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City of Monrovia 
September 2018 

 
 
 
Executive Summary 
 
The proposed “Alexan Monrovia Project” (Project) is located within the City of Monrovia 

(City).  Water service in the City is provided by the City’s water system.  The proposed 

Project will result in an additional water demand during an average/normal year of up to 

69 acre-feet per year (AFY) by fiscal year 2019-20 and thereafter.  The City’s estimated 

water demands with the Project is approximately 7,106 AFY by the year 2040.  The City 

currently meets water demands by pumping groundwater from the Main San Gabriel 

Basin.  Management of the Main San Gabriel Basin, including delivery of untreated 

imported water for groundwater replenishment, allows the City (and all other producers 

within the Main San Gabriel Basin) to use groundwater to meet water demands without 

limitations on the quantity of groundwater pumping from the Main San Gabriel Basin.  

Reliability of the Main San Gabriel Basin groundwater supplies has been demonstrated 

during droughts with no resulting limitation of groundwater production.  Based on the 

demonstrated reliability of the City’s water supply sources, sufficient water supplies can 

be reasonably concluded to be fully reliable and available to meet the City’s existing 

demands and future demands through 2040, with the Project, including during single 

and multiple dry years.  
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1.0 Introduction 

 

The proposed Project will consist of 436 residential units.  The proposed Project will be 

constructed on property which is currently improved and currently served water by the 

City.  The water demand for the existing improvements on the property is approximately 

1.2 AFY.  Water demands within the City and the long-term water supply for the City are 

discussed below. 

 

1.1 City of Monrovia 

 

The City’s water system is located in Los Angeles County and serves the City of 

Monrovia (see Figure 1).  The City’s water system is a “public water system” as defined 

by California Water Code Section 10912 (c).  Currently, there are approximately 9,600 

service connections serving a population of approximately 36,600 people.  The City’s 

water system will provide water service to the Project (see Figure 1).   

 

1.2 Water Supply Planning Provisions 

 

Population growth in the State of California has resulted in additional water demand on 

water systems.  The State legislature has enacted laws to ensure the increased 

demands are adequately addressed and a firm source of water supply is available prior 

to approval of certain new developments.  The regulations include California Water 

Code Division 6, Part 2.10, Sections 10910-10915 (Water Supply Planning to Support 

Existing and Planned Future Use) (California Water Code) which is briefly described 

below.  The provisions of the California Water Code  and the Government Code seek to 

promote more collaborative planning between local water suppliers, cities and counties 

and require detailed information regarding water availability to be provided to city and 

county land use planners prior to approval of certain specified large land use 

development projects. 

 
This Water Supply Assessment (WSA) was prepared pursuant to the requirements of 

the California Water Code and the Government Code for the approach, required 

information, and criteria to confirm the City has sufficient water supplies to meet the 
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projected water demands of the Project, in addition to existing and other planned future 

uses.  The Urban Water Management Plan (UWMP) is a foundational document for 

compliance with the California Water Code.  The provisions of the California Water 

Code repeatedly identify the UWMP as a planning document that can be used by a 

water supplier to meet the standards set forth in both statutes. California Environmental 

Quality Act (CEQA) guidelines section 15083.5 contains similar provisions regarding 

consultation with water agencies for certain projects. The City’s 2015 UWMP (June 

2016), Metropolitan Water District of Southern California’s (MWD) 2015 Regional 

UWMP (June 2016), and Upper San Gabriel Valley Municipal Water District’s 

(USGVMWD) 2015 UWMP (June 2016), prepared pursuant to California Water Code 

Division 6, Part 2.55, Section 10608 (Sustainable Water Use and Demand Reduction) 

and California Water Code Division 6, Part 2.6, Sections 10608-10656 (Urban Water 

Management Planning) and the Water Conservation Act of 2009 (also known as SB X7-

7), describe future water demands and future availability of the water supply sources 

used by the City and other retail water agencies operating within the Main San Gabriel 

Basin.  These UWMP documents were used to prepare this WSA.  The projected water 

demands for the Project are not included in the City’s 2015 UWMP.   

 

1.2.1  California Water Code (Sections 10910-10915) 

 
Existing law requires every urban water supplier to identify, as part of its UWMP, the 

existing and planned sources of water available to the supplier.  Existing law prohibits 

an urban water supplier that fails to prepare or submit its UWMP to the Department of 

Water Resources (DWR) from receiving financial or drought assistance from the State 

until the plan is submitted. 

 

The California Water Code requires an urban water supplier to include in its UWMP a 

description of all water supply projects and programs that may be undertaken to meet 

total projected water use over the next 20 years.  The California Water Code requires a 

city or county that determines a project is subject to the CEQA to identify any public 

water system that may supply water for proposed developments and to request those 

public water systems to prepare a specific WSA.  If the water demands for the proposed 

developments have been accounted for in a recently adopted UWMP, the water supplier 
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may incorporate information contained in that plan to satisfy certain requirements of a 

WSA.  The California Water Code requires the assessment to include, along with other 

information, an identification of existing water supply entitlements, water rights, or water 

service contracts relevant to the identified water supply for the proposed project and the 

quantities of water received in prior years pursuant to those entitlements, rights, and 

contracts. 

 

The California Water Code also requires the public water system, or the city or county, 

as applicable, to submit its plans for acquiring additional water supplies if that entity 

concludes that water supplies are, or will be, insufficient. 

 

1.2.2  Government Code 66473.7  

 

Government Code 66473.7 prohibits approval of a tentative map, or a parcel map for 

which a tentative map was not required, or a development agreement for a subdivision 

of property of more than 500 dwelling units, except as specified, including the design of 

the subdivision or the type of improvement, unless the legislative body of a city or 

county or the designated advisory agency provides written verification from the 

applicable public water system that a sufficient water supply is available or, in addition, 

a specified finding is made by the local agency that sufficient water supplies are, or will 

be, available prior to completion of the project.  Sufficient water supply is the total water 

supply available during normal, single-dry, and multiple-dry years within a 20-year 

projection that will meet the projected demand, in addition to existing and planned future 

uses. 
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2.0 Water Demands 

 

2.1 Historical Water Demand 

The City’s primary water supply source is groundwater from the Main San Gabriel Basin 

(see Figure 2).  In addition, the City can purchase treated imported water supplies from 

MWD through its USG-7 connection.  Table 2 provides the City’s city wide historical 

water use. Over the past 20 years, the City’s groundwater production has ranged from 

approximately 5,810 acre-feet per year (AFY) to approximately 9,706 AFY, with an 

average production of approximately 7,690 AFY.  The City historically has not utilized 

imported water supplies to meet demands. 

 
Table 1. City Wide Historical Water Demands (AFY) 
 

Calendar 
Year 

Main Basin MWD USG-7 Total Demand 

  

1998 7,466 0 7,466 

1999 9,073 0 9,073 

2000 8,477 0 8,477 

2001 8,812 0 8,812 

2002 5,810 0 5,810 

2003 9,706 0 9,706 

2004 8,497 0 8,497 

2005 7,956 0 7,956 

2006 7,958 0 7,958 

2007 8,250 0 8,250 

2008 7,868 0 7,868 

2009 7,334 0 7,334 

2010 6,813 0 6,813 

2011 7,084 0 7,084 

2012 7,661 0 7,661 

2013 7,830 0 7,830 

2014 7,569 0 7,569 

2015 6,229 0 6,229 

2016 6,410 0 6,410 

2017 7,006 0 7,006 

  
20-Year 
Average 

7,690 0 7,690 

        

Sources:     Main Basin production from 1998 through 2017 from 2015 UWMP and Main San Gabriel Basin Annual Reports.  
Treated Imported Water data from 2015 UWMP and Main San Gabriel Basin Annual Reports.
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2.2 Projected Future Water Demand 

 

The proposed Project will consist of approximately 436 residential units.  The City’s 

water system will provide potable water to the entire Project.   

 

2.2.1 Project Water Demand 

 

According to the California State Water Resources Control Board, the indoor water 

standard will be 55 gallons per capita per day (GPCD).  Assuming 2.5 persons per 

residential units, the estimated population from the proposed Project is about 1,090 

(436 units x 2.5).  Based on the 55 GPCD and an estimated 1,090 people living in the 

proposed Project, the estimated demand from the proposed Project is approximately 67 

AFY (55 GPCD x 1,090 x 365 days in a year / 325,851 gallons in an acre-feet).    

 

According to a landscape plan prepared by EPT Design, the proposed Project will have 

approximately 47,894 square feet of irrigated areas.  The Project landscape irrigation 

demand was estimated using a water budget calculator from the California Department 

of Water Resources.  Based on an evapotranspiration rate of 52.30 inches per year 

(City of Pasadena), an irrigation efficiency of 0.7, a plant factor of 0.4 for low to 

moderate water use plants, and a unit conversion factor of 0.62, the estimated irrigation 

water use rate is approximately 2.5 AFY per acre (or 52.30 x 0.62 x 0.4 x (1 / 0.7) x 

(43,560 sq. ft / 1 acre) x (1 acre-foot / 325,851 gallons)).  The estimated irrigation water 

demand for the Project is approximately 2.7 AFY (or 47,894 sq. ft. x (1 acre / 43,560 sq. 

ft.) x 2.5 AFY per acre).  The total estimated demand is approximately 70 AFY (or 67 

AFY + 2.7 AFY).   

  

The proposed Project will be constructed on property which had an existing water 

demand of 1.2 AFY.  Consequently, the additional demand from the proposed Project is 

approximately 69 AFY (or 70 AFY – 1.2 AFY).      
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2.2.2 City Wide Projected Future Demands 

 

The City’s 2015 UWMP includes current and projected future water demands for its 

service area over the next twenty years.  However, the projected water demands for the 

Project are not included in the City’s 2015 UWMP.  The projected water demands in the 

City’s 2015 UWMP were calculated based on: (1) urban per capita water use targets 

developed pursuant to Senate Bill SBX7-7 (Water Conservation Act of 2009); and (2) 

population projections.  Urban per capita water use targets were identified in the City’s 

2015 UWMP. The population projections incorporated in the City’s 2015 UWMP were 

projected using growth rate projections obtained from the Southern California 

Association of Governments (SCAG), an organization mandated by the federal 

government to research and draw up plans for transportation, growth management, 

hazardous waste management, and air quality.   

 

Table 2 shows the projected water demands through 2040 for the City’s service area 

including the Project’s water demands.  It is anticipated the projected water demands for 

the Project will begin by 2020.    

      

 
Table 2. City Wide Projected Water Demands (AFY) 
 

  Water Demands (AFY) 

Fiscal 
Year 

2015 UWMP [1] 
Including Alexan 
Monrovia Project  

[2] 

2019-20 6,635 6,704 
2024-25 6,734 6,803 
2029-30 6,833 6,902 
2034-35 6,935 7,004 
2039-40 7,037 7,106 

      

Notes: 

1/ The projected water demands for the Project are not included in 
the City’s 2015 UWMP. 
2/ Includes an additional demand of approximately 69 AFY from the 
Alexan Monrovia Project 

 
 



 

-10- 

3.0 Water Supply Sources 

 

3.1 Main San Gabriel Basin 

 

The total fresh water storage capacity of the Main San Gabriel Basin is estimated to be 

approximately 8.7 million AF.  Of that storage, about 1,000,000 AF is historically 

considered to have been actively managed for local public water supply.  The Court 

adjudication of the Main San Gabriel Basin in 1973 provided groundwater management 

that allows operation of basin storage to meet water demands and provide a 

mechanism to fund the purchase and replenishment of untreated imported water to 

supplement recharge of local water.  The management of basin storage, and the use of 

supplemental imported water for recharge, expand and increase the reliability of the 

available basin groundwater supply. A description of the elements of the adjudication 

that allow efficient management of the Main San Gabriel Basin is included in the Main 

San Gabriel Basin Judgment (see attached Appendix A).  Although there is no limit on 

the quantity of groundwater that may be extracted by Parties to the Main San Gabriel 

Basin adjudication, including the City, groundwater production in addition to a pumper’s 

proportional share (pumper’s share) of the Operating Safe Yield (see Appendix B), 

requires the pumper to bear the cost of imported Replacement Water to recharge the 

Main San Gabriel Basin.  The City’s pumper’s share is currently 3.09472 percent of the 

Operating Safe Yield. 

 

3.1.1 Groundwater Wells  

 

The City pumps groundwater from its five active wells, Wells No. 2, No. 3, No. 4, No. 5, 

and No. 6, which are located within the Main Basin.  These wells have a combined 

capacity of about 10,000 gpm.  

 

Table 3 shows the City’s historical groundwater production from the Main San Gabriel 

Basin, which ranged from 5,810 AFY to 9,706 AFY, with an average of approximately 

7,690 AFY. The reliability of the Main San Gabriel Basin to meet all demands is 

discussed below in Section 3.1.2.    
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Table 3. City’s Production from the Main San Gabriel Basin (AFY) 
 

Calendar Year Total Demand 

  
1998 7,466 
1999 9,073 
2000 8,477 
2001 8,812 
2002 5,810 
2003 9,706 
2004 8,497 
2005 7,956 
2006 7,958 
2007 8,250 
2008 7,868 
2009 7,334 
2010 6,813 
2011 7,084 
2012 7,661 
2013 7,830 
2014 7,569 
2015 6,229 
2016 6,410 
2017 7,006 

  
20-Year Average 7,690 

    

 
Source: Calendar Years 1998 through 2017 from 2015 UWMP and Main San Gabriel Basin Annual Reports.  

