






 

RECLAIMED WATER USE ANALYSIS – CARSON RIVER WATERSHED. 

 

CHAPTER 1 – EXISTING AND POTENTIAL RECLAIMED WATER USE WITHIN THE 

CARSON BASIN 

 

Walker & Associates is under contract to the Carson Water Subconservancy District (CWSD) to 

analyze reclaimed water use programs within the Carson River watershed, particularly focused 

on potential future uses.  To start this analysis Walker & Associates conducted on-site interviews 

with the operators of thirteen (13) wastewater treatment facilities within the watershed or those 

facilities that exported reclaimed water into the Carson River Basin.  See Figure 1 on the 

following page for locations.  Table one below provides a list of the facilities, discharge capacity, 

expansion plans, summary of the current reuse programs and potential future use. 

 

Table 1. Carson River Watershed Wastewater Treatment Facilities Reclaimed water Reuse Programs 

Facility 
Name 

Current 
Treatment 
Rate / 
Capacity  
(MGD) 

Projected 
Expansion 
by 2050 
(MGD) 

Current  Reclaimed water 
Reuse Programs and Storage 
Facilities 

Potential Reclaimed water Reuse Projects for  
Enhanced Use or  
to Meet Expansion Needs 

Lake Tahoe   

IVGID 1.4 / 2.14 3.62 
Schneider Ranch 
Wetlands Enhancement Facility 
 

Schneider Ranch 
Wetlands Enhancement Facility 
Clear Creek Golf Course 
 

STPUD* 4.5 / 7.7 No plans for 
expansion 

Irrigation of 6 ag properties in 
Alpine County, CA 

Potential to market reclaimed water to other ag users 
on smaller parcels 

DCSID 1 2.1 / 3.75 No plans for 
expansion 

Bently Agrowdynamics 
Buckeye Creek Reservoir 

Exploring opportunities to capitalize treatment 
enhancement by selling reclaimed water for higher value 
uses than agriculture 

Douglas County 

NVWWTF 0.45 / 0.45 
Phased 

expansion to 
2.0 

IVGID wetlands 
Emergency discharge to on-site 
plots 

Construction of single pond with design  
capacity of 2.0 MGD (winter) 
On- and off-site reuse 
Carson River for in-stream flow enhancement 
With enhanced treatment possible groundwater recharge 

MGSD 1.8 / 2.8 
Master 

Planned to 
5.0 

Storage reservoirs 
MGSD irrigation fields at Muller 
Lane 
and Ironwood Fields 
Galeppi, Park and Bently sites 

New long-term contract with majority 
of water going to Bentley 
and lesser amounts to Parks, Galeppi 

IHGID 0.375 / 0.6 No plans for 
expansion 

Irrigation of Sun Ridge GC with 
on site storage All reclaimed water dedicated to GC 
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Table 1. – cont. Carson River Watershed Wastewater Treatment Facilities Reclaimed water Reuse Programs 

Facility 
Name 

Current 
Treatment 
Rate / 
Capacity  
(MGD) 

Projected 
Expansion 
by 2050 
(MGD) 

Current  Reclaimed water 
Reuse Programs and Storage 
Facilities 

Potential Reclaimed water Reuse Projects for  
Enhanced Use or  
to Meet Expansion Needs 

Carson City 

Carson 
City WRP 5.1 / 6.9 8.8 

Irrigation for golf courses, 
roadway landscaping, city parks, 
schools and Nevada State Prison 
Winter storage at golf course 
water features, Prison Farm and 
Brunswick Canyon Reservoir 

Additional parks and schools, Silver Saddle, Anderson  
and Jarrad Ranches 
Wintertime storage at upgraded Brunswick Canyon  
Reservoir 
Discharge into Carson River 

Lyon County 
Carson 

Highlands 
WWTF 

0.05 / 0.06 
No on site 
plant 
expansion  

Down-gradient leach fields N/A 

South 
Dayton 
WWTF 

Lagoon = 0.26, 
SBR = 0.20 2.0 

Current flow to plant is being 
routed to Rolling A facility with 
all reclaimed water being sent 
back  to Dayton Valley Golf 
Course 

Irrigation beneficial uses for development landscaping, 
golf courses, County parks and schools and private  
ranches   
Infiltration to groundwater using RIBs, construction of  
wetlands for wildlife habitat, recreational uses and  
the polishing of reclaimed water for potential discharge 
to the 
Carson River during the winter months 

 

North 
Dayton 
WWTF 

0.16 / 0.16 

N/A – flows 
will be 

routed to 
Rolling A 
WWTF 

Land applications site adjacent to 
facility.  Facility has been closed 
down. 

N/A  Facility has been closed down.  All current and 
future flows are going to the Rolling A WWTF plant. 

Rolling A 
WWTF 0.343 / 1.5 4.0 

Reclaimed water being pumped 
to Dayton Valley GC  
3 RIBs allowing percolation to 
groundwater 

Irrigation beneficial uses for development landscaping, 
golf courses, County parks and schools and private 
ranches   
Infiltration to groundwater using RIBs, construction of 
wetlands for wildlife habitat, recreational uses and 
the polishing of reclaimed water    for potential 
discharge to 
the Carson River during the winter months 

 
Silver 

Springs 
GID 

0.164 / 0.249 0.6 
Irrigation of Silver Springs 
airport facility and adjacent 
alfalfa fields 

120 acres of irrigation with 99 year lease 

Churchill County 

City of 
Fallon 0.835 / 1.0 No plans for 

expansion Discharge to New River Drain 

Potential use for park irrigation 
Land application and irrigation beneficial use on  
adjacent farm areas, and/or conveyance to  
Stillwater wetlands 

Moody 
Lane 

WWTF 
Churchill 
County 

0.166 / 0.6 1..2 Golf course irrigation 

Membrane treatment facility with numerous reuse  
options due to high quality reclaimed water, including 
public  
area irrigation, ground-water recharge and or direct  
blending with high arsenic municipal well water 

Naval Air 
Station 
WWTF 

0.230/0.750 No 
expansion 

Open irrigation drain flow 
to Stillwater WMA 

Working with BOR, the NAS needs to formalize 
agreement with USFWS on acre feet delivered to 
wetlands 

*  STPUD – South Lake Tahoe Public Utility District operates the waste water treatment plant for the City of South Lake Tahoe, California with the entire 
service area within the State of California.  Reclaimed water re-use occurs in Alpine County, California within the Carson River watershed.  
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Insert Figure 1 – Map of Carson River Basins with treatment facilities and reclaimed water 

use areas identified. 

 

The focus of the interviews was to discuss potential future uses assuming that demand and value 

for reclaimed water was going to increase as the area continues to grow and water supply 

becomes more limited. - See Attachment 1 for notes from these interviews.  The interviews 

revealed that the reclaimed water use programs – both current and or planned/discussed – varied 

significantly within the Carson River Watershed.  Reuse options range from long-term leases 

(some over 50 years) for agricultural applications in Carson Valley to using membrane filtered 

reclaimed water to blend with municipal wells to meet arsenic standards in Churchill County.  

An additional insight gained from these interviews is that the assumed increase in economic 

value of reclaimed water as a direct replacement to a current potable use is only one element of 

the analysis.  The value of reclaimed water use also needs to be analyzed from a community 

benefit level, particularly if it links to desired community goals, such as green space retention, 

environmental restoration, and/or flood plain protection. 

 

Treatment Facilities – Current and Planned Reuse Programs 
 

LAKE TAHOE 

 

Incline Village General Improvement District (IVGID) – Specifics - 1.3 mgd ave – permit to 

2.14 mgd. – Total nitrogen averages 16 mg/l mostly as nitrate (NO3).  Reuse water is currently 

conveyed along Highway 28 south to Highway 50 where it eventually goes to north-east corner 

of Carson Valley for wetland storage, agricultural application at Schneider Ranch in Jacks Valley 

or irrigation of the new golf course at Clear Creek.  Irrigation water at the Schneider Ranch is 

currently sold at nine cents/per thousand gallons.   

 

Issues – Due to very slow growth in the Tahoe Basin additional flows will be minimal so any 

change in reclaimed water use strategy will reduce flows to the current reuse sites described 

above.  IVGID has recently developed a contract with Clear Creek golf course owners to supply 

reclaimed water for golf course irrigation.    Using reclaimed water in lieu of Clear Creek water 

at the proposed golf course helps conserves this source for other future uses and maintains the 
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riparian corridor and fisheries.  Specific programs for enhanced reuse have not been developed, 

but could include landscape watering to replace a potable supply but would probably be limited 

to uses outside Tahoe Basin.  The current wetland area provides a winter discharge area but not 

storage for growing season reuse.  The wetland site is a popular area for water fowl hunting with 

minimal operating costs.  Due to the wetlands proximity to the new North Douglas County 

Waste Water Treatment facility, IVGID leases reclaimed water storage space to Douglas County    

 

South Tahoe Public Utility District (STPUD) – Specifics - 4.5 mgd ave – 7.7 capacity – flow 

has recently been reduced due to interceptor replacement – 10 day storage on site – total nitrogen 

12 mg/l – high quality reclaimed water due to source water.  STPUD currently stores water in the 

Diamond Valley area of Alpine County (Harvey Place Reservoir) for distribution to six 

agricultural properties in the Carson Valley portion of Alpine County, including the Diamond 

Valley Ranch which they recently purchased.  

 

Issues – Like the other Tahoe based wastewater treatment facilities (IVGID, DCSID #1), the 

reclaimed water quality is quite high largely due to the source water originating from Lake 

Tahoe or wells with similar water chemistry.  Additionally once the reclaimed water is pumped 

out of the Tahoe Basin a gravity distribution system could deliver reclaimed water to a large area 

without additional pumping costs.  Although not part of a specific capital improvement program, 

STPUD staff has speculated on enhanced reuse programs to increase revenue from the resource.  

One program discussed by STPUD is to deliver treated reclaimed water to ranchette properties 

via pipeline conveyance and replace Alpine Decree surface water rights that these properties are 

currently using to irrigate.  This proposal is in the “idea” stage right now and would have to 

address several implementation hurdles, such as length of current contracts with reclaimed water 

users, tail water management, and bi-state issues.  Assuming these issues were addressed, the 

property owner would receive reclaimed water via a pipeline for irrigation of the properties.  

They would pay a monthly fee for operation and maintenance of the delivery system.  The 

attraction to the land-owner would be a full season water supply that they control.  Capital costs 

could be generated via the sale of the replaced Alpine Decree rights.  Since STPUD already 

owns water righted property within the Carson River watershed – Diamond Valley – this 

scenario, replacing Alpine Decree water rights for reclaimed water reuse water and then 

marketing those rights, could be tested.  To develop a market for Alpine Decree water rights as a 
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municipal/industrial supply assumes that either a surface water treatment plant is built or other 

methods of converting surface water to a potable water supply can be implemented - induction 

wells or aquifer storage and recovery systems.  Markets for Alpine Decree water rights that 

would not be used for a potable supply (example in-stream flow, wetland enhancement/habitat 

restoration) have not been tested but funding for these types of non-potable, yet non-agricultural 

uses would most likely rely on government programs working with conservation non-profit 

groups, such as The Nature Conservancy, Ducks Unlimited, or on a small scale local waterfowl 

hunting clubs.  Although this program would not increase the overall water supply since the 

water is already being delivered to the system, it would generate additional revenue for the utility 

and possibly free up some Carson River water rights for uses other than agricultural application.  

The additional revenue could also be used to capitalize nitrogen removal to further enhance 

reclaimed water use. 

 

Douglas County Sewer Improvement District # 1 – Round Hill – specifics - 1.8 mgd ave. – 

3.75 capacity – total nitrogen averages 18.6 mg/l.  Very little growth to the system is expected 

due to Lake Tahoe building restrictions and recent reductions in flows have occurred.  (See 

attached Brown and Caldwell Technical Memorandum.)    Currently reclaimed water is pumped 

over Kingsbury Grade and delivered to a storage reservoir on the Bentley Agrowdynamics 

property.  Round Hill also has a winter storage area on the east side of Carson Valley just south 

of Buckeye Creek which has not recently been used.  The current contract with Bentley is for 

eight years at a price of one cent per thousand gallons for agricultural application.  Douglas 

County Sewer Improvement District 1 also delivers irrigation water to Parks Cattle Company – 

seasonal delivery, usually July through October. 

 

Round Hill is investigating opportunities to sell reclaimed water at a higher price in order to 

capitalize nitrogen removal.  Several opportunities have been explored – examples include 

snowmaking, selling to Carson Valley golf courses, or possibly partnering with a water purveyor 

to develop an aquifer storage and recovery system.  The eight year contract to Bentley will 

provide them the time to develop potential markets, but reclaimed water would have to sell at 

municipal water supply prices to provide the necessary funding for enhanced treatment.  The 

issue they need to address is that the water would become more valuable with enhanced nitrogen 

treatment, but they need to sell the water at a higher value to capitalize this treatment.  If, as 
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other utilities have proposed, they could use the current reclaimed water as a replacement for an 

Alpine Decree water right and sell that right for a potable use, the improvements could be 

capitalized, again assuming an Alpine Decree water right can be sold for municipal and/or 

environmental uses.  Implementation issues associated with this scenario will be discussed in the 

following chapter. 

CARSON VALLEY – DOUGLAS COUNTY 

 

Minden Gardnerville Sanitation District – Specifics - 1.8 mgd with 2.8 mgd of capacity – 

master plan to 5.0 mgd – total nitrogen averages 21 mg/l.  There has been a recent reduction in 

inflow due to a new interceptor replacement program.  The original agricultural reclaimed water 

use contracts were 50% to Galeppi, 25% to Parks; 25% to Bentley.  The new contract, beginning 

9/16/08, allocates 375 af to Parks and 375 af to Galeppi. Bentley is entitled to all recycled water 

above 750 af, after the MGSD use.  The District can use effluent to irrigate up to 100 acres and 

can store 618 af at the reservoir on Muller Lane, near the center of Carson Valley.   

 The reclaimed water will be sold at one cent/thousand gallons. These are long term contracts to 

2077.  The new contract allocates the existing reclaimed water flow and does not include 

anticipated growth serviced by this facility.   

Issues -   The rate charged is minimal, but the facilities to store and deliver the reclaimed water 

are already in place.  The water is used as a supplemental source to Carson River Alpine Decree 

surface water rights.  Most ranches in Carson Valley need supplemental water to their Alpine 

Decree rights to receive a full duty and to have a water supply during the entire growing season.  

