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1 INTRODUCTION 
The Duck Creek Wastewater Planning Study (Planning Study) [1], completed in 

December, 2006, by Sunrise Engineering, Inc. for the Kane County Water Conservancy 
District, was undertaken to scope and investigate potential pollution and contamination 
concerns and identify long term solutions for wastewater management in the Duck Creek 
area of Cedar Mountain, Utah.  Based on the review of previously published studies and 
completion of the Analysis of Septic Tank Density for Three Areas, Kane County, Utah 
[2], the Planning Study concluded that in the absence of additional research which would 
disprove the conclusions of previously published research, governing authorities should 
discontinue the permitting of conventional onsite treatment systems in the study area and 
implement a community wastewater collection and treatment system. 

 
Additionally, the conclusion of the Planning Study [1] was that a regional pressurized 

wastewater collection system combined with various traditional gravity system elements 
conveying wastewater flows to a regionally located (in the Swains Creek valley) 
sequencing batch reactor (SBR) treatment facility which would discharge polished 
effluent back to the environment through local injection wells is the best long term 
alternative for community collection and treatment.  This was concluded because the 
described system offered the most cost effective solution over the entire study area due to 
its ability to avoid local environmental constraints, capitalize on local geologic features, 
perform at required treatment levels, and minimize disturbance of the existing 
environment.  Additional details are described in the Planning Study [1]. 

 
The Planning Study [1] also briefly considered as an alternative to the regional 

wastewater collection and treatment system a local collection and treatment system in the 
Duck Creek Village area.  This alternative is discussed in Section 7.4 of the Planning 
Study [1].  In addition, Figure I-1 in Appendix I and Table K-5 in Appendix K of the 
Planning Study [1] provide a conceptual system layout and an estimated implementation 
cost for the Duck Creek Village system.  In this alternative, wastewater flows from the 
Duck Creek Village area would be collected via a traditional gravity wastewater system 
and routed to an SBR treatment facility located on the north edge of the Duck Creek 
meadow while other regions in the study area would be permitted to remain on 
conventional onsite treatment systems (it should be noted that while the different regions 
would be on different systems, the entire study area and the strategy for wastewater 
collection and treatment would be considered as a whole and the benefits would be 
considered shared by the global community rather than by just the Duck Creek Village 
community).  The basis for this alternative is that it provides a way to address the area 
(Duck Creek meadow) which is currently at the highest risk for failure.  Of the specific 
regions in the study area, Duck Creek Village is the most densely populated and is 
typified by commercial development.  In addition, the Village is in close proximity to 
surface waters, is susceptible to occasional high water events, and is in the vicinity of 
underground public drinking water sources. 
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After reviewing the costs of the various alternatives presented in the Planning Study 
[1], especially the cost of the preferred long term and global alternative, the State of Utah 
requested that additional review of the Duck Creek Village alternative be given and 
provided as an addendum to the Planning Study [1].  Specifically, three options were to 
be investigated.  The three options are as follows: 

 

• Option 1 – Implement the Duck Creek Village system as described in the Duck 
Creek Wastewater Planning Study [1]. 

• Option 2 – Collect wastewater from the Duck Creek Village area, route it to the 
site of the existing Forest Service treatment lagoons, reconstruct and/or expand 
the lagoons, and operate the system accordingly. 

• Option 3 – Collect wastewater from the Duck Creek Village area, route it to the 
site of the existing Forest Service treatment lagoons, use the existing functioning 
treatment lagoon as an equalization basin for an SBR treatment facility, construct 
an SBR treatment facility with an injection well for discharge, and operate the 
system accordingly. 

 

The State’s goal in investigating these options is to determine a more economically 
feasible yet still effective alternative for wastewater management in the study area.  A 
more detailed discussion of these options, including pertinent background information, is 
given in the following text.  Such is the substance of this Addendum to the Duck Creek 
Wastewater Planning Study (Addendum).  

2 BACKGROUND INFORMATION 

2.1 SERVICE AREA BOUNDARIES 
The Duck Creek Village system given as an alternative in the Planning Study [1] was 

formulated based on a service area surrounding the Duck Creek meadow.  As part of this 
Addendum, the boundaries of the Village service area were revisited and modified only 
slightly.  Figure A.1 in Appendix A illustrates the boundaries of the Village service area.  
This area generally includes lots lying in the vicinity of the meadow to the feet of the 
significant slopes.        

2.2 AFFECTED SUBDIVISIONS 
Various subdivisions in the Duck Creek Village area are affected by the service area 

as delineated.  These developments include Movie Ranch, Meadow View Estates - Phase 
A, Lost Creek, and Mirror Lake - Future Phase.  Figure A.2 in Appendix A illustrates the 
locations of these subdivisions. 

2.3 POTENTIAL FOR FLOODING 
It has been well documented that the Duck Creek meadow is susceptible to high water 

events.  The most recent recorded event occurred in early 2005 when a warm, quick thaw 
inundated the meadow and forced water up to the businesses in Duck Creek Village.  
FEMA’s Flood Hazard Boundary Map for Kane County, Utah, Unincorporated Area, 
Community Panel No. 490083-0002-A has been superimposed upon an aerial photograph 
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of the Duck Creek Village area and is given as Figure A.3 in Appendix A.  The FEMA 
map gives no real flood level data.  More useful is an illustration of contour levels near 
the Duck Creek Meadow.  Figure A.4 in Appendix A illustrates the potential flood 
boundary to the point at which lots in the subdivisions begin to be inundated; this flood 
level approximates what occurred during the 2005 high water event and is bounded by 
the 8392 foot elevation contour.  Flooding potential should be considered when selecting 
a site for construction of a wastewater treatment facility (per the Utah Administrative 
Code (UAC) Rule R317-3-4(1)(A), treatment plant structures and all related equipment 
shall be protected from physical damage by the 100-year flood and must remain fully 
operational and accessible during the 25-year flood).      

2.4 FOREST SERVICE WASTEWATER SYSTEM 
The United States Department of Agriculture, Dixie National Forest, on March 11, 

1974, approved construction drawings for the Duck Creek Sanitation System. The 
drawings address improvements at the Duck Creek Campground and extend to the site of 
the existing Forest Service wastewater treatment lagoons.  For the purposes of this 
Addendum, the segment of the system from Station 90+00 (where the system approaches  
private property in the Move Ranch subdivision west of Duck Creek meadow) to Station 
170+00 (the location of the lagoons) and the lagoon site are most critical.  This segment 
of the system includes lengths of 6-inch gravity sewer, lengths of 6-inch pressurized 
sewer, two wastewater lift stations, and the lagoons with their appurtenances.  Figure A.5 
in Appendix A illustrates the layout of the 1974 system.  Figure A.6 in the Appendix is 
an aerial photograph of the lagoon site superimposed with contour elevations. 

 
Data on the design and operation parameters of the existing Forest Service lagoons is 

documented but is somewhat in question.  The original report was unavailable, but the 
operation and maintenance manual for the lagoon system provides the following data: 

 

• Length of Season = 110 Days 
• Average Daily Flow = 12,385 Gallons 
• Average Daily BOD = 124.2 Pounds 
• Annual Precipitation = 15 Inches 
• Annual Evaporation = 33 Inches 
• Surface Area of Cell 1 (West Cell) = 2.0 Acres 
• Surface Area of Cell 2 (East Cell) = 1.5 Acres 
 

The lagoons were originally constructed according to the 1974 construction drawings.  
Some time later, it was found that the lagoons were leaking.  As a result, Cell 1 was lined 
with a synthetic liner (according to plans dated 1981), but was later found to leak again 
and was taken out of service.  Cell 2 was also repaired by relining it with a new clay 
layer; it now serves as the operating cell for the system.  The lagoons were originally 
designed for expansion of the Duck Creek Campground.  This expansion never occurred 
and it is estimated that the lagoons are now operating at approximately 40% of the 
original design capacity.  Both lagoons were designed with 8-foot dikes and assumed 2 
feet of freeboard (consistent with the 2 feet of freeboard currently required by UAC 
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R317-3-10(3)(C) for small systems).  No mention is made of the allowance given for 
sludge accumulation in the original construction drawings.  The 1974 construction 
drawings indicate that 6 inches of clay was initially placed as the liner in both lagoons 
(this is less than the 12 inches currently required by UAC R317-3-10(3)(E)(1)). 

2.5 PRECIPITATION & EVAPORATION 
No weather station exists in the proximity of the study area.  The weather station 

closest to the study area is located in Alton, Utah, and another close weather station is 
located at Brian Head, Utah.  The Septic Density Analysis [2] estimated monthly weather 
and precipitation data in the study area by interpolating based on elevation between the 
stations at Alton and Brian Head; the interpolated monthly weather data is given as Table 
B.1 in Appendix B.  Total precipitation in the study area is estimated to be 24.3 inches 
annually.  This is 9.3 inches greater than the precipitation assumed in the 1974 operation 
and maintenance manual for the lagoons.   
 

As discussed, the operation and maintenance manual for the lagoons estimates total 
annual evaporation at the lagoons at 33 inches.  The evaporation isograph given as Figure 
A.7 in Appendix A shows the location of the study area within the state of Utah and 
indicates that evaporation in the study area would be closer to 42 inches annually, 9.0 
inches greater than the value previously assumed for the lagoons.  In the absence of better 
data, this total evaporation rate was assumed to be distributed throughout the year based 
on a relatively standard monthly evaporation curve.  Assumed monthly evaporation rates 
are as shown in Table B.2 in Appendix B. 

3 DESIGN PARAMETERS 

3.1 GENERAL CONSIDERATIONS 
Subsection 3.2.1.3 of the Planning Study [1] explains how a reasonable estimate of 

164 gallons per connection per day of average daily wastewater flow from dwelling units 
in the Duck Creek, Strawberry Creek, and Swains Creek drainages was derived.  
Although that value is considered adequate for the larger study area, it is not considered 
adequate for the Duck Creek Village area since the Duck Creek Village area is the most 
accessible area in the region, because the commercial district is in the Village, and 
because residence time and patronage in the Village area is higher than in other segments 
of the larger study area.  In fact, the Planning Study [1], in Subsection 3.2.3, recommends 
that if a wastewater collection and treatment system serving the Duck Creek Village area 
is implemented, the design of the system should include a more detailed analysis of flows 
and needs for this particular area.  The following paragraphs contain a summary of the 
more detailed analysis that was completed as part of this Addendum. 
 

Rule R317-3-2(2)(A) of the Utah Administrative Code (UAC) specifies that sewers 
be designed for the estimated ultimate tributary population or the 50-year planning 
period, whichever requires a larger capacity.  Rule R317-3-2(2)(B) requires that sewer 
capacity be determined on the basis of maximum hourly domestic sewage flow with 
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additional flows from industrial plants and infiltration and inflow being considered.  Rule 
R317-3-2(B)(2) specifies that the design flow for lateral and collector sewers shall be 400 
gallons per capita per day and that interceptors and outfall lines shall be designed for 250 
gallons per capita per day.  The Code provides no guidance as to recommended 
wastewater design flow values from commercial entities such as service stations, motels, 
and dining establishments.  In the absence of formal guidelines, the State’s R309-510-7 
culinary water source sizing guidelines were used to estimate wastewater flows from 
commercial establishments. 

3.2 RESIDENTIAL FLOWS    
Considering the requirements of the State Code, wastewater flow calculations from 

residential segments in the Duck Creek Village service area were based on the State’s 
R317 guidelines of 250 gallons per capita per day for interceptor and outfall lines.  In the 
absence of better demographic data, it was assumed that an average occupancy rate of 3.5 
capita per residence was prevalent in the Duck Creek Village service area.  This is 
assumed to be a reasonable average occupant number in each residence on one of the four 
peak holiday weekends.  Review of a parcel map (see the figures presented in Appendix 
A) combined with a site visit to verify existing and probable future lot use resulted in an 
estimate of 97 existing and future residential lots within the service area boundaries.  
Design peak flows from residential lots in each of the affected subdivisions are given 
together with design peak flows from commercial lots in Table B.3 through Table B.6 in 
Appendix B.   

3.3 COMMERCIAL FLOWS 
In the effort to identify and verify existing and probable future residential lot usage, 

commercial lots were identified and verified and the types of existing businesses on the 
commercial lots were recorded.  Review of the parcel map and a corresponding site visit 
resulted in an estimate of 25 existing and future commercial lots.  Business types on the 
commercial lots vary from service stations and rental businesses to restaurants and 
lodging facilities.  A hardware store, storage units, and several real estate offices and 
small retail businesses are also present.   

 
In the absence of formal guidelines for quantifying wastewater flows from 

commercial entities in the study area, the State’s R309-510-7 culinary water source sizing 
guidelines were used to estimate wastewater flows from the commercial establishments.  
It was assumed that since there is essentially no outdoor use in the area, all flow into the 
commercial establishments would leave as wastewater effluent.  Base wastewater flows 
were calculated by applying the design values for estimated source demand for indoor 
use for individual establishments as given in Table 510-2 in UAC R309-510-7(2) to each 
of the specific business types.  A peaking factor was derived by first taking the culinary 
water source demand requirement for indoor use at a recreational home (400 gallons per 
connection per day) and dividing it by the assumed average occupancy rate (3.5 capita 
per connection) to get a per capita baseline use rate for culinary water.  The design value 
for wastewater flows (250 gallons per capita per day) was then divided by the calculated 
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per capita baseline use rate for culinary water (114 gallons per capita per day), yielding a 
peaking factor of 2.19; it was assumed that application of this peaking factor to the flow 
rates for commercial establishments calculated using the design values in UAC’s Table 
510-2 would provide a reasonable estimate of peak wastewater flows generated by the 
commercial lots.  Design peak flows from commercial lots in the affected subdivisions 
are given together with design peak flows from residential lots in Table B.3 through 
Table B.6 in Appendix B.   

3.4 AVERAGE AND SEASONAL FLOWS 
Subsection 3.2.1.2 in the Planning Study [1] addresses the fact that occupancy rates in 

the study area are driven by the seasons.  Many of the residences in the project area are 
used as vacation homes during various times of the year.  Historically, there are four 
major holiday weekends when the population at Duck Creek spikes.  These include 
Memorial Day weekend, the 4th of July weekend, the 24th of July weekend (the Pioneer 
Day Celebration and Duck Creek Days), and Labor Day weekend.  Additionally, minor 
and non-holiday weekends see greater occupancy than weekdays since many property 
owners are at their places of employment during the week and return to Duck Creek on 
weekends either regularly or intermittently.  The final significant trend in occupancy at 
Duck Creek can be characterized as summer vs. winter; as can be expected, summer 
months see greater population levels than winter months.  However, the Duck Creek 
Village area is expected to see the least seasonal fluctuation of all areas in the greater 
study area.  This is because the Village is essentially the community center and is visited 
regularly by occupants from other regions of the study area and because accessibility to 
the Village during winter months is better than average. 

 
Average daily base flows at maximum occupancy levels (this assumes full buildout 

and 100% occupancy throughout the seasons) were derived by summing the peak flows 
for each of the affected subdivisions and dividing the summation by the peaking factor of 
2.5.  Table B.8 in Appendix B provides a summary of peak flows from each of the 
subdivisions, the total combined peak flow, and average daily flows in several flow unit 
variations. 

 
When factors are applied to the average daily base flow to account for seasonal 

variations in occupancy, the total daily, monthly and annual flows are reduced.  For the 
purposes of getting a more accurate picture of what flow cycles will prevail in the Duck 
Creek Village service area, it was assumed that 50% occupancy will occur in the winter 
months and 90% occupancy will occur during the summer months.  Occupancy levels 
between winter and summer months vary between the two extremes.  Table B.9 in 
Appendix B summarizes the application of seasonal occupancy factors to the flow regime 
and provides total average daily base flows and average daily flows per connection.   

