 30,530 29015 42,670 90 50 50
9646 18,310         15,250         14,380         90                 5,610           40,600         28,110         50,540           36005 43,900         4,050           3,950           33,770         
9754 8,560           3,690           3,390           3,040           7,770           35,750         48,350         67,580           38035 27,720         3,870           1,880           5,420           
3583 2,300           2,130           2,100           3,830           6,300           9,870           41,550         99,900           44795 48,040         4,550           1,760           1,210           
2333 970               1,090           820               850               1,790           48,410         34,960         33,060           32485 30,010         4,010           1,050           1,610           
595 14,000         1,100           400               1,800           100               23,600         7,100           -                  3600 100               600               -                47,600         

4204 3,640           2,440           2,670           2,700           17,420         51,730         44,230         92,860           30170 16,110         2,490           1,630           5,390           
hy9949 -                -                700               -                16,100         -                4,300           33,000           27350 50,400         42,700         4,500           -                

7912 4,210           3,310           2,210           3,010           33,800         52,870         25,660         54,170           23320 20,980         2,890           1,990           6,610           
9107 42,650         39,790         40,530         54,550         37,180         17,200         16,470         26,420           20060 23,650         3,400           4,030           7,140           
5358 13,910         11,590         9,670           15,210         33,870         46,980         53,490         50,990           57175 60,860         20,940         11,790         13,580         
573 3,120           8,420           3,920           5,400           7,390           49,040         51,220         39,670           26115 1,010           260               90                 20                 

9629 43,790         38,810         50,690         62,610         18,790         10,510         17,620         29,080           16845 16,070         25,830         19,200         13,620         
7794 3,570           3,410           4,580           6,130           29,220         55,800         51,390         75,550           46515 41,640         6,070           3,450           5,490           
9601 12,700         20,700         9,200           16,000         6,800           23,900         26,500         68,100           41450 56,400         5,400           18,100         3,600           
2331 1,740           1,750           1,810           2,000           4,320           4,300           55,890         80,840           33435 10,980         1,920           1,550           2,100           
571 31,690         21,800         21,330         25,580         36,300         60,710         41,000         75,160           34295 27,590         4,320           4,510           11,140         

3994/2353 20,230         8,280           9,280           35,770         45,850         63,600         50,110         192,880         47305 44,500         14,320         6,980           28,570         
9929 -                100               40                 730               5,730           18,220         14,850         69,750           36100 57,350         22,770         6,680           20                 
8202 10,720         7,450           8,140           8,940           27,240         38,990         40,510         56,560           51205 61,900         5,170           3,880           9,160           
9589 44,900         15,200         11,300         12,300         30,900         70,400         49,700         72,000           47350 45,000         11,700         13,100         57,800         
2626 610               3,460           -                -                9,290           28,840         60,720         132,880         52155 43,590         14,980         8,440           3,430           
9682 -                -                -                -                1,270           60,120         61,780         104,950         46630 31,480         30                 -                7,050           
7791 16,300         5,870           10,880         8,770           24,520         71,420         68,490         87,550           56920 45,350         14,040         9,360           24,050         
790 30,180         17,320         18,130         17,490         16,830         11,960         38,320         58,990           36170 34,020         77,750         74,750         30,690         

2624 11,250         3,010           2,820           3,850           19,210         41,040         17,350         53,610           15220 13,090         11,900         40,320         71,820         
4205 2,830           3,250           4,450           9,730           25,470         46,840         48,390         158,890         60145 71,900         39,170         37,420         12,130         
4863 22,000         16,000         22,000         17,500         32,900         47,500         7,000           34,900           42050 77,100         10,400         8,000           38,100         
3096 6,390           5,990           3,780           4,550           38,680         74,660         41,880         110,670         45985 50,090         10,770         7,820           48,300         
5914 26,300         8,520           12,440         16,610         32,980         43,010         82,730         83,240           71530 60,330         24,620         21,820         38,280         
7933 67,020         54,630         59,350         59,890         59,700         75,600         45,460         105,010         65500 85,540         82,720         60,420         119,770       
2326 2,530           600               490               530               570               650               5,810           60,700           41975 78,140         410               530               490               
8228 15,290         13,480         12,690         17,110         63,650         82,640         66,920         67,440           67140 67,360         13,150         3,610           10,150         
566 13,740         17,080         14,930         28,260         66,250         84,630         37,310         168,890         56585 75,860         5,620           4,690           7,410           

3676 24,930         11,830         12,780         15,230         19,010         94,110         66,720         84,570           64420 62,120         46,990         39,950         48,120         
7268 44,990         23,900         39,870         33,910         61,160         86,490         66,260         77,360           41770 17,280         2,920           2,960           4,090           
9635 100               570               240               610               83,730         9,450           51,330         15,470           25665 -                250               410               35,290         
8222 7,860           5,090           6,260           6,560           34,420         95,240         61,610         165,180         56130 50,650         5,590           5,540           8,730           
572 10,210         11,180         18,600         18,040         72,770         99,690         50,240         90,180           53835 57,430         44,770         8,620           15,580         

1209 20,290         18,610         15,780         16,920         3,360           96,140         92,880         109,000         66960 41,040         17,760         10,740         14,970         
9627 7,280           3,160           9,740           17,380         26,170         66,390         56,460         189,280         77165 97,870         7,040           16,580         3,710           
8099 95,000         0 0 0 0 0 0 0 0 0 0 0 0
3218 4,230           2,100           1,940           9,390           59,240         57,830         97,100         83,250           76405 55,710         4,590           5,370           6,260           
1200 76,390         71,420         28,230         43,520         31,630         106,920       71,690         104,510         87545 103,400       16,120         18,090         114,560       
9614 -                350               230               1,080           94,140         100,010       105,310       160,400         82415 59,520         4,180           4,510           6,310           
9660 7,060           4,660           8,540           19,790         47,130         111,210       109,610       212,370         103190 96,770         8,480           3,720           4,950           
6951 32,030 8,380 6,740 8,160 8,810 45,190 37,230 102,000 76420 115,610 61,600 10,100 21,750
3144 13,180         12,340         8,560           3,770           4,700           44,140         59,760         101,070         62575 65,390         114,760       55,960         43,100         
9699 6,020           1,720           270               1,440           3,150           2,370           2,220           3,440              2355 2,490           1,750           1,640           114,560       
6792 19,000         37,300         31,240         33,000         11,490         128,940       102,730       102,530         96390 90,050         17,470         10,010         12,450         
9637 42,290         25,290         4,030           9,430           39,960         119,630       127,380       179,100         113435 99,490         49,750         8,550           22,670         
2353 16,480         9,070           18,600         35,660         84,020         131,760       117,160       134,990         91910 66,660         15,950         6,570           11,310         
9997 7,180           3,070           4,580           28,930         31,970         93,390         91,160         213,300         112680 134,200       58,780         17,770         54,420         
2332 890               730               940               1,060           640               560               220               202,110         74820 149,420       710               650               400               
918 6,800           4,100           5,300           7,300           92,200         88,200         152,300       316,000         154500 156,700       4,100           3,100           4,600           
595 20,800         12,900         16,600         28,100         112,900       168,300       170,600       353,000         163100 155,600       69,200         24,200         45,300         

9642 41,430         50,640         48,320         42,730         123,610       168,450       135,520       262,710         168425 201,330       151,830       113,180       157,160       
9477 7,200           12,800         16,800         9,800           49,900         114,000       134,400       257,300         152900 171,400       11,200         9,300           12,300         
9617 -                -                -                40                 4,450           49,880         67,990         268,050         121345 174,700       9,390           140               -                
7272 117,320       126,720       65,780         78,240         104,580       249,320       120,460       118,800         106100 91,740         72,540         72,480         89,020         
8220 5,960           5,100           4,990           5,920           15,770         31,070         220,620       29,450           123870 27,120         5,850           8,010           6,450           
7269 145,190       119,870       113,960       139,420       177,840       252,040       179,050       4,070              91055 3,060           1,470           160               8,950           



9995 78,400         273,140       4,370           2,480           4,590           44,750         6,230           11,060           13740 21,250         27,860         16,760         18,080         
2693 6,100           -                200               1,100           29,700         42,600         329,300       186,400         209150 89,000         5,100           3,400           159,600       
2014 271,170       188,350       193,880       206,580       289,150       438,090       365,920       939,640         473210 580,500       276,230       160,080       348,150       
5616 303,600       302,800       682,800       157,500       231,700       427,500       345,300       720,800         403300 461,300       738,400       2,330,500    2,581,400    

Totals by 
Month 2,482,200  2,125,230  2,159,300  2,002,872  3,538,698  6,316,562  6,054,184  11,181,530  6090732.5 6,127,281  2,853,710  3,726,650  5,277,160  

Totals by 
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Gal/month 2,482,200  2,125,230  2,159,300  2,002,872  3,538,698  6,316,562  6,054,184  11,181,530  6,127,281  2,853,710  3,726,650  5,277,160  
Adjusted 2,482,200 2,125,230 2,159,300 2,002,872 3,538,698 6,316,562 6,054,184 6,090,733 6,127,281 2,853,710 3,726,650 5,277,160

331,845 284,122 288,676 267,764 473,088 844,460 809,383 814,269 819,155 381,512 498,215 705,503



 







Measuring Site Date Surveyed Flow (cfs)
Second Weir down from Site 6 1/2/2014 2.2
Second Weir down from Site 6 9/26/2013 2.3

Measuring Site Date Surveyed Flow (cfs)
70' below CG#6 ck. access 9/30/2010 4.3
70' below CG#6 ck. access 9/15/2010 3.9
70' below CG#6 ck. access 8/31/2010 4.2
70' below CG#6 ck. access 8/19/2010 6
70' below CG#6 ck. access 8/5/2010 7.8
70' below CG#6 ck. access 9/25/2008 2.8

Measuring Site Date Surveyed Flow (cfs)
75 feet below Pearch Creek CG 9/18/2006 3.5
75 feet below Pearch Creek CG 10/11/2005 2.4

Measuring Site Date Surveyed Flow (cfs)
80' below CG#6 ck. access 9/21/2009 2.4
80' below CG#6 ck. access 9/20/2007 2.8

Measuring Site Date Surveyed Flow (cfs)
120' below campground 9/22/2004 2.3
120' below campground 9/25/2003 2.1

Measuring Site Date Surveyed Flow (cfs)
Trail down to pool at gate in Perch Creek CG 8/6/2012 4.1
Trail down to pool at gate in Perch Creek CG 6/14/2012 12
Trail down to pool at gate in Perch Creek CG 7/27/2011 6.9
Trail down to pool at gate in Perch Creek CG 7/1/2011 11.2
Trail down to pool at gate in Perch Creek CG 6/14/2011 16.5
Trail down to pool at gate in Perch Creek CG 8/24/2010 3.5
Trail down to pool at gate in Perch Creek CG 8/2/2010 7.2
Trail down to pool at gate in Perch Creek CG 7/13/2010 9.3
Trail down to pool at gate in Perch Creek CG 8/31/2009 1.9
Trail down to pool at gate in Perch Creek CG 7/31/2009 2.6
Trail down to pool at gate in Perch Creek CG 8/8/2007 5
Trail down to pool at gate in Perch Creek CG 9/5/2006 2.1
Trail down to pool at gate in Perch Creek CG 8/9/2006 3.4
Trail down to pool at gate in Perch Creek CG 7/10/2006 5.2
Trail down to pool at gate in Perch Creek CG 6/15/2006 11.9
Trail to pool at gate in P.C. Cmpgrnd 9/27/2005 1.5
Trail to pool at gate in P.C. Cmpgrnd 8/4/2005 4.4
Trail to pool at gate in P.C. Cmpgrnd 7/8/2005 11
Trail to pool at gate in P.C. Cmpgrnd 6/13/2005 17.8
Trail to pool at gate in P.C. Cmpgrnd 8/30/2004 2.7

Perch Creek Streamflow Data



Trail to pool at gate in P.C. Cmpgrnd 8/2/2004 2.9
Trail to pool at gate in P.C. Cmpgrnd 6/10/2004 5.3
Trail to pool at gate in P.C. Cmpgrnd 9/24/2003 2
Trail to pool at gate in P.C. Cmpgrnd 9/5/2002 1
Trail to pool at gate in P.C. Cmpgrnd 7/31/2002 5.2

Measuring Site Year Average Flow (cfs)
Trail to pool at gate in P.C. Cmpgrnd 2012 8.1
Trail to pool at gate in P.C. Cmpgrnd 2011 11.5
Trail to pool at gate in P.C. Cmpgrnd 2010 6.7
Trail to pool at gate in P.C. Cmpgrnd 2009 2.3
Trail to pool at gate in P.C. Cmpgrnd 2007 5.0
Trail to pool at gate in P.C. Cmpgrnd 2006 5.7
Trail to pool at gate in P.C. Cmpgrnd 2005 8.7
Trail to pool at gate in P.C. Cmpgrnd 2004 3.6
Trail to pool at gate in P.C. Cmpgrnd 2003 2.0
Trail to pool at gate in P.C. Cmpgrnd 2002 3.1

Measuring Site Month Average Flow (cfs)
Trail to pool at gate in P.C. Cmpgrnd June 12.7
Trail to pool at gate in P.C. Cmpgrnd July 7.3
Trail to pool at gate in P.C. Cmpgrnd August 3.9
Trail to pool at gate in P.C. Cmpgrnd September 1.9
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STATE OF CALIFORNIA 
STATE WATER RESOURCES CONTROL BOARD 

DIVISION OF WATER RIGHTS 
ORDER 

Application 25533 Permit 17573 License 

ORDER APPROVING A NEW DEVELOPMENT SCHEDULE, ADDING AN ENDANGERED 

SPECIES TERM, AND AMENDING THE PERMIT 

WHEREAS: 

1. Permit 17573 was issued to Orleans Community Services District on March 9, 1979. 

2. On January 23, 1985 the State Water Resources Control Board approved a new completion 
schedule that specifies that complete use of water be made by December 31, 1993. 

3. A petition for an Extension of Time in which to develop the project and apply the water to the 
proposed use was filed with the State Water Resources Control Board on February 28, 1996. 
Full beneficial use of water was dependent upon complete build out within the permittee's 
service area. 

4. The permittee has proceeded with diligence and good cause has been shown for the extension of 
time. 

5. Fish and/or wildlife species have been or may be listed under the federal Endangered Species 
Act and/or the California Endangered Species Act. 

NOW, THEREFORE, IT IS ORDERED THAT: 

1. Paragraph 9 of the permit is amended to read as follows: 

Complete application of water to the authorized use shall be made by December 31, 2008. 

2. The addition of Paragraph 18 to read as: 

This permit does not authorize any act which results in the taking of a threaten or endangered 
species or any act which is now prohibited, or becomes prohibited in the future, under either the 
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Permit 17573 License 

California Endangered Species Act (Fish and Game Code sections 2050 to 2097) or the federal 
Endangered Species Act (16 U.S.C.A. sections 1531to 1544). Ifa "taking" will result from any 
act authorized under this water right, the permittee shall obtain an incidental take permit prior to 
construction or operation. Permittee shall be responsible for meeting all requirements of the 
applicable Endangered Species Act for the project authorized under this permit. 

(0000014) 

Dated: FEBRUARY f' 19'33 

�/�4� , Harry �lle(Cbtef 
Division of Water Rights 
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STATE OF CALIFORNIA 
THE RESOURCES AGENCY 

STATE WATER RESOURCES CONTROL BOARD 

DIVISION OF WATER RIGHTS 

ORDER 
17573 

' . .. .. . 

APPLICATION-- PERMIT _______ _ LICl!HS,.___ ______ _ 

WRCB 
133 (12-67) 

ORDER APPROIJING A NEW DEVEI.DPMENT SCHEDULE AND AMENDING THE PERMIT 

WHEREAS: 

1. A petition for extension of time within which to develcp the project and 
apply the water to the proposed use has been filed with the State 
Water Resrurces Control Board. 