 

3.1.2  Main San Gabriel Basin Reliability 

 

The City’s primary water supply is from the Main San Gabriel Basin (additional water 

supply from MWD is discussed in Section 3.2).  The 1973 Court adjudication required 

the efficient management of groundwater supplies. Historical water supplies used within 

the Main San Gabriel Basin to meet its demands are shown in Table 4 and include 

groundwater extractions, surface water diversions, and direct delivery of treated 

imported water (from USGVMWD and Three Valleys Municipal Water District 

(TVMWD)) within the Main San Gabriel Basin.  Table 5 provides rolling ten-year 

averages of the total water demand. Although historical total water demands in the Main 

San Gabriel Basin had generally increased as population increased, the rolling ten-year 

averages for the past ten years show a decrease in average total water demand. 
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Table 4. Historical Water Demand in the Main San Gabriel Basin (AFY) 
 

Fiscal 
Year 

Recorded Production [1] 
Direct Deliveries                      

(Treated Imported Water) [2] 
Total Water    
Demand [3] 

Groundwater 
Surface 
Water 

Sub-Total USGVMWD TVMWD Sub-Total 

       

1997-98 236,325 17,714 254,039 7,404 6,804 14,208 268,247 
1998-99 242,937 22,215 265,152 7,131 6,714 13,846 278,998 
1999-00 261,676 17,011 278,687 11,151 9,911 21,062 299,749 
2000-01 250,889 20,031 270,919 9,070 10,900 19,971 290,890 
2001-02 247,125 17,203 264,328 18,346 16,806 35,153 299,481 
2002-03 232,790 4,700 237,491 20,687 20,295 40,982 278,472 
2003-04 245,513 7,337 252,850 27,675 23,084 50,758 303,608 
2004-05 234,337 12,930 247,266 12,895 17,587 30,482 277,748 
2005-06 246,473 13,466 259,940 10,981 12,144 23,125 283,065 
2006-07 270,075 14,255 284,330 14,290 11,614 25,904 310,234 
2007-08 250,223 7,944 258,167 16,958 13,216 30,174 288,341 
2008-09 236,976 13,731 250,707 8,533 13,150 21,683 272,390 
2009-10 223,322 14,524 237,846 6,557 9,773 16,329 254,176 
2010-11 214,211 13,446 227,657 3,429 6,886 10,316 237,973 
2011-12 219,534 17,494 237,029 3,975 6,587 10,561 247,590 
2012-13 230,630 12,284 242,914 3,529 10,815 14,344 257,258 
2013-14 233,893 6,659 240,552 3,490 18,725 22,216 262,768 
2014-15  196,409 11,931 208,339 9,069 13,447 22,517 230,856 
2015-16 173,855 8,972 182,826 2,624 10,116 12,740 195,567 
2016-17 184,450 12,794 197,243 3,197 9,055 12,251 209,495 

              
5-Year 

Average 
203,847 10,528 214,375 4,382 12,432 16,814 231,189 

               
 

Notes:  

[1] "Recorded Production" consists of groundwater extractions and surface water diversions which is accounted for as if it were a groundwater 
extraction, but does not include untreated imported water purchased for replacement/ recharge purposes. 

[2] "Direct Deliveries (Imported Water)" does not include untreated imported water purchased for replacement/recharge purposes and includes treated 
imported water from USG-5. 

[3] Does not include recycled water deliveries 

 

TVMWD = Three Valleys Municipal Water District  
USGVMWD = Upper San Gabriel Valley Municipal Water District  

 
Source:    Main San Gabriel Basin Watermaster Annual Report 2016-17 
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Table 5.  10-Year Rolling Average of Total Main San Gabriel Basin Water Demands 

Fiscal Year 
10-Year Rolling 

Average 
Annual Change of 10-

Year Average 

   
2006-07 289,049 -- 
2007-08 291,059 0.7% 
2008-09 290,398 -0.2% 
2009-10 285,840 -1.6% 
2010-11 280,549 -1.9% 
2011-12 275,360 -1.9% 
2012-13 273,238 -0.8% 
2013-14 269,154 -1.5% 
2014-15 264,465 -1.7% 
2015-16 255,715 -3.3% 
2016-17 245,641 -3.9% 

   

 
Source:    Main San Gabriel Basin Watermaster Annual Reports.  10-Year Rolling Average based on Table 4. 

 
 
Future total water demands in the Main San Gabriel Basin can be projected based on 

population growth.  Population projections within the Main San Gabriel Basin were 

based on population data provided in USGVMWD’s 2015 UWMP, San Gabriel Valley 

Municipal Water District’s (SGVMWD’s) 2015 UWMP, and TVMWD’s 2015 UWMP.  

Based on the population data, the total population within the combined service areas for 

all Main San Gabriel Basin water producers was estimated (see Table 6).  The total 

population served by Main San Gabriel Basin water producers is projected to increase 

from approximately 1,202,300 people, in 2015, to approximately 1,355,200 people, in 

2040.  This represents an increase of approximately 153,000 people over twenty five 

years, which is an average annual growth rate of approximately 0.6 percent.   
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Table 6. Projected Population Served by Main San Gabriel Basin Producers 
 

Year Population 

   
2015 1,202,260 
2020 1,226,492 
2025 1,253,721 
2030 1,296,341 
2035 1,325,459 
2040 1,355,200 

  
 
Sources: Population projections from Upper San Gabriel Valley Municipal Water District’s 2015 UWMP, San Gabriel 

Valley Municipal Water District’s 2015 UWMP, and Three Valleys Municipal Water District’s 2015 UWMP 
 
 
 
Total water demands in the Main San Gabriel Basin (excluding major industrial uses 

and exports to the Central Basin) can be compared with population information to obtain 

a per capita water use rate.  Between fiscal years 2012-13 and 2016-17 (see Table 7), 

the average annual demand in the Main San Gabriel Basin was approximately 231,188 

AFY; the average total export to the Central Basin was approximately 37,552 AFY; and 

the average total major industrial demand was approximately 5,828 AFY. Based on the 

net average demand over the recent five years in the Main San Gabriel Basin of 

approximately 187,808 (231,188 – 37,552 – 5,828) AFY and a 2015 population in the 

Main San Gabriel Basin of approximately 1,202,260 people, the average annual per 

capita water use rate was approximately 0.16 AFY (187,808 AFY / 1,202,260 people) 

for a single family residence.  For the purposes of this WSA, it is assumed the per 

capita water use rate of 0.16 AFY (about 140 GPCD) will continue over the next twenty 

years (from 2020 through 2040). Based on the estimated per capita water use and 

projected population growth, total water (local plus treated imported) served by 

producers in the Main San Gabriel Basin will increase from approximately 234,974 AFY, 

in 2020, to approximately 257,080 AFY, in 2040, as shown in Table 7, with an annual 

growth rate of approximately 0.4 percent.   
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Table 7. Projected Main San Gabriel Basin Water Demands (AFY) 

 
 

Producers in the Main San Gabriel Basin obtain water supplies from groundwater 

extractions, surface water diversions, and direct deliveries of treated imported water.   

As discussed in Appendix B, producers within the Main San Gabriel Basin have a share 

of the Operating Safe Yield of the Main San Gabriel Basin and can produce that amount 

of water without paying a Replacement Water Assessment.  A few producers also have 

surface water rights (approximately 10,500 AFY) in addition to their share of the 

Operating Safe Yield and can produce those rights free of a Replacement Water 

Assessment.  Producers that extract a groundwater and/or surface water amount 

greater than their allocated share are charged a Replacement Water Assessment, 

which is used to purchase untreated imported water for replacement/recharge into the 

Main San Gabriel Basin. Untreated imported water for replacement/recharge purposes 

    Main San Gabriel Basin Demands (AFY)  

Year 
Population 

[1] Demand from 
Population [2] 

Central 
Basin 

Exports [3] 

Industrial 
Demands 

[4] Total 

Less 
Treated 

Imported 
[5] 

Net Local  
[5] 

   
2012-13* -- 209,596  41,369 6,293 257,258 14,344 242,914 
2013-14* -- 214,425  41,859 6,484 262,768 22,216 240,552 
2014-15* -- 190,211  35,389 5,256 230,856 22,517 208,339 
2015-16* -- 156,550  33,786 5,230 195,566 12,740 182,826 
2016-17* -- 168,259  35,358 5,877 209,494 12,251 197,243 

        
5-Year 

Average  187,808 37,552 5,828 231,188 16,814 214,375 
        

2020 1,226,492 191,594  37,552 5,828 234,974 16,814 218,160 
2025 1,253,721 195,847  38,052 5,828 239,727 16,814 222,914 
2030 1,296,341 202,505  38,552 5,828 246,885 16,814 230,072 
2035 1,325,459 207,054  39,052 5,828 251,934 16,814 235,120 
2040 1,355,200 211,699  39,552 5,828 257,080 16,814 240,266 

 
 

Notes: 
* In fiscal year 

 

[1] See Table 6  

[2] Based on an average annual water use rate of approximately 0.16 AFY per capita which is about 140 gallons per capita 
per day 

 

[3] 2020 exports are based on average exports between fiscal years 2012-13 and 2016-17; Exports are anticipated to increase and have been estimated to 
increase approximately 2,000 AF over a 20 year period and assumed constant thereafter 
 
[4] Based on average industrial demands between fiscal years 2012-13 and 2016-17; assumed to remain constant 

[5] See Table 4 
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is purchased from one of three municipal water districts overlying or partially overlying 

the Main San Gabriel Basin that provide imported water for groundwater 

replacement/recharge or for direct use (see Appendix B).  The three municipal water 

districts are USGVMWD, SGVMWD and TVMWD.  The City is located within 

USGVMWD’s service area.  The management of the Main San Gabriel Basin and the 

large volume of groundwater in storage allow groundwater producers, including the City, 

to produce groundwater even when Replacement Water is not available.  Any 

requirement to purchase untreated imported water for replacement/recharge purposes 

can be met when such water is available in the future.  Also discussed in Appendix B is 

the cyclic storage provision allowing producers, like the City, to store supplemental 

water within the Main San Gabriel Basin for the purpose of supplying a future 

Replacement Water requirement. For example, the City and other producers have 

added/deducted from cyclic storage accounts and as a result, have a total balance of 

approximately 73,923 AF in cyclic storage accounts as of June 2018 illustrating the 

effectiveness of this water resource program in meeting the Replacement Water 

requirements of water producers.   

 

The Replacement Water requirement in the Main San Gabriel Basin is determined by 

the Operating Safe Yield, production rights and Main San Gabriel Basin production.  

The Operating Safe Yield in the Main San Gabriel Basin has averaged about 156,000 

AFY over the past five (5) years (fiscal years 2013-14 through 2017-18) plus the surface 

water rights are fixed at about 10,500 acre-feet for a total of about 166,500 acre-feet of 

water rights.  As shown in Table 8, over the past five (5) years (fiscal years 2012-13 

through 2016-17), the average water production from the Main San Gabriel Basin has 

been approximately 214,375 AFY, and the average Replacement Water requirements 

and Cyclic Storage deductions (total Basin over production) has been approximately 

34,733 AFY.  

 

Based on the projected water demands (see Table 7) and the recent historical average 

water production of 214,375 AFY (during fiscal years 2012-13 through 2016-17 as 

shown in Table 8) in the Main San Gabriel Basin, the Replacement Water requirement 

can be projected for future years, assuming other sources of water supply remain at 
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historical levels.  Other sources of water supply historically used in the San Gabriel 

Valley include direct delivery of approximately 16,814 AFY of treated MWD imported 

water (discussed below).  The projected total water demands (less direct delivery) can 

be compared with the recent historical average water production (214,375 AFY) to 

determine the incremental additional Replacement Water requirement.  The total 

projected Replacement Water requirement is estimated to be the sum of the recent 

historical average Replacement Water requirement (34,733 AFY) and the incremental 

additional Replacement Water requirement.  

 

 

Table 8. Operation of Main San Gabriel Basin (AFY) 

 

Fiscal 
Year 

 
Total 

Production [1] 

Direct 
Deliveries      

[1]  

Replacement Water 
Requirements and 

Cyclic Storage 
Deductions           

[2] 

   
2012-13  242,914 14,344 29,769  
2013-14  240,552 22,216 40,113  
2014-15  208,339 22,517 45,828  
2015-16  182,826 12,740 26,420  
2016-17  197,243 12,251 31,536  

         
5-Year 

Average 
 214,375 16,814 34,733 

 
            

Notes: 

[1] See Table 4 

[2] Includes Replacement Water Requirements and deductions from Producer Cyclic Storage.  From Main San Gabriel 
Basin Annual Report for FY 2016-17 

 

For the purpose of this WSA, the adopted 2018-19 Operating Safe Yield of 150,000 

AFY (which was influenced by the decreasing water levels in the Main San Gabriel 

Basin due to the recent dry hydrologic cycle) was assumed to remain the same through 

2040 and was used to determine potential future Replacement Water requirements.  