The continuation of irrigation of these areas under the long-term commitment of the contract will 

maintain pastoral open space, continue groundwater recharge, and encourage an undeveloped use 

of the flood plain.  Opportunities could exist to enhance the value of the reclaimed water if the 

secondary benefits described above were supported by public revenue – examples could be 

floodplain maintenance fee, groundwater recharge fee on municipal wells, or direct general fund 

“quality of life” contribution.  

 

With the recent long-term lease agreement for their reclaimed water the Minden Gardnerville 

Sanitation District would not likely need to construct facilities to further remove nitrogen to 

allow additional reclaimed water reuse options.   
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Douglas County North Valleys Wastewater Treatment Facility - specifics – 0.25 mgd ave – 1 

mgd capacity with Phase II to 2 mgd.  The current reclaimed water is sent to IVGID wetlands.  

The facility is a secondary activated sludge BioLac treatment facility with current total nitrogen 

less than 10 mg/l..  A wave oxidation aeration control system has been implemented to improve 

nitrogen removal and process control. .A capital improvement project is in progress to increase 

treatment capacity to 0.5mgd.  A new on-site 0.75 mgd (450 af) recycled water storage reservoir 

has been constructed for winter storage.  The County has contracted with Bently Agrowdynamics 

for agricultural reuse on the Kirman Tract,  Additionally, the County is in the process of 

permitting an on-site rapid infiltration basin pilot study with NDEP.   

 

Issues – Part of the expansion of the plant will be based on developing a financial plan for 

converting the existing Johnson Lane septic systems that occur on one acre parcels to municipal 

sewer.  These conversions are always challenging from a financial and public acceptance 

standpoint and usually require a specific threat to the potable water supply to be implemented.  

Additional flow to the facility will come from the commercial area north of Jacks Valley Road - 

this area is currently served by the Indian Hills GID facility – and expected growth in the north 

end of Carson Valley.  With improvements in water quality associated with the proposed 

advanced treatment process numerous options for reclaimed water reuse for this facility will 

exists and are discussed in the next chapter. 

  

Indian Hills General Improvement District – Specifics -  0.375 ave. flow – 0.6 mgd capacity – 

The water is of good quality, with a total nitrogen of less than 10 mg/l.  All reclaimed water goes 

to Sunridge Golf Course, with a 50 year contract for all reclaimed water produced.  The growth 

potential is limited due to service area build-out and Douglas County’s new north valley facility 

taking on the commercial area flows.  There is discussion on possibly taking flows from the 

proposed development in the Clear Creek area.  Currently all the existing reclaimed water and 

any increase are contracted for the foreseeable future.  

 

CARSON CITY 

 

Carson City Water Reclamation Facility – Specifics - 5.1 mgd avg. – 6.9 capacity with a 

planned expansion to 8.8 mgd.  Total nitrogen averages 30.4 mg/l with ammonia averaging 27.7 
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mg/l.  The current reuse system irrigates City parks/ball fields, three golf courses, and cropland 

irrigation at the Nevada State Prison with winter storage at the golf course ponds and Brunswick 

Canyon Reservoir.  The Brunswick Reservoir also discharges via springs to the Carson River.  

The water quality is very high due to additional natural polishing via transport through the 

underlying soil. 

 

Issues - Currently Carson City is analyzing providing reclaimed water to the 

Jarrad/Anderson/Silver Saddle Ranches adjacent to the west side of the Carson River.  These 

ranches have been or are in the process of being purchased by the Carson City Open Space 

Program.  The owners are selling the existing surface water rights to a private company which 

will convert the water rights to municipal uses and develop a potable water resource via 

induction wells adjacent to the Carson City segment of the river and deliver a new potable supply 

to the Dayton area via a new pipeline.  Water quality of the reclaimed water that replaces the 

surface water right may become an issue when proposed applications are adjacent to the river or 

for wetland area storage. .  Timing for plant expansion will be triggered by available funding and  

increased growth that will eventually stabilize as the service area is built out.  Current population 

is approximately 58,000 with a State Demographer 2008 estimate of 62,000 in 2028.  The 

reclaimed water from this growth could be used for these additional agricultural sites.   

 

LYON COUNTY 

 

Highlands Plant in Mound House - specifics – 50,000 gpd – A recent package plant 

construction has addressed permit compliance issues with total nitrogen at approximately 8 mg/l 

versus 35 mg/l two years ago.  Reclaimed water is recharged through a leach field.  A plan has 

been developed to sewer the Mound House area (910 ERU) and convey the flow to the Rolling A 

facility with an estimated cost of conversion at $9,000 per ERU. 

 

Issues – Conversion of existing septic systems to municipal sewer is a challenge as previously 

discussed.  Once implemented and flow converted to the Rolling A facility, reclaimed water use 

will become a component of that facility and will be discussed below. 
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Rolling A – specifics - 0.550 mgd ave. – 0.600 mgd capacity – 1.5 mgd permitted – SBR – Total 

Nitrogen 3.0 mg/l with current reclaimed water flow to rapid infiltration basins (RIB) or 

delivered to local golf course. 

 

Discussion – Currently all wastewater flow within the Dayton Valley area, with the exception of 

the package plant at Mound House, is being conveyed to the Rolling A facility.  After treatment 

approximately 0.57 mgd is being pumped back to Dayton Valley golf course for pond storage 

and irrigation.  Treated reclaimed water beyond this amount is being recharged into infiltration 

basins at the Rolling A facility.  Reclaimed water quality is good,  but would require sand 

filtration process to allow for full contact irrigation – e.g. athletic fields.  Lyon County Utilities is 

developing a reclaimed water management plan that will attempt to enhance reuse options.  

Enhanced options being analyzed include wetland creation in old river channels (ox bows) 

associated with a public use area, river discharge, groundwater discharge, and park/sports field 

uses.  If reclaimed water uses can replace existing potable use, then funding for these projects 

will be enhanced.  A discussion of wetland/habitat creation and flood plain protection with an 

associated reclaimed water use program will be discussed in the next chapter.  For the immediate 

future, reclaimed water use in the Dayton area will be focused on golf course irrigation and 

discharge to rapid infiltration basins.   

 

South Plant – specifics - 0.20 mgd with expansion to 1 mgd in 8 to 12 years.  Currently the 

facility is a combination lagoon and SBR treatment facility with RIB and sale of reclaimed water 

to the golf course with a 20 year contract.  Leakage from the lagoon has caused a permit 

problem.  Currently all flow to this facility is diverted to the Rolling A facility.  Once total flow 

exceeds 1 mgd at the Rolling A facility then the South Plant facility will again become 

operational.  

 

Issues – The 20 year contract with the golf course to provide water hazard storage and irrigation 

limits the current use of this reclaimed water source.  With current treatment occurring at Rolling 

A and reclaimed water pump back to the golf course, a potential to enhance uses exists but is 

hampered by existing arrangements.  
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Silver Springs – Specifics - 0.164 mgd average flow with 0.249 mgd permitted capacity – 

planned build out is to 0.6 mgd.  The water quality is very good, with less than 10 mg/l total 

nitrogen.  The reuse program is a 99 year lease to the Silver Spring airport for landscape 

watering and irrigation of a 120 acre alfalfa field.  The plant has limited winter storage but 

discharges winter flows to storage area at the airport and adjacent to the agricultural application 

area.  There are no immediate plans for expansion or changing reuse strategy.  No fee is 

currently charged for the reclaimed water, and Dayton Valley Turf is effectively operating the 

agricultural application. 

 

Issues:  Availability of potable water/water rights are issues in Silver Springs and any increase in 

reclaimed water use will depend on increasing the water supply in the Churchill Valley 

hydrographic basin.  According to the State Engineer’s data base the recharge to this area is 

1,600 AF.  Currently over 10,000 af of quasi-municipal and irrigation water rights are 

certificated or permitted.  This does not include the domestic well pumping that due to large lot 

development in the area is significant.  Due to the community’s location adjacent to Lahontan 

Reservoir, a surface water supply could be developed but would require construction of a water 

treatment plant and purchase of Carson Division water rights from the Newlands project or 

Alpine Decree rights from the Carson River upstream of Lahontan Reservoir.  No plans to 

implement this strategy currently exist. 

 

CHURCHILL COUNTY 

 

Moody Lane Reclamation Facility – The County has begun operation of this new facility at 

Moody Lane with the conveyance of approximately 0.15 mgd from the now abandon package 

plant at Moody Lane..  The Moody Lane Reclamation Facility has an initial capacity of 0.600 

mgd which can be expanded to 1.2 mgd.  Some discussion has occurred concerning moving the 

abandon package plant to a high-density septic system area within the County, but at this time no 

actual implementation plan has been developed. 

 

Issues - The new water reclamation facility is a membrane filtration plant that will produce a 

very high quality reclaimed water.  Reclaimed water from the new membrane plant will initially 

be used by local agriculture or irrigation of publicly owned open space for new developments.  
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Since the reclaimed water will meet drinking water standards, the water is eventually planned to 

be used to blend with newly constructed municipal wells to meet arsenic compliance.  Other 

options, including winter recharge of a municipal well or recharge into Churchill County’s basalt 

aquifer, could be considered if jurisdictional issues could be resolved.  Opportunity for direct 

groundwater recharge through rapid infiltration basins is limited in the Churchill County’s area 

due to saline/alkali lacustrine deposits that dominate the local geology.  The citizen’s acceptance 

of this use has not been tested, but this new membrane treatment facility represents a “state of the 

art” in water reclamation.  Ground-water in the area is limited by water quality issues, and this 

innovative use of reclaimed water will enhance the potable water supply.  In fact, an ability to 

sell the reclaimed water at a potable water rate is likely necessary to operate this system.  .  

Treating wastewater and putting it directly back in the potable water system represents, in most 

people’s opinion, the highest and best-reclaimed water use.  Churchill County should be 

commended for attempting to move the use of reclaimed water to the next level in our dry state.  

 

City of Fallon – specifics - 0.835 mgd – 2.2 mgd capacity – SBR - opened in 2001– slowing 

growth – total nitrogen at 3 mg/l – high quality reclaimed water currently discharged into 

Truckee Carson Irrigation District (TCID) ditch for agricultural applications or flow to federal 

wetland areas. 

 

Issues - The source water has improved due to arsenic treatment.  There has been some 

discussion about using the reclaimed water on parks and athletic fields in the City of Fallon if 

economically feasible.  Opportunity does exist to convert large turf areas currently irrigated with 

potable water to reclaimed water use, but an actual plan, and particularly a funding mechanism, 

has not been developed.  Higher costs, treatment costs, and/or increased demand for potable 

water in the service area will likely be necessary for the conversion of the current reclaimed 

water discharge system to a more enhanced system that replaces potable water supply.  The need 

to reduce pumping demand from the basalt aquifer due water level decline and potential impacts 

to water quality, as reported by Doug Maurer in the USGS Scientific Investigation Report 2005-

5102, could influence the conversion of large turf area irrigation from potable water to reclaimed 

water.  The current system does supply benefit to the local agricultural area and, if directly 

delivered to the wetland areas, could replace a comparable amount of water purchased from 

agricultural users under the current Public Law 101-618 wetland water rights purchase program.    
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Fallon Naval Air Station -  specifics – 0.230 mgd -  0.750 mgd capacity – 4.5 mg/l total 

nitrogen -  SBR constructed in 1995.  The treatment facility has a permitted flow of  750,000 

gallons per day and total nitrogen not to exceed limit of 10 mg/l.  Flows are quite variable due to 

the fluctuating population at a training facility.  The increases/decreases flow rates can effect 

bacterial populations associated with the treatment process.  No plan for expansion. 

  

Issues - Effluent is currently discharged into the TCID drainage system and eventually flows to 

USFWS Stillwater Marsh.  Working through BOR, the USFWS is obtaining a water right for the 

effluent to formalize the use of the water for the long-term.  Assuming the current negotiation is 

successful, the use of the reclaimed water will be tied to a long-term commitment.  

 

CHAPTER 2 – ANALYSIS OF IMPLEMENTATION ISSUES WITH SELECTED 

RECLAIMED WATER RESUE OPTIONS. 

 

The first section of this report provided a synopsis of current reclaimed water reuse programs 

and proposed programs for all the purveyors of reclaimed water within the Carson River 

watershed.  Based on the information gathered from the wastewater treatment facilities 

concerning their reclaimed water reuse programs, it is apparent that the facilities can be grouped 

into the following categories. 

 

1. Facilities with reuse programs that will not change in the foreseeable future due to long-

term contracts for reclaimed water use that can also accommodate future expansion or 

where plans for enhanced reclaimed water use are not developed or being discussed  

Facilities within this category are: 

 

• Minden-Gardnerville Sanitation District 

• Indian Hills General Improvement District 

• Silver Springs General Improvement District 

• South Dayton WWTF  

• Carson Highlands WWTF 

• Fallon Naval Air Station  
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2. Facilities that would like to expand or enhance current reuse programs to potentially take 

advantage of assumed future higher value of reclaimed water.  Facilities within this 

category are: 

 

• Incline Village General Improvement District 

• Douglas County Sewer District 1 – Round Hill 

• South Tahoe Public Utility District 

• Carson City Wastewater Reclamation Facility 
• City of Fallon Wastewater Treatment Facility (1) 

 

 (1) Although the City of Fallon did not specifically mentioned plans for enhanced use during the interview process, the potential to reduce 

pumping from the basalt aquifer by using high quality reclaimed water on public use, large turf areas might need to be considered. 

3. Facilities that have advanced treatment that are currently planning to implement 

enhanced use programs.  Facilities within this category are: 

 

• Moody Lane Treatment Facility – Churchill County 

• Rolling A Treatment Facility – Lyon Co. 

• North Valley Wastewater Treatment Facility – Douglas County 

 

(The North Dayton WWTF listed in Table 1 in Lyon County is being shut down with flows 

being routed to the Rolling A Facility)– 

 

Based on the categories listed above, the analysis of implementation issues associated with 

enhanced reclaimed water reuse programs will focus on the proposed future uses discussed in 

Chapter 1 and associated with the facilities listed in category 2 and 3.  Reclaimed water use 

strategies considered by the facilities listed under these categories include: 

 

• Winter discharge of the reclaimed water into the Carson River in lieu of storage.   

• Replacement of Carson River surface water used for agricultural irrigation with 

reclaimed water and changing the manner of use of the replaced water rights to municipal 

and industrial. 