2. The peun.i ttee has proceeded with diligence and gcx:xi cause has been sham 
for extension of time. 

NCM, THEREFORE, IT IS ORDERED THAT: 

1 • Paragraph 9 of the penni t is amended to read as follCW'S: 

a:H>LETE APPLICATION OF THE 
WATER TO THE PROPOSED USE 
SHALL BE MADE ON OR BEFORE December 1, 1993 

2. Paragraph 12 of this permit is deleted. A new Paragraph 12 is added as 
foll0t1s: 

.: ... � ... ) � . . :._:J �·: ';{: 
Pursuant to California Water Code Sections 100 and 275, and the camon law 
public trust doctrine, all rights and privileges under this permit and 
under any license issued pursuant thereto, including method of diversion, 
method of use, and quantity of water diverted, are subject to the 
continuing authority of the State Water Resoorces Control Board in 
accordance with law and in the interest of the public welfare to protect 
public trust uses and to prevent waste, unreasonable use, unreasonable 
method of use, or unreasonable method of diversion of said water. 

The continuing authority of the Board may be exercised by imposing 
specific requirements over and above those contained in this permit with a 
view to eliminating waste of water and to meeting the reasonable water 
requirements of pennittee without unreasonable draft on the source. 
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Penni ttee may be required to implement a water conservation plan, features 
of which may include rut not necessarily be limited to: (1) reusing or 
reclaiming the water allocated; (2) using water reclaimed by another entity 
instead of all or part of the water allocated; (3) restricting diversions 
so as to eliminate agricultural tailwater or to reduce return flow; (4) 
suppressing evaix>ration losses from water surfaces; (5) controlling 
phreatophytic grcwt.h; and (6) to installing, maintaining, and operating 
efficient water treasuring devices to assure conq:>liance with the quantity 
limitations of this pennit and to detennine accurately water use as against 
reasonable water requirements for the authorized project. No action will 
be taken pursuant to this paragraph unless the Board detennines, after 
notice to affected parties and opportunity for hearing, that such specific 
requirements are physically and financially feasible and are appropriate to 
the particular situation. The continuing authority of the Board also may 
be exercised by imposing further limitations on the diversion and use of 
water by the penni ttee in order to protect public trust uses. No action 
will be taken pursuant to this paragraph unless the Board detennines, after 
notice to affected parties and opportunity for hearing, that such action is 
consistent with California Constitution Article X, Section 2; is consistent 
with the public interest and is necessary to preserve or restore the uses 
protected by the public trust. C o-t:r-o o o t2-) 

3. Paragraph 1 7 is added to this penni t as follONs: 

Penni ttee shall consult with the Di vision of Water Rights and the 
Department of Water Resources and develop and implement a water 
conservation plan or actions. The proposed plan or actions shall be 
presented to the Board for approval within one year fran the date of this 
penni t (order) or such further time as may, for good cause shONn, be 
alla.ved by the Board. A progress report on the developnent of a water 
conservation plan may be required by the Board within this period. 

( v-v-v c.r v '- C, ) 

Dated: JANUARY 2 3 1985 

�� 
Di vision of Water Rights 



STATE OF CALIFORNIA 
THE RESOURCES AGENCY 

STATE WATER RESOURCES CONTROL BOARD 

DIVISION OF WATER RIGHTS 

.. 
. . .. .. 

PERMIT FOR DIVERSION AND USE OF WATER 

PERMIT_-=1.""""7.....;;5__,,7_..3.__ 

Application __ .f_§_�-�-�---------------of ____ Q_r_�-�D-�--�Q��!!Lt'Y.'._ ser_�..1-��� District 

_______ _e__. ____ QL __ �g-� __ J_Z_$...'--__ Qr..l�-�.!}�,--C.�Jj_f o rn i �_J_§_�§-�---------------------------------------------------------------

filed on. __________ Q_�t.Q_Q�_r._J_�..1 __ _l_�_Zl __________________________________ , has been approved by the State Water Resources Control 
Board SUBJECT TO VESTED RIGHTS and to the limitations and conditions of this Permit. 

Permittee is hereby authorized to divert and use water as follows: 

1. Source: Tributary to: 

Perch Creek Klamath River 
----------------------------·------------

------------ ·--------------------

2. Location of point of diversion: 
40-acre subdivision Town· Base 

of public land survey Section ship Range and 
or projection thereof Meridan 

51100 ft. & W400 ft. from NE Corner of NE� of NE� 32 llN 6E H 
::>eci::1 on ,jl 

County of ___ ��-��-�-l5!! __________________________________________ _ 

3. Purpose of use: 4. Place of use: Town· Base 
Section 

ship 
Range and A.-

Meridan 

Irrigation 

Domestic 

Recreational 

Stockwatering Within the Boundaries of 

the Orleans Community 

Services District 1 lON 5E H 

6 lON 6E H 

36 llN 5E H 

I 29' 30' 31 ' & 32 llN 6E H 

The place of use is shown on map filed with the State Water Resources Control Board. 

WRCB 14 Cll-721 27Hl0t8a 10·7' IM @ OBI' 
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5. THE WATER APPROPRIATED SHALL BE LIMITED TO THE QUANTITY WHICH CAN BE BENEFICIALLY 
USED AND SHALL NOT EXCEED: (A ) 1.74 CUBIC FEET PER SECOND BY DIRECT DIVERSION FROM 
APRIL 1 TO SEPTEMBER 1 OF EACH YEAR FOR IRRIGATION; (B ) 0.321 CUBIC FOOT PER SECOND BY 
DIRECT DIVERSION FROM JANUARY l TO DECEMBER 31 OF EACH YEAR FOR DOMESTIC, RECREATIONAL 
AND STOCKWATERING USES. THE MAXIMUM AMOUNT DIVERTED UNDER THIS PERMIT FOR A�L USES 
SHALL NOT EXCEED 751 ACRE-FEET PER YEAR• ( t)<.H.) C> o o ::.- ) 
6. THE AMOUNT AUTHORIZED FOR APPROPRIATION MAY BE REDUCED IN THE LICENSE IF 

I NV EST I GAT I ON WARRANTS• (t)"t'O ,, ,., "(to ) 
7. ACTUAL CONSTRUCTION WORK SHALL BEGIN ON OR BEFORE TWO YEARS FROM DATE OF PERMIT 

AND SHALL THEREAFTER BE PROSECUTED WITH REASONABLE DILIGENCE, AND IF NOT SO COMMENCED 
AND PROSECUTED, THIS PERMIT MAY BE REVOKED. (c.>·i.>-r.'t'007) 

8. SAID CONSTRUCTION WORK SHALL BE COMPLETED ON OR BEFORE DECEMBER 1, 1982. ) ( tnrv cnrt) � 
9. COMPLETE APPLICATION OF THE WATER TO THE PROPOSED USE SHALL BE MADE ON OR BEFORE 

DECEMBER 1, 1983. ( CTV"O '-,..zJ-0 9) 
10. PROGRESS REPORTS SHALL BE SUBMITTED PROMPTLY BY PERMITTEE WHEN REQUESTED BY THE 
STATE WATER RESOURCES CONTROL BOARD UNTIL LICENSE IS ISSUED. (tnrtf·7010) 

11. PERMITTEE SHALL ALLOW REPRESENTATIVES OF THE STATE WATER RESOURCES CONTROL BOARD 
AND OTHER PARTIES AS MAY BE AUTHORIZED FROM TIME TO TIME BY SAID BOARD, REASONABLE ) ACCESS TO PROJECT WORKS TO DETERMINE COMPLIANCE WITH THE TERMS OF THIS PERMIT. (cr.�·or•ol/ 

12. PURSUANT TO CALIFORNIA WATER CODE SECTIONS 100 AND 275, ALL RIGHTS AND PRIVILEGES 
UNDER THIS PERMIT AND UNDER ANY LICENSE ISSUED PURSUANT THERETO, INCLUDING METHOD OF 
DIVERSION, METHOD OF USE, AND QUANTITY OF WATER DIVERTED, ARE SUBJECT TO THE CONTINUING 
AUTHORITY OF THE STATE WATER RESOURCES CONTROL BOARD IN ACCORDANCE WITH LAW AND IN THE 
INTEREST OF THE PUBLIC WELFARE TO PREVENT WASTE, UNREASONABLE USE, UNREASONABLE METHOD 
OF USE, OR UNREASONABLE METHOD OF DIVERSION OF SAID WATER. 

THE CONTINUING AUTHORITY OF THE BOARD MAY BE EXERCISED BY IMPOSING SPECIFIC REQUIRE
MENTS OVER AND ABOVE THOSE CONTAINED IN THIS PERMIT WITH A VIEW TO MINIMIZING WASTE OF 
WATER AND TO MEETING THE REASONABLE WATER REQUIREMENTS OF PERMITTEE WITHOUT UNREASONABLE 
DRAFT ON THE SOURCE. PERMITTEE MAY BE REQUIRED TO IMPLEMENT SUCH PROGRAMS AS (1) REUSING 
OR RECLAIMING THE WATER ALLOCATED; (2) USING WATER RECLAIMED BY ANOTHER ENTITY INSTEAD 
OF ALL OR PART OF THE WATER ALLOCATED; (3) RESTRICTING DIVERSIONS SO AS TO ELIMINATE 
AGRICULTURAL TAILWATER OR TO REDUCE RETURN FLOW; (4) SUPPRESSING EVAPORATION LOSSES FROM 
WATER SURFACES; (5) CONTROLLING PHREATOPHYTIC GROWTH; AND (6) INSTALLING, MAINTAINING, AND 
OPERATING EFFICIENT WATER MEASURING DEVICES TO ASSURE COMPLIANCE WITH THE QUANTITY LIMITA
TIONS OF THIS PERMIT AND TO DETERMINE ACCURATELY WATER USE AS AGAINST REASONABLE WATER 
REQUIREMENTS FOR THE AUTHORIZED PROJECT. NO ACTION WILL BE TAKEN PURSUANT TO THIS PARA
GRAPH UNLESS THE BOARD DETERMINES, AFTER NOTICE TO AFFECTED PARTIES AND OPPORTUNITY FOR 
HEARING, THAT SUCH SPECIFIC REQUIREMENTS ARE PHYSICALLY AND FINANCIALLY FEASIBLE AND ARE 
APPROPRIATE TO THE PARTICULAR SITUATION. (�·oe>-CI�) 

13. THE QUANTITY OF WATER DIVERTED UNDER THIS PERMIT AND UNDER ANY LICENSE ISSUED PUR
SUANT THERETO IS SUBJECT TO MODIFICATION BY THE STATE WATER RESOURCES CONTROL BOARD IF, 
AFTER NOTICE TO THE PERMITTEE ANO AN OPPORTUNITY FOR HEARING, THE BOARD FINDS THAT SUCH 
MODIFICATION IS NECESSARY TO MEET WATER QUALITY OBJECTIVES IN WATER QUALITY CONTROL PLANS 
WHICH HAVE BEEN OR HEREAFTER MAY BE ESTABLISHED OR MODIFIED PURSUANT TO DIVISION 7 OF 
THE WATER CODE. NO ACTION WILL BE TAKEN PURSUANT TO THIS PARAGRAPH UNLESS THE BOARD 
FINDS THAT (1) ADEQUATE WASTE DISCHARGE REQUIREMENTS HAVE BEEN PRESCRIBED AND ARE IN EFFECT 
WITH RESPECT TO ALL WASTE DISCHARGES WHICH HAVE ANY SUBSTANTIAL EFFECT UPON WATER QUALITY 
IN THE AREA INVOLVED, AND (2) THE WATER QUALITY OBJECTIVES CANNOT BE ACHIEVED SOLELY 
THROUGH THE CONTROL OF WASTE DISCHARGES. (o-trt> (/7)/3) 
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14. THE EQUIVALENT Of THIS CONTINUOUS FLOW ALLOWANCE FOR ANY 30-DAY PERIOD MAY BE DI
VERTED IN A SHORTER TIME, PROVIDED THERE BE NO INTERFERENCE WITH OTHER VESTED RIGHTS 
AND INSTREAM BENEFICIAL USESj AND PROVIDED FURTHER THAT ALL TERMS OR CONDITIONS PRO
TECTING INSTREAM BENEFICIAL USES BE OBSERVED. {trn7tro2-7J 
15. (A ) (B ) ( c) (D ) 
THE 
FOR 

FOR THE PROTECTION Of FISH AND WILDLIFE, PERMITTEE SHALL DURING THE PERIOD: 
FROM JANUARY 1 THROUGH APRIL 30 BYPASS A MINIMUM OF 8 CUBIC FEET PER SECOND; 
FROM MAY 1 THROUGH JUNE 30 BYPASS A MINIMUM OF 4 CUBIC FEET PER SECONDj 
FROM JULY 1 THROUGH OCTOBER 31 BYPASS A MINIMUM OF 1.5 CUBIC FEET PER SECONDj 
FROM NOVEMBER 1 THROUGH DECEMBER 31 BYPASS A MINIMUM OF 4 CUBIC FEET PER SECOND. 
TOTAL STREAMFLOW SHALL BE BYPASSED WHENEVER IT IS LESS THAN THE DESIGNATED AMOUN\ 
THAT PERIOD. ( 0l'feJ0{90 ) 

16. NO WATER SHALL BE DIVERTED UNDER THIS PERMIT UNTIL PERMITTEE HAS INSTALLED A DEVICE, 
SATISFACTORY TO THE STATE WATER RESOURCES CONTROL BOARD, WHICH IS CAPABLE OF MEASURING 
THE �LOW REQUIRED BY THt CONDITIONS Of THIS PERMIT. SAID MEASURING DEVICE SHALL BE 
PROPERLY MAINTAINED. ( O-OloOOG,2.) 

Thia pennit ill issued and pennittee takea it subject to the following provisions of the Water Code: 
Section 1390. A permit shall be elfective for such time as the water actually appropriated under it is used · for a useful and benellcfal parpote In 

conformity with this division (of the Water Code), but J19 longer. 

Section 1391. Every permit shall include the enumeration of conditimls therein which in substance shall include all of the provlsiou of this article 
and the statement that any appropriator of water te whom a permit Is Issued takes it subject to the conditions therein expressed. 

Section 1392. Every permittee, if he accepts a permit, does so under the conditions precedent th!Lt no value whatsoever m -.. of the actual 
amount paid to the State therefor shall at any time be 888igned to Ol' claimed for any permit granted oi; Issued under the provisions of lhls division (of 
the Water Code), or for any rights granted or acquil'841 under the pro'Vlsions of this division (of the Water Cade� m respect to the iqulation by any 
competent public authority of the services or the price of the service. 8 to be rendered by any permittee or by the � of any rights gninted or acquired 
under the provisions of this division (of the Water Code) or in respect to any valuation for purposes of sale to or �e, whether through condemnation 
proceedings or otherwise, by the State or a11¥ city, city and county, municipal water district, irrigation district, lighting district, or any political sul)divlsion 
of the State, of the rights and property of any peimittee, or the polse880r ef any rights granted, issued, or acquired under the provisiODS of this division 
(of the Water Code). 

Dated: MARCH 9 1979 STATE WATER RESOURCES CONTROL BOARD 

WRCB 14·2 (11 .. 8) ·-



 



 

 

 

Appendix C Water Demand and Storage Calculations 

This Appendix contains the calculations performed to determine water demand. 

  



 



Orleans Water Demands Using CCR Title 22 Chapter 16 (Based on meter data)
ADD 133,574   gpd
MDD 315,828   gpd
PHD 19,739     gph
PHD 329          gpm

*All data above originates in spreadsheet "OCSD Usage per meter month by month-idh"

Orleans Water Demands with losses Using CCR Title 22 Chapter 16 (Based on meter data)
ADD 146,931   gpd
MDD 347,411   gpd
PHD 21,713     gph
PHD 362          gpm

*All data above originates in spreadsheet "OCSD Usage per meter month by month-idh"

Projected future demands using meter data with losses
Years in the Future Present 10 20 30

Average Daily Demand 146,931                 156,290       165,649   175,007             
Max Daily Demand 347,411                 369,539       391,667   413,795             

Connections 157 167 177 187

Storage Calculations Volume (gallons)
Working 146,931                 

Fire 123,000                 
Emergency 64,500                    

Total 334,431                 

Average Daily Demand
Max Daily Demand

Peak Hourly Demand
Peak Hourly Demand

Average Daily Demand
Max Daily Demand

Peak Hourly Demand
Peak Hourly Demand



 



 

 

Appendix D Design Drawings for Orleans CSD Water 
System 

This Appendix contains the as built drawings for Orleans CSD provided by the client. 

  



 















































































































 

 

 

Appendix E Climate Report and Water Stress 
Information  

This Appendix contains information about climate information in the Orleans area and potential water 

stress sites for Native communities. 
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Tribal water systems at highest risk due to drought conditions: 
Updated March 26, 2014 – Updates will be made as conditions change and information becomes available. 