The estimated Replacement Water requirement in 2019-20, based on an Operating 

Safe Yield of approximately 150,000 AFY, 2020 demand less direct deliveries compared 

with the average water production (during fiscal years 2012-13 through 2016-17 as 
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shown in Table 8), and adding the 5-year historical average Replacement Water 

requirement, is calculated to be 38,518 AFY.   

 
In addition to untreated supplemental replacement/recharge deliveries, treated imported 

water is available to Main San Gabriel Basin water producers as a direct delivery (see 

Table 4).  Over the past five years, total direct deliveries of treated imported water have 

ranged from approximately 12,300 AFY to 22,500 AFY, with an average of 

approximately 16,814, as shown in Table 8.  Demands for direct delivery water in the 

Main San Gabriel Basin previously increased (approximately 50,800 AF in 2003-04) due 

to groundwater contamination.   However, these demands have declined with the 

completion of large-scale groundwater treatment facilities in 2005 and 2006.  

 
Based on the average total direct delivery of treated imported water of approximately 

16,814 AFY and the calculated 2019-20 Replacement Water requirement of 38,518 

AFY, the estimated total current imported water demand is approximately 55,332 

(16,814 + 38,518) AFY based on an Operating Safe Yield of 150,000 AFY.  Table 9 

projects the total future imported water requirement (including replacement/recharge 

and direct delivery) for producers in the Main San Gabriel Basin, without assuming 

increased use of other sources of water supply such as recycled water.  Table 9 shows 

that total imported water requirement could increase by approximately 1,361 AF 

between 2020 and 2040.  Because other sources of water supply, including 

groundwater imported from the Raymond Basin and groundwater recharge of local 

rainfall runoff, have been assumed to remain at historical levels, it is assumed the 

increasing Main San Gabriel Basin water demands listed in Table 9 will be met by 

increases in imported water. Increased water demands can also be met through 

increased use of recycled water in the Main San Gabriel Basin.  Recycled water 

supplies are not incorporated in determining the future imported water requirements 

shown in Table 9. Increases in imported water demands in Table 9 will be a 

combination of increased Replacement Water deliveries and a constant level of direct 

delivery of imported water.  The reliability of imported water supplies is discussed 

further in Section 4.2. 
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Table 9. Projected Total Main San Gabriel Basin Imported Water Demands (AFY) 
 

Year 2020 2025 2030 2035 2040 

OSY of 150,000 AFY      

   Untreated Imported Water 38,518 39,487 41,891 39,782 39,879 

   Treated Imported Water 16,814 16,814 16,814 16,814 16,814 

   Total Imported Water 55,332 56,300 58,705 56,595 56,693 

   Net Increase -- 968 3,372 1,263 1,361 

 

 

3.2  Imported Water Supplies 
 

The City can receive direct deliveries of treated imported water from MWD through its 

USG-7 connection, which has a capacity of 6,300 gpm or 9.1 MGD.  The City 

historically has not utilized imported water supplies to meet demands, as shown in 

Table 1.   

 

As discussed previously, the Main San Gabriel Basin Watermaster purchases untreated 

imported water from SGVMWD (from the California State Water Project (SWP)) and 

untreated imported water supplies from MWD through USGVMWD and TVMWD.  

Further discussions of imported water supplies are provided in Sections 3.2.1 through 

3.2.3. 

 

3.2.1 SWP Water Reliability 

 

MWD and SGVMWD contract with the State of California, through the SWP, for the 

delivery of northern California water through the California Aqueduct. The SWP is a 

water storage and delivery system maintained and operated by the California 

Department of Water Resources (DWR). The SWP is a statewide water conveyance 

system that diverts and stores water in Northern and Central California and conveys 

water (including through the Sacramento-San Joaquin Delta region) to 29 water 

agencies throughout the State.  The SWP has delivered water since the 1960’s through 

a network of aqueducts, pumping stations and powerplants. In order for the SWP to 
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increase deliveries to the maximum amount of contractual commitments to water, the 

SWP must expand its water conveyance facilities to divert greater flows from north of 

the Bay-Delta area into the California Aqueduct.  

 
The San Francisco Bay -Sacramento River Delta area (Bay-Delta) is a part of the SWP 

water delivery system.  The reliability of the Bay-Delta to deliver water may be impacted 

by potential risks associated with endangered species, earthquakes, levee failure, and 

climate change.  

 

The Bay Delta Conservation Plan (BDCP) grew out of the CALFED Bay-Delta Plan’s 

Ecosystem Restoration Program Conservation Strategy. A draft BDCP was prepared 

through a collaboration of state, federal, and local water agencies, state and federal fish 

agencies, and a broad range of stakeholders. The BDCP identifies conservation 

strategies, water flow, and habitat restoration actions in California’s Sacramento-San 

Joaquin Delta. The goal of the BDCP is to provide for both species/habitat protection 

and improved reliability of water supplies.  During the extensive environmental review 

period for the BDCP, State and Federal agencies proposed that the California WaterFix 

Project replace the proposed BDCP as the State’s proposed project.  The California 

WaterFix Project consists of new water conveyance facilities with three new diversion 

points in the north Delta, Delta tunnel conveyance and ancillary facilities, operational 

elements, and habitat restoration and other environmental commitments.  The California 

WaterFix Project was evaluated in a partially Recirculated Draft BDCP, EIR/EIS 

published on July 10, 2015.  In December 2016, the Final EIR/EIS was made available 

to the public.  This Final EIR/EIS has been certified as complying with CEQA as 

required under Section 15090, subd. (a)(1) of the CEQA Guidelines.  The Final EIR/EIS 

describes the alternatives, discusses potential environmental impacts, and identifies 

mitigation measures that would help avoid or minimize impacts. It also provides 

responses to all substantive comments received on the 2013 Draft EIR/EIS and 2015 

partially Recirculated Draft EIR/Supplemental Draft EIS.  The BDCP is intended to meet 

the standards of the Sacramento-San Joaquin Delta Reform Act of 2009, described in 

the paragraph below.  On July 21, 2017, DWR certified the Final EIR, adopted the 

CEQA Findings and a Statement of Overriding Considerations, adopted the Mitigation 

Monitoring and Reporting Program, approved the California WaterFix, and filed the 
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Notice of Determination (NOD) with the Governor's Office of Planning and Research for 

the California WaterFix project, which includes the three new diversion points in the 

north Delta, Delta tunnel conveyance and ancillary facilities, operational elements, and 

habitat restoration and other environmental commitments.  The Record of Decision for 

the California WaterFix project will be issued by the U.S. Bureau of Reclamation at a 

future date.   

 

The State of California enacted comprehensive legislation, including the Sacramento-

San Joaquin Delta Reform Act of 2009 (California Water Code Division 35) which 

provided for an independent state agency, the Delta Stewardship Council. Pursuant to 

that act, the Delta Stewardship Council developed a comprehensive management plan 

that provides more reliable water supply for California and protects and enhances the 

Delta ecosystem (through development and implementation of a Delta Plan).  The Delta 

Stewardship Council adopted a final Delta Plan in May 2013 which is the 

comprehensive long-term management plan for the Delta to improve statewide water 

supply reliability and to protect the Delta.  Subsequently its 14 regulatory policies were 

approved by the Office of Administrative Law and became effective with legally-

enforceable regulations on September 1, 2013.  The Delta Stewardship Council also 

adopted a Programmatic Environmental impact Report (PEIR) on the Delta Plan in May 

2013.  The PEIR evaluates the potential impact of the Delta Plan and identifies 

mitigation measures.  The Delta Plan was amended on February 2016, September 

2016, and again in April 2018 to include refined performance measures; an exemption 

for single-year water transfers to be considered as covered actions; recommendations 

for conveyance, storage and operations; and policy for setting priorities for State 

investments in Delta levees.     

 

In June 2013, a lawsuit was filed by the State Water Contractors and others seeking to 

overturn the Delta Stewardship Council’s adoption of the Delta Plan, promulgation of 

related regulations, and certification of the above referenced PEIR.  The litigation 

brought by the State Water Contractors and others claims that the Delta Stewardship 

Council exceeded its authority under the Sacramento-San Joaquin Delta Reform Act of 

2009 and failed to analyze impacts under CEQA, particularly foreseeable impacts of the 
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Delta Plan on water supplies around the state. In May 2016, the Superior Court upheld 

the Delta Stewardship Council on the vast majority of issues, including that the Council 

used best available science in developing the Delta Plan. The Court also ruled that the 

Delta Plan’s regulations promote improved water quality, its flow recommendations 

promote conditions for species recovery, it promotes risk reduction strategies, and its 

conservation measures promote reduced reliance on the Delta. The Court, however, 

invalidated the entire Delta Plan because of what it identified as inadequacies in the 

following areas: 

 The lack of enforceable, quantifiable targets for achieving reduced Delta reliance, 

reduced harm from invasive species, restoring more natural flows and increased 

water supply reliability, and 

 Inadequate “promotion” of conveyance options to improve the way water projects 

move water across the Delta. 

In November and December 2016, the Delta Stewardship Council and other parties 

have appealed the Court’s ruling, which means the invalidation of the Delta Plan has 

been stayed (placed on hold) pending further action by the Appellate Court until 

specified revisions are completed.  The Delta Plan remains in force and project 

proponents with covered actions remain legally required to file consistency certifications 

with the Delta Stewardship Council.     

 

Governor Brown announced the creation of the California EcoRestore program in April 

2015, committing to restore more than 30,000 acres of Delta habitat, which will be 

implemented on an accelerated timeline independent of the proposed water 

conveyance facilities.  This comprehensive suite of habitat restoration actions under the 

California EcoRestore program includes specific targets for floodplain, tidal and sub-

tidal, managed wetlands, and fish passage improvements to benefit native fish species 

and a commitment to adaptive management.     

 

DWR’s “State Water Project Final Delivery Capability Report 2017” (2017 Report), 

dated March 2018, indicates that there is a 77 percent likelihood (74 percent in the 2015 

State Water Project Final Delivery Capability Report) that more than 2,000 thousand 

acre-feet per year (taf/year) of Table A water will be delivered under current conditions.  
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The 2017 Report incorporated future impacts on water deliveries as a result of climate 

change and potential limited pumping of the SWP to protect salmon, smelt, and other 

species in the Sacramento-San Joaquin Delta and Central Valley areas, including 

operational restrictions of the biological opinions issued by the U.S. Fish and Wildlife 

Service (USFWS) in December 2008 and the National Marine Fisheries Service (NMFS) 

in June 2009 governing the SWP and Central Valley Project (a Federal water storage 

and conveyance facility) operations. Subsequently, a U.S. District Court Judge 

remanded the biological opinions to the USFWS and NMFS for further review and 

analysis.  The long term impact of these issues cannot be fully quantified at this time. 

DWR plans to develop additional water supply facilities in order for the SWP to deliver 

contracted water beyond historical delivery quantities.  In addition, the 2017 Report 

included the CA WaterFix Project.  In June 2017, the Final Biological Opinions for the 

CA WaterFix were released.  In July 2017, the incidental take permit (20181(b) 

document) was issued.   

 

3.2.2     Colorado River Water Reliability 

 

In addition to obtaining water from the SWP, MWD obtains water from the Colorado 

River. MWD owns and operates the Colorado River Aqueduct which conveys water 

from Lake Havasu on the Colorado River to water transmission pipelines and to Lake 

Matthews for storage.  MWD’s Colorado River water right includes a fourth and fifth 

priority under the 1931 Seven Party Agreement relating to California's share in the 

Colorado River water supply.  In 1964 a United States Supreme Court decree (Arizona 

v. California) limited California to 4.4 million AF per year from the Colorado River plus 

any available surplus water.  An amount of 550,000 AF was allotted to California under 

the fourth priority right and an amount of 662,000 AF was allotted to California under the 

fifth priority right.  MWD can receive water under the fifth priority right when the United 

States Secretary of the Interior determines that there is a surplus of water or if Arizona 

or Nevada does not use all of their allocated water.  Through farm and irrigation 

conservation programs, improved reservoir system operations, land management 

programs, and water transfer and exchanges, MWD has increased the reliable supply 

from the Colorado River Aqueduct. According to MWD’s “The Regional Urban Water 
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Management Plan” (RUWMP), dated June 2016, the supply capability of the Colorado 

River Aqueduct through the year 2035 is about 1,911,500 AFY during average, single 

dry, and multiple dry year conditions.  A further discussion of MWD’s additional water 

supplies is provided below. 

 

3.2.3     Metropolitan Water District of Southern California  

 

The City can purchase treated imported water from MWD through USG-7.  In addition, 

MWD provides approximately 95 percent of the total imported water supplies to the 

Main San Gabriel Basin for both replacement/recharge purposes and direct delivery. As 

discussed in Appendix B, imported water from MWD is provided through USGVMWD 

and TVMWD, which both deliver and sell water.  Untreated imported water can be 

spread and stored in the Main San Gabriel Basin for replacement/recharge.  Treated 

imported water can be delivered directly to retail water utilities in the Main San Gabriel 

Basin with available connections. 