 14 

• Improving reclaimed water quality so it can be used in all types of landscape irrigations 

including parks, athletic fields, common area landscaping, or environmental restoration. 

• Use of the reclaimed water for environmental restoration associated with lands adjacent 

to the Carson River. 

• Groundwater recharge via rapid infiltration basins or direct recharge through existing 

wells that is recognized as a component of the hydrographic basin recharge or a specific 

aquifer storage and recovery program. 

• Direct blending of highly treated reclaimed water with municipal well water to reduce 

arsenic concentrations. 

 

Potential for Discharging Reclaimed Water into the Carson River 

The analysis below – Table 2.1 – compares water chemistry from two sources of reclaimed 

water to the current discharge standards for the appropriate Carson River Segment.  In order to 

actually permit the discharge, the impact to quality of the river water from that discharge  would  

have to be more  thoroughly analyzed.  Flow modeling would be required to demonstrate how 

the reclaimed water would interact with existing river water particularly during low flows 

periods.  Mixing zones - the region in which the initial dilution of a discharge occurs – would 

need to analyzed to determine if  standards could be  applied at the end of the mixing zone 

possibly diluting the discharge versus the standards being applied at the “end of the pipe” or 

discharge point of the wastewater treatment facility.   Low summer flows would limit any mixing 

benefit and higher water temperatures would enhance algal growth/deplete oxygen which would 

require more stringent water quality discharge standards.   Also the acute ammonia general 

standard for cold water fisheries (Table 2, NAC 445A.118) would be more restrictive in the 

summer because the standards become more restrictive with increasing temperatures and pH.  

Per NAC 445A.118, Table 2 the standard for nitrogen could be as low as 3.5 mg/l compares with 

a general discharge standard of 11 mg/l. (Table 2.1 below)   This report assumes that winter 

discharge would require less stringent water quality standards and would be easier to permit.  

Regardless of when the discharge occurred an additional analysis of the impact to Lake Lahontan 

would also be required. 

 

The determination of appropriate nitrogen levels for Carson River is challenging and site 

specific.  Current drinking water standards of 10 mg/l would likely be to high and impact  
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aquatic life due to eutrophication.   Ultimately locally developed discharge standards based on 

extensive studies to better quantify the risks or benefits of discharging reclaimed water in the 

Carson River will have to be conducted and the standards proposed and accepted.  

One other issue involved with river discharge is NRS 445A.565 which requires that discharges 

do not cause degradation of the ambient water quality. The requirement to maintain existing 

higher water quality is referred to as a RMHQ and is a water quality standard developed based 

monitoring/analysis of the ambient water quality.  Based on the analysis the RMHQ could also 

limit discharge of reclaimed water, particularly in upstream areas where higher water quality 

occurs.  Nevada law does allow exception to the RMHQ standards if social or economic 

considerations are justifiable but must be approved by the State Environmental Commission.  

 

In order to address the issue of discharging reclaimed water into the Carson River Table 2.1 

below was developed to compare the reclaimed water chemistry data from two wastewater 

treatment plant sources – the Lyon County Rolling A Facility and the Incline Village General 

Improvement Districts waste water treatment plant – to the water quality standards for beneficial 

uses in the Carson River segment closest to the treatment plants (Nevada Administrative Code 

445A.157 and 445A.152).  The reclaimed water data was obtained from Nevada Division of 

Environmental Protection and represents the average of 3 months from April 2008 to June 2008.  

The water chemistry reported is based on the reporting requirements of the discharge permits.  

Additional water chemistry data would be required if this reclaimed water was proposed as 

winter discharge into the Carson River, including Sulfate, Sodium as SAR, alkalinity, color and 

turbidity. 



Table 2.1 

Comparison of Carson River Discharge Standards to Water Quality of Reclaimed water 
Discharge from Lyon Counties Rolling A Wastewater Treatment Plant and Incline Village 
GID Plant 
 
 TSS NH3 NO3 Tot.N PH Fecal 

Coli 
Cl  Tot.P TDS DO 

Rolling A (a) <10 0.73 2.0 4.1 7.52 0.66 3.9 1.67 NR NR 

Beneficial Use 
Standards (b) 

<80 13.3(e) <10 <11 6 - 9 <200 <250 0.1 <500 >5 

Incline GID (c)  10.3 
 

2 
 

6 
 

18 
 

7 
 

2 
 

0.73 
 

3.1 
 

248 
 

4 
 

Beneficial Use 
Standards (d) 

<80 13.3(e) <10 <11 6 - 9 <200 <250 0.1 <500 >6 

 

(a)  All data in mg/l unless otherwise noted.  Data from permit required monthly reporting average of months 4-08 to 6-08 

(b)  NAC 445A.157 Carson River discharge standards at Weeks – standards are for beneficial use and would required approval of State 

       Environmental Commission. 

(c)  All data in mg/l unless otherwise noted.  Data from permit required monthly reporting average of months 4-08 to 6-08 

(d)  NAC 445A.152 Carson River discharge standards at Genoa Lane– standards are for beneficial use and would required approval of 

       State Environmental Commission. 

(e)  Per NAC 445A.118 

 

Based on the data gathered, the limiting factor in considering winter discharge of reclaimed 

water into the Carson River is meeting the phosphorus and nitrogen standards.  Discussions with 

state regulators indicate requests to change this standard would require development of a water 

quality monitoring program and model that demonstrates increases above the existing standard – 

generally 0.10 mg/l in most rivers in Nevada – does not cause algae blooms and associated night 

time dissolved oxygen depletion.  The Truckee Meadows Water Reclamation Facility that 

discharges reclaimed water to the Truckee River is currently in a process to review the 

phosphorus standard based on a robust program of water quality analysis and model that 

indicates a higher phosphorus load is not impacting river biological functions.  (Communications 

with Greg Dennis, City of Reno Sanitation Engineer).  The costs to treat the water to meet this 

phosphorus standard – tertiary treatment or membrane filtration of the wastewater - are being 

developed as a Technical Memorandum to this report.  Furthermore, storage of the reclaimed 

water does provide flow volumes that can meet peak consumptive use periods for irrigation.  A 

concentrated effort by all entities involved to approach the State to relax the phosphorus standard 

for winter discharge is probably the most feasible strategy and could provide the linked benefit 

of more in-stream flow and increased storage in Lahontan Reservoir though would also require 
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and impact analysis to this water body.   This effort could also incorporate the nitrogen standard 

analysis discussed above. 

 
Replacement of Carson River surface water used for agricultural irrigation with reclaimed 

water 

 

The initial issue with replacement of an Alpine Decree water right with reclaimed water is how 

to generate the volume of reclaimed water necessary to use current surface water irrigation 

systems.  Either large storage facilities or changes in irrigation application (e.g., convert to 

sprinkler systems) would be necessary to achieve the total conversion of an Alpine Decree water 

right from river water to reclaimed water.  In some cases these storage facilities exist – Harvey 

Place Reservoir, MGSD Muller Lane Reservoir, Bentley Agrowdynamics reservoir - but 

currently these storage facilities only provide supplemental water to the irrigation right to make 

up the 4 acre feet per acre total duty of the water right.  Yet because these reclaimed water 

storage facilities do exist, this strategy could be implemented at least at pilot test level.  The issue 

would be how to effectively convert the agricultural surface water right to a municipal/industrial 

right without the construction of a surface water treatment plant.  Currently induction wells in 

Carson City and Dayton are utilized to make this conversion, but water right priority issues, 

particularly with points of diversion moving from one river segment to another, are still being 

addressed.  This strategy could be implemented in the future on a limited basis as demand for 

M&I water increases.  

 

Improving reclaimed water quality so in can be used in all types of landscape irrigations 

including parks, athletic fields, common area landscaping, or environmental restoration 

 

The Nevada Division of Environmental Protection provides specific permit requirements for 

reclaimed water reuse.  To use reclaimed water to replace irrigation of public area currently 

using potable water is commonly permitted but requires treatment processes that address 

bacterial and in some cases nitrogen concentration issues.  In order to use reclaimed water for 

irrigation of public areas or environmental restoration without restrictions it would require some 

enhanced treatment for most of the wastewater treatment facilities analyzed in this report.  With 

the exception of the Moody Lane facility in Churchill County, all facilities would at least need to 

sand filter and/or further reduce total nitrogen of the reclaimed water to enhance reuse 
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opportunities.  Costs to enhance reclaimed water quality will vary depending upon current 

treatment.  Funding to enhance treatment logically would be generated by the ability to sell the 

treated reclaimed water at a rate that would cover capitalization and operation and maintenance 

costs.  It is beyond the scope of this report to individually analyze each facility to compare costs 

of enhanced treatment to potential increase in revenue for treated reclaimed water.  Yet, this 

analysis should be done on those facilities listed in category 2, as during the interviews all of 

them expressed a desire to generate more revenue from their reclaimed water resource.  

 

Use of the reclaimed water for environmental restoration associated with lands adjacent to 
the Carson River 
 

This reclaimed water reuse issue is specific to the Carson City Wastewater Reclamation facility 

but in the future could be applicable to other dischargers.  Carson City voters have funded an 

open space acquisition program that focuses on retaining remaining irrigated lands adjacent to 

the Carson River.  Carson City is negotiating to purchase these properties or obtain conservation 

easements for these lands.  Concurrently the owners of these properties have negotiated a 

potential sale of the Carson River water rights to be developed for M&I water that would be 

delivered to the Dayton Valley.  The use of reclaimed water to replace a surface water right, and 

then converting that right to M&I use, expands the areas water supply while keeping the land 

irrigated.  The value for this replacement of river rights with reclaimed water is quite high, 

particularly in this case where surface water is converted to M&I water without having to 

construct a surface water treatment plant.  Additionally, the community’s desire to retain 

irrigated open space would be met and river riparian habitat/existing high quality wetlands would 

be maintained on these areas as a result of reclaimed water irrigation.  To achieve these goals 

several issues need to be addressed.  Currently the Brunswick Canyon Reclaimed water 

Reservoir (3,288 AF storage capacity) leaks, with resulting spring discharge of the water into the 

Carson River downstream of the Brunswick Canyon Bridge.  The quality of the water leaking 

from the reservoir is enhanced from filtration through the volcanic rocks on the underground 

flow path between the reservoir and the spring discharge in the canyon.  Carson City has 

obtained a discharge permit from NDEP for this flow into the Carson River.  The estimated 

volume of the flow is approximately 2000 acre feet, which would provide approximately 70% of 

full duty of the water needed to irrigate the ranches purchased along the river.  Current reclaimed 

water commitment to golf courses, parks, and the prison farm is balanced with current flows, so 
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in order to replace water rights on these ranch-river properties with reclaimed water Carson City 

either needs to stop the leak in the reservoir or capture the water leaking into the river and reuse 

it on the agricultural lands.  Other options could include converting the current river discharge 

(leak from reservoir) to M/I use via an induction well in the river flood plain in the Dayton area.  

The value of the additional resource, if sold, could generate funding for future projects including 

purchasing a water supply to maintain/enhance the riparian and wetland areas within the 

purchased ranch properties and assisting in capital improvements at the WWTF to remove 

nitrogen.  Maintaining or re-establishing the more natural river features – cottonwood flood 

plains, oxbow wetlands - would have linked recreational, wildlife habitat, and flood plain 

management benefits while requiring less water compared to full ranch irrigation.   

 

Groundwater recharge via rapid infiltration basins or direct recharge through existing 

wells that is recognized as a component of the hydrographic basin recharge or a specific 

aquifer storage and recovery program 

 

Rapid infiltration basins (RIBs) to discharge reclaimed water into the ground and eventually into 

the local aquifer are currently being used at the Rolling A WWTF in Dayton Valley.  The 

method is commonly used at smaller waste-water treatment facilities using treatment technology 

that produces an reclaimed water that is at or near the drinking water standard.  Demonstrating 

that the treated reclaimed water will not have a negative water quality impact to the local aquifer 

is the basic requirement for receiving a discharge permit from the State to use RIBs as a method 

of reclaimed water disposal.   

 

Direct blending of highly treated reclaimed water with municipal well water to reduce 

arsenic concentrations 

 

The Moody Lane Wastewater Treatment Plant uses a membrane technology that produces a very 

high quality reclaimed water that also significantly reduces arsenic concentration of the source 

supply.  Due to this high level of treatment this reclaimed water can directly replace potable 

water.  The only water chemistry issue that is not addressed through this treatment is total 

dissolved solid (TDS) concentrations that always increase through human use of the water and 

depending on the TDS of the source water could become an issue.   
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Churchill County Utilities is developing municipal water supply in areas where arsenic 

concentration exceed the current 10 parts per billion standards.  Since the reclaimed water has 

significantly reduced arsenic concentration and meets other potable water standards it could be 

used to blend with the municipal well water to reduce the ambient ground-water arsenic levels to 

below the standards.  Blending to reduce concentrations is much more economical than direct 

removal of the arsenic at the well or at a centralized treatment plant.  To implement this plan the 

County would need to obtain an aquifer storage and recovery plan from the State Engineer and 

have this use recognized on their discharge permit.  If implemented, this reclaimed water reuse 

program would represent the most innovative use of a limited water supply in the State by using 

wastewater treatment technology to overcome a potable water quality issue.  The technical and 

permitting aspects of this proposal are achievable, but the public acceptance could become an 

issue.  An effective public education program, demonstrating that the technology provides a 

future water supply that meets all standards, would be necessary. 
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CHAPTER 3 -CONCLUSION 
 

Walker and Associates would like to thank all the purveyors that took the time to provide the 

information for this report and to review the rough draft.  The intent of the report was to capture 

the level and variety of reclaimed water reuse on the Carson River watershed currently and 

discuss where future reclaimed water use might be heading.  Additionally some analysis of how 

these future programs could be implemented was provided.   

 

Below is a summary of what Walker & Associates learned by creating this report.  

 

Application of reclaimed water to help maintain the pastoral nature of Carson Valley, 

particularly on lands within the floodplain, helps achieve expressed goals of the citizens in the 

area.  Consequently use of the reclaimed water in this manner – low tech with little economic 

return to the purveyor, but with the benefit of pastoral open space retention/flood plain retention 

-  is most likely the highest and best use of the reclaimed water today that originates in Carson 

Valley.   

 

Reclaimed water originating from Lake Tahoe that is discharged into the Carson River watershed 

is high quality water and can be delivered by gravity.  If nitrogen levels were reduced to enhance 

reuse applications, the value of the water would increase, assuming water becomes more scarce / 

more valuable.  An estimated cost to reduce the total nitrogen level has been developed in the 

attached technical memorandum developed by Brown and Caldwell.  

