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I. INTRODUCTION 

This Water and Wastewater Management Plan (Plan) describes how water and wastewater associated 

with compost operations will be managed at the Upper Valley Recycling Center, Solid Waste Facility 

Permit (SWFP) 28-AA-0026 (Facility) in Saint Helena, California, in accordance with General Order 

WQ 2015-0121-DWQ, General Waste Discharge Requirements for Composting Operations (General 

Order).  Specifics include descriptions of: 

 Site grading 

 Precipitation controls and containment structures for controlling run-on and runoff from the 

working surfaces  

 Site detention basins and a water balance demonstrating compliance with the Design, 

Construction and Operation Requirements section of the General Order 

 Maintenance and operation of the precipitation controls and containment structures 

 Collection and use of water and wastewater in the compost process 

 Best management practices to reduce and control wastewater 

 A contingency plan for water and wastewater control failure or inadequacy 

The Facility discharges clean stormwater in accordance with the existing site Stormwater Pollution 

Prevention Plan (SWPPP) WDID number 2 28I000730, in accordance with California's General Permit 

for Stormwater Discharges Associated with Industrial Activities, Order No. 2014-0057-DWQ 

(Stormwater General Permit).  Pollution controls presented in the SWPPP are referenced throughout 

this Plan.  See the SWPPP for detailed guidance on preventing contaminant discharges. 

This Plan was updated in January 2017 to include considerations for a proposed 15,000 square foot 

blending barn, Compressed Natural Gas (CNG) refueling station, and truck stalls that were not 

included in the original July 2016 release.  This Plan was further updated in April 2017 to reroute Area 

5 to the Wastewater Pond (discussed below) and address comments by Napa County. 

Site Description 

A vicinity map of the Facility is presented in Figure 1.  The Facility is located at 1285 Whitehall Lane, 

Saint Helena, California, designated as assessor parcel number 27-450-27 and operates under Solid 

Waste Facility Permit 28-AA-0026.  The Facility comprises approximately 44.2 acres and includes 

industrial activities consisting of recycling and composting operations, experimental vineyards, 

equipment storage, and an 8.3 million gallon Wastewater Pond. Composting operations and the 

associated Wastewater Pond total approximately 13.8 acres.  A solid waste recycling facility is located 

adjacent to the composting operations with a footprint of approximately 8.5 acres.  Access to the 

composting operations is off the Saint Helena Highway, located approximately 2,000 feet southwest, 

through an access road passing between vineyards and a winery, across a bridge over an unnamed 

surface tributary to Bale Slough. 

The Facility is generally flat with the surrounding area sloping from west to east.  The natural elevation 

of the site is approximately 180 to 160 feet.  Surface tributaries to Bale Slough run south-eastwardly 

on the northeastern and southwestern boundaries of the Facility.  Bale Slough runs eastwardly and 

discharges into the Napa River approximately 1.5 miles to the east of the Facility.  
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The recycling operation is located to the west of composting operations and includes indoor and 

outdoor material sorting and recovery, and outdoor equipment storage.  To the west, north, northeast, 

and southeast are vineyards, with a winery located to the east.  Additional wineries and vineyards are 

located in the immediate area.  Directly to the southwest of the Facility is the Cottage Garden Nursery.   

Operations Background 

Composting operations have been ongoing since 1974 and, after environmental review, received a 

solid waste facility permit in 1995.  Conference and office facilities, vehicle maintenance and storage, 

and equipment storage supporting vineyard, recycling, and composting operations are located 

throughout the site. 

Composting operations occur seasonally with a currently permitted capacity of 34,000 tons per year.  

Incoming feedstock is generally delivered and processed from mid-August to mid-October.  The 

Facility now conducts composting operations in one main working area, has an adjacent amendment 

and finished product area, and has a third area for soil, amendment, and equipment storage. 

Incoming green waste is ground and added to compost feedstock and amendments.  Aerated static pile 

composting is used at the facility, under tarps, with forced air piped under the piles.  Once composting 

is complete for a pile, the tarp is removed and the material is further screened to achieve a final product.  

Larger, rejected material is sent for disposal at a municipal solid waste landfill.   

Compost and amendment piles are covered with plastic low-permeability tarps prior to rain events to 

prevent contamination of stormwater runoff.  As a general rule, tarps are typically installed by 

December 1 and removed in early April to prevent the need to repeatedly cover and uncover piles.  For 

the purposes of this Plan, tarps are assumed installed from December 1 to April 1, and this time period 

is defined as “Winter”.  This “Winter” designation differs from the General Order “wet season” period 

of October 1 through April 30.  An exception to the tarp rule is future food waste composting which 

may not be covered prior to rain events. 

For the purposes of this Plan, composting, storage, drainage, and access areas have been assigned 

"Area" designations which do not appear on other site documents.  Area 3, the main compost working 

area, is separated by an interior access road (Area 2) from a southwestern storage area (Area 1), and 

southeastern storage and curing area (Area 5.) Area 3 is further segregated into compost piles which 

are covered during the winter (Area 3A) and the remaining uncovered portion of the compost area 

(Area 3B.)  The southwestern Area 1 is used primarily to store amendments and finished product, 

while Area 5 also stores soil, clean roll-off boxes, and additional items as required by site operations.  

Two additional areas are the Wastewater Pond (Area 4) and a water retention basin for clean 

stormwater runoff (Area 6.)  A proposed 15,000 square foot blending barn, CNG refueling station, and 

truck stalls (Area 7) are not yet constructed but are included in this Plan for consideration.  Areas 1 

through 7 are shown on Figure 2. 

Future food waste composting is proposed to occur in Area 7, in a portion of Area 3 which is currently 

used for green waste processing and composting.  When food waste composting is begun at the 

Facility, food waste will be initially received and processed in an organics building before being placed 

in the northern quarter of Area 3.  The organics receiving and processing building, currently in the 

design and permitting phase, consists of a 15,000 square-foot, concrete-floored, covered organics 

blending building.  Misters installed inside the building will supply moisture during blending.  The 
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incorporation of this new organics blending building will alter the types of feedstocks used without 

increasing total site tonnage.  Food waste will be added to other incoming materials, in accordance 

with new site permits, and composted under intermittent carbonaceous bio filter cover in the northern 

quarter of Area 3.  The carbonaceous bio filter cover will consist of finished compost or other similar 

alternatives. 

Table 1 summarizes the feedstock utilized at the Facility. 

Table 1: Feedstock 

Current Feedstock and Amendments 

Used in Composting 

Feedstock and Amendment Use After 

Incorporation of Organics Blending 

Grape Pomace  

(34,000 ton/year permit maximum) 

Grape Pomace  

(34,000 ton/year permit maximum) 

Bulking Agents: Green Material  

(8,500 ton/year permit maximum) 

Co-Collected Green Waste/ Residential 

Food Waste, and Source-Separated Green 

Waste (8,500 ton/year permit maximum) 

 Commercial Food Waste  

(8,000 ton/year permit maximum) 

Total: 34,000 ton/year permit maximum Total: 34,000 ton/year permit maximum 
 

Other amendments and products are potentially temporarily stockpiled on site for resale and use to 

fulfill special orders.  These amendments and products are stored in areas segregated from compost 

operations, typically Area 5, and are typically covered during the winter.  These other amendments 

and products may include: 

 Wood shavings 

 Gypsum 

 Limestone 

 Mulch 

 Other custom blended products 

Site Updates for the General Order 

The Facility is currently operating according to solid waste facility permit number 28-AA-0026 and 

has adopted General Order WQ 2015-0121-DWQ.  With the incorporation of this Plan into the 2016 

Technical Report, and acceptance of the Technical Report by the appropriate regulatory authorities, 

the Facility will operate under the new General Order WQ 2015-0121-DWQ.   

Three minor upgrades to Facility drainage are proposed to ensure Facility compliance with the new 

General Order.  An earthen berm, constructed of local clays meeting the hydraulic conductivity 

requirements stipulated in the General Order, will be constructed as a run-on barrier for Area 1.  The 

earthen catchment for compost runoff in Area 3 will be concrete-lined to aid water removal and act as 

an impermeable barrier to groundwater.  Drainage from Area 5 will be rerouted from the retention 

basin to the Wastewater Pond. Upgrades are discussed in detail in the following sections. 
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II. PRECIPITATION CONTROLS AND CONTAINMENT 

In accordance with the new General Order and SWPPP, the Facility grounds will continue to be graded 

and maintained as necessary to provide adequate drainage to runoff/wastewater conveyances.  Clean 

stormwater will continue to be discharged into the eastern retention basin, and ultimately to the Bale 

Slough tributary to the east of the site in accordance with the SWPPP.  Wastewater and selected clean 

rainwater will continue to be pumped to the 8.3 million gallon Wastewater Pond.  Wastewater and 

clean rainwater comingled in the Wastewater Pond will continue to be used for composting operations 

and dust control as required by the Facility. 

The Facility is partially located in a FEMA designated Zone A, with 1% annual chance of flooding 

and 26% change of flooding over a 30-year period.  As a result, flood protection berms and a 

supplemental drainage pipe for the eastern Bale Slough tributary were installed at the Facility.  These 

flood protection improvements are referenced in the following sections where applicable.  Additional 

requirements for flood protection are called for in the Conditional Use Permit number 92061-UP and 

include maintaining berms around composting operations that are a minimum 1-foot above the 100-

year flood level and set back a minimum 50-feet from the Bale Slough tributaries. 

Stormwater and wastewater conveyances at the Facility were constructed to handle the 25-year, 24-

hour design storm, which satisfies requirements of the General Order and Napa County standards.  

Further, Napa County requires the Wastewater Pond has the capacity to receive wastewater flows and 

stormwater runoff for the 100-year, 24-hour design storm from new and reconstructed impervious 

areas (Area 7) in addition to the existing contributing areas.  As part of this Plan, CB&I evaluated the 

existing conveyances and water storage and determined they are expected to meet the requirements of 

the new General Order and Napa County’s requirements.  Wastewater/runoff conveyances, site 

drainage, and the Wastewater Pond are presented in Figure 2 and discussed in the following sections.   

Working Surfaces 

The working surfaces for Areas 1, 3, and 5 are constructed of minimum 1-foot compacted local clayey 

soils to resist damage from equipment and pile weight as discussed in the Report of Composting Site 

Information, Emcon Associates, June 1994, which is presented in the Technical Report.  The exception 

to the soil working surface design is the northern quarter of Area 3 which is constructed of 1-foot of 

crushed concrete rubble.  The local clayey soils underlie the working surfaces in a compacted layer 

which is a minimum 1-foot in depth, but typically 3-feet in depth or greater, and form the low 

permeability layer required by the General Order.   

Hydraulic conductivity of the local soils was investigated by CB&I in a May 2016 site investigation. 

Test results from undisturbed samples taken 1 to 3-feet below the surface comprising the low 

permeability layer indicate a hydraulic conductivity range of between 1.52 x 10-7 and 4.0 x 10-9 cm/s, 

exceeding the 1.0 x 10-5 cm/s requirement in the General Order.  A map showing sample location, test 

results are included as part of the 2016 Technical Report, in accordance with the General Order. 

Existing grading for Areas 1, 3, and 5 is sufficient for providing adequate drainage to minimize 

ponding and infiltration of liquids, maximize transmission of runoff to containment structures for 

storage or discharge, protect material piles and working areas from degradation or inundation by 

surface flows, and meet the additional requirements for working surfaces listed in the General Order.  
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Working surfaces will be maintained at a minimum of 0.5% slope, with some areas as high as 3% 

slope, to ensure proper drainage is maintained. 

Runoff Control 

Runoff from working surfaces routed differently in the winter than the summer as shown in Appendix 

A - Drainage Paths and Figure 2.  During the summer, the southwestern storage area (Area 1) is graded 

to drain though sheet-flow to 2, 1-foot diameter PVC drainage pipes set in a depression and installed 

under the access road (Area 2).  These pipes then drain into Area 3.  The interior access road (Area2) 

largely drains via sheet-flow into Area 3.  Area 3 is graded to drain through sheet-flow, or in directed 

flows between piles, to an eastern earthen ditch along the retention basin berm which slopes to a 

stormwater/runoff catchment at the northeastern corner of Area 3.  This catchment is piped via gravity 

flow to the Compost Runoff Sump which utilizes one 7.5-horsepower pump and one 5-horsepower 

pump to discharge water to the Wastewater Pond (Area 4).  The catchment will be concrete-lined to 

facilitate water flow to the Compost Runoff Sump and provide an impermeable barrier to groundwater. 

The earthen ditch and catchment are constructed of compacted local clay soils, as verified in a 2016 

May site investigation by CB&I.  The hydraulic conductivity of an undisturbed soil sample obtained 

during the site investigation from the catchment displayed a hydraulic conductivity of 2.1 x 10-8 cm/s, 

exceeding the General Order requirement for conveyances of 1 x 10-5 cm/s.  Soils used to construct 

the earthen ditch were obtained from the same location as the soils used to construct the catchment 

and are expected to exhibit similar hydraulic conductivity properties.  A map showing sample locations 

and test results for the site investigation are included as part of the 2016 Technical Report, in 

accordance with the General Order. 

During the winter between December 1st and April 1st, storage piles in Area 1 and compost piles in 

Area 3A are covered with low-permeability tarps.  The low-permeability tarps installed on compost, 

finished product, and amendment piles prevent contamination of runoff and ensure proper moisture 

conditions in the piles is maintained.  Pile tarps are fitted to prevent run-on of contaminated water from 

the surrounding working surfaces.   

During the winter, runoff from Area 1 is piped under the interior access road to discharge onto pile 

tarps in Area 3A.  The combined runoff from Areas 1 and 3A is treated as clean stormwater runoff and 

is fed directly into the retention basin through PVC pipes attached to the pile tarps which pass through 

the basin sidewall. Water in the retention basin is then pumped via two 25-horsepower pumps into the 

Bale Slough tributary as clean stormwater from a centrally located sump.  In the case contaminated 

water enters the retention basin, the basin can instead be emptied into the compost runoff drainage 

system by opening short PVC pipes which extend through the basin side wall.  Runoff from Area 2 

and the remaining un-tarped portion of Area 3 drainage is pumped to the Wastewater Pond as during 

the summer.   

Materials in the southeastern curing and storage area (Area 5) are covered during the winter and prior 

to rain events.  Despite materials being covered, the entirety of Area 5 runoff is proposed to be re-

routed from the retention basin to the Wastewater Pond during site upgrades.  The western portion of 

Area 5 currently drains eastwardly internally, then toward an earthen ditch on the southeastern edge.  

The earthen ditch is constructed of the same 1-foot minimum compacted clay soils as the Area 5 

working pad, exhibiting a hydraulic conductivity range between 1 x 10-8 cm/s and 4.0 x 10-9 cm/s as 

identified during the May 2016 CB&I investigation.  Adjacent vineyards to the south are positioned 
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several feet in elevation above Area 5's surface and further restrict runoff or overtopping of the earthen 

ditch.  The earthen ditch flows toward the northeast where it discharges into a concrete-lined ditch, 

then drains through an 18-inch corrugated HDPE pipe under the access road.  This 18-inch pipe will 

be re-routed from flowing into the retention basin (Area 6) to the Wastewater Pond.  A pumping station 

will be installed near the access road to provide sufficient head to discharge the Area 5 flow to the 

earthen ditch on the edge of Area 3, then the sump and ultimately the Wastewater Pond. 

The proposed Area 7 will consist of a 15,000 square foot barn, CNG refueling station, and truck 

parking.  Roof downspouts will be installed on the barn, and grading and drainage channels will be 

constructed for the CNG station and truck parking, to drain completely into Area 3 and ultimately the 

Wastewater Pond.  Drop inlets located in the proposed truck parking portion of Area 7 will be capped 

to prevent runoff entering the existing site stormwater transmission system and bypassing the 

Wastewater Pond. 

Run-On Control 

Run-on to Areas 1, 2, 3, and 5 is controlled to the north by the recycling operation's dedicated 

stormwater system and site grading. The recycling operation's runoff drains locally to drop-inlets 

which feed into an underground stormwater transmission system and bypass composting operations.  

The transmission system drains to the supplemental drainage pipe for the Bale Slough tributary which 

runs underground along the eastern edge of the Facility. Alternatively, the transmission system pipe 

can be capped to direct flows to the earthen catchment and Compost Runoff Sump at the northeastern 

corner of Area 3. 

Run-on to the proposed Area 7 will be controlled by altering the parking area grading and/or installing 

grade breaks, as needed.  Run-on diverted by the altered grading and/or grade breaks will enter the 

Facility's stormwater transmission system. 

An earthen berm comprised of local clay soils will be constructed at the northern edge of Area 1 to 

provide additional protection from run-on.  The earthen soils used will be sampled prior to construction 

to verify they meet the hydraulic conductivity requirements for design listed in the General Order. 

Run-on from the east and west is controlled by 100-year flood protection berms and tributaries for 

Bale Slough.  Run-on from the east is further prevented by a supplemental drainage pipe for the eastern 

tributary, permitted in 1994, which increases the transmission capacity of the tributary.  Documents 

describing flood protection berms and the supplemental drainage pipe, titled Request for 401 Water 

Quality Certification Waiver for Installation of 36-inch Pipeline and Inlet and Outlet into the Waters 

of the U.S., is included in Appendix B - Water Quality Certification Waiver. 

Run-on from the south and southeast is controlled by the adjacent vineyard surface grading and 

elevation.  The vineyard is several feet higher than the working surface and slopes away from the 

Facility to a downstream portion of the Bale Slough tributaries.   

Minor run-on from the access road (Area 2) sheet flows onto Area 3 and becomes part of the managed 

runoff from Area 3. 

Groundwater at the facility maintained at a maximum elevation of approximately 5-feet below ground 

surface for the majority of the site and 2-feet below ground surface at the extreme low point of the 
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northeastern corner of Area 3.  Percolation to the surface is controlled via the retention basin, located 

between the Bale Slough tributary and Area 3, which has a permeable base to allow percolation of 

groundwater to the surface.  This groundwater is then pumped into the Bale Slough tributary via two 

25-horsepower pumps located at the basin center. 

Water Detention 

Runoff from the compost working pads, storage areas, and interior access road are directed to the 

Wastewater Pond and retention basin as discussed in earlier sections of this Plan. Runoff from the 

proposed Area 7 and re-routed Area 5 will also drain to the Wastewater Pond.  The original Wastewater 

Pond design and construction documentation are presented in Appendix C - True Engineering 

Wastewater Pond Documentation.  Aerator design for the Wastewater Pond is included in Appendix 

D - Summit Pond Aeration Design.  An as-built figure which assesses the current operational capacity 

of the Wastewater Pond is presented in Figure 3.  As-built information on the Wastewater Pond is 

based on 2015 field measurements by CB&I. 