 

MWD’s 2015 RUWMP provides information regarding MWD’s water supply reliability 

and the ability to meet all projected water demands. MWD has indicated in its 2015 

RUWMP that, with the addition of all water supplies existing and planned, MWD would 

have the ability to meet all of its member agencies’ projected supplemental demand for 

the next twenty five years, even during a repeat of the worst drought scenario.   

 

MWD’s 2015 RUWMP considers DWR’s 2015 Report.  MWD’s 2015 RUWMP 

concludes that MWD will have sufficient water available for anticipated water demands 

in its service area, including the San Gabriel Valley area, through the year 2040.  In 

addition, because the San Gabriel Valley primarily requires Replacement Water from 

MWD and delivery of Replacement Water can be shifted from dry years (when water 

supplies may be limited) to wet years (of water surplus), the available information shows 

adequate Replacement Water will be available through the year 2040. 

 

Because of critically dry conditions in 2007 affecting MWD’s main water supply sources 

and Federal Court rulings protecting the Delta Smelt and other aquatic species in the 
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Sacramento-San Joaquin River Delta, SWP water deliveries were reduced.  As a result, 

MWD adopted a Water Supply Allocation Plan (WSAP) in February 2008 to allocate 

available water supplies to its member agencies.  The WSAP establishes ten different 

shortage levels and a corresponding Allocation to each member agency. Although 

member agency water use is not restricted to the Allocation, additional charges would 

be assessed on water used above the total annual Allocation.  The WSAP provides a 

separate reduced Allocation to a member agency for its 1) Municipal and Industrial 

(M&I) retail demand and 2) replenishment demand.  The WSAP considers historical 

local water production, full service treated water deliveries, agricultural deliveries and 

water conservation efforts when calculating each member agency’s Allocation.   

 

In general, the WSAP process calculates total historical member agency demand.  That 

historical demand is then compared to member agency projected local supply for a 

specific Allocation year.  The balance required from MWD, less an Allocation reduction 

factor, is the member agency’s “Water Supply Allocation”.  When an MWD Member 

Agency (such as USGVMWD and TVMWD) reduces its local demand through 

conservation or other means, the portion of the Allocation which may be delivered as 

imported water increases.  The increased Allocation can be used for Full Service 

replenishment deliveries when an Allocation is in place.  

 
In addition, MWD prepared a 2015 Update of its Integrated Resources Plan to evaluate 

water supply availability considering the recent developments discussed elsewhere in 

this WSA and provide a water resource strategy to meet future demands including 

anticipated groundwater replenishment demands.  

 

In April 2015, MWD approved a WSAP Allocation Level 3 for fiscal year 2015-16.  The 

WSAP Allocation for M&I demand and Replenishment demand for USGVMWD was 

estimated to be 27,913 AF for fiscal year 2015-16.  MWD rescinded the WSAP 

Allocation for fiscal year 2016-17 and currently has not approved a WSAP Allocation for 

fiscal year 2017-18.       

 
Tables 10, 11, and 12 show MWD’s projected total water supplies and demands 

through year 2040 for average, single dry, and multiple dry years, respectively.  MWD 
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has sufficient water supplies to meet all of its member agencies projected supplemental 

demand for 2020 through 2040, even during multiple dry years. MWD’s greatest water 

demands, which occur during a multiple dry year, will increase at a rate of 

approximately 0.6 percent per year from approximately 2,001,000 AFY, in 2020, to 

2,258,000 AFY, in 2040.    

 

 

 

Table 10. MWD’s Projected “Average” Year Water Supplies and Demands (AFY) 

  2020 2025 2030 2035 2040 

      

Supplies (Current 
Programs) 3,448,000 3,550,000 3,658,000 3,788,000 3,824,000 

Demands 
1,860,000 1,918,000 1,959,000 2,008,000 2,047,000 

Surplus 
1,588,000 1,632,000 1,699,000 1,780,000 1,777,000 

Supplies 
(Proposed 
Programs) 63,000 100,000 386,000 428,000 468,000 

Potential Surplus 
1,651,000 1,732,000 2,085,000 2,208,000 2,245,000 

            

      
Source:      MWD's Regional UWMP, June 2016, Table 2-6 
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Table 11. MWD’s Projected “Single Dry” Year Water Supplies and Demands (AFY) 

  2020 2025 2030 2035 2040 

      

Supplies (Current 
Programs) 2,584,000 2,686,000 2,775,000 2,905,000 2,941,000 

Demands 
2,005,000 2,066,000 2,108,000 2,160,000 2,201,000 

Surplus 
579,000 620,000 667,000 745,000 740,000 

Supplies 
(Proposed 
Programs) 63,000 100,000 316,000 358,000 398,000 

Potential Surplus 
642,000 720,000 983,000 1,103,000 1,138,000 

       

    
Source:      MWD's Regional UWMP, June 2016, Table 2-4 
 

 
 
Table 12. MWD’s Projected “Multiple Dry” Year Water Supplies and Demands (AFY) 

  2020 2025 2030 2035 2040 

      

Supplies (Current 
Programs) 2,103,000 2,154,000 2,190,000 2,242,000 2,260,000 

Demands 
2,001,000 2,118,000 2,171,000 2,216,000 2,258,000 

Surplus 
102,000 36,000 19,000 26,000 2,000 

Supplies 
(Proposed 
Programs) 43,000 80,000 204,000 245,000 286,000 

Potential Surplus 
145,000 116,000 223,000 271,000 288,000 

            
 
Source:      MWD's Regional UWMP, June 2016, Table 2-5 
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4.0 Comparision of Future Water Demand and Supply 

 

The City’s primary source of water supply is groundwater from the Main San Gabriel 

Basin.  In addition, the City can purchase treated imported water from MWD’s USG-7.  

The existing collective capacity from the active wells is about 10,000 gpm or about 14.4 

million gallons per day (MGD).  The City produced over 9,700 AFY in 2003 (which is 

equal to only 60 percent of the City’s available well capacity). Assuming the City uses 

60 percent of available well capacity (which has been demonstrated in the past) during 

calendar years 2020 through 2040, the City would be able to produce about 8.6 MGD 

(about 9,700 acre-feet).        

 

As shown on Table 2, the projected water demands including the Project ranges from 

6,705 AF to 7,107 AF from fiscal year 2019-20 through fiscal year 2039-40.  The 

estimated projected average day water demand, including the Project, is calculated to 

range from about 6 MGD to about 6.4 MGD from fiscal year 2019-20 through fiscal year 

2039-40.  Consequently, it is anticipated the City will be able to meet its Average Day 

Demand from fiscal year 2019-20 through fiscal year 2039-40 with its total water supply 

of about 8.6 MGD.   

 

Tables 13 through 17 show the City’s projected water demands, including the Project, 

and sources of water supply, under future average, single dry, and multiple dry year 

scenarios, from 2020 to 2040.  The City has historically met all of its water demands 

with groundwater production. Even with the City’s historically reliable water supply, the 

City included a Drought Regulations and Water Conservation Standards (Ordinance No. 

2015-05 and Resolution No. 2015-41) in its 2015 UWMP identifying actions to be taken 

to respond to a severe or extended water shortage (see Appendix C).  If water supplies 

are temporarily insufficient to meet customer demand, the City may implement its 

Drought Regulations and Water Conservation Standards (Ordinance No. 2015-05 and 

Resolution No. 2015-41).   

 

The City can increase production from the Main San Gabriel Basin in accordance with 

the Main San Gabriel Basin Judgment (see Appendix B), even during periods of drought 
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to meet its demands.  As described in Appendix B, groundwater pumping limitations 

have never been applied to groundwater producers with rights in the Main San Gabriel 

Basin.   

 

Tables 13 through 17 show that the combined capacities from the City’s sources of 

supply will provide sufficient water supply for the City’s projected water demand, 

including the Project, under all conditions from 2020 to 2040.  

 

 

Table 13. City’s Projected Water Demands Including Project and Supplies in 2020 (AFY) 
  Average/Normal 

Water Year 
Single Dry 
Water Year 

Multiple Dry Water Years 

  Year 1 Year 2 Year 3 

    
Total Demand [1] 6,704 6,036 6,036 6,527 6,671 

       
Supply [2]      

Main San Gabriel Basin Supply [3] 6,704 6,036 6,036 6,527 6,671 
MWD USG-7 Supply 0 0 0 0 0 

       
Total Supply 6,704 6,036 6,036 6,527 6,671 

      
Surplus/Deficiency 0 0 0 0 0 

            

Notes:       
[1] Total Demand includes the Project water demand of approximately 69 AFY for an Average/Normal Water Year, as shown on Table 2.  Single and 
multiple dry year demand are based on the proportions of average water demand to single dry year and multiple dry year water demands, identified in 

Table 7-1 of City's 2015 UWMP.  
 
[2] Based on proportion of 2015 supplies from City's 2015 UWMP 

[3] The reliable current total pumping capacities of City's groundwater wells is estimated to be about 9,700 AFY (60% well operating factor)  
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Table 14. City’s Projected Water Demands Including Project and Supplies in 2025 (AFY) 
  Average/Normal 

Water Year 
Single Dry 
Water Year 

Multiple Dry Water Years 

  Year 1 Year 2 Year 3 

    
Total Demand [1] 6,803 6,125 6,125 6,624 6,770 

  
Supply [2] 

Main San Gabriel Basin Supply [3] 6,803 6,125 6,125 6,624 6,770 
MWD USG-7 Supply 0 0 0 0 0 

       
Total Supply 6,803 6,125 6,125 6,624 6,770 

      
Surplus/Deficiency 0 0 0 0 0 

            

Notes:       
[1] Total Demand includes the Project water demand of approximately 69 AFY for an Average/Normal Water Year, as shown on Table 2.  Single and 
multiple dry year demand are based on the proportions of average water demand to single dry year and multiple dry year water demands, identified in 

Table 7-1 of City's 2015 UWMP.  
 
[2] Based on proportion of 2015 supplies from City's 2015 UWMP 

[3] The reliable current total pumping capacities of City's groundwater wells is estimated to be about 9,700 AFY (60% well operating factor)  
 
 

 
 
Table 15. City’s Projected Water Demands Including Project and Supplies in 2030 (AFY) 

  Average/Normal 
Water Year 

Single Dry 
Water Year 

Multiple Dry Water Years 

  Year 1 Year 2 Year 3 

    
Total Demand [1] 6,902 6,214 6,214 6,720 6,868 

  
Supply [2] 

Main San Gabriel Basin Supply [3] 6,902 6,214 6,214 6,720 6,868 
MWD USG-7 Supply 0 0 0 0 0 

       
Total Supply 6,902 6,214 6,214 6,720 6,868 

      
Surplus/Deficiency 0 0 0 0 0 

            

Notes:       
[1] Total Demand includes the Project water demand of approximately 69 AFY for an Average/Normal Water Year, as shown on Table 2.  Single and 
multiple dry year demand are based on the proportions of average water demand to single dry year and multiple dry year water demands, identified in 

Table 7-1 of City's 2015 UWMP.  
 
[2] Based on proportion of 2015 supplies from City's 2015 UWMP 

[3] The reliable current total pumping capacities of City's groundwater wells is estimated to be about 9,700 AFY (60% well operating factor)  
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Table 16. City’s Projected Water Demands Including Project and Supplies in 2035 (AFY) 

  Average/Normal 
Water Year 

Single Dry 
Water Year 

Multiple Dry Water Years 

  Year 1 Year 2 Year 3 

    
Total Demand [1] 7,004 6,306 6,306 6,819 6,970 

  
Supply [2] 

Main San Gabriel Basin Supply [3] 7,004 6,306 6,306 6,819 6,970 
MWD USG-7 Supply 0 0 0 0 0 

       
Total Supply 7,004 6,306 6,306 6,819 6,970 

      
Surplus/Deficiency 0 0 0 0 0 

            

Notes:       
[1] Total Demand includes the Project water demand of approximately 69 AFY for an Average/Normal Water Year, as shown on Table 2.  Single and 
multiple dry year demand are based on the proportions of average water demand to single dry year and multiple dry year water demands, identified in 

Table 7-1 of City's 2015 UWMP.  
 
[2] Based on proportion of 2015 supplies from City's 2015 UWMP 

[3] The reliable current total pumping capacities of City's groundwater wells is estimated to be about 9,700 AFY (60% well operating factor)  
 
 

 
 Table 17. City’s Projected Water Demands Including Project and Supplies in 2040 (AFY) 

  Average/Normal 
Water Year 

Single Dry 
Water Year 

Multiple Dry Water Years 

  Year 1 Year 2 Year 3 

    
Total Demand [1] 7,106 6,398 6,398 6,919 7,071 

  
Supply [2] 

Main San Gabriel Basin Supply [3] 7,106 6,398 6,398 6,919 7,071 
MWD USG-7 Supply 0 0 0 0 0 

       
Total Supply 7,106 6,398 6,398 6,919 7,071 

      
Surplus/Deficiency 0 0 0 0 0 

            

Notes:       
[1] Total Demand includes the Project water demand of approximately 69 AFY for an Average/Normal Water Year, as shown on Table 2.  Single and 
multiple dry year demand are based on the proportions of average water demand to single dry year and multiple dry year water demands, identified in 

Table 7-1 of City's 2015 UWMP.  
 