 

Discharging reclaimed water back into the Carson River unless the permitted phosphorus level is 

increased, even in the winter, would require expensive enhanced treatment or attempts to change 

permit requirements via river water quality monitoring and modeling efforts that might not prove 

your point.  Currently the need for winter storage of reclaimed water is not limiting enough to 

pursue these options, nor is there an obvious funding source to implement a program to enhance 

in-stream flows.   The attached technical memorandum by Brown and Caldwell estimates costs 

to treat the reclaimed water to levels that could discharged into the river.  Based on input from 

NDEP, particularly Randy Pahl, the likely hood of nitrogen removal well below the current 10 
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mg/l standard would be necessary to prevent eutrophication in the Carson River.  Facilities 

considering river discharge should include costs to remove total nitrogen to levels below 5 mg/l. 

 

When Alpine Decree Water rights are converted to municipal and industrial use, the reclaimed 

water return flow from this conversion will be would be approximately 50% of 2.5 acre feet or 

1.25 acre feet.  If reclaimed water is to then replace the irrigation source for the lands where the 

Alpine Decree Right originated, only a little more than 25% of the original duty of 4.5 acre feet 

is retained.  Consequently programs to maintain agricultural open space via reclaimed water 

irrigation will either need additional reclaimed resource or the irrigated area would need to be 

reduced.  Reducing area of irrigation, but possibly focusing on environmental restoration, 

particularly of the flood plain, could be a better option. 

 

Enhanced treatment of wastewater, particularly using a membrane treatment system, will create 

reclaimed water that meets drinking water standards.  Once these standards are achieved 

reclaimed water could enhance potable water supply via groundwater recharge and recovery 

programs, direct recharge to municipal wells or blending with existing potable sources.  In areas 

where potable water sources become scarce, moving to this level of treatment and use of 

reclaimed water as a component of the potable water supply will become more prevalent.  Total 

dissolved solids could become an issue if the source water of the reclaimed water is elevated. 





 

 

 

 

 

 

 

 

Attachment 1 – ReclaimedWater Analysis- Carson River Watershed – Interview Notes 









 

 

 

 

 

 

 

 

Attachment 2 – Brown and Caldwell Technical Memorandum  

Upgrade of Wastewater Treatment Facilities for Effluent River Discharge  
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1 .  EXECUTIVE  SUMMARY 

At the direction of the Carson Water Subconservancy District, Brown and Caldwell reviewed two wastewater 
treatment facilities (WWTFs), to determine whether it would be feasible to upgrade their effluent quality for 
direct discharge to the Carson River.  This technical memorandum (TM) presents the results of the WWTFs’ 
evaluation including estimated preliminary capital and operations and maintenance (O&M) costs. 

The State of Nevada has published limitations for direct discharge effluent quality.  State representatives from 
the Division of Environmental Protection have (NDEP) also indicated that the required effluent quality for 
river discharge is currently uncertain.  If local agencies pursue river discharge, regulatory agencies likely will 
conduct or require additional assessment of the Carson River, possibly including a Total Daily Maximum 
Load (TMDL) evaluation under the United States Clean Water Act.  Such an evaluation could result in 
substantially more stringent limitations.  Mixing zones can be used to dilute effluent as long as standards are 
met at the end of the mixing zone, allowing for higher effluent concentrations.  Possible downstream effects 
such as algae growth would also need to be address.   This TM addresses existing limits taken as point-of-
discharge limitations without allowance for mixing.  Evaluation of potential mixing zone benefits and post-
discharge algae growth and its impacts are beyond the scope of this work.  But recognizing potentially more 
stringent requirements going forward, we also briefly review additional treatment upgrades to address more 
stringent limits.   

1.1 Douglas County Sewer Improvement District No. 1 

The Douglas County Sewer Improvement District No. 1 (DCSID No. 1) operates a wastewater treatment 
facility (WWTF) that treats raw sewage drawn from its service area as well as raw sewage pumped in from 
Round Hill General Improvement District (RHGID), Kingsbury General Improvement District (KGID), Elk 
Point Sanitation District (EPSD), and Tahoe-Douglas District (TDD).  The current average annual dry 
weather flow is about 1.6 million gallons per day (mgd).  The name-plate maximum daily flow design capacity 
of the WWTF is 4.5 mgd (Appendix A).  Flows have decreased over the past several years.  Effluent is 
pumped outside the Tahoe Basin to a 5,300-acre-feet (AF) storage reservoir owned by Bently 
Agrowdynamics.   Bently Agrowdynamics uses the effluent for summer-season irrigation. 

Findings, conclusions, and recommendations for the DCSID No. 1 WWTF are as follows: 

� Current effluent is not suitable for river discharge owing to elevated concentrations of total nitrogen 
and phosphorus.   Other effluent constituents would be acceptable after the treatment described 
herein based on published effluent quality limitations. 

� To achieve suitable effluent for total nitrogen (less that 11 milligrams per liter [mg/L] as total 
nitrogen), we have identified two alternatives that would allow modification using existing tankage and 
an activated sludge (AS) process for biological nitrification/denitrification.  Alternative 1 would require 
retrofitting the existing aeration basins with internal mixers, mixed liquor recycle pumps and fine 
bubble aeration with air supplied from new centrifugal blowers.  Alternative 2 would require 
converting existing two unused secondary clarifier and aeration basins into a Sequential Batch Reactor 
(SBR), a proven technology operated as an Intermittent Cycle Extended Aeration System (ICEAS).  
New blowers also would supply air for Alternative 2. 

� To achieve suitable effluent for total phosphorus (TP) (less that 0.1 mg/L), we identified metal salt 
(e.g., ferric chloride) addition followed by pressure filtration.   Filtration capacity would be 2.0 mgd 
nominally since existing storage would be used to equalize daily flow variations.  A capacity of 2.0 mgd 
would allow some capacity for future growth.  Effluent filtration for TP removal would greatly reduce 
the effluent total suspended solids (TSS) concentration, also further decreasing the effluent total 
nitrogen concentration.  Filtration for limits of technology (LOT) TN removal may be possible in 
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conjunction with TP removal after metal salt addition, for example biologically active gravity filters but 
such opportunities would require more detailed review once requirements are known better.   

� Alternative or supplemental filtration technologies such as denitrification filtration with carbon (e.g., 
methanol addition) could improve effluent quality further, likely reaching current LOT performance 
for TN in the effluent, on the order of 2 to 3 mg/L.  Note that filtration for LOT TN removal may be 
possible in conjunction with TP removal after metal salt addition, for example biologically active 
anthracite gravity filters.  Such options should be explored if improved effluent quality for direct 
discharge is pursued in more detail.  

� No removal/control of total dissolved solids (salt) is expected to be required since the quality of 
drinking water supplying local systems is apparently very high. 

� The estimated capital cost for an upgrade for nitrogen removal would be about $4.4 million for 2.0 
mgd capacity using Alternative 1; $8.3 million for 2.0 mgd capacity using Alternative 2.  Estimated 
capital cost for phosphorus removal treatment train sized for 2.0 mgd is about $4.2 million.  The 
capital cost includes 50 percent contingency to reflect the project uncertainty at this level of 
development.  The cost estimate has an order-of-magnitude accuracy range of +100/-50 percent.  A 
description of methodology used in calculating cost is described in Section 5.  In our opinion, capital 
costs for treatment to achieve much lower TN concentrations through processes such as denitrifying 
filters could increase capital costs for effluent filtration by 50 to 100 percent because of changes in 
required technology. 

� The annual O&M cost for nitrogen removal would not differ significantly from the current cost.  The 
annual O&M cost for phosphorus would be about $410 per million gallons treated.  The O&M for 
phosphorus removal includes 30 percent contingency.  Based on our experience with other 
evaluations, treatment to achieve much lower TN concentrations through processes such as 
denitrifying filters would increase O&M costs by about 50 percent.  The cost would increase mainly 
because of the need to add a supplemental carbon source, e.g., methanol, to support biological 
denitrification.   

� Data for additional influent and effluent parameters—alkalinity, TP, and TDS—should be gathered to 
ensure that assumption made for analyses presented herein are appropriate. 

� Either existing or upgraded existing facilities would be needed for dry season storage—about 1,100 
acre feet (AF), 2 mgd over six months—would be needed to store effluent.  Any issues associated with 
effluent quality after long-term storage would need to be addressed after discussions with regulators. 

� It may be possible to rehabilitate existing effluent filters at DCSID WWTF but further study would be 
required to determine whether such an upgrade would be feasible and reduce overall costs. 

1.2 Douglas County North Valley Wastewater Treatment Facility 

The Douglas County North Valley (DCNV) General Improvement District (GID) operates a WWTF that 
treats raw sewage drawn from its service area in northern Douglas County.  The current average dry weather 
flow (ADWF) is about 0.28 mgd.  The GID is currently expanding WWTF capacity to 2.0 mgd ADWF.  
Effluent is pumped into a 40 acre/400 AF storage reservoir during the winter.  During the summer the 
effluent is used for irrigation on lands owned by Bently Agrowdynamics. 

Findings conclusion, and recommendations for the DCNV WWTF are as follows: 

� Current effluent is not suitable for river discharge owing to elevated concentrations of phosphorus.  It 
is marginal for discharge owing to total dissolved solids (TDS) concentrations that is near the water 
quality criteria.   Other effluent constituents would be acceptable after the treatment described herein. 

� To achieve suitable effluent for total phosphorus (less that 0.1 mg/L, we identified metal salt (e.g., 
ferric chloride) addition followed by pressure filtration.  Filtration capacity would be 4.0 mgd 
nominally since existing storage would be used to equalize daily flow variations but discharge would 
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occur only over six months per year.  Alternatively, a 2.0-mgd TP removal system could be used if TP 
is removed before storage.  The TP removal system also could be built in phases to match the WWTF 
flow more closely and reduce the initial capital investment.  Effluent filtration for TP removal would 
greatly reduce the effluent TSS concentration, also further decreasing the effluent TN concentration.  

� Alternative or supplemental filtration technologies such as denitrification filtration with carbon (e.g., 
methanol addition) could improve effluent quality further, likely reaching current LOT performance 
for TN in the effluent, on the order of 2 to 3 mg/L.  Note that filtration for LOT TN removal may be 
possible in conjunction with TP removal after metal salt addition, for example biologically active 
anthracite gravity filters.  Such options should be explored if improved effluent quality for direct 
discharge is pursued in more detail. 

� For TDS, several options could be employed: 

-Seek minor modification to the Carson River Discharge Standards, for example, a TDS concentration 
of 525 mg/L. 

-Institute possible upstream salinity reduction such as removal of/modification to water softeners or 
desalting any potable water sources that have elevated TDS. 

-Desalt a side stream of the effluent, say 10 percent, to reduce the total TDS consistently below 500 
mg/L.  

� The estimated capital cost for a phosphorus removal treatment train sized for 4.0 mgd (twice the 
average annual design flow for six months per year) is about $8.4 million.  The capital cost includes 50 
percent contingency to reflect the project uncertainty at this level of development. The cost estimate 
has an order of magnitude accuracy range of +100/-50 percent.  A 2.0-mgd system would cost about 
$5.5 million; a 1.0-mgd system, about $3.7 million; and a 0.5-mgd system, about $2.4 million. [These 
costs were scaled from the estimate for a 4.0-mgd system using a 6/10’s scaling factor.]  In our 
opinion, capital costs for treatment to achieve much lower TN concentrations through processes such 
as denitrifying filters could increase capital costs for effluent filtration by 50 to 100 percent because of 
changes in required technology. 

� The annual O&M cost for removing phosphorus would be about $400 per million gallons treated.  
The O&M cost also includes 30 percent contingency.  The cost would increase mainly because of the 
need to add a supplemental carbon source, e.g., methanol, to support biological denitrification.  The 
projected increased O&M cost is lower for DCNV WWTF compared to DCSID since the former 
already achieves a lower TN concentration. 

� Data for additional influent and effluent parameters—alkalinity, TP, and TDS—should be gathered to 
ensure that assumption made for analyses presented herein are appropriate. 

� If discharge is allowed for only 6 months annually, expanded effluent storage, about 700 AF--would be 
needed beyond the 400 AF already available, to ensure storage for six months.  Since expanded 
effluent storage is already planned as part of ongoing operations without river discharge, we have not 
addressed cost for such storage herein.  Issues associated with effluent quality such as increased TDS 
concentration due to evaporation and algae blooms after long-term storage would need to be 
addressed. 

2 .  INTRODUCTION 

In 2008, the Carson Water Subconservancy District (CWSD) received Clean Water Act Section 208 Funds to 
analyze the opportunities to enhance reclaimed water use within the Carson River Watershed.   CWSD hired 
Steve Walker from Walker & Associates to analyze effluent use programs within the Carson River Watershed, 
with a focus on potential future uses.  Brown and Caldwell was hired to review two wastewater treatment 
facilities, to determine whether it would be feasible to upgrade their effluent quality to be able to discharge to 
the Carson River.  The two WWTFs evaluated are the Douglas County North Valley General Improvement 
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District WWTF and the Douglas County Sewer Improvement District No. 1 WWTF.  This Technical 
Memorandum presents proposed technology changes that would improve the effluent quality such that it 
could be discharged to the Carson River.  

2.1 Scope of Work 

Brown and Caldwell’s scope of work for this assignment included the following: 

� Meet with WWTF operators and tour facilities to become familiar with current treatment capabilities, 
past practices and possibly unused components, and any ongoing or planned improvements. 

� Assemble and review WWTF design data and influent, effluent and operations data for recent years.  
Identify effluent parameter that fail to meet river discharge requirements. 

� Develop and evaluate alternatives to upgrade existing WWTFs so that effluent would be suitable for 
river discharge. 

� Develop order-of-magnitude opinions of probable capital cost (AACE, International Class 5 estimates) 
for viable WWTF upgrades. 

� Develop preliminary costs for O&M. 

� Summarize work in a technical memorandum.  