3.5 COLLECTION SYSTEM DESIGN PARAMETERS 
The preliminary pipe layout and design given in the Planning Study [1] for the Duck 

Creek Village option (see Figure I-1 in Appendix I of the Planning Study [1]) was re-



 7

investigated to check for suitability since the boundaries of the service area were 
increased slightly (see Subsection 2.1 above) and since a more detailed analysis of flows 
from the Duck Creek Village area was completed per the recommendation of Subsection 
3.2.1.3 of the Planning Study [1] (see Subsection 3.1 above).  Guidelines from the Utah 
Administrative Code (UAC) Rule R317-3-2 were used to design the preliminary pipe 
system as provided in this Addendum including the peak flow values calculated and 
discussed in Subsection 3.2 and 3.3.  Size, slope, roughness, and velocity parameters used 
for the preliminary pipe system design are summarized in Table B.7 in Appendix B.    

3.6 TREATMENT FACILITY DESIGN PARAMETERS   
Per the State’s directive for the scope of this Addendum, three treatment and 

discharge options were considered.  Each of the three options offers a viable solution for 
wastewater treatment in the study area.   

 
The first option is construction of a Duck Creek Village sequencing batch reactor 

(SBR) with discharge to Duck Creek.  This option is discussed more fully in the Planning 
Study [1].  For this option, design of the treatment facility was governed by water quality 
parameters as specified by the UAC for discharge to surface waters.  Table 4-7 Effluent 
Parameters – Surface Water Discharge in Subsection 4.4.3.1 of the Planning Study [1] 
summarizes the constraints.  Preliminary design of the SBR equipment required for this 
option under the parameters given was provided by Aqua-Aerobic Systems, Inc.  
Subsection 4.4.3.1 in the Planning Study [1] offers a more complete discussion of the 
legal ramifications of discharging to Duck Creek.    

 
The second treatment option is repair and use of the existing Forest Service lagoons 

(see Subsection 2.4 above) or construction of replacement lagoons.  The analysis of this 
option completed as part of this Addendum assumed governance by the Utah 
Administrative Code Rule R317-3-10. 

 
The third viable treatment and discharge option is construction of an SBR at the site 

of the existing Forest Service lagoons.  In this alternative, the functioning existing lagoon 
(Cell 2) would be used as a pre-treatment equalization basin with the purpose of 
dampening and decreasing peak flows through the SBR, thus decreasing the required size 
and cost of the SBR.  The non-functioning lagoon (Cell 1) would be modified to function 
as a rapid infiltration basin which would receive discharge from the constructed SBR.  
The limiting factors of this alternative are the dampening capacity of the equalization 
lagoon and water quality requirements for discharge back to the environment through a 
rapid infiltration basin.  Further discussion is given in Subsection 4.4.3.2 and Subsection 
4.4.3.3 of the Planning Study [1].     

4 COLLECTION ALTERNATIVES 
Based on the three treatment and discharge options specified by the State for 

consideration in this Addendum, two collection system alternatives are plausible.  The 
first collection system would serve a treatment and discharge facility constructed in the 
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Duck Creek meadow.  The second collection system would serve a treatment and 
discharge facility located near the existing Forest Service lagoons. 

4.1 ALTERNATIVE #1 
Collection Alternative #1 is a gravity collection system that would convey wastewater 

effluent to the low point and location of the wastewater treatment facility in Duck Creek 
meadow.  Pipe size calculations under the parameters discussed in Subsection 3.5 of this 
Addendum showed that the entire system could be constructed of 8-inch diameter pipe.  
Contours along the pipeline routes are such that downward grades can be easily 
maintained; there are, however, several rises through which actual installation of the 
pipeline will result in relatively deep trenches.  Final design of the system will address 
these issues.   It is expected that groundwater in the trenches will be a typical occurrence.  
Wastewater flows from the Duck Creek Campground will enter the system where 
Highway 14 enters the Movie Ranch subdivision.  Figure A.8 in Appendix A illustrates 
the planned layout of the gravity collection system. 

4.2 ALTERNATIVE #2 
Collection Alternative #2 is a combined gravity and pressurized system that would 

convey wastewater effluent to a treatment facility located near the existing Forest Service 
lagoons. Alternative #2 takes the basic layout of the gravity collection system 
(Alternative #1) and adds two lift stations and a length of 6-inch diameter pressurized 
sewer line which would be sited parallel to the existing pressurized line currently used by 
the Forest Service.  Figure A.9 in Appendix A illustrates the planned layout of the 
combined collection system.  Similar to Collection Alternative #1, the gravity lines of 
Alternative #2 would be 8-inch diameter pipes.  The same grade and groundwater 
challenges that exist for the gravity system will affect the combined system.  A secondary 
lift station will likely be required to convey effluent from the north side of the meadow to 
the primary lift station at the south side of the meadow.  It is expected that both lift 
stations would be equipped with grinder pumps in the well.  The primary lift station is 
expected to convey all wastewater collected in the service area to the treatment site at the 
location of the existing lagoons.     

5 TREATMENT & DISCHARGE ALTERNATIVES 
As mentioned previously, per the State’s directive for the scope of this Addendum, 

three treatment and discharge options were considered.  Each of the three options offers a 
viable solution for wastewater treatment in the study area.  The following subsections 
discuss planning and design constraints for each alternative.  

5.1 ALTERNATIVE #1 
Treatment & Discharge Alternative #1 is the baseline alternative which was originally 

discussed in the Planning Study [1].  This alternative specifies the implementation of a 
sequencing batch reactor (SBR) to treat wastewater effluent generated in the Duck Creek 
Village service area (see Appendix C for the United States Environmental Protection 
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Agency Wastewater Technology Fact Sheet on SBRs).  As discussed, discharge from the 
treatment facility would be to Duck Creek itself which flows into the Duck Creek Sinks a 
short distance downstream and enters underground hydraulic conveyance channels.  
Studies have shown that portions of the flow entering the Duck Creek Sinks reappear in 
the Lower Asay Spring (see the Planning Study [1] for additional details). 

 
Design of the Duck Creek SBR was preliminarily completed for the Planning Study 

[1].  It was originally anticipated that a facility constructed in the Duck Creek meadow 
would include an equalization basin as part of the system.  Based on the calculations for 
average and seasonal flows, however, and the ability of SBRs to treat a range of flows 
from full capacity to one tenth of full capacity, the equalization basin may not be 
required.  The average daily base flow at maximum seasonal occupancy for which the 
SBR should be designed is estimated at 0.138 mgd (see Table B.8 in Appendix B). 

 
Discharge fluid quality is governed by water quality parameters as specified by the 

UAC for discharge to surface waters.  Additional discussion on discharging parameters is 
given in Subsection 4.4.3.1 of the Planning Study [1].  Facility requirements, including 
dimensions and pricing, given at this stage of the project development are preliminary; if 
the project develops further, the design may be optimized resulting in smaller facility 
dimensions.          

5.2 ALTERNATIVE #2 
Treatment & Discharge Alternative #2 is the repair and use of the existing Forest 

Service lagoons or the construction of new lagoons sized sufficiently to manage all 
wastewater effluent generated in the Duck Creek Village service area (see Appendix C 
for the United States Environmental Protection Agency Wastewater Technology Fact 
Sheet on Facultative Lagoons).   

 
The ability of the existing lagoons to manage wastewater effluent generated in the 

service area under buildout conditions was evaluated by creating a lagoon balance 
spreadsheet for the lagoons under existing conditions and assumes that the liner in Cell 1 
is functional; the lagoon balance is given as Table B.10 in Appendix B.  In the balance, 
wastewater flows into the lagoons are the average daily flows corrected for seasonal 
usage (see Subsection 3.4 of this Addendum).  Precipitation and evaporation rates are 
based on the values presented in Subsection 2.5.  Seepage rates are based on typical 
coefficients of hydraulic conductivity for clay.  Other analysis parameters are as shown in 
Table B.10.  As can be seen in the table, the existing lagoons, sized as they are, are 
incapable of managing the amount of wastewater effluent that will be produced by the 
Duck Creek Village service area.      
 

Having eliminated the viability of using the existing lagoons, a new lagoon balance 
was created to determine the size of lagoons necessary to manage wastewater produced in 
the service area.  The new analysis assumed that the lagoons would be constructed under 
existing design guidelines as set forth in the Utah Administrative Code (UAC) Rule 
R317-3-10.  Inflow, precipitation, and evaporation rates were calculated in the same 
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manner as for the existing lagoons.  Seepage rates were calculated based on the 
maximum allowable rate as set forth in R317-3-10(3)(E)(2).  These and other design 
parameters are as given in the lagoon balance table, Table B.11 in Appendix B, for the 
new lagoons.  It is expected that a more detailed analysis will be undertaken to verify 
sizing and capacity requirements in the final design process if this alternative is chosen as 
the treatment facility. 

 
As can be seen in Table B.11, two lagoons, each of approximately 6.85 acres in 

surface area, will be required to manage wastewater flows from the Village service area 
under environmental conditions unique to the site.  Figure A.10 in Appendix A illustrates 
the site of the existing Forest Service lagoons and shows how the replacement lagoons 
may most easily be configured on the site; the relatively flat bench east of the existing 
lagoons offers the most sensible site for locating the larger lagoon facilities.  It is 
assumed that in this scenario the existing lagoons would be removed and the old site re-
vegetated.          

5.3 ALTERNATIVE #3 
Treatment & Discharge Alternative #3 is the construction of an SBR at the site of the 

existing Forest Service lagoons.  In this alternative, the functioning existing lagoon (Cell 
2) would be used as a pre-treatment equalization basin with the purpose of dampening 
and decreasing peak flows through the SBR, and the non-functioning lagoon (Cell 1) 
would be modified to function as a rapid infiltration basin which would receive discharge 
from the SBR and return it to the environment.  A preliminary diagram of this treatment 
and discharge alternative is given as Figure A.11 in Appendix A.   

 
For the purposes of evaluating the capacity of Cell 2 to act as an equalization basin 

and determining the constant flow rate for which the SBR would have to be designed, a 
pond balance was generated for Cell 2 (see Table B.12 in Appendix B).  As shown in the 
table, Cell 2 is sized sufficiently so long as the flow rate to the SBR was a constant 0.094 
mgd (reduced from the average daily flow of 0.138 mgd required for an SBR without an 
equalization basin, see Section 5.1).  The SBR itself should be designed such that effluent 
quality meets the requirements for discharge to the environment through a rapid 
infiltration basin.  Subsection 4.4.3.2 and Subsection 4.4.3.3 in the Planning Study [1] 
briefly address assumed effluent quality parameters for injection wells and rapid 
infiltration basins.     

 
Regarding the ability to use Cell 1 as a rapid infiltration basin, the conditions and 

hydraulic conductivity of underlying soil strata at the Forest Service lagoon site will 
govern the ability of the basin to discharge treated effluent.  The Septic System Suitability 
Study, Cedar Mountain, Utah, (Suitability Study) [3] completed by the United States 
Department of Agriculture, Natural Resources Conservation Service in December, 2005, 
addresses these issues briefly.  Speaking of the structural bench tops occupying the 
highest landscape positions (typical of the Forest Service lagoon site) in the study area, 
the Suitability Study [3] states, “These benches are underlain by Claron Formation 
bedrock.  Some bench areas are highly dissected by erosion.”  The Suitability Study [3] 



 11

further states, “A true depth to bedrock is often difficult to assess in these soils because of 
the highly fractured nature of the bedrock.  The limestone can also have a high density of 
solution channels and pockets.”   

 
Saturated hydraulic conductivity (Ksat) values were calculated by the Suitability 

Study [3] for various sites in the study area.  Of these, the Suitability Study [3] states, 
“Most of the representative values for soils tested had a Ksat within the allowable 1 to 60 
min/in [4.23x10^-2 cm/sec to 7.06x10^-4 cm/sec] limit” referring to the Utah 
Administrative Code (UAC) R317-4, 2000.  Specifically, the tests completed at Site ID 
#4, the sampling site nearest and similar to the existing Forest Service lagoon site, 
indicted a Ksat value of approximately 5 min/in (8.47x10^-3 cm/sec).  A pond balance 
completed for the rapid infiltration basin (Cell 1) indicated that as long as the hydraulic 
conductivity of the receiving strata is greater than or equal to 1.02x10^-4, the basin will 
function appropriately (see Table B.13 in Appendix B).  Thus, based on the analysis of 
the Suitability Study [3], it appears that discharge through the existing Cell 1 is feasible.  
It is recommended that adequate testing be completed prior to final design of a system, 
should one be implemented.        

5.4 SLUDGE HANDLING 
Construction of SBR treatment facilities introduces the need for sludge removal and 

processing.  It is assumed for the purposes of this Addendum that sludge will be 
periodically removed from the SBR facilities and transported to the Cedar City Regional 
Wastewater Treatment Facility.  The Cedar City, Utah facility operates as a single-state 
trickling filter treatment plant with an average flow capacity of 4.4 mgd.  Solids are 
handled by anaerobic digestion and air-drying.  Sludge collected during the treatment 
process is placed in drying beds for solar and air drying.  Once the sludge is dried, it is 
disposed of under the guidance of the U.S. Code of Federal Regulations (CFR) Title 40, 
Part 403.  Facility officials assert that the Cedar City plant currently does not have the 
capacity to handle sludge from another facility; accepting such additional sludge would 
require an expansion of the sludge drying facility, an increase in personnel to accept, test, 
and dispose of the sludge, and associated administrative costs.  However, it is expected 
that since the Cedar City plant can be expanded to accommodate an average daily flow of 
6.6 mgd (according to the City’s web site), it would have the capacity to accept sludge 
from a Duck Creek facility at some point in the future.  

6 ONSITE SYSTEM MANAGEMENT PROGRAM 

6.1 BACKGROUND INFORMATION 
As discussed in the introduction to this Addendum, implementing a wastewater 

collection and treatment system in the Duck Creek Village service area (see Subsection 
2.1 for the service area boundaries) within the boundaries of the greater study area 
provides a way to address the area currently of most critical environmental concern 
(Duck Creek meadow) while offering a more economical alternative to the regional 
collection and treatment system concluded by the Planning Study [1] as being the most 
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viable long term alternative.  Under this approach, regions of the study area outside the 
Village service area would remain on conventional onsite treatment systems (septic 
systems).  Even though the different regions of the study area would be on one of these 
two different systems, the entire study area and the strategy for wastewater collection and 
treatment would be considered as a whole and the benefits would be considered shared by 
the greater community.  
 

Successful implementation of this “by parts” approach to wastewater management in 
the study area assumes that the conventional onsite systems function as they were sited 
and designed.  The Planning Study [1] is replete with commentary on the common 
causes, effects, and rates of failure of conventional onsite systems.  The Planning Study 
[1] also discusses approaches for maximizing the success of the onsite systems and 
suggests an onsite system management program as a method for assuring this success.  
As presented in Subsection 4.2.3 of the Planning Study [1], an onsite system management 
program is a program which implements a series of elements including public education, 
public participation, planning, performance, site evaluation, design, construction, 
operation, maintenance, residuals management, training, certification, licensing, 
inspections, monitoring, enforcement, record keeping, and reporting, all of which are 
designed to ensure that private, onsite wastewater treatment systems are functioning 
properly and are thereby not polluting the environment. 

6.2 EPA SYSTEM MANAGEMENT MODELS 
The United States Environmental Protection Agency (EPA) has issued five onsite 

system management models as conceptual approaches for onsite treatment system 
management (see Subsection 4.2.3.2 in the Planning Study). The models are 
characterized by increasing management controls as sensitivity of the environment and/or 
treatment system complexity increases.  Each model consists of 13 program elements that 
describe activities to be performed to achieve the management goals.  Appendix D 
contains summaries of the five management models. 

6.3 RECOMMENDED MANAGEMENT MODEL    
The Planning Study [1] recommends a hybrid management model in Subsection 

4.2.3.3; the recommended hybrid model is a combination of the EPA’s Model 2 – The 
Maintenance Contract Model and Model 3 – The Operating Permit Model and was 
recommended as a viable alternative for the reasons discussed in Subsection 4.2.3.3. 