[2] Based on proportion of 2015 supplies from City's 2015 UWMP 

[3] The reliable current total pumping capacities of City's groundwater wells is estimated to be about 9,700 AFY (60% well operating factor)  
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In addition to the City’s groundwater extraction from the Main San Gabriel Basin, the 

City has the ability to obtain supplemental water supplies from its Main San Gabriel 

Basin cyclic storage account.  Under the Main San Gabriel Basin, cyclic storage 

provisions allow producers, including the City, to store supplemental water within the 

Main San Gabriel Basin for the purpose of supplying Replacement Water.   

 

As presented in Section 4 and Appendix B, active and effective groundwater 

management enables water producers in the Main San Gabriel Basin to 

historically meet water demands, including during single and multiple dry years. 

Based on the demonstrated reliability of water resources available to the City, 

including the City’s access to the Main San Gabriel Basin water supplies 

including imported Replacement Water and the City’s access to treated imported 

water from MWD, the City has sufficient and reliable water supplies to meet its 

future demands, with the Project from 2020 to 2040, including during single and 

multiple dry years. 
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APPENDIX B 
 

Main San Gabriel Basin - 
Groundwater Basin Description  



Location of the Main San Gabriel Basin 
 

 
 

The San Gabriel Valley is located in southeastern Los Angeles County and is bounded 

on the north by the San Gabriel Mountains, on the west by the San Rafael and Merced 

Hills, on the south by the Puente Hills and the San Jose Hills, and on the east by a low 

divide between the San Gabriel River system and Upper Santa Ana River system.  The 

San Gabriel River, and its distributary, the Rio Hondo, drain an area of about 490 

square miles upstream of Whittier Narrows.  Whittier Narrows is a low gap between the 

Merced and Puente Hills, just northwest of the City of Whittier, through which the San 

Gabriel River and the Rio Hondo flow to the coastal plain of Los Angeles County. 

Whittier Narrows is a natural topographic divide and a subsurface restriction to the 

movement of ground water between the Main San Gabriel Basin and the Coastal Plain. 

Of the approximate 490 square miles of drainage area upstream of Whittier Narrows, 

about 167 square miles are valley lands and about 323 square miles are mountains and 

foothills. 

 
 

The Main San Gabriel Basin (Basin) includes essentially the entire valley floor of San 

Gabriel Valley with the exception of the Raymond Basin and Puente Basin.  The 

boundaries of the Basin are the Raymond Basin on the northwest, the base of the 

San Gabriel Mountains on the north, the groundwater divide between San Dimas and La 

Verne and the lower boundary of the Puente Basin on the east, and Whittier Narrows on 

the southwest. 

 
 

The Basin is a large groundwater basin replenished by stream runoff from the adjacent 

mountains and hills, by rainfall directly on the surface of the valley floor, subsurface 

inflow from Raymond Basin and Puente Basin, and by return flow from water applied for 

overlying uses.  Additionally, the Basin is replenished with imported water.  The Basin 

serves as a natural storage reservoir, transmission system and filtering medium for 

wells constructed therein. 

 
 

There are three municipal water districts overlying and partially overlying the Basin. 

The three districts are Upper San Gabriel Valley Municipal Water District (USGVMWD), 



San Gabriel Valley Municipal Water District (SGVMWD) and Three Valleys Municipal 
 

Water District (TVMWD).  
 
 
 
 
 

Sources of Water Supply to Producers 
 

 
 

Water producers within the Basin obtain their water supplies from a combination of 

groundwater production, diversion of surface runoff from the San Gabriel River system 

and/or purchase of imported water.  The following sections identify and describe the 

various water resources available to producers. 

 
 

The Main San Gabriel Basin Judgment1  (Judgment) was entered on January 4, 1973 

(See Appendix D).  The Judgment is administered by a nine-member Court-appointed 

board -- six members are nominated by water producers in the Basin and three are 

public members with two nominated by water producers in the Basin and three are 

public members with two nominated by USGVMWD and one by SGVMWD.  The board 

is called the Main San Gabriel Basin Watermaster (Watermaster).  The Watermaster 

files a report on Basin operations with the Court.  The Fiscal Year 2016-17 Annual 

Report of the Main San Gabriel Basin Watermaster was filed on November 1, 2017.   

The Watermaster operates on a fiscal year basis, July 1 to June 30.  Selected 

provisions of the Basin Judgment are summarized below. 

 

The adjudication included the relevant watershed of the Basin because surface water 

diversions from tributary streams affect the safe yield of the Basin.   The rights 

adjudicated include:  (1) Prescriptive Pumping Rights (groundwater only); (2) Base 

Annual Diversion Rights for surface diversions by those parties who do not also own 

prescriptive pumping rights; (3) Integrated Production Rights for those producers who 

hold both Diversion Rights and Prescriptive Pumping Rights enabling the designation of 

any portion of the annual combined production as surface diversion or groundwater 

production;   (4)   Special   Category   Rights,   for   storage   of   water   in   Morris   and 
 
 
 

1Upper San Gabriel Valley Municipal Water District v. City of Alhambra, et al., Case No. 924128, Los 
Angeles County. 



Puddingstone  Reservoirs;  (5)  Non-Consumptive  Use  Rights  mainly  for  temporary 

storage of storm flows and for water spreading operations; and (6) Overlying 

Consumptive Use Rights. 

 
 

Each  producer  must  report  water  production  to  Watermaster  at  the  end  of  each 

calendar quarter.  All production is metered.  Watermaster tests meters at least once 

every two years. 

 
 
 
 

Groundwater 
 

 
 

The prescriptive pumping rights in the Basin were adjudicated on the basis of mutual 

prescription resulting in a specific quantity, in acre-feet, for each producer.  Such rights 

were then converted to a pumper’s share, expressed in percent of the aggregate of all 

prescriptive rights.  Each year the producer is allowed to extract, free of Replacement 

Water assessment, the proportional share (pumper’s share) of the Operating Safe Yield. 

Any producer can extract all the water required for beneficial use.  If the extraction is 

less than the producer’s pumper’s share, the unused portion of the right in a given fiscal 

year may be carried over for one fiscal year.  The first water produced in the succeeding 

fiscal year is deemed to be such carried over right.   The portion of such extraction, 

which exceeds the sum of the producer’s share of Operating Safe Yield, or any carry 

over rights or leased water rights, is assessed at a rate (Replacement Water 

assessment), which will purchase one acre-foot of Supplemental Water for each acre- 

foot of excess production. 

 
 

Operating Safe Yield is the annual quantity of groundwater, which can be produced 

from the Basin without obligation for replacement with supplemental water (imported 

water).  The quantity of adjudicated water rights of each producer is used to determine 

each producer’s share of the Operating Safe Yield each year. 

 
 

In May of each year Watermaster establishes the Operating Safe Yield for the ensuing 

fiscal year.   This is done on the basis of, among other things, groundwater storage 



conditions, seasonal rainfall and local water recharge, and water stored in local surface 

reservoirs.   In order to provide sufficient storage capacity in the Basin to capture as 

much of the local water as practicable, the Amended Judgment provides that 

supplemental water will be spread, insofar as practicable, to maintain that elevation 

above 200 feet. 

 
 

If Basin storage is low, as indicated by the Key Well elevation, Operating Safe Yield is 

usually lowered so that more Replacement Water can be purchased to increase Basin 

storage.  If Basin storage is relatively high, Operating Safe Yield is usually increased so 

that Replacement Water is reduced and Basin storage will be beneficially used. 

 
 

The total fresh water storage capacity of the Basin is estimated to be about 8.7 million 

acre-feet.  Of that, only the top 125 feet of storage, or about 1,000,000 acre-feet is 

considered to have been used in historic Basin operations.  The change in groundwater 

elevation at the Baldwin Park Key Well (Key Well) is representative of changes in 

groundwater storage in the Basin.  One foot of elevation change at the Key Well is 

roughly the equivalent of about 8,000 acre-feet of storage.  The historic high 

groundwater elevation was recorded at approximately 329 feet in April 1916, while the 

historic low was recorded in September 2016 at approximately 172 feet.  The Key Well 

hydrograph shown on Figure 1 (Annual Report) illustrates the cyclic nature of basin 

recharge and depletion.  The hydrograph also illustrates the dramatic recharge 

capability of the Basin during wet periods. 

 
 

Figure  1  graphically  shows  that since  the  adjudication,  water  was  withdrawn  from 

storage in the Main Basin between 1969 and 1977, and again between 1983 and 1991. 

Each time the Basin was rapidly recharged by above-average rainfall and recharge of 

storm water runoff. 

 
 

The  historic  production  from  the  Basin,  including  surface  diversions,  which  are 

described below, along with water levels at the Key Well and Operating Safe Yield are 

shown on Table A.  The historic low water level, prior to June 2016, was recorded 



TABLE A 
 

MAIN SAN GABRIEL BASIN ANNUAL OPERATING SAFE YIELD, PRODUCTION 
RIGHTS, WATER PRODUCTION AND REPLACEMENT WATER REQUIREMENTS 

(ACRE-FEET) 
 

  CARRY OVER  

  KEY WELL   RIGHTS FROM LOST   REPLACEMENT
FISCAL ELEVATION OPERATING PREVIOUS CARRY OVER PRODUCTION WATER WATER 
YEAR IN FEET 1/ SAFE YIELD YEAR RIGHTS RIGHTS PRODUCTION REQUIREMENT

 

1973-74 247.4 226,800 -- 0.00 238,132.94 235,460.40 14,518.98
1974-75 238.4 210,000 17,191.52 203.36 237,913.46 225,221.86 8,421.93
1975-76 234.8 200,000 20,908.91 131.06 231,391.95 242,246.36 24,744.88
1976-77 221.1 150,000 13,759.41 861.12 174,193.45 212,995.30 48,650.71
1977-78 211.4 150,000 9,980.67 1,198.54 170,473.30 198,257.23 36,818.25
1978-79 270.4 170,000 8,950.43 78.11 189,439.67 218,405.64 34,404.83
1979-80 266.6 220,000 6,745.88 81.54 237,226.13 226,279.89 9,896.39
1980-81 282.4 230,000 21,960.87 202.89 262,445.19 233,963.01 5,477.08
1981-82 252.4 210,000 35,642.01 380.30 255,281.37 223,245.24 10,582.35
1982-83 245.5 200,000 43,261.87 304.02 253,049.93 212,205.73 3,293.23
1983-84 292.7 230,000 45,378.26 80.10 287,394.98 238,586.29 2,151.85
1984-85 267.1 210,000 51,594.26 344.48 272,050.11 244,835.13 12,475.69
1985-86 245.8 190,000 40,395.40 198.50 240,319.81 248,824.38 33,774.82
1986-87 250.8 200,000 25,403.49 106.93 235,923.93 256,117.22 41,828.86
1987-88 236.5 190,000 22,457.73 143.63 222,985.31 251,852.84 51,989.89
1988-89 224.0 180,000 21,710.19 61.61 214,810.57 257,421.07 59,384.99
1989-90 219.8 180,000 19,741.33 282.28 210,268.35 253,851.86 62,582.49
1990-91 206.5 170,000 17,837.99 387.33 199,467.55 234,825.54 41,232.39
1991-92 200.3 140,000 18,796.02 345.83 169,575.74 223,690.83 31,214.19
1992-93 236.9 180,000 13,478.79 189.05 204,009.40 239,155.14 15,858.66
1993-94 267.8 220,000 31,718.29 462.81 262,029.85 246,830.55 8,915.59
1994-95 248.8 200,000 50,290.41 1,065.79 260,802.71 246,657.49 30,194.77
1995-96 269.0 220,000 44,262.41 737.28 274,608.47 272,100.40 32,526.05
1996-97 248.9 210,000 35,484.68 863.84 256,011.19 282,785.85 55,236.24
1997-98 241.3 220,000 28,965.55 704.70 263,725.27 257,431.98 26,362.42
1998-99 267.8 230,000 34,016.10 124.28 277,282.73 268,505.37 30,499.32
1999-00 244.8 220,000 40,633.83 592.51 274,824.14 282,195.44 39,749.83
2000-01 228.5 220,000 33,774.80 570.83 267,126.29 274,204.43 38,317.35
2001-02 220.1 210,000 32,015.15 532.59 258,992.70 267,767.07 40,773.50
2002-03 211.6 190,000 32,833.12 159.50 240,450.90 240,509.16 38,423.61
2003-04 204.1 170,000 38,274.70 79.24 224,691.75 255,869.80 51,416.73
2004-05 248.4 170,000 24,549.23 53.76 219,049.64 250,185.00 41,043.83
2005-06 249.7 240,000 17,402.45 156.28 268,418.02 262,623.02 12,065.12
2006-07 220.5 240,000 27,862.73 90.80 278,386.20 287,293.69 20,048.99
2007-08 202.7 210,000 29,374.42 182.17 249,433.95 261,194.03 28,777.98
2008-09 195.6 180,000 33,902.42 778.21 224,028.56 253,167.52 26,473.24
2009-10 204.2 170,000 28,729.17 236.31 210,117.25 240,270.06 35,129.38
2010-11 233.5 170,000 20,695.69 167.70 201,220.31 228,779.73 33,084.38
2011-12 226.4 210,000 21,657.47 166.96 242,181.86 239,388.04 19,685.04
2012-13 202.8 200,000 44,143.15 268.13 254,314.47 245,582.04 5,972.15
2013-14 187.8 180,000 42,864.86 377.39 233,389.45 243,536.31 3,779.32
2014-15 177.5 150,000 36,753.33 419.84 197,280.18 208,339.16 12,319.13
2015-16 174.0 150,000 35,226.32 284.47 195,752.95 182,826.49 6,909.20
2016-17 179.4 150,000 39,299.44 285.56 199,994.06 197,243.28 7,526.21

 

44-YEAR AVERAGE: 194,700 29,302.80 347.48 235,010.59 240,084.45 27,150.63 
 

1/ As of July 1 
 

 
 
 
 
 



in September 2016 at 172.2 feet.  Although Watermaster reduced the Operating Safe 

Yield for fiscal year 2016-17 to 150,000 acre-feet, it was estimated that approximately 

7.3 million AF of groundwater remained in storage.  In addition there was no limit on 

the quantity of water that could be pumped from the Basin. 