Surface water systems: 
 
1. Yurok  
2. Hoopa 
3. Karuk 
4. Grindstone 
5. Stewarts Point 
6. Tule River 
7. Smith River 

Communities served by non-Indian water systems: 
 
8. Redwood Valley 26.  Sherwood Valley 
9. Coyote Valley 27.  Pinoleville 
10. San Pasqual (District B) 
11. Tuolomne 
12. Torres Martinez 

Groundwater systems: 
 
13. Big Valley  25. Santa Rosa Rancheria 
14. Cold Springs 28. Old Sherwood Valley 
15. Cortina  29. Pauma 
16. Chicken Ranch 
17. Enterprise 
18. Ione 
19. La Posta 
20. Morongo 
21. Santa Rosa Reservation 
22. Santa Ysabel 

Salt water intrusion: 
 
23. Table Bluff  1.  Yurok (Klamath) 
24. Manchester/Point Arena 
5. Stewarts Point 
7. Smith River 

Source: Indian Health Service California Area Office of Environmental Health and Engineering. Based on vulnerability level, system information, and assessments. 

Total Systems to Date = 29 



  

                       

                     
 

                       

   

 

                   

   

 

 

                 

 

                           

                              

                       

                                   

                               

                            

                                       

                                   

                         

                                 

                         

                             

                     

                               

                                 

                           

                         

                               

 

 

                                 

                               

                             

                               

                         

                                 

                             

                         

 

 

                                  

                               

A summary of current trends and probable future trends in climate and climate

driven processes for the Six Rivers National Forest and surrounding lands 

Ramona J. Butz, Northern Province Ecologist, USDA Forest Service, Pacific Southwest Region. 
rbutz@fs.fed.us; 7074413584* 

Hugh Safford, Regional Ecologist, USDA Forest Service, Pacific Southwest Region. 
hughsafford@fs.fed.us; 7075628934. 

I. Local trends in climate over the past century 

The data presented in this section are derived primarily from three weather stations with long
term meteorological data on and adjacent to the Six Rivers National Forest (SRF) (WRCC 2010). 
The longest quasicontinuous weather record is provided by the Orleans Station (19312009; 
WRCC 2010), which is located near the town of Orleans and lies at 1060 feet above sea level 
(323 m) at approximately 41° 18’ N, 123° 32’ W. The Gasquet Ranger Station weather station 
has precipitationonly data for the period 19492009. The station is located at approximately 41° 
52’ N, 123° 58’ W at 380 feet above sea level (116 m). The Willow Creek 1 NW weather station, 
located near the town of Willow Creek at approximately 40° 57’ N, 123° 38’ W at 460 feet 
above sea level (140 m) provides quasicontinuous temperature and precipitation data from 1969 
to 2001. It is missing annual temperature data for the period from 19781980. The Mad River 
station was only operational from 19441976, does not include temperature data, and the 
precipitation data are discontinuous; data from this station are not included in this summary for 
these reasons. Additional precipitation data are analyzed from longterm precipitation records 
maintained by each Ranger District on the SRF. Years with more than 15 days of missing 
temperature data in a single month or 5 days of missing precipitation data in a single month 
(except between June and September) are excluded from the analyses. We also present spatial 
data from the PRISM climate dataset, which extrapolates weather station records to the 
landscape for all years beginning in the late 19th 

century (Daly et al. 1994, PRISM 2010). 

Temperature 
The PRISM data suggest that most of the Six Rivers NF area has experienced increases in mean 
annual temperature of about 1ºC (1.8º F) over the last ¾ century, although some coastal areas 
have seen a slight decrease in temperature (Fig. 1). Average temperatures at the Orleans station 
have increased approximately 2º F in the period 19312009. This trend is driven by a highly 
significant increase in mean minimum (i.e., nighttime) temperatures, which have risen by almost 
4º F since 1931 (Fig. 2). The Willow Creek station shows an increase in mean and mean 
minimum temperatures over the available data from 19692001 (Fig. 3). As at Orleans, there has 
been a significant increase of about 2º F in nighttime temperatures since 1969. 

Precipitation 
Precipitation trends for each Ranger District on the Six Rivers NF are shown in Figs. 47. Total 
annual precipitation for Gasquet, Orleans, and Mad River is steady over the period of record. 

*Corresponding author
�
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Figure 1. Spatial differences in mean annual temperature (A), and mean annual precipitation (B) 

between the 1930’s and 2000’s, as derived by the PRISM climate model. The Six Rivers NF area is found 

within the circle. Temperatures have risen only moderately across most of the SRF area, although some 

coastal areas have actually experienced decreased temperatures. The PRISM model suggests that 

precipitation has increased across most of the area. Graphic courtesy of S. Dobrowksi, Univ. of Montana. 

Precipitation at Lower Trinity has increased over the period of record from 19322009. There is 
very high interannual variability in all four precipitation records, such that the value predicted by 
the regression line in each figure is rarely representative of the actual annual mean. The increase 
in annual precipitation at the Lower Trinity Ranger Station is being driven by a slight increase in 
spring (MarchAprilMay) precipitation over the period of record from 1932present. There 
were no other significant increases in precipitation by season from any station, and the 
distribution of precipitation across the year has remained similar through the record. 

The 5yr coefficient of variation of annual precipitation is increasing over time at all stations 
(Figs. 811), which demonstrates that yeartoyear variability in precipitation has increased over 
the course of the last century. Total annual snowfall records on the SRF are too incomplete to 
allow for analysis. 
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Figure 2. Annual mean, mean maximum, and mean minimum temperatures at Orleans, California, 

1931-2009. Trend lines fit with simple linear regression, no transformations employed. Data from 

WRCC 2010. 
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Figure 3. Annual mean, mean maximum, and mean minimum temperatures at Willow Creek, 

California, 1969-2001. Trend lines fit with simple linear regression, no transformations employed. 

Data from WRCC 2010. 
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Figure 4. Total annual precipitation at the Gasquet Ranger Station, California, 1940-2009. Data 

from Six Rivers National Forest 2010. 
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Figure 5. Total annual precipitation at the Orleans Ranger Station, California, 1903-2009. Data from 

Six Rivers National Forest 2010. 
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Figure 6. Total annual precipitation at the Lower Trinity Ranger Station, California, 1932-2009. Data 

from Six Rivers National Forest 2010. 
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Figure 7. Total annual precipitation at the Mad River Ranger Station, California, 1944-2009. Data from 

Six Rivers National Forest 2010. 



                       

 

 
             

       

 

 
             

       

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Six Rivers NF climate change trend assessment, Dec. 15, 2010 6 

Figure 8. Five-year coefficients of variation in annual precipitation at Gasquet Ranger Station, 

California. Data from Six Rivers NF 2010. 

Figure 9. Five-year coefficients of variation in annual precipitation at Orleans Ranger Station, 

California. Data from Six Rivers NF 2010. 
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Figure 10. Five-year coefficients of variation in annual precipitation at Lower Trinity Ranger Station, 

California. Data from Six Rivers NF 2010. 

Figure 11. Five-year coefficients of variation in annual precipitation at Mad River Ranger Station, 

California. Data from Six Rivers NF 2010. 
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II. Regional trends over the last century linked to climate change 

Hydrology 
Analyses of hydrometeorological data from the lower Klamath Basin show a decrease in the 
percentage of precipitation falling as snow and accelerated snowpack melt, resulting in earlier 
peak runoff and lower base flows (Hamlet et al. 2005; Mote et al. 2005; Regonda et al. 2005; 
Stewart et al. 2005; Mote 2006; Van Kirk and Naman 2008). Since the 1940s, snow water 
equivalent (SWE) has decreased while water use has increased (Van Kirk and Naman 2008). 
Trends in April 1 SWE appear to be driven by temperature, which, along the Pacific Coast, is a 
function of elevation and latitude (Knowles and Cayan 2004; Mote 2006), and secondarily by 
precipitation (Hamlet et al. 2005; Mote et al. 2005; Stewart et al. 2005). 

Forest fires 
Data on forest fire frequency, size, total area burned, and severity all show strong increases in 
California over the last two to three decades. Westerling et al. (2006) showed that increasing 
frequencies of large fires (>1000 acres) across the western United States since the 1980’s were 
strongly linked to increasing temperatures and earlier spring snowmelt. Northern California 
forests have had substantially increased wildfire activity, with most wildfires occurring in years 
with early springs (Westerling et al. 2006). This increase is likely attributable to both climate 
and landuse effects. Large percentage changes in moisture deficits in Northern California 
forests, according to Westerling et al. (2006), were strongly associated with advances in the 
timing of spring, but this area also includes substantial forested area where fire exclusion, timber 
harvesting, and succession after mining activities have led to increased forest densities and fire 
risks (McKelvey et al. 1996; Gruell 2001). 

Miller et al. (2010) found no temporal trend in the annual proportion of fire area burning at high
severity within fires >400 ha occurring on the four National Forests of NW California during the 
period 19872008. However, mean and maximum fire size and total annual area burned all 
increased over the period from 1910 to 2008 and regional fire rotation fell to 95 years by 2008. 
During 19872008, Miller et al. (2010) found that the percentage of highseverity fire in conifer
dominated forests of smaller average diameter and lower percent cover was generally higher than 
in forests of larger diameter and higher cover. For areas that burned more than once during this 
period, severity (a measure of the effect of fire on vegetation) in conifer and hardwood forests 
was higher the second time burned versus the first time burned, regardless of tree density and 
size class. Closed forests of medium and large diameter trees that had previously burned 
between 1921 and 1986 burned at lower severities than similar forests that had last burned before 
1921. Miller et al.’s (2010) data showed that years with larger fires and greatest area burned were 
produced by regionwide lightning events, and characterized by less winter and spring 
precipitation than in years dominated by smaller human ignited fires, but the percentage of high
severity fire was generally less in regionwide lightning events. Miller et al. (2010) also found 
that forests near the coast were not more susceptible to high severity fire than interior forests, but 
the size of forest patches burned at high severity was positively related to proximity to the coast. 

Forest structure 
Fire suppression has been practiced as a federal policy since 1935. In addition, many forests 
were harvested using evenaged systems early in the 1900s followed by a diverse group of 
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silvicultural operations (Laudenslayer and Darr 1990). Fire exclusion has resulted in increased 
tree densities and a reduction in shade intolerant species (Parsons and DeBenedetti 1979; North 
et al. 2007), although the ecological significance of these changes is likely more important in 
drier, historically pinedominated forests than in moister, firdominated forests. Skinner (1995) 
found that forest openings decreased and distances between openings increased from 1944 to 
1985 in portions of the Dillon, Clear, and Swillup Creek watersheds near Happy Camp. Working 
at Whiskeytown National Recreation Area, west of Redding, Leonzo and Keyes (2011) 
documented major changes over the last ½ century in the structure and composition of “relict” 
oldgrowth ponderosa pine stands, with young individuals of shade tolerant species like Douglas

fir, white fir and tan oak comprising 10x higher stem densities than the originally dominant pine. 

Van Mantgem et al. (2009) recently documented widespread increases in tree mortality in old
growth forests across the west, including northern California. Their plots had not experienced 
increases in density or basal area during the 1540 year period between first and last census. The 
highest mortality rates were documented in the Sierra Nevada, and in middle elevation forests 
(33006700 feet). Higher elevation forests (>6700 feet) showed the lowest mortality rates. Van 
Mantgem et al. (2009) ascribed the mortality patterns they analyzed to regional climate warming 
and associated drought stress. 

III. Future predictions 

Climate 
As of today, no published climate change or vegetation change modeling has been carried out for 
the Six Rivers National Forest. Indeed, few futureclimate modeling efforts have treated areas as 
restricted as the State of California. The principal limiting factor is the spatial scale of the 
General Circulation Models (GCMs) that are used to simulate future climate scenarios. Most 
GCMs produce raster outputs with pixels that are 10,000’s of km2 

in area. To be used at finer 
scales, these outputs must be downscaled using a series of algorithms and assumptions – these 
finerscale secondary products currently provide the most credible sources we have for 
estimating potential outcomes of longterm climate change for California. Another complication 
is the extent to which GCMs disagree with respect to the probable outcomes of climate change. 
For example, a recent comparison of 21 published GCM outputs that included California found 
that estimates of future precipitation ranged from a 26% increase per 1º C increase in 
temperature to an 8% decrease (Gutowski et al. 2000, Hakkarinen and Smith 2003). That said, 
there was some broad consensus: all of the reviewed GCMs predicted warming temperatures for 
California, and 13 of 21 predicted higher precipitation (three showed no change and five 
predicted decreases). According to Dettinger (2005), the most common prediction among the 
most recent models (which are considerably more complex and, ideally, more credible) is 
temperature warming by about 9 degrees F by 2100, with precipitation remaining similar or 
slightly reduced compared to today. Most models agreed that summers will be drier than they are 
currently, regardless of levels of annual precipitation. 

Cayan et al. (2008) use simulations from the NCAR and DOE Parallel Climate Model (PCM1) 
and the NOAA Geophysical Fluid Dynamics Laboratory CM2.1 model (GFDL) to investigate 
possible future climate changes in California. In Northern California, by the end of the century, 
projected precipitation increases slightly or does not change in one model (PCM1) and decreases 
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by 1020% in the other model (GFDL). Although little change in northern California 
precipitation is projected during the twentyfirst century, there is a modest tendency for increases 
in the numbers and magnitudes of large precipitation events. While the magnitude of warming 
varies by both model and emission scenario, California temperatures rise by between 1.7 and 
5.8°C between 2000 and 2100 for the set of climate change model simulations. Barr et al. (2010) 
report projections of slightly less severe warming, from +2.5 to 4.6° C (4.5 to 8.3° F); their 
precipitation projections range from 11% to +24%, with all models agreeing that growing 
season precipitation will decrease. 

Hydrology 
Although climate models diverge with respect to future trends in precipitation over NW 
California, there is widespread agreement that the trend toward lower SWE and earlier snowmelt 
will continue (Leung and Wigmosta, 1999; McCabe and Wolock, 1999; Miller et al. 2003; 
Snyder et al. 2004; Barnett et al. 2005; Zhu et al. 2005; Vicuna et al. 2007; Van Kirk and Naman 
2008). In basins without winter snow accumulation, such as the Smith River basin, base flow is 
relatively insensitive to increasing temperature (Miller et al. 2003). If precipitation does 
increase, streamflow volumes during high flow events could greatly increase. A 30 percent 
increase in precipitation translates into a 50 percent increase in mean maximum annual 
streamflow on the Smith River (Miller et al. 2003). 

A downscaling of three climate models (CSIRO, MIROC, and Hadley) for the Rogue River 
Basin in southwest Oregon and the Klamath River Basin led to the following general future 
projections for hydrology in NW California and SW Oregon (Doppelt et al. 2008, Barr et al. 
2010): Total precipitation may remain roughly similar to historical levels, but may shift in 
seasonality to fall predominantly in midwinter months. Rising temperatures will increase the 
percentage of precipitation falling as rain and decrease snowpack considerably, particularly at 
lower elevations. The Rogue River Basin is likely to experience more severe storm events, 
variable weather, higher and flashier winter and spring runoff events, and increased flooding. 
Both wet and dry cycles are also likely to last longer and be more extreme, leading to periods of 
deeper drought as well as periods of more extensive flooding. These projections may also hold 
true for coastal California river basins such as the Smith River basin. 

