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CASITAS MUNICIPAL WATER DISTRICT 

WATER SUPPLY AND USE STATUS REPORT 

PURPOSE 

The purpose of this report is to provide information on the status of water supply and use for the 
Casitas Municipal Water District (Casitas) and suggest strategies for meeting water use in the 
future. 

BACKGROUND 

Quantifying water supply and use patterns in the Ventura River Basin can be a complicated task. 
To aide in the understanding of these patterns and their implications to water management activities, 
this section provides useful definitions of water supply and use terms, describes previous water 
supply and use studies, and summarizes recent changes to water supply and use within the district. 

Water Supply: Quantity of water managed by Casitas. 
This term refers to the quantity of surface water and groundwater resources managed by Casitas 
within the Ventura River Basin. 

Safe Yield: Rate at which the available water supply can be "safely" depleted. 
This term was defined by Meinzer (1) as "the rate at which water can be withdrawn from an aquifer 
for human use without depleting the supply to such an extent that the withdrawal at this rate is 
harmful to the aquifer itself, or to the quantity of water, or is no longer economically feasible." The 
calculation of safe yield for Casitas is based on the storage volume of Lake Casitas (the aquifer), the 
surface water and groundwater supply managed by Casitas, and the length of time that the water 
supply needs to last (i.e. longest drought on record). The safe yield value is an interpolated value 
that is held constant over the period of the critical drought, bringing the level of storage to the 
desired minimum volume. 

Water Use: Quantity of water delivered from Lake Casitas to the conveyance system, as measured 
at the start of the system at Casitas Dam. 
This term is used to describe the volume of water that is directly taken from the available water 
supply. Casitas measures the rate of water use by quantifying the amount of water delivered to the 
water distribution system from Lake Casitas. The measurement of water use is performed through 
the use of accurate flow tube sensors. 

Metered Water Sales: Quantity of water that is metered and sold at the individual service 
connections in the water distribution system. 
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This term refers to the summation of the quantity water measured through water service connections 
within the Casitas district. The metered water sales are categorized by the type of customer (i.e. 
residential, business, resale, and agriculture) and summarized on an annual basis. 

Water Allocation: Quantity of water assigned to service connections. 
This term refers to the primary tool used by Casitas to manage the quantity of water used by 
customers (i.e. metered water sales). Service connections are assigned an allocation (limited 
quantity of water). Residential, business, industrial, resale, and interdepartmental service 
connections have individual allocations. Agricultural service connections are combined into a 
single allocation for the entire group. The allocation program was designed as a price-driven water 
conservation measure that provides for a base cost that escalates once metered water sales exceed 
service connection allocations. 

PREVIOUS WATER SUPPLY AND USE STUDIES 

The ability of local water supplies to meet demands was evaluated by the Bureau of Reclamation, in 
the 1954 evaluation of Ventura River Project, and later by the District during the 1989 drought 
period. Each of these evaluations considered the ability of Lake Casitas storage, under the 
hydrology determined as the most critical drought period of record, to meet the water demands of 
the District's service area. The critical drought period of record is considered to have occurred 
during 1944 through 1965. The findings of each report are summarized in a memorandum prepared 
by Richard Barnett, dated June 7, 1989, were as follows: 

1) The safe yield of Lake Casitas without an integrated Matilija Dam was 21,500 acre-feet, and 
2 1,920 with Matilija Dam as a part of the system; 

2) The estimated total water supplies in the District service area was 30,907 acre-feet and the 
water demands for the same service area were approximately 30,320 acre-feet; 

3) The District should consider implementing a variety of alternatives for balancing water 
supply and demand. 

In 1989, the District's service area was in the middle of a short-term drought that began in 1987 and 
ended in March 1992. The Ventura River and Ojai groundwater basins were being depleted and 
Lake Casitas water storage dropped to near fifty percent capacity. The District-wide water usage 
was beginning to escalate because of the lack of rainfall and the depletion of groundwater supplies. 
The Casitas Municipal Water District recognized that water use was very rapidly approaching the 
availability of supply (Barnett Memorandum, June 7, 1989) and that the District needed to apply 
strategies to meet future water needs. The District moved to a temporary moratorium on providing 
new water service connections. The moratorium continued for approximately two years until an 
additional 300 acre-feet of water was developed from Mira Monte Well. The Mira Monte Well 
supply, therefore, was available for issuance of new water service connections. 

During the 1990's, the drought pattern ended with the occurrence of three heavy rainfall years 
(1992, 1995, and 1998). Lake Casitas and the groundwater basins filled to full capacity. The 
District continued to issue new service connections on the basis of water made available from the 
Mira Monte Well supply. The addition of new water service connections in the District's service 
area grew slowly, averaging approximately 25 new service connections each year for the 1990's. 
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One major water use change occurred in 1991. The City of San Buenaventura reduced their use of 
Casitas water due of the lack of filtration treatment of Lake Casitas water supplies. The City 
purchased 9,510 acre-feet during 1989 and reduced water purchases to only 1,370 acre-feet in 1992. 
The reduction in metered water sales by the City continued until 1997, when the District finally met 
the filtration requirements. The City and the District came to agreement that the annual metered 
water sales to the City from Casitas supplies would be a minimum of 6,000 acre-feet. 

In 1997, the National Marine Fisheries Service (NMFS) listed anadromous steelhead in Southern 
California as endangered under the Endangered Species Act. The Ventura River Basin has been 
identified as important spawning habitat for Southern California steelhead. A result of this listing 
was the requirement for the District to construct a fish passage facility at the Robles Diversion Dam 
and change the Robles Diversion operational release criteria to one that provided additional 
downstream release of flows for fish passage. The issuance of the Biological Opinion (BO) by the 
NMFS in March 2003 set into place the revised operational criteria for the Robles Diversion Dam 
and Fish Passage Facility. The change of operational criteria for the Robles Diversion Facility has 
caused Casitas to take immediate management actions to ensure the protection of long-term water 
supplies. 

On April 23,2003, Casitas suspended the issuance of new water service connections. The 
suspension has remained in effect through June 8,2004. It will remain in effect as long as deemed 
necessary by the Casitas Board of Directors. Since suspending new service connections, Casitas 
has implemented water conservation measures, evaluated potential supplies of additional water, and 
initiated an evaluation of water supply and use within the district. The purpose of this narrative is 
to present results of the water supplyluse analysis. 

Another significant potential change to Casitas water supplies is the future disposition of Matilija 
Dam. This facility is presently being evaluated for the potential decommissioning and removal. 
Sediment deposition in the Matilija Reservoir has reduced the water storage volume behind Matilija 
Dam to approximately 600 acre-feet. NMFS has made the determination that the dam structure is a 
barrier to steelhead migration. The goals of the project proponents are to promote the migration of 
steelhead to the upper reaches of the Matilija Creek and enhance movement of sediment to Ventura 
County beaches. The removal of the Matilija Dam could impact water supply and water quality for 
both the short term and long term. It is important, therefore, for Casitas to have a clear 
understanding of these potential impacts. 

CURRENT WATER SUPPLY AND USE STUDY 

This study evaluated the: (1) potential impact of the Robles BO operating criteria and the removal 
of Matilija Dam on the Casitas water supply, (2) the effect of predicted water use on the Casitas 
water supply, and (3) levels of reductions in water use required to balance water supply and use. 
The study applies hydrology information from 1945 through 1965 as the critical drought period and 
information from 1966 through 1980 as the reservoir recovery period. These periods have empirical 
hydrology information that provide an opportunity to model different operating scenarios for the 
Robles Diversion Facility. 
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The Casitas water supply was evaluated with a reservoir routing model. It included application of 
the Robles BO Operating Criteria and the 1959 Trial Operating Criteria for Robles Diversion 
Facility during the drought and reservoir recovery periods. The evaluation also considered the 
benefit of Matilija Dam to water supply. The methods, assumptions, and summaries that were 
applied and developed for the water supply evaluations are outlined in Appendix A. 

Predictions for Casitas water use were developed for the drought and reservoir recovery periods. 
Empirical information on the quantity of water delivered to the conveyance system was limited to 
the post 1959 period. Therefore, a model to predict Casitas water use for the drought (1 945- 1965) 
and reservoir recovery (1966-1980) periods was developed. The predicted water use is based on 
recent historical trends o water use in the District's service area and annual rainfall records for both 
periods. The methods, assumptions, and summaries that were applied and developed for the water 
use predictions are outlined in Appendix B. 

BALANCING USE WITH SUPPLY 

To determine the level of reduction required to balance water use (Appendix B) with water supply 
(Appendix A), for any operational scenarios that predicted a water shortage, four different scenarios 
were evaluated. These included: (1) a constant percent reduction in use, (2) a staged reduction in 
use, (3) an inverse staged reduction in use, and (4) a volume reduction in use. Implementation of 
any reduction in use, at this point, would rely on the Casitas Allocation Program. Casitas adopted 
the water allocation program to primarily provide water use guidelines and reductions in the event 
of a prolonged drought. Appendix C provides an assessment of the current level of allocation 
issued by the District and direction on further action on this program. 

FINDINGS 

The critical drought study period represents the longest drought on record. Within the Ventura 
River Basin the longest drought on record occurred between the 1945 and 1965 water years. A 
numerical summary of the analytical results for the critical drought period is provided in Table 1. 

Water Supply and Safe Yield: With the Matilija Dam remaining in operation, the reservoir routing 
model predicted the annual Lake Casitas safe yield for the 1959 Trial Operating Criteria and the 
Biological Opinion Operating Criteria at 22,770 and 21,630 acre-feet, respectively. The reduction 
of the annual safe yield, when moving from the 1959 Operating Criteria to the Robles BO Operating 
Criteria, is approximately 1,140 acre-feet. The total difference of safe yield volume of water that 
would accumulate through the change in operational criteria at Robles Diversion Dam over the 21- 
year critical dry period is 23,940 acre-feet. In the event Matilija Dam is decommissioned and 
removed, the available supply under the Robles BO Operating Criteria will be further reduced by 
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790 acre-feet. Under this scenario, the annual safe yield supply for the drought period would be 
20,840 acre-feet. The difference between the annual safe yield available supplies under the 1959 
Trial Operating Criteria with Matilija Dam and the Robles BO Operating Criteria without Matilija 
Dam is 1,930 acre-feet. 

Predicted Water Use. Predicted water use patterns for this study period illustrated that consecutive 
dry year water demands could place stress water supplies in Lake Casitas. Based on the rainfall 
patterns of the critical drought period, the predicted average annual water use is 21,200 acre-feet, as 
shown on Table B6. The maximum to minimum values of predicted annual water use, based on 
consecutive dry year trend equation, is 27,057 and 15,610 acre-feet, respectively. 

Comparison between Water Supply and Water Use. Water supplies exceeded water use, throughout 
the study period, in all but one operational scenario: Robles BO operating criteria without benefit of 
Matilija (Table 1). In this case, water use could exceed supplies by approximately 360 acre-feet per 
year. Over the 2 1 -year study period, this annual difference could accumulate to a deficiency of 
supply in the amount of 7,560 acre-feet. 

The recovery period represents the hydrologic patterns immediately following the critical drought 
study period. For this analysis, it occurred from the time Lake Casitas would be at its lowest 
storage volume (as a result of drought conditions) until the reservoir was at full storage capacity. 
This time period was occurred form the 1965 through the 1980 water years. In actual perspective, 
this was the actual period that Lake Casitas went from a newly created lake to full capacity. A 
numerical summary of the analytical results for the reservoir recovery period is provided in Table 2. 

Water Supply and Yield: Yield, for this study period, was determined by iteratively applying a 
constant rate of depletion to the water supply in Lake Casitas until a value was reached where the 
reservoir filled at the same point in time as the D20 study (February 1980). This approach was 
applied to each of the operational scenarios. Under the wetter conditions of this study period, the 
yield values vary from a maximum of 24,180 acre-feet under the 1959 Trial Operating Criteria with 
Matilija Dam, to a minimum of yield value of 19,780 acre-feet under the BO Operating Criteria 
without Matilija Dam. 

Predicted Water Use. The higher rainfall years represented in the recovery study period tended to 
reduce water use within the District's service area. The average annual predicted water use for the 
period is 18,820 acre-feet, as shown on Table B9. The maximum to minimum range of predicted 
water use, based on consecutive dry year trend equation, are 22,704 and 15,249 acre-feet, 
respectively. These reduction in predicted water use, from that experienced during the drought 
cycle, is primarily due to lower quantities of water used for agriculture. For orchard crops, less 
water is required from Lake Casitas during the wet periods. 

Comparison between Water Supply and Water Use. Under all four of the operational criteria 
conditions studied for the reservoir recovery period, the available yield (water supply) values are 
higher than the predicted water use values. The conclusion that could be developed is that under 
actual use conditions, the storage of Lake Casitas may restore to full capacity in less time than with 
theoretical yield values. The rate at which the reservoir fills would be diminished by moving from 
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the historical 1959 Operational Criteria to the Robles BO Operating Criteria, and is further 
diminished with the loss of Matilija Dam. The risk of having Lake Casitas fill at a slower rate is 
that the reservoir may not achieve full storage capacity before onset of another long-term drought 
period. 

BALANCING WATER USE WITH AVAILABLE SUPPLIES 

The application of the Biological Opinion Criteria, at this time, is in place and will be the method 
by which the District operates the Robles Diversion Dam and Fish Passage Facility. The loss of 
reservoir storage resulting from the decommissioning of Matilija Dam or the sediment deposition of 
the remaining storage volume appears to be inevitable. Given these conditions, the District must 
continue to balance water use with the available water supply. In addition to the many options that 
have been prescribed by past studies and staff recommendations, this evaluation has further 
reviewed the application of mandatory reductions to water use during the study period. 

Reduced Water Use through Conservation and/or Mandatory Use Curtailment. The District 
reviewed four different methods of water use reduction (Table 3). The key differences between the 
methods are the level of reduction and the time at which each reduction was applied. The goal of 
the reduction is to bring the average annual water use during the critical dry period to as close to the 
safe yield level of supply availability found with the Robles BO Operating Criteria (20,869 acre- 
feet) without the benefit of Matilija Reservoir. 

The four different magnitudes and sequences of water use reductions were applied to the supply in 
such a manner that resulted in depleting Lake Casitas to minimum pool storage by the end of the 
critical dry period. The patterns of each water use reduction are presented in Table 3, along with 
the summaries for the safe yield and predicted water use values. 

Prior to the implementation of any of these programs, the District should carefully consider the 
acceptability of water use reduction impacts to the water user, the realistic ability to attain such 
reductions, and the desirable frequency of causing the reductions. It is important to distinguish 
between curtailment and conservation. Conservation measures should focus on the long-term and 
lasting efficiencies that do not affect the quality of life. Curtailment measures focus on short term, 
temporary actions that may impact quality of life. The course of the District should consider the 
acceptability of the impacts on the quality of life cause by either conservation or curtailment. 

OTHER FACTORS 

During the study, there were several other issues that deserved acknowledgement and consideration 
by the District. These issues were not included in the development of the study's data or 
computations, but may be relevant points to include in the development of strategies and assessment 
of risks for managing the District's water supplies. 

Minimum Lake Elevation. All studies on the Lake Casitas safe yield considered the extraction of 
water from Lake Casitas to a minimum pool. There may be some impacts that could arise when 
minimum pool is approached in Lake Casitas, such as: 

Page 6 



Water Quality - the degree of the water quality impacts are unknown at this time. There 
is a potential for concentrating salts, organics, elements (manganese andlor boron) and 
nutrients as the water volume diminishes to minimum pool. Warm, shallow water may 
also promote the growth of algae, which in turn could lead to taste and odor problems in 
the drinking water supply. Storm runoff events into the minimum pool may have 
elevated turbidity that may exceed the capability of existing water treatment plant. Plant 
growth in the exposed beach areas of the lake may add to organic loading as the lake 
recovers its storage and the plant materials decay. 

Water Delivery to the Distribution System -a certain level of water storage in Lake 
Casitas in order to adequately supply water to the distribution system. The District will 
have to consider other pump facilities (and associated costs), perhaps even barge pumps 
set into the lake, in order to move water through the treatment plant into the distribution 
system. 