 
Having evaluated the results of the Planning Study [1] and considering the fact that a 

more economical solution to wastewater management in the study area, i.e. application of 
a “by parts” solution to wastewater management wherein a responsible management 
entity would operate and maintain a wastewater collection and treatment facility in the 
Duck Creek Village area, might be implemented, it would appear that the EPA’s Model 4 
– Responsible Management Entity (RME) Operation and Maintenance Model is more 
realistic.  In this model, the RME would be responsible for the operation and maintenance 
of the onsite systems in the study area and would be issued an operating permit for the 
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onsite systems by the regulatory authority.  The RME’s responsibility would be funded 
by the assessment of service fees in conjunction with the assessment of service fees for 
the Village collection and treatment facility.  Thus, the RME would be responsible for 
managing all components of wastewater collection and treatment in the study area, 
including the collection and treatment facility in the Duck Creek Village area and the 
conventional onsite treatment systems in outlying regions. 

 
Regarding the Model 4 management strategy, the regulatory authority could be the 

Southwest Utah Public Health Department, the Responsible Management Entity (RME) 
could be a governmental or quasi-governmental entity such as a newly formed 
municipality or special service district or the Kane County Water Conservancy District, 
and the service providers could be site evaluators, designers, installers, inspectors, 
pumpers/haulers, etc. who have been certified through the program.  Further descriptions 
and summaries of the EPA’s management models and the Model 4 – Responsible 
Management Entity (RME) Operation and Maintenance Model are given in Appendix D.          

7 ALTERNATIVE COST COMPARISON 

7.1 CAPITAL IMPROVEMENTS COSTS 
Capital costs for implementation of the three collection and treatment alternatives 

were estimated using a standard quantity and unit price calculation for each general 
component of the systems.  The capital costs include materials and labor, professional 
service fees, legal and fiscal expenses, and land acquisition costs.  The total costs are 
summarized in the table below.  Detailed cost estimates are presented in Table B.14 
through Table B.16 in Appendix B. 

 
Collection & Treatment Alternative Capital Cost

Gravity Collection & Duck Creek Meadow SBR (Table B.14) $4,575,000
Combined Collection & Facultative Lagoons (Table B.15) $4,230,000
Combined Collection & SBR at Forest Service Site (Table B.16) $4,603,000  

 

7.2 OPERATION & MAINTENANCE COSTS 
Operation and maintenance (O&M) costs for a wastewater collection and treatment 

facility typically include labor, overhead, supplies, maintenance, operating 
administration, utilities, chemicals, safety and training, laboratory testing, and solids 
handling.  In many cases, O&M costs can be derived from a managing entity’s previous 
accounting balance sheets and the effect of adjustments or additions to the system can be 
projected based on existing conditions.  Such is not the case with the Duck Creek study 
area since no wastewater system currently exists.  Thus, the O&M estimates must be 
derived based on similarly sized systems.  

 
For the purposes of estimating a baseline cost for O&M of the Duck Creek collection 

and treatment system, it was assumed that the annual O&M expense per ERU served will 
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be $95.  This was derived based on a figure of $70 per ERU for a small-town wastewater 
collection and treatment system comprised of facultative lagoons and a primarily gravity 
collection system with one small capacity lift station factored by an economy-of-scales 
increase of 35%.  Applying the $95 per ERU rate to the 212 total lots in the Duck Creek 
Village service area yields an approximate annual O&M expense of $20,100.  This figure 
was assumed to be a baseline O&M expense applicable to all of the three collection and 
treatment alternatives discussed in this Addendum. 

 
The United States Environmental Protection Agency (EPA) Wastewater Technology 

Fact Sheet for sequencing batch reactors (SBRs) states, “Operations and Maintenance 
(O&M) costs associated with an SBR system may be similar to a conventional activated 
sludge system….  Labor and maintenance requirements may be reduced in SBRs because 
clarifiers, clarification equipment, and RAS [return activated sludge] pumps may not be 
necessary.  On the other hand, the maintenance requirements for the automatic valves and 
switches that control the sequencing may be more intensive than for a conventional 
activated sludge system.  O&M costs are site specific and may range from $800 to $2,000 
per million gallons treated.”  Assuming the actual annual O&M costs at the selected 
Duck Creek facility are the average of the range given by the EPA, i.e. $1,400 per million 
gallons treated, and applying the unit cost to the total 34,534,976 gallons of effluent 
expected to be treated in a year’s time yields $48,349 per year for either the Alternative 
#1 or the Alternative #3 facility.  In reality, the SBR identified for Alternative #1 will 
likely be more expensive to operate and maintain than the SBR identified for Alternative 
#3 since the Alternative #1 SBR will not operate in as steady a state as the Alternative #3 
SBR.  However, no allowance has been given in the base rate calculations for the fact that 
Alternative #1 will not have a lift station system like the other two alternatives.  Thus, it 
was assumed for the calculations that the two variances will balance each other out.          

 
With respect to solids (sludge) handling and disposal, it is expected that the O&M 

costs for a facultative lagoon system (Alternative #2) will be negligible.  In the SBR 
facility, the solids processing system may consist of a thickener and an aerobic digester 
and will result in the production of sludge that will need to be disposed and/or 
appropriately re-used.  As discussed in Subsection 5.4 of this Addendum and for planning 
purposes, it was assumed that sludge produced by the SBR facilities would be transported 
to the Cedar City Regional Wastewater Treatment Facility located in Cedar City, Utah.  
An estimated 82,800 gallons of wet sludge would be produced by the SBR facility each 
year, requiring approximately 8.3 trips per year to the Cedar City treatment facility.  The 
total annual O&M cost for sludge handling is estimated to be $7,800 (see Table B.17 in 
Appendix B for assumptions and calculations).              

 
The cost for O&M of the onsite system management program was generated using an 

hourly summary of the efforts that would be required by the Responsible Management 
Entity (RME) staff per connection to operate the program.  Assumed salary and overhead 
rates for the RME staff are provided in Table B.18 in Appendix B.  Table B.19 generally 
itemizes the assumed time commitment required for each of the management operations 
by the RME staff.  The salary and overhead rates provided in Table B.18 were applied to 
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the time commitments in Table B.19 to estimate annual O&M costs for each connection.  
It is assumed that the RME would complete the tasks and provide the services outlined in 
the EPA’s Model 4 – Responsible Management Entity (RME) Operation and 
Maintenance Model as given in Appendix D.  As shown in Table B.19, the estimated 
annual O&M cost for each onsite system connection is $131.          

7.3 NET PRESENT VALUE COMPARISON 
In order to evaluate the cost of the various collection and treatment alternatives over 

the long term, a 20-year life cycle cost analysis was completed for each of the three 
principal alternatives.  Complete results of the analysis are provided in Table B.20 in 
Appendix B.  The net present values given in Table B.20 were calculated by subtracting 
the initial capital costs and O&M expenses over the 20-year planning period from the 
assumed salvage values at the end of 20 years.  It was assumed for the purposes of the 
calculation that the annual rate of inflation will be 3.0% and the annual growth rate in the 
study area will be 1.8% (this is the same rate used in the Planning Study [1]).  The 
number of existing connections is approximately 1,778.  It was assumed that the life 
expectancy of Alternative #2 (see Subsection 5.2) is 40 years while the life expectancies 
of Alternative #1 (see Subsection 5.1) and Alternative #3 (see Subsection 5.3) are 30 
years; salvage value is based on linear depreciation over the respective lives of the 
facilities.  The table below summarizes the results of Table B.20. 

 
Collection & Treatment Alternative 20-Year NPV

Gravity Collection & Duck Creek Meadow SBR (Alternative #1) ($13,421,987)
Combined Collection & Facultative Lagoons (Alternative #2) ($10,878,236)
Combined Collection & SBR at Forest Service Site (Alternative #3) ($13,440,654)  

 

7.4 IMPACT FEES & USER RATES 
The calculation of maximum allowable impact fees for each of the wastewater 

collection and treatment alternatives discussed in this Addendum assumes that 1,257 
future connections will be made (i.e. single residence lots will be developed).  This figure 
was derived by subtracting the existing 1,778 connections from the potential 3,035 total 
future developed lots (see the Planning Study [1] for additional details on how these total 
development figures were derived).  Since 1,257 lots is 41% of 3,035 lots, it was assumed 
that 41% of the contemplated improvements are eligible for funding through impact fee 
collection.  The table below summarizes the calculated maximum allowable impact fees 
for each alternative.  Additional details are provided in Table B.21 in Appendix B. 
 

Alternative #1 Alternative #2 Alternative #3
Maximum Allowable Impact Fee $1,510.00 $1,390.00 $1,520.00

Wastewater Collection & Treatment Alternative

 
 
As has been discussed, the intent of the Planning Study [1] and this Addendum is to 

apply rates and fees uniformly throughout the greater study area, i.e. throughout the Duck 



 16

Creek, Strawberry Creek, and Swains Creek service areas.  If this intention is maintained 
and if a wastewater collection and treatment system is implemented in the Village service 
area as proposed by this Addendum, rates and fees within and outside the Duck Creek 
Village service area will be uniform.  With regard to impact fees, an argument may be 
made by developers of properties outside the Village service area that they are unfairly 
burdened by the cost of installing a septic system while developers of properties within 
the Village service area will not be required to bear that expense since properties within 
the Village service area will be connected to the wastewater system.  The rationale of this 
Addendum is that the cost of installing a septic system on properties outside the Village 
service area is incidental to the cost of developing the property and no special 
consideration should be made.  All properties in the greater study area that have been and 
will be developed prior to installation of a collection and treatment system in the Duck 
Creek Village service area will have had to bear the cost of installing a septic system.  In 
addition, all properties outside the Village service area which are developed after the 
implementation of a collection and treatment system will have to bear the cost of 
installing a septic system.  Thus, the only developers who are advantaged by not having 
to install a septic system are those who will construct improvements on property within 
the Village service area after the proposed collection and treatment system has been 
implemented.  This is a relatively small group when considered within the total 
population.      

 
System user rates for the first year of operation of each of the wastewater 

management strategy alternatives were calculated based on existing connections and 
anticipated new connections projected to occur this year.  The objective of establishing 
adequate user rates is to have the total annual income generated by the combined user 
rates and impact fees cover the total annual expenses resulting from the debt load and 
operating expenses of the system.  The table below offers a summary of the monthly user 
rates anticipated to be appropriate in the study area.  Table B.22 in Appendix B offers 
additional detail and shows the assumptions by which the user rates were calculated. 

 

Alternative #1 Alternative #2 Alternative #3
Monthly User Rate for Wastewater Connection $29.33 $25.51 $29.41

Wastewater Collection & Treatment Alternative

 
 
As shown in Table B.22, the theoretical funding packages for each of the three 

collection and treatment alternatives include approximately 6.0% self help funds with the 
remainders funded through low interest loans.  Recent data on what the median adjusted 
gross income (MAGI) in the Duck Creek area is was not available, but the MAGI based 
on 2005 numbers used by the State of Utah Division of Drinking Water for funding a 
recent water project in the area is $31,353.  Using 1.4% of this MAGI as the grant-
qualifying user rate yields a monthly grant-qualifying user rate of $37.33.  The funding 
mix combined with other expenses for each of the alternatives shown in Table B.22 was 
established such that the monthly user rate would, if possible, reach the minimum grant-
qualifying monthly user rate.  Because the project cost and annual operation and 
maintenance expenses for each alternative are relatively small in comparison with the 
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number of connections paying for the improvements, the actual monthly user rates 
projected to adequately cover the debt service and operation and maintenance expenses 
for each of the alternatives do not reach the grant-qualifying user rate of $37.33. Thus, it 
was assumed that the projects would be funded entirely through low interest loans.       

8 CONCLUSIONS & RECOMMENDATIONS 
Based on the summary of capital costs for each of the three alternatives (see 

Subsection 7.1), it is the conclusion of this Addendum that, if a wastewater collection and 
treatment system is implemented in the Duck Creek Village area of Cedar Mountain, 
Utah, Alternative #2 (see Subsection 5.2) should be the chosen alternative. This 
conclusion is reinforced by the summary of net present values for each alternative as 
given in Subsection 7.3.   

 
It is also recommended that a body politic be formed to support, implement, and 

manage the wastewater collection and treatment system in the greater study area.  To 
enable completion of such a task, coordination from all participating entities will be 
required; it is critical that both the Forest Service and private entities be involved in the 
planning and approval process.  Finally, it is recommended that the body politic take the 
issue to the public to sample and foster public support for the greater wastewater 
management strategy.          

9 BIBLIOGRAPHY 
1. Phillips, J., Duck Creek Wastewater Planning Study, Kane County Water 

Conservancy District, December, 2006. 
 
2. Yang, D., Analysis of Septic Tank Density for Three Areas, Kane County, Utah, 

Kane County Water Conservancy District, February 7, 2006. 
 
3. Sutcliffe, K., Septic System Suitability Study, Cedar Mountain, Utah, Natural 

Resources Conservation Services, December, 2005.  
  

 
  
        



APPENDIX A 
MISCELLANEOUS FIGURES 



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 E
xh

ib
its

 1
.d

w
g,

 4
/4

/2
00

7 
5:

12
:0

2 
PM

, A
cr

oP
lo

t.
pc

3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 E
xh

ib
its

 1
.d

w
g,

 4
/4

/2
00

7 
5:

53
:0

4 
PM

, A
cr

oP
lo

t.
pc

3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 E
xh

ib
its

 1
.d

w
g,

 4
/5

/2
00

7 
9:

41
:5

6 
A

M
, A

cr
oP

lo
t.
pc

3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 E
xh

ib
its

 1
.d

w
g,

 4
/5

/2
00

7 
10

:3
0:

57
 A

M
, 

Ac
ro

Pl
ot

.p
c3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 E
xh

ib
its

 1
.d

w
g,

 4
/5

/2
00

7 
11

:1
8:

53
 A

M
, 

Ac
ro

Pl
ot

.p
c3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 E
xh

ib
its

 1
.d

w
g,

 4
/5

/2
00

7 
11

:3
3:

05
 A

M
, 

Ac
ro

Pl
ot

.p
c3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 E
xh

ib
its

 2
.d

w
g,

 4
/5

/2
00

7 
3:

48
:2

2 
PM

, A
cr

oP
lo

t.
pc

3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 A
lte

rn
at

iv
e 

1.
dw

g,
 4

/1
0/

20
07

 7
:3

0:
00

 A
M

, A
cr

oP
lo

t.
pc

3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 A
lte

rn
at

iv
e 

2.
dw

g,
 4

/7
/2

00
7 

1:
04

:0
0 

PM
, A

cr
oP

lo
t.

pc
3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 A
lte

rn
at

iv
e 

2.
dw

g,
 4

/7
/2

00
7 

4:
58

:2
0 

PM
, A

cr
oP

lo
t.

pc
3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



P:
\K

C
W

C
D

\W
W

\0
26

00
 D

ck
 C

rk
 W

st
w

tr
\J

oe
's

 A
lte

rn
at

iv
e 

3.
dw

g,
 4

/1
0/

20
07

 7
:3

1:
49

 A
M

, A
cr

oP
lo

t.
pc

3

WASHINGTON, UT 84780
11 NORTH 300 WEST

TEL 435.652.8450  FAX 435.652.8416



APPENDIX B 
MISCELLANEOUS TABLES 



 
 
Table B.1 - Climatological Data From Septic Density Analysis [2] 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual 
Totals

Average Max Temp (°F) 35.2 37.6 43.6 51.5 61.1 71.3 77.3 75.1 68.0 56.4 43.3 35.9 54.7
Average Min Temp (°F) 13.0 14.5 18.6 24.1 31.6 39.2 46.3 45.9 38.5 29.3 19.2 13.6 27.8
Average Daily Temp (°F) 24.1 26.1 31.1 37.8 46.4 55.3 61.8 60.5 53.3 42.9 31.3 24.8 41.3
Average Monthly Precipitation (in) 2.72 2.84 2.55 2.14 1.12 0.82 1.58 2.32 1.82 2.22 1.98 2.18 24.3
Average Monthly Snowfall (in) 38.1 39.9 32.3 22.6 4.8 2.5 0.0 0.0 0.5 12.3 22.3 30.5 205.8  
 