Vegetation 
Lenihan et al. (2003, 2008) used a dynamic ecosystem model (“MC1”) which estimates the 
distribution and the productivity of terrestrial ecosystems such as forests, grasslands, and deserts 
across a grid of 100 km2 

cells. To date, this is the highest resolution at which a model of this kind 
has been applied in California, but it is not of high enough resolution to be applied to the Six 
Rivers National Forest as a unit. Based on their modeling results, Lenihan et al. (2003, 2008) 
projected significant declines in evergreen conifer forests in inland NW California, and their 
subsequent replacement by Douglas firtanoak forest and tanoakmadroneoak forest under most 
future climate scenarios (Fig. 12). Projected vegetation changes along the coast were much less 
dramatic, due to maritime buffering of changes in temperature and precipitation (Fig. 12). 
Hayhoe et al. (2005) also used the MC1 ecosystem model to predict vegetation and ecosystem 
changes under a number of different future greenhouse gas emissions scenarios. Their results 
were qualitatively similar to the Lenihan et al. (2003, 2008) results. 
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Figure 12. MC1 outputs for the (A) Northern California Coast, (B) Northern California Coast Ranges, and 

(C) Klamath Mountains Ecological Sections, current vs. future projections of vegetation extent. These 

Ecological Sections include all of the Six Rivers and Mendocino National Forests, and parts of the 

Klamath National Forests and Shasta-Trinity National Forest. The GFDL-B1 scenario = moderately drier 

than today, with a moderate temperature increase (<5.5° F); PCM-A2 = similar ppt. to today, with <5.5° 

temp. increase; GFDL-A2 = much drier than today and much warmer (>7.2° higher). Significant decreases 

in evergreen conifer forest are projected for the Coast Range and Klamath Sections, but not for the 

more maritime Coast Section. Large increases in the hardwood component of forests are projected in all 

scenarios except for the moderate (GFDL-B1) scenario in the Northern California Coast section. From 

Lenihan et al. (2008). 

Barr et al. (2010) report on a set of MC1 runs under three GCMs for the Klamath River Basin but 
do not provide quantitative outputs. In general, by 2100 the upper basin (Oregon) is projected to 
support primarily grassland in place of the sagebrush and juniper ecosystems that currently 
dominate the area. In the lower basin (California), conditions suitable for hardwood forests 
(oaks, tan oak, madrone, etc.) are projected to expand while those suitable for coniferdominated 
forests are projected to contract. 

Fire 
The combination of warmer climate with higher CO2 fertilization will likely cause more frequent 
and more extensive fires throughout western North America (Price and Rind 1994, Flannigan et 
al. 2000); fire responds rapidly to changes in climate and will likely overshadow the direct 
effects of climate change on tree species distributions and migrations (Flannigan et al. 2000, 
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Dale et al. 2001). A temporal pattern of climatedriven increases in fire activity is already 
apparent in the western United States (Westerling et al. 2006), and modeling studies specific to 
California expect increased fire activity to persist and possibly accelerate under most future 
climate scenarios, due to increased growth of fuels under higher CO2 (and in some cases 
precipitation), decreased fuel moistures from warmer dry season temperatures, and possibly 
increased thundercell activity (Price and Rind 1994, Miller and Urban 1999, Lenihan et al. 2003, 
Westerling and Bryant 2006). By 2100, Lenihan et al.’s (2003) simulations suggest a c. 5% to 
8% increase in annual burned area across California, depending on the climate scenario (but note 
that NW coastal California is projected to see less fire; Fig. 12). Increased frequencies and/or 
intensities of fire in coniferous forest in California will almost certainly drive changes in tree 
species compositions (Lenihan et al. 2003), and will likely reduce the size and extent of late
successional refugia (USFS and BLM 1994, McKenzie et al. 2004). Thus, if fire becomes more 
active under future climates, there may be significant repercussions for old growth forest and old 
growthdependent biota. 

A key question is to what extent future fire regimes in montane California will be characterized 
by either more or less severe fire than is currently (or was historically) the case. Fire regimes are 
driven principally by the effects of weather/climate and fuel type and availability (Agee 1993, 
Bond and van Wilgen 1996). 70 years of effective fire suppression in the semiarid American 
West have led to fuelrich conditions that are conducive to intense forest fires that remove 
significant amounts of biomass (McKelvey et al. 1996, Arno and Fiedler 2005, Miller et al. 
2009), and most future climate modeling predicts climatic conditions that will likely exacerbate 
these conditions. Basing their analysis on two GCMs under the conditions of doubled 
atmospheric CO2 and increased annual precipitation, Flannigan et al. (2000) predicted that mean 
fire severity in California (measured by difficulty of control) would increase by about 10% 
averaged across the state. Vegetation growth models that incorporate rising atmospheric CO2 

show an expansion of woody vegetation on many western landscapes (Lenihan et al. 2003, 2008; 
Hayhoe et al. 2005), which could feedback into increased fuel biomass and connectivity and 
more intense (and thus more severe) fires. Use of paleoecological analogies also suggests that 
parts of the Pacific Northwest (including northern California) could experience more severe fire 
conditions under warmer, more CO2rich climates (Whitlock et al., 2003). Fire frequency and 
severity (or size) are usually assumed to be inversely related (Pickett and White 1985), and a 
number of researchers have demonstrated this relationship for California forests (e.g. Swetnam 
1993, Miller and Urban 1999), but if fuels grow more rapidly and dry more rapidly – as is 
predicted under many future climate scenarios – then both severity and frequency may increase. 
In this scenario, profound vegetation type conversion is all but inevitable. 

It is important to note that although much of northern California is projected to experience more 
frequent and severe fires under future scenarios, Lenihan et al. (2003, 2008) predict a decrease in 
mean annual area burned for coastal northern California (Fig. 19). Lenihan et al. simulated 
changes in mean annual area burned for the future period based on changes in vegetation types. 
For the northwest coast of California, they projected no significant increase in grass or shrub 
vegetation types that promote higher rates of fire spread in their models. Data from Miller et al. 
(2010) suggest that fires in the Klamath Mountains, particularly in wetter areas along the western 
slope, are not experiencing a trend in increasing fire severity (although the overall area of high 
severity fire is increasing due to increases in annual burned area). This is likely due to the more 
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maritime climate, the importance of the maritime inversion layer over the area in the summer, 
and the strong influence of topography on fire behavior. Increased upwelling in the California 
Current under increased CO2 conditions may intensify fog development and onshore flow during 
the summer months (Bakun 1990, Snyder et al. 2003), potentially further buffering wetter 
regions of the North Coast from intensifying fire regimes. 

Figure 13. Percent change in projected mean annual area burned for the 2050-2099 period relative to 

the mean annual area burned for the historical period (1895-2003). Figure from Lenihan et al. (2008). 

See Fig. 12 for description of the climate and emissions scenarios (PCM-A2, GFDL-B1, GFDL-A2). 

Literature Cited 

Agee. J.K. 1993. Fire ecology of Pacific Northwest forests. Washington, DC: Island Press. 

Arno, S. F., and C. E. Fiedler. 2005. Mimicking nature’s fire. Restoring fireprone forests in the 
West. Island Press, Washington, DC, USA. 

Bakun, A. Global climate change and intensification of coastal ocean upwelling. Science 
247:198201. 

Barr, B.R, M.E. Koopman, C.D. Williams, S.J.Vynne, R. Hamilton, and B. Doppelt. 2010. 
Preparing for climate change in the Klamath Basin. University of Oregon Climate Leadership 
Initiative and National Center for Conservation Science and Policy. 
http://www.geosinstitute.org/images/stories/pdfs/Publications/ClimateWise/KlamathBasinCFFR 
eport_Final_Long_20100901.pdf 

http://www.geosinstitute.org/images/stories/pdfs/Publications/ClimateWise/KlamathBasinCFFR


                       

 

 

                                 

 

 

                           

                   

 

                                       

                                       

                        

 

                             

                 

  

                       

                           

     

 

                           

                         

                       

     

 

 

                                  

             

                           

             

 

                                     

                              

                     

               

 

                            

                             

                        

                         

      

 

                             

                         

 

 

                           

                   

Six Rivers NF climate change trend assessment, Dec. 15, 2010 15 

Bond, W. J., and B. W. van Wilgen. 1996. Fire and plants. Chapman and Hall, London, 
England. 

Cayan, D.R., E.P. Maurer, M.D. Dettinger, M. Tyree, and K. Hayhoe. 2008. Climate change 
scenarios for the California region. Climate Change 87 (Suppl 1):S21S42. 

Dale, V. H., L. A. Joyce, S. McNulty, R. P. Neilson, M. P. Ayres, M. D. Flannigan, P. J. Hanson, 
L. C. Irland, A. E. Lugo, C. J. Peterson, D. Simberloff, F. J. Swanson, B. J. Stocks, and B. M. 
Wotton. 2001. Climate change and forest disturbances. BioScience 51: 723734. 

Daly, C., R. P. Neilson, and D. L. Phillips. 1994. A statisticaltopographic model for mapping 
climatological precipitation over mountainous terrain. Journal of Applied Meteorology 33:140– 
158. 
Dettinger, M. D. 2005. From climatechange spaghetti to climatechange distributions for 21st
 

century California. San Francisco Estuary and Watershed Science Vol. 3, Issue 1, (March 2005),
 
Article 4. http://repositories.cdlib.org/jmie/sfews/vol3/iss1/art4
 

Doppelt, B., R. Hamilton, C.D. Williams, and M. Koopman. 2008. Preparing for climate change
 
in the Rogue River Basin of Southwest Oregon: stressors, risks, and recommendations for
 
increasing resilience and resistance in human, built, economic, and natural systems. GEOS
 
Institute. Dec. 2008. http://www.geosinstitute.org/whitepaperspublications/climate

change.html.
 

Flannigan M. D., B. J. Stocks, and B. M. Wotton. 2000. Climate change and forest fires.
 
Science of the Total Environment 262: 221–229.
 
Gruel, G. E. 2001. Fire in Sierra Nevada Forests: A Photographic interpretation of ecological
 
change since 1849. Mountain Press: Missoula, MT.
 

Gutowski, W. J., Z. Pan, C. J. Anderson, R. W. Arritt, F. Otieno, E. S. Takle, J. H. Christensen,
 
and O. B. Christensen. 2000. What RCM data are available for California impacts modeling?
 
California Energy Commission Workshop on Climate Change Scenarios for California, 1213
 
June, 2000. California Energy Commission, Sacramento, CA, USA.
 

Hakkarinen, C., and J. Smith. 2003. Appendix I. Climate scenarios for a California Energy
 
Commission study of the potential effects of climate change on California: summary of a June
 
1213, 2000, workshop. In Global Climate Change and California: Potential Implications for
 
Ecosystems, Health, and the Economy. EPRI (Electric Power Research Institute), Palo Alto, CA,
 
USA. 38 pp.
 

Hamlet, A.F., P.W. Mote, M.P. Clark, and D. P. Lettenmaier. 2005. Effects of temperature and
 
precipitation variability on snowpack trends in the western United States. Journal of Climate
 
18:45454561.
 

Hayhoe, K., et al. (18 coauthors). 2004. Emissions pathways, climate change, and impacts on
 
California. Proceedings of the National Academy of Sciences 101: 1242212427.
 

http://www.geosinstitute.org/white�papers�publications/climate
http://repositories.cdlib.org/jmie/sfews/vol3/iss1/art4


                       

 

 

                               

                         

 

                               

                       

 

                             

                       

       

 

                         

             

 

                       

                       

 

 

                   

                         

 

 

                                     

                                 

                          

                       

              

 

                              

          

 

                                 

     

 

                                     

                         

     

 

                               

                          

           

 

                                 

                      

 

Six Rivers NF climate change trend assessment, Dec. 15, 2010 16 

Laudenslayer, W. F., and H. H. Darr. 1990. Historical effects of logging on forests of the 
Cascade and Sierra Nevada ranges of California. Trans. West. Sect. Wildlife Society 26:1223. 

Lenihan, J. M., R. Drapek, D. Bachelet and R. P. Neilson. 2003. Climate change effects on 
vegetation distribution, carbon, and fire in California. Ecological Applications 13: 16671681. 

Lenihan, J. M., D. Bachelet, R. P. Neilson, and R. Drapek. 2008. Response of vegetation 
distribution, ecosystem productivity, and fire to climate change scenarios for California. Climate 
Change 87 (Suppl 1):S215S230. 

Leonzo, C.M, and C.R. Keyes. 2011. Fireexcluded relict forests in the southeastern Klamath 
Mountains, California, USA. Fire Ecology 6: 6276. 

Leung, L.R. and M.S. Wigmosta. 1999. Potential climate change impacts on mountain 
watersheds in the Pacific Northwest. Journal of the American Water Resources Association 
35:14631471. 

McCabe, G.J., and D.M. Wolock. 1999. Generalcirculationmodel simulations of future 
snowpack in the Western United States. Journal of the American Water Resources Association 
35:14731484. 

McKelvey, K.S., C. N. Skinner, C. Chang, D. C. Erman, S. J. Husari, D. J. Parsons, J. W. van 
Wagtendonk, J.W., and C. W. Weatherspoon. 1996. An overview of fire in the Sierra Nevada. 
In Sierra Nevada Ecosystem Project: final report to Congress. Vol. II, Assessments and 
scientific basis for management options. University of California, Centers for Water and 
Wildland Resources, Davis, CA, USA. Pp. 10331040. 

McKenzie, D., Z. Gedalof, D. L. Peterson and P. Mote. 2004. Climatic change, wildfire, and 
conservation. Conservation Biology 18: 890902. 

Miller, C., and D. Urban. 1999. Forest pattern, fire and climatic change in the Sierra Nevada. 
Ecosystems 2: 7687. 

Miller, J. D., C. N. Skinner, H. D. Safford, E. E. Knapp, and C. M. Ramirez. 2010. Trends and 
causes of severity, size, and number of fires in northwestern California, USA. Ecological 
Applications. In review. 

Miller, J. D., H. D. Safford, M. Crimmins, and A. E. Thode. 2009. Quantitative evidence for 
increasing forest fire severity in the Sierra Nevada and southern Cascade Mountains, California 
and Nevada, USA. Ecosystems 12: 1632. 

Miller, N. L., K. E. Bashford, and E. Strem. 2003. Potential impacts of climate change on 
California hydrology. Journal of the American Water Resources Association 39: 771784. 



                       

 

                         

         

 

                         

                     

 

 

                             

                       

 

 

                             

           

 

                                

              

 

                                     

       

 

                 

 

 

                           

                 

 

                           

                 

 

                           

                         

     

 

                           

                 

 

                         

               

 

                               

 

 

                              

                          

                     

 

Six Rivers NF climate change trend assessment, Dec. 15, 2010 17 

Mote, P.W. 2006. Climatedriven variability and trends in mountain snowpack in Western North 
America. Journal of Climate 19:62096220. 

Mote, P.W., A.F. Hamlet, M.P. Clark, and D.P. Lettenmaier. 2005. Declining snowpack in 
Western North America. Bulletin of the American Meteorological Society 86:3949, doi: 
10.1175/BAMS86139. 

North, M., J. Innes, and H. Zald. 2007 Comparison of thinning and prescribed fire restoration 
treatments to Sierran mixedconifer historic conditions. Canadian Journal of Forest Research 37: 
33142. 

Parsons, D. J., and S. H. DeBenedetti. 1979. Impact of fire suppression on a mixedconifer 
forest. Forest Ecology and Management 2:2133. 

Pickett, S. T. A., and P. S. White. 1985. The Ecology of Natural Disturbance and Patch 
Dynamics. Academic Press, New York, NY, USA 

Price, C., and D. Rind. 1994. The impact of a 2 x CO2 climate on lightningcaused fires. Journal 
of Climate 7: 14841494. 

PRISM. 2010. PRISM climate group website. Available online at: 
http://www.prism.oregonstate.edu/ 

Regonda, S.K. B. Rajagoplan, M. Clark, and J. Pitlick. 2005. Seasonal shifts in hydroclimatology 
over the Western United States. Journal of Climate 18:372384. 

Skinner, C. N. 1995. Change in spatial characteristics of forest openings in the Klamath 
Mountains of northwestern California, USA. Landscape Ecology 10: 219228. 

Snyder, M.A., L.C. Sloan, and J.L. Bell. 2004. Modeled regional climate change in the 
hydrologic regions of California: a CO2 sensitivity study. Journal of the American Water 
Resources Association 40:591601. 

Snyder, M.A., L.C. Sloan, N.S. Diffenbaugh, and J.L. Bell. 2003. Future climate change and 
upwelling in the California Current. Geophysical Research Letters 30:18231825. 

Stewart, I.T., D.R. Cayan, and M.D. Dettinger. 2005. Changes toward earlier streamflow timing 
across Western North America. Journal of Climate 18:11361155. 

Swetnam, T. W. 1993. Fire history and climate change in giant sequoia groves. Science 262: 
885–889. 