Recreation - the recreational opportunities are likely to be diminished at minimum pool. 
Boating and fishing would likely be curtailed, and the lack revenue generation from 
these activities may impact the District's ability to maintain recreation. 

The study has indicated that the change of the minimum pool setting has a direct relationship to the 
safe yield value. For each 20,000 acre-feet of storage above minimum pool it is desired to add to 
the lake storage, there is a 1,000 acre-foot reduction impact to the safe yield value. The reduction of 
the safe yield of Lake Casitas in order to lessen the chance of impacts of minimum pool may not be 
the District's preferred solution. 

Losses at Robles Diversion Dam. The District is in the process of constructing the fish passage 
facility. There may be inherent operational problems at the facility that could interfere with ability 
to divert water to Lake Casitas. These factors have not been quantified and were not included in the 
study conditions for diversion. The key problems that may occur are (1) the loss of water transfer 
through the fish screens, the plugging of the fine meshed screen that is used to protect fish from 
entering the Robles-Casitas Canal, and (2) silt deposition in the diversion facility that may be 
associated with the loss of Matilija Dam. This may be a target area for the District to document and 
develop data during future operations of the Robles Diversion and Fish Passage Facility. 

Increase in Groundwater Extractions above Robles Diversion Dam. The study included the level of 
groundwater extraction that has historically occurred above Robles Diversion Dam. If there is an 
increase in the amount of groundwater extractions, there may be some impact to the amount of 
water available for diversion to Lake Casitas. 

Socio-economic Impacts Associated with Water Use Reductions. The study has developed the 
values for safe yield and water use, and further reviewed the trends from applying water reductions. 
There are several issues that the decision-makers must consider when applying the water reduction 
measures. What level of water use reduction is attainable? What are the acceptable and 
unacceptable impacts to the water user's lifestyle and economic interest (agriculture, oil industry, 
tourism, and the residences of the service area)? Are the requests for water use reduction frequent 
andfor of long duration? These are questions that should be addressed as the District moves 
forward with the management of water supplies. 
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Variability of Supply. The Ventura River system is a highly variable water system with erratic and 
unpredictable periods of drought and rainfall. It should be noted that there is a large variation in the 
annual diversions, and thus the ability to restore supply, in both the drought and recovery periods. 
Table 4 provides a summary of the mean annual diversions, the range and confidence interval (CI) 
for diversions, under various study conditions. The water supply is highly variable in its occurrence 
over time. Small changes to climate or the natural sequences of rainfall events from the actual 
events of both periods can have an impact on the availability of water supply. 

System Losses: Water losses occur within the Casitas water distribution system. Theoretically, the 
difference between water deliveries to the conveyance system and metered water sales represents 
system losses. Appendix D provides an explanation of water losses within the distribution system. 
Appendix D also provides an explanation of the significant differences between terms used by 
Casitas, and their relationship to actual data that is recorded by Casitas. 

CONCLUSIONS AND RECOMMENDATIONS 

The methods and model presented in this study provide decision-makers a tool for determining the 
level and timing of water use reductions needed to ensure a safe water supply. Water supply and 
use in the Casitas Municipal Water District has reached a balance and may be moving towards 
imbalance with the recently proposed changes to the water supply system. 

During the course of developing the reservoir model and applying the individual runoff data, staff 
noted the sensitivity of the regional hydrology to each storm event or series of rainfall events. 
Given this potential for variation, it needs to be noted that small changes in hydrological patterns 
could result in different conclusions from this study. 

In order to continue to meet future water demands and drought-proof the Casitas Municipal Water 
District service area, Casitas should actively develop and pursue a water conservation management 
program and while developing and implementing a strategy to secure alternative water supplies. 
Casitas should also perform a thorough accounting of the service connection allocations issued to 
date and propose to make adjustments to those allocations, where adjustments can be reasonably 
made, to benefit long-term water supply and continued water use by the customer. 

Page 8 



Table 1. Predicted available water supply and water use for the Casitas Municipal Water 
District based on hydrologic conditions for the longest drought on record in the Ventura 
River Basin (1945-1965 water years). 

Robles BO Predicted 
Water Supply and Use 

Drought Period 

1959 

(1945-1965 WY) 
Average Annual Volume of water1 (AF/YR) 

Operating Criteria 
With 1 Without 

Ventura River Supply 
Ventura River Flows (Inflow to Robles Facility) 
Water Loss (Robles Facility Operations) 
Water Bypassed at Robles Facility 
Water Diverted to Lake Casitas 

Lake Casitas Supply 
Water Captured from Tributaries 
Net Water Loss (Evaporation-Rainfall) 

District Supply and Use: 21 - Year Period 
Safe Yield: Available supply2 

Operating Criteria 
With 1 Without 

Matilija 

1 ,  , 
Venture River Flows (Inflow to Robles Facility) 
Water Loss (Robles Facility Operations) 
Water Bypassed at Robles Facility 
Water Diverted to Lake Casitas 

16,850 
(1,290) 

7,560 
8,000 

6,000 
(2,630) 

Lake Casitas Supply 
Water Captured from Tributaries 
Net Water Loss (Evaporation-Rainfall) 

Difference between supply and use 1 32,970 1 23,310 1 

Matilija 

353,850 
(27,090) 
158,760 
168,000 

District Supply and Use: 21 - Year Period 
Safe Yield: Available Supply2 

(Lake Casitas plus Mira Monte Well) 
Water Use: Deliveries to Water Distribution Svstem 

16,850 
(1,290) 

8,020 
7,540 

6,000 
(2,630) 

20,840 

21,200. 
(360) 

(Lake Casitas plus Mira Monte Well) 
22,310 21,630 

126,000 
(55,230) 
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Matilija 

Water Use: Deliveries to Water Distribution System 
Difference between supply and use 

Total Volume of water1 (AF) 
Ventura River Su~Div 

353,850 
(27,090) 
168,420 
158,340 

478,170 

445,200 

I 

Matilija 1 

16,850 
(1,290) 

8,700 
6,860 

6,000 
(2,630) 

126,000 
(55,230) 

I I I 

16,850 
(1,290) 

9,490 
6,070 

6,000 1 
(2,630) 

21,200 
1,570 

353,850 
(27,090) 
182,700 
144,060 

468,510 

445,200 

1 Predicted values were based on methods outlined in Appendix A and B. Values presented in 
this table were rounded to the closest 10 AF. Furthermore, they are subject to revision following 
peer review. 
2:These estimates were based on the same hydrologic period used in the Kienlen D20 study: 
October 1, 1944 through October 1, 1966. The safe yield was calculated by setting an annual 
extraction value that forced the reservoir to decrease from 237,890 AF to 4,800 for this period. 

353,850 
(27,090) 
199,290 
127,470 

126,000 
(55,230) 

21,200 
1,110 

126,000 
(55,230) 

454,230 

445,200 

21,200 
430 

437,640 

445,200 



Table 2. Predicted available water supply and water use for the Casitas Municipal Water 
District based on hydrologic conditions for the period immediately following the longest 
drought on record in the Ventura River Basin (1966-1980 water years). 

Robles BO 
Operating Criteria 
With 1 Without I 

Predicted 
Water Supply and Use 

Recovery Period 
(1966-1980 WY) 

Average Annual Volume of water1 (AF/YR) 
Ventura River Supply 

1959 
Operating Criteria 
With 1 Without 

Water captured from Tributaries 
Net Water Loss (Evaporation-Rainfall) 

this table were rounded to the closest 10 AF. Furthermore, they are subject to revision following 
peer review. 
2: These estimates were based on the same hydrologic period used in the Kienlen D20 study to 
fill the reservoir: October 1966 through February 1980. The yield was calculated by setting an 
annual extraction value that allowed the reservoir to increase from 4,800 AF to 254,000 AF within 
this period. 

Matilija 

District Supply and Use: 15- Year Period 
Yield: Available supply2 

(Lake Casitas plus Mira Monte Well) 
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325,500 
(55,050) 

Matilija 

--- 
Ventura River Flows (Inflow to Robles Facility) 
Water Loss (Robles Facility Operations) 
Water Bypassed at Robles Facility 
Water Diverted to Lake Casitas 

Lake Casitas Supply 
Water Captured from Tributaries 
Net Water Loss (Evaporation-Rainfall) 

District Supply and Use: 15- Year Period 
p 

(Lake Casitas plus Mira Monte Well) 
Water Use: Deliveries to Water Distribution System 
Difference between supply and use 

362,700 

45,590 
(1,690) 
22,850 
21,050 

21,700 
(3,670) 

23,500 

18,820 
4,680 

683,850 
(25,350) 
- 342,750 
315,750 

45,590 
(1,690) 
22,100 
21,800 

21,700 
(3,670) 

24,180 

18,820 
5,360 

325,500 
(55,050) 

282,300 

Mati l~ja 

352,500 

Difference between supply and use 

Matilija 

1 

45,590 
(1,690) 
25,000 
18,900 

21,700 
(3,670) 

---- 

21,180 

18,820 
2,360 

---- 

683,850 
(25,350) 
375,000 
283,500 

Ventura River Supply 
Ventura River Flows (Inflow to Robles Facility) 
Water Loss (Robles Facility Operations) 
Water Bypassed at Robles Facility 

325,500 
(55,050) 

45,590 
(1,690) 
26,460 
17,440 

21,700 
(3,670) 

19,780 

18,820 - 

960 

683,850 
.(25,350) 
396,900 
261,600 

683,850 
(25,350) 
- 331,500 - 

325,500 
(55,050) . 

317,700 

1 Predicted values were based on methods outlined in Appendix A and B. Values presented in 

80,400 

296,700 

Water Diverted to Lake Casitas 
Lake Casitas SUDDIY 

70,200 

327,000 

35,400 14,400 



Table 3. Comparisons for the level of reductions in water use needed to balance water 
supply and use during a critical drought period without the benefit of Matilija Reservoir. 

I All Years I 
I I I I I I 

I I I I I I 

1. Changes to the level of use reduction correspond with periods when Lake Casitas would drop below 127,000 

and 65,000 Af of storage. 
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Table 4. Variability of Diversions for Study Conditions - Drought and Recovery Periods 

1 

I I 

1959 Criteria 1 7,996 I *6,087 

Annual Diversion Rate (Acre-ft) 

Drought Period 

1 Robles BO Criteria 1 6,861 1 *5,169 

With Ma 

1 Recovery Period 
I I 

Mean 

Difference 

Robles BO Criteria ]8,905 *9,953 

95%CI 

I I 

Difference 1 2,895 1 *1,924 

1,134 Â±95 

lija 
Range 

Without Matilija 
Range Mean 95%CI 



Appendix A Water Supply Predictions 

Appendix A - Casitas MWD Water Supply Predictions 

Introduction 

The reliability of water storage in Casitas Reservoir to adequately meet water use patterns 
through drought periods is dependent on the hydrology of the Ventura River Basin and 
the water use demands placed on reservoir storage. It is not possible to predict future 
weather patterns, and thus the hydrology, to an exact degree. The observation of recent 
weather and hydrology of the basin may provide adequate information that can be applied 
to a reservoir routing study. Determining the reliability of a water storage reservoir 
requires the review of relevant historical hydrology of the drainage basin and the 
assumption that the hydrology will repeat itself, in some manner, on a reliable basis 
(Figure Al). Further, determining the reliability of a water storage reservoir must also 
consider and apply system changes and influences that have or will occur in the 
foreseeable future. 

Long-term Precipitation Pattern 
Matilija Dam Gage 

80.00 
- . - . -  - .Annual Precipitation 1 
-7-Year Running Mean 

Calendar Year 

Figure Al .  Long-term precipitation pattern as recorded at the Matilija Gage 1868-2001. 

The District has compiled, to the best of their knowledge, the assumptions and historical 
data to develop a reservoir routing model that will consider the changes and influences 
that are foreseen at this time. 
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Appendix A 

Background 

Water Supply Predictions 

The Ventura River watershed encompasses approximately 228 square miles in western 
Ventura County as illustrated in Figure A2. The area is subject to a Mediterranean type 
climate, with long periods of no rainfall followed by short periods of intense rainfall and 
high runoff peaks (1). The hydrology of the Ventura River system has been well 
documented since the early 1900's. 

In the early 1940's, the agricultural communities in the Ventura River basin realized the 
inability of the local groundwater supplies to support water uses during drought periods. 
The first move to supplementing groundwater supplies was construction of Matilija Dam 
in the late 1940's. It was not long before the community leaders determined that the 
Matilija Dam project had limited value to water supplies and replenishment of the Ojai 
groundwater basin, particularly during long-term drought conditions. The next step, that 
the local communities pursued, to develop reliable water supplies was the construction of 
the Ventura River Project, under the guidance and initial funding of the United States 
Bureau of Reclamation. 

The key components of the Ventura River Project were the Robles Diversion Dam, 
Robles-Casitas Canal, Casitas Dam, Casitas Reservoir, and the water distribution system 
(pipelines, pump plants, and steel reservoirs). Casitas Reservoir provides 254,000 acre- 
feet of reservoir water storage while Robles diversion system provides a maximum of 
500 cubic feet per second conveyance capacity from the Ventura River to Casitas 
Reservoir. Figure A3 presents a representation of the river and water delivery system. 
The Casitas Reservoir and Robles diversion system became operable in January 1959. 
Since the initial operation of the Robles Diversion Dam and canal, the District operated 
diversions and downstream releases in accordance with a given set of guidelines, 
formally referred to as the 1959 Trial Operating Criteria (hereafter 1959 Operating 
Criteria) for the Robles Diversion Dam. The operating criteria provided for a minimum 
of 20 cfs bypass, when more than 20 cfs was available at Robles Diversion Dam, and 
criteria for bypassing less than 20 cfs when downstream aquifers were in full condition. 

In 1998, the listing of the steelhead as an endangered species, and the desire to return the 
species to the Ventura River, led to changes in the operating criteria for Robles Diversion 
Dam (Robles Biological Opinion Operating Criteria: hereafter Robles BO Operating 
Criteria). In 2002, there developed an interest in the removal of Matilija Dam and 
restoration of steelhead migration to all mainstem reaches of the Ventura River. The 
County of Ventura is presently considering the full-scale removal of Matilija Dam. 

Water Supply Prediction Components 

An adequate water supply study must identify the periods and provide adequate data, 
andlor relatively sound basis for assumptions, to apply to the reservoir routing for each 
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LpNF BoUndaV Cahada Larga Creek ~ C O U ~ ~ Y  Boundary Figure 2-1 
Stream Coyote Creek LÃ‘ City Boundary Ventura River 

Road Matili~a Creek Ã‘ water ~ o d y  Watershed Zones 1 
~~ght-duty road = N F O ~  MatlI~ja C-eek U ventura River Watershed 
Seconcary highway -- San Antonio Creek - Primary hichwav IB̂ B Ventura River 

Figure A2. Ventura River Watershed (excerpt from the Habitat Conservation Plan - Entrix) 
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Figure A3. KEY ELEMENTS OF THE VENTURA RIVER WATER SUPPLY 



Appendix A Water Supply Predictions 

period. The outline provided in this appendix provides the supply data and assumptions 
that were applied in the reservoir routing analysis. 

There are two specific periods that the District is concerned with in the reservoir routing 
and determination of supply reliability. The first period is the longest period of drought. 
Assuming the reservoir is at full capacity, test the ability of the reservoir to withstand the 
longest drought of recent record. The second period is the recovery period of the 
reservoir from minimum storage level, after the reservoir has experienced the longest 
drought period, to full stage and ready for the next drought sequence. 

The District has identified the period of 1944 through 1965 as the longest period of 
drought. The hydrology of the period is well documented. Other factors such as the 
current demands for the water supply are represented by the data gathered for the period. 
Such data will have to be extrapolated from current conditions to meet the hydrology of 
the study period. 

The period of 1946 to 1980 has been identified as the recovery period. It is known that 
the Ventura River hydrology during the 1959 to 1978 period contributed to the initial 
filling of Casitas Reservoir to full capacity. Other factors and data, such as the demand 
for water supply and evaporation rates, may not be available from the study period or are 
not representative of current levels of influence. These factors must be reasonably 
developed from current data and trends, and then applied to the reservoir routing study. 
Many of these factors have been developed during prior studies and should be considered 
for this study. 