 
 

Under the Judgment there are three basic annual assessments levied on water 

production.  These assessments are:  (1) an Administration Assessment, levied on all 

water production to pay for the administration of the Judgment; (2) a Make-up Water 

Assessment, levied on all water production which does not bare a Replacement Water 

Assessment,  to  pay  the  cost  of  the  Make-up  Obligation  under  the  Long  Beach 

Judgment; and (3) a Replacement Water Assessment, levied on all water produced in 

excess of each producer’s share of the operating safe yield and other rights he may 

have.   Replacement water assessments are used to purchase supplemental water to 

replace the excess water produced.  In addition, since fiscal year 1989-90, a special 

administration  assessment  has  been  levied  to  assist  the  City  of  Alhambra  with 

provisions of the Cooperative Water Exchange Agreement. 

 
 

The ownership or use of any adjudicated water right may be transferred, assigned, 

licensed or leased by the owner to other parties to the Judgment after appropriate 

notice to and approval by Watermaster.  There are occasional sales of water rights. 

Leasing of water rights occurs frequently. 

 
 

Another  unique  feature  of  the  Judgment  is  a  provision  allowing  cyclic  storage  of 

imported  water  in  the  Basin.     The Watermaster may enter into cyclic storage 

agreements whereby supplemental water may be stored in the Basin for subsequent 

recovery by the storing entity as supplemental water.   Any party may submit an 

application to Watermaster for a cyclic storage agreement as noted in Section 26 of the 

Watermaster’s Rules and Regulations.   When reviewing such applications, the 

Watermaster will consider the operation of the Basin under the physical solution 

provisions of the Main Basin Judgment.   In general, Watermaster should consider 

available storage capacity in the Basin to mitigate the potential loss of local water due to 



cyclic storage of supplemental water. Also, Watermaster should consider the cumulative 

impact of all cyclic storage accounts in the Basin. 

 
 

Water stored under cyclic storage agreements can be utilized only for the purpose of 

supplying replacement water when requested by Watermaster.  Such stored water is 

assumed to float on top of the native water in the Basin.  Any loss of stored water either 

directly or indirectly is deemed first to be water from the cyclic storage accounts.  To 

date, there has been no such loss of cyclic stored water. 

 
 
 
 

San Gabriel River 
 

 
 

Some parties to the Judgment elected to be treated as integrated producers.  Integrated 

production rights are comprised of (1) a fixed diversion component based upon historic 

diversions for direct use; and (2) a prescriptive pumping right component based upon 

pumping during the period 1953 through 1967 that may vary annually with the Operating 

Safe Yield.  The gross quantity of the total integrated production right in any fiscal year 

may be exercised at the sole discretion of each integrated producer by either diversion 

of surface water or pumping groundwater or any combination thereof.  As is the case 

with prescriptive pumping rights, the prescriptive pumping component and the 

corresponding pumper’s share is affected by the annual determination of Operating 

Safe Yield. 

 
 

Just as with groundwater, there is no institutional limit on the quantity of San Gabriel 

River water that can be diverted for use.  Whenever an integrated producer exceeds its 

total water rights it will be levied a Replacement Water assessment, along with other 

applicable assessments, similar to groundwater pumpers. 



Groundwater Recharge 
 

 
 

The Main San Gabriel Basin has a fresh water storage capacity of about 8.7 million acre-

feet, of which the top 125 feet of storage, or about 1,000,000 acre-feet has been used for historic 

Basin operations.  Local runoff is stored in a series of reservoirs operated by the Los Angeles 

County Department of Public Works and diverted into spreading grounds to replenish the 

groundwater supply.   Figure 1 indicates that groundwater recharge occurs almost every year 

and is exhibited as increasing water levels.  High rainfall years can be identified on Figure 1 as 

increases in the groundwater level of 30 feet or more in one year. 

 
 

In addition to groundwater replenishment with local storm runoff, the Watermaster maintains 

records of each producer’s water rights and annual production.   Although there is no limit on 

the quantity of water that may be produced, production in excess of a water right is subject to a 

Replacement Water assessment.  Watermaster uses funds collected from producers’ 

overproduction to purchase imported water from municipal water districts.  USGVMWD and 

TVMWD obtain their water from MWD.  SGVMWD has its own contract for SWP water.  

Watermaster coordinates purchase and delivery of imported water to replenish the ground water 

basin, thus offsetting the producers’ overproduction and making the Basin whole. 



CITY OF MONROVIA
STETSON ENGINEERS INC.

Covina  San Rafael  Mesa, Arizona BALDWIN PARK KEY WELL ELEVATION
WATER RESOURCE ENGINEERS
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Drought Regulations and Water 
Conservation Standards  

(Ordinance No. 2015-05 and 
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APPENDIX K2  
UTILITY COMMENT LETTERS 

 









 

 

 
 
July 22, 2019 
 
Michael Heinrich 
Principal, Architects Orange 
321 West Chapman Street 
Orange, CA 92866 

 
 
Re:  Alexan Monrovia 

Monrovia, CA  
 

 
Thank you for contacting Athens Services regarding the proposed services for the above location. 
 
Athens Services has reviewed the project for Alexan Monrovia and based on the waste management 
plan submitted, we will be able to provide services to this location.  
 
The above location is located in a Franchise City for waste collection. Athens Services is contracted by 
the City of Monrovia to provide disposal service to all commercial and residential locations.  
 
Please do not hesitate to contact me directly at (626) 594-4415 if I can be of further assistance. 
 
Sincerely, 
 
 
 
Elizabeth Ramirez 
Director of Government Affairs 
elizabethramirez@athensservices.com 
 

 

mailto:elizabethramirez@athensservices.com
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WATER CAPACITY STUDY 
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DRAFT TECHNICAL MEMORANDUM 
2171 E. Francisco Blvd., Suite K • San Rafael, California • 94901 

TEL: (415) 457-0701   FAX: (415) 457-1638   e-mail: jeffh@stetsonengineers.com 
 

 
TO: City of Monrovia DATE: 1/15/2019 

FROM: Stetson Engineers Inc. JOB NO: 2630-14 

RE:     Water Capacity Study for Proposed Station Square Transit Village Projects 

 
 
INTRODUCTION 

The City of Monrovia (City) is reviewing the available capacity of the City’s water system 

to provide adequate water service to the proposed new developments in the Station Square Transit 

Village. The currently proposed new developments (proposed Projects) include the following: 

 296 units in the Station Square South project; 

 436 units in the Alexan project; 

 284 units in the Arroyo project; 

 310 units in the Fifield project; and 

 109 units in the City Lot project 

The proposed Projects are located in the “Mountain Pressure Zone” (Mountain Zone) of the City’s 

water system near the intersection of Magnolia Avenue and Pomona Avenue, south of the 210 

Freeway. The locations of the proposed Projects are provided in Figure 1. As part of the City’s 

review process, the City has requested that Stetson Engineers Inc. (Stetson) prepare a water 

capacity study to evaluate the potential impacts of the proposed Projects on the water delivery 

capability of the City’s water system.  

Stetson previously developed a hydraulic model of the City’s water system in 2014 using 

H2OMAP software (from Innovyze).  Stetson has updated the model to include pipelines in the 

Mountain Zone that are included in the Capital Improvement Plan (CIP) from the City’s 2015 Water 

Master Plan, which the City is currently implementing. For this study, additional updates to the water 
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system infrastructure and water demands in the hydraulic model, discussed below, were 

incorporated. The model has not been fully calibrated due to a lack of available fire flow test data. 

 

 

Figure 1  Locations of Proposed Projects 
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The model was used to evaluate whether there would be any hydraulic impacts associated 

with the proposed Projects and to identify solutions to resolve these impacts or deficiencies 

(including fire flow, pressure, head loss, and velocity deficiencies). The review examined available 

fire flow during an emergency at Maximum Day Demand (MDD), as well as pressure and flow at 

Peak Hour Demand (PHD). The study included the following steps: 

(1) Update the existing hydraulic model to incorporate CIP projects identified in the City’s 

2015 Master Plan for the Mountain Zone 

(2) Update the existing hydraulic model to incorporate anticipated water demands 

associated with the 256-unit MODA project. 

(3) Perform hydraulic modeling to identify deficiencies within the City’s existing water 

system in the Mountain Zone 

(4) Update the hydraulic model to incorporate water system pipeline improvements to meet 

existing hydraulic deficiencies in the Mountain Zone 

(5) Incorporate anticipated water demands associated with proposed Projects and perform 

hydraulic modeling to identify hydraulic impacts associated with the proposed Projects; 

and 

(6) Propose improvement solutions to resolve water deficiencies caused by the proposed 

Projects. 
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1.0 EVALUATION CRITERIA 

Design guidelines for transmission and distribution pipelines vary from state to state and 

from utility to utility.  The American Water Works Association (AWWA) provides some 

guidelines and many states regulate certain performance criteria.  In addition, the 2016 California 

Fire Code sets standards for fire flow requirements for different types of structures. The standards 

listed in Table 1 were used to evaluate the City’s water system capacity. While certain water 

deficiencies may already exist in the City’s water distribution system, this capacity study focused 

on the additional or incremental water system deficiencies (stand alone impacts) caused by the 

proposed Projects.  

Table 1 Design Standards for Distribution Pipelines 

Parameter 
 
Demand Criteria 

Minimum Pressure (1) PHD 35 psi 

Maximum Pressure (1) 120 psi 

Pipe Velocity (2)  Not greater than 7 feet per second 

Maximum Head Loss (2)  10 feet per 1,000 ft 

 
Fire Flow in Multiple Pressure Zones (3)  

 
MDD

  

 
    Mountain System (~330,000 sf) 

  
2,000 gpm for 4 hrs 

    Cloverleaf System (~135,300 sf)  1,938 gpm for 4 hrs 

    Ridgeside System (~25,300 sf)  1,500 gpm for 4 hrs 

    Norumbega System (~5,700 sf)  2,000 gpm for 2 hrs 

    Upper Cloverleaf System (~4,500 sf)  2,500 gpm for 2 hrs 

    Emerson System (~6,200 sf)  2,000 gpm for 2 hrs 

    Canyon System (~4,500 sf)  1,500 gpm for 2 hrs 

 
Notes: 
gpm = gallons per minute 
psi = pounds per square inch 
MDD = Maximum Day Demand, which is usually derived by multiplying a factor to the Average Day Demand. 
PHD = Peak Hour Demand, which is usually derived by multiplying a factor to the Average Day Demand. 
 
(1) City standard. 
(2) AWWA standard. 
 (3) The 2016 California Fire Code standards, which depends on building types/sizes. 
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2.0 HYDRAULIC ANALYSIS 

2.1   Model Overview and System Updates (“Baseline” Condition) 

The existing hydraulic model covers all the City’s water facilities that are needed for the 

hydraulic modeling of the system, including 5 active wells, 12 reservoirs, 18 booster pumps, and 

about 114 miles of pipes, distributed in 7 pressure zones.  

The estimated Average Day Demand (ADD) in 2016, approximately 6,400 acre-feet per 

year (AFY) or 3,975 gpm, was considered as the existing water demand.  The values for PHD and 

MDD were derived by multiplying factors of 2.4, and 1.6 to Average Day Demand (ADD), 

respectively. Water demands and the distribution of water demands as a percentage of total demand 

for pressure zones in the City’s water system for existing demands (2016) are summarized in Table 

2.  

Table 2 Water Demands under Existing Conditions  
      

Pressure 
Zone ID 

Pressure Zone 
Name 

ADD (gpm) MDD (gpm) PHD (gpm) Percentage 

Z1 Mountain 399 639 958 10%

Z2 Cloverleaf 2,390 3,823 5,735 60%

Z3 Ridgeside 833 1,333 2,000 21%

Z4 Norumbega 139 222 333 3.5%

Z5 Upper Cloverleaf 119 191 286 3.0%

Z6 Emerson 91 146 219 2.3%

Z7 Canyon 4 7 10 0.1% 

  Total 3,975 6,361 9,541 100% 

 
Note: MDD = 1.6*ADD; PHD = 2.4*ADD. 
 