USFS and BLM. 1994. Record of Decision for amendment to Forest Service and Bureau of 
Land Management planning documents within the range of the northern spotted owl. USDA 
Forest Service and USDI Bureau of Land Management, Portland, OR, USA. 

http:http://www.prism.oregonstate.edu


                       

 

                               

                         

 

 

                               

             

 

                             

                       

     

 

                               

                            

        

 

                                 

                        

 

                                   

                            

           

 

                       

               

 

                           

                       

       

 

 

Six Rivers NF climate change trend assessment, Dec. 15, 2010 18 

Van Kirk, R.W. and S.W. Naman. 2008. Relative effects of climate and water use on baseflow 
trends in the lower Klamath Basin. Journal of the American Water Resources Association 
44:10351052. 

Van Mantgem, P. J., et al. (10 coauthors). 2009. Widespread increase of tree mortality rates in 
the western United States. Science 323: 521524. 

Vicuna, S., E.P. Maurer, B. Joyce, J.A. Dracup, and D. Purkey. 2007. The sensitivity of 
California water resources to climate change scenarios. Journal of the American Water 
Resources Association 43:482498. 

Westerling, A. L., and B. Bryant. 2006. Climate change and wildfire in and around California: 
fire modeling and loss modeling. Report from the California Climate Change Center to the 
California Energy Commission. CEC5002006190SF. 

Westerling, A. L., H. Hidalgo, D. R. Cayan, and T. Swetnam. 2006. Warming and earlier spring 
increases western U.S. forest wildfire activity. Science, 6 July, 2006 /10.1126/ science.1128834 

Whitlock, C., S. L. Shafer, and J. Marlon. 2003. The role of vegetation change in shaping past 
and future fire regimes in the northwest U.S. and the implications for ecosystem management. 
Forest Ecology and Management 178: 521. 

WRCC. 2010. California climate data archive. Data obtained from Western Regional Climate 
Center. http://www.wrcc.dri.edu/summary/Climsmcca.html (last accessed on 26 August, 2010). 

Zhu, T., M.W. Jenkins, and J.R. Lund. 2005. Estimated impacts of climate warming on 
California water availability under twelve future climate scenarios. Journal of the American 
Water Resources Association 41:10271038. 

http://www.wrcc.dri.edu/summary/Climsmcca.html


 



 

 

Appendix F Water Conservation Planning 

This appendix contains information regarding water contingency and water conservation planning. 
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Overview 
 

 
By completing the worksheets provided in packet located in the front pocket of this 
notebook, water districts will be able to meet the requirements for the USBR’s M&I 
Water Shortage Policy and the requirements for drought financial assistance from the 
California Department of Water Resources and the Department of Health Services.   
 
This handbook has been prepared to assist USBR South Central California Area Office 
urban water contractors with the preparation of a drought or water shortage contingency 
plan. It is a planning and implementation guide that will help agencies define the 
conditions under which a water shortage exists and will help agencies create a list of 
specified actions that will be taken in response to a shortage.  The forms, sample 
materials, references, resources, and background information used in this guidebook are 
compiled from water resource planning assistance documents prepared by the California 
Department of Water Resources, the Army Corps of Engineers, and the Western 
Drought Coordination Council to provide a template for preparation of a water shortage 
contingency plan. The USBR Mid-Pacific Region’s M&I Water Shortage Policy, 
September 2001, can be found on page 3.    
 
*Note: Throughout this handbook the word “district” is typically used to refer to water 
suppliers. Other terms, such as purveyor and agency, are also used. They all refer to “a 
supplier of water to urban customers”. 

 

 



 

 
TABLE OF CONTENTS 

 
Inside Front Cover:  
 
Central Valley Project, M&I Water Shortage Policy, September 11, 2001 
 
Water Shortage/Drought Plan 

Instructions and Cover Sheet 
 Blank Tables for Completion 
 
I. Introduction .........................................................................................................1 

Overview of Water Shortage/Drought Planning in California ........................1 
Using this Handbook .......................................................................................2 
Adopting Your Plan .........................................................................................3 

 
II. Water Supply and Demand Information .........................................................4 

 Worksheet 1 - Available Water Supplies ..............................................5 
 Worksheet 2 - Number of Service Connections....................................5 
 Worksheet 3 - Past, Current and Projected Water Use .........................6 
 Worksheet 4 - Population and Per Capita Demand...............................6 
Methods for Determining and Projecting Population......................................7 
 Worksheet 5 - Projected Supply/Demand Comparison ........................8 
 Worksheet 6 - Supply Reliability ..........................................................8 
 Worksheet 7 - Water Production and Delivery Costs ...........................9 
 Worksheet 8 - Water Rates to Customers ...........................................10 

 
III. Projecting and Defining Water Supply Shortages  .....................................11 

Options to Address Shortages in Worst Cast Supply Scenarios ...................11 
 How to Use Worksheet Series 9..........................................................11 
 Worksheet 9 - Hypothetical Worst Case Planning Scenario ..............12 
 Worksheet 9A - Supply Augmentation Options ................................13 
 Worksheet 9B - Demand Reduction Options......................................13 
 Worksheet 9C – Supply Augmentation/Demand Reduction Options.14 
 

IV.  Preparing for, Minimizing and Responding to Shortages ........................ 15 
Introduction....................................................................................................15 
List of Actions to Address Water Shortages ..................................................15 
Preparing for the Water Shortage/Drought ....................................................16 
Develop a Water Shortage/Drought Strategy with Stages ............................17 



 

 Step 1: Developing Water Shortage/Drought Strategy Stages............18 
Worksheet 10 – Triggers for Implementing Water Shortage/Drought 
Strategy................................................................................................18 

 Step 2: How to Select Appropriate Drought Mitigation Measures .....18 
 Step 3: Matching Mitigation Actions to Strategy Stages ....................20 
Supply Augmentation Methods .....................................................................20 
Demand Reduction Methods .........................................................................21 
 Worksheet 11 – Action List for Water Shortage/Drought Strategy....22 
How to Use Your Water Shortage/Drought Strategy When a Shortage is 
Imminent ........................................................................................................25 
 Step 1: Evaluate Water Saved by Staged Reductions .........................25 
 Step 2: Select Stage .............................................................................25 
Lag Time Problems........................................................................................26 

 
V. Monitoring Water Supplies and Contingency Measures ..............................27 

Water Production and Use Monitoring..........................................................27 
Supply and Demand Comparison Tracking...................................................28 
 

 
VI. Public Outreach Methods ...............................................................................29 

General Public Outreach................................................................................29 
 Worksheet 12 – Menu of Public Outreach Options ............................30 
Involving the Media.......................................................................................30 
 Checklist for Keeping the Media Involved .........................................32 
 Worksheet 13 – Creating a Media Contact List ..................................33 
Findings Regarding Public Information Campaigns from the 1986-1992 
 Drought .........................................................................................................33 

 
VII.  Analyzing Revenue and Expenditure Impacts ...........................................35 

 Worksheet 14 – Projected Ranges of Water Sales by Stage ...............35 
 Worksheet 15 – Revenues and Expenditures ......................................36
 Worksheet 16 – Projected Expenditures for Worst Case 
  Water Supply ......................................................................................36 

Worksheet 17 – Projected Expenditures for Worst Case Water 
 Supply with Additional Expensive Supplies......................................37 



 

 
VIII.  References.....................................................................................................38 
 
Additional Resources and References 
 

Section 1: Resources for Worksheets 
 Part A: Department of Finance Population Estimates 
 Part B: Supplemental Information on Supply Augmentation Methods 

 Part C: Supplemental Information on Demand Management Methods/ 
Drought Tips 

 
Section 2: Resources for Developing Rationing and Allocation Programs and 

Rates 
 Part A: How to Establish a Rationing Plan 
 Part B: Customer Allotment Example 
 Part C: Sample Rate Stabilization Fund 
 Part D: Sample Approach for Setting Violation Penalties 
 
Section 3: Water Shortage/Drought Emergency Declaration Resolution 
 Part A: Emergency Declaration 
 
Section 4: Sample Public Information Materials 
 Part A: Press Releases 
 Part B: Water Shortage/Drought Brochures 
 Part C: Water Shortage/Drought Newsletters 
 
Section 5: Technical Assistance, Resources and References 
 Part A: Web Sites 
 Part B: Agency Contacts and Sources of Funding Assistance 
  
Section 6: Historical Case Study 
 
Section 7: Glossary 
  

Section 8: - Sample Water Shortage Contingency Plan – Excerpted from New 
Albion 2000 Urban Water Management Plan (The full document can be 
found at the Department of Water Resources’ website at 
http://www.owue.water.ca.gov/urbanplan/assist/assist.cfm 

 



 

 
LIST OF TABLES AND WORKSHEETS 

 
Worksheet 1 - Available Water Supplies ........................................................ 5 
Worksheet 2 - Number of Service Connections By Customer Type .............. 5 
Worksheet 3 - Past, Current and Projected Water Use ................................... 6 
Worksheet 4 - Population and Per-Capita Demand ........................................ 6 
Worksheet 5 - Projected Supply and Demand Comparison ........................... 8 
Worksheet 6 - Supply Reliability.................................................................... 8 
Worksheet 7 - Water Production and Delivery Costs ..................................... 9 
Worksheet 8 - Water Rates to Customers ..................................................... 10 
Worksheet 9 - Hypothetical Worst-Case Planning Scenario ........................ 12 
Worksheet 9A - Hypothetical Worst-Case Planning Scenario – Supply 
 Augmentation Option ................................................................................... 13 
Worksheet 9B - Hypothetical Worst-Case Planning Scenario – Demand 
 Reduction Option ......................................................................................... 13 
Worksheet 9C - Hypothetical Worst-Case Planning Scenario - 
Simultaneous Supply Augmentation and Demand Reduction Option.......... 14 
Worksheet 10 - Triggers for Implementing Water Shortage Plan ................ 18 
Worksheet 11 - Actions for Your Water Shortage Strategy .......................... 22 
Worksheet 12 - Menu of Options for Public Outreach ................................. 30 
Worksheet 13 - Media List............................................................................ 33 
Worksheet 14 - Projected Ranges of Water Sales by Stage.......................... 35 
Worksheet 15 - Revenues and Expenditures ................................................ 36 
Worksheet 16 - Projected Expenditures for Worst Case Water Supply........ 36 
Worksheet 17 - Projected Expenditures for Worst Case Water Supply 
 with Additional Expensive Supplies ............................................................ 37 
 
*Most of the tables and worksheets contained in this document are taken from the forms 
used to complete an Urban Water Management Plan. 

 
 
 
 

 



 

 
I 

INTRODUCTION 
 
 
In this handbook you will examine ways to prepare your district for water shortages, and 
identify specific actions your district can take to prevent shortages or to respond to them 
when they occur. The most effective water shortage response effort begins long before a 
water shortage occurs. In order to respond most effectively, water districts need to 
consider all options for preparing for and responding to water shortages. 
 
A. Overview of Water Shortage/Drought Planning in California 
 
Much of California enjoys a Mediterranean-like climate with cool, wet winters and 
warm, dry summers. On average, 75 percent of the State's average annual precipitation 
of 23 inches falls between November and March, with half of it occurring between 
December and February. Floods and droughts occur often, sometimes in the same year. 
Therefore, planning for water shortages is essential. 
 
The U.S. Bureau of Reclamation, the State of California Department of Water 
Resources and the CALFED Governor's Advisory Drought Planning Panel's Critical 
Water Shortage Contingency Plan require water purveyors in California to prepare plans 
for addressing water shortages for state and federal planning purposes and to be eligible 
to participate in various water shortage relief programs. 
 
The Reclamation States Emergency Drought Relief Act of 1991 Title II: Drought 
Contingency Planning Section 202 authorizes the Secretary of the Interior, acting 
pursuant to Federal Reclamation law, utilizing the resources of the Department of the 
Interior, and in consultation with other appropriate Federal and State officials, Indian 
tribes, public, private, and local entities, to prepare or participate in the preparation of 
cooperative water shortage contingency plans for the prevention or mitigation of 
adverse effects of drought conditions. Section 203 states that elements of the 
contingency plans prepared pursuant to section 202 may include, but are not limited to, 
any or all of the following: 
 

1. Water banks. 
2. Appropriate water conservation actions. 
3. Water transfers to serve users inside or outside authorized Federal Reclamation 

project service areas in order to mitigate the effects of water shortage. 
4. Use of Federal Reclamation project facilities to store and convey non-project 

water for agricultural, municipal and industrial, fish and wildlife, or other uses 
both inside and outside an authorized Federal Reclamation project service area. 
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5. Use of water from dead or inactive reservoir storage or increased use of ground 
water resources for temporary water supplies. 

6. Water supplies for fish and wildlife resources. 
7. Minor structural actions. 

 
The State of California's Urban Water Management Planning Act was enacted in 1985 
and requires urban water suppliers serving 3,000 acre-feet of municipal/industrial water 
per year or 3,000 urban customers, to prepare a comprehensive urban water 
management plan (UWMP) addressing their current and projected water 
sources/supplies, water uses, supply reliability, comparison of supply and demand, 
water demand management (conservation) programs, wastewater recycling and water 
shortage contingency planning. 
 
In addition, the CALFED Drought Contingency Plan (December 2000) prepared by the 
Governor's Drought Advisory Panel, outlines a Critical Water Shortage Reduction 
Marketing Plan, which would provide a water market for agencies experiencing critical 
water shortages. Criteria for participation in the water marketing program include 
demonstrating that the purchasing agency has taken appropriate steps to prepare for 
critical water shortages. 
 
These legal requirements, along with the benefits of avoiding impacts associated with 
water shortage provide ample incentive for local agencies to prepare a water shortage 
contingency plan. In an effort to provide specific guidelines for completing a plan, the 
United States Bureau of Reclamation, South Central California Area Office in Fresno, 
and the Santa Barbara County Water Agency have developed the following handbook. 
Water districts can develop a water shortage contingency plan for their agency by 
completing each of the Worksheets and tables provided. 
 
B.  Using This Handbook 
 
This handbook is organized as a series of steps that will assist a water purveyor in 
completing a water shortage plan. The steps include: 
 

1. Outlining water supply and demand 
2. Using information from Step 1 to project water supply shortages 
3. Planning for Shortages and Mitigating Impacts 
4. Developing a Public Outreach Campaign to ensure customers are aware of supply 

issues 
5. Reviewing how shortages could affect revenue and expenditures 
6. Finalizing and adopting your water shortage plan. 
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To facilitate the completion of each step a worksheet or series of worksheets are 
provided to organize information for water shortage planning. A packet containing each 
of the necessary tables for completing the water shortage contingency/drought plan is 
located in the front pocket of this notebook.  USBR staff is available to help water 
districts adapt the plan outline to their specific, unique situation. 
 
In addition, a number of references and resources for further information are included to 
guide the water purveyor to other entities that may be able to assist in the development 
of a water shortage plan. 
 
C.  Adopting Your Plan 
 
Once you have completed Tables 1 through 17, you will have all of the materials and 
information necessary for a complete water shortage plan for your district. The next step 
is to compile the plan in a manner that will be the most useful for you district. Then 
your district should officially adopt the plan so that the plan can be implemented as soon 
as it becomes apparent that a water shortage is imminent. The steps listed below provide 
a guide for adopting your plan. 
 

1. Announce through local media that draft copies of your water shortage plan 
are available for review. 

2. Set Public Meeting dates to provide the public with a forum for providing 
comments. 

3. Incorporate comments into the draft Water Shortage/Drought Plan to create 
your Final Plan. 

4. Adopt the Water Shortage/Drought Plan through an ordinance. 
5. Send official copies of your plan to the Bureau of Reclamation, the California 

Department of Water Resources, and neighboring water districts.   
6. Implement your plan through an aggressive public information campaign. 
7. Develop administrative procedures to ensure enforcement of the restrictions 

outlined in your plan. 
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II 
WATER SUPPLY AND WATER DEMAND INFORMATION 

(Getting Started) 
 

In this section you will compile information about your district’s current and future 
water supplies and customer demand. For the purposes of this handbook, the base year 
is 2000 and the projections are for 2005 and 2010 since these dates correspond to the 
dates when Urban Water Management Plans will need to be updated. To develop future 
water supply and demand projections you will need to: know how many service 
connections you have, know the amount and source of water available to your district in 
the future (you can incorporate information from your district’s long range water supply 
plan), understand past water use trends, and obtain information regarding future 
population growth in your service area. You will also need to be sure to include all 
regulatory and legal requirements that affect your supplies including minimum flow 
rates for streams, species habitat requirements, and reservoir conservation requirements.  
The data included in these tables will be used in later sections to develop a worst-case 
water shortage scenario and to understand the financial impacts of reduced water sales 
on the district. (Note: These tables were adapted from City of New Albion, California 
2000 Urban Water Management Plan, which is the sample plan for preparing an Urban 
Water Management Plans developed by the State of California, The Resources Agency, 
Department of Water Resources. If you have already prepared an Urban Water 
Management Plan, you can use the information from those tables in this section.) 
 