Water Supply Prediction Methods 

The analysis of water supply for Casitas Municipal Water District was derived from the 
methods used by Kienlen in the late 1980s and early 1990 to evaluate a series of 
alternatives for utilizing water supplies in the Ventura River Basin (Murray, Bums and 
Kienlen 1990). These methods developed a water balance model for the Ventura River 
Basin and Lake Casitas that accounted for: 1) surface flows in the Ventura River, Matilija 
Creek, North Fork Matilija Creek, Coyote Creek, and Santa Ana Creek; 2) groundwater 
and surface water extraction above Robles diversion; 3) flow accretion above Robles 
Diversion; 4) operational efficiency of the Robles Diversion; 5) evaporation and rainfall 
at Lake Casitas; and 6) an estimate of the available supply from Lake Casitas on an 
annual basis expressed as annual yield. For this analysis, the approach used by Kienlen 
for the D20 study was used as a basis for the calculations in this analysis. Since Kienlen 
performed the D20 analysis additional water supplies have been developed, new 
operational criteria for Robles have been established, methods have been refined, and 
understanding the role of Matilija Reservoir to Casitas water supply has become more 
important. Therefore, the methods and/or assumptions used in the Kienlen D20 analysis 
were modified as appropriate based on current and/or relevant information and methods. 
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Ventura River Inflow to Robles 

This is an estimate of the volume of water flowing into the Robles facility. It is based on 
the hydrologic records from USGS gauging stations, operational criteria for Matilija 
Reservoir, an estimate of the volume of accretion flow between the gages and robles, and 
an estimate of the volume of water that is depleted between the gages and Robles. 

In review of the data from each gaging station and understanding that the Matilija Dam 
changed flows entering the Robles Diversion Dam location, the model had to consider 
development of the Ventura River hydrology with and without the influence of Matilija 
Dam. Records of flow above Matilija Dam had been gathered until 1969, at which time 
the station had been destroyed and not replaced. The synthesis of the hydrology has been 
determined by developing an unencumbered flow (no Matilija Dam) at the Matilija Creek 
at Matilija Hot Springs station and then combining with the flow recorded at the North 
Fork Matilija Creek station. Where no records of flow were gathered for above Matilija 
Dam (the period of 1969 to 1980), a correlation was used to develop the unencumbered 
flow. The correlations are described in the equations outlined in the following sections. 
This method provided the baseline hydrology for the upper Ventura River without the 
influence of the Matilija Dam, which is one of the conditions that was later applied to the 
scenarios of this study. From the baseline hydrology and the operational criteria for 
Matilija Dam, a second hydrology was synthesized for the condition of Matilija Dam in 
operation for the entire study period. To provide accurate estimates for these values, 
calculations were based on daily values. 

The combination of the synthesized hydrology for the Matilija Creek with the records for 
North Fork of the Matilija Creek has provided the flow values for water at the confluence 
of the Matilija Creek and the North Fork Matilija Creek. The term used for the 
combination of the records is "Matilija Gages". To develop the quantity of water that is 
available at the Robles Diversion Dam, the factors for accretion, upstream flow depletion 
and facility losses are applied to the "Matilija Gages" hydrology record. 

Drought Period Hydrology - October 1 1944 through September 30 1965 

1) Matilija Creek hydrology 
a. Empirical USGS gage records 

i. #5500: Matilija Hot Springs - October 1 1944 - May 3 1 1948 
ii. #4500: Above Matilija - June 1 1948 - September 30 1965 

2) North Fork Matilija Creek hydrology 
a. Empirical USGS gage records 

i. #6000: October 1 1944 - September 30 1965 

Reservoir Recovery Period Hydrology - October 1 1965 through September 30 1980 

1) Matilija Creek hydrology 
a. Empirical USGS gage records 
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i. #4500: October 1 1965 - September 30 1969 
ii. #5500: October 1 1973 - October 3 1 1973 

b. Daily flows predicted from NF Matilija daily USGS records 
i. Loss at Matilija Reservoir = 0.1 167% 

01) Added to Annual AF estimate for #5500 
ii. Equation: #5500 = ((Annual AF 5500lAnnual AF 4500)*#4500) 

iii. Estimated: October 1 1969 - September 30 1973 
iv. Estimated: November 1 1973 - September 30 1980 

2) North Fork Matilija Creek hydrology 
a. Empirical USGS gage records 

i. #6000: October 1 964 - September 30 1973 
ii. #6000: November 1 1973 - September 30 1978 

b. Flows predicted from Matilija Creek USGS daily records 
i. Equation: #6000 = (0.00003*(#5500A2))+(0.3 l58*#55OO) 

ii. Estimated: October 1 1973 - October 3 1 1973 

Matilija Reservoir Operations: Influence and Benefit 

1) Storage Capacity 
a. Maximum storage: 650 AF 
b. Minimum storage: 250 AF 

2) Operational Criteria 
a. Fill with storm events and available flows 
b. Reduce to minimum storage once full 

i. Generally post storm events (Figure A2) 
ii. Release up to 100- 150 cfs 

5000.0 
w- 
0 - 
& 4000.0 - - -Robles Inflow With Matilija 
0 

3000.0 - 
0 I 

Robles Inflow Without Matilija 
-- 

- -  - 
, , , l l ~ ~ i i  

C M C M C M  
in in in 

0 1 0 1 0 1  C $ t D  
CM 

C M C M C M  

C M C M C M  
i n i n i n  

0 1 0 1 :  
$ 5 2  
- - % G  .. .. 

Date 
- - -- 

Figure A4. Potential effect of Matilija Reservoir operations on Ventura River flows. 
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Flow Accretion 
This is an estimate of the volume of water that is gained between the USGS gauging 
stations and the Robles Diversion. Accretion flows would generally occur in association 
with storm events. 

1) Variable - associated with rain events 

2) Applied to average daily combined flow at Matilija and North fork Matilija Creek 
gages 

3) Correction Factors: Applied to estimated average daily flow 
a. 0.05 increase applied to combined records from #5500 and #6000 gages 
b. 0.1 1 increase applied to combined records from #4500 and #6000 gages 

Flow Depletion /Extraction 
This is an estimate of the volume of water that is depleted between the gauges and Robles 
diversion. The volume of these depletions are generally related to water extractions via 
wells and surface diversions to beneficial water use, and replenishment of the 
groundwater aquifer. 

1) Characteristics: variable on a monthly basis 
i. . . 

11. . . . 
111. 
iv. 
V. 

vi. 
vii. ... 

Vlll. 
ix. 
X. 

xi. 
xii. 

October: 7.58% of annual extraction volume 
November: 5.35% of annual extraction volume 
December: 4.34% of annual extraction volume 
January: 4.75% of annual extraction volume 
February: 0.328% of annual extraction volume 
March: 4.94% of annual extraction volume 
April: 7.01% of annual extraction volume 
May: 10.41 % of annual extraction volume 
June: 14.06 % of annual extraction volume 
July: 1 6.1 8% of annual extraction volume 
August: 12.10% of annual extraction volume 
September: 9.99% of annual extraction volume 

b. Related to substrate perrneabilitylgroundwater recharge and extraction 
c. Dependent upon direct diversions 

2) Annual Estimates were used from the Kienlen D20 study 
a. Drought period: 

i. Up to 2800 @/yr 
ii. Average of 2,168 AFIyr for 1944-1965 period (1 1.8% of gages) 

b. Wet period: 
i. Up to 2,800 AFIyr 

ii. Average of 1,628 AF/yr for 1966 - 1980 period (3.7% of gages) 
c. Applied to average daily combined flow values from Matilija and North 

fork Matilija Creek gages 
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Robles Diversion Operations 

This is an estimate of the volume of water flowing out of the Robles facility. It is based 
on the volume of water flowing into the facility (described above), water losses 
associated with facility operations, the volume of water available for diversion, diversion 
operational criteria, and the volume of water that bypasses the facility. To provide 
accurate estimates for these values, calculations were based on daily values. 

Facility Losses 
This is the volume of water loss from operating the diversion. It reduces the volume of 
water available for diversion. It is assumed that the majority of this volume of water goes 
subsurface and recharges groundwater aquifers. 

1) Estimates used from Kienlen D20 Study 
a. Drought period: average 1,321 AF (7.7% of inflow) 
b. Wet period: average 1,628 AF (3.7% of inflow) 
c. Applied to average daily flow coming into the Robles facility 

2) BOR (1959) estimated operational loss for the diversion at 5% 

Water Available for Diversion 
This is an estimate of the volume of water coming into the Robles Facility minus the 
volume of water loss due to operating the facility. 

Volume of Water Diverted 
This is the volume of water diverted into the Robles/Casitas Canal based on the 1959 and 
Robles BO operating criteria. 

1) 1959 Operating Criteria estimates: 
a. Operating period 

i. October 1 through June 30 
ii. Initiated after surface flows occur at Santa Ana Blvd Bridge 

iii. Diversion cease when storage volume in Lake Casitas reaches 
248,616 acre-feet (2 feet from spill elevation) 

b. Diversion volume 
i. Maximum diversion: 500 cfs . . 

11. Minimum diversion: 5 cfs 
c. Minimum release (if available) 

i. Surface flow at Santa Ana Blvd. Bridge: release 3 cfs 
1. Assume after 2nd storm, and 
2. Drought period: Cumulative Robles inflow >11,000 AFIyr 

. . 3. Recovery period: Cumulative Robles inflow >26,000 AFIyr 
11. No surface flow at Santa Ana Blvd. Bridge: release 20 cfs 

1. Kienlen study assumed 20 cfs releasehypass at all times 
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2) Robles BO operating criteria estimates 
a. Operating period 

i. Fish passage operating period criteria 
1. January 1 - June 3 0 
2. Initiate after lst storm event 

. . 3. Initiate if sandbar has breached 
11. 1959 operating criteria 

1. Apply whenever fish passage criteria are not met 

. . . 2. Initiated after October 1 
111. General criteria 

1. Diversions cease when the storage volume in Lake Casitas 
is 248,616 acre-feet (2 feet below spill elevation) 

b, Diversion volumes 
i. Maximum diversion: 500 cfs . . 

11. Minimum criteria: 5 cfs 
c. Fish releases (if available) 

(This is the quantity of water released off of the diversion canal to 
satisfy fish requirements outlined in the Robles BO and based on the 
volume of water flowing into the Robles Facility) 

i. Ratcheted release over 12 day period from 171 cfs to 30 cfs . . 
11. Associated with storm events ... 

111. Reduced fish releases would occur if Lake Casitas storage volume 
drops to < 100,000 AF and again at <65,000 AF through 
agreement and based on an equitable sharing of the temporary 
reduction in water allocations to customers (i.e. demonstrated 
reduction in water use) 

iv. Will cease if Lake Casitas storage volume is < 17,000 AF and until 
it reaches a volume of 65,000 AF 

d. Minimum release (if available) 
i. 30 cfs after first storm event and until June 30 

Volume of Water Bypassed. 
This is the total volume of water that bypasses the Robles Diversion facility. It includes 
the volume of water that is not diverted and bypasses the facility as well as the volume of 
water that is released from the RoblesICasitas canal for steelhead migration in the 
Ventura River. 

1) Estimation 
a. Kienlen D20 study: bypass = Total inflow - loss - diversions 
b. Drought period: 50.7% of inflow 
c. Wet period: 52.9% of inflow 
d. Entire period: 52.1% of inflow 
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Lake Casitas Supply 
The supply of water in Lake Casitas is dependent upon inflows from the RoblesICasitas 
canal, Santa Ana Creek, Coyote Creek, and unnamed tributaries as well as reductions 
associated with evaporation. 

Volume from RoblesICasitas Canal 
This is the volume of water diverted to Lake Casitas from the Robles Diversion. It is 
based on the calculations described above. 

Santa Ana Creek 
This analysis used estimates from the Kienlen D20 study. 

Coyote Creek 
This analysis used estimates from the Kienlen D20 study 

Unnamed Tributaries 
This analysis used estimates from the Kienlen D20 study. 

Net Evaporation 
This analysis used estimates from the Kienlen D20 study. 

Mira Monte Well Supply 

Annual yield estimated at 300 AF per year. 

Safe Yield: Drought Period - Casitas Municipal Water District 

Safe yield is a risk management tool used to estimate the volume of water that can be 
withdrawn from a water supply to the extent that the withdrawal is not harmful to 
recreation, water quality, or physical facilities. Methods for this assessment were based 
on the previous safe yield studies conducted by the BOR and Kienlen. However, this 
study accounted for three additional supply factors that were not included in the Kienlen 
analysis: 1) under the 1959 operating criteria minimum releases could be 3 cfs under 
specific conditions; 2) Mira Monte well supply; and Matilija Reservoir supply. 

1) Estimates based of Kienlen D20 study variables and values: 
a. Timeframe: 2 1 years - 1945- 1965 water years 
b. Minimum pool: approximately 4800 AF (based on D20 study) 
c. Monthly Distribution of Yield: 

i. October: 7.12% of annual yield . . 
11. November: 6.07% of annual yield . . . 

111. December: 6.09% of annual yield 
iv, January: 6.69% of annual yield 
v. February: 4.5% of annual yield 

vi. March: 6.4 1 % of annual yield 
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vii. April: 7.59% of annual yield 
viii. May: 9.55% of annual yield 

ix. June: 10.99 % of annual yield 
x. July: 13.2% of annual yield 

xi. August: 12.04% of annual yield 
xii. September: 9.75% of annual yield 

2) Water supply from the Mira Monte well was included in the safe yield estimate: 
a. 300AFperyear 
b. Applied at a constant rate for each month 

3) Water supply from Matilija Reservoir was estimated. 

4) Safe yield estimates made for four scenarios 
a. 1959 Operating Criteria 

i. With and without Matilija 
b. Robles BO Operating Criteria 

i. With and Without Matilija 

Yield: Recovery Period - Casitas Municipal Water District 

Yield is used to estimate the volume of water that can be withdrawn from a water supply 
to the extent that the withdrawal allows the reservoir to fill in a timely fashion. Methods 
for this assessment were based on the timeframe in which the reservoir filled following 
the longest period on record from previous studies conducted by Kienlen. However, this 
study accounted for three additional supply factors that were not included in the Kienlen 
analysis: 1) under the 1959 operating criteria minimum releases could be 3 cfs under 
specific conditions; 2) Mira Monte well supply; and Matilija Reservoir supply. 

2) Estimates based of Kienlen D20 study variables and values: 
a. Timeframe: 15 years - 1966-1980 water years 
b. Initial pool: approximately 4800 AF (based on D20 study) 
c. Monthly Distribution of Yield: 

i. October: 7.12% of annual yield 
ii. November: 6.07% of annual yield 

iii. December: 6.09% of annual yield 
iv. January: 6.69% of annual yield 
v. February: 4.5% of annual yield 

vi. March: 6.41 % of annual yield 
vii. April: 7.59% of annual yield 

viii. May: 9.55% of annual yield 
ix. June: 10.99 % of annual yield 
x. July: 13.2% of annual yield 

xi. August: 12.04% ofannual yield 
xii. September: 9.75% of annual yield 
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2) Water supply from the Mira Monte well was included in the safe yield estimate: 
a. 300 AF per year 
b. Applied at a constant rate for each month 

3) Water supply from Matilija Reservoir was estimated. 

4) Safe yield estimates made for four scenarios 
c. 1959 Operating Criteria 

i. With and without Matilija 
d. Robles BO Operating Criteria 

i. With and Without Matilij a 

Water Supply Prediction Results 

The following Tables and Figures present summary information from the analysis 
described above. 

Page A13 



Appendix A Water Supply Predictions 

Table A l .  Predicted water supply for the 1945-1965-drought period based on the 1959 operating criteria and with the benefit of Matilija Reservoir. 