2.2 Background 

For discharge to the river, WWTF effluents must meet river discharge requirements established to protect 
water resources.  Table 2-1 lists current water quality requirements for beneficial uses associated with one 
reach of the Carson River where direct discharges likely would occur, compared with recent effluent water 
quality data from local WWTFs.  These data show that the listed WWTFs face potential discharge nutrient 
limits for phosphorus in treated effluent and that the DCSID Number 1 WWTF would need greatly 
improved nitrogen removal.  In spite of published limitations presented in Table 2-1, required effluent quality 
for river discharge is currently uncertain.  If local agencies pursue river discharge, regulatory agencies likely 
will conduct or require applicants to conduct additional assessment of the Carson River, possibly including a 
TMDL evaluation under the United States Clean Water Act.  Such an evaluation could result in substantially 
more stringent limitations.  Mixing zones can be used to dilute effluent as long as standards are met at the end 
of the mixing zone, allowing for higher effluent concentrations.  Possible downstream effects such as algae 
growth would also need to be address.     

 

Table 2-1.  Comparison of Carson River Discharge Standards to Water Quality of Reclaimed Water 
Discharged from Douglas County Sewer Improvement District # 1 (DCSID WWTF) and  North 
Valley Wastewater Treatment Facility (DCNV WWTF) 

 

Effluent or Receiving Water Constituent1 Beneficial 
Use/WWTF 

TSS NH3 NO3 Total 
N 

pH Fecal 
Coliform 

Cl Total 
P 

TDS DO 

Beneficial Use 
Standards 2 

<80 13.32 <10 <11 6 - 9 <200 <250 0.1 <500 >6 

DCSID <25 <31 <9 <31 <8.25 <20 >0.1 <104 <5004 NA 
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Table 2-1.  Comparison of Carson River Discharge Standards to Water Quality of Reclaimed Water 
Discharged from Douglas County Sewer Improvement District # 1 (DCSID WWTF) and  North 
Valley Wastewater Treatment Facility (DCNV WWTF) 

 

Effluent or Receiving Water Constituent1 Beneficial 
Use/WWTF 

TSS NH3 NO3 Total 
N 

pH Fecal 
Coliform 

Cl Total 
P 

TDS DO 

NVWWTP  <28 NA <6 <6 <7.9 NA NA <5 <525 NA 

Notes: 

1.  All data in mg/l except that pH is in standard units and coliform is in most probable number (MPN) per 100 milliliter. 

2.  NAC 445A.152 Carson River discharge standards at Genoa Lane– standards are for beneficial use and would required approval of State Environmental Commission. 

3.  NA is indicates that data are not available. 

4. Estimated 

For the analyses presented herein, we have assumed target treatment limits of 10 mg/L for total nitrogen 
(mg-N/L) and 0.1 mg/L for total phosphorus, based on the beneficial use standards monthly average value. 
If the permit requirements were based on a daily maximum, additional treatment would be necessary to 
ensure compliance.  Based on input from NDEP representatives, much lower limits for TN, on the order of 
2 to 3 mg/L, could occur depending upon evaluation of potential water quality degradation such as 
downstream algae growth resulting from nutrient addition.  The TP limit of 0.1 mg/L is at or approaching 
the limits of technology for current WWTFs, short of advanced treatment such as salt removal using 
technologies such as electro-dialysis, electro-dialysis reversal, or reverse osmosis.  Because of issues raised by 
NDEP, in this TM we also comment about additional treatment upgrades that would lower TN to LOT.   

We note that the Carson River Subconservancy may wish to pursue additional discussions with regulators, 
especially with regard to phosphorus, nitrogen, and TDS.  In other watersheds, consideration is sometimes 
given to available phosphorus and available nitrogen rather than TP and TN in setting limits.  For example, 
we understand that the City of Reno has ongoing discussions with the State regarding this issue.  Similarly, 
some flexibility might exist to allow slightly higher TDS rather than spending for desalting if control measures 
fail to reduce TDS.     

3 .  DOUGLAS  COUNTY SEWER IMPROVEMENT 
DISTRICT  NO.  1  

The DCSID currently operates an activated sludge WWTF at State Line, Nevada.  It treats about 1.6 mgd 
from its service area as well as from Round Hill General Improvement District (RHGID), Kingsbury General 
Improvement District (KGID), Elk Point Sanitation District (EPSD), and Tahoe-Douglas District (TDD).  It 
pumps effluent outside the Tahoe Basin to 5,300-acre-feet (AF) storage owned by Bently Agrowdynamics.  
Bently Agronomics uses the effluent for summer-season irrigation.  Figure 3-1 shows the location of the 
WWTF as well as the disposal area.  Figure 3-2 shows the current flow schematic.  The existing plant design 
criteria are provided in Appendix A.   

For this analysis, we assumed that the nitrogen limit could be met with upgrades to the existing secondary 
treatment units at the WWTP.  After an initial evaluation we identified two possible modifications to the 
activated sludge system--modified Ludzack-Ettinger (MLE) and sequencing batch reactors (SBRs).   Both 
processes can be optimized for biological nitrogen removal.  We assumed that the phosphorus limit could be 



Technical Memorandum  WWTF Upgrades 

 

 

7 

 

met with chemical addition (e.g. alum or ferric chloride and polymer) to the secondary effluent followed by 
tertiary filtration. 

3.1 Basis of Design   

Historical data (January 2004 through December 2008) were provided by DCSID and were analyzed to 
determine representative flows and loads.  Influent flow, five-day carbonaceous biochemical oxygen demand 
(cBOD) and TSS were reported as monthly averages.  The averages of the monthly values were used to 
determine influent concentrations.  It is important to note that influent flows have been dropping over the 
past several years; we assumed the average annual daily flow would be 2.0 mgd.  This higher capacity would 
ensure that DCSID would have sufficient available capacity when flows/loadings eventually recover. 

Table 3-1 summarizes the basis of design used for the analysis.  The secondary treatment units were analyzed 
based on maximum-month loading.  The average cBOD concentration was 198 mg/L and the average TSS 
concentration was 153 mg/L.  The average primary clarifier removals were 53 percent and 31 percent for TSS 
and cBOD, respectively, which represents common performance for primary clarification.  Typically, the 
cBOD and TSS values for raw sewage are similar values.  For the analysis, we used the influent cBOD values 
rather than the TSS values, in order to be conservative.  To determine maximum month cBOD loading, we 
assumed a peaking factor of 1.50, determined from the historical data.  DCSID only collects influent TKN 
data quarterly, with typical values of about 30 mg/L.  Therefore, on a conservative basis we assumed a 
maximum month TKN concentration of 45 mg-N/L and a maximum month ammonia concentration of 30 
mg-N/L.  

 

Table 3-1. Design Basis for WWTP Analysis Determined from 
Historical Data (2004 – 2008). 

Parameter Value 

Average Annual Daily Flow, mgd 2.0 

Peak Day Wet Weather Flow, mgd 4.50 

Maximum Month cBOD Loading, lb/d 5,830 

Maximum Month TKN Loading, lb/d 750 

Maximum Month Ammonia Loading, lb-N/d 500 

Primary Clarifier cBOD Removal, percent 31 

Minimum Wastewater Temperature, degrees C 16 

3.2 Existing Secondary Facilities  

The WTTF is a full secondary treatment plant.  Secondary processes consist of two identical, parallel aeration 
basins equipped with mechanical surface aerators.  There are four secondary clarifiers, of which only two are 
in service.  Table 3-2 summarizes relevant information pertaining to the secondary facilities. 
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Table 3-2. Existing Secondary Facilities. 

Parameter Value 

Aeration Basins  

  Number 2 

  Sidewater Depth, ft 13 

  Volume, Total, gal 808,000 

  Aeration Type 
Surface Splash Mechanical Aerators 4 at 
25-hp each, for each basin 

Secondary Clarifiers  

  Number 4 (2 out of service) 

  Sidewater Depth, ft 14 

  Diameter, ft 60 

  Sludge Removal Type Scraper 

RAS Pumps 3 at 1,000 gpm each 

 

Note that DCSID only operates three of four compartments in each aeration basin owing to failure of the 
original concrete base slabs as well as more recent repairs to the slabs. 

3.3 Alternatives for Nitrogen Removal  

Brown and Caldwell examined existing facilities in light of experience upgrading secondary treatment 
processes.  Two processes identified for modification to the activated sludge system--MLE and SBRs were 
carried forward for more detailed analyses based on their potential appropriateness locally.  These processes 
would consistently decrease total nitrogen to less than 10 mg/L and may achieve even better performance 
with very careful operational control. 

3.3.1 Overview of the MLE Process 

The MLE process achieves denitrification within a nitrifying activated sludge system.  Aeration basins are 
operated in plug-flow mode with the basin portioned into an anoxic zone followed by an aerobic zone. 
Submerged mechanical mixers or minimal aeration can be uses in the anoxic zone to keep the mixed liquor in 
suspension.  An internal mixed liquor recycle (IMLR) is directed from the end of the aerobic zone (prior to 
the secondary clarifiers) back to the head of the anoxic zone.  The purpose of the IMLR is to bring nitrate 
back to the anoxic zone where it can be converted to nitrogen gas.  The process is operated at a SRT high 
enough to promote nitrification.  For DCSID, the aerobic SRT was assumed to be 6 days (8-d total SRT 
including anoxic zones).  We assumed an IMLR of three times the influent flow. 

The MLE process has been shown to produce effluent nitrate values of less than 8 mg-N/L. However, the 
performance of the system depends on the wastewater characteristics.  For this analysis, we have assumed 
that the discharge limits for nitrate could be met with the MLE process.  If actual wastewater characteristics 
are not conducive to nitrogen removal, an additional carbon source (e.g. methanol) may be required as an 
addition to the treatment process.  Similarly, if influent alkalinity is not adequate (nitrification destroys 
alkalinity), caustic soda addition may be necessary to maintain the pH in the aeration basins. 
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3.3.2 Assessment of Existing Tankage 

Using the flows and loads for the maximum month condition identified in Table 3-1, the maximum month 
mixed liquor suspended solids (MLSS) concentration was estimated with two aeration tanks in service.  Prior 
to implementing such an upgrade, we recommend that a full wastewater characterization is performed to 
estimate process requirements better.  Because of the level of uncertainty now, the results presented in this 
section are considered planning level estimates only.  The MLSS concentration at maximum month loading is 
predicted to be 2,600 mg/L in the existing tankage, which is a typical value for the activated sludge process. 
Using the existing two secondary clarifiers, the solids loading rate (SLR) at peak flow condition and maximum 
month loading is 17 lb/ft2-day, which a relatively low value assuming good settling sludge.  

The existing aeration basins and two secondary clarifiers shown in Figure 3-3 have sufficient volume to 
convert the process to a MLE process while treating a 2.0 mgd ADWF.  The conversion would require that 
the mechanical aerators are replaced with a fine-bubble aeration system.  The front 25 percent of each 
aeration basin (first compartment of each train) would be converted to anoxic zones, which would require 
mixers and new baffles.  As mentioned previously, we have assumed that the wastewater characteristics are 
sufficient to meet effluent nitrate limits.  If not, a methanol feed system would be required.   Currently, the 
sludge volume index (SVI) values at the WTTF are 300 milliliter per gram (mL/g) or higher, which indicates 
poor settling sludge.  For the MLE process, we assume that settleability would improve with the installation 
of anoxic zones and fine-bubble aeration.  We also recommend that DCSID continue to have capability for 
return activated sludge (RAS) chlorination as a means to control sludge bulking.  But we would expect that 
compared to current operation, chlorination of RAS would be needed rarely.   Operations would be simpler 
and more stable. 

3.3.3 Aeration Requirements 

The wastewater treatment process simulator, BioWin 3, was used to estimate approximate process aeration 
requirements.  Figure 3-4 presents a screenshot of the model.  Steady state modeling was performed at 
maximum month loadings, and the oxygen requirements were increased by 25 percent to account for diurnal 
variations.  Typically, a full wastewater characterization study is performed to accurately calibrate a model and 
achieve more precise results and model runs are performed on a dynamic basis to determine the WWTF 
response to variable loading.  For this analysis, steady state modeling was performed using default wastewater 
characteristics.  

 

Figure 3-4. Screenshot of BioWin model configuration for the MLE process. 

We determined that three multi-stage blowers (2 duty, 1 standby) each equipped with 100-hp motors would 
be required to meet aeration requirements.  These blowers would be housed in the existing structure, in space 
now occupied by the abandoned sludge incinerator.   Other upgrades would include aeration piping  
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3.3.4 Alternative 1 - Project Implementation  

 

Implementation of an upgrade for nitrogen removal at the DCSID WWTF would require careful 
coordination with and consideration of existing operations since the WWTF must continue to treat all raw 
sewage in compliance with waste discharge requirements during the transition.  A reasonable scenario for 
implementation of Alternative 1 might include the following activities: 
 

� Demolish and remove the sludge incinerator and peripherals. 

� Install new blowers, piping and controls within the existing building. 

� Repair the first cell in one aeration train so that all four cells would operate. 

� Set up temporary equipment for chemically enhanced primary treatment (ferric chloride and polymer 
addition to raw sewage).  CEPT would increase the cBOD removal, to ensure that one aeration train 
would accommodate all primary effluent. 

� Take one aeration train off line, clean and repair the cells, install mixers in the first cell and new fine 
bubble diffusers in the other cells. 

� Install internal biosolids recycling from cell one to cell four. 

� Connect and test the new aeration system. 

� Commission the new aeration system and start up one train in the revised mode. 

� Take the original train out of service, make upgrades, and commission the second train. 

3.4 Alternative 2 – Sequencing Batch Reactors 

Use of sequencing batch reactor (SBR) technology is possibly feasible for nitrogen reduction at the DCSID 
WWTF.  The SBR process operates on a fill-and-draw principle where anoxic fill, react, settle, decant, and 
idle/waste sludge phase occur sequentially on a cyclic basis. SBR design provides excellent process control 
over a wide range of growth by varying the operating strategy in aerobic or anoxic conditions.  
 

 
 

Figure 3-5. A Typical Sequential Batch Reactor Process. Courtesy of Sanitaire, ITT Industries, Inc. 

 
The SBR process sometimes requires two or more basins or an influent equalization tank to receive flow 
when settling and decanting.  As representative of available SBR technologies and based on identified effluent 
requirements, we used the modified SBR process provided by Sanitaire, ITT Industries, Inc.  It uses 
Intermittent Cycle Extended Aeration System (ICEAS) which allows continuos inflow of wastewater during 
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all phases of the cycle, including settle and decant.  This allows ICEAS process to be controlled on time, 
rather than flow basis and ensures equal loading and flow to all basins. Figure 3-5 and Figure 3-6 shows 
typical SBR and SBR-ICEAS process, respectively. 