The Wastewater Pond is constructed of compacted local clay soils as discussed Appendix C and in the 

Report of Composting Site Information, Emcon Associates, June 1994.  The bottom surface of the 

pond is lined with a minimum of 1.5-feet of compacted clay, and 1.5 to 2-feet of compacted clay line 

the sides.  Clay was compacted during construction to 90 percent of optimum and demonstrates 

hydraulic conductivities ranging from 2.24 x 10-5 to 2.97 x 10-8 cm/s.  Local soils underlying the 

compacted clay layers are of the same clay material and are expected to exhibit similar hydraulic 

conductivity characteristics. 

Two primary 25-horsepower aeration pumps and four secondary 7.5-horsepower aeration pumps are 

installed in the Wastewater Pond to maintain a minimum 1.0 milligram per liter dissolved oxygen 

concentration in the upper 1-foot to prevent the water from becoming anoxic and causing detrimental 

microbial growth and harsh odors.  In accordance with the General Order, the Wastewater Pond will 

continue to be kept clean and free of plant growth to prevent areas where water may become stagnant 

and provide mosquito breeding opportunities.  Retained water samples required by the General Order 

will be obtained from the lower side of the Wastewater Pond, as shown on Figure 2. 

The existing Wastewater Pond design has adequately prevented subsurface releases of contaminants 

from contained wastewater as demonstrated through ongoing monitoring and sampling of adjacent 

groundwater monitoring wells, in accordance with Napa County Use Permit No. 92061-UP.  

Therefore, CB&I endorses the existing clay-lined pond design and groundwater monitoring well 

system as an equivalent engineered alternative to the detention pond liner and lysimeter leak detection 

design requirements stated in the General Order.  Groundwater monitoring wells located adjacent to 

the Wastewater Pond are shown on Figure 2. The most recent quarterly monitoring report at the time 

of this Plan for the Facility is presented in the Technical Report.  The quarterly monitoring report 

shows no contamination to groundwater has been observed as a result of composting operations at the 

Facility. 

The retention basin located at the eastern extent of Area 3 will accept and temporarily retain clean 

stormwater from the covered compost piles in Areas 1 and 3A.  Appendix E - EMCON Retention 

Basin Design contains the original design for the retention basin, which currently also accepts clean 

stormwater runoff from Area 5 until site upgrades are complete.  The western sidewalls of the retention 

basin bordering Area 3 are equipped with PVC pipes which are opened and connected to tarps coving 
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piles in Area 3A during the winter.  The floor of the retention basin is constructed to be permeable to 

groundwater to prevent groundwater from impacting the lower-elevation portions of the eastern edge 

of Area 3. A sump equipped with two 25-horsepower discharge pumps is located in the center of the 

detention basin for discharging clean stormwater and groundwater to the adjacent Bale Slough 

tributary's supplemental drainage pipe.  The retention basin is pumped to dry or near-dry whenever 

water is present. 

As the retention basin does not contain or transmit wastewater, the permeability design requirements 

for wastewater conveyances in the General Order do not apply.  However, according to best 

management practices, the retention basin sidewalls were constructed of compacted local clay soils 

with low hydraulic conductivities to prevent infiltration of wastewater from the adjacent working 

areas.  The basin sidewall soils were sampled in May 2016 during a site investigation by CB&I and 

tested for undisturbed hydraulic conductivity.  The basin side walls were found to have a hydraulic 

conductivity of 1.7 x 10-8 cm/s, exceeding the 1.0 x 10-5 cm/s requirement in the General Order for 

wastewater conveyances. 

Water Balance 

Appendix F - Water Balance and Pond Sizing Analysis contains an assessment of the Wastewater 

Pond's and retention basin's capacities, and a water balance for the Facility.  Table 2 summarizes the 

Wastewater Pond's and retention basin's characteristics. 

Table 2: Wastewater Pond and Retention Basin Characteristics 

Characteristic Wastewater Pond Retention Basin 

Primary Use 
Runoff/wastewater storage for 

use 

Clean runoff retention for 

discharge; Groundwater French 

Drain 

Full Top Surface 

Dimensions 
2.22 acre 0.33 acre 

Depth 16 ft (includes 2 ft freeboard) 8 ft (includes 2 ft freeboard) 

Volume 

21.52 acre-ft / 7 million gallon 

(25.50 acre-ft / 8.3 million 

gallon including freeboard) 

0.98 acre-ft / 320,000 gallon 

(1.57 acre-ft / 512,000 gallon 

including freeboard) 

Contributing Drainage 

Area 

Areas 1, 2, 3, 4, 5, 7 

(13.66 acres, summer) 

(9.08 acres, winter) 

Areas 1, 3A, 6 

(0.54 acres, summer) 

(5.11 acres, winter) 

25-Year, 24-Hour Storm 

Runoff Volume and 

Percent Full from Empty1 

5.78 acre-ft; 26.9% (summer) 

3.99 acre-ft; 18.5% (winter) 

0.30 acre-ft; N/A1 (summer) 

2.87 acre-ft; N/A1 (winter) 

100-Year, 24-Hour Storm 

Runoff Volume and 

Percent Full from Empty1  

7.12 acre-ft; 33.1% (summer) 

4.91 acre-ft; 22.8% (winter) 

0.37 acre-ft; N/A1 (summer) 

3.53 acre-ft; N/A1 (winter) 

Maximum Possible Storm 

Retained from Drainage 

Area, from Empty1 

500-Year, 10-Day (summer)  

 500-Year, 30-Day (winter) 

N/A1 

(Will actively discharge) 

1Retention basin is designed to actively discharge, see Appendix H. 
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The existing Wastewater Pond provides excess storage over that necessary to contain the 25-year, 24-

hour storm for the compost areas contributing to wastewater runoff as required by the General Order.  

Further, the Wastewater Pond provides excess storage for stormwater runoff over that necessary to 

contain the 100-year, 24-hour storm as required by Napa County.  From an empty state, the Wastewater 

Pond is capable of containing the 500-year, 10-day event during the summer, while maintaining 2-feet 

freeboard.  During the winter, when compost piles are covered and runoff from tarps is piped to 

discharge from the retention basin, the Wastewater Pond is capable of containing the 500-year, 30-day 

event with 2-feet freeboard.   

The water balance contained in Appendix F analyzes the Facility stormwater runoff storage under 

three main scenarios. The first scenario is the average monthly rainfall for a typical year where 

approximately 6.96 acre-feet of rainwater are retained at the end of the year.  The second scenario is 

the 25-year, 24-hour storm occurring during the height of the winter when the Wastewater Pond is 

expected to be at maximum capacity.  In this scenario, the Wastewater Pond is able to contain the 

Facility-wide runoff from the 25-year, 24-hour storm with 2-feet freeboard, during March, in addition 

to average annual rainfall through March.  The third scenario has the 25-year, 24-hour event occurring 

during the summer when compost piles in Areas 1 and 3A are uncovered.  In this third scenario in 

April, the Wastewater Pond will exceed capacity when containing runoff for the 25-year, 24-hour 

storm, in addition to average annual rainfall through April, and maintain approximately only 1.64-feet 

of freeboard.    The water balance assumes stormwater and wastewater is retained from compost and 

storage areas that are not draining to the retention basin. Table 3 summarizes the Wastewater Pond's 

performance for each scenario 

Table 3: Wastewater Pond Performance for 25-Year, 24-Hour Storm with Annual Rainfall 

Scenario 
Percent Full After 

Storm 

Remaining Volume 

Available, Maintaining 

2-feet Freeboard 

Volume Retained at 

End of Year 

Average Monthly 

Rainfall 

N/A 

(78% maximum full level 

from average rainfall) 

N/A 

(4.80 acre-ft remaining 

at maximum full level) 

6.96 acre-ft 

25-Year, 24-Hour 

Storm During 

Winter 

96% 0.89 acre-ft 10.44 acre-ft 

25-Year, 24-Hour 

Storm During 

Summer 

104% 

(0.92 acre-ft over 

capacity) 

0 acre-ft 

(1.64 ft freeboard 

remaining) 

12.04 acre-ft 

 

The remaining estimated volume retained at the end of each analysis year is expected to be used as 

process water, approximately 10.76 acre-feet, and/or properly disposed of in accordance with site 

permits. See Section III. 

The methods and calculations used in the water balance and basin sizing are contained in Appendix F.  

Storm precipitation depth for the 25- and 100-year, 24-hour design storm events (6.73-inches and 8.29-

inches) and average monthly rainfalls were obtained from the NOAA Atlas 14, Volume 6, Version 2 

for the Helena station.  Pan evaporation values used in calculating evaporation from basins was 

obtained from the Western Regional Climate Center list of Evaporation Stations for Markley Cove 
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(61.67 annual inches).  A pan evaporation coefficient of 0.7 was applied to provide more realistic 

evaporation data for calculations (Kohler et al. 1955, 1958).  

Verification of Site Stormwater System Sizing 

The stormwater management system at the Facility was sized for the 25-year, 24-hour prior to 

construction, according to original design documents presented in Appendix G - EMCON Surface 

Drainage Assessment.  The original drainage design was altered to satisfy Facility operations.  CB&I 

conducted a rational method analysis of the updated site drainage to determine if runoff and wastewater 

conveyances are adequate in meeting the requirements of the 25-year, 24-hour storm event. The 

rational method analysis was based on rain data from the NOAA Atlas 14, Volume 6, Version 2 data 

set for the nearby Saint Helena station and is presented in Appendix H - Rational Method and 

Conveyance Sizing Analysis. 

CB&I determined that the pipe culverts under the interior access road draining Area 1, and in the 

concrete ditch in Area 5 (to be rerouted with existing characteristics to drain to the Area 3 sump), will 

adequately drain runoff from the 25-year, 24-hour rain event.  Both pipe culverts are capable of 

transmitting flows in excess of the anticipated design storm flow.   

CB&I determined that the sump pumps are adequately sized to discharge the 25-year, 24-hour storm 

event.  Pumps in the Compost Runoff Sump will discharge runoff from the design storm within 21.9 

hours of storm initiation for a storm occurring in the winter (within the 24-hours over which the storm 

occurs.)  The Compost Runoff Sump will discharge the design storm runoff within 31.7 hours of storm 

initiation for a storm occurring in the summer, with excess runoff will retained in the earthen catchment 

in the northeast corner of Area 3 as intended.  

Pumps in the retention basin will drain the entire runoff volume within 3.1 hours for a storm occurring 

in the winter and have a discharge rate greater than the design storm flow.  No areas will drain to the 

retention basin during the summer.  Minor excess runoff is expected to be retained in the retention 

basin for contributing events until pumps are initiated and runoff is discharged to the Bale Slough 

tributary. 

Table 4 summarizes the current pumping capability at the Facility.  Manufacturer pump curves are 

presented in Appendix H. 

Table 4: Facility Sump Pumps 

Location Size Model Head Capacity 

Compost Runoff Sump 

to Wastewater Pond 

7.5 HP Barnes 4SE7534L 25 feet 540 GPM 

5 HP Goulds WS5032D4 25 feet 450 GPM 

Retention Basin to 

Tributary 

25 HP 
Ebara Model 

300DL(F)U6184 
8 feet 2,500 GPM 

25 HP 
Ebara Model 

300DL(F)U6184 
8 feet 2,500 GPM 

Groundwater Sump to 

Tributary OR to 

Compost Runoff Sump 

3 HP Goulds WS3032D3 

14 feet (to 

tributary) 

0 feet (to sump) 

400 GPM 
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The stormwater conveyance system design for Area 7 has yet to be finalized, but is expected to consist 

of building down spouts and a single concrete channel discharging to Area 3.  The building down 

spouts and concrete channel will be sized, at a minimum, for the 25-year, 24-hour storm based on the 

final design of the proposed organics blending barn, CNG refueling station, and truck parking. 

Maintenance and Operation 

All stormwater conveyances, the stormwater sump, the retention basin, and the Wastewater Pond will 

be inspected regularly and maintained in good working order.  Piping, culverts, and ditches will be 

cleaned of debris and inspected regularly to ensure proper function.  Any damage will be repaired in 

accordance with the General Order.  Stormwater conveyances will be kept clear of debris which could 

impede stormwater flow.  

Working surface grading will be repaired as needed on an ongoing basis.  Any instances of rutting, 

ponding, or other indications of surface damage will be repaired to ensure proper drainage of the 

working surfaces. 

Site grading adjacent to working surfaces will be maintained to prevent run-on.  Soil mounds will be 

placed as necessary to repair ruts or depressions. 

Pumps located in the sump, retention basin, and Wastewater Pond will be regularly inspected and 

maintained in good working order per site maintenance procedures. Damaged pumps will be repaired 

or replaced as necessary. 

The water retention basin and Wastewater Pond will be maintained to prevent the creation of breeding 

grounds for mosquitos and other pests.  Pumps in the Wastewater Pond will be operated to prevent 

the upper zone dissolved oxygen concentration from dropping below 1.0 milligram per liter. 

Low-permeability tarps will be replaced as necessary when they develop punctures or tears which 

could cause stormwater contamination.  Newer tarps with less wear will be placed in high-volume 

flow areas while older tarps will be placed on storage piles. 

The Wastewater Pond will be operated to maintain liquid levels at or below depths needed to supply 

sufficient available volume to contain the 24-hour, 100-year storm event.  Excess liquid will be 

disposed of according to site permits as discussed in Section V: Contingency Plans.  Table 5 shows 

the required operational liquid levels.  Level calculations are presented in Appendix F. 

Table 5: Wastewater Pond Operational Levels to Contain 100-Year, 24-Hour Event 

Season 

Maximum 

Operational Liquid 

Depth 

Note 

Winter 

(December 1 – March 

31)  

11.8 ft. 

Maximum fluid depth when compost piles 

are tarped and discharging to the retention 

basin. 

Summer 

(April 1 – November 30) 
10.5 ft. 

Maximum fluid depth when compost is not 

tarped. 
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III. WATER AND WASTEWATER USE IN COMPOST OPERATIONS 

Wastewater from the Wastewater Pond is used as necessary for composting operations and dust 

control.  Water is pumped from the Wastewater Pond through PVC piping to a discharge port in an 

adjacent paved loading area.  A water truck drives under the discharge port for filling, and then sprays 

water on compost piles to maintain moisture in the composting material.  Leachate and run-off from 

the compost piles is minimized by controlling the volume of water applied to each pile.   

According to site operator statements, the Facility typically uses half of the Wastewater Pond's total 

available volume each year for compost wetting and dust control.  Conservatively, the water use 

volume is estimated at 10.76 acre-feet per year.  Water application is expected to occur mainly March 

through October when compost piles are uncovered.  Additional water is used during dry months for 

dust control as necessary.  Water use is minimal during the rainy season when compost has already 

been processed and placed under tarps. 

IV. BEST MANAGEMENT PRACTICES 

Best Management Practices (BMPs) for controlling stormwater runoff and pollutant discharge used 

at the Facility are described in detail in the site SWPPP.  A summary of these BMPs are included in 

this Plan but the SWPPP should be referenced during implementation. 

Minimum BMPs described in the Stormwater General Permit are implemented at the Facility as 

described in the CASQA Stormwater BMP Handbook Portal: Industrial and Commercial Fact Sheets.  

These minimum BMPs include: 

 Good housekeeping 

 Preventative maintenance 

 Spill and leak prevention and response 

 Material handling and waste management 

 Erosion and sediment control 

 Employee training 

 Quality assurance and record keeping 

Specific CASQA BMP Fact Sheet numbers for implemented BMPs are listed in the SWPPP.  The 

specific Fact Sheets are chosen based on Facility processes, materials, and site characteristics. 

Additional advanced BMPs are enacted at the Facility to prevent discharge of contaminated runoff 

from the compost areas, as discussed in the SWPPP.  These additional advanced BMPs include: 

 Covering compost and amendments during the rainy season 

 Storage of lubricants and other fluids used in equipment maintenance in a designated 

maintenance building 

 Washing of vehicles in a covered wash bay 

V. CONTINGENCY PLANS 

In the event of a significant storm event, run-on and/or runoff to the Compost Runoff Sump may back 

up into the earthen catchment located in the northeastern corner of Area 3 and be retained until 
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pumped to the Wastewater Pond.  In the event the site becomes inundated by water or the operational 

level of the Wastewater Pond reaches maximum depth, large tanks similar to 22,000-gallon baker 

tanks will be used to temporarily store water on-site as necessary.  Water will be stored in the tanks 

until placed in the Wastewater Pond, transported to a local publicly-owned treatment works for 

treatment, or used in site operations.  Wastewater from the Pond may also be directly pumped into 

tanker trucks for off-site disposal as needed. 

If the two 25-horsepower pumps located in the retention basin are unable to immediately discharge 

surface flows into the Bale Slough tributary, the excess clean water will back into Area 3 for retention.  

All waters retained in Area 3 will be treated as wastewater and either pumped to the Wastewater Pond 

or sent offsite to a local publicly-owned treatment works for proper treatment and disposal.  

Two pumps are present in the Compost Runoff Sump, and two pumps present in the central retention 

basin sump, to provide redundancy in the case of equipment failure.  If a single pump fails, the other 

pump will continue to operate until site maintenance personnel are able to complete repairs.  If a 

pump is unable to be repaired, or both pumps in a sump fail, then a temporary portable pump and 

tubing will be used to bypass the inoperable equipment. 

 

VI. LIMITATIONS 

The services described in this report were performed consistent with generally accepted professional 

consulting principles and practices.  No other warranty, expressed or implied, is made.  These services 

were performed consistent with our agreement with our client.  This report is solely for the use and 

information of our client unless otherwise noted.  Any reliance on this report by a third party is at 

such party's sole risk. 