1 
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Predicted Water Supply (AF) 

Total 

Mean 

360775 

17180 

36249 

1726 

43081 

2051 

353943 

16854 

27254 

1298 

158779 

756 1 

16791 1 

7996 

126025 

6001 

55309 

2634 97060 

4781 70 

22770 
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Table A2. Predicted water supply for the 1945-1965-drought period based on the 1959 operating criteria and without the benefit of Matilija Reservoir, 

1 
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Predicted Water Supply (AF) 

Total 

Mean 

360735 

171 78 

36240 

1726 

43081 

2051 

353895 

16852 

27250 

1298 

168422 

8020 

158223 

7534 

126025 

6001 

55309 

2634 96449 

468489 

22309 
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Table A3. Predicted water supply for the 1945-1 965-drought period based on the Robles BO operating criteria and with the benefit of Matilija Reservoir. 

water 
Year 

1945 
1946 

1965 

Total 
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Predicted Water Supply (AF) 

Mean 

8501 

360775 

21635 
21 635 
21635 
21635 
21 635 
21 635 
21 635 
21 635 
21 635 
21 635 

Ventura River 

17180 

1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 

935 

36249 

District 

Available 
supply 

21 635 
- 21635 - 

Flows Above Robles Diversion Lake Casitas 

1726 

Gages 
19222 
23289 

Robles Operations 

Tributaries 

6812 
3377 

194068 
168880 
14437 1 
121834 
97906 

128698 
109290 
92241 
69766 ] 
5561 8 

12435 
2822 
3564 
4785 
1810 

58089 
10343 
9916 
51 39 

10412 

849 
97 

173 
276 

50 
4764 

704 
679 
285 
726 

1935 

43081 

Inflow 

17531 
21842 

205 1 

Accretion 

96 1 
1 164 

Net 
Loss 

471 1 
4529 

622 
171 
392 
526 
199 

6390 
1 138 
1091 
565 

1145 

4932 
1 167 
1839 
2748 
602 

28626 
5838 
4778 
3183 
5532 

7500 

353943 

Extraction 

2652 
261 1 

Loss 

1350 
1682 

Storage 
Volume 

224636 
21 1763 - 

16854 

2035 
1728 
1712 
1722 
1356 
261 1 
2342 
2183 
2002 
2131 

578 

27254 

Bypass 

10206 
10547- 

11021 
1264 
2243 
3589 
652 

61868 
9139 
8823 
3702 
9426 

4255 
3901 
3537 
3145 
2682 
3582 
2940 
2599 
2078 1 
1773 

524 1 
0 

232 
565 

0 
28478 
2597 
3366 
234 

3168 

1298 

Diversion 

5976 
9614 

2654 
48 

131 
1378 

89 
27231 
2270 
3520 
703 

5792 

3544 

182600 

8695 

3379 

144090 

6861 

4537 

126025 

6001 

636 

55309 

2634 

481 7 21 635 

454335 

9697 1 21 635 





Appendix A Water Supply Predictions 

Table A5. Predicted water supply for the 1966-1980-recovery period based on the 1959 operating criteria and with the benefit of Matilija Reservoir. 

Predicted Water Supply (AF) 

Total 687544 34377 37939 683982 25307 331662 32701 2 325670 55067 2377102 362655 
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Mean 45836 2292 2529 45599 1687 221 1 1 21801 2171 1 3671 158473 241 77 
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Table A6. Predicted water supply for the 1966-1980-recovery period based on the 1959 operating criteria and without the benefit of Matilija Reservoir. 

I Predicted Water Supply (AF) 
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Total 

Mean 

687478 

45832 

54326 

3622 

37934 

2529 

687478 

45832 

51378 

3425 

342858 

22857 

31 5755 

21050 

325670 

21711 

55067 

3671 

2291 661 

152777 

352455 

23497 
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Table A7. Predicted water supply for the 1966-1980-recovery period based on the Robles BO operating criteria and with the benefit of Matilija Reservoir. 

water 
Year 

1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 - 
1977 
1978 
1979 
1980 

Total 

Mean 

Predicted Water Supply (AF) 

District 

Available 
supply 

21 184 
21 184 
21184 
21 184 
21 184 
21184 
21 184 
21 184 
21184 
21 184 
21 184 
21184 
21 184 
21 184 
21 184 

31 7760 

21 184 

Flows 

Gages 
55445 
56372 
8024 

171353 
16807 
20184 
10739 
58322 
18424 
23671 
971 1 
4977 

135760 
27918 
69835 

687544 

45836 

Lake Casitas 
Ventura River 

Tributaries 

21289 
27258 
2392 

78737 
4662 
7225 
5394 

33070 
741 7 

10670 
3239 
1056 

73222 
1 1740 
38299 

325670 

2171 1 

Above Robles 

Accretion 

2772 
281 9 
40 1 

8568 
840 

1009 
537 

291 6 
92 1 

1 184 
486 
249 

6788 
1396 
3492 

34377 

2292 

Inflow 

55771 
56423 
5889 

177128 
14922 

, 18712 
9230 

58484 
1691 9 
22197 
8029 
3301 

139933 
2651 4 
70527 

683982 

45599 

Diversion 

Extraction 

2446 
2767 
2536 
2793 
2725 
2481 
2046 
2754 
2426 
2658 
2167 
1925 
2615 
2800 
2800 

37939 

2529 

Net 
Loss 

1387 
2437 
1765 
4630 
3767 
3640 
3345 
4342 
3936 
3940 
3584 
31 64 
5366 
4872 
4892 

55067 

367 1 

Storage 
Volume 

36443 
79612 
62024 

175431 
163732 
155997 
1 4344 1 
178309 
1 68952 
166838 
150121 
129207 
239268 
242051 
239269 

2330695 

155380 

Diversion 

35687 
37784 

1221 
58553 
6520 
751 6 
461 9 

24099 
6140 
9885 
282 1 

589 
58383 
14269 
15493 

283581 

18905 

Robles 

Loss 

2064 
2088 
218 

6554 
552 
692 
34 1 

2164 
626 
82 1 
297 
122 

5178 
981 

2610 

25307 

1687 

Operations 

Bypass 

18020 
16551 
4450 

112021 
7850 

10504 -- 
4269 

32221 
10153 
1 1490 
491 1 
2590 

76373 
1 1264 
52424 

375094 

25006 
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Table A8. Predicted water supply for the 1966-1980-recovery period based on the Robles BO operating criteria and without the benefit of Matilija Reservoir. 

water 
Year 

1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

1979 
1980 

Total 

Mean 

Predicted Water Supply (AF) 

District 

Available 
supply 

19775 
19775 
19775 
19775 
19775 
19775 
19775 
19775 
19775 
19775 
19775 
19775 

Flows 

Gages 
55495 
56267 
8040 

171355 
16800 
20191 
10730 
58322 
18421 
23675 
9930 
481 7 

1978135694 
27929 
69813 

687478 

45832 

Lake Casitas 
Ventura River 

Tributaries 

21 289 
27258 
2392 

78737 
4662 
7225 
5394 

33070 
741 7 

10670 
3239 
1056 

Above Robles 

Accretion 

2775 
281 3 
402 

8929 
1848 
2221 
1 180 
641 5 
2026 
2604 
1092 
530 

14926 
3072 
349 1 

54326 

3622 

Inflow 

55832 
56313 
5906 

177130 
14915 
18719 
922 1 

58484 
1691 6 
22201 
8259 
31 33 

139863 
26526 
70500 

683918 

45595 

73222 
I 1 740 
38299 

325670 

21711 

Diversion 

Extraction 

2437 
2767 
2536 
2793 
2725 
248 1 
2046 
2754 
2426 
2658 
2167 
1925 
2615 
2800 
2803 

37934 

2529 

Net 
Loss 

1387 
2437 
1765 
4630 
3767 
3640 
3345 
4342 
3936 
3940 
3584 
3164 --- 

Robles 

Loss 

2066 
2084 
21 9 

6554 
552 
693 
34 1 

21 64 
626 
82 1 
306 
1 16 

5175 
98 1 

2609 

25305 

1687 

Storage 
Volume 

37022 
78056 
61296 

173461 
160696 
153876 
142637 
177592 
167422 
164412 
148531 
128772 

5366 
4872 
4892 

55067 

3671 

Operations 

Bypass 

2251 0 
18095 
5032 

112706 
101 29 
10589 
4230 

32465 
12084 
13301 
552 1 
2683 - 

78146 
15573 
53978 

397043 

26470 

23601 3 
2351 79 
238762 

2303725 

Diversion 

31256 
361 35 

655 
57871 
4234 
7437 
4649 

23855 
4205 
8079 
2433 

- 334 
56542 
9971 

13914 

261 570 

17438 153582 19775 





Appendix A Water Supply Predictions 

Lake Casitas Total Storage - 15 Year Recovery Period 

- Robles 60 Criteria without Matilija - 19,780 AF Yield 

Robles BO Criteria with Matilija - 21,180 AF Yield 

- 1959 Criteria without Matilija - 23,500 AF Yield 

1959 Criteria with Matilija - 24,180 AF Yiled 

! Year 

Figure A6. Comparisons of the storage volume in Lake Casitas based on different operating and yield scenarios for the recovery 
period following the longest drought on record. 
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Appendix B Water Delivery and Use Predictions 

Appendix B - Casitas MWD Water Delivery and Use Predictions 

The information that is available for the 1945 through 1965 study period is limited to the rainfall 
and hydrology occurrences in the Ventura River. The Ventura River Project that brought about 
Lake Casitas and the District's service facilities did not become operational until 1959. Water 
deliveries from Lake Casitas and customer use during this study period are not available and 
would not have been at the same level as today. Therefore, the study must predict water 
deliveries based on present water use and the study period's hydrology. 

The following was considered in the development of the water delivery for the study period: 

The critical drought period is 1945 through 1965; 
Each year is based on Water Year hydrology data; 
Good data source for hydrology and annual rainfall exists for the study period; 
Rainfall data used in this evaluation has been gathered at the Santa Ana weather station, 
from 1944 to 1959. and the Lake Casitas Recreation Area weather station from 1959 to 
present; 
Limited water delivery data for the study period - the District began delivery of water 
from Lake Casitas in 1959. 
Water use data during the study period should reflect current level and trends of water 
delivery and use. 
Factors that tend to influence the amount of water deliveries are rainfall patterns, 
irrigation use, municipal and industrial use, resale use, and groundwater availability. 
Growth may be a factor in the water deliveries and use. The initial years of District 
(1 959-1977), the trend of water use was primarily based on growth and development. 
During the last 20 years, slow growth has been more representative of the deliveries and 
use trends. 
The District does have detailed data on the hydrology, annual rainfall, water delivery and 
use for the period 1959 to 2002. 

10. The ~is t r ic t ' s  data for the annual water delivery is in Calendar year format, need to 
convert data to a water year format in order to apply deliveries to the Supply model. 

1 1. Consider the adjustment of the deliveries where unusual anomalies exist in the data. (The 
City of San Buenaventura, period 1991 to 1997, to reflect the current agreement to 
purchase 6,000 acre-feet on an annual basis. This period's actual deliveries to the City 
were temporarily reduced to below 6,000 acre-feet due to water quality reasons.) 

12. The District deliveries include water delivered from Casitas Dam to the main conveyance 
system and the deliveries from the Mira Monte Water Well. 

Historical Data 

The Casitas Municipal Water District has an extensive collection of water use and hydrology 
data that can be applied to the water supply and use analysis. The data, in some cases, needed to 
be converted into a water year calendar time sequence in order be consistent with all other data 
and the time sequence used in the analysis. 
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The following is a representation of the historical data that has been assembled from District 
records for the analysis. 

Table B1 - lists the water deliveries from Casitas Dam and the Mira Monte Well are presented in 
a water year calendar format. Also presented are the rainfall totals for each water year. 

Figure Bl - illustrates the relationship between the District's deliveries and annual rainfall. It is 
noted that there appears to be a direct correlation between rainfall and the level of deliveries 
made by the District. 

Figures B2 through B5 were developed to further define and explain the annual variance in water 
delivery. The District has compiled water use data for each of its major user types and larger 
customers. The user trends also illustrate the influence of rainfall and at times, the loss of 
alternative water supplies (i.e. groundwater supplies) on the use patterns. The review of 
individual use does validate the delivery-rainfall relationship that is illustrated in Figure Bl .  

Figure B2 - illustrates the water sales patterns for the District's agricultural customers. There 
appears to be a direct correlation between rainfall and the amount of water sales made to the 
District's agricultural customers. The District serves water to approximately 5,600 acres of 
orchard cropland and supplements agricultural groundwater use during periods of drought. 
When rainfall does not occur, water sales from the District's distribution system supplement the 
lack of rainfall. The figure also illustrates the coincidence of agricultural water sales with the 
deliveries from Casitas Dam. 

Figure B3 - illustrates the water sales pattern for direct residential customers of the District. As a 
comparative illustration, the water sales pattern of the agricultural customers is presented. It 
appears that the residential water sales do not appear to be influenced by annual rainfall 
variations. It also appears that the growth pattern has been gradual over the recorded 26-year 
period. 

Figure B4 - illustrates the water sales pattern for the two types of resale customers and any 
relationship between the sales and annual rainfall. The Resale Pumped customer is primarily to 
other water agencies, such as Ventura River County Water District and Southern California 
Water Company, that also rely on groundwater supplies to meet demands within their water 
service areas. The Resale Pumped customers have demanded Lake Casitas supplies generally 
when they are not able to meet all demands from their groundwater supplies (Ventura River and 
Ojai). A specific increase in demands from Lake Casitas is noted in the 1989 to 1991 period. 
The rise in demand was approximately 1300 acre-feet from the base demand in 1989 to the 
maximum demand in 199 1. This change is primarily due to the depletion of groundwater 
supplies during the drought period. 

Figure B4 - provides an insight to the water sales pattern of Resale Gravity. The primary 
customer in the Resale Gravity is the City of San Buenaventura (Ventura). The City has 
alternative groundwater supplies from the Ventura River and the groundwater basins in the 
eastern section of the City. The City has a series of agreements with the District concerning 
water service. The City has agreed to annually certify that water delivered from the Casitas 
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system does not supply customers that are outside of the boundaries of the Casitas Municipal 
Water District. The district boundaries are not contiguous with the City's boundaries, and 
therefore, many sections of the City of are not a part of the original financial setting for 
repayment of contracts for the Ventura River Project (Lake Casitas). This became an issue in 
1990. at the height of a drought period. The City decided to become more reliant on its 
alternative supplies and drastically reduced its demand on Lake Casitas. The District's water 
sales to the City went from a high of 9.5 10 acre-feet in 1989 to a minimum purchase 1,370 acre- 
feet in 1992, and less than 2,000 acre-feet in each of the following years. until 1997. In 1995, the 
City and the District agreed to guarantee a stable purchase from the District. In this agreement, 
the City agreed to purchase at a minimum 6,000 acre-feet annually from Lake Casitas. The City 
began to meet the minimum demand in 1997 and have continued to do so since that time. 

Figure B4 illustrates the water demand fluctuations that resulted from the abovementioned series 
of events. Besides the municipal and industrial use of the water within the City, the City has a 
sphere of water service influence that includes oil production. The oil production in this area 
requires water injection to force the oil out of the geologic formations. The period between the 
mid 1980's to the mid 1990's experienced a reduction in oil production, and thus a reduction in 
water demand. The City's in-District water use plummeted from a high of 10,886 acre-feet in 
1987 to a low of 7,037 acre-feet in 2002. The City also has plans to develop its water well 
facilities on the Ventura River. It is likely that the City will be able to maintain a balance of 
deliveries from Lake Casitas with the use within the common City-District boundaries. 

Figure B5 illustrates the historical sales to the Business, Industry, and Other customer types of 
the District. For the Industry customers, the sales patterns do not appear to be influence by 
rainfall patterns. The Business and Other customers are primarily irrigated golf courses, public 
and private schools, and recreational areas, and may be influenced by rainfall patterns. There are 
some Business and Other customers that rely on Lake Casitas supply to supplement rainfall in 
the irrigation of large turf areas that are associated with these customers. In general, the annual 
water delivery for each of these customers is generally less than 800 acre-feet and the annual 
variation of demand is seldom greater than 200 acre-feet. There does not appear to be a growth 
trend in the annual demands from these three customer types. 