 

 The existing water system infrastructure in the hydraulic model was updated to create a 

“Baseline” condition. As indicated above, the existing model was updated to include pipelines in 

the Mountain Zone that are included in the CIP from the City’s 2015 Water Master Plan.  The existing 

model was also updated to incorporate the water demands associated with the 256-unit MODA 

project. Hydraulic modeling was then performed to identify deficiencies within the City’s water 
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system in the Mountain Zone. Potential pipeline upgrades were identified to address deficiencies 

associated with size, pressure, fire flow, and head loss.  The Baseline model includes these new 

and/or anticipated City pipeline upgrades to address existing water system hydraulic deficiencies. 

 

2.2   Proposed Projects Modeling Conditions (Projects Condition) 

The proposed Projects are located near the intersection of Magnolia Avenue and Pomona 

Avenue (see Figure 1). The elevations of the proposed Projects range from about 430 to 455 feet 

AMSL. The estimated water demands for the proposed Projects were added to the model under a 

“Projects” condition. The peak demands for the proposed Projects were estimated based on the 

proposed number of units and water use rates from the separate “Water & Sewer Capacity 

Feasibility” analysis previously prepared by Tryco Consulting Inc. for the City. There is currently 

a total of 1,435 units proposed with a total water demand of about 3,174 gallons per minute (gpm) 

at PHD. The total MDD was estimated by the PHD by a factor of 1.5, which is about 2,116 gpm, 

as shown in Table 3. 

  

Table 3 Estimated PHD and MDD for Proposed Projects  

Project Name 
Number of 

Units 
PHD (gpm) MDD (gpm) 

        

Station Square South 296 651 434 
Alexan 436 906 604 
Arroyo 284 629 420 
Fifield 310 677 451 

City Lot 109 311 207 
        

Total 1,435 3,174 2,116 
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2.3   Modeling Results – System Impacts 

Stetson performed four model scenario runs (Scenarios) to evaluate the impacts from the 

proposed Projects to the Baseline distribution system. The criteria from Table 1 were used to 

examine water deficiencies in all Scenario runs. The four modeling Scenarios were:  

(A) Baseline system without the proposed Projects at Baseline MDD plus fire flow; 

(B) Baseline system with the proposed Projects at projected MDD plus fire flow; 

(C) Baseline system without the proposed Projects at Baseline PHD; 

(D) Baseline system with the proposed Projects at projected PHD. 

Under modeling Scenario (A), the Baseline system without the proposed Projects at MDD 

plus fire flow was evaluated. As shown in Table 3, the proposed Projects are estimated to add a 

total water demand of 2,116 gpm under Scenario (B) during MDD. The system hydraulics 

identified in Scenarios (A) and (B) were compared with each other to determine the impacts of the 

proposed Projects on fire flow capability during MDD. The modeling results indicate that most of 

the reductions of available fire flow due to the proposed Projects occur in the City’s Mountain 

Zone. A total of 224 hydrant nodes were estimated to deliver less fire flow during fire events as a 

result of the proposed Projects.  A total of 46 hydrant nodes (out of the 224 hydrant nodes) were 

associated with fire flow deficiencies (up to about 130 gpm) that did not meet the fire flow design 

criteria (see Figure 2) from Table 1.  Most fire flow reductions occur in the southeastern Mountain 

Zone and a few areas in the southwestern Mountain Zone.   

Scenarios (C) and (D) were simulated and compared with each other to evaluate the impacts 

of the proposed Project to system pressure at PHD.  The proposed Projects add an extra water 

demand of 3,174 gpm in Scenario (D) during PHD. Based on the modeling results, the proposed 

Projects led to pressure reductions below the 35 psi design criteria (see Table 1) at 19 nodes (see 

Figure 3). The pressure reductions at these nodes ranged from about 0.1 psi to 4 psi and mostly 

occurred in the northeast portion of the Mountain Zone. 

Pipe head loss throughout the water system was simulated and compared in Scenarios (C) 

and (D) under PHD. Based on the modeling results, the proposed Projects led to an increased amount 

of head loss above the 10 feet per 1,000 ft design criteria (see Table 1) in approximately 980 ft of 
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pipeline (see Figure 4). The maximum increase in head loss in these pipelines is about 7 feet per 1,000 

ft.  

Based on the modeling results, the maximum increase in velocity by the proposed Project 

is about 3.6 feet per second (fps) at PHD. However, the flow velocities in these affected pipes are 

less than 7 fps design criteria (see Table 1). As a result, no solutions were proposed to mitigate the 

impacts on pipe velocity due to the proposed Projects.  

The potential improvement solutions to resolve the identified deficiencies are discussed in 

Section 2.4 below. 

 

2.4   Potential Improvement Solutions 

The hydraulic model was used to identify potential solutions to address the impacts or 

deficiencies (identified in Section 2.3 above) as a result of the proposed Projects. Examination of 

the existing pipeline network suggested that additional booster pump capacity at the City’s Forebay 

Pump Station would mitigate a majority of the impacts of the proposed Projects. The Forebay Pump 

Station is located in the southern portion of the Mountain Zone and supplies water from the City’s 

Forebay Reservoirs 1 and 2 to the pipeline network within the Mountain Zone. The addition of a new 

booster pump (design head and flow of 260 ft and 3,200 gpm, respectively), in parallel with three 

existing booster pumps (Forebay 1-4, 1-5, and 1-7) which are directly connected to the City’s Forebay 

Reservoirs 1 and 2, was evaluated.  

In addition to a new booster pump, further modeling analysis of the deficiencies determined 

that specific pipelines should be upgraded in order to mitigate the remaining impacts of the 

proposed Projects.  The analysis indicated a total length of about 980 feet of pipeline replacements 

or upgrades along Magnolia Avenue (in the vicinity of the Station Square Transit Village) are also 

needed to address deficiencies. Appendix A provides the sizes and locations of the proposed 

pipeline upgrades.  

It should be noted the hydraulic model also identified the need to upgrade the pipeline on 

Peck Road, north of Duarte Road, to the end of the cul-de-sac, in order to resolve fire flow 
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deficiencies during MDD.  However, it is our understanding the City will abandon this pipe 

segment (from the intersection of Peck Road and Duarte Road to the end of the cul-de-sac) and 

the developer for the Station Square South project will be responsible for the pipeline 

improvements to that segment. 

 

The hydraulic model was then used to run the following additional Scenarios (E) and (F) 

to evaluate the recommended solutions in resolving the deficiencies resulting from the proposed 

Projects: 

(E) Baseline system with Project and proposed solutions at projected MDD plus fire flow; 

(F) Baseline system with Project and proposed solutions at projected PHD. 

A comparison at MDD plus fire flow between Scenario (E), with the proposed solutions, 

and Scenario (A), under Baseline conditions, indicates there are no deficient fire flow reductions 

as a result of the proposed Projects with the proposed solutions incorporated.  

A similar comparison at PHD between Scenario (F), with the proposed solutions, and 

Scenario (C), under Baseline conditions, indicates all pressure and head loss deficiencies would 

be eliminated by the proposed solutions incorporated.  
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3.0 FINDINGS AND RECOMMENDATIONS 

The proposed Projects include the Station Square South, the Alexan, the Arroyo, the 

Fifield, and the City Lot projects. This capacity study reviewed the additional or incremental 

deficiencies (stand alone impacts) to the City’s water system caused by the water demands from 

the proposed Projects.  

The hydraulic modeling results indicate that the proposed Projects would result in 

significant fire flow, head loss, and pressure deficiencies to the City’s water system in the 

Mountain Zone. In order to resolve these deficiencies, it is recommended additional booster pump 

capacity be added to the City’s Forebay Pump Station (design head and flow of 260 ft and 3,200 

gpm, respectively). In addition, a total length of 980 feet of pipeline replacements or upgrades along 

Magnolia Avenue (near the Station Square Transit Village) is recommended to mitigate the impact 

of the proposed Projects. These solutions should be able to resolve the deficiencies caused by the 

proposed Projects.  
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Technical Memorandum 
Transit Village Water Improvements 

 Fair share fee-in-lieu-of improvements 

FROM: City of Monrovia 
Public Services Department 
Public Works Division 
Brad Merrell, P.E., City Engineer 

SUBJECT: Fee-in-lieu-of water improvements for multiple projects in the Transit Village 
Area 

DATE:  January 14, 2019 

INTRODUCTION 

The City of Monrovia (City) has received several applications for the development of various 
apartment complex projects. The purpose of this memo is to state the required development 
impact fee (DIF), per unit (apartment unit), to be assessed to each project to cover additional 
water infrastructure which would be required to support the additional water demands on the City 
water system due to the construction of these projects. 

FEASIBILITY STUDIES 

The City has had several feasibility studies prepared by Stetson Engineers Inc. to evaluate the 
effect to the City’s water system from these projects. These studies established the needed water 
system improvements in order to maintain adequate water supply and pressure to the City’s water 
users and to these added projects, based on the added demand by these projects. 
In short, the recommended improvements are: 

• One booster pump No 6 installed at the City well field.
• Upgrade of 980 feet (on Magnolia from Duarte to Evergreen) of water pipe line from

existing 8 inch to 12 inch.

ESTIMATED COST OF IMPROVMENTS FOR MITGATION 

The City has estimated (attached) the total cost of these improvements at $1,293,981 to be 
divided by the total units in the following projects: 

• 296 units in the Station Square Project (Richmond)
• 436 units in the Alexan Foothill Project (Trammel Crow)
• 284 units in the Station Square North (Arroyo)
• 310 units in the Fifield
• 100 units in the City Park N Ride Lot

Draft



For a total of 1,426 units. This would equate to $1,293,981/1,426 units = $907.42 per unit. 

Therefore the “Fair-Share” contribution to the City from each of the above projects shall be 
$907.42 per unit within that respective project. 

Estimated Cost Per Project 

• Station Square 296 x $907.42 = $268,596 
• Alexan 436 x $907.42 = $395,635 
• Station Square North 284 x $907.42 = $257,707 
• Fifield 310 x $907.42 = $281,300 
• City Lot 100 x $907.42 =   $90,743 

  $1,293,981 Draft



City of Monrovia 14-Jan-19
Public Services Department
Public Works Division
Brad Merrell, City Engineer
Transit Village Water Improvements

Engineer's Estimate

Description Quantity Units Rate Total Subtotals

Booster Pump Installation
1 Modification to existing booster pedestal 1 LS 25,000.00$       25,000$  
2 Supply and Install new booster pump 1 LS 85,000.00$       85,000$  
3 Supply and Install new pump controller 1 LS 30,000.00$       30,000$  
4 Supply and Install Electrical Switch Gear 1 LS 36,000.00$       36,000$  
5 Modifications to new electrical service 1 LS 45,000.00$       45,000$  
6 Saw cut for trenching 760 LF 3.50$  2,660$  
7 Trench reconstruction 380 LF 45.00$              17,100$  
8 Conduits and ducts 380 LF 50.00$              19,000$  
9 Supply underground wire and installation 380 LF 60.00$              22,800$  
10 Design 1 LS 55,000.00$       55,000$  
11 Bid and contact administration 1 LS 45,000.00$       45,000$  382,560$           

New 12 inch Water Line on Magnolia
12 Class 350 DI 12 water line 980 LF 220.00$            215,600$             
13 Saw cut trench 2,060 LF 3.50$  7,210$  
14 Trench Reconstruction 980 LF 36.00$              35,280$  
15 Metro Bore/Rail Crossing 1 LS 85,000.00$       85,000$  
16 Moratorium Street Repair 26,000 SQ 4.00$  104,000$             
17 Remove and Dispose of AC Paving 5,880 SF 2.50$  14,700$  
18 Remove Sewer Manhole Ring, Lid, & Concrete 5 EA 750.00$            3,750$  
19 Install/Savage Fire Hydrants 7 EA 12,500.00$       87,500$  
20 Striping 1 LS 2,500.00$         2,500$  
21 Staging / Traffic Control / Traffic Control Plans 1 LS 5,000.00$         5,000$  
22 Public Notification 1 LS 2,000.00$         2,000$  
23 Mobilization 1 LS 65,000.00$       65,000$  
24 Ped. and Vehicle Access 1 LS 1,500.00$         1,500$  
25 SWPPP Implementation 1 LS 8,500.00$         8,500$  
26 Design, Surveying, Construction Admin 1 LS 125,000.00$     125,000.00$        
27 Geotechnical investigation 1 LS 15,000.00$       15,000.00$          
28 Metro approval for boring 1 LS 15,000.00$       15,000.00$          792,540$           

29 Total of subtotal 1,175,100$        
30 Contingency 15% 118,881$           
31 Total Engineer's Estimate 1,293,981$        

Cost per estimated develped units 1426 907.42$             

Draft





APPENDIX K4  
WASTEWATER CAPACITY STUDY 

 





 
 

 
 

17782 - 17th Street   Suite 200   Tustin   California 92780   Telephone: 714.665.4500   Facsimile: 714.665.4501 
 

 

DATE: May 29, 2018 

TO: Brad Merrell, PE 
City Engineer 
Department of Public Works 
City of Monrovia 

FROM: David Stuetzel 

SUBJECT: Sewer Capcity Analysis – Multi Development Areas 

PROJECT: Task order 05 – On Call Contract 
MONR000-0002 

CC: Alex Tachiki, City of Monrovia 
Rob Bathke, DEA 

 

 

As requested by the City of Monrovia, David Evans and Associates was requested to evaluate the feasibility and 
potential impact of connecting multiple new development properties located around the Monrovia Metro Station 
in the area located south of the Foothill Freeway (Rte 210), West of Myrtle Avenue, North of Duarte Road and 
east of Mayflower Avenue.  The new developments include the following properties: 

 

Development Name Development Type Parcel Size (SF)* Unit Count 

Trammell Crow Residential Residential 318,800 472 

Station Square North Apartments 143,900 280 

Mixed Use Project Apartments 80,000 250 

MODA at Monrovia Station Apartments 125,600 261 

Thomas Saffron Associates Apartments 46,700 103 

Richman Development Apartments 144,200 294 

Potential Residential Residential  85,300 150 

* Parcel Sizes were determined from google maps and may not represent actual parcel size. 