Opinions and recommendations contained in this report apply to conditions existing when services 

were performed and are intended only for the client, purposes, locations, time frames, and project 

parameters indicated.  We are not responsible for the impacts of any changes in environmental 

standards, practices, or regulations subsequent to performance of services.  We do not warrant the 

accuracy of information supplied by others, or the use of segregated portions of this report. 
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APPENDIX A – Drainage Paths 
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APPENDIX B – Water Quality Certification Waiver 
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APPENDIX C - True Engineering Wastewater Pond Documentation 
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APPENDIX D - Summit Pond Aeration Design 
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APPENDIX E - EMCON Retention Basin Design 
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APPENDIX F - Water Balance and Basin Sizing Analysis 

  



Upper Valley Recycling Water Balance April 2017 Site Water Balance

Site Variables
24 Hour, 25 Year Rainfall (inch): 6.73 (NOAA Atlas 14, Vol. 6, Version 2‐Helena) 24 Hour, 100 Year Rainfall (inch): 8.29 (NOAA Atlas 14, Vol. 6, Version 2‐Helena)

Pan Evaporation Coefficient: 0.7 (Kohler et al. 1955, 1958)

Table 1: Site‐Wide Area Analysis with Extreme Storm Events Table 2: Wastewater Pond Size and Water Use Table 4: Wastewater Pond Water Storage, with Annual Rainfall

Drainage Area Area (ft2) Area (Acre)

Runoff 
Coefficient 
(Summer, 
Material 

Uncovered)

Runoff 
Coefficient 
(Winter, 
Material 
Covered)

24‐Hour, 25‐
Year Storm 
Runoff, 
Summer 
(acre‐ft)

24‐Hour, 25‐
Year Storm 
Runoff, 

Winter (acre‐
ft)

24‐Hour, 100‐
Year Storm 
Runoff, 
Summer 
(acre‐ft)

24‐Hour, 100‐
Year Storm 
Runoff, 

Winter (acre‐
ft)

Pond 
Volume 

(acre‐ft) (2‐
ft 

Freeboard)

Annual Use 
(March‐

November) 
(acre‐ft)1

Est. Monthly 
Use (March‐
November)

Season

Water 
Volume 
Prior to 

Event (acre‐
ft)1

Water 
Volume 
Remining 
(acre‐ft)

Drainage 
Area (acre)

Max. Rain 
(inch)2

Associated 
Storm3

21.52 10.76 1.35 Summer 16.60 4.92 13.66 6.18 10‐Year, 24‐Hour

Area 1 (Southwest 
Storage)

60812 1.40 0.70 N/A 0.55 N/A 0.68 N/A Winter 15.70 5.82 5.89 16.92 50‐Year, 4‐Day

Area 2 (Interior Access 
Road)

38828 0.89 0.70 0.70 0.35 0.35 0.43 0.43

Area 3A (Piles Uncovered 
In Summer)

138473 3.18 0.70 N/A 1.25 N/A 1.54 N/A

Area 3B (Remainder 
Compost Area)

97310 2.23 0.70 0.70 0.88 0.88 1.08 1.08

Area 4 (Pond and 
Surround)

84661 1.94 1.00 1.00 1.09 1.09 1.34 1.34

Area 5 (Southeast Storage) 138882 3.19 0.70 0.70 1.25 1.25 1.54 1.54
Table 3: Wastewater Pond Water Design Storm Storage, from Empty GENERAL NOTES:

Area 7 (New Facilities) 35958 0.83 0.90 0.90 0.42 0.42 0.51 0.51 Season
Design 
Storm Percent Full

Drainage 
Area (acre)

Max. Rain 
(inch)2

Associated 
Storm3

Total Runoff 5.78 3.99 7.12 4.91 Summer
25‐Year, 24‐

Hour 26.9% 13.66 27.01
500‐Year, 10‐

Day

Summer
100‐Year, 24‐

Hour 33.1% 13.66 27.01
500‐Year, 10‐

Day
Area 1 (Southwest 

Storage)
60812 1.40 N/A 1 N/A 0.78 N/A 0.96 Winter

25‐Year, 24‐
Hour 18.5% 9.08 40.62

500‐Year, 30‐
Day

Area 3A (Piles Covered In 
Winter)

138473 3.18 N/A 1 N/A 1.78 N/A 2.20 Winter
100‐Year, 24‐

Hour 22.8% 9.08 40.62
500‐Year, 30‐

Day
Area 6 (Retention Basin 

and Surround)
23326 0.54 1.00 1.00 0.30 0.30 0.37 0.37

Total Runoff 0.30 2.87 0.37 3.53
2 Is the maximum depth of rainfall the Pond can retain, after the design storm, based 
on conservative runoff coefficient of 0.7.
3 Point precipitation frequency estimate corresponding to Max. Rain, per NOAA Altas 
14, Volume 6, Version 2, Saint Helena station.

Wastewater Pond Drainage

1. Area 7 (New Facilities) is a proposed 15,000 
sq. ft. blending barn, CNG truck refueling 
station, and truck parking stalls.  Area 7 has not 
been constructed at the time of this analysis.

2. Water use based on existing site 
configuration, without Area 7 or curing in Area 
5.  Annual water use is estimated and expected 
to vary.

1 Percent of volume used to retain 25‐Year, 24‐Hour storm, maintaining 2‐ft. 
freeboard.

1 See rainfall year analyses.
2 Is the maximum depth of rainfall the Pond can retain based on conservative runoff 
coefficient of 0.7.
3 Point precipitation frequency estimate corresponding to Max. Rain, per NOAA Altas 14, 
Volume 6, Version 2, Saint Helena station.

1 Annual water usage is estimated from 
site operator statements: Half of full 
pond used each year from spring to rainy 
season.  Pond is near empty or near‐
empty prior to rainy season.

Retention Basin Drainage

3. Materials covered December 1 to April 1 
(defined as "Winter") and prior to rain events, 
increasing runoff for these months.

4. Retention Basin used for temporary storage 
only while discharging to adjacent surface 
tributary.

1 of 3



Upper Valley Recycling Water Balance April 2017 Site Water Balance

Table 5: Site Water Balance: Average Annual Rainfall, Discharching Only Clean Stormwater (Typical Year with No Optional Retention)

Month
Average 
Rainfall 
(inch)

Runoff Area 
1 (acre‐ft)

Runoff Area 
2 (acre‐ft)

Runoff Area 
3A (acre‐ft)

Runoff Area 
3B (acre‐ft)

Runoff Area 
4 (acre‐ft)

Area 5 
Runoff (acre‐

ft)

Area 6 
Runoff (acre‐

ft)

Area 7 
Runoff
(acre‐ft)

Total 
Monthly 

Runoff (acre‐
ft)

Clean 
Stormwater 
Discharged 
(acre‐ft)1

Estimated 
Water 

Retained 
(acre‐ft)2

Estimated 
Water Use 
(acre‐ft)3

Average Pan 
Evap. (inch)4

Est. Basin 
Surface Area 

(acre)5
Est. Evap. 
(acre‐ft)

Monthly 
Balance (acre‐

ft)

Cumulative 
Balance (acre‐

ft)

November 3.93 0.32 0.20 1.04 0.51 0.64 0.73 0.18 0.24 3.86 0.18 3.69 1.75 1.15 0.12 3.57 3.57
December 6.9 0.56 0.36 1.83 0.90 1.12 1.28 0.31 0.43 6.78 2.70 4.09 1.01 1.34 0.08 4.01 7.58
January 7.6 0.62 0.40 2.01 0.99 1.23 1.41 0.34 0.47 7.47 2.97 4.50 1.03 1.54 0.09 4.41 11.99
February 6.53 0.53 0.34 1.73 0.85 1.06 1.21 0.29 0.40 6.42 2.55 3.87 1.51 1.70 0.15 3.72 15.70
March 4.32 0.35 0.22 1.14 0.56 0.70 0.80 0.19 0.27 4.25 1.69 2.56 1.35 3.03 1.79 0.32 0.90 16.60
April 2.1 0.17 0.11 0.56 0.27 0.34 0.39 0.09 0.13 2.06 0.09 1.97 1.35 4.80 1.81 0.51 0.12 16.72
May 0.85 0.07 0.04 0.16 0.11 0.14 0.16 0.04 0.05 0.77 0.04 0.73 1.35 7.33 1.76 0.75 ‐1.37 15.35
June 0.25 0.02 0.01 0.05 0.03 0.04 0.05 0.01 0.02 0.23 0.01 0.21 1.35 9.60 1.68 0.94 ‐2.07 13.28
July 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.03 1.35 10.82 1.59 1.00 ‐2.32 10.95
August 0.07 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.06 0.00 0.06 1.35 9.45 1.49 0.82 ‐2.11 8.85
September 0.29 0.02 0.02 0.05 0.04 0.05 0.05 0.01 0.02 0.26 0.01 0.25 1.35 6.99 1.41 0.57 ‐1.67 7.18
October 1.72 0.14 0.09 0.32 0.22 0.28 0.32 0.08 0.11 1.55 0.08 1.48 1.35 4.35 1.39 0.35 ‐0.22 6.96
1 Clean stormwater discharged is Area 1 and compost Area 3a (in winter, with covered compost piles) and retention basin Area 6.
2 Clean stormwater is routinely captured by site stormwater control structures and placed into the Pond for reuse. This additional optional capture is not reflected in the model.
3 Water use is approximate and will vary depending on site requirements.
4 Evaporation taken from Western Regional Climate Center Evaporation Stations, Class A Pans, for Markley Cove (1970‐2005).
5 Basin surface area calculated from sizing worksheet:
Total estimated runoff: 33.75 acre‐ft Total estimated annual discharge: 10.32 acre‐ft Estimated discharge of total runoff: 31%
Estimated maximum  Pond volume is end of April: 16.72 acre‐ft. Estimated maximum pond volume use, maintaining 2‐ft. freeboard: 78%
Remainder volume in pond at end of October expected to be utilized during next compost season or properly disposed of in accordance with site permits.

Table 6: Site Water Balance: Average Annual Rainfall with 25‐Year, 24‐Hour Event in Winter with Compost Tarps Installed (With No Optional Retention)

Month
Average 
Rainfall 
(inch)

Runoff Area 
1 (acre‐ft)

Runoff Area 
2 (acre‐ft)

Runoff Area 
3A (acre‐ft)

Runoff Area 
3B (acre‐ft)

Runoff Area 
4 (acre‐ft)

Area 5 
Runoff (acre‐

ft)

Area 6 
Runoff (acre‐

ft)

Area 7 
Runoff
(acre‐ft)

Total 
Monthly 

Runoff (acre‐
ft)

Clean 
Stormwater 
Discharged 
(acre‐ft)1

Estimated 
Water 

Retained 
(acre‐ft)2

Estimated 
Water Use 
(acre‐ft)3

Average Pan 
Evap. (inch)4

Est. Basin 
Surface Area 

(acre)5
Est. Evap. 
(acre‐ft)

Monthly 
Balance (acre‐

ft)

Cumulative 
Balance (acre‐

ft)

November 3.93 0.32 0.20 1.04 0.51 0.64 0.73 0.18 0.24 3.86 0.18 3.69 1.75 1.15 0.12 3.57 3.57
December 6.9 0.56 0.36 1.83 0.90 1.12 1.28 0.31 0.43 6.78 2.70 4.09 1.01 1.34 0.08 4.01 7.58
January 7.6 0.62 0.40 2.01 0.99 1.23 1.41 0.34 0.47 7.47 2.97 4.50 1.03 1.54 0.09 4.41 11.99
February 6.53 0.53 0.34 1.73 0.85 1.06 1.21 0.29 0.40 6.42 2.55 3.87 1.51 1.70 0.15 3.72 15.70

6.85 2.87 3.99
March 4.32 0.35 0.22 1.14 0.56 0.70 0.80 0.19 0.27 4.25 1.69 2.56 1.35 3.03 1.95 0.34 4.85 20.56
April 2.1 0.17 0.11 0.56 0.27 0.34 0.39 0.09 0.13 2.06 0.09 1.97 1.35 4.80 1.96 0.55 0.08 20.64
May 0.85 0.07 0.04 0.16 0.11 0.14 0.16 0.04 0.05 0.77 0.04 0.73 1.35 7.33 1.91 0.82 ‐1.43 19.20
June 0.25 0.02 0.01 0.05 0.03 0.04 0.05 0.01 0.02 0.23 0.01 0.21 1.35 9.60 1.84 1.03 ‐2.16 17.04
July 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.03 1.35 10.82 1.75 1.10 ‐2.42 14.62
August 0.07 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.06 0.00 0.06 1.35 9.45 1.65 0.91 ‐2.19 12.43
September 0.29 0.02 0.02 0.05 0.04 0.05 0.05 0.01 0.02 0.26 0.01 0.25 1.35 6.99 1.56 0.64 ‐1.73 10.69
October 1.72 0.14 0.09 0.32 0.22 0.28 0.32 0.08 0.11 1.55 0.08 1.48 1.35 4.35 1.54 0.39 ‐0.26 10.44
1 Clean stormwater discharged is Area 1 and compost Area 3a (in winter, with covered compost piles) and retention basin Area 6.
2 Clean stormwater is routinely captured by site stormwater control structures and placed into the Pond for reuse. This additional optional capture is not reflected in the model.
3 Water use is approximate and will vary depending on site requirements.
4 Evaporation taken from Western Regional Climate Center Evaporation Stations, Class A Pans, for Markley Cove (1970‐2005).
5 Basin surface area calculated from sizing worksheet:
6 25‐Year event occurs by end of March.
Total estimated runoff: 40.60 acre‐ft Total estimated annual discharge: 13.19 acre‐ft Estimated discharge of total runoff: 32%
Estimated maximum  Pond volume is end of April: 20.64 acre‐ft. Estimated maximum pond volume use, maintaining 2‐ft. freeboard: 96%
Remainder volume in pond at end of October expected to be utilized in site operations over subsequent compost seasons  or properly disposed of in accordance with site permits.
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Upper Valley Recycling Water Balance April 2017 Site Water Balance

Table 7: Site Water Balance: Average Annual Rainfall with 25‐Year, 24‐Hour Event When Tarps Not Installed (Maximum Likely Wastewater Pond Volume with No Optional Retention)

Month
Average 
Rainfall 
(inch)

Runoff Area 
1 (acre‐ft)

Runoff Area 
2 (acre‐ft)

Runoff Area 
3A (acre‐ft)

Runoff Area 
3B (acre‐ft)

Runoff Area 
4 (acre‐ft)

Area 5 
Runoff (acre‐

ft)

Area 6 
Runoff (acre‐

ft)

Area 7 
Runoff
(acre‐ft)

Total 
Monthly 

Runoff (acre‐
ft)

Clean 
Stormwater 
Discharged 
(acre‐ft)1

Estimated 
Water 

Retained 
(acre‐ft)2

Estimated 
Water Use 
(acre‐ft)3

Average Pan 
Evap. (inch)4

Est. Basin 
Surface Area 

(acre)5
Est. Evap. 
(acre‐ft)

Monthly 
Balance (acre‐

ft)

Cumulative 
Balance (acre‐

ft)

November 3.93 0.32 0.20 1.04 0.51 0.64 0.73 0.18 0.24 3.86 0.18 3.69 1.75 1.15 0.12 3.57 3.57
December 6.9 0.56 0.36 1.83 0.90 1.12 1.28 0.31 0.43 6.78 2.70 4.09 1.01 1.34 0.08 4.01 7.58
January 7.6 0.62 0.40 2.01 0.99 1.23 1.41 0.34 0.47 7.47 2.97 4.50 1.03 1.54 0.09 4.41 11.99
February 6.53 0.53 0.34 1.73 0.85 1.06 1.21 0.29 0.40 6.42 2.55 3.87 1.51 1.70 0.15 3.72 15.70
March 4.32 0.35 0.22 1.14 0.56 0.70 0.80 0.19 0.27 4.25 1.69 2.56 1.35 3.03 1.79 0.32 0.90 16.60
25‐Year6 6.08 0.30 5.78
April 2.1 0.17 0.11 0.56 0.27 0.34 0.39 0.09 0.13 2.06 0.09 1.97 1.35 4.80 2.02 0.57 5.84 22.44
May 0.85 0.07 0.04 0.16 0.11 0.14 0.16 0.04 0.05 0.77 0.04 0.73 1.35 7.33 1.98 0.85 ‐1.46 20.98
June 0.25 0.02 0.01 0.05 0.03 0.04 0.05 0.01 0.02 0.23 0.01 0.21 1.35 9.60 1.91 1.07 ‐2.20 18.78
July 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.03 1.35 10.82 1.81 1.15 ‐2.46 16.32
August 0.07 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.06 0.00 0.06 1.35 9.45 1.72 0.95 ‐2.23 14.08
September 0.29 0.02 0.02 0.05 0.04 0.05 0.05 0.01 0.02 0.26 0.01 0.25 1.35 6.99 1.63 0.67 ‐1.76 12.32
October 1.72 0.14 0.09 0.32 0.22 0.28 0.32 0.08 0.11 1.55 0.08 1.48 1.35 4.35 1.61 0.41 ‐0.28 12.04
1 Clean stormwater discharged is Area 1 and compost Area 3a (in winter, with covered compost piles) and retention basin Area 6.
2 Clean stormwater is routinely captured by site stormwater control structures and placed into the Pond for reuse. This additional optional capture is not reflected in the model.
3 Water use is approximate and will vary depending on site requirements.
4 Evaporation taken from Western Regional Climate Center Evaporation Stations, Class A Pans, for Markley Cove (1970‐2005).
5 Basin surface area calculated from sizing worksheet:
6 25‐Year event occurs by end of April at point when the Pond is fullest and compost piles are completely uncovered.
Total estimated runoff: 39.83 acre‐ft Total estimated annual discharge: 10.62 acre‐ft Estimated discharge of total runoff: 27%
Estimated maximum water volume in pond is end of April 22.44 acre‐ft. Estimated maximum pond volume use, maintaining 2‐ft. freeboard: 104%
Remainder volume in pond at end of October expected to be utilized in site operations over subsequent compost seasons  or properly disposed of in accordance with site permits.
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Upper Valley Recycling Water Balance April, 2017 Wastewater Pond Evaluations

Field‐Measured Characteristics
Design Bottom Elevation: 88.5 ft
Design Emergency Spillway Elevation: 104.5 ft
Top Containment Elevation: 106.5 ft
Outlet pipe at 104.5 ft elevation can be sealed if necessary.

Surface Area and Water Volume at Different Depths

Elevation (ft) Volume (cy)
Volume (acre‐

ft)

Surface 
Area (sq. 

ft) Area (acre)
106.5 41145 25.50 96724 2.22 (Full‐No Freeboard)
106 39441 24.45 87313 2.00
104.5 34721 21.52 82655 1.90 (2 ft. Freeboard)
104 33204 20.58 81119 1.86
102 27416 16.99 75205 1.73
100 22057 13.67 69507 1.60
98 17115 10.61 63955 1.47
96 12580 7.80 58584 1.34
94 8428 5.22 53544 1.23
92 4644 2.88 48649 1.12
90 1216 0.75 43917 1.01 (Near‐Empty)

Volumes and areas generated in Civil 3D from field measurements, CB&I 2015, and "Reservoir Plan Map", 1989.