Water Deliveries Adjustment - City of San Buenaventura 

Figure B4 illustrates that there may be several factors that have may have influenced the City of 
Ventura's water use, other than the influence of annual rainfall events. Several of those factors 
have been resolved by the agreement of a minimum water demand from Lake Casitas. In the 
recent years, the City has maintained its minimum demand on Lake Casitas at approximately 
6,000 acre-feet. To develop a current Lake Casitas demand trend that may be extrapolated to 
other study periods, there must be an adjustment of the historical water use data to reflect the 
current level of demand by the City of Ventura. In Table B2, the water sales to the City of 
Ventura, for the period of 1991 to 1997, were adjusted to reflect the minimum City of Ventura 
demand on Lake Casitas of 6,000 acre-feet. The adjustment amount for the City of Ventura was 
also added to the District's deliveries to main conveyance, and further listed under the column 
entitled "Adjusted WY Deliveries to Main Conveyance." Figure B6 illustrates the adjustment to 
the annual water deliveries. 
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The period prior to 1990 has not been adjusted primarily because the city did not exceed its in- 
District demand by the deliveries from Lake Casitas. It should be noted that given a future 
extensive dry period. and/or re-emergence of the oil industry, the City of Ventura demands could 
potentially increase back to the water deliveries recorded in the 1980's. 

Trending Deliveries 

From the review of historical data, it appears that the annual rainfall is a key factor that has 
influenced the District water deliveries. It is also apparent that multiple years of dry conditions 
cause an escalation of the delivery occurring in any one year. In Table B3, the annual rainfall 
totals and corresponding water deliveries are ranked from lest rainfall to most recorded rainfall. 
The rainfall data has been gathered at the Lake Casitas Recreation Area and assumed to be a 
representative influence for the majority of the District's customers. Table B3 lists the data for 
the 1976 to 2002 and the 1984 to 2002 periods. The later period being more representative of 
current water use and growth trends. 

The rainfall data is further separated and compared for each 10-inch increment of rainfall. The 
average of rainfall and deliveries for each 10-inch increment and each period is calculated in 
Table B3 and illustrated in Figures B7 and B8. A polynomial trend line has developed from the 
graphical representation of the average deliveries for each period. Table B4 uses the trend line 
from the 1984 to 2002 period and sequential 10-inch rainfall totals to determine the delivery 
from each rainfall total. The polynomial trend line equation from the 1984 to 2002 period was 
selected for the linear trend calculations. 

In the study period, there are several consecutive dry years. The rainfall and delivery data in 
Table B 1 and Figure B 1, for the period of 1984 to 1990 demonstrates that when the system 
experiences multiple and consecutive dry rainfall years (less than 20 inches), the delivery for the 
following year tends to escalate with each consecutive dry year. Table B5 presents the rainfall 
and deliveries for the 1984 to 1990 period. Figures B9 and B 10 illustrate the delivery data and 
linear trend line for the escalation of multiple consecutive dry years. In Figure B 10, a shorter 
period of time is evaluated, removing the heavy rainfall of 1986 from influence on the trend line. 
Each year in Table B 10 was assigned a consecutive dry year multiplier number, and from the 
trend lines, the deliveries for each year are calculated and compared to the actual delivery data. 
The slope of line (1,377) from 1986 to 1990 escalating trend line equation, Figure B10, was 
selected as a representative equation for application to multiple consecutive dry years found in 
the study period (1 945- 1965). 

Modeling Deliveries for the Critical Dry Period 

The objective of the close review of rainfall-delivery response and the development of trend line 
equations and escalation factors is to be able to predict deliveries for a period of time during 
which no delivery record exists. In Table B6, the annual rainfall at the Lake Casitas Recreation 
area is listed for each year of the study period. The polynomial trend equation 
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is applied to each annual rainfall and the water delivery is calculated and recorded for each year. 
For each year during which the annual rainfall is less than 20 inches, a consecutive year 
multiplier and the escalation slope are applied to the linear trend equation in 

y=1.7488x2 - 2 6 9 . 1 ~  + 24300 + (Dry Year Multiplier)(1.377). 

The water deliveries from each equation are shown in Table B6. Figure B 1 1 illustrates the 
predicted water deliveries for each equation and the annual rainfall for each year of the study 
period. 

The derivation of an equation to predict a finite number has risk in the confidence that the 
number would be comparable to actual results. In Table B7, the actual water deliveries for the 
period 1984 to 1990 is compared to the delivery numbers that are generated from the polynomial 
and escalating trend equations. As expected, the actual deliveries fall between the two equation 
lines during the period, as shown in Figure B 12. The development of trend deliveries for the 
period of 1966 through 2003, Table B8 and Figure B 13, illustrates a higher confidence of 
following actual use in the last ten years of historical data. 

The deliveries that have been derived in Table B6 are accounted against the available Lake 
Casitas supply to determine the impacts on Lake Casitas. 

Modeling Deliveries the Recovery Period 

The supply and demand study for the critical dry period takes the water surface elevation of Lake 
Casitas to minimum pool. The modeling needs to demonstrate the ability of the hydrology to 
recover Lake Casitas storage to full capacity, during the wet trend period and under each of the 
two diversion operating criteria. There is an importance to restore the full capacity of Lake 
Casitas prior to the onset of another critical dry period. The actual occurrence following 1965, 
the end of the critical dry period, Lake Casitas reached full storage capacity in 1978. The 
modeling of the recovery period should include the hydrology experienced during the 1966 to 
1978 period and compare the capacity response of Lake Casitas for each of the diversion 
operational criteria. 

For the recovery period, the deliveries were determined from the same trend equations that were 
used in the critical dry period study. During this recovery period, 1977 was the only year 
receiving the additional escalating factor. Table B9 provides the prediction of water deliveries 
for the 1966 to 1978 period, and the actual deliveries made by the District. It is noted that the 
actual deliveries are much less than the predicted value, primarily because the actual water uses 
from Lake Casitas were in development and had not matured to the current level of use. The 
predicted deliveries are based on the current level of water use. Figure B 14 illustrates the 
predicted deliveries for each year of the recovery period. The deliveries that are derived in Table 
B9 are accounted against the available supply in Lake Casitas for the recovery period. 
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Table B1 - Casitas Water Deliveries to the System 
and Rainfall at Lake Casitas Recreation Area 

Figure B1 - Casitas Water Deliveries to the System and Rainfall (1975 to 2003) 

1985 1990 1995 2000 2005 

Water Year 
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Figure 8 2  - Historical Deliveries, Agricultural Water Sales and Rainfall 
(1976 to 2002 WY) 

1975 1980 1985 1990 1995 2000 2005 

WATER USE PERIOD (YEARS) 

Figure B3 -Historical Agricultural and Residential Water Sales and Rainfall 
(WY1976 to 2002) 

1975 1980 1985 1990 1995 2000 2005 
WATER USE PERIOD (YEARS) 
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Figure B4 - Historical Gravity and Pumped Resale Water Sales and Rainfall 
(WY 1976 to 2002) 
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Figure B5 - Historical Business. Industry and Otherwater Sales and Rainfall 
(WY 1976 to 2002) 
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Table B2 -Water Deliveries Adjustment -City of Ventura 
Agreement for Minimum 6,000 AF Annual Purchase 

Adjusted "Adjusted WY 
Water Rainfall at Deliveries Water Sales to Deliveries Deliveries 
Year LCRA to Main City of Ventura for the to Main 

Conveyance City of Ventura Conveyance 
(in.) (AF) (AF) (AF) (AF) 

Figure B6 -Adjustment to Annual Water Deliveries - City of Ventura Agreement 

Water Year 

"Adjusted deliveries includes the difference between the City of Ventura's actual purchase of Lake Casitas water and 
the requirement for the annual purchase by the City of 6,000 AF from Casitas. City purchases during the 1990's were 
reduced due to water treatment deficiencies and other. In those years where 6,000AF were not purchased, the additional 
purchase to get 6,000 AF was added to the actual deliveries and stated in the "Adjusted Deliveies to Main Conveyance 
column. 
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"able B3 - Casitas Municipal Water District Deliveries -Water Year Ranking 
Rainfal Totals for Periods 1976 to 2002 and 1984 to 2002 

Rainfall Increments Water 

0-10 inches Rainfall 1990 
1987 
1999 
1989 
1977 
1994 
1985 

10-20 inches Rainfall 1984 
1996 
1981 
1976 
1988 
1982 
2000 
1991 
2003 

20-30 inches Rainfall 1997 
1979 
2001 
1992 
1986 

30-40 inches Rainfall 1980 
1993 

40-50 inches Rainfall 1983 
1995 
1978 

50 inches Rainfall 1998 

verage for 0 10 inches Rainfall 

veiage for 10 20 inches Rainfall 
veiage for 20-30 inches Rainfall 
veiage for 30 40 inches Rainfall 
verage for 40 50 inches Rainfall 
vp~age for gieater than 50 inches Rainfall 

'eriod 1976 to 2002 
rainfall at Deliveries to 

eriod 1984 to 2002 
rainfall at Deliveries to I Main C t i e y e n c e  

System 

Water Year 

Notp the adjustment for the City of Ventura Agreement is included in the deliveries for the period 1990 1997 

Figure B7 - Average Water Deliveries based on 10-inch Rainfall Increments 
1976 to 2002 period 

0 00 10 00 2000 30 00 40 00 50 00 60 00 70 00 
Rainfall (inches) 

Figure 68 -Average Water Deliveries based on 10-Inch Rainfall 
Increments 1984 t o  2002 Period 

0.1 I \ I I [ I 
0 00 10 00 20 00 30 00 40 00 50 00 60 00 70 00 

Rainfall (inches) 

- - 

Table B4 - Trendline Comparison 
Deliveries Deliveries 

Rainfall 1976 2002 1984 2002 

21 585 21 784 
18 935 19618 
16 908 17 801 

40 15 506 16334 
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Table B5 - Dry Period Escalation of Deliveries 

Water 

Year 

Figure B9 - Escalating Trend for 1984 to 1990 Dry Period 

0 1 2 3 4 5 6 7 8 

Sequential Water Years 

Figure B10 - Escalating Trend for 1986 to 1990 Dry Period 

0 1 2 3 4 5 6 

Sequential Water Years 

Consec. 

Dry 

Rainfall at 

(Inches) 

Fig. 9 

Trendline 

Applied to 

Rainfall 

-Linear (Deliveries) 
- 

Deliveries to 

Main Conveyence 

System 

Water Year 

Fig. 10 

Trendline 

Applied to 

Rainfall 
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Table B6 - Estimated Water Delivery Based on Polynomial Trend and Escalating Trend Equations for Period 1945 thru 1965 

Year 

1945 
I946 

1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
I956 
1957 
1958 
1959 
I960 
1961 
1962 
I963 
I964 
I965 

Total 
Average 

Rainfall at Consec. 
LCRA Dry Year 

Multiplier 

Water Deliveries 
Consec. 

Polynomial Dry Year 
Trend Eqn. Trend Eqr 

m m 

I 

Notes: 

30,000 

25,000 

El" 
20,000 

(0 : 
Ill 

15,000 
w 
n 
Hi 
LU 

10,000 
3 

5,000 

0 

Figure B11 -Estimated Water Deliveries for Period 1945 thru 1965 
-. - .- .- . -7 

iter Deliveries for ~ o l ~ n o i n i a ~ ~ r c n o  Eq~ation 
ater Deliveries for Consecutive Dry Year Trend Equation 
infall (WY) 

1940 1945 1950 1955 1960 1965 

WATER YEARS 

Polynomial Trend Equation Delivery - polynomial equation based on rainfall and historical water use data for the period of 1984 through 2002, with the adjustment of Resale Gravity during the 1991 through 
1997 period remaining at a constant 6,000 AF demand throughout period of study. City would use alternate well supplies to supplement loss of Ventura River supply during the study period. 

Consecutive Dry Year Trend Equation Delivery - use of polynomial trend equation to determine annual water demand, upon first year of less than 20 inches of rainfall add 1377 AF demand to the trend 
water demand. For the second consecutive year under 20 inches of rainfall, add 2 times 1377 AF to polynomial trend, for the third consecutive year, add three times 1377 AF to polynomial trend. 
Similar escalation applied to each of the following consecutive yuears of less than 20 inches of rainfall. Use of consecutive dry year multiplier to escalate delivery for each water year. 



Deliveries Verification - apply the polynomial trend equation and the multiple dry year trend equation 
to the historical rainfall data for the period WY 1984 through WY 1990. 
Compare the application of trend equations to historical water delivery data for the same period. 

The multiple dry year trend equation data followed the actual delivery data, except for the 
1990 water year. In 1990, extremely dry year, there may have been an additional reduction in 
deliveries to the City of Ventura (Resale Gravity) because of alternative supply use. 
With only 8.86 inches of rainfall in the fourth year of a drought, deliveries would have been 
expected to rise above the previous year's deliveries. 

Table 07 - Deliveries Verification Multiple Dry 
Polynomial Dry Yr. Year Trend 

Figure B12 - Deliveries Verification - Conparison of Trend Equations and Actual 
Deliveries 

1984 1985 1986 1987 1988 1989 1990 
Water Year 
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Table B8 - Trend and Actual Water Delivery Comparison -1966 through 2003 

1 Water Deliveries 1 
Figure B13- Trend Estimated Water Deliveries and Actual Deliveries - 1966 thru 2003 Consec. 

Rainfall at Consec. Polynomial Dry Year Actual 
Year 1 LCRA lDry Year Trend Eqn. Trend Eqn 

Multiplier p.FJ 1 1 I I I I I 
-Water Deliveries for Polynomial Trend Equation 
+Water Deliveries for Consecutive Dry Year Trend Equation 
-Actual Deliveries for 1965 to 1978 Period 

1985 1990 
WATER YEARS 

Note that the period 1978 thru 1980 was a rare multiple wet year occurrence that is not reflected in the trend equations. Therefore, the Estimated water deliveries are higher than Actual deliveries 
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Fable B9 - Recovery Study Period - 1966 through 1980 

Water Deliveries 
Consec. 

Rainfall at Consec. Polynomial Dry Year Actual 
Year 1 LCRA lDry Year Trend Eqn. Trend Eqn 

(inches) Multiplier rn 1 &FJ 1 rn 
Figure B14- Estimated Water Deliveries for Recovery Period 1966 thru 1980 

-Water Deliveries for Polynomial Trend Equation 
+Water Deliveries for Consecutive Dry Year Trend Equation 

+Actual Deliveries for 1965 to 1978 Period 

1965 1967 1969 1971 1973 1975 1977 1979 
WATER YEARS 

Note that the period 1978 thru 1980 was a rare multiple wet year occurrence that is not reflected in the trend equations. Therefore, the Estimated water deliveries are higher than Actual deliveries. 
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Appendix C Water Allocation Assi,. "nments 

Appendix C - Casitas MWD Water Allocation Assignments 

In the aftermath of the District's water shortage emergency of 1989, the District 
developed a method for implementing a reduction of water use during times of drought. 
The method considered priorities for water service, equality among similar types of 
customers. water rate incentives to keep water use from overwhelming available water 
supplies. and the manner in which the District would meet the additional demands for 
new water service. The concepts contained in the methods emerged as the District's 
Water Allocation Program. 

The allocation program is a price-driven water conservation measure that can provide a 
base water use at a reasonable cost rate and escalates water cost rates once the base use 
(allocation) is exceeded by the customer. The application of the allocation program 
provides the customer the financial decision to pay more for their water use or conserve 
water. Without the application of the price-driven structure, the allocation has no bearing 
on limiting the actual water use that is applied by individual customers. It should be 
noted that, to date, the District has not implemented the price-driven allocation structure. 

The District has assigned water allocations to various users types and individual 
customers. The initial water allocations were based on the water use from 1989, less 
twenty percent of that 1989 annual metered use. The District assigned individual 
allocation to each customer in the residential, business, industrial, resale, and 
interdepartmental classifications of service. The agricultural classification was assigned 
an overall allocation based on eighty percent of the total agricultural metered use of 1989. 
A summary of the allocation assignment is presented in the Standard Current Allocation 
Status, dated November 12, 199 1. 

In 1992, the District made available 300 acre-feet of water to be allocated in a limited and 
controlled manner. The additional water came from the reactivation of the Mira Monte 
Well and the installation of blending pipeline. The well had historically provided 
approximately 300 acre-feet to the Mira Monte Mutual Water Company, but use had been 
discontinued in the early 1980's because of elevated nitrate content in the well water. 
From 1992 to April 23,2003, the District issued limited water allocations to new and 
existing customers. 