 
 
 
 
Table B.2 - Estimated Evaporation Curve 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual 
Totals

Typical Percentages of Whole 0.3% 1.3% 3.3% 8.5% 12.5% 15.5% 17.5% 15.5% 12.5% 8.5% 3.3% 1.3% 100%
Average Monthly Evaporation (in) 0.1 0.5 1.4 3.6 5.3 6.5 7.4 6.5 5.3 3.6 1.4 0.5 42.0  
 
 
 
 



         Table B.3 – Design Peak Wastewater Flows: Movie Ranch 
Totals
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97 ~ ~ 0.1358 25 ~ ~ ~ 0.1662 0.3020
1 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
2 ~ ~ 0 250 3.5 0 0 0 0 0 0 0
3 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
4 Comm. ~ 0 250 3.5 0 1 500 2 2.19 0.0034 0.0034
5 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
6 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
7 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
8 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
9 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
10 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
11 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
12 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
13 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
14 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
15 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
16 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
17 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
18 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
19 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
20 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
21 ~ ~ 0 250 3.5 0 0 0 0 0 0 0
22 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
23 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
24 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
25 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
26 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
27 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
28 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
29 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
30 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
31 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
32 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
33 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
34 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
35 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
36 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
37 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
38 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
39 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
40 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
41 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
42 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
43 Comm. ~ 0 250 3.5 0 1 500 2 2.19 0.0034 0.0034
44 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
45 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
46 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
47 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
48 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
49 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
50 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
51 ~ Comm. 0 250 3.5 0 1 246 19 2.19 0.0158 0.0158
52 ~ Comm. 0 250 3.5 0 1 246 19 2.19 0.0158 0.0158
53 ~ Comm. 0 250 3.5 0 1 246 19 2.19 0.0158 0.0158
54 ~ Comm. 0 250 3.5 0 1 246 19 2.19 0.0158 0.0158
55 Comm. ~ 0 250 3.5 0 1 250 2 2.19 0.0017 0.0017
56 ~ Comm. 0 250 3.5 0 1 246 19 2.19 0.0158 0.0158
57 Comm. ~ 0 250 3.5 0 1 35 60 2.19 0.0071 0.0071
58 Comm. ~ 0 250 3.5 0 1 60 4 2.19 0.0008 0.0008
59 Comm. ~ 0 250 3.5 0 1 150 8 2.19 0.0041 0.0041
60 Comm. ~ 0 250 3.5 0 1 150 8 2.19 0.0041 0.0041
61 Comm. ~ 0 250 3.5 0 1 500 2 2.19 0.0034 0.0034
62 Comm. ~ 0 250 3.5 0 1 500 2 2.19 0.0034 0.0034
63 Comm. ~ 0 250 3.5 0 1 35 60 2.19 0.0071 0.0071
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          Table B.3 (Cont.) – Design Peak Wastewater Flows: Movie Ranch 
Totals
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64 Comm. ~ 0 250 3.5 0 1 150 10 2.19 0.0051 0.0051
65 Comm. ~ 0 250 3.5 0 1 60 4 2.19 0.0008 0.0008
66 ~ ~ 0 250 3.5 0 0 0 0 0 0 0
67 Comm. ~ 0 250 3.5 0 1 150 25 2.19 0.0127 0.0127
68 ~ Comm. 0 250 3.5 0 1 246 19 2.19 0.0158 0.0158
69 Comm. ~ 0 250 3.5 0 1 500 2 2.19 0.0034 0.0034
70 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
71 Comm. ~ 0 250 3.5 0 1 60 4 2.19 0.0008 0.0008
72 Comm. ~ 0 250 3.5 0 1 60 4 2.19 0.0008 0.0008
73 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
74 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
75 Comm. ~ 0 250 3.5 0 1 500 2 2.19 0.0034 0.0034
76 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
77 Comm. ~ 0 250 3.5 0 1 500 2 2.19 0.0034 0.0034
78 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
79 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
80 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
81 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
82 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
83 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
84 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
85 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
86 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
87 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
88 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
89 ~ ~ 0 250 3.5 0 0 0 0 0 0 0
90 ~ ~ 0 250 3.5 0 0 0 0 0 0 0
91 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
92 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
93 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
94 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
95 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
96 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
97 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
98 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
99 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014

100 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
101 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
102 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
103 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
104 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
105 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
106 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
107 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
108 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
109 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
110 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
111 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
112 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
113 Comm. ~ 0 250 3.5 0 1 5 150 2.19 0.0025 0.0025
114 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
115 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
116 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
117 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
118 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
119 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
120 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
121 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
122 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
123 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
124 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
125 Res. ~ 1 250 3.5 0.0014 0 0 0 0 0 0.0014
126 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
127 ~ Res. 1 250 3.5 0.0014 0 0 0 0 0 0.0014
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                         Table B.4 – Design Peak Wastewater Flows:  
                                             Meadow View Estates 
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27 ~ ~ 0.0378
48 ~ Res. 1 250 3.5 0.0014
49 ~ Res. 1 250 3.5 0.0014
50 Res. ~ 1 250 3.5 0.0014
51 ~ Res. 1 250 3.5 0.0014
52 Res. ~ 1 250 3.5 0.0014
53 Res. ~ 1 250 3.5 0.0014
54 Res. ~ 1 250 3.5 0.0014
55 ~ Res. 1 250 3.5 0.0014
56 ~ Res. 1 250 3.5 0.0014
57 Res. ~ 1 250 3.5 0.0014
58 ~ Res. 1 250 3.5 0.0014
59 Res. ~ 1 250 3.5 0.0014
60 ~ Res. 1 250 3.5 0.0014
61 ~ Res. 1 250 3.5 0.0014
62 Res. ~ 1 250 3.5 0.0014
63 Res. ~ 1 250 3.5 0.0014
64 Res. ~ 1 250 3.5 0.0014
65 ~ Res. 1 250 3.5 0.0014
66 ~ Res. 1 250 3.5 0.0014
67 ~ Res. 1 250 3.5 0.0014
68 Res. ~ 1 250 3.5 0.0014
69 ~ ~ 0 250 3.5 0
70 ~ Res. 1 250 3.5 0.0014
71 ~ Res. 1 250 3.5 0.0014
72 ~ Res. 1 250 3.5 0.0014
73 Res. ~ 1 250 3.5 0.0014
74 ~ Res. 1 250 3.5 0.0014
75 ~ Res. 1 250 3.5 0.0014
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                         Table B.5 – Design Peak Wastewater Flows:  
                                             Lost Creek 
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28 ~ ~ 0.0980
1 ~ Res. 1 250 3.5 0.0014
2 ~ Res. 1 250 3.5 0.0014
3 ~ Res. 1 250 3.5 0.0014
4 ~ Res. 1 250 3.5 0.0014
5 ~ Res. 1 250 3.5 0.0014
6 ~ Res. 1 250 3.5 0.0014
7 ~ Res. 1 250 3.5 0.0014
8 ~ Res. 1 250 3.5 0.0014
9 ~ Res. 1 250 3.5 0.0014

10 ~ Res. 1 250 3.5 0.0014
11 ~ Res. 1 250 3.5 0.0014
12 ~ Res. 1 250 3.5 0.0014
13 ~ Res. 1 250 3.5 0.0014
14 ~ Res. 1 250 3.5 0.0014
15 ~ Res. 1 250 3.5 0.0014
16 ~ Res. 1 250 3.5 0.0014
17 ~ Res. 1 250 3.5 0.0014
18 ~ Res. 1 250 3.5 0.0014
19 ~ Res. 1 250 3.5 0.0014
20 ~ Res. 1 250 3.5 0.0014
21 ~ Res. 1 250 3.5 0.0014
22 ~ Res. 1 250 3.5 0.0014
23 ~ Res. 1 250 3.5 0.0014
24 ~ Res. 1 250 3.5 0.0014
25 ~ Res. 1 250 3.5 0.0014
26 ~ Res. 1 250 3.5 0.0014
27 ~ Res. 1 250 3.5 0.0014
28 ~ Res. 1 250 3.5 0.0014
29 ~ Res. 1 250 3.5 0.0014
30 ~ Res. 1 250 3.5 0.0014
31 ~ Res. 1 250 3.5 0.0014
32 ~ Res. 1 250 3.5 0.0014
33 ~ Res. 1 250 3.5 0.0014
34 ~ Res. 1 250 3.5 0.0014
35 ~ Res. 1 250 3.5 0.0014
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                         Table B.5 (Cont.) – Design Peak Wastewater Flows:  
                                                          Lost Creek 
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36 ~ Res. 1 250 3.5 0.0014
37 ~ Res. 1 250 3.5 0.0014
38 ~ Res. 1 250 3.5 0.0014
39 ~ Res. 1 250 3.5 0.0014
40 ~ Res. 1 250 3.5 0.0014
41 ~ Res. 1 250 3.5 0.0014
42 ~ Res. 1 250 3.5 0.0014
43 ~ Res. 1 250 3.5 0.0014
44 ~ Res. 1 250 3.5 0.0014
45 ~ Res. 1 250 3.5 0.0014
46 ~ Res. 1 250 3.5 0.0014
47 ~ Res. 1 250 3.5 0.0014
48 ~ Res. 1 250 3.5 0.0014
49 ~ Res. 1 250 3.5 0.0014
50 ~ Res. 1 250 3.5 0.0014
51 ~ Res. 1 250 3.5 0.0014
52 ~ Res. 1 250 3.5 0.0014
53 ~ Res. 1 250 3.5 0.0014
54 ~ Res. 1 250 3.5 0.0014
55 ~ Res. 1 250 3.5 0.0014
56 ~ Res. 1 250 3.5 0.0014
57 ~ Res. 1 250 3.5 0.0014
58 ~ Res. 1 250 3.5 0.0014
59 ~ Res. 1 250 3.5 0.0014
60 ~ Res. 1 250 3.5 0.0014
61 ~ Res. 1 250 3.5 0.0014
62 ~ Res. 1 250 3.5 0.0014
63 ~ Res. 1 250 3.5 0.0014
64 ~ Res. 1 250 3.5 0.0014
65 ~ Res. 1 250 3.5 0.0014
66 ~ Res. 1 250 3.5 0.0014
67 ~ Res. 1 250 3.5 0.0014
68 ~ Res. 1 250 3.5 0.0014
69 ~ Res. 1 250 3.5 0.0014
70 ~ Res. 1 250 3.5 0.0014
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                         Table B.6 – Design Peak Wastewater Flows:  
                                             Mirror Lake 
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35 ~ ~ 0.0490
1 ~ Res. 1 250 3.5 0.0014
2 Res. ~ 1 250 3.5 0.0014
3 Res. ~ 1 250 3.5 0.0014
4 Res. ~ 1 250 3.5 0.0014
5 Res. ~ 1 250 3.5 0.0014
6 ~ Res. 1 250 3.5 0.0014
7 ~ Res. 1 250 3.5 0.0014
8 ~ Res. 1 250 3.5 0.0014
9 Res. ~ 1 250 3.5 0.0014

10 Res. ~ 1 250 3.5 0.0014
11 Res. ~ 1 250 3.5 0.0014
12 Res. ~ 1 250 3.5 0.0014
13 ~ Res. 1 250 3.5 0.0014
14 ~ Res. 1 250 3.5 0.0014
15 ~ Res. 1 250 3.5 0.0014
16 ~ Res. 1 250 3.5 0.0014
17 ~ Res. 1 250 3.5 0.0014
18 ~ Res. 1 250 3.5 0.0014
19 ~ Res. 1 250 3.5 0.0014
20 ~ Res. 1 250 3.5 0.0014
21 ~ Res. 1 250 3.5 0.0014
22 ~ Res. 1 250 3.5 0.0014
23 ~ Res. 1 250 3.5 0.0014
24 ~ Res. 1 250 3.5 0.0014
25 ~ Res. 1 250 3.5 0.0014
26 ~ Res. 1 250 3.5 0.0014
27 ~ Res. 1 250 3.5 0.0014
28 ~ Res. 1 250 3.5 0.0014
29 ~ Res. 1 250 3.5 0.0014
30 ~ Res. 1 250 3.5 0.0014
31 ~ Res. 1 250 3.5 0.0014
32 ~ Res. 1 250 3.5 0.0014
33 ~ Res. 1 250 3.5 0.0014
34 ~ Res. 1 250 3.5 0.0014
35 ~ Res. 1 250 3.5 0.0014
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              Table B.7 – Pipeline Design Parameters 

 

8 0.013 0.334% 2.00 15.00
10 0.013 0.248% 2.00 15.00
12 0.013 0.194% 2.00 15.00
15 0.013 0.144% 2.00 15.00
18 0.013 0.113% 2.00 15.00
21 0.013 0.092% 2.00 15.00
24 0.013 0.077% 2.00 15.00
27 0.013 0.066% 2.00 15.00
30 0.013 0.057% 2.00 15.00
36 0.013 0.045% 2.00 15.00

Maximum Pipe 
Velocity (fps)

Pipe Diameter 
(in)

Manning's 
Coefficient (n)

Minimum Pipe 
Slope (%)

Minimum Pipe 
Velocity (fps)

 
 
 
 
 
 
 

                      Table B.8 – Peak & Average Flows at Maximum Occupancy 
Total Peak Flows from Movie Ranch (cfs) 0.3020
Total Peak Flows from Meadow View Estates A (cfs) 0.0378
Total Peak Flows from Lost Creek (cfs) 0.0980
Total Peak Flows from Mirror Lake Future (cfs) 0.0490
Total Peak Flows from Duck Creek Campground (cfs) 0.0480
Total Peak Flows (cfs) 0.5348
Peaking Factor 2.5
Average Daily Base Flow (cfs) 0.214
Average Daily Base Flow (gal/day) 138,251
Average Daily Base Flow (mgd) 0.138  

 
 

 



 
 
 

Table B.9 – Average Base Flows Assuming Seasonal Occupancy 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual 

Totals
Days in Month 31 28 31 30 31 30 31 31 30 31 30 31 365
Average Flow Assuming Peak Occupancy (gal) 4,285,766 3,871,014 4,285,766 4,147,515 4,285,766 4,147,515 4,285,766 4,285,766 4,147,515 4,285,766 4,147,515 4,285,766 50,461,435
Assumed Percentage of Peak Use 50.0% 50.0% 50.0% 70.0% 80.0% 90.0% 90.0% 90.0% 80.0% 70.0% 50.0% 50.0% 68.3%
Average Flow Under Reduced Use (gal) 2,142,883 1,935,507 2,142,883 2,903,261 3,428,613 3,732,764 3,857,189 3,857,189 3,318,012 3,000,036 2,073,758 2,142,883 34,534,976
Average Daily Base Flow (gal/day) 69,125 69,125 69,125 96,775 110,600 124,425 124,425 124,425 110,600 96,775 69,125 69,125 94,471
Average Daily Flow per Connection (gal/conn/day) 326 326 326 456 522 587 587 587 522 456 326 326 446  

 
 
 



Table B.10 – Lagoon Balance: Existing (repaired) Forest Service Lagoons 
Lagoon Volume Data Cell 1 Cell 2 Lagoon Liner Data Cell 1 Cell 2
Spatial Relationship West Cell East Cell Liner Hydraulic Conductivity (cm/sec) 5.00E-07 5.00E-07
Dike Height (ft) 8.0 8.0 Liner Hydraulic Conductivity (in/day) 1.70E-02 1.70E-02
Freeboard Height (ft) 2.0 2.0 Liner Thickness (ft) 0.5 0.5
Sludge Accumulation (ft) 1.0 1.0 Initial Conditions Cell 1 Cell 2
Full Liquid Depth (ft) 5.0 5.0 Total Fluid & Sludge Depth (ft) 4 4
Lagoon Bottom Area (ft^2) 74,200 53,900 % Capacity 57.8% 57.4%
Lagoon Side Slope (X:1) 3.0 3.0 Balance (gal) 1,832,003 1,352,468
Low Water Surface Area (ft^2) 77,125 56,397
Low Water Surface Diameter (ft) 313 268
High Water Surface Area (ft^2) 92,599 69,732
High Water Surface Diameter (ft) 343 298
Max Capacity (gal) 3,169,436 2,354,209