Sizing Calculation Inputs (For Water Balance Sheet)

1st Coefficient
2nd 

Coefficient 3rd Coefficient
‐0.0003 0.0504 0.9731

y = ‐0.0003x2 + 0.0504x + 0.9731
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Upper Valley Recycling Water Balance April, 2017 Wastewater Pond Evaluations

Pond Maximum Operational Depth Determination
Wastewater Pond to be operated to provide 100% containment for the 100‐year, 24‐hour storm event.
Required Volume, Winter: 4.91 acre‐ft (With tarps on compost)
Required Volume, Summer: 7.12 acre‐ft (No tarps on compost)
Pond Volume (with freeboard): 21.52 acre‐ft

Pond Elevation at Different Volumes

Elevation (ft) Volume (cy) Volume (acre‐ft)
106.5 41145 25.50
106 39441 24.45
104.5 34721 21.52
104 33204 20.58
102 27416 16.99
100 22057 13.67
98 17115 10.61
96 12580 7.80
94 8428 5.22
92 4644 2.88
90 1216 0.75

Water Level  Elevation Vs. Volume Calculation
1st Coefficient 2nd Coefficient 3rd Coefficient

‐0.0103 0.9202 89.398

Maximum Operational Depth,Winter: 11.8 ft
Maximum Operational Depth, Summer: 10.5 ft
Based on bottom elevation of 90 ft.

݊݅ݐܽݒ݈݁ܧ ൌ െ0.0103 ݁݉ݑ݈ݒ ଶ  0.9202 ݁݉ݑ݈ݒ  89.398

y = ‐0.0103x2 + 0.9202x + 89.398
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Upper Valley Recycling Water Balance April, 2017 Retention Basin Characteristics

Characteristics (approximate):
Trapezoid Depth: 8 ft
Trapezoid Top Width: 30 ft
Side Slope: 1.5:1 horiz:vert
Trapezoid Bottom Width: 6 ft
Length: 475 ft
Surface Area and Water Volume at Different Depths
Depth Below 

Top (ft) Volume (cy)
Volume (acre‐

ft)
Surface Area 

(sq. ft) Area (acre)
0 2533 1.57 14250 0.33 (Full‐No Freeboard)
2 1583 0.98 11400 0.26 (2 ft. Freeboard)
4 844 0.52 8550 0.20
6 317 0.20 5700 0.13
8 0 0.00 2850 0.07 (Empty)

Volumes and areas generated in Civil 3D from field measurements, CB&I 2015, and 
"Surface Drainage System, Details II", 1989.

Note: Retention basin is intented to act as temporary storage of clean surface runoff or 
groundwater only.

y = ‐0.0666x2 + 0.2653x + 0.07250.00
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5/11/2016 Precipitation Frequency Data Server

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?st=ca&sta=04-7643&data=depth&units=english&series=pds 1/4

NOAA Atlas 14, Volume 6, Version 2 SAINT
HELENA

Station ID: 04-7643 
Location name: Saint Helena, California, US* 
Latitude: 38.5067°, Longitude: -122.4714° 

Elevation: 
Elevation (station metadata): 225 ft*

* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval  (years)

1 2 5 10 25 50 100 200 500 1000

5-min
0.133

(0.119‑0.151)
0.163

(0.145‑0.186)
0.203

(0.180‑0.232)
0.236

(0.207‑0.271)
0.280

(0.237‑0.335)
0.315

(0.259‑0.386)
0.350

(0.281‑0.441)
0.387

(0.300‑0.503)
0.437

(0.323‑0.596)
0.476

(0.339‑0.675)

10-min
0.191

(0.170‑0.217)
0.234

(0.208‑0.266)
0.291

(0.258‑0.332)
0.338

(0.296‑0.389)
0.402

(0.339‑0.481)
0.451

(0.372‑0.553)
0.502

(0.402‑0.633)
0.554

(0.430‑0.721)
0.626

(0.464‑0.854)
0.682

(0.486‑0.968)

15-min
0.231

(0.206‑0.262)
0.283

(0.252‑0.322)
0.352

(0.312‑0.401)
0.408

(0.358‑0.470)
0.486

(0.410‑0.581)
0.546

(0.450‑0.669)
0.607

(0.486‑0.765)
0.670

(0.520‑0.872)
0.757

(0.561‑1.03)
0.825

(0.588‑1.17)

30-min
0.350

(0.311‑0.397)
0.428

(0.381‑0.487)
0.532

(0.471‑0.607)
0.618

(0.542‑0.711)
0.735

(0.620‑0.879)
0.825

(0.680‑1.01)
0.918

(0.736‑1.16)
1.01

(0.787‑1.32)
1.15

(0.848‑1.56)
1.25

(0.889‑1.77)

60-min
0.518

(0.461‑0.588)
0.635

(0.564‑0.722)
0.789

(0.699‑0.900)
0.915

(0.803‑1.05)
1.09

(0.919‑1.30)
1.22

(1.01‑1.50)
1.36

(1.09‑1.72)
1.50

(1.17‑1.96)
1.70

(1.26‑2.31)
1.85

(1.32‑2.62)

2-hr
0.795

(0.707‑0.902)
0.965

(0.857‑1.10)
1.18

(1.05‑1.35)
1.36

(1.19‑1.56)
1.59

(1.34‑1.90)
1.76

(1.45‑2.16)
1.94

(1.55‑2.44)
2.11

(1.64‑2.75)
2.34

(1.74‑3.20)
2.52

(1.79‑3.57)

3-hr
1.02

(0.910‑1.16)
1.24

(1.10‑1.41)
1.51

(1.34‑1.72)
1.73

(1.51‑1.99)
2.01

(1.70‑2.40)
2.22

(1.83‑2.72)
2.43

(1.94‑3.06)
2.63

(2.04‑3.43)
2.91

(2.15‑3.96)
3.11

(2.21‑4.41)

6-hr
1.55

(1.38‑1.76)
1.88

(1.67‑2.13)
2.29

(2.02‑2.61)
2.60

(2.29‑3.00)
3.02

(2.55‑3.62)
3.33

(2.74‑4.08)
3.63

(2.91‑4.57)
3.92

(3.04‑5.11)
4.31

(3.19‑5.88)
4.59

(3.27‑6.51)

12-hr
2.22

(1.98‑2.52)
2.72

(2.42‑3.10)
3.35

(2.97‑3.83)
3.85

(3.38‑4.43)
4.50

(3.80‑5.39)
4.99

(4.11‑6.11)
5.46

(4.38‑6.88)
5.93

(4.61‑7.72)
6.55

(4.85‑8.94)
7.01

(4.99‑9.95)

24-hr
3.12

(2.80‑3.54)
3.90

(3.50‑4.43)
4.89

(4.38‑5.57)
5.68

(5.06‑6.52)
6.73

(5.83‑7.93)
7.51

(6.40‑9.01)
8.29

(6.92‑10.1)
9.08

(7.40‑11.4)
10.1

(7.96‑13.1)
10.9

(8.33‑14.5)

2-day
4.09

(3.68‑4.64)
5.25

(4.71‑5.96)
6.71

(6.01‑7.64)
7.87

(7.00‑9.02)
9.38

(8.13‑11.1)
10.5

(8.95‑12.6)
11.6

(9.70‑14.2)
12.7

(10.4‑16.0)
14.2

(11.2‑18.4)
15.3

(11.7‑20.4)

3-day
4.70

(4.23‑5.34)
6.11

(5.49‑6.94)
7.89

(7.07‑8.98)
9.29

(8.27‑10.6)
11.1

(9.63‑13.1)
12.5

(10.6‑14.9)
13.8

(11.5‑16.9)
15.1

(12.3‑18.9)
16.9

(13.3‑21.9)
18.2

(13.9‑24.2)

4-day
5.21

(4.68‑5.91)
6.79

(6.09‑7.71)
8.78

(7.87‑10.0)
10.3

(9.21‑11.9)
12.4

(10.7‑14.6)
13.9

(11.9‑16.7)
15.4

(12.9‑18.9)
16.9

(13.8‑21.2)
18.9

(14.9‑24.5)
20.3

(15.6‑27.1)

7-day
6.52

(5.86‑7.40)
8.38

(7.52‑9.52)
10.7

(9.63‑12.2)
12.6

(11.2‑14.5)
15.1

(13.1‑17.8)
17.0

(14.5‑20.4)
18.9

(15.7‑23.1)
20.7

(16.9‑26.0)
23.2

(18.3‑30.1)
25.1

(19.2‑33.5)

10-day
7.45

(6.70‑8.46)
9.50

(8.53‑10.8)
12.1

(10.9‑13.8)
14.2

(12.7‑16.3)
17.0

(14.7‑20.0)
19.1

(16.2‑22.9)
21.2

(17.7‑25.9)
23.3

(19.0‑29.1)
26.1

(20.5‑33.8)
28.2

(21.6‑37.6)

20-day
9.88

(8.88‑11.2)
12.6

(11.3‑14.3)
16.0

(14.3‑18.2)
18.7

(16.6‑21.4)
22.2

(19.2‑26.1)
24.8

(21.1‑29.7)
27.4

(22.9‑33.5)
30.0

(24.5‑37.6)
33.4

(26.3‑43.3)
36.0

(27.5‑48.0)

30-day
11.7

(10.5‑13.3)
14.9

(13.4‑16.9)
18.9

(16.9‑21.5)
22.0

(19.6‑25.2)
26.0

(22.5‑30.7)
29.0

(24.7‑34.7)
31.9

(26.6‑39.0)
34.7

(28.3‑43.5)
38.5

(30.3‑49.8)
41.2

(31.5‑55.0)

45-day
14.2

(12.8‑16.1)
18.1

(16.2‑20.5)
22.8

(20.4‑26.0)
26.4

(23.5‑30.3)
31.1

(26.9‑36.6)
34.4

(29.3‑41.2)
37.6

(31.4‑46.0)
40.8

(33.2‑51.0)
44.8

(35.2‑58.0)
47.7

(36.5‑63.6)

60-day
16.8

(15.1‑19.1)
21.3

(19.1‑24.2)
26.8

(24.0‑30.5)
30.9

(27.5‑35.4)
36.1

(31.2‑42.5)
39.8

(33.8‑47.7)
43.3

(36.1‑52.9)
46.6

(38.0‑58.4)
50.9

(40.0‑65.9)
53.9

(41.2‑71.9)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.

http://www.commerce.gov/
http://www.noaa.gov/
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Large scale map

Large scale aerial

Map data ©2016 Google, INEGI50 km 

Map data ©2016 GoogleReport a map error2 km 
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SAINT HELENA, CALIFORNIA
(047643)
Period of Record Monthly Climate Summary

Period of Record : 10/24/1907 to 12/31/2014

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average
Max.
Temperature
(F)

56.6 61.1 65.4 71.5 78.1 85.0 89.7 88.9 85.9 77.3 66.2 57.6 73.6

Average Min.
Temperature
(F)

36.4 38.9 40.3 42.7 46.7 50.4 52.1 51.4 49.1 45.4 40.3 36.7 44.2

Average
Total
Precipitation
(in.)

7.60 6.53 4.32 2.10 0.85 0.25 0.03 0.07 0.29 1.72 3.93 6.90 34.61

Average
Total
SnowFall
(in.)

0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3

Average
Snow Depth
(in.)

0 0 0 0 0 0 0 0 0 0 0 0 0

Percent of possible observations for period of record.
Max. Temp.: 93.9% Min. Temp.: 93.9% Precipitation: 93.7% Snowfall: 68.9%
Snow Depth: 68.9% 
Check Station Metadata or Metadata graphics for more detail about data
completeness.

Western Regional Climate Center, wrcc@dri.edu

http://www.wrcc.dri.edu/cgi-bin/cliMeta.pl?ca7643
http://www.wrcc.dri.edu/cgi-bin/cliMeta2.pl?ca7643
mailto:wrcc@dri.edu


5/11/2016 SAINT HELENA, CALIFORNIA  Climate Summary

http://www.wrcc.dri.edu/cgibin/cliMAIN.pl?ca7643 2/2



2/3/2016 www.wrcc.dri.edu/htmlfiles/westevap.final.html#CALIFORNIA

http://www.wrcc.dri.edu/htmlfiles/westevap.final.html#CALIFORNIA 1/7

                                      Evaporation Stations 

     Standard daily pan evaporation is measured using the four‐foot diameter Class A evaporation pan.  
The pan water level reading is adjusted when precipitation is measure to obtain the actual evaporation.   
Most Class A pans are installed above ground, allowing effects such as radiation on the side walls and  
heat exchnges with the pan material.  These effects tend to increase the evaporation totals.  The amounts  
can then be adjusted by multiplying the totals b 0.70 or 0.80 to more closely estimate the evaporation 
from naturally existing urfaces such as a shallow lake, wet soil or other moist natural surfaces. 

    Many stations do not measure pan evaportation during winter months.  A "0.00" total indicates no measuement is taken. 

    Stations marked with an asterisk (*) have estimated totals computed from meteorological measurements using a  
form of the Penman equation. 

Click on a State: Arizona, California, Colorado, Hawaii & Pacific Islands, Idaho, Montana, Nevada,  
New Mexico, Oregon, Utah, Washington,  
Wyoming 

                                                         ALASKA 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

BROOKS RIVER              | 1967‐1990 |  0.00  0.00  0.00  0.00  0.00  2.48  2.88  1.63  0.73  0.00  0.00  0.00    7.72 
CENTRAL 2                 | 1962‐2005 |  0.00  0.00  0.00  0.00  0.00  3.97  4.00  2.43  2.19  0.00  0.00  0.00   12.59 
COPPER CENTER             | 1961‐1982 |  0.00  0.00  0.00  0.00  0.00  6.03  4.06  3.14  1.71  0.00  0.00  0.00   14.94 
JUNEAU AP                 | 1949‐2005 |  0.00  0.00  0.00  0.00  3.33  3.29  3.82  3.14  1.02  0.00  0.00  0.00   14.60 
MATANUSKA AES             | 1917‐2005 |  0.00  0.00  0.00  0.00  4.22  4.44  3.92  3.05  1.83  0.00  0.00  0.00   17.46 
MC GRATH WB AIRPORT       | 1939‐2005 |  0.00  0.00  0.00  0.00  4.20  4.42  3.65  2.29  1.40  0.00  0.00  0.00   15.96 
MCKINLEY PARK             | 1949‐2005 |  0.00  0.00  0.00  0.00  0.00  2.96  2.55  1.75  0.53  0.00  0.00  0.00    7.79 
OIL WELL ROAD E P         | 1967‐1974 |  0.00  0.00  0.00  0.00  0.00  5.17  3.83  2.81  1.40  0.00  0.00  0.00   13.21 
OLD EDGERTON              | 1970‐1996 |  0.00  0.00  0.00  0.00  3.31  4.56  4.16  3.04  1.65  0.00  0.00  0.00   16.72 
PALMER AAES               | 1949‐2005 |  0.00  0.00  0.00  0.00  4.44  4.71  4.12  2.96  1.75  0.00  0.00  0.00   17.98 
RAMPART 2                 | 1963‐1978 |  0.00  0.00  0.00  0.00  4.23  4.56  3.79  2.56  1.54  0.00  0.00  0.00   16.68 
COLLEGE UNIV EXP STN      | 1931‐2005 |  0.00  0.00  0.00  0.00  4.25  5.04  4.56  2.82  1.38  0.00  0.00  0.00   18.05 

                                                         ARIZONA 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

BARTLETT DAM              | 1939‐2005 |  3.92  4.92  7.10 10.02 13.77 16.21 15.56 13.95 12.10  9.66  5.86  4.47  117.54 
BLACK RIVER PUMPS         | 1948‐2005 |  0.00  0.00  0.00  6.93  8.83 10.12  7.99  7.02  5.70  3.94  0.00  0.00   50.53 
DAVIS DAM # 2             | 1958‐1977 |  7.49  7.46  9.75 12.78 16.71 19.48 19.87 17.91 14.64 12.03  8.40  7.80  154.32 
DAVIS DAM                 | 1948‐1961 |  3.54  5.13  7.60  9.30 11.33 13.33 13.14 12.15  9.51  7.24  5.38  3.88  101.53 
DOUGLAS                   | 1948‐2005 |  0.00  0.00  0.00 11.34 13.19 13.55 10.66 10.27  8.18  6.44  0.00  0.00   73.63 
FORT VALLEY               | 1909‐2005 |  0.00  0.00  0.00  0.00  5.86  7.37  6.03  4.91  3.35  0.00  0.00  0.00   27.52 
GRAND CANYON NATL PARK    | 1957‐1977 |  0.00  0.00  0.00  0.00  6.94 10.45  8.79  8.12  6.83  4.91  0.00  0.00   46.04 
GRAND CANYON N P 2        | 1976‐2005 |  0.00  0.00  0.00  0.00  7.46  9.80  8.94  7.29  6.10  4.45  0.00  0.00   44.04 
HAWLEY LAKE               | 1967‐1988 |  0.00  0.00  0.00  0.00  7.57  8.55  6.89  5.48  4.68  0.00  0.00  0.00   33.17 
MANY FARMS SCHOOL         | 1951‐1975 |  0.00  3.66  5.45  9.18 12.23 15.14 12.87 10.88  9.40  6.54  3.26  2.16   90.77 
MC NARY 2 N               | 1933‐2005 |  0.00  0.00  0.00  0.00  7.86  8.25  6.60  5.98  4.90  3.97  0.00  0.00   37.56 
MESA                      | 1896‐2005 |  3.03  4.02  6.11  8.64 11.33 12.67 13.10 11.87  9.69  6.81  4.15  2.96   94.38 
NOGALES 6 N               | 1952‐2005 |  3.59  4.46  7.01  9.35 11.91 13.31 10.00  8.28  8.06  7.17  4.49  3.57   91.20 
PAGE                      | 1957‐2005 |  0.00  2.60  5.84  8.27 10.72 12.86 13.06 11.38  8.42  5.13  2.29  0.00   80.57 
ROOSEVELT 1 WNW           | 1905‐2005 |  2.44  3.54  5.90  8.64 11.96 14.50 14.36 12.27 10.10  6.78  3.68  2.32   96.49 
SACATON                   | 1908‐2005 |  3.83  5.15  7.51 10.06 13.56 14.89 13.69 12.05 10.20  7.91  4.94  3.63  107.42 
SAFFORD AGRICULTRL CTR    | 1948‐2005 |  2.63  3.83  7.14 10.54 13.81 15.38 13.13 10.68  8.73  5.90  3.28  2.52   97.57 
SAN CARLOS RESERVOIR      | 1948‐2005 |  2.25  3.27  5.66  8.40 11.70 13.94 13.43 11.40  9.23  6.31  3.53  2.18   91.30 
SIERRA ANCHA              | 1913‐1979 |  2.19  2.93  4.58  6.42  8.97 10.94 10.39  8.88  8.00  6.22  3.50  2.37   75.39 
SNOWFLAKE 15 W            | 1965‐1998 |  0.00  0.00  0.00  0.00 11.03 14.38 11.29  9.12  7.96  6.45  3.40  0.00   63.63 
STEWART MOUNTAIN          | 1948‐2005 |  3.52  4.56  6.94 10.04 13.11 14.27 14.44 13.10 10.69  7.95  4.53  3.08  106.23 
TEMPE A S U               | 1953‐2005 |  1.56  2.93  4.79  7.04  9.44 10.85 10.99  9.92  7.63  5.14  2.56  1.44   74.29 
TUCSON UNIV OF ARIZONA    | 1894‐2005 |  3.25  4.57  6.95  9.88 12.87 14.91 13.17 11.65 10.35  7.81  4.73  3.37  103.51 
TUCSON U OF ARIZ # 1      | 1982‐2005 |  3.94  4.68  7.53 10.57 14.14 16.51 14.61 12.17 10.71  8.05  4.93  3.23  111.07 
WAHWEAP                   | 1961‐2005 |  1.95  2.77  6.30  9.42 12.82 14.94 15.26 13.31 10.06  7.06  3.69  2.60  100.18 
WHITERIVER 1 SW           | 1900‐2005 |  1.69  2.94  5.84  8.01  9.92 11.70  9.48  8.47  7.68  5.87  3.51  2.54   77.65 
WINKELMAN 6 S             | 1942‐1980 |  3.12  4.03  7.00  9.98 12.40 13.90 11.19  9.84  9.56  7.51  4.31  2.94   95.78 
YUMA CITRUS STATION       | 1920‐2005 |  3.58  4.36  6.81  9.17 11.75 13.19 13.85 12.28  9.51  6.91  4.43  3.37   99.21 
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                                                        CALIFORNIA 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