 

Figure 3-6. A Typical Sequential Batch Reactor ICEAS Process. Courtesy of Sanitaire, ITT Industries, Inc. 

To size an SBR system, Brown and Caldwell contact Sanitaire, ITT Industries, Inc. about its ICEAS and 
asked for an evaluation as a retrofit, possibly using the existing aeration basins as well as the two unused 
clarifiers.  The DCSID plant has four 60-foot diameter secondary clarifiers. Based on the calculation from 
Sanitaire, the unused two clarifiers could be converted to SBR and could treat about 0.7 mgd ADWF 
(Appendix B, Clarifier Retrofit Design Summary).   Converting the existing aeration basins to SBRs would 
add about 1.3-mgd capacity, bringing the total capacity to 2.0 mgd.  In addition DCSID could convert 
remaining secondary clarifiers into SBRs should the flow increased above 2.0 mgd in the future. Figure 3-7 
shows required inflow channel/piping and upgrade to the existing aeration basins and secondary clarifiers 
into SBR. 

 

 

 

 

 

 

 

 

 Existing unused secondary clarifier and Cell 1 of existing aeration tank showing mechanical mixer 
and damaged floor slab 

 
 
3.4.1 Alternative 2 - Project Implementation  

 

A reasonable scenario for implementation of Alternative 2 might include the following activities: 
 

� Demolish and remove the sludge incinerator and peripherals. 

� Install new blowers, piping and controls within the existing building. 
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� Upgrade the two unused secondary clarifier to SBRs and connect influent/effluent piping.  The 
influent piping could be connected at the entrance of aeration basin.   

� Set up temporary equipment for chemically enhanced primary treatment (ferric chloride and polymer) 
addition to raw sewage.   CEPT would increase the cBOD removal, to ensure that one aeration basin 
and two SBRs would accommodate all primary effluent. 

� Take one aeration basin off line, clean and repair the cells, install mixers, sludge pumps, decanter, 
ICEAS fine bubble aeration system, and provide opening in the partitioning wall of each cell. 

� Connect, test, and start the SBR installed in the first aeration basin. 

� Take the second aeration basin out of service and perform the similar retrofit in the second aeration 
basin and place in operation. 

3.4.2 LOT Nitrogen Removal 

As discussed in Section 2, more restrictive effluent limits for TN may apply.  Alternative or supplemental 
filtration technologies such as denitrification filtration with carbon (e.g., methanol addition) could improve 
effluent quality further, likely reaching current LOT performance for TN in the effluent, on the order of 2 to 
3 mg/L.  Note that filtration for LOT TN removal may be possible in conjunction with TP removal after 
metal salt addition, for example biologically active anthracite gravity filters.  Such options should be explored 
if improved effluent quality for direct discharge is pursued in more detail   

3.5 Phosphorus Removal  

Based on the latest LOT work by the Water Environment Federation/Water Environment Research 
Foundation, the best method for controlling total effluent phosphorus for the DCSID WWTF would be 
metal salt (e.g., ferric chloride or alum) addition followed by media filtration.  We have assumed that effluent 
filtration would occur in pressure filters located after flow equalization achieved through DCSID’s existing 
effluent storage.  Such storage would eliminate diurnal flow peaks, minimizing filtration system size.  Table 3-
3 presents conceptual data for the phosphorus removal system.  The filters would be housed in an existing 
building after removal of existing filtration equipment.   Filter backwash would be directed to the raw sewage 
influent structure. 

Note that additional evaluation should be carried out to check on possible adverse impacts on WWTF 
pumping capacity resulting from use of system pressure head to operate pressure filters.   

 

Table 3-3.  Phosphorus Removal System Parameters 

Parameter and units Value 

Total flow, mgd/gpm 2.0/1,390 

Filter loading rate, gpm/square foot 4.0 

Filter area required, sq ft 350 

Number of filters (duty/standby) 4 (3/1) 

Area per filter, sq ft 120 

Media and depth (inches) Anthracite (30) over sand (12) 

Ferric addition as iron, mg/L 26 
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Table 3-3.  Phosphorus Removal System Parameters 

Parameter and units Value 

Ferric chloride flow rate, gallons per hour (gph) 4 

Ferric storage, gallons 3,000 

Ferric metering pumps 2 

Ferric pump capacity, gph 10 

Polymer dose, mg/L 1 

Polymer metering pumps 2 

Polymer pump capacity, gph 1 

Polymer storage (use 200-gal manufacturer totes) 

1. Filter area is sufficient to operate at the design flow with one filter out of service.  Filter output would be sufficient to supply backwash flow for one filter. 

2.  Total annual use of ferric chloride would be about 35,000 gallons at 2.0-mgd average annual flow. 

 

4 .   DOUGLAS  COUNTY NORTH VALLEY  
WASTEWATER TREATMENT FACILITY  

The DCNV WWTF currently operates its Biolac extended aeration activated sludge process to control total 
nitrogen in its effluent very successfully.  Hence, no upgrades for further nitrogen would be required to meet 
current regulatory limits.  Separate processing for total phosphorus removal to very low levels would be 
required.  Meeting very low TN limits require additional treatment as discussed above for DCSID. 

 

DC NV WWTF Biolac System 

Based on the latest LOT work by the Water Environment Federation/Water Environment Research 
Foundation, the best method for controlling total effluent phosphorus for the DCNV WWTF would be 
metal salt (e.g., ferric chloride or alum) addition followed by media filtration.  We have assumed that effluent 
filtration would occur in pressure filters located after effluent storage, prior to effluent discharge.  Filtration at 
this location, through new construction on the existing WWTF site, would also improve the overall quality of 
discharged water through the filtration process.  Such storage would eliminate any diurnal and seasonal flow 
peaks.  Table 4-1 presents conceptual data for the phosphorus removal system.  Note that for initial analyses 
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we assumed that filtration would be carried out on stored effluent prior to discharge over 6 months per year.  
The TP removal system could be added prior to storage, halving its size.  It would also be feasible to build the 
TP system in phases based on raw sewage flows into the WWTF.  For example, build a 0.5-mgd first and 
then expand it in increments of 0.5 mgd.  The filters would be housed in a prefabricated, metal frame 
building.  Since the effluent would require pressurization prior to filtration, the new building would house a 
pumping system in addition to filtration and ancillary equipment.  Filter back wash would be directed to the 
WWTF raw sewage.  A sludge dewatering facility is planned and would be constructed in the future.  A site 
plan of the existing facility is shown in Figure 4-1.  

 

Table 3-3.  Phosphorus Removal System Parameters 

Parameter and units Value 

Total flow, mgd/gpm 4.0/2,800 

Filter loading rate, gpm/square foot 4.0 

Filter area required, sq ft 700 

Number of filters (duty/standby) 4 (3/1) 

Area per filter 230 

Media and depth (inches) Anthracite (30) over sand (12) 

Ferric addition as iron, mg/L 26 

Ferric chloride flow rate, gallons per hour (gph) 8 

Ferric storage, gallons 6,000 

Ferric metering pumps 2 

Ferric pump capacity, gph 20 

Polymer dose, mg/L 1 

Polymer metering pumps 2 

Polymer pump capacity, gph 1 

Polymer storage (use 200-gal manufacturer totes)  

  

5 .  UPGRADE COSTS  

The costs to upgrade the existing WWTF for nutrient removal are preliminary and conservative and cover the 
materials, labor, and services necessary to build the system together with engineering, legal, and administrative 
costs necessary to plan, permit, design and construct complete and operable systems.  The cost estimating 
approach used is based on guidelines (Appendix C) developed by American Association of Cost Engineers, 
International (AACE).  AACE has developed definitions for levels of accuracy commonly used by 
professional cost estimators.  The AACE estimation class designations are labeled Class 1, 2, 3, 4, and 5.  A 
Class 5 estimate is based upon the lowest level of projection definitions, and a Class 1 estimate is closest to 
full project definition and maturity.  Figure 5-1 provides opinion of probable cost and typical contingency and 
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ranges of accuracy for Class 1 through 5 cost estimates.  The capital cost opinions provided in this report are 
Class 5, generally used for Concept Study and Feasibility of a project.  The cost estimates have an order of 
magnitude accuracy range of +100/-50 percent.  The estimate accuracy range is an indication of the degree to 
which final cost outcome for a given project will vary from the estimated cost. 

Brown and Caldwell estimated equipment and construction costs from previous experience and from 
discussions with contractors and suppliers.   Costs of the major equipment were obtained from the 
equipment manufacturers.   Other costs were obtained from previous projects and adjusted to the Means 20-
Cities Construction Cost Index.   Equipment installation costs were estimated as a percentage of the purchase 
price of the item.  Electrical costs were estimated as a percentage of the equipment and installation cost of the 
item.  We also included allowances for contractor’s mobilization and demobilization (8 percent) and overhead 
and profit (20 percent).  Reflecting the unknowns and uncertainty at this stage of project planning, we added 
a 50 percent contingency.  An allowance of 25 percent covers non-construction costs related to engineering 
services, administrative and oversight costs.  

For operation and maintenance costs we used chemical costs based on estimated doses and costs for 
chemicals from vendor quotes.  Additional labor was priced at $50 per hour including overhead and benefits.  
Electricity was set at $0.12 per kilowatt hour.  Annual costs included a small allowance for additional process 
control and compliance monitoring.  Annual maintenance cost for mechanical equipment set at 1.0 percent of 
its first cost.  Costs for solids disposal address the additional solids produced from metal salt and polymer 
addition, working from current costs for dewatered biosolids disposal. 

5.1.1 Cost Estimate for Nitrogen Removal for DCSID WWTF 

Two treatment alternatives were analyzed for the nitrogen removal.  In Alternative 1, the anoxic zones and 
fine-bubble aeration would be added in the existing aeration basins.  The upgrade would require a fine bubble 
aeration system, mixers, blowers, internal biosolids recirculation system, piping, and electrical and control 
systems.  The total cost estimates (with contingency) for converting two existing aeration basins to LME 
process is about $4.4 million.  A preliminary cost estimate for Alternative 1 is provided in Table 5-1. 

 

Table  5-1.  Cost Summary To Retrofit  Aeration Basin Into MLE Treatment System 

Item Description 
Cost 

(thousand 
dollars) 

1 
Equipment to retrofit two aeration basin into LME treatment system; equipment 
include aeration system, mixers, blowers, and controls  600  

2 Install Equipment on existing Aeration Basin  300  

3 Aeration piping  100  

4 Influent flumes and piping 130  

5 Electrical and Instrumentation @ 35% of above costs 400  

6 Testing and start-up 200  

7 Demolition of aeration equipment and sludge incinerator 100  

  Sub-Total 1,830  

 Contractor mobilization and demobilization @ 8% 146  

 Contractor overhead and profit @ 20% 366 

 Subtotal 2,342 
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Table  5-1.  Cost Summary To Retrofit  Aeration Basin Into MLE Treatment System 

Item Description 
Cost 

(thousand 
dollars) 

 Contingency @ 50% 1,171 

 Construction Costs - Subtotal 3,513 

 
Non-Construction Costs - Engineering Services, Admin, Pilot Study, Surveying 

and Geotechnical Investigation @ 25% 878 

 TOTAL PROJECT COSTS 4,391 

 

Alternative 2 consists of upgrading existing two secondary clarifiers and the two aeration basins into SBR.  
The SBR reactors will consist of aeration and mixing systems, waste activated sludge pumps, and decant 
mechanisms.  The existing secondary clarifiers would be divided by concrete wall for pre-react zone.  The 
total cost estimates (with contingency) for converting two existing clarifiers and two aeration basins to SBR-
ICEAS process removal system is about $8.3.  A preliminary cost estimate for Alternative 2 is provided in 
Table 5-2. 

 

 

Table 5-2.  Cost Summary To Retrofit Clarifiers And Aeration Basin Into Sequential Batch Reactors   

Item Description 
Cost 

(thousand 
dollars) 

1 
SBR Equipment to Retrofit Two Existing Secondary Clarifiers include aeration system, 
mixers, blowers, decanters, and controls  600  

2 
SBR Equipment to Retrofit  Existing Aeration Basin include aeration system, mixers, 
blowers, decanters, and controls  870  

3 Install Equipment on existing Secondary Clarifiers  300  

4 Install Equipment on existing Aeration Basin  440  

5 Flow splitting structures   120  

6 Aeration piping for SBRs 120  

7 Influent piping 80  

8 Electrical and Instrumentation @ 25% of above capital costs 630  

9 Testing and start-up 200  

10 Demolition of aeration and clarifier equipment and sludge incinerator 100  

  Sub-Total 3,460  

 Contractor mobilization and demobilization @ 8% 277 

 Contractor overhead and profit @ 20% 692  

  Sub-Total 4,429  
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Table 5-2.  Cost Summary To Retrofit Clarifiers And Aeration Basin Into Sequential Batch Reactors   

Item Description 
Cost 

(thousand 
dollars) 

 Contingency @ 50% 2,215  

 Construction Costs - Subtotal 6,644 

 
Non-Construction Costs - Engineering Services, Admin, Pilot Study, Surveying and 

Geotechnical Investigation @ 25% 1,661  

 TOTAL PROJECT COSTS 8,305 

These costs show that it would be far more cost effective to implement Alternative 1 compared to Alternative 
2. 

Achieving LOT TN would require additional treatment, either modification to filtration for TP removal or a 
second filtration step.  We have not developed detailed costs for such a step but for planning purposes think 
such changes would increase the TP filtration costs by 50 to 100 percent. 

5.1.2 Cost Estimate for Phosphorus Removal for DCSID WWTF 

As described above, the proposed process for phosphorus removal would include chemical addition (i.e., 
ferric chloride and polymer) followed by direct pressure filtration.  The existing pumps would be used to 
transfer treated flow to the storage reservoir.  The system could be installed in the existing filter building after 
removing the existing filtration equipment.  Note that it might be possible to rehabilitate the existing pressure 
filters but that such evaluation was beyond the scope for this study.   

The total cost estimates (with contingency) for phosphorus removal system is about $4.2 million.  A 
preliminary cost estimate for phosphorus removal system is provided in Table 5-3. 