In 2003, the District made 7 acre-feet of allocations available for assignment to new 
customers. The allocations came from the removal of the last fourteen homes from the 
Teague Memorial Watershed. Prior to April 2004, the District had assigned the 7 acre- 
feet. 

In this review of the allocation status, it was found that tracking of the allocations is made 
difficult by the changes that occurred in tracking systems and personnel responsibilities. 
In comparing the initial 1991 allocation to the District's accounting records for total 
allocation as of May 3, 2004, there are several discrepancies in the data. This is an area 
that needs further attention by staff prior to the application of the allocation program 
stages. The comparison for the individual user types is presented in Table C 1. There are 
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Appendix C Water Allocation Assignments 

three distinct user types in Table Cl  that have extreme changes in allocations from 1991 
to present. Also presented in Table C l  is the fiscal year 2002-2003 water use data for 
each user type. This data provides an indication of the level of use and a comparison to 
the allocation assignment for each user type. 

The first user type is the Agriculture-Domestic (AD). AD accounts are the agricultural 
accounts that also have a residence on the same property. These customers are billed at 
the residential rate for the base amount of water use and billed at the agricultural rate for 
all water use above the base usage. In 1991, this user type was considered a part of the 
agricultural user type, and included in the 8,880 acre-foot allocation for the agricultural 
user type. The District's Administration records does separate the AD from the 
Agricultural (AG) user type, but the listed totals from the combination of the two types 
does not equal the initial 199 1 allocation assignment for AG. The District's 
Administration records should reflect the 8,880 acre-feet of original allocation 
assignment and any additional allocation assignments that occurred after1 992. 

The second noted change is in the Interdepartmental (DI) user type category. This 
particular category is an accounting of the District's metered water use at the Lake 
Casitas Recreation Area, flushing points, main office, and other District facilities. The 
use number for 1989 may have also included drought water transfers to the City of Santa 
Barbara. A recent review of the accounting of the calendar year 1989 metered use for 
Interdepartmental is 190.35 acre-feet, not the 354 acre-feet expressed in the 1991 
"Standard Current Allocation Status". The allocation assignment appears to need further 
consideration, given the discrepancy between the 1991 allocation assignment and current 
District records. 

The third change is in the Residential allocation assignment, where allocations have 
increased by 472 acre-feet since 1991. This change appears to be high and a verification 
of the change is recommended. The change of 472 acre-feet could mean that as many as 
1004 minimum allocation changes would have to been made over that last 12 years. This 
number appears to be high and should be reviewed further by staff. One specific change 
that did occurred in the residential allocation block was the change of the Taorrnina 
Community's single 0.47 allocation into 73 individual 0.47 allocations. This change 
occurred when the District took over the Taorrnina service area and the service moved 
from a single master water meter, with one 0.47 acre-foot allocation, to 73 single water 
meters at each residence, each with an individual 0.47 allocation. 

In summary, it appears that there is a need for the District to perform a detailed 
accounting of the allocation assignments. 
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STANDARD 
CURRENT ALLOCATION 

STATUS 

Customer Type 

Agriculture 

Residential 

Business 

I n d u s t r i a l  

Interdepartmental 

O t h e r s  

Pumped 

Gravity 'EiE&auE, 

L o s s e s  

Tc-CdJ. R e l e a s e s  

November "1 , 

O c t o b e r  1 
1989 - Allocation 

11,096 10,051 (-9) 

Current 
Allocation 

1OfO8l/8, 880* 

1,238 

575 

13 0 

282 

170 

7 6 3  

7,090 





INTER-DEPARTMENTAL 
M E M O R A N D U M  

June 6 ,  1 9 9 4  
DATE: 

General Manage: 
TO: 

Conservation Supervisor  
FROM: 

A"location T o t a l s  - Mira  Monte Well 
SUBJECT: 

Attached t o  t h i s  memo i s  a  l i s t  02 customers who have 
purchased a l l o c a t i o n s  from t h e  water  m a d e  a v a i l a b l e  by t h e  
Mira Monte w e l l  p r o j e c t .  The f i r s t  l i s t  s o r t s  and t o t a l s  
t h e  a l l o c a t i o n s  b y  customer c1ass i . f i ca t ion .  The second l is t  
s o r t s  and t o t a l s  t h e  a l l o c a t i o n s  by agency. 



T o t a l  : 

B u s i n e s s  

T o t a l :  

~ e s i d e n t i a l  

C u c c i a  
Farmont  Corp.  
Happy V a l l e y  F o u n d a t i o n  
Happy V a l l e y  S c h o o l  
O j a i  V a l l e y  S c h o o l  

Droney 
E r i c k s o n  ( J o h n )  
F a n n o n t  Corp .  

F r u c h e y  
German 
H a b i t a t  f o r  h u m a n i t y  
H a r t  
Humphrey 
K l e i n  
K r e i t z e r s  
Mangum 
M a r i e t t a  
M i l e s  
Necochea 
O q u i s t  
P a t t e r s o n  
P e e t s  
P r a i n  
Reves  
~ i c h a r d s o n  ( G i l b e r t )  
Rob inson  
Ross  (Hamm-J) 
S a n d e r s  
s h e n n a n  
Tenpenny 
Vork 
Waibridge 
' 1  barren 
. wesr . 

WELL 



Agency 

as: :as 

Total : 

Meiners Oaks 

Total : 

Rincon Road and Uater 

Senior Canyon 

Lasflam 
. . . . . . . . . . . . . . . . . . . . . . .  
Cue: i a 
E-ickson ( J o n n )  
Farmon': dorp. 

Fruchey 

German 
Habitat for humanity 

Happy Valley Foundation 
happy Val ley School 
Hart 

Hurphrey 
Klein 
Marietta 
Miles 
Necochea 
O j a i  Vallev School 
Patterson 
Peets 

Reyes 
Richardson ( G i  lbert ) 

Robinson 
Rot I 
Ross (Ham-J) 
Sanders 
Sherman 
Vork 
Uarren 

Krei tiers 
Mangum 
Oquist 
Prain 

T enoenny 
Ua l br i dge 

Hudson 

Ues t 

:lass (T-) 
- - - - - - - - - - - -  
Business 
Resioen-ria: 
Resiaentia: 
Residential 
Business 
Residential 
Residential 
Residential 
ResidentiaI 
Resiaential 
Residential 

Residential 
Bus i ness 
Business 
Residential 
Residential 
Residential 
Residential 
Residential 
Residential 
Bus i ness 
Residential 
Residential 
Residential 
Residential 
Residential 
Agriculture 
Residential 
Residential 
Residential 
Residential 
Residential 

Residential 
Residential 

Residential 
Residential 

Residential 
Resioent~al 

culture 

aen~ial 

A.F. Allocation 
- - - - - - - - - - - - - - -  
Â¥ .3C 
0.1" 

- 9 8  
.98 

2.98 

i .98 

1 . 9 8  
1.98 

1 . 9 8  

0 . 9 9  
? . 9 8  

0.17 
0 . 9 9  
K.00 
0.17 
0.47 

0 . 9 9  
0.99 

0 . 4 7  
0 . 9 9  

6.50 
0.47 
0.47 

0.9'5 
0 . 4 7  

0 . 4 7  

10.0  
2 . 0 0  
0 . 4 7  
0 .47 
0.47 

0 . 4 7  
- - - - - - - - - - - - - - -  

52.69 



Hi ra Monte Uel l Allocations 
Totals -asin! June 199- 

CUCC i E 

Droney 

Erickson (John) 

farmon: Core. 

F ruchey 

Gorman 

Habitat f o r  humanity 

Happy Valley Foundat 

Happy Valley School 

Hart 

Hudson 

Humpdrey 

Klein 

Krei rzers 

langun 

Marietta 

Mi Les 

Necochea 

Ojai Valley School 

oquist 

Patterson 

Peers 

Prain 

Reyes 

Ricnardson (Gilbert) 

Rooinson 

Roll 

ROSS (Ham-;) 

Sanaers 

Sherman 

enpenny 

Residential 

Res i dent 

Bus 1 ness 
Resident 
Resident 
Res ident 
Res ident 
Res ident 
Resident 

Residential 

Residential 

Residential 

Bus iness 

Business 

Residential 

Agriculture 

Residential 

Residential 

Residential 

Residential 

Residential 

Residential 

Residential 

Business 

Residential 

Residential 

Residential 

Resident 

Res iaent 

Resident 

Res i dent 

Agriculture 

Resiaential 

Residential 

Residential 

Residential 



Mira Monte Well  AL1oca:ions 
Totals as of June IWn 

Ua I bri age Residential 017-0- 180-580 C.99 

Ua r ren Residential 061 -0-055-605 0.47 

Ues t Residential 029-0-020-080 0.47 



Appendix D 

Appendix D - Svstem Losses 

System Losses 

There have been several terms used in the past to  describe the rate of water consumption. The 
terms most cornrnonlv used are "Safe Yield". "Deliveries to Main Convevance Svstem". and 
"Metered Water Sales". Quite often. these terms have been used in an interchangeable fashion 
without the clear understanding of the difference between these terms and their relationships. 
The following are definitions for each term. 

Safe Yield - defined by Meinzer ( 1 )  as "the rate at which water can be withdrawn from an 
aquifer for human use without depleting the supply to such an extent that withdrawal at this rate 
is harmful to the aquifer itself, or to the quality of the water, or is no longer economically 
feasible " The concept of safe yield has received considerable criticism and there has been 
suggestion that the term be abandoned because of its frequent interpretation as a permanent 
limitation on the permissible withdrawal (2). 

Safe yield must be recognized as a quantity determined for a set of controlling conditions and 
subject to change as a result of changing economic or  physical conditions (3).  The controlling 
conditions in determining the safe yield may include precipitation, evaporation, water quality. 
inflows and outflows over the term of a selected period of time. 

The safe yield quantity is a theoretical constant value that is derived from stochastic evaluation 
of the hydrology The assumption that is made in stochastic hydrology methods is that the time- 
hydrology sequence for a known period will repeat itself with some decree of reliability. 

Deliveries to Main Convevance Svstem - The Casitas Municipal Water District continuously 
measures the rate of water delivered from Casitas Dam to the start of the distribution system. 
The delivery measurements are performed through the use of accurate flow tube sensors that are 
located at the discharge side of each filter vessel. Each flow tube sensor is regularl!~ calibrated 
for accuracy, The collected flow tube data is transformed to quantities (acre-feet) of water 
delivered from Lake Casitas, each and every day of the year. 

For the purposes of this study, the terms "Water Use" and "Deliveries" are synonymous with the 
term "deliveries to main conveyance system" The study is referencing the water that is directly 
taken from the Lake Casitas supply 

Metered Water Sales - Metered water sales is the summation of all individual water service 
meters in the water distribution and piping system. In the Casitas Municipal Water District water 
distribution system. at each point of connection by the consumer. the District has installed 
individual water meters to continuously measure each consumer's water use Each meter in the 
District is calibrated and read bi-monthly to  assure operation of the meters. It should be noted 
that meters can stop reading flow due to a mechanical malfunction, but rarely do meters record a 
hkher - value than the actual usage. 

Differences between Terms From the definitions. it is established that the value for safe yield 
is developed through siochastic hydrolorn - - evaluations and it is a theoreticai value. and :hat  he 
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Appendix D Svstem Losses 

deliveries (or water use} and metered water sales are developed through continuous monitoring 
of actual annual water consumption. 

The difference between deliveries and metered water sales values is commonly referred to as a 
"system loss". In any water distribution system. there are several factors that can collectivelv 
attribute t o  the loss of water. These factors include. but are not limited to pipeline and service 
lateral leaks, pump packme leakage. meter failures and/or loss of meter accuracy. accounting 
errors- and water theft. Even slight errors in meter calibrations or accounting can masnifi the 
losses that are calculated for an entire year. 

In Table D 1 are the deliveries and metered water sales recorded by the Casitas Municipal Water 
District for the period of 1976 through 2002, and the system losses that are a result of the 
difference between the deliveries and metered water sales. It is noted that with the exception of 
1992. 1996. and 2000, the loss of water in the Casitas distribution system is generally less than 
ten percent of the annual deliveries to the system. Given that the higher loss years were not 
associated with disaster years and loss of pipelines during storm events, the loss is likely 
attributed to  calibration and/or accounting errors. 

The District has maintained an annual evaluation of the distribution system to assure that the 
pipelines are sound and as leak-free as possible. Indeed, the pipelines have been maintained in 
good condition. There have been occasional pipeline and service line leaks. followed by 
immediate response to repair by District staff. 
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Table 

Average losses I976 to 1990 
Average losses 1999 to 2002 

Average 
Maximum 
Minimum 

Note that (A%) :s  a system gain. 

7 820 
24 4'6 
1 1  -40 

16 895 92 5 
23 589 I 3 840 
10 703 1 (7E3)  



Appendix E - Peer Reviews 

Upon completion of the initial draft of the Casitas Water Supply and Use Report, the District 
contracted with Entrix and MBK Engineers to perform an independent peer reviews and evaluations 
of the report. A written peer review has been prepared by each contractor and submitted to the 
District. Copies of each peer review are included in this section of the report. The District has 
considered each peer review and provided a written statement regarding the peer review issues. The 
written statement on each of the review issues is included in this section of the report. In some cases 
the comments have resulted in changes to the report, while other comments may have been further 
clarified or discounted by the District. 



District Comment to the Peer Reviews 

The District has reviewed each and every recommendation and comment contained in each peer 
review. The following are the District's actions and responses to each of the issues that were 
developed from the two peer reviews: 

MBK Engineers 

General 
1) Monthly depletion factor allows Robles inflow to become a negative number, considering 

limiting to a minimum of zero. 
District comment - The negative inflows are a result o f  the formulas m developing the 
river hydrology, influenced by the assumptions made for theflow accretion above 
Robles Diversion Dam. The negative numbers result when noflow conditions are 
present above Robles Diversion Dam, generally during the months of J I I I ~  thru 
October. The range from -0.1 to -0.2 cfs, with one maxin7~1n7 one-day negative number 
of -3.0 cfs noted for the 1966-1980period. The occurrence of a negati~~e number vi the 
model is infrequent and occurs duringperiods that do not influence the quanfqj o f  
water available for diversion to Lake Casitas. Agreed that the n7ii~imumflow should be 
no less than zero, but mmor changes to the model suggested by MBK does not impact 
the resulting numbers for available supply at Lake Casitas. No adjustments to these 
numbers have been made by the District. 

Recommend using monthly evaporation rate applied to end of month lake surface area, 
more accurately reflect evaporation from Lake Casitas for varying storage levels. 

District comment - For consistency purposes, the District used the evaporation rates 
from the D-20 study. Agreed that the evaporation ratefrom afilll reservoir is different 
than thatfrom a near empty reservoir, but the evaporation ratesfiom the reservoir m 
the D-20 study and a similar reservoir levels in each o f  the scenarios should be 
comparable and very near equal. Minor ad]ustn~ents as suggested 1 ~ 7 1 1  not result m 
any significant changes to the trends or lake storage values. No adjustments to these 
numbers are made by the District. 

Report 
1) Recommend adding a table contents to the report. 

District comment - A  Table of Contents will be added to the final report. 

2) Recommend clarifying the synthesis of Matilija Creek hydrology. 
District comment - the final report shall include the reasoning and logic behmd the 
synthesis - of the Matilija Creek hydrology. 

3) Explain more thoroughly the flow accretion methodology, identifying that these factors 
are multipliers. 

District comment - The method for accretion is explained in Appendix A. Add to the 
description of accretion that the water gained is from nzinor watersheds located 
between the USGS gaging stations and Robles Diversion Dam. Clarification of many 



factors in this report is gained by showing the location of the gaging stations on the 
maps. 

4) Recommend showing locations of each gaging station on the map. 
District comment - The map will be revised to show the locations o f  the k e ~ ~  gaging 
stations in the upper Matilija Creek and Ventura River. The description if these 
locations will also assist in the expZanation of the synthesis ofMatilija Creek 
hydrology. The final report win have the locations of the Matiljja Creek- stations. 