ANTIOCH PUMP PLANT 3      | 1955‐2005 |  1.17  1.99  4.25  6.27  8.96 10.84 11.60 10.06  7.77  4.91  2.07  1.22   71.11 
AUBURN DAM PROJECT        | 1972‐1984 |  1.42  1.89  3.13  4.89  7.73 10.08 11.66 10.70  8.08  5.00  1.97  1.36   67.91 
AVENAL 9 SSE              | 1955‐1961 |  1.80  2.90  6.20  9.39 12.96 16.73 18.67 16.37 12.61  8.05  3.89  2.44  112.01 
BACKUS RANCH              | 1948‐1963 |  2.85  3.86  6.77  9.80 12.69 15.93 16.92 15.95 12.19  8.01  4.25  2.98  112.20 
BEAUMONT PUMPING PLANT    | 1948‐1975 |  2.90  3.29  4.08  5.03  6.40  8.15 10.64  9.97  7.90  5.87  3.22  2.90   70.35 
BEAUMONT 1 E              | 1948‐2001 |  3.10  3.73  4.99  5.23  7.60  9.31 10.97 10.66  8.85  6.53  5.16  3.95   80.08 
BERRYESSA LAKE            | 1957‐1970 |  1.53  2.15  3.79  5.82  8.90 11.00 13.22 12.06  8.67  5.72  2.48  1.66   77.00 
BOCA                      | 1948‐2005 |  0.00  0.00  0.00  0.00  6.83  8.52 10.01  9.09  6.48  4.32  0.00  0.00   45.25 
BRANNAN ISLAND            | 1968‐1977 |  1.15  1.74  4.36  7.03 10.49 12.39 13.51 12.02  9.03  4.80  1.83  1.08   79.43 
CACHUMA LAKE              | 1952‐2005 |  2.44  3.53  4.41  6.01  7.55  8.56  9.50  8.98  7.00  5.42  3.49  2.79   69.68 
CAMP PARDEE               | 1948‐2005 |  0.72  1.12  2.32  4.18  7.04  9.43 11.17  9.50  6.51  3.77  1.40  0.72   57.88 
CHICO EXPERIMENT STN      | 1906‐2005 |  1.26  2.13  3.82  5.63  8.28 10.11 11.48  9.71  7.36  4.46  2.09  1.30   67.63 
CHULA VISTA               | 1948‐2005 |  2.81  3.45  5.03  6.06  6.76  6.96  7.63  7.48  6.21  5.02  3.58  2.78   63.77 
COW CREEK                 | 1948‐1961 |  3.21  5.62  9.78 13.98 17.25 21.37 21.89 20.17 15.36 10.71  4.91  3.85  148.10 
DAVIS 1 WSW               | 1917‐2005 |  1.49  2.34  4.54  7.13 10.19 12.17 12.77 11.28  9.08  6.35  2.89  1.45   81.68 
DEATH VALLEY              | 1961‐2005 |  3.93  5.38  9.10 13.00 16.76 19.11 20.98 18.86 13.95  9.78  5.54  3.75  140.14 
DUTTONS LANDING           | 1955‐1977 |  1.42  2.09  3.87  5.70  7.74  9.34  9.34  8.27  6.75  4.65  2.25  1.46   62.88 
FALL RIVER MILLS INTAKE   | 1948‐2005 |  0.00  0.00  2.47  5.80  7.54  9.48 12.14 10.57  7.59  3.78  1.14  0.00   60.51 
FERNDALE 2 NW             | 1963‐1973 |  0.70  1.17  2.26  3.21  3.95  4.38  4.49  4.07  3.59  2.06  1.04  0.72   31.64 
FOLSOM DAM                | 1955‐1993 |  0.92  1.90  3.47  5.21  8.07  9.91 11.12  9.93  7.45  4.89  2.06  1.25   66.18 
FRIANT GOVERNMENT CAMP    | 1948‐2005 |  1.46  2.12  3.82  5.89  9.42 12.07 13.96 12.47  9.00  5.76  2.61  1.37   79.95 
GRIZZLY ISLAND REFUGE     | 1971‐1977 |  1.45  2.25  4.00  5.72  8.07  9.82 10.69  8.93  6.88  4.33  2.10  1.55   65.79 
HETCH HETCHY              | 1931‐2005 |  0.00  0.00  0.00  3.84  5.31  7.34  8.78  7.86  5.85  3.23  1.74  0.00   43.95 
INDIO FIRE STATION        | 1927‐2005 |  2.85  4.38  7.15  9.98 12.73 14.85 14.95 13.59 10.80  7.60  3.98  2.49  105.35 
KETTLEMAN CITY 1 SSW      | 1955‐2005 |  1.73  2.99  5.80  8.32 11.75 14.27 16.11 14.74 10.82  7.30  3.46  1.74   99.03 
KNIGHTS FERRY 2 ESE       | 1959‐1977 |  1.00  1.69  3.14  5.65  8.54 10.14 11.60 10.31  7.74  4.62  2.69  1.00   68.12 
LAKE PILLSBURY 2          | 1964‐1970 |  0.58  1.42  3.01  4.62  7.41  8.38 10.31  9.35  6.93  3.61  1.19  0.87   57.68 
LAKESHORE 2               | 1948‐1972 |  1.09  1.68  2.97  4.78  6.15  7.43  9.71  8.79  6.44  3.40  1.41  0.95   54.80 
LAKE SOLANO               | 1975‐2005 |  1.48  2.37  4.28  6.66  9.24 11.24 11.53  9.86  7.58  5.26  2.59  1.67   73.76 
LAKE SPAULDING            | 1914‐2003 |  0.00  0.00  0.00  0.00  4.57  6.52  8.16  6.78  4.54  1.98  0.00  0.00   32.55 
LAKE SPAULDING DAM        | 1955‐1971 |  0.00  0.00  0.00  0.00  7.20  9.98 12.38 11.85  8.94  6.64  0.00  0.00   56.99 
LITTLE PANOCHE DET DAM    | 1968‐1975 |  1.77  2.89  5.87  9.39 14.56 16.31 18.45 16.63 12.46  7.60  3.04  1.78  110.75 
LODI                      | 1948‐2005 |  1.19  1.95  3.82  6.01  8.60  9.92 10.63  9.11  6.68  4.08  1.86  1.07   64.92 
LOS BANOS DET RESV        | 1968‐2005 |  1.57  2.71  5.44  9.34 14.18 16.58 17.85 15.63 11.87  7.49  3.34  1.82  107.82 
MANDEVILLE ISLAND         | 1955‐1965 |  1.10  2.38  4.77  6.95  8.55 10.44 11.22  9.71  7.41  5.12  2.47  1.13   71.25 
MANTECA                   | 1965‐1977 |  1.20  1.71  4.04  6.33  9.24 10.53 11.64 10.22  7.19  4.13  1.78  1.16   69.17 
MARKLEY COVE              | 1970‐2005 |  1.03  1.51  3.03  4.80  7.33  9.60 10.82  9.45  6.99  4.35  1.75  1.01   61.67 
MOJAVE                    | 1948‐2005 |  0.00  4.65  6.45  9.97 13.59 15.33 17.21 16.00 11.83  8.28  4.76  3.52  111.59 
MONTICELLO DAM            | 1957‐1970 |  1.02  1.83  3.24  4.96  7.35  9.36 11.20 10.07  7.56  4.82  1.98  1.08   64.47 
NACIMIENTO DAM            | 1957‐1978 |  1.58  2.20  3.92  5.53  7.92  9.85 11.28 10.43  7.76  5.16  2.57  1.66   69.86 
NEWARK                    | 1948‐2005 |  1.71  2.15  4.16  5.76  7.77  8.64  9.04  8.00  6.64  4.52  2.36  1.55   62.30 
NEW MELONES DAM           | 1979‐1992 |  1.34  2.25  3.56  5.93  9.16 11.85 13.73 12.29  8.86  5.75  2.37  1.28   78.37 
NEW MELONES DAM HQ        | 1992‐2005 |  1.30  1.83  3.46  5.25  7.94 10.23 12.23 11.72  8.71  5.52  2.23  1.19   71.61 
OAKDALE WOODWARD DAM      | 1948‐1967 |  1.03  1.72  3.42  5.47  8.95 11.88 14.23 12.22  8.53  5.52  2.10  1.02   76.09 
PLACERVILLE IFG           | 1955‐1991 |  1.53  1.67  2.72  3.98  5.84  7.79  9.41  8.45  6.62  3.93  1.87  1.51   55.32 
RIVERSIDE CITRUS EXP ST   | 1948‐2005 |  3.32  3.59  4.86  6.28  7.33  8.59 10.88 10.28  7.84  5.85  3.81  3.03   75.66 
SALT SPRINGS PWR HOUSE    | 1948‐1998 |  1.84  2.47  3.27  4.86  6.49  7.92 10.30  9.95  7.89  5.18  2.68  2.26   65.11 
SAN LUIS DAM              | 1963‐2005 |  1.41  2.49  5.31  8.67 13.14 15.75 18.38 16.68 12.01  7.42  3.02  1.56  105.84 
SHASTA DAM                | 1948‐2005 |  1.50  2.08  3.17  5.05  7.28  9.18 11.36 10.36  7.55  4.85  2.29  1.63   66.30 
STOCKTON MOWRY BRIDGE     | 1955‐1965 |  0.72  1.58  3.87  5.97  8.47 10.95 10.82  9.56  6.60  3.93  1.70  0.74   64.91 
TAHOE                     | 1914‐2005 |  0.00  0.00  0.00  0.00  4.27  5.23  5.98  5.35  3.16  1.57  0.00  0.00   25.56 
TRACY PUMPING PLANT       | 1955‐2005 |  1.53  2.47  5.30  8.20 12.01 14.88 16.92 14.55 10.64  6.57  2.93  1.48   97.48 
TRINITY DAM VISTA POINT   | 1959‐1973 |  0.00  0.00  2.83  3.98  6.56  8.32 10.67  9.15  5.97  2.74  0.57  0.85   51.64 
TRINITY RIVER HATCHERY    | 1974‐2005 |  0.58  1.00  2.77  4.43  6.78  8.32  9.71  8.91  6.15  3.20  0.99  0.51   53.35 
TULELAKE                  | 1932‐2005 |  0.00  0.00  0.00  4.56  7.55  8.39  9.52  8.53  6.80  3.49  0.00  0.00   48.84 
TURNTABLE CREEK           | 1948‐1969 |  1.98  2.60  3.76  5.25  6.32  8.29 10.23  9.90  8.35  5.71  3.08  2.37   67.84 
TWITCHELL DAM             | 1962‐2005 |  3.08  3.33  4.47  5.89  7.36  8.15  9.22  8.69  7.42  5.92  4.07  3.14   70.74 
WALNUT GROVE              | 1953‐1961 |  1.53  2.90  4.74  5.73  7.76 10.04 10.22  8.81  6.40  3.60  2.10  1.32   65.15 
WARM SPRINGS DAM          | 1973‐1998 |  1.17  1.83  3.23  5.37  7.83  9.33 10.04  8.49  6.58  4.59  2.10  1.17   61.73 
WHISKEYTOWN RESERVOIR     | 1960‐2005 |  0.87  1.23  2.51  4.05  6.41  8.05 10.04  8.80  6.25  3.40  1.14  0.78   53.53 
WILLOW CREEK 1 NW         | 1968‐2005 |  0.58  1.35  1.81  2.74  4.73  6.50  7.53  6.05  3.79  1.94  0.75  0.92   38.69 

                                                         COLORADO 
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AKRON 4 E                 | 1918‐2005 |  0.00  0.00  0.00  7.30  9.29 11.43 13.26 11.16  9.09  6.16  0.00  0.00   67.69 
ALAMOSA WSO AP            | 1948‐2005 |  0.00  0.00  0.00  7.06  9.01 10.08  9.16  7.81  6.40  4.39  0.00  0.00   53.91 
ARBOLES                   | 1957‐1963 |  0.00  0.00  0.00  5.41  7.95  9.56  9.78  8.61  6.52  0.00  0.00  0.00   47.83 
BONNY LAKE                | 1949‐2005 |  0.00  0.00  0.00  7.26  8.69 10.86 11.78 10.61  8.12  6.12  4.57  0.00   68.01 
CLIMAX                    | 1949‐2005 |  0.00  0.00  0.00  0.00  0.00  5.36  5.32  4.44  3.41  0.00  0.00  0.00   18.53 
CONEJOS 3 NNW             | 1948‐1960 |  0.00  0.00  0.00  6.30  7.14  7.67  7.41  6.87  7.19  5.74  0.00  0.00   48.32 
ESTES PARK                | 1948‐1994 |  0.00  0.00  0.00  5.78  5.26  7.09  7.13  6.15  5.04  4.04  0.00  0.00   40.49 
FORT COLLINS              | 1900‐2005 |  0.00  0.00  2.50  4.52  5.42  6.32  6.92  6.07  4.74  3.07  1.48  0.00   41.04 
GRAND JUNCTION WALKER     | 1900‐2005 |  0.00  0.00  4.67  8.53 12.18 15.96 16.53 14.02 10.98  7.05  2.42  0.00   92.34 
GRAND JUNCTION 6 ESE      | 1962‐2005 |  0.00  0.00  0.00  6.60  9.29 11.77 12.01 10.24  7.48  4.65  2.09  0.00   64.13 
GRAND LAKE 6 SSW          | 1948‐2005 |  0.00  0.00  0.00  0.00  4.82  7.75  7.81  6.79  5.24  3.10  0.00  0.00   35.51 
GREEN MOUNTAIN DAM        | 1948‐2005 |  0.00  0.00  0.00  0.00  4.96  6.56  6.93  5.90  4.65  2.90  0.00  0.00   31.90 
JOHN MARTIN DAM           | 1941‐2005 |  0.00  0.00  6.40  8.04  9.67 11.30 12.31 10.28  7.82  5.61  2.78  0.00   74.21 
LAKE GEORGE 8 SW          | 1948‐2005 |  0.00  0.00  0.00  0.00  5.15  8.26  7.39  6.02  5.72  0.00  0.00  0.00   32.54 
MEREDITH                  | 1963‐2005 |  0.00  0.00  0.00  0.00  7.69  8.26  8.34  6.96  5.25  3.21  0.00  0.00   39.71 
MONTROSE 1                | 1948‐1982 |  1.68  1.49  3.34  5.69  7.49  9.47  9.04  7.39  5.54  3.45  1.61  1.26   57.45 
PLATORO                   | 1949‐1991 |  0.00  0.00  0.00  0.00  5.86  8.10  6.57  5.24  5.52  3.33  0.00  0.00   34.62 
PUEBLO WSO AP             | 1954‐2005 |  0.00  0.00  0.00  8.71  9.50 11.51 12.14 10.41  8.17  6.14  0.00  0.00   66.58 
PUEBLO CITY RESERVOIR     | 1948‐1971 |  0.00  5.13  5.86  6.85  8.81 10.09 10.60  8.85  7.43  5.30  2.99  2.71   74.62 
PUEBLO RESERVOIR          | 1975‐2005 |  0.00  0.00  0.00  7.18  9.34 10.87 11.58  9.92  7.90  5.88  0.00  0.00   62.67 
PUEBLO 6 SSW              | 1971‐1985 |  0.00  0.00  4.82  7.47  8.57 10.65 11.30  9.40  7.13  5.53  0.00  0.00   64.87 
SAN LUIS LAKES 3W         | 1948‐1955 |  0.00  0.00  4.50  6.07  8.51  9.88  8.49  7.77  6.57  4.53  0.00  0.00   56.32 
SPRINGFIELD 7 WSW         | 1956‐2002 |  0.00  0.00  0.00  7.85  9.73 11.44 12.69 11.28  8.53  6.29  4.57  0.00   72.38 
SUGARLOAF RESERVOIR       | 1948‐2005 |  0.00  0.00  0.00  0.00  0.00  7.03  6.15  4.97  4.15  2.93  0.00  0.00   25.23 
TRINIDAD LAKE             | 1989‐2005 |  0.00  0.00  0.00  6.75  9.04 10.55  9.88  8.27  7.65  6.17  3.92  2.21   64.44 
TWIN LAKES RESERVOIR      | 1949‐2005 |  0.00  0.00  0.00  0.00  6.93  8.65  7.92  6.79  5.33  3.96  0.00  0.00   39.58 
VALLECITO DAM             | 1948‐2005 |  0.00  0.00  1.91  3.82  5.29  6.22  6.09  5.31  4.39  3.04  1.60  0.00   37.67 
WAGON WHEEL GAP 3 N       | 1948‐1972 |  0.00  0.00  0.00  0.00  6.69  7.90  7.15  5.81  5.30  2.61  0.00  0.00   35.46 
WALSH 1 W                 | 1951‐2005 |  0.00  0.00  0.00  0.00 10.78 12.35 12.76 11.63  9.42  6.88  0.00  0.00   63.82 
WIGGINS 7 SW              | 1960‐1971 |  0.00  0.00  0.00  6.82  8.50  8.42  9.97  8.09  5.87  4.22  2.23  0.00   54.12 
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HILO WSO AP 87            | 1949‐2005 |  5.06  4.87  5.15  5.40  5.66  6.49  6.44  6.13  5.40  5.37  4.06  4.46   64.49 
HONOLULU OBSRVY 702.2     | 1962‐2005 |  4.72  5.23  7.01  7.84  8.93  9.41 10.10 10.09  8.82  7.68  5.94  5.08   90.85 
LIHUE WSO AP 1020.1       | 1950‐2005 |  5.62  6.22  7.62  8.22  9.21  9.85 10.40 10.21  9.18  8.04  6.27  5.67   96.51 
U S MAGNETIC OBSERVATOR   | 1949‐1960 |  4.16  4.58  5.90  7.09  7.87  8.16  8.15  8.21  7.24  6.17  4.41  4.83   76.77 