The existing land parcels being considered for new development are shown in the City’s Land use Map as 
Manufacturing and Planned Use developments.  The manufacturing land use has a sewer flow demand value of 
200 gpd/1000 SF, and the Planned development parcels were shown with a sewer demand value of 1600 
gpd/acre as listed in the City’s current Sewer Master Plan report.   

In calculating the proposed development sewer flow tributary to the City’s existing sewer pipeline system, the 
sewer flow value for the existing parcels was removed form the sewer study.  The proposed developments 
tributary sewer flows were determined using the Los Angeles County Sanitation District estimated daily average 
sewage flows for various occupancies, with a minimum flow demand of 250 gpd/unit.  
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The configuration of the City’s existing sewer for the proposed developments will connect to existing sewer 
pipelines in local/side streets with connections to the City’s main collection system within Magnolia Avenue and 
Myrtle Avenue.  Flows collected in these streets will continue southerly to Duarte Road.  Sewer flows flor the 
developments included in this study will combine at the intersection of Peck Road and Duarte Road and 
continue southerly along Peck Road to the Southerly City limits at Live Oak Avenue.  

 

Table 1 Estimated Wastewater Flows 

Development  POC Location Land Use  Wastewater 
Flow Factor 

(gpd/unit) 

Unit Count Average 
Flow (gpd) 

Peaking 
Factor** 

Peak Flow 
(mgd)  

Trammell 

Crow 

Residential 

Magnolia Ave 

SMH 162-021 

Residential 260 472 122,720 1.61 0.200 

Station 

Square North 

Pomona Ave 

SMH 162-029 

Apartments 250 280 70,000 1.61 0.113 

Mixed Use 

Project 

Pomona Ave 

SMH 163-027 

Apartments 250 250 62,500 1.61 0.101 

MODA at 

Monrovia 

Station 

Pomona Ave 

SMH 162-029 

Apartments 250 261 65,250 1.61 0.105 

Thomas 

Saffron 

Associates 

Myrtle Ave 

SMH 163-007 

Apartments 250 103 25,750 1.61 0.042 

Richman 

Development 

Magnolia 

SMH 162-022 

Peck Road 

SMH 163-033 

Apartments 250 294 73,500 1.61 0.118 

Potential 

Residential 

Duarte Rd 

173-029 

Residential  260 150 39,000 1.61 0.063 

‘** Peaking Factor based on the flow measurements conducted as part of the 2015 Sewer Master Plan 
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Table 2 Existing Wastewater Parcel Flows 

Development  POC 
Location 

Land Use  Wastewater 
Flow Factor 

Area 
(SF)* 

Average 
Flow (gpd) 

Peaking 
Factor** 

Peak Flow 
(mgd)  

Trammell 

Crow 

Residential 

Magnolia 

Ave 

SMH 162-

021 

Manufacturing 200 gpd/KSF 318,800 63,760 1.61 0.103 

Station 

Square North 

Pomona 

Ave 

SMH 162-

029 

Planned Use 1600 gpd/AC 143,900 5,285 1.61 0.009 

Mixed Use 

Project 

Pomona 

Ave 

SMH 163-

027 

Planned Use  1600 gpd/AC 80,000 2,940 1.61 0.005 

MODA at 

Monrovia 

Station 

Pomona 

Ave 

SMH 162-

029 

Planned Use 1600 gpd/AC 125,600 4,610 1.61 0.007 

Thomas 

Saffron 

Associates 

Myrtle Ave 

SMH 163-

007 

Planned Use 1600 gpd/AC 46,700 1,715 1.61 0.003 

Richman 

Development 

Magnolia 

SMH 162-

022 

Peck Road 

SMH 163-

033 

Planned Use  1600 gpd/AC 144,200 5,300 1.61 0.009 

Potential 

Residential 

Duarte Rd 

173-029 

Planned Use  1600 gpd/AC 85,300 3,135 1.61 0.005 
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‘* Parcel Sizes were determined from google maps and may not represent actual parcel size 

** Peaking Factor based on the flow measurements conducted as part of the 2015 Sewer Master Plan 

The previously developed sewer master plan hydraulic model was used to evaluate the hydraulic capacity of the 
downstream City sewers.  The variations of flow were captured in the hydraulic model using diurnal curve 
method with a peaking factor of 1.61.  The peak flows in Table 1 and the previously developed diurnal curve 
were input at the point of connections along the public street connections to the City sewer pipelines and the 
model was run for both existing and proposed flow conditions.  Appendix D shows the SMP model results.  The 
following summarizes the major findings of the analysis: 

  

 The City sewers receiving sewer flow from the proposed Developments range in size from 10-
inch to 24-inch in diameter.  According to LACSD, for sewer mainlines less than 15-inch in 
diameter, the capacity is considered full when the ratio of depth of flow (d) over the pipe 
diameter (D) is equal to 0.5.  Expressed as d/D=0.5.  For 15-inch and larger sewers, the full 
capacity is set at a d/D of 0.75 by LACSD. 

 Under the existing flow conditions, the existing d/D ratio for pipe segment 173-029 to 172-010 
along Duarte west of Myrtle Avenue was found to have the d/D ratio at 0.61, which exceeds 
the recommended LACSD flow ratio of 0.50 for sewer pipeline flow.  All other pipeline d/D 
ratios downstream of the proposed developments were found to be below the criteria. 

 Under the proposed flow conditions, the existing d/D ratio for pipe segment 162-022 to 172-
007 in Magnolia Ave was found to have a d/D ratio at 0.68, pipe segment 173-028 to 173-029 
on Duarte Road was found to have a d/D ratio at 0.52, and pipe segment 173-029 to 172-010 
on Duarte Road was found to have a d/D ratio at 0.66 which exceeds the recommended LACSD 
flow ratio of 0.50 for sewer pipeline flow.  All other pipeline d/D ratios downstream of the 
proposed developments were found to be below the criteria. 

Attachments: 

Appendix A – Proposed Project Location Exhibit 

Appendix B – Impacted City Sewer Locations 

Appendix C – LACSD Flow Factors 

Appendix D – Capacity Analysis Results 
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Appendix A 
Proposed Project Locations and 

Points of Connection 

 
  



Trammell Crow Residential

Areum Apartments

Station Square North

Richman Development
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Appendix B 
Impacted City Sewer Locations 
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Appendix C 
LACSD Unit Factors by 

Occupancies and Land Use 
  









 

 

 

Appendix D 
Capacity Analysis Results 

 



Pipe ID U/S MH ID D/S MH ID Size (inch) Length (ft)
Slope 

(ft/ft)

Existing 

Peak Flow  

in Model 

(mgd)

Existing 

Maximum 

d/D

Proposed 

Peak Flow 

in Model 

(mgd)

Proposed 

Maximum 

d/D

d/D 

Criteria
Remark

152-029_162-018 152-029 162-018 6 338 0.019 0.170 0.43 0.170 0.43 0.5 PASS

162-018_162-019 162-018 162-019 6 20 0.0835 0.188 0.31 0.188 0.31 0.5 PASS

162-019_162-020 162-019 162-020 10 319 0.0227 0.188 0.22 0.188 0.22 0.5 PASS

162-020_162-021 162-020 162-021 10 247 0.0196 0.199 0.23 0.199 0.23 0.5 PASS

162-021_162-022 162-021 162-022 10 349 0.0314 0.257 0.23 0.657 0.38 0.5 PASS

162-022_172-007 162-022 172-007 10 387 0.0062 0.329 0.40 0.770 0.68 0.5 FAIL

172-007_172-008 172-007 172-008 24 10 0.007 3.989 0.42 4.393 0.45 0.75 PASS

160 172-008 172-009 18 308 0.0019 1.710 0.60 1.868 0.63 0.75 PASS

172-009_172-010 172-009 172-010 24 51 0.0069 4.017 0.43 4.491 0.46 0.75 PASS

172-010_172-011 172-010 172-011 24 11 0.0091 4.294 0.41 4.810 0.44 0.75 PASS

172-011_172-012 172-011 172-012 24 35 0.0043 6.286 0.65 6.854 0.69 0.75 PASS

172-012_172-013 172-012 172-013 24 605 0.0045 6.295 0.64 6.863 0.68 0.75 PASS

172-013_182-008 172-013 182-008 24 639 0.0168 6.324 0.43 6.892 0.45 0.75 PASS

182-008_182-009 182-008 182-009 24 632 0.0068 6.328 0.56 6.896 0.59 0.75 PASS

182-009_182-010 182-009 182-010 24 651 0.0115 6.331 0.48 6.899 0.50 0.75 PASS

182-010_192-002 182-010 192-002 24 398 0.0166 6.335 0.43 6.904 0.45 0.75 PASS

192-002_192-003 192-002 192-003 24 453 0.0074 6.446 0.55 7.015 0.58 0.75 PASS

192-003_192-004 192-003 192-004 24 449 0.0072 6.446 0.56 7.015 0.59 0.75 PASS

192-004_202-002 192-004 202-002 24 656 0.0087 6.446 0.53 7.015 0.55 0.75 PASS

202-002_202-003 202-002 202-003 24 652 0.0074 6.446 0.55 7.015 0.58 0.75 PASS

202-003_202-004 202-003 202-004 24 165 0.0076 6.446 0.55 7.015 0.58 0.75 PASS

202-004_202-005 202-004 202-005 24 53 0.0079 6.447 0.54 7.016 0.57 0.75 PASS

202-005_222-005 202-005 222-005 24 2,235 0.0071 6.448 0.56 7.018 0.59 0.75 PASS

222-005_222-004 222-005 222-004 24 88 0.0091 6.448 0.52 7.018 0.55 0.75 PASS

172-008_172-009 172-008 172-009 24 308 0.0019 2.282 0.45 2.529 0.48 0.75 PASS

163-027_163-028 163-027 163-028 8 240 0.0047 0.009 0.10 0.009 0.10 0.5 PASS

163-028_163-029 163-028 163-029 8 203 0.0047 0.023 0.15 0.023 0.15 0.5 PASS

163-029_163-030 163-029 163-030 8 28 0.2229 0.029 0.07 0.130 0.14 0.5 PASS

163-030_162-029 163-030 162-029 8 330 0.0038 0.035 0.20 0.136 0.39 0.5 PASS

162-029_162-021 162-029 162-021 8 359 0.0123 0.049 0.17 0.262 0.41 0.5 PASS

163-031_163-029 163-031 163-029 8 223 0.0107 0.003 0.05 0.003 0.05 0.5 PASS

163-032_162-027 163-032 162-027 8 320 0.0101 0.003 0.04 0.003 0.04 0.5 PASS

162-027_162-028 162-027 162-028 8 317 0.0072 0.007 0.08 0.007 0.08 0.5 PASS

162-028_162-020 162-028 162-020 6 9 0.2855 0.009 0.05 0.009 0.05 0.5 PASS

163-007_163-008 163-007 163-008 8 420 0.0227 0.250 0.34 0.290 0.36 0.5 PASS

163-008_173-028 163-008 173-028 8 327 0.0175 0.275 0.38 0.315 0.41 0.5 PASS

173-028_173-029 173-028 173-029 8 454 0.008 0.281 0.48 0.321 0.52 0.5 FAIL

173-029_172-010 173-029 172-010 8 450 0.0039 0.288 0.61 0.329 0.66 0.5 FAIL

173-006_173-007 173-006 173-007 18 261 0.0056 1.981 0.47 1.981 0.47 0.75 PASS

173-007_173-008 173-007 173-008 18 320 0.0051 1.987 0.48 2.042 0.49 0.75 PASS

173-008_172-011 173-008 172-011 18 330 0.0055 1.993 0.47 2.047 0.48 0.75 PASS

163-033_163-034 163-033 163-034 8 117 0.0272 0.016 0.08 0.093 0.19 0.5 PASS

163-034_172-009 163-034 172-009 8 247 0.0304 0.025 0.10 0.102 0.20 0.5 PASS
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