Worksheet 1 - Complete the following worksheet by inserting information regarding all 
supplies available to your agency. For projections be sure to include anticipated 
reductions due to factors such as seawater intrusion, contamination, land subsidence, 
and siltation. 
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Worksheet 1 
Available Water Supplies* 
(Shown in Calendar Years) 

SOURCE* 3 years 
ago 

2 years 
ago 

Last 
Year 

This 
Year 

2005 2010 Drought  
of Record 

Surface Water        
1.          
2.          
3.          
Groundwater        
Recycled Water         
Imported Water        
1.  CVP        
2.  SWP        
3.          
Sales to Other Agencies        
Totals        

*Units of Measure:  Acre-feet/Year 
*See Glossary for further explanation of categories.   
Adapted from the Sample Urban Water Management Plan for the City of New Albion, California 2000. Prepared 
by the State of California, Department of Water Resources. December 2000.   

 
Worksheet 2 - Complete the following worksheet by filling in the number of service 
connections by customer class served by your agency. For projections please use the 
number of additional dwelling units that will be added in the next 5 or 10 years based on 
local community or land use plans. If you district uses designations for customer classes 
than those listed, please substitute the customer class types that your district currently 
uses.  
 

Worksheet 2 
Number of Service Connections By Customer Type* 

(Shown in Calendar Years) 
Customer type 2000 2005 2010 
Single Family     
Multi-Family    
Commercial    
Institutional    
Industrial    
Recreation    
Agriculture    

Total    
*See Glossary for further explanation of categories.  If you do not use these category titles for distinguishing 
customer classes, you may substitute meter sizes or alternative categories. 
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   
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Worksheet 3 - Complete the following worksheet by filling in the total amount of water 
sold by customer class for each year listed. For projections, use estimates of new 
developments from community plans as described for Worksheet 2, and population 
figures as outlined in Worksheet 4 below. If you district uses designations for customer 
classes than those listed, please substitute the customer class types that your district 
currently uses.   
 

Worksheet 3 
Past, Current and Projected Water Use 

(Shown in acre-feet per Calendar Year) 
Customer type 1990 1995 2000 2005 2010 

Single Family      
Multi-Family      
Commercial      
Institutional      
Industrial       
Recreation      
Agriculture      
Unaccounted Loss      
Sales to Other Agencies      
Environmental Water 
Account 

     

Total      
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   

 
Worksheet 4 - Complete the following worksheet by entering current and projected 
population levels. Utilize one of the methods below to project population changes. To 
determine per-capita demand, determine total water sales to urban customers (in 
gallons) - including residential, institutional, industrial, commercial, and recreational - 
and divide this figure by the total population within your service area. Then divide that 
amount by 365 (days in a year) to determine gallons per person per day - or per-capita 
demand. 
 

Worksheet 4 
Population and Per-Capita Demand 

 2000 2005 2010 
Population    
Per-Capita Demand    

Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources, 2000. 
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Methods for Determining and Projecting Population 
 
It can be difficult to determine a precise number of people living in your service area. 
There are a number of ways to estimate population within the boundaries of a water 
district and several sources of information (local planning agency or association of 
governments, local county assessor’s office, California Department of Finance, your 
district’s records of metered accounts) to guide you in developing this information. You 
will need to determine the best method to use depending on the availability of 
information in your community and whether or not your district serves a city or an 
unincorporated area within the local county. The guidelines below provide a method for 
unincorporated areas and a method for cities. 
 
Method 1 - Unincorporated Areas: 
 

a. Contact your County Assessor's Office to determine the total number of 
registered voters within the boundaries of your service area. Multiply this number 
by the ratio of total county population divided by the total number of registered 
voters within the county. The answer is an estimate of the total population in your 
service area. If this information is not available, contact the local land-use or 
demographic planning agency to obtain population figures for your service area. 
If this information is not available, obtain the data for the number of persons per 
household, a factor that is available in most areas, and multiply that number by 
the number of residential meters in your service area to determine an estimated 
population. 

 
b. If you have used voter registration information to create a base population, then 

obtain the community's recent historical annual growth rate (a % increase or 
decrease each year), project the increase in five year increments and add that to 
the base population derived in the previous step. If your community has an 
approved land use plan for your area, they may also have population projections. 
If not, you can use your historical rate of new connections per year and multiply 
that by the persons per household figure referenced in the previous step. 
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Method 2 - Incorporated Cities: 
 

a. Visit the California Department of Finance website at www.dof.ca.gov. Choose 
the link for demographic information, and then follow the link for their Catalog of 
Publications. The link for Report E-1 outlines population estimates for City and 
County populations with annual percent change. Use the population estimates 
provided for your city for the current year. (See Resource Section 1, Part A for a 
copy of the 1999 population figures for each city in California from Report E-
1). 

 
b. To project future population, check the city planning agency to see if they have 

projections. If not, see step “b” in the previous method. 
 
Worksheet 5 – Use the following Worksheet to compare supply ( Worksheet 1) and 
demand ( Worksheet 3) totals to determine if anticipated supplies will meet projected 
demands for the next 20 years. 
 

Worksheet 5 
Projected Supply and Demand Comparison 

(Acre-feet/Year) 
 2000 2005 2010 

Supply totals (From Worksheet 1)    
Demand totals (From Worksheet 3)    

Difference    
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   

 
Worksheet 6 -Complete the following Worksheet by filling in the number of acre-feet 
of supply available during each of the listed scenarios. (You may want to check 
historical records to determine the largest cut that was ordered during the last water 
shortage event). 

Worksheet 6 
Supply Reliability 

 Multiple Dry Years 
Average/ 

Normal Year 
Single Dry Year 
20% reduction 

in supply 

Year 2 
10% reduction 

in supply 

Year 3 
15% reduction 

in supply 

Year 4 
20% reduction 

in supply 
     

Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   
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Worksheet 7 – Use Worksheet 7 to list the cost of producing and delivering each of the 
available water supplies for your district. This information will be utilized later to 
determine potential financial impacts during a water shortage. 
 

Worksheet 7 
Water Production and Delivery Costs 

($ Per Acre-Foot) 
Surface Water  
 1.  
 2.  
 3.  
Groundwater  
Imported Water  
 1. CVP  
 2. State Water  
 3.  
Recycled Wastewater  

Adapted from the forms developed for preparation of Urban Water 
Management Plans. State of California, Department of Water Resources. 
2000.  
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Worksheet 8 – Complete the following Worksheet by filling in the current rates for 
each customer class. For the purposes of this table, it is assumed that you use hundred 
cubic feet (HCF) as units of water sold. If your district uses a block rate structure, be 
sure to include rate information for each block. If your district uses a uniform rate, fill in 
the rate next to the row marked Block 1. This information will be utilized later to 
determine potential financial impacts during a water shortage.  If you district uses 
designations for customer classes than those listed, please substitute the customer class 
types that your district currently uses.   
 

Worksheet 8 
Water Rates to Customers 

($ Per Hundred Cubic Feet) 
Customer type Rate 

Single Family Block 1
Block 2
Block 3

 

Multi-Family Block 1
Block 2
Block 3

 

Commercial Block 1
Block 2
Block 3

 

Industrial  
Recreation  Block 1

Block 2
 Block 3

 

Landscape Block 1
Block 2

 

Institutional / Public Block 1
Block 2

 Block 3

 

Agriculture  Block 1
Block 2

 

Adapted from the forms developed for preparation of Urban Water 
Management Plans. State of California, Department of Water Resources. 
2000. 
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III 

PROJECTING AND DEFINING WATER SUPPLY SHORTAGES THAT 
TRIGGER MITIGATION ACTIONS 

(Understand the Risks) 
 
Options to Address Shortages in Worst Case Supply Scenario 

 
Before you can develop a strategy for addressing water shortages, you will need to 
consider possible shortage scenarios and how they might impact your district. 
Developing possible water shortage scenarios will help you understand the possible 
risks a water shortage would pose to your district and will allow you to develop an 
effective plan for addressing possible shortages. In this section you will develop a 
hypothetical worst-case supply scenario using consecutive, increasingly dry, water 
years. Once you have created the worst-case scenario, you will consider alternative 
ways to address the resulting shortages. The three types of alternatives included in this 
section are: 1) supply augmentation; 2) demand reduction; and 3) a combination of 
supply augmentation and demand reduction. 
 
How to Use Worksheets 9 – 9C 
 
Worksheet 9 will help you determine how a multi-year water shortage would affect your 
district. Worksheets 9A, 9B, and 9C are provided to demonstrate alternative approaches 
to addressing the hypothetical shortfalls outlined in Worksheet 9. 
 
Worksheet 9A will help you demonstrate how supply augmentation or enhancement 
would offset water shortages during multiple dry years. Alternative supply 
augmentation methods are described in detail in Resource Section 1. Some steps to 
augment water supplies may need to be taken before a water shortage, such as importing 
water for local storage to be available during a water shortage. Other steps, such as 
conjunctive use of groundwater and surface water supplies, can be taken during the 
water shortage. 
 
Worksheet 9B will help you illustrate how demand reduction can reduce supply 
shortfalls. Some demand management strategies (water use efficiency) should be 
implemented all the time, regardless of water shortages. The California Urban Water 
Conservation Council’s (CUWCC) statewide Urban Water Conservation Memorandum 
of Understanding contains examples of long-term efficiency measures, called best 
management practices (BMPs) (For further information check the CUWCC website at 
www.cuwcc.org or call (916) 552-5885). Short-term demand reduction during water 
shortage periods can be accomplished using water conservation strategies such as those 
listed in Worksheet 11. 
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Worksheet 9C will help you illustrate how both demand reduction and supply 
augmentation methods can be used together to minimize shortages during multiple dry 
years. 
 
Worksheet 9 – Use the following Worksheet to project the hypothetical shortages that 
would be experienced by your district if a multi-year water shortage were to occur. For 
total supply sources use the information on Worksheet #1 (Total). For total demand use 
the information developed in Worksheet #3. For planning purposes, the multiple dry 
water years assume shortages of 10%, 20%, 30%, 40% and 50% respectively (also see 
Worksheet #6). You may change these percentages or use fewer than five years to more 
closely match your district’s unique situation. However, this scenario is hypothetical and 
meant to provide an extreme worst- case example to help you plan. 
 

Worksheet 9 
Hypothetical Worst-Case Planning Scenario 

(statewide and local water shortage) 
Source of Supply Normal 

Water 
Supply 

Multiple Dry Water Years 
(Acre-feet) 

 (Acre-feet) Year 1 Year 2  Year 3  Year 4 Year 5 
Total Supply Sources   
Percent Supply Shortage 10% 20% 30% 40% 50% 
Total Demand (assume 
average year demand 
levels) 

 

Difference  
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   

 
Worksheets 9A Supply Augmentation Option, 9B Demand Reduction Option and 9C 
Simultaneous Supply Augmentation and Demand Reduction Option, will help you 
illustrate three alternative approaches to addressing the water supply shortages resulting 
from the hypothetical scenario contained in Worksheet 9. 
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Worksheet 9A - Use this worksheet to project how supply augmentation methods could 
be implemented in your district to minimize or eliminate projected shortages. 
 

Worksheet 9A 
Hypothetical Worst-Case Planning Scenario 

(statewide and local water shortage) 
Supply Augmentation Option 

Source of Supply Normal 
Water 
Supply 

Multiple Dry Water Years 
(Acre-feet) 

 (Acre-feet) Year 1 Year 2 Year 3 Year 4 Year 5 
Total Supply Sources   
Percent Supply Reduction 10% 20% 30% 40% 50% 
New Supplies 
1. 
2. 

     

Total Demand (assume 
average demand) 

 

Difference  
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000. 

 
Worksheet 9B – Use this worksheet to project how demand reduction methods could 
be implemented in your district to minimize or eliminate projected shortages. Adjust 
demand levels using the percentages on the demand reduction line, or you can develop 
you own demand reduction estimates. 
 

Worksheet 9B 
Hypothetical Worst-Case Planning Scenario 

(statewide and local water shortage) 
Demand Reduction Option 

Source of Supply Normal year 
supply 

Multiple Dry Water Years 
(Acre-feet) 

 (acre-feet) Year 1 Year 2 Year 3 Year 4 Year 5 
Total Supply Sources    
Percent Supply Shortage 10% 20% 30% 40% 50% 
Percent Demand Reduction 5% 10% 15% 20% 25% 
Total Demand   

Difference   
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, Department of 
Water Resources. 2000. 
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Worksheet 9C - Use this worksheet to project how a combination of water supply 
augmentation and demand reduction methods could be implemented in your district 
to minimize or eliminate projected shortages. 
 

Worksheet 9C 
Hypothetical Worst-Case Planning Scenario 

(statewide and local water shortage) 
Simultaneous Supply Augmentation and Demand Reduction Option 

Source of Supply Normal year 
supply 

Multiple Dry Water Years 
(Acre-feet) 

 (acre-feet) Year 1 Year 2 Year 3 Year 4 Year 5 
Total Supply Sources    
Percent Supply Shortage 10% 20% 30% 40% 50% 
New Supplies 
1. 
2. 

     

Percent Demand Reduction 5% 10% 15% 20% 25% 
Total Demand   

Difference   
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, Department of 
Water Resources. 2000.   
 

14 



 

 
IV 

PREPARING FOR, MINIMIZING, AND RESPONDING TO 
WATER SHORTAGES 

(Develop a Strategy) 
 

A.  Introduction 
 

In this section you will examine ways to prepare your district for water shortages, and 
identify specific actions your district can take to prevent shortages or to respond to them 
when they occur. The most effective water shortage response effort begins long before a 
water shortage occurs. In order to respond most effectively, water districts need to 
consider all options for preparing for and responding to water shortages. There are 
generally four types of actions to consider: demand reductions, supply alternatives, 
operational changes and environmental/water quality changes. The following list 
includes these categories and the associated specific alternatives for districts to evaluate. 
 

List of potential actions to address water shortages 
 

 Demand Reductions 
 Voluntary and mandatory use restrictions 
 Pricing changes 
 Public awareness 
 Changes in plumbing codes 
 Conservation credits 
 Changes in irrigation methods 
 Industrial conservation techniques 
 Alternatives to water consuming activities 
 Supply Alternatives 
 New storage 
 Reallocation of supplies 
 New system interconnections 
 Desalination, importation by barge, reuse 
 Operational Changes 
 Conjunctive use management 
 Water banking 
 Long-term changes in reservoir release rules 
 Conditional reservoir operation and in-stream flows 
 Water marketing 
 Institutional changes 
 Legal changes 
 Operational coordination between systems 
 Environmental and Water Quality Changes 
 Reductions in required low flows 
 Alternative means of achieving water quality 

Source:  U.S. Army Corps of Engineers, Managing Water for Drought, September 1994. 
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In this section you will develop a strategy for responding to water shortages. The 
worksheets in this section will focus on demand reduction strategies and supply 
alternatives in the development of a water shortage strategy. The worksheets will allow 
you to match specific supply augmentation and demand reduction options with water 
shortage triggering stages to meet the reduced availability of water supplies during a 
water shortage in your district. 
 
You may want to investigate options for operational changes or environmental and 
water quality changes. However, due to the variability in the feasibility of these options 
from water district to water district, these subjects are not addressed here. 
 
B.  Preparing for a Water Shortage  
 
In the previous sections you have analyzed your district’s water supply and demand 
figures and have developed hypothetical worst-case water shortage projections for 
planning purposes. In this section you will use these hypothetical situations to establish 
triggers for your water shortage response plan and the actions you will take before and 
during a water shortage. You will need to consider a number of factors when developing 
your action plan and choosing water shortage mitigation measures. These considerations 
include: 
 

• Potential water savings 
• Timing required to implement measures 
• Direct and indirect costs 
• Quality of supplies 
• Environmental impacts 
• Legal or procedural requirements for implementation 
• Community support 
• Adequacy of treatment facilities to use supplemental sources 
• Staffing requirements 

 
When planning for a water shortage, it is essential to balance supply and demand. The 
impacts of water shortage hit hardest when agencies place unrealistic expectations on 
the amount of water supply available and do not include a realistic estimate of the 
potential for reductions in demand. 
 