 

Table 5-3.  2.0 mgd Phosphorus Removal System Cost Summary 

Item Description 
Cost 

(thousand 
dollars) 

1 
Skid mounted Pressure Filtration System (PFS) include piping, valves, 
flow meters, chemical tank, metering pump, and media  850  

2 Installation of PFS  430  

3 Electrical and Instrumentation @ 25% of above costs 320  

4 Demolition of Existing Equipment 50 

5 Testing and start-up 100  

   Sub-Total 1,750  

  Contractor mobilization and demobilization @ 8% 140 

 Contractor overhead and profit @ 20% 350 

   Sub-Total 2,240  

  Contingency @ 50% 1,120 

  Construction Costs - Subtotal 3,360  
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Table 5-3.  2.0 mgd Phosphorus Removal System Cost Summary 

Item Description 
Cost 

(thousand 
dollars) 

  
Non-Construction Costs - Engineering Services, Admin, Pilot Study, 

Surveying and Geotechnical Investigation @ 25% 840 

  TOTAL PROJECT COSTS 4,200 

5.1.3 Cost Estimate for Phosphorus Removal for North Valley WWTF 

The proposed process for phosphorus removal would include chemical addition (i.e., ferric chloride) with 
direct filtration.  The phosphorus removal system would be same as described above for DCSID plant except 
addition of a new metal building.  The total cost estimates (with contingency) for phosphorus removal system 
is about $8.4 million.  A preliminary cost estimate for phosphorus removal system is provided in Table 5-4. 

 

Table 5-4. Phosphorus Removal System Cost Summary 

Item Description 
Cost 

(thousand 
dollars) 

1 
Skid mounted Pressure Filtration System (PFS) include piping, valves, 
flow meters, chemical tank, metering pump, and media  1300  

2 Three (3) Skid mounted Booster Pumps 1,400 gpm, 50 hp each 300  

3 Installation of PFS and booster pumps  750  

4 Electrical and Instrumentation @ 20% of above capital costs 470 

5 Pre-Engineered Metal Building (3000 sqft) 450  

6 Testing and start-up 130 

7 Outside Piping 100 

   Sub-Total 3,500 

  Contractor mobilization and demobilization @ 8% 280 

  Contractor overhead and profit @ 20% 700 

   Sub-Total 4,480 

 Contingency @ 50% 2,240 

  Construction Costs - Subtotal 6,720 

  
Non-Construction Costs - Engineering Services, Admin, Pilot Study, 

Surveying and Geotechnical Investigation @ 25% 1,680 

  TOTAL PROJECT COSTS 8,400  
 
In cost estimating at a Class 5 level, the estimated costs for a facility of one capacity are often scaled for a 
different capacity using a power equation, with 6/10 found to be appropriate for facilities such as the TP 
removal system (Miller, 1973).  Based on total cost from Table 5-4, we have estimated costs for facilities with 
other capacities as presented in Table 5-5. 
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Table 5-5.  Estimated Capital Costs for Several TP Removal Systems 

Capacity (mgd) Cost (million dollars) 

0.5 2.4 

1.0 3.7 

1.5 4.7 

2.0 5.5 

4.0 8.4 

  

Note that the cost to expand capacity, say from 1.0 mgd to 1.5 mgd would be somewhat greater than the 
incremental cost difference between the estimated capital costs for those capacities. 

 

Achieving LOT TN would require additional treatment, either modification to filtration for TP removal or a 
second filtration step.  We have not developed detailed costs for such a step but for planning purposes think 
such changes would increase the TP filtration costs by 50 to 100 percent. 

5.1.4 Estimated Operation and Maintenance Cost  

For both WWTFs we expect no additional operation and maintenance costs for nitrogen removal.  At the 
DCSID WWTF, the new aeration equipment would be significantly more efficient than existing surface 
aeration.  The activated sludge with the modified equipment should perform better during treatment, i.e., 
settle better and more consistently.  For example, the WWTF would likely need less hypochlorite for RAS 
chlorination. 

Major operation and maintenance costs for the phosphorus removal include labor, chemicals (ferric chloride 
and polymer), energy (principally for pumping), process and compliance monitoring, equipment maintenance, 
and solids handling and disposal.  Tables 5-6 and 5-7 present the estimated annual costs for phosphorus 
removal at the WWTFs.  The O&M costs per million gallons treated are estimated at $410 for DCSID 
WWTF and $400 for NV WWTF, based on 2.0-mgd raw sewage flow at each WWTF.  Improving effluent 
quality for DCSID WWTF to achieve LOT TN would increase the O&M cost by about 50 percent.   
Improving effluent quality for DCNV WWTF to achieve LOT TN would increase the O&M cost by about 
20 percent.     

 

Table 5-6.  Estimated Operation and Maintenance Costs for Phosphorus 
Removal at CSID WTF 

Item 
Annual Cost (thousand 

dollars) 

Labor, 8-hours/week @ $50/hr 21 

Chemicals 

Ferric Chloride, 36,000 gal/year @ $4.0/gal 

Polymer 

 

144 

12 

Electrical Energy, 20 kw * 8760 hr/year * $0.12/kwh 21 

Process and Compliance Monitoring 8 

Equipment Maintenance 10 

Sludge handling & Transportation, 700 wet ton/yr * $20/ton 14 

Sub-Total 230 
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Table 5-6.  Estimated Operation and Maintenance Costs for Phosphorus 
Removal at CSID WTF 

Item 
Annual Cost (thousand 

dollars) 

Contingency @ 30% 69 

Total 299 
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Table 5-7.  Estimated Operation and Maintenance Costs for Phosphorus  
Removal at NV WWTF 

Item 
Annual Cost 

(thousand dollars) 

Labor, 10-hours/week (6-months) @ $50/hr 13 

Chemicals 

Ferric Chloride, 36,000 gal/year @ $4.0/gal 

Polymer  

 

144 

12 

Pump Operation, 40 kw * 4380 hr/year * $0.12/kwh 21 

Process and Compliance Monitoring 8 

Equipment Maintenance 12 

Sludge handling & Transportation, 700 wet ton/yr * 
$20/ton 

14 

Sub-Total 224 

Contingency @ 30% 67 

Total 291 
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Preliminary Design Information Cover Sheet 
 
 
 

CLIENT: Walker and Associates 
 
PROJECT NAME: Douglas County Sewer Improvement district No. 1 WWTF 
 
PROJECT NUMBER: 136588 
 
TITLE: Sequential Batch Reactor preliminary design criteria  
 
PREPARED BY: Paul Schuette (Regional Manager ITT/Sanitaire)  DATE: 04/22/2009   
 
 
 
DESCRIPTION AND PURPOSE: 
 
Historical data provided by DCSID WWTF shows 18 mg/L average total nitrogen effluent 
concentration. If this effluent is required to be discharge into the Carson River, the effluent must 
meet minimum 10 mg/L nitrogen. To achieve nitrogen removal below discharge limit, the 
Sequential Batch Reactor (SBR) process was analyzed. The existing aeration basin and secondary 
clarifiers could be converted to SBR. The attached document provides preliminary design 
information for converting aeration basin and two unused secondary clarifiers into SBRs. 
 
 
REMARKS / CONCLUSION: 
 
(1) The two unused secondary clarifiers could be reused and converted to SBR. 
 
(2) The existing two 60-feet diameter would be able to treat 0.715 mgd average flow.   
 
(3) The existing aeration tanks could be converted to two SBRs of approx. size 40’ x 130’  
 
(4) The SBRs on aeration basin would be able to treat 1.3 mgd average flow 
 
(5) The 4 (four) SBRs would be able to treat current 2.0 mgd average flow. 
 
(6) The other remaining two secondary clarifiers could also be converted into SBRs should the flow 
increased above 2.0 mgd. 
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DESIGN SUMMARY - 0.715 MGD (clarifier reuse)
Douglas County Sewer District #1 Sanitaire #20782-09a

TABLE A
INFLUENT WASTEWATER CHARACTERISTICS AND SITE CONDITIONS

Average Dry Weather Flow 715,000 GPD
Peak Dry Weather Flow 925,000 GPD
Peak Wet Weather Flow 1,265,000 GPD
BOD5 (20°C) 191  mg/l
BOD5 (20°C) 1,139 lb/day
Suspended Solids 148  mg/l
TKN 50  mg/l
Total Phosphorus 5  mg/l
Alkalinity 219  mg/l
Max Wastewater Temperature 20 °C
Min Wastewater Temperature 16 °C
Ambient Air Temperature 20 - 90 °F
Site Elevation 4,500 ft

 TABLE B
ICEAS® EFFLUENT QUALITY (MONTHLY AVERAGE)

BOD5 (20°C) 10  mg/l
Suspended Solids 10  mg/l
Total Nitrogen 5  mg/l
Total Phosphorus* 1  mg/l
*Requires chemical precipitation 15

TABLE C
 ICEAS PROCESS DESIGN CRITERIA

F / M 0.064 lb BOD5/ lb MLSS / day
SVI (after 30 minutes settling) 150  ml/g
MLSS at Bottom Water Level 4,760  mg/l
Waste Sludge Produced (Approx.) 714 lb/day
Volume of Sludge Produced (Approx., 0.85% solids) 10,532 GPD
Normal Decant Rate 1,573  GPM
Peak Decant Rate 2,108  GPM
Hydraulic Retention Time 0.78  Days
Sludge Age 22.96  Days
Chemical Dosage (as Alum) 15 mg/l

CYCLE AIR-OFF AIR-ON SETTLE DECANT TOTAL
Normal 48 min 60 min 60 min 4.8 hour
Storm 36 min 45 min 45 min 3.6 hour

120 min
90 min

Clarifier Reuse 4/22/2009
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TABLE D
KEY ICEAS DESIGN DETAILS

Number of ICEAS Basins 2
Top Water Level 14.0 ft
Basin Diameter 60.0 ft

Bottom Water Level 10.5 ft

ICEAS EQUIPMENT Motor HP No. Req.

Decanter Mechanism 12.5  ' Weir length 2
Decanter Drive Unit 0.5 2
ICEAS Blower 1,290 SCFM 6.7 PSIG 100.0 2
ICEAS Fine Bubble Aeration System 833 Disc Diffusers/Basin 2
Air Control Valve 10 " 2
Waste Sludge Pump 110.0  GPM 2.4 2
Submersible Mixer 8.3 2
ICEAS Controls 1
SBR Influent Valve 2

ICEAS POWER REQUIREMENTS (At Average Aeration Depth) Kwh/Day

Decant Drive Unit 0.4 BHP 2 run @ 5 Hrs/day 2.98
ICEAS Air Blowers 66.4 BHP 1 run* @ 20 Hrs/day 990.58
Waste Sludge Pump 1.9 BHP 2 run @ 0.8 Hrs/day 2.29
Submersible Mixer 6.6 BHP 2 run @ 4 Hrs/day 39.63

KWH/DAY 1,035.48
AVERAGE KWH/HR 43.14

* Shared ICEAS Blowers

** Dedicated ICEAS Blowers

Clarifier Reuse 4/22/2009



5



DESIGN SUMMARY - 1.3 MGD (new tanks)
Douglas County Sewer District #1

TABLE A
INFLUENT WASTEWATER CHARACTERISTICS AND SITE CONDITIONS

Average Dry Weather Flow 1,300,000 GPD
Peak Dry Weather Flow 1,700,000 GPD
Peak Wet Weather Flow 2,300,000 GPD
BOD5 (20°C) 191  mg/l
BOD5 (20°C) 2,071 lb/day
Suspended Solids 148  mg/l
TKN 50  mg/l
Total Phosphorus 5  mg/l
Alkalinity 219  mg/l
Max Wastewater Temperature 20 °C
Min Wastewater Temperature 16 °C
Ambient Air Temperature 20 - 90 °F
Site Elevation 4,500 ft

 TABLE B
ICEAS® EFFLUENT QUALITY (MONTHLY AVERAGE)

BOD5 (20°C) 10  mg/l
Suspended Solids 10  mg/l
Total Nitrogen 5  mg/l
Total Phosphorus* 1  mg/l
*Requires chemical precipitation 15

TABLE C
 ICEAS PROCESS DESIGN CRITERIA

F / M 0.065 lb BOD5/ lb MLSS / day
SVI (after 30 minutes settling) 150  ml/g
MLSS at Bottom Water Level 4,872  mg/l
Waste Sludge Produced (Approx.) 1,302 lb/day
Volume of Sludge Produced (Approx., 0.85% solids) 19,203 GPD
Normal Decant Rate 2,866  GPM
Peak Decant Rate 3,833  GPM
Hydraulic Retention Time 0.76  Days
Sludge Age 22.66  Days
Chemical Dosage (as Alum) 15 mg/l

CYCLE AIR-OFF AIR-ON SETTLE DECANT TOTAL
Normal 48 min 60 min 60 min 4.8 hour
Storm 36 min 45 min 45 min 3.6 hour

120 min
90 min

New Tanks 4/22/2009
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TABLE D
KEY ICEAS DESIGN DETAILS

Number of ICEAS Basins 2
Top Water Level 15.0 ft
Basin Width 40.0 ft
Basin Length 118.0 ft
Bottom Water Level 11.1 ft

ICEAS EQUIPMENT Motor HP No. Req.

Decanter Mechanism 22.5  ' Weir length 2
Decanter Drive Unit 0.5 2
ICEAS Blower (50% capacity each) 1,100 SCFM 7.1 PSIG 100.0 3
ICEAS Fine Bubble Aeration System 1,430 Disc Diffusers/Basin 2
Air Control Valve 12 " 2
Waste Sludge Pump 110.0  GPM 2.4 2
Submersible Mixer 8.3 4
ICEAS Controls 1
SBR Influent Valve 2

ICEAS POWER REQUIREMENTS (At Average Aeration Depth) Kwh/Day

Decant Drive Unit 0.4 BHP 2 run @ 5 Hrs/day 2.98
ICEAS Air Blowers 59.7 BHP 2 run* @ 20 Hrs/day 1,782.68
Waste Sludge Pump 1.9 BHP 2 run @ 1.5 Hrs/day 4.17
Submersible Mixer 6.6 BHP 4 run @ 4 Hrs/day 79.26

KWH/DAY 1,869.08
AVERAGE KWH/HR 77.88

* Shared ICEAS Blowers

** Dedicated ICEAS Blowers

New Tanks 4/22/2009
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AACE International Recommended Practice No. 17R-97 
COST ESTIMATE CLASSIFICATION SYSTEM 
TCM Framework: 7.3 – Cost Estimating and Budgeting 

August 12, 1997

PURPOSE 
 
As a recommended practice of AACE International, the Cost Estimate Classification System provides 

guidelines for applying the general principles of estimate classification to asset project cost estimates. 
Asset project cost estimates typically involve estimates for capital investment, and exclude operating and 
life-cycle evaluations. The Cost Estimate Classification System maps the phases and stages of asset cost 
estimating together with a generic maturity and quality matrix that can be applied across a wide variety of 
industries.  