                                                         PACIFIC ISLANDS 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 
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GUAM NAS                  | 1945‐2005 |  6.98  0.00  0.00  7.96  7.20  6.58  6.22  5.53  4.68  4.70  0.00  0.00   49.85 
GUAM WSMO                 | 1957‐1998 |  5.84  6.07  7.38  7.82  7.73  6.92  6.02  5.28  5.15  5.36  5.42  5.74   74.73 
JOHNSTON ISLAND WSO AIR   | 1953‐2004 |  8.69  8.76 10.29 10.25 10.79 11.42 11.50 10.82  9.81  9.53  8.19  8.75  118.80 
MARCUS ISLAND WB          | 1953‐1968 |  6.91  8.06  8.66  8.70  8.71  9.49  8.89  9.40  8.22  7.46  6.91  6.81   98.22 
PAGO PAGO WSO AIRPORT     | 1966‐2005 |  7.96  6.17  6.84  5.95  5.94  6.66  6.69  6.62  7.36  8.08  7.13  9.12   84.52 
WAKE ISLAND WSO AP        | 1953‐2004 |  0.00  0.00  0.00  7.57  0.00  5.89  0.00  0.00  0.00  0.00  0.00  0.00   13.46 
YAP ISLAND WSO AIRPORT    | 1953‐2005 |  6.31  6.20  7.37  7.40  6.97  5.51  5.61  5.68  5.61  5.85  5.50  5.93   73.94 

                                                         IDAHO 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

ABERDEEN EXPERIMNT STN    | 1914‐2005 |  0.00  0.00  0.00  0.00  7.46  8.95 10.28  9.40  6.41  3.85  0.00  0.00   46.35 
ARROWROCK DAM             | 1916‐2005 |  0.00  0.00  0.00  0.00  5.94  7.53 10.18  8.93  5.75  2.35  0.00  0.00   40.68 
BLACKFOOT DAM             | 1948‐1971 |  0.00  0.00  0.00  0.00  0.00  7.56  9.19  7.42  3.97  0.00  0.00  0.00   28.14 
EMMETT 2 E                | 1948‐2005 |  0.00  0.00  0.00  5.62  7.09  8.82 10.58  9.44  6.56  4.57  0.00  0.00   52.68 
ISLAND PARK               | 1937‐2005 |  0.00  0.00  0.00  0.00  0.00  4.90  6.58  5.69  0.00  0.00  0.00  0.00   17.17 
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LIFTON PUMPING STN        | 1935‐2005 |  0.00  0.00  0.00  4.08  5.97  7.41  8.70  7.80  5.35  3.02  0.00  0.00   42.33 
MACKAY 4 NW               | 1965‐1988 |  0.00  0.00  0.00  0.00  6.81  8.39 10.23  8.73  6.39  0.00  0.00  0.00   40.55 
MINIDOKA DAM              | 1947‐2005 |  0.00  0.00  0.00  6.79  8.17 10.76 13.01 11.48  8.26  4.63  2.94  0.00   66.04 
MOSCOW UNIV OF IDAHO      | 1893‐2005 |  0.00  0.00  3.03  3.85  5.66  6.53  8.62  8.23  5.29  3.03  2.85  0.00   47.09 
PALISADES                 | 1947‐1993 |  0.00  0.00  0.00  4.01  5.56  7.04  9.38  8.32  5.48  3.58  0.00  0.00   43.37 
PARMA EXPERIMENT STN      | 1922‐2005 |  0.00  0.00  0.00  6.00  8.26  9.05 10.41  9.47  6.30  0.00  0.00  0.00   49.49 
REXBURG RICKS COLLEGE     | 1977‐2005 |  0.00  0.00  0.00  0.00  6.59  7.29  8.06  7.36  5.23  0.00  0.00  0.00   34.53 
SANDPOINT EXPERMNT STN    | 1910‐2005 |  0.00  0.00  0.00  0.00  4.96  5.51  7.47  6.78  4.47  0.00  0.00  0.00   29.19 
TWIN FALLS WSO            | 1963‐2005 |  0.00  0.00  0.00  5.80  8.09  9.15 10.24  9.09  6.65  4.25  0.77  0.00   54.04 

                                                         MONTANA 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

BABB 6 NE                 | 1948‐2005 |  0.00  0.00  0.00  0.00  5.23  5.91  6.87  5.90  4.06  0.00  0.00  0.00   27.97 
BOZEMAN MONTANA ST UNIV   | 1892‐2005 |  0.00  0.00  0.00  3.34  5.58  6.03  8.34  7.17  4.57  2.62  0.00  0.00   37.65 
BOZEMAN 6 W EXP FARM      | 1966‐2005 |  0.00  0.00  0.00  4.24  5.68  6.62  8.19  7.73  4.88  2.99  0.00  0.00   40.33 
CANYON FERRY DAM          | 1948‐1957 |  0.00  0.00  0.00  0.00  7.98  7.13  8.17  7.41  5.50  3.11  0.00  0.00   39.30 
CANYON FERRY DAM          | 1907‐1996 |  0.00  0.00  0.00  3.15  5.04  6.21  7.91  7.04  4.18  1.93  0.00  0.00   35.46 
DILLON WMCE               | 1895‐2005 |  0.00  0.00  0.00  3.05  4.72  5.32  6.41  5.45  3.48  2.84  0.00  0.00   31.27 
FORT ASSINNIBOINE         | 1917‐2005 |  0.00  0.00  0.00  4.54  6.43  7.30  8.86  8.12  5.00  0.00  0.00  0.00   40.25 
FORT PECK                 | 1948‐1956 |  0.00  0.00  0.00  0.00  5.99  8.17  9.51  8.04  5.36  4.25  0.00  0.00   41.32 
FORT PECK POWER PLANT     | 1956‐2005 |  0.00  0.00  0.00  0.00  7.34  8.45 10.42  9.81  5.83  3.53  0.00  0.00   45.38 
HUNGRY HORSE DAM          | 1948‐2005 |  0.00  0.00  0.00  0.00  4.83  5.62  7.81  6.63  3.46  1.37  0.00  0.00   29.72 
HUNTLEY EXPERIMENT STN    | 1911‐2005 |  0.00  0.00  0.00  5.03  6.71  7.40  8.88  8.15  5.10  0.00  0.00  0.00   41.27 
LONESOME LAKE             | 1948‐1981 |  0.00  0.00  0.00  0.00  7.42  7.60  9.25  8.31  5.70  0.00  0.00  0.00   38.28 
MALTA 7 E                 | 1972‐2005 |  0.00  0.00  0.00  4.67  6.50  6.51  7.61  6.84  4.17  1.34  0.00  0.00   37.64 
MEDICINE LAKE 3 SE        | 1911‐2005 |  0.00  0.00  0.00  0.00  7.44  7.69  9.62  9.19  5.36  0.00  0.00  0.00   39.30 
MOCCASIN EXPERIMENT STN   | 1909‐2005 |  0.00  0.00  0.00  4.35  6.59  7.72  9.66  9.21  6.39  0.00  0.00  0.00   43.92 
SIDNEY                    | 1910‐2005 |  0.00  0.00  0.00  3.99  5.63  6.44  6.93  5.45  2.89  1.81  0.00  0.00   33.14 
TIBER DAM                 | 1952‐2005 |  0.00  0.00  0.00  0.00  4.51  6.46  7.65  5.56  4.34  0.00  0.00  0.00   28.52 
VALIER                    | 1911‐2005 |  0.00  0.00  0.00  0.00  5.37  6.49  7.33  5.62  4.72  0.00  0.00  0.00   29.53 
WESTERN AG RESEARCH CNT   | 1965‐2005 |  0.00  0.00  0.00  0.00  5.08  6.03  7.26  6.07  4.14  2.25  0.00  0.00   30.83 
YELLOWTAIL DAM            | 1948‐2005 |  0.00  0.00  0.00  0.00  6.94  8.84 10.60  9.74  6.58  4.86  0.00  0.00   47.56 

                                                         NEVADA 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

BEOWAWE U OF N RANCH      | 1972‐2005 |  0.00  0.00  0.00  3.98  7.17  8.68 10.42  9.52  6.97  4.43  0.00  0.00   51.17 
BOULDER CITY              | 1931‐2004 |  3.71  4.68  7.56 10.67 13.79 16.57 16.45 14.41 11.51  8.11  4.87  3.69  116.02 
CALIENTE                  | 1928‐2005 |  0.00  0.00  3.97  6.82  8.57 10.58 11.13  9.41  6.89  4.35  1.91  0.00   63.63 
CENTRAL NEVADA FIELD LA   | 1965‐1986 |  0.00  0.00  2.98  5.95  8.69 10.49 12.24 11.31  8.08  4.88  1.73  0.00   66.35 
FALLON EXPERIMENT STN     | 1950‐1992 |  1.34  2.23  4.39  6.15  7.70  8.91  9.87  8.63  6.10  3.90  1.91  1.37   62.50 
LAHONTAN                  | 1948‐2005 |  0.00  0.00  0.00  7.18  9.64 11.58 13.75 12.23  7.83  4.51  2.09  0.00   68.81 
LOGANDALE                 | 1968‐1992 |  2.55  3.61  5.26  8.96 12.44 14.20 14.38 12.07  8.67  7.66  3.86  2.89   96.55 
RUBY LAKE                 | 1948‐2005 |  0.00  0.00  0.00  5.10  7.09  8.90 10.54  9.37  6.51  3.95  0.00  0.00   51.46 
RYE PATCH DAM             | 1948‐2005 |  0.00  0.00  3.71  5.83  7.38  9.23 11.15 10.06  6.95  4.30  0.77  0.00   59.38 
SILVERPEAK                | 1967‐2005 |  0.00  3.84  7.26 10.13 13.60 16.31 17.98 15.92 11.32  6.88  2.94  0.00  106.18 
TOPAZ LAKE                | 1957‐2005 |  0.00  0.00  0.00  7.15  9.11 10.94 12.68 11.56  8.80  5.95  2.79  0.00   68.98 

                                                         NEW MEXICO 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

ABIQUIU DAM               | 1957‐2005 |  0.00  0.00  6.06  7.43  9.95 11.39 10.52  8.90  7.23  5.30  3.13  2.22   72.13 
AGRICULTURAL COLLEGE      | 1892‐1959 |  3.01  4.00  7.89 10.20  8.65 13.99 12.33 11.16  8.31  6.28  4.35  2.89   93.06 
ALAMOGORDO DAM            | 1939‐1975 |  3.73  4.35  8.21 11.30 12.88 14.43 13.66 11.59  9.17  7.19  4.89  3.46  104.86 
ANIMAS                    | 1923‐2005 |  3.87  4.91  8.29 10.78 12.36 14.25 11.60 11.07  8.54  6.71  4.69  3.61  100.68 
ARTESIA 6 S               | 1914‐2005 |  4.38  3.03  7.25  7.66 12.11 13.13 10.86 10.44  9.36  6.34  3.12  0.00   87.68 
BITTER LAKES WL REFUGE    | 1950‐2005 |  2.67  3.93  6.82  9.60 11.31 12.62 11.88 10.16  8.02  5.85  3.53  2.50   88.89 
BOSQUE DEL APACHE         | 1914‐2005 |  3.21  4.20  7.76 10.20 11.61 13.13 11.56 10.36  8.03  6.25  3.66  2.54   92.51 
BRANTLEY DAM              | 1987‐2005 |  4.65  0.00  8.62 11.77 14.61 15.46 14.19 12.22  9.88  7.97  5.77  4.34  109.48 
CABALLO DAM               | 1938‐2005 |  4.42  5.10  8.56 11.37 13.59 14.80 13.08 11.35  9.26  7.27  4.78  3.48  107.06 
CAPULIN NATL MONUMENT     | 1966‐1979 |  0.00  0.00  0.00  0.00  9.08 10.57  9.71  9.18  7.65  0.00  0.00  0.00   46.19 
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CLOVIS 13 N               | 1929‐2005 |  3.83  4.12  6.63  8.72 10.15 11.45 11.65  9.55  7.64  5.78  3.95  3.21   86.68 
COCHITI DAM               | 1975‐2005 |  0.00  4.14  6.44  8.48 11.07 12.95 12.38 10.62  8.91  6.29  3.94  2.79   88.01 
CONCHAS DAM               | 1938‐2005 |  0.00  0.00  7.35  8.88 10.29 11.69 11.37 10.06  8.24  6.18  4.04  2.79   80.89 
EAGLE NEST                | 1937‐2005 |  0.00  0.00  0.00  4.91  7.67  7.83  7.07  5.87  5.30  4.31  0.00  0.00   42.96 
EL VADO DAM               | 1923‐2005 |  0.00  0.00  3.61  5.43  7.46  8.84  8.52  6.91  5.66  3.84  1.72  0.00   51.99 
ELEPHANT BUTTE DAM        | 1917‐2005 |  3.47  4.87  8.61 12.22 14.94 16.37 14.15 12.05  9.78  7.70  4.91  3.34  112.41 
ESTANCIA                  | 1914‐2005 |  0.00  0.00  3.26  6.79  8.56  9.27  8.61  7.10  5.60  3.82  2.62  0.00   55.63 
FARMINGTON AG SCIENCE C   | 1978‐2005 |  0.00  0.00  0.00  7.97 10.06 12.00 12.52 10.70  8.15  5.41  0.00  0.00   66.81 
FLORIDA                   | 1939‐1992 |  3.54  4.81  8.10 10.94 13.03 14.80 11.84 10.10  8.51  6.58  4.57  3.11   99.93 
GALLUP RANGER STN         | 1966‐1975 |  0.00  0.00  0.00  6.61  9.31 12.12 10.50  8.70  7.95  5.07  2.20  0.00   62.46 
JEMEZ DAM                 | 1953‐2005 |  0.00  0.00  0.00  9.91 12.27 13.95 14.29 11.45  9.80  6.72  3.65  0.00   82.04 
JORNADA EXP RANGE         | 1925‐2005 |  2.50  4.18  7.24 10.06 11.94 12.85 10.88  9.53  7.82  5.71  3.61  2.50   88.82 
LAGUNA                    | 1914‐2005 |  0.00  0.00  0.00  8.47  9.33 11.98 10.76  8.88  6.83  5.00  1.98  0.00   63.23 
LAKE AVALON               | 1914‐1979 |  4.49  5.33  9.42 12.36 14.31 15.16 14.14 12.33  9.25  7.26  4.68  4.20  112.93 
LAKE MC MILLAN            | 1941‐1949 |  0.00  0.00  0.00 13.78  8.14 14.26 13.38 13.45 10.35  6.15  0.00  0.00   79.51 
LOS LUNAS 3 SSW           | 1923‐2005 |  1.87  2.81  5.27  7.77  9.74 10.49 10.06  8.67  6.58  4.64  2.75  2.45   73.10 
NARROWS                   | 1948‐1964 |  3.09  5.67  7.62 11.07 13.37 15.44 13.07 11.42  9.97  7.20  4.32  2.64  104.88 
NAVAJO DAM                | 1963‐2005 |  0.00  0.00  0.00  6.58  9.10 11.07 11.24  9.66  7.22  4.74  0.00  0.00   59.61 
PORTALES 7 WNW            | 1934‐1960 |  3.26  4.57  8.24  8.85 10.72 12.16 10.44  9.28  7.95  5.98  4.15  3.53   89.13 
HOOD RANGER STN           | 1954‐2005 |  0.00  0.00  0.00  7.84  9.02 10.81  8.25  6.87  6.12  5.14  2.65  0.00   56.70 
ROSWELL WSO AIRPORT       | 1893‐1972 |  0.00  0.00  0.00 11.29  0.00 15.87 12.11 12.63  7.92  6.97  4.66  4.51   75.96 
SANTA FE                  | 1867‐1972 |  0.00  0.00  3.00  7.28  8.73 10.93  9.95  8.26  7.15  5.10  2.50  0.00   62.90 
SANTA FE 2                | 1972‐2005 |  0.00  0.00  0.00  7.10  9.76 11.31 10.36  9.20  7.41  5.08  0.00  0.00   60.22 
SHIPROCK                  | 1926‐2005 |  0.00  0.00  0.00  7.84 10.57 14.44 13.17 10.80  9.80  6.54  0.00  0.00   73.16 
SOCORRO                   | 1914‐2005 |  0.00  0.00  4.83  7.09  9.17  9.35  8.56  7.57  5.73  4.14  0.00  0.00   56.44 
STATE UNIVERSITY          | 1959‐2005 |  3.00  4.33  7.40  9.90 12.03 12.91 12.05 10.34  8.14  6.17  3.85  2.79   92.91 
SUMNER LAKE               | 1921‐2005 |  0.00  0.00  7.33 10.22 12.35 13.54 13.36 11.16  9.02  6.97  4.92  3.17   92.04 
TUCUMCARI 4 NE            | 1904‐2005 |  0.00  0.00  0.00  9.83 11.53 13.11 13.00 11.13  8.96  6.74  0.00  0.00   74.30 
UTE DAM                   | 1965‐2005 |  4.38  4.91  7.53  8.78 10.75 10.49 10.92  9.42  7.56  6.68  4.98  3.04   89.44 