5 )  Recommend renaming the column heading currently labeled as "Matilija Gages" to the 
more accurate "Matilija Creek below North Fork Matilija Creek". 

District comment -Rather than confusing the report with the naming ofye1 afourth 
labeled station (non-existent station) being generatedfrom the synthesis ofMatil7ja 
Creek hydrology, the report will describe the resz~ltj~tg synthesis o f  the Mcitilijo Creek 
hydrology as combining to "Matilija Gages". The vse of the term "Matiliju Gages" 
is further clarzfied by the added discussion regarding the synthesis o f  the MatiI~jo 
Creek hydrology. The heading on the tables will remain the same. 

6) On graphs A19 and A20, consider eliminating the symbols on the graph lines Difficult to 
differentiate lines. 

District Comment - the lines in Figures A5 and A6 hcn'e been revised, minus the line 
symbols. The final report will contain the revised figures. 

Overall Approach 
1) Need to explain the differences in Tables A1 to A4 start and end points of the drought period 

and recovery period, and why they differ for each scenario. 
District Comment - The Peer Reviewer is comparing the start-endpoints of the D-20 
study with the start-endpoints used in the present analysis. The approach taken in the 
report was to start the hydrology with the begimzing of a water year, October 1945 as 
in the start of the drought cycle, and end the drought cycle at the end o f  a water year, 
September 30, 1965. The D-20 report hydrology sequence started in May 1944 with ct 

full level of storage in Lake Casitas. During the period of May 1944 to October 1944 
there were no diversion or rainfall events that would h o e ,  under the different 
scenarios ofRobZes operating criteria and/or loss of Matilva Dam, caused a change 
in the rateof decline in Lake Casitas storage levels. The initial starting level of Lake 
Casitas storage begins with the same storage for October 1, 1994 contained in the D- 
20 study. 

The storage volumes for Lake Casitas stated in each of the tables is a water year-end 
value. So by varying the scenario with Robles Operating criteria and with without 



Matilija Dam), the water year-end value will vary. The District believes that the 
period assignment made in the present analysis is appropriate and does not s k m  the 
resultant safe yield estimates. 

2) Include more information on how he Mira Monte well supply was applied to the supply 
numbers 

District comment - Under the sections "Safe Yield: Drought Period" and "Yield. 
Recovery Period", the application of the Mira Monte Well szppb is described a-s 
having been included in the safe yield estimate. The rate of application is slated as 
being 300 acre-feet per year, constant rate for each month. N o  further explanation i s  
provided zn the final report. 

3) Recovery period, if a shorter recovery period occurs, a lower safe yield value than presented 
would be required to recover the lake in the shorter time. The effect of the length of the 
recovery period on predicted safe yield could be addressed in a sensitivity analysis. 

District Comment - The analysis performed by the District considered the hydrolog)' 
and water use patterns that are likely to occur during the recovery period under each 
scenario for Robles andMatilija Dam and by these occurrences, running the sequence 
out untilfull storage capacity is reached at Casitas Dam. The risk is in fhe We171 thai 
the recovery cycle is not prolonged to the full term necessary to restore Lake Casitas 
storage capacity, i. e. the drought cycle restarts in year 8 of the recoveiy period 
instead of starting in year 15. This should be a key point fir further consideration, bid 
not a part of this analysis. 

Water Supply 
1) Useful to provide a description of the methods used to derive the factors and assumptions 

used in both the D20 study and this analysis. 
District Comment - The methowor each of the factors is outlined 7r7 Appendix A. 
The description of development of the factors would detract from the actual purpose o f  
the analysis, therefore the District has provided the factors and assumptions without 
the description of the factor development. 

Other 
2) Minimum Pool - District should monitor conditions at various stages in lake Casitas and use 

this data to assist in managing potential effects in the future should concerns arise 
District Comment - So noted. As later discussed with the reviewer, a definite outcome 
of this analysis should be the heightened awareness of the impacts of lowering lake 
storage and the need to monitor andplan for the eventuaZity of these occurrence and 
minimize the impacts to the water users. 

3) Water Loss at Robles associated with the fish screens - sediment at base of screens is most 
likely problem that will reduce efficiency of the screens. Loss of max. 1,000 AFIday if 
diversions through fish screens are completely impaired. District should monitor conditions 
in the channel and after each storm to determine potential impact. 



District Comment - So noted. The value of this assessment stresses the importance of 
good operation and maintenance practices at Rubles Diversion Dam and how other 
factors (i. e. i n c o m q  water impuritzes such as plant material or sediment) cozild 
impact the ability to divert water to Lake Casitas, and thereby impact enfailable water. 
supply in Lake Casitas. 

4) Increased groundwater extraction - largest impact to the District's supply would likely occur 
during early storm events prior to recharge of the unconfined aquifer upstream of Robles Not 
likely to have significant impact. 

District Comment - So noted. Present water rights are limited at this time and 
recharge of the upper groundwater basin is not likely to differ much given the//aBsh1> 
nature of the upper Ventura RiverLMatilija Creek system. 

Water Demand 
1) Over-prediction of water use for the period of 1970 to 2003, in comparing the actual water use 

with the predictive equation. Provides a factor of safety in evaluating water use versus 
supply. 

District Comment - The reference to over-estimation is evident in Table B8. One o f  
the primary objectives in the development of the water zise patternsfor each cycle was 
to adequately predict water use based on the present-day levels o f  demand. It was 
recognized very early on thatfrom 1959 through the mid-1980s the water usefrom 
Lake Casitas was in a development stage. Therefore, the actual water tise datafrom 
this development period could not be relied upon to make an estimate the of present 
day water use applied to the model scenarios. In comparing the predicted water use 
to the actual water usefor the period of 1984 to 2003, there is an over-estimation o f  
6,168 acre feet for the twenty-year period, an annual average o f  294 acre-feet. Given 
the correlations and variability of water use based on the high variability o f  rainfall 
events, and their influence on the agricultural water use within the District, the 
District feels that the methods applied to predict water use, and the resulting data, 
provide a sound basis for this study. 

2) Recommend a discussion of the maximum obligation to the City of Ventura and oil industry, 
that may add to the water use at a future date. 

District Comment - The City of San Buenmentura and the Casitas Municipal Water 
District do have a contract that requires the City to annually purchase a mmmiiim of 
6,000 acre-feet of Lake Casitas water. The City must also certify that the amount of 
water purchased from Casitas matches, or is less than, the water consumption wthm 
the joint Casitas-City boundaries. This limits the City purchase to no more than this 
area's annual water consumption. The water use trends considered the C ~ ~ J I ' S  wafer 
use escalation that occurred during the drought of the late 1980Js, so th~& type of 
escdakon related to weather factors is considered in the model. The placement of 
long-term and permanent demands, such as an insurgence of oil production, m a y J  
require additional consideration because it was not predicted by the current model 
and not included in this final report. 



Water Conservation 
1) The report should explain the objective of these measures and indicate the intent of these 

measures is not provide a comprehensive evaluation of potential water conservation and 
reduction measures for the District. 

Dzstrzct Comment - I t  was not the intent o f  this study' to develop andpresent detailed 
and focused water conservation measures. Rather, m Table 3, the report presentsfour 
concepts on the level o f  reduction needed to balance water supply and demand d~iring 
the critical drought period, given the scenario o f  the BO criteria and without the 
benefit ofMatilija Dam. It is likely that detailed and focus water conser1~at~on 
measures and water use planning will result from the details of this report. 
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November 1,2004 

Mr. Steve Wickstrum 
Casitas Municipal Water District 
113 11 Santa Ana Road 
Ventura, CA 93001 

CONSULTANTS: 
JOSEPH I. BURNS. RE. 
DONALD E. KIENLEN. P.E. 

Subject: Review of "Casitas Municipal Water District Water Supply and Use Status 
Report'' 

Dear Steve: 

We have completed our review of the report entitled "Casitas Municipal Water District 
Water Supply and Use Status Report" (report). Based on our review, we believe overall the 
report is well done and technically accurate. There are a few relatively minor items which we 
suggest correcting before finalizing the report. However, applying these suggested corrections is 
not anticipated to greatly affect the results or findings of the report. 

The remainder of this correspondence details the findings of our review. We have 
divided our review into two components. The first part of our review focuses on the analysis 
performed (modeling) to support the findings in the report. The second portion of our review 
focuses on the report itself and the presentation of the findings from the analysis. 

Analysis 

Overall, the analysis supporting this report was appropriately applied and is technically 
accurate. We commend the preparers on the systematic approach taken in modeling the different 
scenarios. As a reviewer, this made the methods, approach, and quality of the work easier to 
verify. This clarity is also important for the eventual acceptance of this work by others. 

Particularly noteworthy is the methodology utilized for predicting the water deliveries. 
With this innovative methodology, not only are the predicted deliveries based on rainfall 
patterns, but also the longer-term hydrology (drought sequence). It is one thing to recognize this 
trend, but this analysis incorporates these trends into a predictive tool. This level of 
sophistication is uncomm-on, even in tools developed by professional full-time modeling 
personnel. 

We had some questions and concerns of a relatively minor nature regarding the technical 
analysis supporting the report. These are as follows: 
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The monthly depletion factor allows the Robles inflow to become a small negative 
number during some periods. Please consider limiting the Robles inflow to a minimum 
of zero, since negative inflows do not physically make sense. 

The Lake Casitas net water loss (evaporation minus rainfall) should not be the same for 
all scenarios, since the storage levels in Lake Casitas are different for each of these 
scenarios and evaporation depends upon surface area, and thus storage. We recommend 
using a monthly evaporation rate (in inches) that can be applied to the end-of-month 
surface area of Lake Casitas. This will more accurately reflect the expected evaporation 
from the Lake and will shows the differences in evaporative losses between the different 
scenarios. We would be happy to provide guidance with the evaporation rates, if this 
path is pursued. 

Report 

We conclude that, overall, this is a concise, clearly written report that identifies the key 
issues of the water supply and its use by the District. The report provides the main methodology 
and primary results without adding unnecessary details of the analysis to the main body of the 
report. The appendices are properly organized and presented, so the reader can review the 
additional details of the analysis, if desired. 

There are a few areas of the report which we believe require clarification. As such, we 
have recommended clarification or corrective action to these sections. These are detailed, as 
follows: 

A table of contents in the front of the report would allow portions of the report to be 
quickly accessed as a reference. We recommend adding a table of contents to the report. 

It is not entirely clear how the Matilija Creek hydrology was synthesized for the period of 
time without an operable Matilija Creek gage (i.e., when neither USGS #4500 nor #5500 
were operable). The report mentions that USGS #5500 was prorated by the annual 
volume of USGS #4500. Shouldn't this reference to USGS #4500 actually be to USGS 
#6000, the North Fork Matilija Creek gage? It is also not clear how the annual volumes 
could be prorated when one of the gages was not operable. The ratio changes from water 
year to water year, so we assume that these are not long-term average volumes used in 
prorating. We recommend that this section be clarified in the analysis and report. 

We recommend that the flow accretion methodology used in this study be explained more 
thoroughly. There are two factors applied depending upon which Matilija Creek gage 
was operable. We assume this is due to geographical differences between the two gages. 
Judging from the accretion multipliers applied, USGS #4500 must be further upstream. 
We recommend showing the locations of all three USGS gages used in this study on a 
map. Identifying that these factors are multipliers should also be explained in the report. 
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In the summary tables A1-A8, we recommend renaming the column heading currently 
labeled as "Matilija Gages" to the more accurate "Matilija Creek below North Fork 
Matilija Creek". 

For the graphs on page A19-A20, please consider eliminating the symbols on the graph 
lines. It is very difficult to differentiate between the plotting lines with the relative 
density of these symbols and the closeness of the lines themselves 

As mentioned in our review, we believe this is a well written and organized report that 
can be completed with the minor modifications we have suggested. We hope this review allows 
you to proceed with your analysis, results, and report in their desired capacities. If you have any 
questions regarding our review or its findings, please contact me at your convenience. 

Sincerely, 
MBK ENGINEERS A 

M&C Van Camp 

BT/bt 
2400lSTEVE WICKSTRUM 1 1 .01.2004.DOC 
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ENTRIX, Inc. 
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(805) 658-0612 Fax 

November 18,2004 

Mr. Steve Wickstrurn 
Principal Civil Engineer 
Casitas Municipal Water District 
1055 North Ventura Avenue 
Oakview, CA 93022 

Re: Peer Review of the Casitas Water Supply and Use Report 

Dear Mr. Wickstrurn, 

ENTRIX, Inc. (ENTRIX) has prepared this letter report to present the results of the peer 
review of the preliminary draft Casitas Water Supply and Use Report (Report) dated June 1 1, 
2004. The Report's objective is to assess the Casitas Municipal Water District's (District) 
water supply given recent and future changes in water supply and demand including water 
releases associated with the Robles BO and the potential decommissioning of Matilija Dam. 
The Report is to be used by the District's governing body to assist in making decisions 
regarding future water management. 

The objective of this peer review is to determine whether the Report accurately projects 
future water supply and water demand conditions and to evaluate the applicability and 
appropriateness of the methods utilized to make these projections. 

This review presents a brief overview of the Report, a description of the methods used in the 
review, and the review results. The results of the review are organized into four primary 
categories: 1) the overall approach of the analysis; 2) the water supply analysis; 3) the water 
demand analysis; and, 4) the conservation and reduction measures required to balance water 
supply and use. 

Overview of the Draft Casitas Water Supply and Use Report 

The Report was developed to assess the potential impacts to the District's water supply 
associated with the recently adopted operating criteria specified in the Biological Opinion for 
the Robles Fish -- Ladder -- and with the potential removal of Matilija Dam. The Report also 
evaluates the effect of predicted water use on the District water supply, and conservation and 
reduction measures required to balance water supply and use. The study evaluated four 
separate operating scenarios: 

Water supply and use during the critical drought period, defined as between water years 
1 945 hrough 1965, with Matilija Dam; LLLL 

LLLL 
LLLL 
LLLL 
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Water supply and use during the same critical drought period without Matilija Dam; 

Water supply and use during the reservoir recovery period, defined as between water 
years 1966 through 1980, with Matilija Dam; and, 

Water supply and use during the same reservoir recovery period without Matilija Dam. 

The results of the Report indicate that the predicted water supply exceeds the estimated water 
demand for all modeled scenarios, with the exception of critical drought period under the 
Robles BO operating criteria without the benefit of Matilija Dam. This scenario, which is the 
most likely, could result in a deficit of approximately 360 acre-feet per year. 

Review Methods 

The review considered the draft Report, supporting documentation such as spreadsheets used 
to develop the water supply and bypass estimates, and the Water Supply and Demand Status 
Report prepared by the District's Engineering Department Manager on June 7, 1989. The 
review consisted of an evaluation of the overall approach used to determine safe yield and the 
methods, assumptions, and results used in developing the water supply and water demand 
estimates. The project team involved in the review consisted of the following personnel: 

David Blankenhorn, R.G. - Mr. Blankenhorn served as the project manager and was 
responsible for reviewing all aspects of the Report. He is a State of California Registered 
Geologist with over 9 years of experience working on various hydrology projects. Mr. 
Blankenhorn has significant experience in conducting hydrologic studies in Southern 
California including the Ventura River Watershed. He was the lead hydrologist in the 
preparation of the Ventura River HCP for which he evaluated surface water and 
groundwater hydrology within the lower Ventura River basin and the effects of water 
diversions and groundwater withdrawl on surface water flows. In addition, Mr. 
Blankenhorn conducted an evaluation of surface water flows and guidelines for water 
releases at the Robles Diversion in support of the Biological Assessment prepared by 
ENTRDC. 

Dr. Daniel Tormey, R.G. - Dr. Tormey assisted in the overall review and evaluation of 
the Report. He has analyzed water supply issues for withdrawal from the San Joaquin- 
Sacramento Riverdelta, and locally in the Ventura County area. He has extensive 
experience analyzing hydrology and sediment transport in California coastal streams and 
the Sierra Nevada. Dr. Torrney has also conducted a water supply and water demand 
study in support of a wellfield design for a proposed golf course in the Sacramento area. 
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Woody Trihey - Mr. Trihey assisted in the review of the design for the fish screen and 
evaluated potential impacts to the District water diversions following installation of the 
screen. He is a hydraulic engineer with significant hydrology and fish passage 
enhancement experience including the evaluation of fish screens. 