This guideline and its addenda have been developed in a way that: 
 
• provides common understanding of the concepts involved with classifying project cost estimates, 

regardless of the type of enterprise or industry the estimates relate to; 
• fully defines and correlates the major characteristics used in classifying cost estimates so that 

enterprises may unambiguously determine how their practices compare to the guidelines; 
• uses degree of project definition as the primary characteristic to categorize estimate classes; and  
• reflects generally-accepted practices in the cost engineering profession. 
 

An intent of the guidelines is to improve communication among all of the stakeholders involved with 
preparing, evaluating, and using project cost estimates. The various parties that use project 
cost estimates often misinterpret the quality and value of the information available to prepare cost 
estimates, the various methods employed during the estimating process, the accuracy level expected 
from estimates, and the level of risk associated with estimates.  

This classification guideline is intended to help those involved with project estimates to avoid 
misinterpretation of the various classes of cost estimates and to avoid their misapplication and 
misrepresentation. Improving communications about estimate classifications reduces business costs and 
project cycle times by avoiding inappropriate business and financial decisions, actions, delays, or 
disputes caused by misunderstandings of cost estimates and what they are expected to represent.  

This document is intended to provide a guideline, not a standard. It is understood that each enterprise 
may have its own project and estimating processes and terminology, and may classify estimates in 
particular ways. This guideline provides a generic and generally-acceptable classification system that can 
be used as a basis to compare against. If an enterprise or organization has not yet formally documented 
its own estimate classification scheme, then this guideline may provide an acceptable starting point. 

 
 

INTRODUCTION 
 
An AACE International guideline for cost estimate classification for the process industries was 

developed in the late 1960s or early 1970s, and a simplified version was adopted as an ANSI 
Standard Z94.0 in 1972. Those guidelines and standards enjoy reasonably broad acceptance within the 
engineering and construction communities and within the process industries. This 
recommended practice guide and its addenda improves upon these standards by: 
 
1. providing a classification method applicable across all industries; and 
2. unambiguously identifying, cross-referencing, benchmarking, and empirically evaluating the multiple 

characteristics related to the class of cost estimate. 
 

This guideline is intended to provide a generic methodology for the classification of project cost 
estimates in any industry, and will be supplemented with addenda that will provide extensions and 
additional detail for specific industries. 
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CLASSIFICATION METHODOLOGY 
 

There are numerous characteristics that can be used to categorize cost estimate types. The most 
significant of these are degree of project definition, end usage of the estimate, estimating methodology, 
and the effort and time needed to prepare the estimate. The “primary” characteristic used in this guideline 
to define the classification category is the degree of project definition. The other characteristics are 
“secondary.”  

Categorizing cost estimates by degree of project definition is in keeping with the AACE International 
philosophy of Total Cost Management, which is a quality-driven process applied during the entire project 
life cycle. The discrete levels of project definition used for classifying estimates correspond to the typical 
phases and gates of evaluation, authorization, and execution often used by project stakeholders during a 
project life cycle. 

Five cost estimate classes have been established. While the level of project definition is a continuous 
spectrum, it was determined from benchmarking industry practices that three to five discrete categories 
are commonly used. Five categories are established in this guideline as it is easier to simplify by 
combining categories than it is to arbitrarily split a standard.  

The estimate class designations are labeled Class 1, 2, 3, 4, and 5. A Class 5 estimate is based upon 
the lowest level of project definition, and a Class 1 estimate is closest to full project definition and 
maturity. This arbitrary “countdown” approach considers that estimating is a process whereby successive 
estimates are prepared until a final estimate closes the process. 

 

 
Notes: [a] If the range index value of "1" represents +10/-5%, then an index value of 10 represents +100/-50%. 

[b] If the cost index value of "1" represents 0.005% of project costs, then an index value of 100 represents 0.5%. 
 
Figure 1 – Generic Cost Estimate Classification Matrix 

 

ESTIMATE CLASS

Class 5 0% to 2% Screening or
Feasibility

Stochastic or
Judgment 4 to 20 1

Class 4 1% to 15% Concept Study or
Feasibility

Primarily
Stochastic 3 to 12 2 to 4

Class 3 10% to 40%
Budget,

Authorization, or
Control

Mixed, but
Primarily

Stochastic
2 to 6 3 to 10

Class 2 30% to 70% Control or Bid/
Tender

Primarily
Deterministic 1 to 3 5 to 20

Class 1 50% to 100% Check Estimate or
Bid/Tender Deterministic 1 10 to 100

Primary
Characteristic Secondary Characteristic

END USAGE
Typical purpose

of estimate

METHODOLOGY
Typical estimating

method

EXPECTED
ACCURACY

RANGE
Typical +/- range
 relative to best
 index of 1 [a]

PREPARATION
EFFORT

Typical degree
of effort relative

to least cost
index of 1 [b]

LEVEL OF
PROJECT

DEFINITION
Expressed as % of
complete definition
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DEFINITIONS OF COST ESTIMATE CHARACTERISTICS 
 

The following are brief discussions of the various estimate characteristics used in the estimate 
classification matrix. For the secondary characteristics, the overall trend of how each characteristic varies 
with the degree of project definition (the primary characteristic) is provided. 
 
Level of Project Definition (Primary Characteristic) 

This characteristic is based upon percent complete of project definition (roughly corresponding to 
percent complete of engineering). The level of project definition defines maturity or the extent and types 
of input information available to the estimating process. Such inputs include project scope definition, 
requirements documents, specifications, project plans, drawings, calculations, learnings from past 
projects, reconnaissance data, and other information that must be developed to define the project. Each 
industry will have a typical set of deliverables that are used to support the type of estimates used in that 
industry. The set of deliverables becomes more definitive and complete as the level of project definition 
(i.e., project engineering) progresses. 

 
End Usage (Secondary Characteristic) 

The various classes (or phases) of cost estimates prepared for a project typically have different end 
uses or purposes. As the level of project definition increases, the end usage of an estimate 
typically progresses from strategic evaluation and feasibility studies to funding authorization and budgets 
to project control purposes. 
 
Estimating Methodology (Secondary Characteristic) 

Estimating methodologies fall into two broad categories: stochastic and deterministic. In stochastic 
methods, the independent variable(s) used in the cost estimating algorithms are generally something 
other than a direct measure of the units of the item being estimated. The cost estimating relationships 
used in stochastic methods often are somewhat subject to conjecture. With deterministic methods, the 
independent variable(s) are more or less a definitive measure of the item being estimated. A deterministic 
methodology is not subject to significant conjecture. As the level of project definition increases, the 
estimating methodology tends to progress from stochastic to deterministic methods. 

 
Expected Accuracy Range (Secondary Characteristic) 

Estimate accuracy range is in indication of the degree to which the final cost outcome for a given 
project will vary from the estimated cost. Accuracy is traditionally expressed as a +/- percentage range 
around the point estimate after application of contingency, with a stated level of confidence that the actual 
cost outcome would fall within this range (+/- measures are a useful simplification, given that actual cost 
outcomes have different frequency distributions for different types of projects). As the level of project 
definition increases, the expected accuracy of the estimate tends to improve, as indicated by a tighter +/- 
range.  

Note that in figure 1, the values in the accuracy range column do not represent + or - percentages, 
but instead represent an index value relative to a best range index value of 1. If, for a particular industry, 
a Class 1 estimate has an accuracy range of +10/-5 percent, then a Class 5 estimate in that same 
industry may have an accuracy range of +100/-50 percent. 
 
Effort to Prepare Estimate (Secondary Characteristic) 

The level of effort needed to prepare a given estimate is an indication of the cost, time, and resources 
required. The cost measure of that effort is typically expressed as a percentage of the total project costs 
for a given project size. As the level of project definition increases, the amount of effort to prepare an 
estimate increases, as does its cost relative to the total project cost. The effort to develop the project 
deliverables is not included in the effort metrics; they only cover the cost to prepare the cost estimate 
itself. 

 
 
 
Characteristics 
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RELATIONSHIPS AND VARIATIONS OF CHARACTERISTICS 
 

There are a myriad of complex relationships that may be exhibited among the estimate characteristics 
within the estimate classifications. The overall trend of how the secondary characteristics vary with the 
level of project definition was provided above. This section explores those trends in more detail. Typically, 
there are commonalties in the secondary characteristics between one estimate and the next, but in any 
given situation  there may be wide variations in usage, methodology, accuracy, and effort.  

The level of project definition is the “driver” of the other characteristics. Typically, all of the secondary 
characteristics have the level of project definition as a primary determinant. While the other characteristics 
are important to categorization, they lack complete consensus. For example, one estimator’s “bid” might 
be another’s “budget.”  Characteristics such as “accuracy” and “methodology” can vary markedly from 
one industry to another, and even from estimator to estimator within a given industry. 
 
Level of Project Definition 

Each project (or industry grouping) will have a typical set of deliverables that are used to support a 
given class of estimate. The availability of these deliverables is directly related to the level of project 
definition achieved. The variations in the deliverables required for an estimate are too broad to cover in 
detail here; however, it is important to understand what drives the variations. Each industry group tends to 
focus on a defining project element that “drives” the estimate maturity level. For instance, chemical 
industry projects are “process equipment-centric”—i.e., the level of project definition and subsequent 
estimate maturity level is significantly determined by how well the equipment is defined. Architectural 
projects tend to be “structure-centric,” software projects tend to be “function-centric,” and so on. 
Understanding these drivers puts the differences that may appear in the more detailed industry addenda 
into perspective. 

 
End Usage 

While there are common end usages of an estimate among different stakeholders, usage is often 
relative to the stakeholder’s identity. For instance, an owner company may use a given class 
of estimate to support project funding, while a contractor may use the same class of estimate to support a 
contract bid or tender. It is not at all uncommon to find stakeholders categorizing their estimates by 
usage-related headings such as “budget,” “study,” or “bid.” Depending on the stakeholder’s perspective 
and needs, it is important to understand that these may actually be all the same class of estimate (based 
on the primary characteristic of level of project definition achieved). 
 
Estimating Methodology 

As stated previously, estimating methodologies fall into two broad categories: stochastic and 
deterministic. These broad categories encompass scores of individual methodologies. Stochastic 
methods often involve simple or complex modeling based on inferred or statistical relationships between 
costs and programmatic and/or technical parameters. Deterministic methods tend to be straightforward 
counts or measures of units of items multiplied by known unit costs or factors. It is important to realize 
that any combination of methods may be found in any given class of estimate. For example, if a 
stochastic method is known to be suitably accurate, it may be used in place of a deterministic method 
even when there is sufficient input information based on the level of project definition to support a 
deterministic method. This may be due to the lower level of effort required to prepare an estimate using 
stochastic methods. 
 
Expected Accuracy Range 

The accuracy range of an estimate is dependent upon a number of characteristics of the estimate 
input information and the estimating process. The extent and the maturity of the input information as 
measured by percentage completion (and related to level of project definition) is a highly-important 
determinant of accuracy. However, there are factors besides the available input information that also 
greatly affect estimate accuracy measures. Primary among these are the state of technology in the 
project and the quality of reference cost estimating data. 
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State of technology—technology varies considerably between industries, and thus affects estimate 
accuracy. The state of technology used here refers primarily to the programmatic or technical uniqueness 
and complexity of the project. Procedurally, having “full extent and maturity” in the estimate basis 
deliverables is deceptive if the deliverables are based upon assumptions regarding uncertain technology. 
For a “first-of-a-kind” project there is a lower level of confidence that the execution of the project will be 
successful (all else being equal). There is generally a higher confidence for projects that repeat past 
practices. Projects for which research and development are still under way at the time that the estimate is 
prepared are particularly subject to low accuracy expectations. The state of technology may have an 
order of magnitude (10 to 1) effect on the accuracy range.  
 
Quality of reference cost estimating data—accuracy is also dependent on the quality of reference cost 
data and history. It is possible to have a project with “common practice” in technology, but with little cost 
history available concerning projects using that technology. In addition, the estimating process typically 
employs a number of factors to adjust for market conditions, project location, environmental 
considerations, and other estimate-specific conditions that are often uncertain and difficult to assess. The 
accuracy of the estimate will be better when verified empirical data and statistics are employed as a basis 
for the estimating process, rather than assumptions.  
 

In summary, estimate accuracy will generally be correlated with estimate classification (and therefore 
the level of project definition), all else being equal. However, specific accuracy ranges will typically vary 
by industry. Also, the accuracy of any given estimate is not fixed or determined by its classification 
category. Significant variations in accuracy from estimate to estimate are possible if any of the 
determinants of accuracy, such as technology, quality of reference cost data, quality of the estimating 
process, and skill and knowledge of the estimator vary. Accuracy is also not necessarily determined by 
the methodology used or the effort expended. Estimate accuracy must be evaluated on an estimate-by-
estimate basis, usually in conjunction with some form of risk analysis process. 

 
Effort to Prepare Estimate 

The effort to prepare an estimate is usually determined by the extent of the input information 
available. The effort will normally increase as the number and complexity of the project definition 
deliverables that are produced and assessed increase. However, with an efficient estimating methodology 
on repetitive projects, this relationship may be less defined. For instance, there are combination 
design/estimating tools in the process industries that can often automate much of the design and 
estimating process. These tools can often generate Class 3 deliverables and estimates from the most 
basic input parameters for repetitive-type projects. There may be similar tools in other industry groupings.  

It also should be noted that the estimate preparation costs as a percentage of total project costs will 
vary inversely with project size in a nonlinear fashion. For a given class of estimate, the preparation cost 
percentage will decrease as the total project costs increase. Also, at each class of estimate, the 
preparation costs in different industries will vary markedly. Metrics of estimate preparation costs normally 
exclude the effort to prepare the defining project deliverables. 

 
 

ESTIMATE CLASSIFICATION MATRIX 
 
The five estimate classes are presented in figure 1 in relationship to the identified characteristics. 

Only the level of project definition determines the estimate class. The other four characteristics are 
secondary characteristics that are generally correlated with the level of project definition, as discussed 
above.  

This generic matrix and guideline provide a high-level estimate classification system that is 
nonindustry specific. Refer to subsequent addenda for further guidelines that will provide more detailed 
information for application in specific industries. These will provide additional information, such as input 
deliverable checklists, to allow meaningful categorization in that industry. 
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