                                                         OREGON 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

ASTOR EXPERIMENT STN      | 1948‐1973 |  0.56  0.96  1.47  2.21  3.75  3.95  4.65  4.10  2.95  1.65  0.87  0.70   27.82 
BEND 7 NE                 | 1991‐2005 |  0.00  0.00  0.00  4.25  6.14  6.69  8.66  7.91  5.42  0.00  0.00  0.00   39.07 
CORVALLIS STATE UNIV      | 1889‐2005 |  0.00  0.00  1.79  2.96  4.59  5.86  7.70  7.07  5.06  2.33  0.96  0.00   38.32 
COTTAGE GROVE DAM         | 1943‐2005 |  0.00  1.27  2.16  3.07  4.56  5.60  7.75  6.70  4.47  2.06  0.82  0.00   38.46 
DETROIT DAM               | 1954‐2005 |  0.19  1.16  1.69  2.51  4.38  5.90  7.68  6.64  4.24  2.05  0.88  0.46   37.78 
DORENA DAM                | 1948‐2005 |  0.00  1.01  1.94  2.95  4.98  6.11  8.19  7.15  4.66  2.01  0.00  0.00   39.00 
FERN RIDGE DAM            | 1943‐2005 |  0.39  0.79  1.92  3.17  5.03  6.21  8.12  7.09  4.76  2.21  0.67  0.34   40.70 
HERMISTON 2 S             | 1928‐1997 |  0.00  0.00  3.44  5.43  7.91  9.67 11.32  9.66  6.32  3.97  0.00  0.00   57.72 
HOOD RIVER EXP STN        | 1928‐2005 |  0.00  0.00  0.00  0.00  6.45  6.80  8.81  7.04  3.32  3.09  0.00  0.00   35.51 
KLAMATH FALLS AGR STN     | 1949‐2004 |  0.70  1.31  2.81  4.73  7.21  8.79 10.24  9.41  6.30  4.37  0.00  0.67   56.54 
LOOKOUT POINT DAM         | 1955‐2005 |  0.00  1.76  2.29  3.10  4.67  5.77  7.69  6.89  4.45  1.96  1.01  0.00   39.59 
MADRAS 1 NNW              | 1952‐2005 |  0.00  0.00  0.00  4.72  7.12  8.66 10.23  9.17  6.21  3.16  1.70  0.00   50.97 
MALHEUR BRANCH EXP STN    | 1943‐2005 |  0.00  0.00  0.00  5.68  7.71  8.94 11.06  9.57  6.17  3.14  0.72  0.00   52.99 
VOLTAGE 2 NW              | 1959‐2005 |  0.00  0.00  0.00  4.37  6.22  7.67  9.58  8.52  5.86  3.19  0.00  0.00   45.41 
MEDFORD EXP STN           | 1937‐2003 |  0.53  1.02  2.26  3.56  5.29  6.54  8.24  6.78  4.05  1.81  0.76  0.44   41.28 
MORO                      | 1928‐2005 |  0.00  0.00  2.96  5.11  7.74  9.60 12.34 11.18  7.15  3.56  0.00  0.00   59.64 
N WILLAMETTE EXP STN      | 1963‐2005 |  0.63  1.18  2.29  3.31  5.15  6.01  7.40  6.78  4.68  2.39  1.05  0.57   41.44 
ODELL LAKE LAND PAN       | 1948‐1980 |  0.00  0.00  0.00  0.00  3.17  4.13  5.54  3.81  1.90  0.67  0.00  0.00   19.22 
ODELL LAKE WATER PAN      | 1945‐1959 |  0.00  0.00  0.00  0.00  1.87  2.71  3.97  4.01  3.44  2.02  0.00  0.00   18.02 
PELTON DAM                | 1958‐2005 |  0.00  0.00  0.00  4.48  6.77  8.26  9.98  8.12  5.22  2.49  0.00  0.00   45.32 
PENDLETON BR EXP STN      | 1956‐2005 |  0.00  0.00  3.41  5.09  6.93  8.81 11.78 10.85  7.02  3.80  0.00  0.00   57.69 
SUMMER LAKE 1 S           | 1957‐2005 |  0.00  0.00  0.00  5.19  7.28  8.71 10.88  9.79  6.48  3.48  1.90  0.00   53.71 
UNION EXP STN             | 1928‐2005 |  0.00  0.00  0.00  3.16  4.80  6.03  7.49  6.80  4.32  2.74  0.00  0.00   35.34 
WARM SPRINGS RESERVOIR    | 1931‐1974 |  0.00  0.00  0.00  4.85  7.21  8.66 11.73 10.19  6.77  3.49  0.00  0.00   52.90 
WICKIUP DAM               | 1941‐2005 |  0.00  0.00  0.00  2.99  5.14  6.46  7.99  6.84  4.68  2.46  0.00  0.00   36.56 
WINCHESTER                | 1950‐2005 |  0.00  0.00  0.00  2.25  3.79  5.51  6.93  6.38  4.51  1.33  0.00  0.00   30.70 
WINCHESTER 3 W F STN      | 1981‐1989 |  0.91  0.96  2.06  3.62  5.04  6.62  8.48  8.19  4.94  2.46  1.17  0.87   45.32 

                                                         UTAH 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

ARCHES NATL PARK HQ       | 1980‐2005 |  0.00  0.00  0.00  7.44  9.81 12.33 12.94 11.15  8.16  4.73  0.00  0.00   66.56 
BEAR RIVER BAY            | 1969‐1996 |  0.00  0.00  0.00  6.27 10.17 12.59 13.86 12.29  7.83  4.89  0.00  0.00   67.90 
BEAR RIVER REFUGE         | 1948‐1984 |  0.00  0.00  0.00  4.80  7.21  8.66 10.46  9.30  6.13  3.27  1.27  0.00   51.10 
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BRYCE CANYON NAT'L PRK    | 1971‐1978 |  0.00  0.00  0.00  0.00  6.86  7.86  8.07  7.21  5.30  0.00  0.00  0.00   35.30 
FARMINGTON USU FLD STN    | 1948‐2005 |  0.00  0.00  0.00  0.00  7.33  6.35  9.25  8.62  4.63  2.97  0.00  0.00   39.15 
FERRON                    | 1948‐2005 |  0.00  0.00  0.00  5.20  5.66  8.06  6.58  6.39  5.49  3.53  0.00  0.00   40.91 
FISH SPRINGS REFUGE       | 1960‐2005 |  0.00  0.00  0.00  7.02 10.70 12.90 15.92 13.58  9.92  5.84  0.00  0.00   75.88 
FLAMING GORGE             | 1957‐2005 |  0.00  0.00  0.00  0.00  6.23  8.74  9.71  8.62  5.76  3.94  0.00  0.00   43.00 
FORT DUCHESNE             | 1894‐2005 |  0.00  0.00  0.00  5.16  7.41  8.61  9.06  7.98  5.57  3.25  0.00  0.00   47.04 
GREEN RIVER AVIATION      | 1893‐2005 |  0.00  0.00  0.00  6.07  8.07  9.29  9.49  7.97  5.74  3.52  1.60  0.00   51.75 
GUNNISON                  | 1956‐1990 |  0.00  0.00  0.00  5.10  7.23  8.70  9.65  8.26  6.03  3.81  0.00  0.00   48.78 
HITE                      | 1949‐1962 |  0.00  0.00  0.00  7.84 11.74 14.14 14.01 12.44  8.34  4.86  1.94  0.00   75.31 
LOGAN USU EXP STN         | 1950‐1978 |  0.00  0.00  0.00  4.01  5.98  7.05  8.37  7.50  5.02  2.92  0.00  0.00   40.85 
LOGAN 5 SW EXP FARM       | 1969‐2005 |  0.00  0.00  3.30  4.57  6.57  8.48 10.05  8.93  5.88  3.51  0.00  0.00   51.29 
MANILA                    | 1952‐2005 |  0.00  0.00  0.00  0.00  7.31  8.66  9.83  8.37  6.50  4.63  0.00  0.00   45.30 
MEXICAN HAT               | 1948‐2005 |  0.00  0.00  6.31  8.45 11.99 14.42 14.87 12.48  9.37  5.52  2.25  0.00   85.66 
MILFORD                   | 1906‐2005 |  0.00  0.00  0.00  7.47 10.22 13.54 15.47 13.24  9.88  6.16  2.32  0.00   78.30 
MOAB                      | 1889‐2005 |  0.00  0.00  4.19  7.29 10.41 12.03 12.72 10.75  7.66  4.25  2.26  0.00   71.56 
MORGAN                    | 1948‐2005 |  0.00  0.00  0.00  4.94  6.96  7.30  9.07  8.01  6.15  3.74  0.00  0.00   46.17 
PIUTE DAM                 | 1948‐1971 |  0.00  0.00  0.00  0.00  7.91  9.98 10.13  8.40  6.98  4.60  0.00  0.00   48.00 
PROVO AIRPORT             | 1948‐1953 |  0.00  0.00  2.91  6.03  6.83  8.62  8.88  8.36  6.09  3.41  0.00  0.00   51.13 
PROVO BYU                 | 1980‐2005 |  0.00  0.00  2.59  4.71  6.81  8.77  9.85  8.70  5.59  2.92  0.00  0.00   49.94 
PROVO RADIO KAYK          | 1952‐1977 |  0.00  0.00  0.00  4.38  5.94  7.53  8.32  7.58  5.40  3.21  1.53  0.00   43.89 
ST GEORGE                 | 1862‐2005 |  0.00  0.00  4.57  7.36 10.08 12.22 13.17 11.55  8.22  4.83  2.68  0.00   74.68 
SALTAIR SALT PLANT        | 1956‐1991 |  0.00  0.00  3.66  6.20  9.19 11.88 14.40 12.67  8.58  4.86  2.32  0.00   73.76 
SCOFIELD DAM              | 1948‐1991 |  0.00  0.00  0.00  0.00  5.52  7.84  8.29  6.94  5.13  3.90  0.00  0.00   37.62 
SEVIER DRY LAKE           | 1987‐1993 |  0.00  0.00  2.93  6.33 13.52 16.06 18.32  0.00  0.00  0.00  0.00  0.00   57.16 
STRAWBERRY RESERVOIR EA   | 1956‐1977 |  0.00  0.00  0.00  0.00  5.82  7.28  7.87  7.31  5.08  3.02  0.00  0.00   36.38 
UTAH LAKE LEHI            | 1928‐2003 |  0.00  0.00  2.77  5.19  7.11  8.80  9.61  8.58  6.10  3.81  1.42  0.00   53.39 
VERNAL ARPT               | 1928‐2005 |  0.00  0.00  0.00  5.07  6.41  7.48  6.64  6.34  4.89  2.92  0.00  0.00   39.75 
WANSHIP DAM               | 1955‐2005 |  0.00  0.00  0.00  0.00  6.09  6.79  7.41  6.59  4.79  3.19  0.00  0.00   34.86 

                                                         WASHINGTON 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

BELLINGHAM 2 N            | 1948‐1985 |  0.00  0.00  0.00  2.75  4.59  5.35  6.28  5.56  3.34  1.22  0.00  0.00   29.09 
BELLINGHAM 3 SSW          | 1985‐2005 |  0.00  0.00  0.00  0.00  3.77  4.69  5.31  4.50  2.65  1.39  0.00  0.00   22.31 
BUMPING LAKE              | 1931‐1967 |  0.00  0.00  0.00  0.00  4.01  4.13  5.58  4.63  3.19  2.34  0.00  0.00   23.88 
CONNELL 1 W               | 1960‐2003 |  0.00  0.00  0.00  5.43  8.35  9.89 11.90 10.77  6.88  3.00  0.00  0.00   56.22 
ELTOPIA 6 W               | 1954‐1973 |  0.00  0.00  3.23  5.46  6.61  7.73  9.36  7.56  4.93  2.45  0.83  0.00   48.16 
ELTOPIA 8 WSW             | 1974‐2005 |  0.00  0.00  0.00  4.44  6.10  7.05  8.07  7.04  4.44  2.06  0.62  0.00   39.82 
LAKE KACHESS              | 1931‐1977 |  0.00  0.00  0.00  2.37  3.78  4.82  6.12  5.12  3.20  0.00  0.00  0.00   25.41 
LIND 3 NE EXP STN         | 1931‐2005 |  0.00  0.00  0.00  5.35  8.02  9.40 12.02 10.44  6.87  2.59  0.00  0.00   54.69 
MOSES LAKE 3 E            | 1943‐1979 |  0.00  0.00  0.00  5.51  7.50  8.78 10.29  8.10  5.53  2.79  0.00  0.00   48.50 
OROVILLE 1 S              | 1960‐1970 |  0.00  0.00  0.00  4.49  5.82  6.36  7.42  6.22  4.28  1.99  0.00  0.00   36.58 
OTHELLO 6 ESE             | 1941‐2002 |  0.00  0.00  0.00  5.40  7.60  9.00 10.77  9.14  6.12  2.92  0.00  0.00   50.95 
PROSSER 4 NE              | 1931‐2005 |  0.00  0.00  2.49  4.86  6.57  7.50  8.61  7.09  4.73  2.48  0.80  0.69   45.82 
PUYALLUP 2 W EXP STN      | 1931‐1995 |  0.00  0.71  1.58  2.46  3.97  4.63  5.61  4.97  2.92  1.28  0.61  0.00   28.74 
QUINCY 1 S                | 1941‐2005 |  0.00  0.00  0.00  5.76  8.05  9.00 10.20  8.52  5.52  2.60  0.00  0.00   49.65 
RIMROCK TIETON DAM        | 1947‐1977 |  0.00  0.00  0.00  0.00  5.35  7.08 15.41  6.71  3.70  1.63  0.00  0.00   39.88 
SEATTLE MAPLE LEAF R      | 1941‐1960 |  0.61  0.82  1.80  3.26  4.64  5.12  6.70  5.19  3.49  1.62  0.74  0.53   34.52 
SPOKANE WSO AIRPORT       | 1889‐2005 |  0.00  0.00  0.00  4.66  7.27  8.57 11.28 10.22  6.41  0.00  0.00  0.00   48.41 
WALLA WALLA 3 W ENT LA    | 1931‐1962 |  0.00  0.00  0.00  4.79  6.26  7.61  9.72  7.95  4.78  2.58  0.00  0.00   43.69 
WENATCHEE EXP STN         | 1950‐1997 |  0.00  0.00  0.00  4.74  6.87  7.87  9.38  7.83  4.19  0.00  0.00  0.00   40.88 
WHITMAN MISSION           | 1962‐2005 |  0.00  0.00  0.00  4.58  6.58  8.17 10.34  9.08  5.52  2.84  0.00  0.00   47.11 
WIND RIVER                | 1901‐1977 |  0.00  0.00  0.00  2.91  4.19  4.64  6.15  4.97  3.31  1.62  0.00  0.00   27.79 
YAKIMA WSO AP             | 1946‐2005 |  0.00  0.00  0.00  5.27  7.62  8.71 10.42  9.29  5.90  0.00  0.00  0.00   47.21 

                                                         WYOMING 

                                         MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

                          |  PERIOD   | 
                          | OF RECORD |   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC    YEAR 

ANCHOR DAM                | 1961‐1979 |  0.00  0.00  0.00  0.00  6.46  7.57  9.66  8.31  5.95  5.33  0.00  0.00   43.28 
ARCHER                    | 1948‐2005 |  0.00  0.00  0.00  3.66  5.71  7.08  8.30  7.94  5.94  4.45  0.00  0.00   43.08 
BOYSEN DAM                | 1948‐2005 |  0.00  0.00  0.00  5.44  6.72  8.24  9.86  9.08  5.92  3.20  0.00  0.00   48.46 
FARSON                    | 1915‐2005 |  0.00  0.00  0.00  0.00  7.45  9.37 10.67  8.94  6.53  3.80  0.00  0.00   46.76 
GILLETTE 9 ESE            | 1925‐2005 |  0.00  0.00  0.00  4.52  6.40  7.50  9.88  9.44  6.18  4.36  2.39  0.00   50.67 
GREEN RIVER               | 1915‐2005 |  0.00  0.00  0.00  0.00  8.22  9.71 11.08  9.80  6.82  4.62  0.00  0.00   50.25 
HEART MOUNTAIN            | 1949‐2005 |  0.00  0.00  0.00  3.50  5.82  6.37  7.35  6.67  4.37  3.43  0.00  0.00   37.51 
KEYHOLE DAM               | 1949‐1958 |  0.00  0.00  0.00  4.99  6.06  7.25  9.56  9.01  6.04  3.68  0.00  0.00   46.59 
LARAMIE 2 NW              | 1966‐2005 |  0.00  0.00  0.00  0.00  8.21 10.26 10.71  9.58  7.48  4.76  0.00  0.00   51.00 
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LOOKOUT 14 NE             | 1948‐1965 |  0.00  0.00  0.00  0.00  7.50 11.32 10.89 10.40  7.76  7.30  0.00  0.00   55.17 
MORTON 1 NW               | 1949‐1968 |  0.00  0.00  0.00  3.91  5.59  6.73  8.27  7.31  4.96  3.35  0.00  0.00   40.12 
PATHFINDER DAM            | 1948‐1991 |  0.00  0.00  3.20  5.07  6.78  8.78 10.53  9.75  7.17  4.95  2.81  0.00   59.04 
SEMINOE DAM               | 1948‐2005 |  0.00  0.00  0.00  0.00  5.24  8.27  8.99  8.12  5.59  0.00  0.00  0.00   36.21 
SHERIDAN FIELD STN        | 1920‐2005 |  0.00  0.00  0.00  3.55  6.29  7.88 10.21  9.73  6.48  0.00  0.00  0.00   44.14 
WHALEN DAM                | 1949‐1991 |  0.00  0.00  3.32  5.17  7.44  9.00 10.39  9.09  6.24  4.18  0.00  0.00   54.83 
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APPENDIX H - Rational Method and Conveyance Sizing Analysis 

 



Upper Valley Recycling Runoff Analysis April, 2017 Site Rational Method Analysis

Table 1: Area Runoff Coefficients
Area Coefficient

1 (Summer) 0.7
1 (Winter) 1

2 0.7
3 (Summer) 0.7
3A (Winter) 1 GENERAL NOTE:
3B (Winter) 0.7

5 0.7
7 0.9

Table 2: Modified Rational Method Analysis‐Compost Runoff Sump

Drainage Area Area (ft2)
Area A 
(acre)

Max Drainage 
Distance D (ft)

Slope Type
Max. Elevation 
Change (ft)

Average Slope 
(SA)

Tt (minute) 
Local Flow 
Time1

TC (minute) = 
∑Tt+TC,upstream

I (inch/hr)2
∑(CA) from 
Flow Start

Q=∑(CA)I 
(ft3/s)

Areas 1, 2, 3, 5, 7 (Summer) to Compost Runoff Sump
(Determination of Longest Flow Time Path)

Area 13 60812 1.40 288 Overland 6.18 2.15% 2.68
42 Culvert, (2) 1‐ft PVC N/A 2.00% 0.09 2.77 3.36 0.98 3.28

Area 2+3+7 (Overland) 274611 6.30
(+Area 7) 35958 0.83 524.00 Overland N/A 1.00% 5.70 8.47 2.30 6.13 14.11

Area 54 138882 3.19 778 Overland N/A 0.85% 8.23
(Independent of 1,2,3,7) 186 Ditch (As Overland) N/A 1.00% 2.57 10.80 2.41 2.23 5.38

(Area 5 flow dictates Tc)
(Determination of Flow Continuing to Sump)
Area 1,2,3,7 Contributing to Ditch Flow 274611 6.30

(+Area 7) 35958 0.83 426.00 Ditch (As Overland) N/A 0.50% 6.35 17.14 1.90 8.36 15.89

Areas 2, 3B, 5, 7 (Winter) to Compost Runoff Sump
(Area 5 flow dictates Tc)

Area 54 138882 3.19 778 Overland N/A 0.85% 8.23

(Independent of 2,3B,7) 186 Ditch (As Overland) N/A 1.00% 2.57 10.80 2.41 2.23 5.38
Area 2,3B,7 Contributing to Ditch Flow 136138 3.13

(+Area 7) 35958 0.83 426.00 Ditch (As Overland) N/A 0.50% 6.35 17.14 1.90 5.16 9.81

Table 3: Modified Rational Method Analysis‐Retention Basin

Drainage Area Area (ft2)
Area A 
(acre)

Max Drainage 
Distance D (ft)

Slope Type
Max. Elevation 
Change (ft)

Average Slope 
(SA)

Tt (minute) 
Local Flow 
Time2

TC (minute) = 
∑Tt+TC,upstream

I (inch/hr)3
∑(CA) from 
Flow Start

Q=∑(CA)I 
(ft3/s)

(Summer) to Retention Basin
No areas drain to retention basin during summer under proposed future Facility layout.