Dr. Gretchen Greene - Dr. Greene reviewed and evaluated the overall approach of the 
Report and the methodology used in the water demand analysis. She is a Senior 
Economist with significant experience in evaluating future water demand. 

The review focused on four primary areas: 1) the overall approach of the analysis; 2) the 
water supply analysis; 3) the water demand analysis; and, 4) the conservation and reduction 
measures required to balance water supply and use. The Report was evaluated to determine 
the applicability and appropriateness of the methods and assumptions utilized in its 
preparation. The review of the water supply analysis included an evaluation of the mean 
daily flow data used in the water supply analysis, flow losses and additions between the 
existing stream gauges and the Robles Diversion, estimates of storage and release from 
Matilija Dam, bypass flows at Robles Diversion associated with the 1959 and BO operating 
criteria, losses in the Robles Diversion canal, losses at Lake Casitas, and input from 
tributaries to Lake Casitas. The evaluation of the water demand analysis included a review of 
the methodology used to predict future water use and a comparison to historic demand data, 
In addition, the water supply reduction/conservation measures required to balance water 
supply and use were reviewed to determine the level of reduction associated with each 
method. 

Review Results 

The results of the review are described below. The discussion is organized into the four 
primary review areas: 1) the overall approach of the analysis; 2) the water supply analysis; 3) 
the water demand analysis; and, 4) the conservation- and reduction measures required to 
balance water supply and use. The comments do not include details such as spelling and 
typographical errors as it is assumed that the document will be edited prior to the final draft. 

Overall Approach 

The overall approach of the study is sound. The study uses a planning scenario the longest 
drought on record in-the Ventura River Basin which was between 1944 and 1965. The safe 
yield for this period is determined using empirical stream gage data in conjunction with the 
recent and potential changes in operating conditions associated with the Robles BO and the 
potential decommissioning of Matilija Dam. The water demand is predicted based on recent 
use data. The study also evaluates the recovery period following the drought between 1966 
and 1980 to determine the safe yield until the reservoir recovers to full storage capacity. 
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Several issues, however, need to be clarified in the document as follows: 

In the drought period analysis (Tables A1 to A4), the starting storage in Lake Casitas in 
year 1945 ranges between approximately 223,000 to 226,000 acre-feet (AF) and the 
minimum storage is fixed at approximately 4,800 AF. Based on discussions with the 
District, the starting and ending volumes for each scenario were derived using the storage 
values utilized in the D20 study at the beginning (October 1, 1944) and ending 
(September 30, 1965) of the analysis in order to be consistent with that study. Since these 
valueseffect the safe yield estimates for each scenario, the document should explain the 
basis for these values since they differ from the maximum usable storage capacity of 
250,000 AF specified in the 1989 memo and the minimum storage capacity of 100 AF 
used in the D20 study which reportedly corresponds to the estimated storage volume in 
December 1965 rather than September 1965. In addition, the document should explain 
why these values vary between each modeled scenario. 

In the recovery period analysis (Tables A5 to A8), the starting storage in Lake Casitas in 
year 1966 ranges between approximately 36,000 to 38,000 AF and the maximum storage 
ranges between approximately 237,000 and 239,000 AF. As with the drought period 
analysis, the District indicated that the starting and ending volumes for each scenario 
were derived using the storage values utilized in the D20 study at the beginning (October 
1, 1965) and ending (September 30, 1980) of the analysis in order to be consistent with 
that study. Since these values effect the safe yield estimates for each scenario, the 
document should explain the basis for these values since they differ from the maximum 
usable storage capacity of 250,000 AF specified in the 1989 memo and the minimum 
storage capacity of 100 AF used in the D20 study. In addition, the document should 
explain why these values vary between each modeled scenario. 

Based on discussions with the District, the water supplylsafe yield estimates provided in 
Tables A through AS include the supply provided by the Mira Monte well. However, 
the Report does not clearly specify that the supply from this well is included in the 
analysis. Accordingly, a column should be included in these tables to account for the 
supply from this well or a note should be added to the tables to indicate that the supply 
from this well is included in the analysis. 

The study results indicate that the lowest safe yield values occur during the recovery 
periods under the Robles BO operating criteria (21,180 AF with Matilija and 19,780 AF 
without Matilija). Although the predicted water demand for this period is less than the 
estimated safe yield, the predicted safe yield for this period would appear to be the 
limiting factor on water use allocation. The lower safe yield values for the recovery 
period appear to be caused by increased bypass flows associated with the Robles BO 
operating criteria and the constraint of the modeling approach which limits the number of 
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years (15 years) to achieve full capacity. If a shorter time is allowed for recovery, 
corresponding to a shorter period between droughts, the safe yield value would be lower 
than presented in the Report. The effect of the length of the recovery period on predicted 
safe yield could be addressed in a sensitivity analysis. 

The issues described above affect the principal objective of the Report which is to predict 
safe yield and future water use allocation. Accordingly, these areas should be clearly 
explained to assist in planning efforts. 

Water Supply 

The water supply assumptions and methodology appear sound and empirical data is used 
where available to model or validate the water supply under the different operating scenarios. 
However, the analysis relies heavily on the assumptions and factors developed as part of the 
D20 study. The basis for these assumptions was not available for review; therefore, it was 
not possible to verify their accuracy/applicability of these factors. It would be useful to 
provide a description of the methods used to derive these factors. 

The assumptions and methodology used for the supply model need to be described in greater 
detail to allow for easier understanding and comprehension of the analysis. Following an 
initial review of the document, a meeting was held on September 29, 2004 to clarify the 
methods and assumptions used to develop the water supply estimates. The meeting was 
attended by Steve Wickstrum, Leo Lentsch, and Chip Blankenhorn. A copy of the issues 
discussed in the meeting is provided in Attachment A. 

The Report also describes several concerns that could affect water supply which were not 
quantitatively captured in the analysis. These concerns include the following: 

Impacts associated with operations near minimum pool in Lake Casitas. Operations 
under these conditions could affect water quality, water delivery, and recreation. 

Water loss at Robles Dam associated with decreased efficiency of water transfer through 
the fish screens and plugging of the fish screens with fine sediment. 

Increased groundwater extraction above Robles Diversion Dam which may result in 
increased flow of . surface .- water to groundwater, thereby reducing inflow to Lake Casitas. 

A brief discussion of these issues is provided below 

Minimum pool impacts. It seems that the most important planning issue is related to the 
water delivery and distribution infrastructure. If not previously addressed by the District, the 
District should determine the stages at which the infrastructure could be affected and develop 
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a contingency plan in the event that this occurs. With regards to water quality and recreation, 
the District should monitor conditions at various stages in Lake Casitas and use this data to 
assist in managing potential affects in the future should the concerns arise. 

Water loss at Robles associated with the fish screens. ENTRLX reviewed the fish screen 
design and contacted the design engineer (Tim Duller at Wood-Rogers) to evaluate this issue. 
Based on a review of the design and discussions with the design engineer, it appears that the 
existing trash rack should be sufficient to trap large debris moving into the diversion canal. 
The fish screens include a traveling brush cleaning system which should prevent clogging due 
to brush. The design engineer indicated that the screen was designed to maintain an approach 
velocity of approximately 0.4 ft/s and a minimum sweeping velocity of approximately 0.8 fils 
in accordance with California Department of Fish and Game requirements. However, the 
design engineer indicated that the sweeping velocity would likely be greater than 0.8 ft/s and 
could be up to 1.5 fi/s. Based on the existing information, the flow velocities appear to be 
sufficient to transport silts and clays in suspension, but may not be sufficient to transport 
sands, if present. A thorough analysis of potential impacts would need to consider the 
suspended sediment concentration and particle sizes in suspension. The slot spacing of the 
fish screen is 1.75 rnm which is within the coarse sand range and is likely greater than the 
particle sizes that would be in suspension. If an impact were to occur, it would likely be due 
to sediment deposition at the base of the fish screen and the existing design accommodates 
for approximately 1 foot of deposition by offsetting the base of the screen 1 foot from the 
bottom of the canal. There is a potential for this area to be filled during the seasonal 
operation period which could impact the diversion efficiency and/or the diversion operation if 
sediment removal is required. The maximum impact on water diversions would be the loss 
of approximately 1,000 AFIday which is the equivalent to a water diversion rate of 500 cfs 
(the maximum capacity of the diversion canal) over a 24-hour period. This situation could 
occur if the entire screen is clogged with sediment andlor debris or the diversion needs to 
shut-down for maintenance to remove sedimentldebris. The District should monitor 
conditions in the channsi during and after each storm event to determine any potential 
impact. 

Increased groundwater extraction above Robles diversion dam. Increased groundwater 
extraction would result in a decrease of the water table elevation and would result in greater 
infiltration to the subsurface. The greatest use of groundwater would likely occur during the 
dry season when the diversion is not typically in operation. Assuming that the water table is 
lowest at the end of the dry season, the largest impact to the District's supply would likely 
occur during early storm events prior to recharge of the unconfined aquifer situated upstream 
of Robles. The aquifer in this portion of the basin typically fills relatively quickly, so 
increased losses would not likely have a significant impact on water supply at Robles. 
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Water Demand 

The water demand analysis utilizes a correlation between water use and precipitation to 
develop a polynomial equation to predict future water demand. The basis for this correlation 
is sound in that historic data indicates that water use varies significantly with precipitation, 
primarily because agricultural use is the dominant water user and crops require less irrigation 
when there is high precipitation. The goodness of fit ( R ~  value) for the water demand- 
precipitation correlation is approximately 0.97, which indicates a strong correlation between 
these variables. 

The predicted water demand equation also includes a dry year multiplier to account for 
increased water demand associated with consecutive years with less than 20-inches of 
rainfall. Such a factor makes intuitive sense, since one would expect increasing water 
demand as a drought advances. The dry year multiplier was developed using the slope of a 
best fit line correlating recorded water use during the 1986 to 1990 drought. The multiplier is 
applied by multiplying the number of years with less than 20-inches of rainfall following an 
initial year with less than 20-inches of rainfall. The goodness of fit ( R ~  value) for the dry 
year multiplier correlation is approximately 0.56, which indicates a relatively poor correlation 
between variables. The use of the dry year multiplier is good in that it adds a factor of safety 
to the water use-precipitation equation, but the relatively poor correlation indicates that other 
factors may be controlling the variation in water demand. In addition, the data used to 
develop the dry year multiplier includes the actual water use by the City of Ventura (City) 
between 1986 and 1990 which ranged between 7,737 and 8,875 AF. The dry year multiplier 
could be refined by adjusting the water use data to include only the minimum requirement to 
the City of 6,000 AF/year. However, this adjustment is unlikely to improve the correlation. 

An evaluation of the predicted water demand and actual demand between 1970 and 2003 
indicates that in general this equation overpredicts the actual annual demand by an average of 
approximately 1,300 AF. The data also indicates that actual water use exceeded the predicted 
demand in eight years over this period. Although water use is sometimes underpredicted by 
the equation, the total surplus between the predicted and actual demand between 1970 and 
2003 is approximately 44,750 AF. 

The predicted water demand for each model scenario utilizes the average water use for the 
drought period (21,200 AF) and for the recover)' period (18,820 AF). The model water 
demand for eachyeari-derived from the annual precipitation data for these periods. Based 
on the comparison of the predicted versus actual water demand, these values likely 
overestimate the water use for these periods which provides a factor of safety in evaluating 
water use versus supply. 
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One of the issues that was discussed in the meeting held on September 29, 2004 was the 
supply obligation to the City of Ventura. As discussed in the report, the minimum obligation 
to the City is 6,000 AF per year; however, the maximum obligation is not specified. The 
Report states that water use by the City could increase significantly if oil production increases 
andlor if there is an extensive dry-period. A discussion of the maximum obligation to the 
City should be included in the document to assist in determining the potential affects on 
water supply and demand in the future. 

Water Conservation and Reduction Measures : 

The Report discusses several water conservation and reduction measures that could be 
implemented to balance safe yield with predicted water use. However, the focus of these 
measures is not clearly described. Based on discussions with the District, the objective of 
these measures is to evaluate options which could be implemented to balance the predicted 
safe yield with the predicted water use for the critical drought period under the Robles BO 
operating criteria without the benefit of Matilija Dam. This scenario, which is the most 
likely, could result in a deficit of approximately 360 acre-feet per year. Accordingly, the 
Report evaluates options which would provide a reduction of approximately 360 AFIyear. 
The Report should explain the objective of these measures and indicate that the intent of 
these measures is not to provide a comprehensive evaluation of potential water conservation 
and reduction measures for the District. 

Closure 

ENTRIX appreciates the opportunity to perform this work for the District. Please call Dan 
Torrney or Chip Blankenhorn at (805) 644-5948 with any questions or comments. 

Sincerely, 

ENTRIX, Inc. 

David B. Blankenhorn, R.G. Daniel Torrney, Ph.D., R.G. 
Senior Project Engine~lGeologist Principal 



ATTACHMENT A 
SEPTEMBER 29,2004 MEETING MEMO 



MEMO ENTRIX, Inc. 
2140 Eastman Avenue, Suite 200 

Venture, CA 93003 
(805) 644-5948 

To: Steve Wickstrum, Casitas Municipal Water District 

From: Chip Blankenhorn, ENTRIX 

Date: September 29,2004 

Re : Initial Questions/Comments 

The purpose of this memo is to outline initial questions/comments on the Water Supply and Use 
Status Report dated June 11, 2004. After your review, I would like to discuss these with you 
prior to preparing our draft peer review report. The questions/comrnents are separated water 
supply and water demandluse as follows: 

I. Water Supply 

In general, the water supply estimates utilize factors developed as part of the Kienlen 
D20 study, but the report does not discuss the derivation of these factors. Accordingly, it 
is difficult to evaluate the applicability of these factors. These factors include the 
following: 

Reservoir Recovery Period Hydrology: 

- Item l b  is described as "daily flows predicted from NF Matilija daily USGS 
records". I am presuming that this is a typo since the header is for Matilija Creek 
hydrology and gages #4500 and #5500 are situated on Matilija Creek. 

- Item lbi (loss factor at Matilija Reservoir) - how was this factor derived? 

- Item lbii - estimation of daily flows for #5500 are calculated by adjusting the 
flows at #4500 by a ratio of the annual water supply at each gage. Does this ratio 
represent the average over the overlapping period of record? 

- Item 2bi - how was the equation for #6000 derived? 

MatilijapReservoir Operations - how were the max. and min. storage capacity 
estimates derived? 

Flow Accretion -how were these factors derived? 

Flow depletiodextraction - how were these factors derived? 

Robles Diversion Operations - how were the facility losses derived and is there more 
recent data to assist in this estimation? 



Volume of water bypassed - how were these factors derived and how were they 
utilized in the study? If we are accounting for inflow from gage data, diversions at 
Robles, and bypass flows associated with the fish releases, then it seems like we can 
directly calculate annual bypass flows. 

Lake Casitas: 

- How were the estimates from the tributaries derived and what are the estimates 
from the D20 study (not provided)? 

- Also, with regards to net evaporation, the USBR study utilized an estimate of 
3.08 feetlyear and the D20 study used 1.9 feetlyear. Is more recent data available 
to update this factor? Also, does the surface area that this factor is applied to 
vary annually based on storage levels or is an average value used? 

- It does not appear that sedimentation in Lake Casitas was addressed with regards 
to impacts on storage? Is there data available to estimate the approximate rate of 
sedimentation which can be used to evaluate potential impacts? 

Water UseDemand 

In general, it appears that it is primarily agricultural water use that changes in response to 
precipitation. Also, there appears to be a slight increasing trend in residential water demand 
between 1976 and 2002 and a relatively steep demand in gravity water sales between 1997 
and 2002. Accordingly, it might be more useful to model these variables separately and sum 
them to assist in predicting future demand. 

Water sales to the City seem to be a wildcard as future use may revert to pre-1990 if the oil 
production increases andlor there is an extensive dry-period. What are the obligations to the 
city beyond the 6000 AF/year minimum? 
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