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Days in Month 31 28 31 30 31 30 31 31 30 31 30 31
Average Daily Temp (°F) 24.1 26.1 31.1 37.8 46.4 55.3 61.8 60.5 53.3 42.9 31.3 24.8
Average Monthly Evaporation (in) 0.13 0.55 1.39 3.57 5.25 6.51 7.35 6.51 5.25 3.57 1.39 0.55
Average Monthly Precipitation (in) 2.72 2.84 2.55 2.14 1.12 0.82 1.58 2.32 1.82 2.22 1.98 2.18
Average Monthly Flow (gal) 2,142,883 1,935,507 2,142,883 2,903,261 3,428,613 3,732,764 3,857,189 3,857,189 3,318,012 3,000,036 2,073,758 2,142,883
Total Depth in Cell 1 (ft) 4.00 5.75 7.15 8.45 9.95 11.45 12.85 14.20 15.50 16.45 17.25 17.70
Total Depth in Cell 2 (ft) 4.00 5.75 7.10 8.40 9.90 11.35 12.70 13.95 15.25 16.15 16.95 17.40
Surface Area in Cell 1 (ft^2) 86,240 91,792 96,358 100,697 105,823 111,076 116,093 121,037 125,894 129,505 132,584 134,333
Surface Area in Cell 2 (ft^2) 64,228 69,032 72,855 76,635 81,114 85,565 89,817 93,845 98,128 101,149 103,873 105,421
Wastewater Flow to Cell 1 (gal) 1,229,574 1,110,583 1,229,574 1,665,875 1,967,319 2,141,839 2,213,233 2,213,233 1,903,857 1,721,404 1,189,910 1,229,574
Wastewater Flow to Cell 2 (gal) 913,309 824,924 913,309 1,237,386 1,461,294 1,590,925 1,643,956 1,643,956 1,414,155 1,278,632 883,847 913,309
Precipitation in Cell 1 (gal) 146,217 162,496 153,161 134,324 73,879 56,775 114,337 175,035 142,823 179,208 163,636 182,540
Precipitation in Cell 2 (gal) 108,897 122,204 115,803 102,225 56,629 43,735 88,457 135,712 111,323 139,970 128,200 143,253
Inflow to Cell 1 (gal) 1,375,791 1,273,079 1,382,735 1,800,198 2,041,197 2,198,613 2,327,570 2,388,269 2,046,680 1,900,612 1,353,546 1,412,114
Inflow to Cell 2 (gal) 1,022,206 947,128 1,029,112 1,339,611 1,517,923 1,634,660 1,732,413 1,779,668 1,525,478 1,418,602 1,012,047 1,056,562
Total Inflow 2,397,997 2,220,207 2,411,847 3,139,810 3,559,120 3,833,274 4,059,983 4,167,936 3,572,158 3,319,214 2,365,593 2,468,676
Evaporation from Cell 1 (gal) 6,773 31,240 83,248 224,082 346,306 450,735 531,882 491,155 411,989 288,186 114,545 45,719
Evaporation from Cell 2 (gal) 5,044 23,494 62,943 170,535 265,446 347,216 411,495 380,813 321,123 225,087 89,740 35,879
Seepage from Cell 1 (gal) 195,086 253,297 348,716 398,825 485,276 540,420 626,714 692,555 731,572 802,291 814,169 863,255
Seepage from Cell 2 (gal) 141,713 183,999 251,541 287,998 350,741 389,140 449,940 494,225 522,854 572,168 581,139 616,453
Outflow from Cell 1 (gal) 201,859 284,537 431,964 622,907 831,582 991,155 1,158,596 1,183,710 1,143,561 1,090,477 928,714 908,974
Outflow from Cell 2 (gal) 146,758 207,493 314,484 458,533 616,187 736,357 861,435 875,038 843,977 797,254 670,879 652,332
Total Outflow 348,617 492,030 746,447 1,081,440 1,447,769 1,727,511 2,020,030 2,058,748 1,987,538 1,887,732 1,599,593 1,561,306
Starting Balance in Cell 1 (gal) 1,832,003 3,005,935 3,994,477 4,945,248 6,122,540 7,332,155 8,539,613 9,708,588 10,913,146 11,816,265 12,626,399 13,051,231
Starting Balance in Cell 2 (gal) 1,352,468 2,227,916 2,967,551 3,682,180 4,563,258 5,464,994 6,363,297 7,234,276 8,138,905 8,820,407 9,441,754 9,782,922
Ending Balance in Cell 1 (gal) 3,005,935 3,994,477 4,945,248 6,122,540 7,332,155 8,539,613 9,708,588 10,913,146 11,816,265 12,626,399 13,051,231 13,554,372
Ending Balance in Cell 2 (gal) 2,227,916 2,967,551 3,682,180 4,563,258 5,464,994 6,363,297 7,234,276 8,138,905 8,820,407 9,441,754 9,782,922 10,187,152
Starting Lagoon Balance (gal) 3,184,471 5,233,851 6,962,028 8,627,428 10,685,798 12,797,148 14,902,911 16,942,863 19,052,052 20,636,671 22,068,154 22,834,154
Starting Percent Full (%) 57.7% 94.8% 126.0% 156.2% 193.5% 231.7% 269.8% 306.7% 344.9% 373.6% 399.5% 413.4%
Ending Lagoon Balance (gal) 5,233,851 6,962,028 8,627,428 10,685,798 12,797,148 14,902,911 16,942,863 19,052,052 20,636,671 22,068,154 22,834,154 23,741,523
Ending Percent Full (%) 94.8% 126.0% 156.2% 193.5% 231.7% 269.8% 306.7% 344.9% 373.6% 399.5% 413.4% 429.8%
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Table B.11 – Lagoon Balance: Containment Lagoons for Duck Creek Village Service Area 
Lagoon Volume Data Cell 1 Cell 2 Lagoon Liner Data Cell 1 Cell 2
Spatial Relationship West Cell East Cell Liner Hydraulic Conductivity (cm/sec) 1.00E-06 1.00E-06
Dike Height (ft) 10.5 10.5 Liner Hydraulic Conductivity (in/day) 3.40E-02 3.40E-02
Freeboard Height (ft) 3.0 3.0 Liner Thickness (ft) 1.0 1.0
Sludge Accumulation (ft) 1.5 1.5 Initial Conditions Cell 1 Cell 2
Full Liquid Depth (ft) 6.0 6.0 Total Fluid & Sludge Depth (ft) 7 7
Lagoon Bottom Area (ft^2) 256,590 256,590 % Capacity 91.2% 91.2%
Lagoon Side Slope (X:1) 3.0 3.0 Balance (gal) 11,521,932 11,521,932
Low Water Surface Area (ft^2) 264,734 264,734
Low Water Surface Diameter (ft) 581 581
High Water Surface Area (ft^2) 298,583 298,583
High Water Surface Diameter (ft) 617 617
Max Capacity (gal) 12,633,206 12,633,206

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Days in Month 31 28 31 30 31 30 31 31 30 31 30 31
Average Daily Temp (°F) 24.1 26.1 31.1 37.8 46.4 55.3 61.8 60.5 53.3 42.9 31.3 24.8
Average Monthly Evaporation (in) 0.13 0.55 1.39 3.57 5.25 6.51 7.35 6.51 5.25 3.57 1.39 0.55
Average Monthly Precipitation (in) 2.72 2.84 2.55 2.14 1.12 0.82 1.58 2.32 1.82 2.22 1.98 2.18
Average Monthly Flow (gal) 2,142,883 1,935,507 2,142,883 2,903,261 3,428,613 3,732,764 3,857,189 3,857,189 3,318,012 3,000,036 2,073,758 2,142,883
Total Depth in Cell 1 (ft) 7.00 7.15 7.30 7.30 7.30 7.15 7.00 6.85 6.85 6.85 6.90 6.90
Total Depth in Cell 2 (ft) 7.00 7.15 7.30 7.30 7.30 7.15 7.00 6.85 6.85 6.85 6.90 6.90
Surface Area in Cell 1 (ft^2) 295,684 296,552 297,421 297,421 297,421 296,552 295,684 294,817 294,817 294,817 295,106 295,106
Surface Area in Cell 2 (ft^2) 295,684 296,552 297,421 297,421 297,421 296,552 295,684 294,817 294,817 294,817 295,106 295,106
Wastewater Flow to Cell 1 (gal) 1,071,441 967,754 1,071,441 1,451,630 1,714,306 1,866,382 1,928,595 1,928,595 1,659,006 1,500,018 1,036,879 1,071,441
Wastewater Flow to Cell 2 (gal) 1,071,441 967,754 1,071,441 1,451,630 1,714,306 1,866,382 1,928,595 1,928,595 1,659,006 1,500,018 1,036,879 1,071,441
Precipitation in Cell 1 (gal) 501,322 524,976 472,751 396,740 207,640 151,578 291,209 426,345 334,460 407,968 364,220 401,010
Precipitation in Cell 2 (gal) 501,322 524,976 472,751 396,740 207,640 151,578 291,209 426,345 334,460 407,968 364,220 401,010
Inflow to Cell 1 (gal) 1,572,764 1,492,730 1,544,193 1,848,371 1,921,946 2,017,960 2,219,804 2,354,940 1,993,466 1,907,986 1,401,099 1,472,451
Inflow to Cell 2 (gal) 1,572,764 1,492,730 1,544,193 1,848,371 1,921,946 2,017,960 2,219,804 2,354,940 1,993,466 1,907,986 1,401,099 1,472,451
Total Inflow 3,145,528 2,985,460 3,088,386 3,696,741 3,843,892 4,035,919 4,439,608 4,709,879 3,986,933 3,815,972 2,802,197 2,944,902
Evaporation from Cell 1 (gal) 23,223 100,929 256,954 661,852 973,312 1,203,379 1,354,677 1,196,339 964,790 656,057 254,954 100,436
Evaporation from Cell 2 (gal) 23,223 100,929 256,954 661,852 973,312 1,203,379 1,354,677 1,196,339 964,790 656,057 254,954 100,436
Seepage from Cell 1 (gal) 1,180,591 1,089,190 1,231,188 1,191,472 1,231,188 1,166,990 1,180,591 1,155,292 1,118,025 1,155,292 1,126,186 1,163,725
Seepage from Cell 2 (gal) 1,180,591 1,089,190 1,231,188 1,191,472 1,231,188 1,166,990 1,180,591 1,155,292 1,118,025 1,155,292 1,126,186 1,163,725
Outflow from Cell 1 (gal) 1,203,814 1,190,119 1,488,142 1,853,324 2,204,499 2,370,368 2,535,267 2,351,631 2,082,814 1,811,349 1,381,140 1,264,162
Outflow from Cell 2 (gal) 1,203,814 1,190,119 1,488,142 1,853,324 2,204,499 2,370,368 2,535,267 2,351,631 2,082,814 1,811,349 1,381,140 1,264,162
Total Outflow 2,407,628 2,380,238 2,976,284 3,706,648 4,408,999 4,740,737 5,070,535 4,703,263 4,165,629 3,622,699 2,762,279 2,528,323
Starting Balance in Cell 1 (gal) 11,521,932 11,890,882 12,193,493 12,249,544 12,244,591 11,962,038 11,609,629 11,294,166 11,297,474 11,208,126 11,304,763 11,324,722
Starting Balance in Cell 2 (gal) 11,521,932 11,890,882 12,193,493 12,249,544 12,244,591 11,962,038 11,609,629 11,294,166 11,297,474 11,208,126 11,304,763 11,324,722
Ending Balance in Cell 1 (gal) 11,890,882 12,193,493 12,249,544 12,244,591 11,962,038 11,609,629 11,294,166 11,297,474 11,208,126 11,304,763 11,324,722 11,533,011
Ending Balance in Cell 2 (gal) 11,890,882 12,193,493 12,249,544 12,244,591 11,962,038 11,609,629 11,294,166 11,297,474 11,208,126 11,304,763 11,324,722 11,533,011
Starting Lagoon Balance (gal) 23,043,864 23,781,764 24,386,986 24,499,088 24,489,182 23,924,076 23,219,258 22,588,331 22,594,947 22,416,251 22,609,525 22,649,443
Starting Percent Full (%) 91.2% 94.1% 96.5% 97.0% 96.9% 94.7% 91.9% 89.4% 89.4% 88.7% 89.5% 89.6%
Ending Lagoon Balance (gal) 23,781,764 24,386,986 24,499,088 24,489,182 23,924,076 23,219,258 22,588,331 22,594,947 22,416,251 22,609,525 22,649,443 23,066,022
Ending Percent Full (%) 94.1% 96.5% 97.0% 96.9% 94.7% 91.9% 89.4% 89.4% 88.7% 89.5% 89.6% 91.3%
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Table B.12 – Equalization Basin Balance: Existing Cell 2 

Lagoon Volume Data Cell 2 Lagoon Liner Data Cell 2
Spatial Relationship East Cell Liner Hydraulic Conductivity (cm/sec) 5.00E-07
Dike Height (ft) 8.0 Liner Hydraulic Conductivity (in/day) 1.70E-02
Freeboard Height (ft) 2.0 Liner Thickness (ft) 0.5
Sludge Accumulation (ft) 1.0 Initial Conditions Cell 2
Full Liquid Depth (ft) 5.0 Total Fluid & Sludge Depth (ft) 2
Lagoon Bottom Area (ft^2) 53,900 % Capacity 18.3%
Lagoon Side Slope (X:1) 3.0 Balance (gal) 431,368
Low Water Surface Area (ft^2) 56,397
Low Water Surface Diameter (ft) 268
High Water Surface Area (ft^2) 69,732
High Water Surface Diameter (ft) 298
Max Capacity (gal) 2,354,209

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Days in Month 31 28 31 30 31 30 31 31 30 31 30 31
Average Daily Temp (°F) 24.1 26.1 31.1 37.8 46.4 55.3 61.8 60.5 53.3 42.9 31.3 24.8
Average Monthly Evaporation (in) 0.13 0.55 1.39 3.57 5.25 6.51 7.35 6.51 5.25 3.57 1.39 0.55
Average Monthly Precipitation (in) 2.72 2.84 2.55 2.14 1.12 0.82 1.58 2.32 1.82 2.22 1.98 2.18
Average Flow Under Reduced Use (gal) 2,142,883 1,935,507 2,142,883 2,903,261 3,428,613 3,732,764 3,857,189 3,857,189 3,318,012 3,000,036 2,073,758 2,142,883
Total Depth in Cell 2 (ft) 2.00 1.00 1.00 1.00 1.30 2.05 3.40 4.65 5.80 6.10 5.70 3.85
Surface Area in Cell 2 (ft^2) 58,951 56,397 56,397 56,397 57,157 59,080 62,621 65,992 69,171 70,013 68,892 63,825
Wastewater Flow to Cell 2 (gal) 2,142,883 1,935,507 2,142,883 2,903,261 3,428,613 3,732,764 3,857,189 3,857,189 3,318,012 3,000,036 2,073,758 2,142,883
Precipitation in Cell 2 (gal) 99,950 99,838 89,643 75,230 39,904 30,198 61,674 95,434 78,473 96,884 85,026 86,729
Total Inflow 2,242,832 2,035,345 2,232,526 2,978,491 3,468,516 3,762,962 3,918,863 3,952,623 3,396,485 3,096,920 2,158,784 2,229,612
Evaporation from Cell 2 (gal) 4,630 0 0 0 187,048 239,742 286,900 267,790 226,363 155,800 59,518 21,722
Seepage from Cell 2 (gal) 70,857 0 0 0 46,057 70,285 120,456 164,742 198,856 216,113 195,427 136,399
Outflow from Cell 2 to SBR (gal) 2,924,292 2,641,296 2,924,292 2,829,960 2,924,292 2,829,960 2,924,292 2,924,292 2,829,960 2,924,292 2,829,960 2,924,292
Total Outflow 2,999,778 2,641,296 2,924,292 2,829,960 3,157,396 3,139,987 3,331,648 3,356,823 3,255,179 3,296,204 3,084,906 3,082,413
Starting Balance in Cell 2 (gal) 431,368 0 0 0 148,531 459,651 1,082,625 1,669,840 2,265,640 2,406,945 2,207,661 1,281,539
Starting Percent Full (%) 18.3% 0.0% 0.0% 0.0% 6.3% 19.5% 46.0% 70.9% 96.2% 102.2% 93.8% 54.4%
Ending Lagoon Balance (gal) 0 0 0 148,531 459,651 1,082,625 1,669,840 2,265,640 2,406,945 2,207,661 1,281,539 428,739
Ending Percent Full (%) 0.0% 0.0% 0.0% 6.3% 19.5% 46.0% 70.9% 96.2% 102.2% 93.8% 54.4% 18.2%
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Table B.13 – Rapid Infiltration Basin Balance: Existing Cell 1 