A few challenges you will face in preparing for a water shortage include: 

• Water shortages are unpredictable events. The duration and severity of water 
shortages vary and no two water shortage events will have the same impact on a 
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water district. Water districts must be flexible and prepared in order to minimize 
the effects of a water shortage on customers. 

• Water shortages can impact even adjacent districts very differently depending on 
the source of water supplies used by the districts, the amount of water in held in 
reserve (water shortage buffer), the type of customers and the types of water 
efficiency measures practiced in typical, non-drought years. 

• It is difficult to invest the time to plan for a water shortage when water supplies 
are plentiful. We automatically swing into action when crisis strikes, freely 
funneling time and money into alleviating suffering and property damage. This is 
crisis management. But once the crisis is over, it seems like too much trouble to 
invest the time and resources in planning that could ease the effects of the next 
water shortage. 

• The responsibility for responding to water shortages is divided among many 
governmental jurisdictions including planning departments, water purveyors, 
public health departments, etc. These entities must coordinate efforts in order to 
effectively respond to a water shortage event. 

There are good reasons to plan for water shortage -- that is, to practice risk management 
rather than crisis management: 

• Droughts are low-profile natural disasters, but analysis shows that they can be as 
expensive as floods and hurricanes. 

• Planning ahead gives decision-makers the opportunity to implement the most cost 
effective and equitable programs during a water shortage. 

 
C.  Develop a Water Shortage Strategy with Stages 
 
In this section, you will develop a specific plan for augmenting supplies during a 
shortage and reducing demand to a level that can be sustained by the water supply 
available during a shortage. The types of customers served and the statutory authority of 
the utility are some of the considerations that need to be taken into account. A good 
public information program is extremely important for a successful water shortage 
strategy. Communicating to customers those measures which are necessary at a given 
level of shortage will determine how well the public accepts the program. 
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Step 1: Developing Water Shortage Strategy Stages: 
 
The best approach to managing water during a water shortage is to use a staged 
approach, with increasing levels of supply augmentation and demand reduction in each 
successive stage. A typical water shortage contingency program will have four stages. 
 
Worksheet 10 outlines when each stage of the District’s water shortage plan would be 
enacted. The percentages have been adopted from the California Department of Water 
Resources Example Urban Water Management Plan, 2000 (Drought Contingency Plan 
Chapter) and may be adjusted to more appropriately reflect the percentage reductions 
that would create threats to human health and the environment in your district. You 
should review how a shortage in supply of each percentage level (15% to 50%) could 
affect your district. If normal year supplies are well above current use, then the listed 
percentages may be fine for your district. If normal year supplies are only slightly more 
than current demand, you may want to enact the stages of your water shortage plan at 
smaller percentage levels than those indicated in Worksheet 10. 
 
The stages are designed to be somewhat flexible and it is not intended that an agency 
would move through each stage in every circumstance. It is more likely that a voluntary 
program (Stage 1) would be tried at the first sign of a water shortage and then, if 
conditions worsened, Stage 2 or 3 would be implemented. In the event of an earthquake 
or other sudden event that severely reduces supply availability, an agency may need to 
begin Stage 4 actions immediately.  The triggers selected by your district for Worksheet 
10 will help determine which stage is in effect at any time during a water shortage. 
 

Worksheet 10 
Triggers for Implementing Water Shortage Plan 

Stage 1 – Minimal 15% Total Supply Reduction 
Stage 2 – Moderate 15-25% Total Supply Reduction 
Stage 3 – Severe 25-35% Total Supply Reduction 
Stage 4 – Critical 35-50% Total Supply Reduction 

Adapted from the Sample Urban Water Management Plan - Drought Contingency Plan 
Section. Prepared by the. State of California, Department of Water Resources. 2000. 

 
Step 2 – How to Select Appropriate Drought Mitigation Measures*: 
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Now that you have defined the Water Shortage Strategy stages, you will need to select 
the actions that will be taken during each stage.  A valuable tool for assessing potential 
actions for water shortage mitigation is a decision matrix.  Water shortage mitigation 
actions can be aligned along one axis with assessment criteria along the other.  You 
should use the actions listed in Worksheet 11 and the criteria listed below to create this 
matrix.  A point system or a simple plus/minus system can be established to aid in 
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selecting measures.  Such a matrix could prove valuable in gaining consensus from 
water users or other water districts.  As the district gains experience implementing 
various measures, the assessment criteria should be updated or re-evaluated.   
 
The following criteria should be used when preparing a drought mitigation strategy. 
 
Anticipated water savings:  The size of the target use group and anticipated savings 
are key factors for assessing measures. 
 
Consumer acceptance:  Any measures must meet with some level of consumer 
acceptance.  Without proper public education and involvement, no measure will meet 
with a high level of public acceptance.  The message must be clear and concise when 
the drought program is implemented. 
 
Equity:  The measures selected must be perceived as equitable to all customer classes.  
This will enhance the acceptance of the measures selected.  If there is a real or perceived 
inequity between various consumer groups, then the measures may not achieve the 
desired results.  However, since some water uses are assigned a higher priority than 
others, by law, parity must sometimes be sacrificed. 
 
Sustainability:  Another element of assessment is the calculation of a particular 
measure’s sustainability over time.  In other words, will the measure provide only a 
short-term reduction or is it also a viable long-term measure?  Each has its place 
depending on the particular drought event, its anticipated duration, and the long-term 
water supply situation. 
 
Cost:  Careful consideration needs to be given to the cost of implementing mitigation 
measures.  These costs include the cash outlay to promote, coordinate, and enforce a 
given measure, as well as the costs in lost revenues (See Section VII for more 
information about rates and revenue stabilization during a drought).  In recent droughts 
some water districts have discovered that their drought measures were so effective in 
reducing demand, that revenues declined dramatically causing a cash flow crisis for the 
district.  Therefore, both the cost of implementing a measure and the resultant impact on 
revenue flow must be taken into account so that the intensity of the measures taken can 
coincide with the severity of the crisis. 
 
Legal and contractual issues:  Districts must assess measures from a legal and 
contractual standpoint.  Some existing codes, regulations, ordinances and contracts may 
need to be revised in order to implement specific drought measures.  In particular, the 
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need to make these revisions may affect the timing of when a measure can be 
implemented. 
 
Policy compatibility:  Drought measures should be, the extent possible, compatible 
with existing long-term policy objectives such as conservation programs. 
 
Reliability history:  The measures presented in this handbook have been proven 
effective and reliable in many areas and under a variety of circumstances.  Each district 
is unique, and must consider its own past experiences or those of similar agencies when 
assessing the potential of each measure. 
 
Ease of implementation:  Some measures may offer substantial mitigation but will 

prove very difficult to actually implement.  The means of implementing 
each measure should be carefully analyzed to determine if it warrants 
further consideration. 

 
*(Excerpted from the Drought Management Handbook, American Water Works 
Association, 2002) 
 
Step 3: Matching Water Shortage Mitigation Actions to Strategy Stages 
 
A description of the specific supply augmentation and demand reduction measures in 
each stage should be prepared as shown in Worksheet 11. This list serves as a general 
guide which you can use to assess each potential action and select from the actions 
ranked the highest in your decision matrix to determine which actions you will take 
during each stage. The actual plan developed by your agency should be based on local 
circumstances so it may not include each action listed. 
 
Supply Augmentation Methods 
 
One way to minimize shortages to customers is to increase supplies before the water 
shortage and/or provide a “water shortage buffer” to serve as a reserve when rainfall is 
low or other conditions cause reductions in the level of normal supplies available to the 
district. Methods of supply augmentation can be classified into 5 groups: 1) methods to 
increase existing supplies or develop new supplies; 2) drawing from reserve supplies; 3) 
methods to increase efficiency (demand reductions); 4) modifications to operations; and 
5) cooperative efforts with other agencies. Worksheet 11 contains several examples of 
these methods. Resource Section 1, Part B includes information on specific supply 
augmentation measures. 
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Implementation of supply augmentation is often difficult because few of these actions 
can be undertaken quickly. Also, many of these methods involve balancing 
environmental and jurisdictional considerations. Finally, if reserves are used, these 
resources must eventually be replenished. Despite the inherent difficulties with using 
supply augmentation options, even minimal supply augmentation programs have been 
helpful in water shortage situations. Developing extra supply increases utility credibility 
with customers by demonstrating that the utility is maximizing its efforts to deal with 
the water shortage, even before it begins. Also, supply augmentation can provide a 
water shortage buffer in case of multi-year shortages or can be used to minimize the 
amount of demand reduction needed to meet temporary supply deficits. 
 
Demand Reduction Methods 
 
Demand reduction is the most straightforward way to address drought-induced water 
supply deficits. Efforts to help customers reduce demand should first be directed at the 
customer uses, which are inefficient, wasteful or able to be temporarily reduced or 
suspended without significant hardship. Since certain conservation actions on the part of 
the customer may be mandated, enforcement mechanisms are needed for maximum 
implementation of demand reduction. 
 
The typical demand reduction goals for staged plans normally range from 5-10 percent 
in the first stage, to as much as 50% in the last stage. Stage 1 relies primarily on 
voluntary demand reduction actions taken by the water customers. These actions are 
taken in anticipation of a future water shortage creating a modest water shortage. 
Subsequent stages are in response to increasingly severe water shortage conditions. 
Stage 2 utilizes some mandatory measures and Stages 3 and 4 involve water rationing. 
Stage 4 includes extensive restrictions on water use and would be initiated only in very 
extreme circumstances. Each stage incorporates and builds on the actions taken in the 
previous stages. 
 
There are many ways that water districts can request and encourage water conservation 
from their customers. The success of these efforts depends largely on how well the 
district communicates with customers and with the media. The level of savings achieved 
will depend, in part, on how efficiently customers use water before the water shortage 
begins. On the one hand, if customers use water efficiently before a water shortage 
begins, the impact of the water shortage is minimized because shortages are less likely 
to occur (unless the district has not set aside a buffer for shortages). On the other hand, 
if customers are already efficient in their water use, there is less excess water use to be 
cut during a water shortage. District managers need to consider current levels of water 
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use when preparing a water shortage action plan in order to understand what level of 
conservation may be possible during a water shortage. 
 
This section addresses both pre-drought and drought actions. Pre-drought demand 
reduction measures include implementation of the fourteen best management practices 
(BMPs) identified in the statewide Memorandum of Understanding (MOU) for Urban 
Water Conservation in California. These measures are listed in Worksheet 11. These 
measures are long-term, cost-effective programs that are appropriate for implementation 
by all urban water districts. Implementation of these measures results in more efficient 
water use in urban communities. (For more information about these BMPs or a copy of 
the statewide MOU, visit the California Urban Water Conservation Council’s web site 
at: www.cuwcc.org or call (916) 552-5885.) 
 
Resources Section 1 C contains a key with estimates and ranges of potential demand 
reduction, timing to realize water savings, and costs to water districts that are based on 
previous results of similar programs implemented in Santa Barbara County during the 
1986-1992 drought. 
 
Worksheet 11: Actions for Your Water Shortage Strategy – Highlight or circle the 
options your district will use to augment supplies and reduce demand during the next 
water shortage. You will need to determine the relative costs of, and quantities available 
from, the potential supplemental supplies for your district. This should be included as 
part of your district’s long-term water supply planning process. You will also need to 
determine which demand reduction measures will meet your district’s needs for 
potential demand reduction, timing to realize water savings, and cost. Please write the 
stage in which you will implement each action in the space provided. 
 

 
Worksheet 11 

ACTIONS FOR YOUR WATER SHORTAGE STRATEGY STAGE 
Methods to Increase Existing Supplies  
Increase use of recycled wastewater  
Increase use of nonpotable water for nonpotable uses  
Construct emergency dams  
Re-activate abandoned dams  
Drawing From Reserve Supplies  
Use reservoir dead storage  
Add wells  
Deepen wells  
Re-activate abandoned wells  
Rehabilitate operating wells  
Renegotiate contractually controlled supplies  
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Methods to Increase Efficiency  
Suppress reservoir evaporation  
Reduce dam leakage  
Minimize reservoir spills  
Reduce distribution system pressure  
Conduct distribution system water audit  
Conduct distribution system leak detection and repair   
Surge and clean wells  
Modifications to Operations  
Re-circulate wash water  
Blend primary supply with water of lesser quality  
Transfer surplus water to areas of deficit  
Change pattern of water storage and release operations  
Cooperative Efforts with Other Agencies  
Exchanges  
Transfers or interconnections  
Mutual aid agreements  
Best Management Practices   
1. Residential Water Surveys  
2. Residential Plumbing Retrofit  
3. System Water Audits, Leak Detection And Repair  
4. Metering with Commodity Rates  
5. Large Landscape Conservation Programs And Incentives  
6. High-Efficiency Washing Machine Rebate Programs  
7. Public Information Programs  
8. School Education Programs  
9. Conservation Programs For Commercial, Industrial, and Institutional  
10. Wholesale Agency Assistance Programs  
11. Conservation Pricing  
12. Conservation Coordinator  
13. Water Waste Prohibition  
14. Residential Ultra Low Flow Toilet Replacement Programs  
Additional Demand Reduction Actions  
Implement all applicable pre-stage 1 measures  
Provide technical assistance to customers  
Begin public information campaign– water shortage message  
Ask customers for voluntary reductions in use   
Provide incentives to customers to reduce water consumption (rebates, 
free devices) 

 

Prohibit wasteful use of water  
Limit number of building permits issued  
Implement water shortage rate structure (Change the water rate structure from 
a uniform rate to an inclining block rate) 

 

Plumbing fixture replacement  
Request increased reduction by customers   
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Require that eating establishments serve water only when specifically 
requested by customers 

 

Prohibit use of running water for cleaning hard surfaces such as sidewalks, 
driveways, and parking 

 

Require lodging hotels/motels to post notice of water shortage condition 
with tips in each guest room  

 

Provide weekly updates on supply conditions to media and public  
Prohibit some uses of water – i.e., lawn watering using sprinklers  
Institute rationing programs through fixed allotments or percentage 
cutbacks 

 

Reduce pressure in water lines  
Prohibit use of ornamental fountains and ponds, except when water is re-
circulated (include a sign adjacent to the fountain stating that the water in 
the fountain is being re-circulated) 

 

Prohibit filling swimming pools and spas unless the pool or spa is equipped 
with a pool cover 

 

Prohibit the use of potable water for cleaning, irrigation and construction 
purposes, including but not limited to dust control, settling of backfill, 
flushing of plumbing lines, and washing of equipment, buildings and 
vehicles 

 

Vehicles and boats can only be washed at a car wash that recycles water or 
uses 10 gallons or less of water per cycle or with a bucket and hose 
equipped with a automatic shut-off nozzle 

 

Intensify implementation of all measures in previous stages  
Implement mandatory water rationing including per-capita water use 
allocations for residential customers 

 

Restrict water use only to priority uses (no lawn watering, car washing)  
Adapted from the Water Conservation Guidebook No. 7; Urban Drought Guidebook, Department 
of Water Resources, 1988. 
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How to Use Your Strategy When a Shortage is Imminent 
 
Once you have completed Worksheet 11, you have developed an important piece of 
your strategy for dealing with a water shortage. The following information describes 
how to implement this portion of your water shortage plan when a shortage is imminent. 
 
Step 1: Evaluate Water Saved by Staged Reductions: 
 
The water savings realized by the demand reduction methods in any stage will vary 
from month to month. Many methods included in Worksheet 11 emphasize outside 
water use reduction. Therefore, their effectiveness will be higher in the warmer months. 
Not only will the percentage of total demand reduction be higher, but the total quantity 
of water saved will also be larger because of the higher water demand during those 
months. For example, if a Stage 3 water rationing plan is expected to save 25 percent of 
the total demand on an annual average basis, savings may be as much as 35 percent in 
the summer months. There would be a correspondingly lower rate of savings, perhaps 
15 percent, during the winter. 
 
Exactly how much water savings can be achieved in any given month is difficult to 
predict. A service area where most of the water use is residential with a large proportion 
used for landscape irrigation can expect high summer savings relative to the annual 
average; whereas a service area with low summer irrigation demands would experience 
much less variation from the predicted annual average savings. One way to account for 
this variation is to assume that the savings can be scaled to the normal year demand 
curve. 
 