Area 1, 3A (Winter) to Retention Basin

Area 13 60812 1.40 288 Overland 6.18 2.15% 2.68
42 Culvert, (2) 1‐ft PVC N/A 2.00% 0.09 2.77 3.36 1.40 4.69

Area 3A 138473 3.18 524.00 Overland N/A 1.00% 5.70 8.47 2.30 4.57 10.52
1Local flow time overland and ditch flow from Kirpich equation for simplicity and to provide conservative runoff values.
2Intensity (inch/hr) taken from NOAA Atlas 14, Volume 6, Version 2, Saint Helena station intesity/duration values for 25‐year storm.

4Area 5 drains through an 18‐inch HDPE corrugated pipe to the retention basin with estimated flow capacity of 6.6 cfs at half full, n=0.02 (per Hydraulic Considerations for Corrugated Polyethylene Pipe , Pipe Plastics Institute, 2000.)   The rational method calculated 
flow of  5.38 cfs retained for downstream analysis.

3Area 1 drains through 2, 1‐foot PVC pipes set under the access road each with a combined estimated flow rate of approximately 6 cfs at half‐full, n=0.011.  The rational method calculated flow of 3.28 cfs retained for downstream analysis based on the minimum 
recommended Tc of 5 minutes.

1. Materials covered December 1 to April 1 (defined as 
"Winter") and prior to rain events, increasing runoff for 
these months.

OVERLAND/CHANNEL FLOW	TIME	ሺKIRPICHሻ	ሺminሻ
ܶ	ݎ	 ௧ܶ ൌ 0.0078 .ܵି.ଷ଼ହܦ

Where: D=Watercourse Distance (ft)
S=Slope (ft/ft)

PIPE CULVERT	FLOW	VELOCITY	ሺfpsሻ

ݒ ൌ
1.485
݊

ܴ
ଶ
ଷܵ

ଵ
ଶ

Where: n= Manning's Roughness (0.011 for PVC)
R=Hydraulic Radius (1' Pipe=0.25ft)
(Divide by 60  for  feet per minute)
(Divide length by velocity for Tt)

1 of 1



Upper Valley Recycling Runoff Analysis April, 2017 Pump and Culvert Capacity Analysis

Table 1: Upper Valley Sump Pumps
Location Size Model Head (ft) Capacity

7.5 HP
Barnes 

4SE7534L
25 540 GPM

5 HP
Goulds 

WS5032D4
25 450 GPM

25 HP
Ebara Model 

300DL(F)U6184
8 2500 GPM

25 HP
Ebara Model 

300DL(F)U6184
8 2500 GPM

Groundwater Sump 
to Creek or Compost 

Sump
3 HP

Goulds 
WS3032D3

14 (0 to 
Compost 
Sump)

400 GPM

Table 2: Pump Discharge During 25‐Year, 24‐Hour Storm

Pumping Station
Max. Storm 
Flow (ft3/s)1

Max. Storm 
Flow (GPM)1

Pump 
Capacity 
(GPM)

Total Storm 
(acre‐feet)2

Total Storm 
Flow (gal)

Hours to 
Discharge

Compost Runoff 
Sump (Summer)

15.89 7133 990 5.78 1883419 31.7

Compost Runoff 
Sump (Winter)

9.81 4402 990 3.99 1300145 21.9

Retention Basin 
(Summer)

0.00 0 5000 0.37 120565 0.4

Retention Basin 
(Winter)

10.52 4722 5000 2.87 935192 3.1

1Max. storm flow from 25‐year, 24‐hour storm event rational method analysis.
2Total storm flow from 25‐year, 24‐hour storm event water balance.

Table3: Culvert Analysis

Culvert
Max. Storm 
Flow (ft3/s)1

Max. Storm 
Flow (GPM)1

Capacity 
(GPM)2,3

Area 1 (Winter) 4.69 2105 2672
Area 5 5.38 2414 2962

1Max. storm flow from 25‐year, 24‐hour storm event rational method analysis.
2Area 1 capacity based on Pipe Culvert Flow Manning's equation.  
3Area 5 capacity from Hydraulic Considerations for Corrugated Polyethylene Pipe (6.6 cfs).

Compost Sump To 
Water Reuse Pond

Retention Basin To 
Creek

PIPE CULVERT	FLOW	ሺcfsሻ	ሺAREA	1	ONLYሻ

ܳ ൌ
1.485
݊ ܴܣ

ଶ
ଷܵ

ଵ
ଶ

Where:
n= Manning's Roughness (0.011 for PVC)
R=Hydraulic Radius (1' Pipe=0.25ft)
A=0.392ft2 (Assume half‐full pipe)
2 pipes present, double flow
(Multiply by 448.8 for gallon/minute)

1 of 1
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NOAA Atlas 14, Volume 6, Version 2 
Location name: Saint Helena, California, US* 
Latitude: 38.5067°, Longitude: -122.4714° 

Elevation: 262 ft*
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES
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PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)1

Duration
Average recurrence interval  (years)

1 2 5 10 25 50 100 200 500 1000

5-min
1.60

(1.43‑1.81)
1.96

(1.74‑2.23)
2.44

(2.16‑2.78)
2.83

(2.48‑3.25)
3.36

(2.84‑4.02)
3.78

(3.11‑4.63)
4.20

(3.37‑5.29)
4.64

(3.60‑6.04)
5.24

(3.88‑7.15)
5.71

(4.07‑8.10)

10-min
1.15

(1.02‑1.30)
1.40

(1.25‑1.60)
1.75

(1.55‑1.99)
2.03

(1.78‑2.33)
2.41

(2.03‑2.89)
2.71

(2.23‑3.32)
3.01

(2.41‑3.80)
3.32

(2.58‑4.33)
3.76

(2.78‑5.12)
4.09

(2.92‑5.81)

15-min
0.924

(0.824‑1.05)
1.13

(1.01‑1.29)
1.41

(1.25‑1.60)
1.63

(1.43‑1.88)
1.94

(1.64‑2.32)
2.18

(1.80‑2.68)
2.43

(1.94‑3.06)
2.68

(2.08‑3.49)
3.03

(2.24‑4.13)
3.30

(2.35‑4.68)

30-min
0.700

(0.622‑0.794)
0.856

(0.762‑0.974)
1.06

(0.942‑1.21)
1.24

(1.08‑1.42)
1.47

(1.24‑1.76)
1.65

(1.36‑2.02)
1.84

(1.47‑2.31)
2.03

(1.57‑2.64)
2.29

(1.70‑3.13)
2.50

(1.78‑3.54)

60-min
0.518

(0.461‑0.588)
0.635

(0.564‑0.722)
0.789

(0.699‑0.900)
0.915

(0.803‑1.05)
1.09

(0.919‑1.30)
1.22

(1.01‑1.50)
1.36

(1.09‑1.72)
1.50

(1.17‑1.96)
1.70

(1.26‑2.31)
1.85

(1.32‑2.62)

2-hr
0.398

(0.354‑0.451)
0.482

(0.428‑0.548)
0.592

(0.524‑0.674)
0.678

(0.596‑0.782)
0.794

(0.670‑0.950)
0.882

(0.726‑1.08)
0.968

(0.776‑1.22)
1.06

(0.820‑1.37)
1.17

(0.868‑1.60)
1.26

(0.897‑1.79)

3-hr
0.341

(0.303‑0.387)
0.412

(0.366‑0.469)
0.502

(0.445‑0.573)
0.574

(0.504‑0.661)
0.668

(0.564‑0.800)
0.739

(0.609‑0.905)
0.808

(0.647‑1.02)
0.877

(0.681‑1.14)
0.968

(0.717‑1.32)
1.04

(0.738‑1.47)

6-hr
0.259

(0.230‑0.294)
0.313

(0.278‑0.356)
0.382

(0.338‑0.435)
0.435

(0.382‑0.501)
0.505

(0.426‑0.604)
0.556

(0.458‑0.681)
0.606

(0.485‑0.763)
0.655

(0.509‑0.853)
0.719

(0.533‑0.981)
0.767

(0.546‑1.09)

12-hr
0.184

(0.164‑0.209)
0.226

(0.201‑0.257)
0.278

(0.247‑0.317)
0.320

(0.280‑0.368)
0.374

(0.315‑0.447)
0.414

(0.341‑0.507)
0.453

(0.363‑0.571)
0.492

(0.382‑0.641)
0.544

(0.403‑0.742)
0.582

(0.415‑0.826)

24-hr
0.130

(0.117‑0.148)
0.162

(0.146‑0.185)
0.204

(0.183‑0.232)
0.237

(0.211‑0.272)
0.281

(0.243‑0.330)
0.313

(0.267‑0.375)
0.346

(0.288‑0.423)
0.378

(0.308‑0.474)
0.421

(0.332‑0.546)
0.454

(0.347‑0.606)

2-day
0.085

(0.077‑0.097)
0.109

(0.098‑0.124)
0.140

(0.125‑0.159)
0.164

(0.146‑0.188)
0.195

(0.169‑0.230)
0.219

(0.186‑0.263)
0.242

(0.202‑0.296)
0.265

(0.216‑0.332)
0.296

(0.233‑0.384)
0.319

(0.244‑0.425)

3-day
0.065

(0.059‑0.074)
0.085

(0.076‑0.096)
0.110

(0.098‑0.125)
0.129

(0.115‑0.148)
0.154

(0.134‑0.182)
0.173

(0.147‑0.208)
0.192

(0.160‑0.234)
0.210

(0.171‑0.263)
0.234

(0.184‑0.304)
0.252

(0.193‑0.337)

4-day
0.054

(0.049‑0.062)
0.071

(0.063‑0.080)
0.091

(0.082‑0.104)
0.108

(0.096‑0.124)
0.129

(0.112‑0.152)
0.145

(0.123‑0.174)
0.161

(0.134‑0.196)
0.176

(0.144‑0.221)
0.197

(0.155‑0.255)
0.212

(0.162‑0.283)

7-day
0.039

(0.035‑0.044)
0.050

(0.045‑0.057)
0.064

(0.057‑0.073)
0.075

(0.067‑0.086)
0.090

(0.078‑0.106)
0.101

(0.086‑0.121)
0.112

(0.094‑0.137)
0.123

(0.101‑0.155)
0.138

(0.109‑0.179)
0.149

(0.114‑0.199)

10-day
0.031

(0.028‑0.035)
0.040

(0.036‑0.045)
0.050

(0.045‑0.058)
0.059

(0.053‑0.068)
0.071

(0.061‑0.083)
0.080

(0.068‑0.095)
0.088

(0.074‑0.108)
0.097

(0.079‑0.121)
0.109

(0.086‑0.141)
0.117

(0.090‑0.157)

20-day
0.021

(0.019‑0.023)
0.026

(0.024‑0.030)
0.033

(0.030‑0.038)
0.039

(0.035‑0.045)
0.046

(0.040‑0.054)
0.052

(0.044‑0.062)
0.057

(0.048‑0.070)
0.063

(0.051‑0.078)
0.070

(0.055‑0.090)
0.075

(0.057‑0.100)

30-day
0.016

(0.015‑0.018)
0.021

(0.019‑0.023)
0.026

(0.023‑0.030)
0.031

(0.027‑0.035)
0.036

(0.031‑0.043)
0.040

(0.034‑0.048)
0.044

(0.037‑0.054)
0.048

(0.039‑0.060)
0.053

(0.042‑0.069)
0.057

(0.044‑0.076)

45-day
0.013

(0.012‑0.015)
0.017

(0.015‑0.019)
0.021

(0.019‑0.024)
0.024

(0.022‑0.028)
0.029

(0.025‑0.034)
0.032

(0.027‑0.038)
0.035

(0.029‑0.043)
0.038

(0.031‑0.047)
0.041

(0.033‑0.054)
0.044

(0.034‑0.059)

60-day
0.012

(0.010‑0.013)
0.015

(0.013‑0.017)
0.019

(0.017‑0.021)
0.021

(0.019‑0.025)
0.025

(0.022‑0.030)
0.028

(0.024‑0.033)
0.030

(0.025‑0.037)
0.032

(0.026‑0.041)
0.035

(0.028‑0.046)
0.037

(0.029‑0.050)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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Large scale terrain

Large scale map

Large scale aerial

Map data ©2016 Google, INEGI50 km 

Map data ©2016 GoogleReport a map error2 km 

Map data ©2016 GoogleReport a map error2 km 

https://maps.google.com/maps?ll=38.5067,-122.4714&z=7&t=p&hl=en-US&gl=US&mapclient=apiv3
https://www.google.com/maps/@38.5067,-122.4714,12z/data=!5m1!1e4!10m1!1e1!12b1?source=apiv3&rapsrc=apiv3
https://maps.google.com/maps?ll=38.5067,-122.4714&z=12&t=p&hl=en-US&gl=US&mapclient=apiv3
https://www.google.com/maps/@38.5067,-122.4714,12z/data=!10m1!1e1!12b1?source=apiv3&rapsrc=apiv3
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Figure 2: Discharge Rates for Corrugated Polyethylene Pipe With a Corrugated Interior
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Note: The “n” value changes from diameter to diameter for corrugated interior pipe because of differences in 
corrugation geometry. (4" - 6": 0.015; 8": 0.016; 10: 0.017: 12" - 15": 0.018; 18" - 24": 0.020)1

Solid lines indicate pipe diameter.
Dashed lines indicate approximate flow velocity.
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Excerpt from: Hydraulic Considerations for Corrugated Polyethylene Pipe, Corrugated Polyethylene Pipe Association, Washington DC, 2000.  
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Estimated flow, 18"corrugated HDPE





EBARA Submersible Sewage Pumps DLFU
Performance Curves
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Wastewater
Goulds Water Technology
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2 FT
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 Series No. WS15D4M WS15D4 WS20D4 WS30D4 WS50D4 WS75D4
 HP 11⁄2 11⁄2 2 3 5 7½
 RPM   1750
 10 300 395   
 15 170 320 370  
 20  230 300 440 520
 25  120 205 365 440
 30   100 270 360 510
 35    160 275 440
 40    80 175 355
 45     85 260
 50      155
 55      80
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PERFORMANCE RATINGS (gallons per minute)

MATERIALS OF CONSTRUCTION

 Item  Material

 No. 
Part Name

 Standard Optional

 1 Impeller, non-clog 1003 1179

 2 Casing 1003

 3 Shaft–keyed 300 Series SS

 4 Fasteners 300 Series SS

 5 Ball bearings Steel

  Outer Mech. Service Rotary Stationary Elastomers Metal
  Seal     Parts

 
8

  Silicon Tungsten 
BUNA-N

 300 Series
    Carbide Carbide  SS

  STD Mild Silicon carbide BUNA-N 300 Series
   abrasives   SS

 Material Code Engineering Standard
 1003 Cast iron — ASTM A48 Class 30
 1179 Silicon bronze — ASTM C87600
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Wastewater
Goulds Water Technology
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 Series No. WS15D3M WS15D3 WS20D3 WS30D3 WS50D3
 HP 11⁄2 11⁄2 2 3 5
 RPM   1750
 10 160 300   
 15 90 260 320  
 20  210 280 350 435
 25  160 235 310 400
 30  100 185 265 360
 35   130 210 325
 40   60 160 280
 45    100 230
 50     170
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SIZE
RPM
HP
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2.5" SOLIDS
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VARIOUSWS50D3

WS30D3

WS20D3

WS15D3

WS15D3M

MATERIALS OF CONSTRUCTION

 Item  Material

 No. 
Part Name

 Standard Optional

 1 Impeller, non-clog 1003 1179

 2 Castings 1003

 3 Shaft–keyed 300 Series SS

 4 Fasteners 300 Series SS

 5 Ball bearings Steel

  Outer Mech. Service Rotary Stationary Elastomers Metal
  Seal     Parts

 
8

  Silicon Tungsten 
BUNA-N

 300 Series
    Carbide Carbide  SS

  STD Mild Silicon carbide BUNA-N 300 Series
   abrasives   SS

 Material Code Engineering Standard
 1003 Cast iron — ASTM A48 Class 30
 1179 Silicon bronze — ASTM C87600
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