Lagoon Volume Data Cell 1 Lagoon Liner Data Cell 1
Spatial Relationship West Cell Liner Hydraulic Conductivity (cm/sec) 1.02E-04
Dike Height (ft) 8.0 Liner Hydraulic Conductivity (in/day) 3.45E+00
Freeboard Height (ft) 2.0 Liner Thickness (ft) 4.0
Sludge Accumulation (ft) 0.0 Initial Conditions Cell 1
Full Liquid Depth (ft) 6.0 Total Fluid & Sludge Depth (ft) 4
Lagoon Bottom Area (ft^2) 74,200 % Capacity 64.2%
Lagoon Side Slope (X:1) 3.0 Balance (gal) 2,397,924
Low Water Surface Area (ft^2) 74,200
Low Water Surface Diameter (ft) 307
High Water Surface Area (ft^2) 92,599
High Water Surface Diameter (ft) 343
Max Capacity (gal) 3,735,357

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Days in Month 31 28 31 30 31 30 31 31 30 31 30 31
Average Daily Temp (°F) 24.1 26.1 31.1 37.8 46.4 55.3 61.8 60.5 53.3 42.9 31.3 24.8
Average Monthly Evaporation (in) 0.13 0.55 1.39 3.57 5.25 6.51 7.35 6.51 5.25 3.57 1.39 0.55
Average Monthly Precipitation (in) 2.72 2.84 2.55 2.14 1.12 0.82 1.58 2.32 1.82 2.22 1.98 2.18
Average Flow Under Reduced Use (gal) 2,142,883 1,935,507 2,142,883 2,903,261 3,428,613 3,732,764 3,857,189 3,857,189 3,318,012 3,000,036 2,073,758 2,142,883
Total Depth in Cell 1 (ft) 4.00 0.90 3.75 1.05 3.50 0.85 3.40 0.75 3.70 0.75 3.95 0.90
Surface Area in Cell 1 (ft^2) 86,240 76,830 85,461 77,273 84,685 76,683 84,376 76,389 85,305 76,389 86,084 76,830
Wastewater Flow to Cell 1 (gal) 2,924,292 2,641,296 2,924,292 2,829,960 2,924,292 2,829,960 2,924,292 2,924,292 2,829,960 2,924,292 2,829,960 2,924,292
Precipitation in Cell 1 (gal) 146,217 136,010 135,840 103,077 59,122 39,195 83,099 110,468 96,776 105,706 106,245 104,402
Total Inflow 3,070,509 2,777,305 3,060,132 2,933,037 2,983,413 2,869,155 3,007,391 3,034,760 2,926,736 3,029,998 2,936,204 3,028,694
Evaporation from Cell 1 (gal) 6,773 26,148 73,833 171,955 277,133 311,171 386,570 309,977 279,162 169,987 74,371 26,148
Seepage from Cell 1 (gal) 4,950,323 1,006,033 4,640,928 1,257,542 4,331,533 1,018,010 4,207,775 928,186 4,431,338 928,186 4,730,752 1,113,823
Total Outflow 4,957,097 1,032,182 4,714,761 1,429,497 4,608,666 1,329,181 4,594,344 1,238,163 4,710,500 1,098,173 4,805,124 1,139,971
Starting Balance in Cell 1 (gal) 2,397,924 511,336 2,256,460 601,830 2,105,370 480,117 2,020,091 433,138 2,229,735 445,971 2,377,796 508,877
Starting Percent Full (%) 64.2% 13.7% 60.4% 16.1% 56.4% 12.9% 54.1% 11.6% 59.7% 11.9% 63.7% 13.6%
Ending Lagoon Balance (gal) 511,336 2,256,460 601,830 2,105,370 480,117 2,020,091 433,138 2,229,735 445,971 2,377,796 508,877 2,397,599
Ending Percent Full (%) 13.7% 60.4% 16.1% 56.4% 12.9% 54.1% 11.6% 59.7% 11.9% 63.7% 13.6% 64.2%
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Table B.14 – Capital Cost for Gravity Collection & Duck Creek Meadow SBR 

Bid Item Quantity Unit Unit Price Amount

Mobilization 1 LS 2.5% $95,000
6-inch Sewer Force Main (PVC SDR 21 ASTM D 2241) 0 LF $25.00 $0
8-inch Sewer Main (PVC SDR 35 ASTM D 3034) 29,200 LF $29.00 $847,000
10-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $32.00 $0
12-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $36.00 $0
15-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $41.00 $0
18-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $46.00 $0
21-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $52.00 $0
24-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $57.00 $0
27-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $62.00 $0
30-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $68.00 $0
36-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $78.00 $0
48-inch Reinforced Concrete Manhole 85 EA $2,250.00 $191,000
60-inch Reinforced Concrete Manhole 0 EA $3,050.00 $0
72-inch Reinforced Concrete Manhole 0 EA $3,650.00 $0
Imported Pipe Bedding 2,650 CY $17.00 $45,000
Imported Trench Backfill 1,410 CY $12.00 $17,000
Additional Standard Miscellaneous Items 1 LS 15.0% $165,000
Additional Items Due to Groundwater 1 LS 25.0% $83,000
Additional Items Due to Existing Pavement 1 LS 5.0% $22,000
Rock Excavation 1,890 CY $30.00 $57,000
Primary Wastewater Lift Station 0 EA $50,000 $0
Secondary Wastewater Lift Station 0 EA $35,000 $0
Wastewater Treatment Facilities 1 LS $1,503,000 $1,503,000
Rapid Infiltration Basin 0 LS $50,000.00 $0
Construction Contingency 1 LS 30.0% $879,000
Quality Control & Inspection 1 LS 5.5% $215,000
Property and Right-of-Way Survey 1 LS 1.0% $23,000
Legal & Fiscal Expenses 1 LS 1.0% $23,000
Engineering Design Fees 1 LS 6.5% $254,000
Land & Right-of-Way Acquisition 1.25 AC $125,000 $156,000
GIS Mapping 0 EA $50.00 $0
Master Planning 0 LS $0.00 $0
TOTAL CAPITAL COST $4,575,000  

 
 



 
 
Table B.15 – Capital Cost for Combined Collection & Facultative Lagoons 

Bid Item Quantity Unit Unit Price Amount

Mobilization 1 LS 2.5% $90,000
6-inch Sewer Force Main (PVC SDR 21 ASTM D 2241) 6,600 LF $25.00 $165,000
8-inch Sewer Main (PVC SDR 35 ASTM D 3034) 30,100 LF $29.00 $873,000
10-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $32.00 $0
12-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $36.00 $0
15-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $41.00 $0
18-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $46.00 $0
21-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $52.00 $0
24-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $57.00 $0
27-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $62.00 $0
30-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $68.00 $0
36-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $78.00 $0
48-inch Reinforced Concrete Manhole 87 EA $2,250.00 $196,000
60-inch Reinforced Concrete Manhole 0 EA $3,050.00 $0
72-inch Reinforced Concrete Manhole 0 EA $3,650.00 $0
Imported Pipe Bedding 2,730 CY $17.00 $46,000
Imported Trench Backfill 1,460 CY $12.00 $18,000
Additional Standard Miscellaneous Items 1 LS 15.0% $195,000
Additional Items Due to Groundwater 1 LS 21.0% $82,000
Additional Items Due to Existing Pavement 1 LS 5.0% $26,000
Rock Excavation 1,950 CY $30.00 $59,000
Primary Wastewater Lift Station 1 EA $50,000 $50,000
Secondary Wastewater Lift Station 1 EA $35,000 $35,000
Wastewater Treatment Facilities 1 LS $1,029,000 $1,029,000
Rapid Infiltration Basin 0 LS $50,000.00 $0
Construction Contingency 1 LS 30.0% $832,000
Quality Control & Inspection 1 LS 5.6% $207,000
Property and Right-of-Way Survey 1 LS 1.0% $26,000
Legal & Fiscal Expenses 1 LS 1.0% $26,000
Engineering Design Fees 1 LS 6.6% $244,000
Land & Right-of-Way Acquisition 0.25 AC $125,000 $31,000
GIS Mapping 0 EA $50.00 $0
Master Planning 0 LS $0.00 $0
TOTAL CAPITAL COST $4,230,000  

 
 



 
 
Table B.16 – Capital Cost for Combined Collection & SBR at Forest Service Site 

Bid Item Quantity Unit Unit Price Amount

Mobilization 1 LS 2.5% $98,000
6-inch Sewer Force Main (PVC SDR 21 ASTM D 2241) 6,600 LF $25.00 $165,000
8-inch Sewer Main (PVC SDR 35 ASTM D 3034) 29,200 LF $29.00 $847,000
10-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $32.00 $0
12-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $36.00 $0
15-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $41.00 $0
18-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $46.00 $0
21-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $52.00 $0
24-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $57.00 $0
27-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $62.00 $0
30-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $68.00 $0
36-inch Sewer Main (PVC SDR 35 ASTM D 3034) 0 LF $78.00 $0
48-inch Reinforced Concrete Manhole 85 EA $2,250.00 $191,000
60-inch Reinforced Concrete Manhole 0 EA $3,050.00 $0
72-inch Reinforced Concrete Manhole 0 EA $3,650.00 $0
Imported Pipe Bedding 2,650 CY $17.00 $45,000
Imported Trench Backfill 1,410 CY $12.00 $17,000
Additional Standard Miscellaneous Items 1 LS 15.0% $190,000
Additional Items Due to Groundwater 1 LS 21.0% $80,000
Additional Items Due to Existing Pavement 1 LS 5.0% $25,000
Rock Excavation 1,890 CY $30.00 $57,000
Primary Wastewater Lift Station 1 EA $50,000 $50,000
Secondary Wastewater Lift Station 1 EA $35,000 $35,000
Wastewater Treatment Facilities 1 LS $1,276,000 $1,276,000
Rapid Infiltration Basin 1 LS $50,000.00 $50,000
Construction Contingency 1 LS 30.0% $908,000
Quality Control & Inspection 1 LS 5.5% $222,000
Property and Right-of-Way Survey 1 LS 1.0% $27,000
Legal & Fiscal Expenses 1 LS 1.0% $27,000
Engineering Design Fees 1 LS 6.5% $262,000
Land & Right-of-Way Acquisition 0.25 AC $125,000 $31,000
GIS Mapping 0 EA $50.00 $0
Master Planning 0 LS $0.00 $0
TOTAL CAPITAL COST $4,603,000  

 



 
 
 
 
                    Table B.17 – Sludge Handling O&M Cost Calculations 

Item Description Value
Total Annual Wastewater Flow (gal/year) 34,534,976
Design Wastewater Flow Rate (gal/capita/day) 100
Calculated Population (capita) 946
Sludge Production Rate (dry lb/capita/day) 0.12
Total Annual Sludge Production (lb) 41,435
Sludge Solids Fraction 0.06
Wet Sludge Volume (gal) 82,800
Truck Capacity (gal) 10,000
Required Trips to Treatment Facility (ea) 8.3
Hours Per Round Trip to Treatment Facility (hr) 6
Hourly Rate for Man & Equipment ($/hr) $75.00
Annual O&M for Sludge Pickup & Delivery ($) $3,700
Acceptance & Processing Fee at Receiving Plant ($/gal) $0.05
Annual O&M for Acceptance & Processing ($) $4,100
Total Annual Sludge Handling O&M $7,800  

 
 
 
 
 
 

              Table B.18 – RME Hourly Expense Rates 

Level I Employee (Office Staff) $13 $27,000 $26
Level II Employee (Inspector) $18 $37,400 $36
Level III Employee (Director) $25 $52,000 $50

Responsible Managing Entity 
(RME) Staff

Hourly Pay 
Rate ($)

Annual Salary 
($)

Overhead + 
Labor Cost 

($/hr)

 
 



 
 
 
Table B.19 – Management Program O&M Cost Calculations 

Unit Time 
Level I 
(min)

Unit Time 
Level II 

(min)

Unit Time 
Level III 

(min)

Cost to 
RME

Public Education & Participation
Educate Owner on onsite wastewater treatment systems. 5.0 1.0 1.0 $4
Know Regulatory Authority regulations. 1.0 1.0 1.0 $2
Participate in Regulatory Authority advisory committees. 1.0 1.0 1.0 $2

Planning
Assist Owner in understanding regulatory requirements. 5.0 1.0 1.0 $4
Maintain cost records and forecast rate fluctuations. 1.0 1.0 1.0 $2

Training, Certification & Licensing
Administer training and certification for Service Providers. 1.0 2.0 1.0 $2
Maintain current list of Service Providers. 1.0 1.0 0.0 $1

Operation & Maintenance
Send notices of maintenance & inspection cycles. 1.0 0.0 0.5 $1
Complete maintenance and inspection operations. 10.0 5.0 1.0 $100
Review maintenance and inspection reports. 1.0 3.0 0.0 $2
Track receipt of reports and issuance of operating permits. 3.0 0.0 0.0 $1

Residuals Management
Costs associated with this program element accounted for in other tasks.

Corrective Actions
Negotiate compliance schedule with Owner for correction of p 0.0 0.0 3.0 $3
Administer enforcement program including effecting penalties 1.0 1.0 3.0 $4

Record Keeping, Inventory, & Reporting
Costs associated with this program element accounted for in other tasks.