Step 2: Select Stage 
 
The estimated water savings from the four-stage plan can be used to decide which stage 
to select to reduce demand to match available supply at any time before or during a 
water shortage. The following procedure is recommended. 
 

1. Graph projected water supply. Include the analysis of supplemental sources in 
determining the available water supply for the coming year. 

 
2. Estimate dry year water demand. Apply the percent savings anticipated for each 

stage to the projected dry year demand curve. Graph the results as a series of 
three adjusted demand curves together with the projected dry year demand. 
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3. Compare supply and demand curves to determine which water shortage stage will 
reduce demand to match the available supply. Select the appropriate stage and 
publicize which stage of the water shortage strategy you must enter to sustain use 
through the shortage. (See Section VI for information on Public Outreach 
Methods). 
 

Lag Time Problem: 
 
Water agencies frequently assume that they will immediately achieve the levels of water 
use reduction they are asking for. Especially for areas that have not experienced 
rationing before, this is unlikely. This is because adjacent water suppliers in the region 
may have differing messages and it can be difficult to achieve high water use 
reductions. This is compounded by the fact that customers on a bi-monthly billing cycle 
do not know how much water they are using until they receive their water bill as long as 
two months from the start of the program. Also, with the unseasonably mild winter 
weather usually associated with droughts, water use can actually be higher. 
 
By the time water suppliers realize that they are not achieving the savings they were 
expecting, or that the response is lagging, less water is available for the rest of the year. 
The likely result of this lag time effect is that water suppliers will have to leapfrog over 
Stages 2 and 3 rationing levels all the way to severe levels in order to have sufficient 
water supplies available to meet demand. 
 
Another effect of the lag time is that suppliers will draw down terminal reservoirs and 
emergency storage, and overdraft groundwater to make it through later months of the 
year. That can reduce the supply of water for emergencies and water to meet the next 
year’s needs. 
 
To avoid some of these lag time effects, it is better to ration earlier at levels that are 
uncomfortable but manageable rather than to wait and later have to live with much more 
extreme rationing. 
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V 

MONITORING PROCEDURES 
(Watch Closely) 

 
Implementation of a water shortage plan includes ongoing monitoring of the 
effectiveness of the individual conservation measures, monitoring supply availability 
and monitoring actual water use. 
 
A.  Water Production and Use Monitoring 
 
Normal Monitoring Procedure 
 
In normal water supply conditions, production figures are recorded daily. Totals are 
reported weekly to the Water Treatment Facility Supervisor. Totals are reported 
monthly to the Water Department Manager and incorporated into the water supply 
report. 
 
State 1 and 2 Water Shortages 
 
During a Stage 1 or 2 water shortage, daily production figures are reported to the 
Supervisor. The Supervisor compares the weekly production to the target weekly 
production to verify that the reduction goal is being met. Weekly reports are forwarded 
to the Water Department Manager and the Water Shortage Response Team. Monthly 
reports are sent to the City Council or Board of Directors. If reduction goals are not met, 
the Manager will notify the governing board so that corrective action can be taken. 
 
Stage 3 and 4 Water Shortages 
 
During a Stage 3 or 4 water shortage, the procedure listed above will be followed, with 
the addition of a daily production report to the Manager. 
 
Disaster Shortage 
 
During a disaster shortage, production figures will be reported to the Supervisor hourly, 
and to the Manager and the Water Shortage Response Team daily. Reports will also be 
provided to the governing board and the local Office of Emergency Services. 
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B.  Supply and Demand Comparison Tracking 
 
It is critical to track available supply and actual use on a regular basis and assure that 
demand levels do not substantially exceed targets set in Section IV. Compare actual 
demand and supply with projected demand and supply to determine if stage adjustments 
are needed. Prior to altering the demand reduction stage, consider any program 
adjustments such as raising the level of expenditure on public outreach or increasing 
enforcement efforts. If these actions do not achieve the required stabilization, then 
adjust the stage. It is best to avoid going up and down in stages because this can hurt 
public confidence and acceptance. Try to avoid going down until the water shortage is 
over or the shortage emergency has passed. Using these techniques, you can stay on top 
of the situation and make informed decisions throughout the duration of the water 
shortage. 
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VI 

PUBLIC OUTREACH 
(Keeping Your Customers Informed) 

 
This section outlines the methods that a water district can use to provide information to 
the public and the media during a water shortage. It includes a menu of options for 
informing the public about the water shortage and actions they can take to reduce their 
water use, and a checklist for keeping the media involved. There is also a Worksheet for 
identifying media contacts. Sample public information materials such as press releases, 
bill inserts, advertisements, and workshop topics, along with guidelines for writing a 
press release are included in the Resources Section 4. 
 
General Public Outreach 
 
The public will be affected by water shortages, and should be involved in water shortage 
preparedness efforts. During a water shortage, the effectiveness of water shortage 
responses is often a function of the trust, knowledge, and commitment of the public. 
Many water managers believe they practice good “public involvement” because they 
conduct regular meetings at which agency policies are explained and questions from the 
public answered. But this approach may not be effective in developing trust, knowledge 
and commitment to agency decisions, nor in inducing changes in water users behavior 
that can reduce water shortage impacts. The agency needs to develop a comprehensive 
outreach program that reaches all customers with messages regarding the water situation 
and specific steps they can take to use water efficiently. 
 
Public participation may help to increase administrative accountability; to supply 
pertinent information; to evaluate methodological approaches and use priorities; to raise 
broad but related value questions; to call planners’ attentions to immediate problems; 
and to make plans more politically acceptable. Generally, effective public involvement 
has the following characteristics: two-way communication; involvement early and 
through the entire process; deliberation involving informal and personal processes; and 
representation of all interests. 
 
There are many methods you can use to inform your customers about the water 
shortage, and inform them of the steps you would like them to take to conserve. 
Worksheet 12 presents a list of options for you to use in your outreach efforts. 
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 Worksheet 12 - Place a checkmark by the options that you will consider including in 
your public awareness campaign during a water shortage. 

 
Worksheet 12 

Menu of Options for Public Outreach 
Bill Inserts for water bills  
Public service advertising – run for free by local media  
Paid Advertising – Newspaper  
Paid Advertising – Radio  
Paid Advertising – Television  
Paid Advertising – Movie Slides for local movie theaters  
Paid Advertising – Chamber of Commerce Newsletter  
District newsletter  
Classroom Presentations  
Water Shortage Pamphlet – mass distribution to all customers  
Water Shortage Website  
Public Workshops – Drought Survival – Water conservation  
Water Shortage Information Center  
Public Advisory Committee  
Displays in District Office  
Low flow fixture rebates  
Low flow fixture distribution  
Promote use of Greywater  
Drought Tolerant Plant Tagging Program at local nurseries  
Promoting CIMIS information  
Water Shortage Hotline  
Water Audits  
Displays in Public Libraries, at local schools, shopping malls, etc.   
Bus ads  
Billboards  
Promotional Items with a conservation message (mugs, rulers, stickers, pens)  

Source: Santa Barbara County Water Agency, 2001.   
 
Involving the Media 
 
The local media (newspapers, radio and television stations) in any community is an 
essential partner in helping a water district increase public awareness regarding a water 
shortage situation. The media can reach most, if not all, of your customers with 
information and tips that will help keep water use levels down to the targeted levels. On 
the other hand, the media can hurt your efforts by distorting the effects that rationing and 
conservation were having on the community, overly dramatizing situations that are not 
representative of the community as a whole, or simply presenting a much bleaker picture 
of the situation than actually exists. For instance, news reporter might only interview 
customers whose landscapes had died or those who had retrofitted their toilets and were 
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dissatisfied, rather than featuring those who were able to comply with reductions with a 
minimum of hardship. During water shortages, the majority of the residents are able to 
successfully cope with water shortage restrictions, at least in the short-run. This fact may 
not be considered as newsworthy as the stories about people who were unhappy or 
experiencing hardship. 
 
Some sensationalizing media tactics, such as printing photos of dry, cracked mud from the 
bottom of a local reservoir, may also have a positive affect. After seeing such photos in the 
newspaper, local residents will better understand the magnitude of the problem and may be 
more inspired to conserve. However, when these same pictures are viewed by residents in 
communities in other parts of the state or country, it may have the negative affect of 
decreasing tourism if travelers avoid visiting places they perceive as a disaster area. 
 
One recommendation for successfully working with the local media, to use them as allies, 
is to encourage them to present the positive, everyday efforts of residents as well covering 
the sensational stories. It is difficult to achieve a 100% accurate representation, but 
keeping the media informed through press releases or press conferences will help to 
mitigate the negative affects of dramatized or one-sided reporting. 
 
It is important that the public hear consistent messages from water suppliers in the area, 
particularly when they are in the same media market. There can be significant 
differences in the supplies available to adjacent water districts. However, if customers in 
one district are asked to reduce their water use as much as 30% while their neighbors 
served by another district are only asked to conserve 10 or 15%, they will question the 
equity of the program, or become confused. This can lead some of them not to meet 
their reduction goals. 
 
Analysts drew three conclusions about the media from the 1986-1992 California 
drought. 
 
1. The role of the media is not well understood by water managers. 

The media are governed by their own rules of objective reporting, newsworthiness, 
and perceptions of what the public wants to know. They cannot be managed by water 
agencies. If they were, they would not be able to sell news. The questions like, “Are 
we in a drought?” or “Is the water shortage over?” are not silly questions from the 
media’s point of view. Reporters understand the thinking modes and perceptions of 
the general-public much better than water professionals. For them, once the water 
supply situation is called a water shortage, it automatically implies that behavior has 
to be changed from normal behavior to crisis behavior. Such a change is 
newsworthy. 
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2.  The media cannot improve on imprecise and ambiguous messages. 

Most likely, the statements will become even more confusing after they are reported 
in the press. Only unambiguous and complete answers to questions that are asked by 
the press can be communicated clearly to the public. 

 
3. Media cannot explain complex water management issues. 

What is very interesting to water professionals is usually “too dry” for newspapers, 
radio, and television. Long feature articles on water issues do not sell newspapers, 
but timely, well-written articles during a water shortage emergency will be read by 
concerned people. 

 
 
Checklist for Keeping the Media Involved 
 
____ 1. Create a media list to ensure that all available local media are used – select an 

official representative at each radio station, newspaper, and television station to 
serve as a point of contact for water shortage information released from your 
district. See Worksheet below. 

____ 2. Establish a public advisory committee 
____ 3. Include public and media in the water shortage planning process 
____ 4. Organize water shortage information meetings for the public and the media. 
____ 5. Publish and distribute pamphlets on water conservation techniques and water 

shortage management strategies 
____ 6. Organize workshops on water shortage related topics 
____ 7. Prepare sample ordinances on water conservation 
____ 8. Establish a water shortage information center 
____ 9. Write reports for the media early in the course of the water shortage and prepare 

weekly press releases with current water shortage conditions 
____10. Establish a list of authorities on water shortage that can be distributed to the 

media for further reference. 
____11. Organize education activities for the media. 
____12. Establish a budget for advertising water shortage programs 
____13. Write reports for media early in the event 
____14. Prepare reports on the efforts of the water district to conserve water – 

conjunctive use, system audits, meter retrofits, training for staff, etc. 
____15. Establish or use an existing newsletter to provide an overview of water 

shortage activities, tips for conservation, articles showcasing local conservation 
efforts on the part of homeowners and businesses. 

____16. Conduct press conferences as needed. Use on-location approach if photo 
opportunities exist (i.e., a local reservoir when reservoir is visibly low) 
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 Worksheet 13 - Use this table to create your media contact list. Be sure to include 
all media in your community. 

Worksheet 13 
Media List 

 Name email Phone/Fax 
TV Stations - include government access channels 
    
    
    
    
Print Media - include newspapers from local colleges and news clipping services 
    
    
    
    
    
Radio Stations 
    
    
    
    
Chambers of Commerce 
    
Political leaders 

Water Dist. 
Board 

   

County Sups    
City Council    

Assembly    
Congress    

Source: Santa Barbara County Water Agency, 2001.   
 
Findings Regarding Public Information From 1986-1992 Drought 
 
During the 1986-1992 drought in California, the following findings were made 
regarding large-scale water shortage-related public awareness campaigns: 
 

1. There was a statistically significant increase in the public’s awareness of the 
water shortage after the campaign, and those who became aware of the water 
shortage through the campaign were more likely to believe in the seriousness of 
the water shortage and to conserve water. Television appeared to be the most 
effective medium for increasing awareness. 

2. Even after the campaign, water users greatly underestimated the amount of water 
they used, but the error was less than before the campaign. 
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4. The campaign increased trust that the agencies call for conservation was 
necessary and should be supported. 

5. Support for farmers’ use of water was greater after the campaign, while support 
for commercial and industrial use declined. It is generally accepted in social 
behavior research that conservation campaigns will be more effective if the 
sacrifices are equitable. This suggests that publicizing the equity of water 
shortage restrictions may be effective in reducing water use. 
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VII 

ANALYZING REVENUE AND EXPENDITURE IMPACTS 
(Staying Solvent) 

 
A complete water shortage plan should include an analysis of the impacts of the water 
shortage plan activities and the proposed measures to overcome those impacts. 
 
In order to mitigate the financial impacts of a water shortage, a district can establish an 
emergency fund.  The goal is to maintain the fund at 75% of normal annual water 
department revenue.  This fund will be used to stabilize rates during periods of water 
shortage or disasters affecting the water supply.  The district will not have to increase 
rates as much or as often during a prolonged or severe shortage.  However, even with 
the emergency fund, rate increases will be necessary during a prolonged water shortage.  
As described earlier in this plan, a Stage 2 shortage requires a 20% reduction in water 
deliveries, while Stage 3 requires a 35% reduction.  The experiences of California water 
purveyors during the 1986-91 drought shortage demonstrated that actual water use 
reductions by customers can be considerably larger than requested by the supplier.  
During the 1986-91 drought shortage it was also politically difficult for many agencies 
to adopt the rate increases necessitated by a 20 – 50% reduction in sales.  When a water 
shortage emergency is declared, the supply shortage will trigger the appropriate 
rationing stage and rate increase. 
 
 The following Worksheets will provide your district with a step-by-step analysis of how 
a water shortage will impact the district's revenues and expenditures. In addition, 
Resources Section 2, Part C outlines how to set up a Rate Stabilization Fund. 

 
Worksheet 14 

Projected Ranges of Water Sales by Stage 
Normal Stage 1 Stage 2 Stage 3 Stage 4 

Water Sales - Acre Feet per Year      
 Urban      
 Agricultural      
Total Acre-Feet per Year      
* Be sure to change percentages to match water shortage stage percentage reductions chosen by the 
district.  
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   
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Worksheet 15 

Revenues and Expenditures 
(no additional water purchases and no rate increases) 

 Normal Stage 1 Stage 2 Stage 3 Stage 4 
Operating Revenues      
Urban      
Agricultural      

Total Water Sales      
Meter Charges      

Total Revenue      
% reduction      
Operating Expenses      
salaries      
overhead      
cost of supply      
production and purification      
transmission and distribution      
customer accounts      
general and administrative      
depreciation      
capital projects      
rate stabilization fund      

Total Operating Expenses      
Surplus or (Deficiency)      

Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   

 
Worksheet 16 

Projected Expenditures for Worst Case Water Supply 
 Normal Year 1 Year 2 Year 3 Year 4 

Supply and Cost  
Reservoir  

Acre-Feet  
$ per acre foot  

Groundwater  
Acre-Feet  

$ per acre foot  
Recycled Water  

Acre-Feet  
$ per acre foot  

Total Acre-Feet  
Cost of Supply  

Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.    
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Worksheet 17 
Projected Expenditures for Worst Case Water Supply  

with Additional Expensive Supplies 
 Normal Year 1 Year 2 Year 3 Year 4 

Supply and Cost  
Reservoir  

Acre-Feet  
$ per acre foot  

Groundwater  
Acre-Feet  

$ per acre foot  
Recycled Water  

Acre-Feet  
$ per acre foot  

Water Bank  
Acre-Feet  

$ per acre foot  
Desalinated Water  

Acre-Feet  
$ per acre foot  

Total Acre-Feet  
Cost of Supply  
Adapted from the forms developed for preparation of Urban Water Management Plans. State of California, 
Department of Water Resources. 2000.   
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