Financial Assistance & Funding
Manage the financial operations of the system management pro 1.0 0.0 3.0 $3

Annual Operation & Maintenance Expense for Single Connection $131.00

Annual Figures for Single Connection

Program Element & Task Description

 
 
 

 



 
 
Table B.20 – 20-Year Life Cycle Cost Evaluation (NPV) 
Alternative #1 Life Expectancy (yr) 30 3.0% Starting Connections (ea) 1,778

Alternative #2 Life Expectancy (yr) 40 1.8% Ending Connections (ea) 3,035
Alternative #3 Life Expectancy (yr) 30

GENERAL DATA
Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Connections/ERUs (conn) 1,778 1810 1843 1876 1910 1944 1979 2015 2051 2088 2126 2164 2203 2243 2283 2324 2366 2409 2452 2496 2541
Change in Connections (conn) 0 32 33 33 34 34 35 36 36 37 38 38 39 40 40 41 42 43 43 44 45

NET PRESENT VALUE

Initial Capital Cost

Alternative #1 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000 $4,575,000

Alternative #2 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000 $4,230,000

Alternative #3 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000 $4,603,000

Operation & Maintenance

Onsite System O&M Expense ($/conn) $131 $135 $139 $143 $147 $152 $156 $161 $166 $171 $176 $181 $187 $192 $198 $204 $210 $217 $223 $230 $237

Alternative #1

Facility O&M Expense ($) $76,200 $78,486 $80,841 $83,266 $85,764 $88,337 $90,987 $93,716 $96,528 $99,424 $102,406 $105,479 $108,643 $111,902 $115,259 $118,717 $122,279 $125,947 $129,725 $133,617 $137,626

Onsite System O&M Expense ($) $232,918 $244,223 $256,136 $268,544 $281,614 $295,225 $309,557 $324,644 $340,357 $356,892 $374,289 $392,408 $411,465 $431,504 $452,375 $474,314 $497,372 $521,604 $546,842 $573,354 $601,202

Total O&M Expense ($) $309,118 $322,709 $336,977 $351,810 $367,377 $383,562 $400,544 $418,360 $436,885 $456,316 $476,695 $497,887 $520,108 $543,406 $567,634 $593,031 $619,651 $647,551 $676,567 $706,972 $738,828

O&M Expense to Date ($) $309,118 $631,827 $968,804 $1,320,614 $1,687,991 $2,071,554 $2,472,097 $2,890,457 $3,327,342 $3,783,658 $4,260,353 $4,758,240 $5,278,347 $5,821,753 $6,389,387 $6,982,418 $7,602,069 $8,249,620 $8,926,188 $9,633,159 $10,371,987

Alternative #2

Facility O&M Expense ($) $20,100 $20,703 $21,324 $21,964 $22,623 $23,301 $24,000 $24,720 $25,462 $26,226 $27,013 $27,823 $28,658 $29,518 $30,403 $31,315 $32,255 $33,222 $34,219 $35,245 $36,303

Onsite System O&M Expense ($) $232,918 $244,223 $256,136 $268,544 $281,614 $295,225 $309,557 $324,644 $340,357 $356,892 $374,289 $392,408 $411,465 $431,504 $452,375 $474,314 $497,372 $521,604 $546,842 $573,354 $601,202

Total O&M Expense ($) $253,018 $264,926 $277,460 $290,508 $304,236 $318,527 $333,557 $349,364 $365,819 $383,118 $401,301 $420,231 $440,122 $461,021 $482,778 $505,629 $529,627 $554,826 $581,061 $608,600 $637,505

O&M Expense to Date ($) $253,018 $517,944 $795,405 $1,085,913 $1,390,149 $1,708,676 $2,042,233 $2,391,597 $2,757,416 $3,140,534 $3,541,836 $3,962,067 $4,402,189 $4,863,211 $5,345,988 $5,851,617 $6,381,244 $6,936,071 $7,517,131 $8,125,731 $8,763,236

Alternative #3

Facility O&M Expense ($) $76,200 $78,486 $80,841 $83,266 $85,764 $88,337 $90,987 $93,716 $96,528 $99,424 $102,406 $105,479 $108,643 $111,902 $115,259 $118,717 $122,279 $125,947 $129,725 $133,617 $137,626

Onsite System O&M Expense ($) $232,918 $244,223 $256,136 $268,544 $281,614 $295,225 $309,557 $324,644 $340,357 $356,892 $374,289 $392,408 $411,465 $431,504 $452,375 $474,314 $497,372 $521,604 $546,842 $573,354 $601,202

Total O&M Expense ($) $309,118 $322,709 $336,977 $351,810 $367,377 $383,562 $400,544 $418,360 $436,885 $456,316 $476,695 $497,887 $520,108 $543,406 $567,634 $593,031 $619,651 $647,551 $676,567 $706,972 $738,828

O&M Expense to Date ($) $309,118 $631,827 $968,804 $1,320,614 $1,687,991 $2,071,554 $2,472,097 $2,890,457 $3,327,342 $3,783,658 $4,260,353 $4,758,240 $5,278,347 $5,821,753 $6,389,387 $6,982,418 $7,602,069 $8,249,620 $8,926,188 $9,633,159 $10,371,987

Salvage Value

Alternative #1 $4,575,000 $4,422,500 $4,270,000 $4,117,500 $3,965,000 $3,812,500 $3,660,000 $3,507,500 $3,355,000 $3,202,500 $3,050,000 $2,897,500 $2,745,000 $2,592,500 $2,440,000 $2,287,500 $2,135,000 $1,982,500 $1,830,000 $1,677,500 $1,525,000

Alternative #2 $4,230,000 $4,124,250 $4,018,500 $3,912,750 $3,807,000 $3,701,250 $3,595,500 $3,489,750 $3,384,000 $3,278,250 $3,172,500 $3,066,750 $2,961,000 $2,855,250 $2,749,500 $2,643,750 $2,538,000 $2,432,250 $2,326,500 $2,220,750 $2,115,000

Alternative #3 $4,603,000 $4,449,567 $4,296,133 $4,142,700 $3,989,267 $3,835,833 $3,682,400 $3,528,967 $3,375,533 $3,222,100 $3,068,667 $2,915,233 $2,761,800 $2,608,367 $2,454,933 $2,301,500 $2,148,067 $1,994,633 $1,841,200 $1,687,767 $1,534,333

NET PRESENT VALUE

Alternative #1 ($309,118) ($784,327) ($1,273,804) ($1,778,114) ($2,297,991) ($2,834,054) ($3,387,097) ($3,957,957) ($4,547,342) ($5,156,158) ($5,785,353) ($6,435,740) ($7,108,347) ($7,804,253) ($8,524,387) ($9,269,918) ($10,042,069) ($10,842,120) ($11,671,188) ($12,530,659) ($13,421,987)

Alternative #2 ($253,018) ($623,694) ($1,006,905) ($1,403,163) ($1,813,149) ($2,237,426) ($2,676,733) ($3,131,847) ($3,603,416) ($4,092,284) ($4,599,336) ($5,125,317) ($5,671,189) ($6,237,961) ($6,826,488) ($7,437,867) ($8,073,244) ($8,733,821) ($9,420,631) ($10,134,981) ($10,878,236)
Alternative #3 ($309,118) ($785,261) ($1,275,671) ($1,780,914) ($2,301,725) ($2,838,720) ($3,392,697) ($3,964,491) ($4,554,809) ($5,164,558) ($5,794,686) ($6,446,007) ($7,119,547) ($7,816,387) ($8,537,454) ($9,283,918) ($10,057,003) ($10,857,987) ($11,687,988) ($12,548,393) ($13,440,654)

Assumed Inflation Rate (%)

Assumed Growth Rate (%)

 
 
 



 
 
 
 
 
 
     Table B.21 – Impact Fee Calculations 

Alternative #1 Alternative #2 Alternative #3
Existing Connections 1,778 1,778 1,778
Future Connections 3,035 3,035 3,035
Remaining Connections 1,257 1,257 1,257
% Impact Fee Eligible 41% 41% 41%
Total Capital Cost $4,575,000 $4,230,000 $4,603,000
Impact Fee Eligible Capital Cost $1,894,819 $1,751,931 $1,906,415
Maximum Allowable Impact Fee $1,510.00 $1,390.00 $1,520.00

Wastewater Collection & Treatment Alternative

 
 
 



 
 
Table B.22 – User Rate Calculations 

PROPOSED PROJECT FUNDING Alternative #1 Alternative #2 Alternative #3
Responsible Management Entity Self Help $274,500 $253,800 $276,180
Funding Agency Grant $0 $0 $0
Funding Agency Loan $4,300,500 $3,976,200 $4,326,820

Interest Rate (%) 3.50% 3.50% 3.50%
Term (Years) 20 20 20

TOTAL PROJECT FUNDING: $4,575,000 $4,230,000 $4,603,000

ANNUAL DEBT SERVICE Alternative #1 Alternative #2 Alternative #3
Funding Agency Loan $302,588 $279,770 $304,440
Reserve Fund $30,259 $27,977 $30,444

TOTAL ANNUAL DEBT SERVICE: $332,847 $307,747 $334,884

ANNUAL OPERATING EXPENSES Alternative #1 Alternative #2 Alternative #3
Operation & Maintenance Expenses $309,118 $253,018 $309,118

TOTAL ANNUAL OPERATING EXPENSES: $309,118 $253,018 $309,118

TOTAL ANNUAL EXPENSES Alternative #1 Alternative #2 Alternative #3
Total Annual Debt Service $332,847 $307,747 $334,884
Total Annual Operating Expenses $309,118 $253,018 $309,118
Capital Facilities Replacement Reserve $32,098 $28,038 $32,200

TOTAL ANNUAL EXPENSES: $674,063 $588,803 $676,202

ANNUAL INCOME Alternative #1 Alternative #2 Alternative #3
Existing Connections 1,778 1,778 1,778
Monthly User Rate for Wastewater Connection $29.33 $25.51 $29.41
Annual Revenue from User Rates $625,743 $544,323 $627,562
Expected New Connections 32 32 32
Maximum Allowable Impact Fee $1,510.00 $1,390.00 $1,520.00
Annual Revenue from Impact Fees $48,320 $44,480 $48,640

TOTAL ANNUAL INCOME: $674,063 $588,803 $676,202

TOTAL ANNUAL CASH FLOW: $0 $0 $0

USER RATE CALCULATIONS - DUCK CREEK, UTAH
Implementation of Wastewater Management Strategy
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Wastewater
Technology Fact Sheet
Sequencing Batch Reactors

DESCRIPTION

The sequencing batch reactor (SBR) is a fill-and-
draw activated sludge system for wastewater
treatment.  In this system, wastewater is added to a
single “batch” reactor, treated to remove
undesirable components, and then discharged.
Equalization, aeration, and clarification can all be
achieved using a single batch reactor.  To optimize
the performance of the system, two or more batch
reactors are used in a predetermined sequence of
operations.  SBR systems have been successfully
used to treat both municipal and industrial
wastewater.  They are uniquely suited for
wastewater treatment applications characterized by
low or intermittent flow conditions.

Fill-and-draw batch processes similar to the SBR
are not a recent development as commonly thought.
Between 1914 and 1920, several full-scale fill-and-
draw systems were in operation.  Interest in SBRs
was revived in the late 1950s and early 1960s, with
the development of new equipment and technology.
Improvements in aeration devices and controls have
allowed SBRs to successfully compete with
conventional activated sludge systems.

The unit processes of the SBR and conventional
activated sludge systems are the same.  A 1983 U.S.
EPA report, summarized this by stating that “the
SBR is no more than an activated sludge system
which operates in time rather than in space.”  The
difference between the two technologies is that the
SBR performs equalization, biological treatment,
and secondary clarification in a single tank using a
timed control sequence.  This type of  reactor does,
in some cases, also perform primary clarification.  In
a conventional activated sludge system, these unit

processes would be accomplished by using separate
tanks.

A modified version of the SBR is the Intermittent
Cycle Extended Aeration System (ICEAS).  In the
ICEAS system, influent wastewater flows into the
reactor on a continuous basis.  As such, this is not
a true batch reactor, as is the conventional SBR.  A
baffle wall may be used in the ICEAS to buffer this
continuous inflow.  The design configurations of the
ICEAS and the SBR are otherwise very similar.

Description of a Wastewater Treatment Plant
Using an SBR

A typical process flow schematic for a municipal
wastewater treatment plant using an SBR is shown
in Figure 1.  Influent wastewater generally passes
through screens and grit removal prior to the SBR.
The wastewater then enters a partially filled reactor,
containing biomass, which is acclimated to the
wastewater constituents during preceding cycles.
Once the reactor is full, it behaves like a
conventional activated sludge system, but without a
continuous influent or effluent flow.  The aeration
and mixing is discontinued after the biological
reactions are complete, the biomass settles, and the
treated supernatant is removed.  Excess biomass is
wasted at any time during the cycle.  Frequent
wasting results in holding the mass ratio of influent
substrate to biomass nearly constant from cycle to
cycle.  Continuous flow systems hold the mass ratio
of influent substrate to biomass constant by
adjusting return activated sludge flowrates
continually as influent flowrates, characteristics, and
settling tank underflow concentrations vary.  After
the SBR, the “batch” of wastewater may flow to an
equalization basin where the wastewater flowrate to



additional unit processed can be is controlled at a
determined rate.  In some cases the wastewater is
filtered to remove additional solids and then
disinfected.

As illustrated in Figure 1, the solids handling system
may consist of a thickener and an aerobic digester.
With SBRs there is no need for return activated
sludge (RAS) pumps and primary sludge (PS)
pumps like those associated with conventional
activated sludge systems.  With the SBR, there is
typically only one sludge to handle.  The need for
gravity thickeners prior to digestion is determined

on a case by case basis depending on the
characteristics of the sludge.

An SBR serves as an equalization basin when the
vessel is filling with wastewater, enabling the system
to tolerate peak flows or peak loads in the influent
and to equalize them in the batch reactor.  In many
conventional activated sludge systems, separate
equalization is needed to protects the biological
system from peak flows, which may wash out the
biomass, or peak loads, which may upset the
treatment process.

It should also be noted that primary clarifiers are
typically not required for municipal wastewater
applications prior to an SBR.  In most conventional
activated sludge wastewater treatment plants,

primary clarifiers are used prior to the biological
system.  However, primary clarifiers may be
recommended by the SBR manufacturer if the total
suspended solids (TSS) or biochemical oxygen
demand (BOD) are greater than 400 to 500 mg/L.
Historic data should be evaluated and the SBR
manufacturer consulted  to determine whether
primary clarifiers or equalization are recommended
prior to an SBR for municipal and industrial
applications.

Equalization may be required after the SBR,
depending on the downstream process.  If
equalization is not used prior to filtration, the filters
need to be sized in order to receive the batch of
wastewater from the SBR, resulting in a large
surface area required for filtration.  Sizing filters to
accept these “batch” flows is usually not feasible,
which is why equalization is used between an SBR
and downstream filtration.  Separate equalization
following the biological system is generally not
required for most conventional activated sludge
systems, because the flow is on a continuous and
more constant basis.

APPLICABILITY

SBRs are typically used at flowrates of 5 MGD or
less.  The more sophisticated operation required at
larger SBR plants tends to discourage the use of
these plants for large flowrates.

As these systems have a relatively small footprint,
they are useful for areas where the available land is
limited.  In addition, cycles within the system can be
easily modified for nutrient removal in the future, if
it becomes necessary.  This makes SBRs extremely
flexible to adapt to regulatory changes for effluent
parameters such as nutrient removal.  SBRs are also
very cost effective if treatment beyond biological
treatment is required, such as filtration.

ADVANTAGES AND DISADVANTAGES

Some advantages and disadvantages of SBRs are
listed below:

INFLUENT

SCREENING/
GRINDING

SBR DISINFECTION

EFFLUENT

DIGESTION

TO SOLIDS HANDLING,
DISPOSAL, OR

BENEFICIAL REUSE

THICKENING

EQUALIZATION FILTRATION

Source: Parsons Engineering Science, 1999.

FIGURE 1 PROCESS FLOW DIAGRAM
FOR A TYPICAL SBR



Advantages

C Equalization, primary clarification (in most
cases), biological treatment, and secondary
clarification can be achieved in a single reactor
vessel.

C Operating flexibility and control.

C Minimal footprint.

C Potential capital cost savings by eliminating
clarifiers and other equipment.

Disadvantages

C A higher level of sophistication is required
(compared to conventional systems), especially
for larger systems, of timing units and controls.

C Higher level of maintenance (compared to
conventional systems) associated with more
sophisticated controls, automated switches, and
automated valves.

C Potential of discharging floating or settled sludge
during the DRAW or decant phase with some
SBR configurations.

C Potential plugging of aeration devices during
selected operating cycles, depending on the
aeration system used by the manufacturer.

C Potential requirement for equalization after the
SBR, depending on the downstream processes.

DESIGN CRITERIA

For any wastewater treatment plant design, the first
step is to determine the anticipated influent
characteristics of the wastewater and the effluent
requirements for the proposed system.  These
influent parameters typically include design flow,
maximum daily flow BOD5, TSS, pH, alkalinity,
wastewater temperature, total Kjeldahl nitrogen
(TKN), ammonia-nitrogen (NH3-N), and total
phosphorus (TP).  For industrial and domestic
wastewater, other site specific parameters may also
be required.

The state regulatory agency should be contacted to
determine the effluent requirements of the proposed
plant.  These effluent discharge parameters will be
dictated by the state in the National Pollutant
Discharge Elimination System (NPDES) permit.
The parameters typically permitted for municipal
systems are flowrate, BOD5, TSS, and Fecal
Coliform.  In addition, many states are moving
toward requiring nutrient removal.  Therefore, total
nitrogen (TN), TKN, NH3-N, or TP may also be
required.  It is imperative to establish effluent
requirements because they will impact the operating
sequence of the SBR.  For example, if there is a
nutrient requirement and NH3-N or TKN is
required, then nitrification will be necessary.  If
there is a TN limit, then nitrification and
denitrification will be necessary.  

Once the influent and effluent characteristics of the
system are determined, the engineer will typically
consult SBR manufacturers for a recommended
design.  Based on these parameters, and other site
specific parameters such as temperature, key design
parameters are selected for the system.  An example
of these parameters for a wastewater system loading
is listed in Table 1.

TABLE 1  KEY DESIGN PARAMETERS
FOR A CONVENTIONAL LOAD

Municipal Industrial

Food to Mass (F:M) 0.15 - 0.4/day 0.15 -
0.6/day

Treatment Cycle
Duration

4.0 hours 4.0 - 24
hours

Typically Low Water
Level Mixed Liquor
Suspended Solids

2,000-2,500
mg/L

2,000 - 4,000
mg/L

Hydraulic Retention
Time

6 - 14 hours varies

Source: AquaSBR Design Manual, 1995.

Once the key design parameters are determined, the
number of cycles per day, number of basins, decant
volume, reactor size, and detention times can be
calculated.  Additionally, the aeration equipment,
decanter, and associated piping can then be sized.



Other site specific information is needed to size the
aeration equipment, such as site elevation above
mean sea level, wastewater temperature, and total
dissolved solids concentration.

The operation of an SBR is based on the fill-and-
draw principle, which consists of the following five
basic steps: Idle, Fill, React, Settle, and Draw.
More than one operating strategy is possible during
most of these steps.  For industrial wastewater
applications, treatability studies are typically
required to determine the optimum operating
sequence.  For most municipal wastewater
treatment plants, treatability studies are not required
to determine the operating sequence because
municipal wastewater flowrates and characteristic
variations are usually predictable and most
municipal designers will follow conservative design
approaches.  

The Idle step occurs between the Draw and the Fill
steps, during which treated effluent is removed  and
influent wastewater is added.  The length of the Idle
step varies depending on the influent flowrate and
the operating strategy.  Equalization is achieved
during this step if variable idle times are used.
Mixing to condition the biomass and sludge wasting
can also be performed during the Idle step,
depending on the operating strategy.

Influent wastewater is added to the reactor during
the Fill step.  The following three variations are
used for the Fill step and any or all of them may be
used depending on the operating strategy:  static fill,
mixed fill, and aerated fill.  During static fill, influent
wastewater is added to the biomass already present
in the SBR.  Static fill is characterized by no mixing
or aeration, meaning that there will be a high
substrate (food) concentration when mixing begins.
A high food to microorganisms (F:M) ratio creates
an environment favorable to floc forming organisms
versus filamentous organisms, which provides good
settling characteristics for the sludge.  Additionally,
static fill conditions favor organisms that produce
internal storage products during high substrate
conditions, a requirement for biological phosphorus
removal.  Static fill may be compared to using
“selector” compartments in a conventional activated
sludge system to control the F:M ratio.

Mixed fill is classified by mixing influent organics
with the biomass, which initiates biological
reactions.  During mixed fill, bacteria biologically
degrade the organics and use residual oxygen or
alternative electron acceptors, such as nitrate-
nitrogen.  In this environment, denitrification may
occur under these anoxic conditions.  Denitrification
is the biological conversion of nitrate-nitrogen to
nitrogen gas.  An anoxic condition is defined as an
environment in which oxygen is not present and
nitrate-nitrogen is used by the microorganisms as
the electron acceptor.  In a conventional biological
nutrient removal (BNR) activated sludge system,
mixed fill is comparable to the anoxic zone which is
used for denitrification.  Anaerobic conditions can
also be achieved during the mixed fill phase.  After
the microorganisms use the nitrate-nitrogen, sulfate
becomes the electron acceptor.  Anaerobic
conditions are characterized by the lack of oxygen
and sulfate as the electron acceptor.

Aerated Fill is classified by aerating the contents of
the reactor to begin the aerobic reactions completed
in the React step.  Aerated Fill can reduce the
aeration time required in the React step.

The biological reactions are completed in the React
step, in which mixed react and aerated react modes
are available.  During aerated react, the aerobic
reactions initialized during aerated fill are completed
and nitrification can be achieved.  Nitrification is the
conversion of ammonia-nitrogen to nitrite-nitrogen
and ultimately to nitrate-nitrogen.  If the mixed react
mode is selected, anoxic conditions can be attained
to achieve denitrification.  Anaerobic conditions can
also be achieved in the mixed react mode for
phosphorus removal.

Settle is typically provided under quiescent
conditions in the SBR.  In some cases, gentle mixing
during the initial stages of settling may result in a
clearer effluent and a more concentrated settled
sludge.  In an SBR, there are no influent or effluent
currents to interfere with the settling process as in a
conventional activated sludge system.  

The Draw step uses a decanter to remove the
treated effluent, which is the primary distinguishing
factor between different SBR manufacturers.  In
general, there are floating decanters and fixed



decanters.  Floating decanters offer several
advantages over fixed decanters as described in the
Tank and Equipment Description Section. 

Construction

Construction of SBR systems can typically require
a smaller footprint than conventional activated
sludge systems because the SBR often eliminates the
need for primary clarifiers.  The SBR never requires
secondary clarifiers.  The size of the SBR tanks
themselves will be site specific, however the SBR
system is advantageous if space is limited at the
proposed site.  A few case studies are presented in
Table 2 to provide general sizing estimates at
different flowrates.  Sizing of these systems is site
specific and these case studies do not reflect every
system at that size.

TABLE 2  CASE STUDIES FOR SEVERAL
SBR INSTALLATIONS

Flow Reactors Blowers

(MGD) No. Size
(feet)

Volume
(MG)

No. Size
(HP)

0.012 1 18 x 12 0.021 1 15

0.10 2 24 x 24 0.069 3 7.5

1.2 2 80 x 80 0.908 3 125

1.0 2 58 x 58 0.479 3 40

1.4 2 69 x 69 0.678 3 60

1.46 2 78 x 78 0.910 4 40

2.0 2 82 x 82 0.958 3 75

4.25 4 104 x 80 1.556 5 200

5.2 4 87 x 87 1.359 5 125

Note:  These case studies and sizing estimates were provided
by Aqua-Aerobic Systems, Inc. and are site specific to
individual treatment systems.

The actual construction of the SBR tank and
equipment may be comparable or simpler than a
conventional activated sludge system.  For
Biological Nutrient Removal (BNR) plants, an SBR
eliminates the need for return activated sludge
(RAS) pumps and pipes.  It may also eliminate the
need for internal Mixed Liquor Suspended Solid
(MLSS) recirculation, if this is being used in a
conventional BNR system to return nitrate-nitrogen.

The control system of an SBR operation is more
complex than a conventional activated sludge
system and includes automatic switches, automatic
valves, and instrumentation.  These controls are
very sophisticated in larger systems.  The SBR
manufacturers indicate that most SBR installations
in the United States are used for smaller wastewater
systems of less than two million gallons per day
(MGD) and some references recommend SBRs only
for small communities where land is limited.  This is
not always the case, however, as the largest SBR in
the world is currently a 10 MGD system in the
United Arab Emirates.

Tank and Equipment Description

The SBR system consists of a tank, aeration and
mixing equipment, a decanter, and a control system.
The central features of the SBR system include the
control unit and the automatic switches and valves
that sequence and time the different operations. 
SBR manufacturers should be consulted for
recommendations on tanks and equipment.  It is
typical to use a complete SBR system recommended
and supplied by a single SBR manufacturer.  It is
possible, however, for an engineer to design an SBR
system, as all required tanks, equipment, and
controls are available through different
manufacturers.  This is not typical of SBR
installation because of the level of sophistication of
the instrumentation and controls associated with
these systems.

The SBR tank is typically constructed with steel or
concrete.  For industrial applications, steel tanks
coated for corrosion control are most common
while concrete tanks are the most common for
municipal treatment of domestic wastewater.  For
mixing and aeration, jet aeration systems are typical
as they allow mixing either with or without aeration,
but other aeration and mixing systems are also used.
Positive displacement blowers are typically used for
SBR design to handle wastewater level variations in
the reactor.

As previously mentioned, the decanter is the
primary piece of equipment that distinguishes
different SBR manufacturers.  Types of decanters
include floating and fixed.  Floating decanters offer
the advantage of maintaining the inlet orifice slightly



below the water surface to minimize the removal of
solids in the effluent removed during the DRAW
step.  Floating decanters also offer the operating
flexibility to vary fill-and-draw volumes.  Fixed
decanters are built into the side of the basin and can
be used if the Settle step is extended.  Extending the
Settle step minimizes the chance that solids in the
wastewater will float over the fixed decanter.   In
some cases, fixed decanters are less expensive and
can be designed to allow the operator to lower or
raise the level of the decanter.  Fixed decanters do
not offer the operating flexibility of the floating
decanters.

Health and Safety

Safety should be the primary concern in every
design and system operation.  A properly designed
and operated system will minimize potential health
and safety concerns.  Manuals such as the Manual of
Practice (MOP) No. 8, Design of Municipal
Wastewater Treatment Plants, and MOP No. 11,
Operation of Municipal Wastewater Treatment
Plants should be consulted to minimize these risks.
Other appropriate industrial wastewater treatment
manuals, federal regulations, and state regulations
should also be consulted for the design and
operation of wastewater treatment systems.

PERFORMANCE

The performance of SBRs is typically comparable to
conventional activated sludge systems and depends
on system design and site specific criteria.
Depending on their mode of operation, SBRs can
achieve good BOD and nutrient removal.  For
SBRs, the BOD removal efficiency is generally 85
to 95 percent.

SBR manufacturers will typically provide a process
guarantee to produce an effluent of less than:

C 10 mg/L BOD

C 10 mg/L TSS

C 5 - 8 mg/L TN

C 1 - 2 mg/L TP

OPERATION AND MAINTENANCE 

The SBR typically eliminates the need for separate
primary and secondary clarifiers in most municipal
systems, which reduces operations and maintenance
requirements.  In addition, RAS pumps are  not
required.  In conventional biological nutrient
removal systems, anoxic basins, anoxic zone mixers,
toxic basins, toxic basin aeration equipment, and
internal MLSS nitrate-nitrogen recirculation pumps
may be necessary.  With the SBR, this can be
accomplished in one reactor using aeration/mixing
equipment, which will minimize operation and
maintenance requirements otherwise be needed for
clarifiers and pumps.

Since the heart of the SBR system is the controls,
automatic valves, and automatic switches, these
systems may require more maintenance than a
conventional activated sludge system.  An increased
level of sophistication usually equates to more items
that can fail or require maintenance.  The level of
sophistication may be very advanced in larger SBR
wastewater treatment plants requiring a higher level
of maintenance on the automatic valves and
switches.

Significant operating flexibility is associated with
SBR systems.  An SBR can be set up to simulate
any conventional activated sludge process, including
BNR systems.  For example,  holding times in the
Aerated React mode of an SBR can be varied to
achieve simulation of a contact stabilization system
with a typical hydraulic retention time (HRT) of 3.5
to 7 hours or, on the other end of the spectrum, an
extended aeration treatment system with a typical
HRT of 18 to 36 hours.  For a BNR plant, the
aerated react mode (oxic conditions) and the mixed
react modes (anoxic conditions) can be alternated to
achieve nitrification and denitrification.  The mixed
fill mode and mixed react mode can be used to
achieve denitrification using anoxic conditions.  In
addition, these modes can ultimately be used to
achieve an anaerobic condition where phosphorus
removal can  occur.  Conventional activated sludge
systems typically require additional tank volume to
achieve such flexibility.  SBRs operate in time rather
than in space and the number of cycles per day can
be varied to control desired effluent limits, offering
additional flexibility with an  SBR.



COSTS

This section includes some general guidelines as
well as some general cost estimates for planning
purposes.  It should be remembered that capital and
construction cost estimates are site-specific.

Budget level cost estimates presented in Table 3 are
based on projects that occurred from 1995 to 1998.
Budget level costs include such as the blowers,
diffusers, electrically operated valves, mixers, sludge
pumps, decanters, and the control panel.  All costs
have been updated to March 1998 costs, using an
ENR construction cost index of 5875 from the
March 1998 Engineering News Record, rounded off
to the nearest thousand dollars.

TABLE 3  SBR EQUIPMENT COSTS
BASED ON DIFFERENT PROJECTS

Design Flowrate
(MGD)

Budget Level
Equipment Costs ($)

0.012 94,000

0.015 137,000

1.0 339,000

1.4 405,000

1.46 405,000

2.0 564,000

4.25 1,170,000

Source: Aqua Aerobics Manufacturer Information, 1998.

In Table 4, provided a range of equipment costs for
different design flowrates is provided.

TABLE 4  BUDGET LEVEL EQUIPMENT
COSTS BASED ON DIFFERENT FLOW

RATES

Design Flowrate
(MGD)

Budget Level Equipment
Costs ($)

1 150,000 - 350,000

5 459,000 - 730,000

10 1,089,000 - 1,370,000

15 2,200,000

20 2,100,000 - 3,000,000

Note: Budget level cost estimates provided by Babcock King -
Wilkinson, L.P., August 1998.

Again the equipment cost items provided do not
include the cost for the tanks, sitework,
excavation/backfill, installation, contractor*s
overhead and profit, or legal, administrative,
contingency, and engineering services.  These items
must be included to calculate the overall
construction costs of an SBR system.  Costs for
other treatment processes, such as screening,
equalization, filtration, disinfection, or aerobic
digestion, may be included if required.

The ranges of construction costs for a complete,
installed SBR wastewater treatment system are
presented in Table 5.  The variances in the estimates
are due to the type of sludge handling facilities and
the differences in newly constructed plants versus
systems that use existing plant facilities.  As such, in
some cases these estimates include other processes
required in an SBR wastewater treatment plant.

TABLE 5  INSTALLED COST PER
GALLON OF WASTEWATER TREATED

Design Flowrate
(MGD)

Budget Level
Equipment Cost

($/gallon)

0.5 - 1.0 1.96 - 5.00

1.1 - 1.5 1.83 - 2.69

1.5 - 2.0 1.65 - 3.29

Note: Installed cost estimates obtained from Aqua-Aerobics
Systems, Inc., August 1998.

There is typically an economy of scale associated
with construction costs for wastewater treatment,



meaning that larger treatment plants can usually be
constructed at a lower cost per gallon than smaller
systems.  The use of common wall construction for
larger treatment systems, which can be used for
square or rectangular SBR reactors, results in this
economy of scale.

Operations and Maintenance (O&M) costs
associated with an SBR system may be similar to a
conventional activated sludge system.  Typical cost
items associated with wastewater treatment systems
include labor, overhead, supplies, maintenance,
operating administration, utilities, chemicals, safety
and training, laboratory testing, and solids handling.
Labor and maintenance requirements may be
reduced in SBRs because clarifiers, clarification
equipment, and RAS pumps may not be necessary.
On the other hand, the maintenance requirements
for the automatic valves and switches that control
the sequencing may be more intensive than for a
conventional activated sludge system.  O&M costs
are site specific and may range from $800 to $2,000
dollars per million gallons treated. 
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ADDITIONAL INFORMATION

Brad Holtsinger, Chief Operator
City of Stockbridge WWTP
4545 North Henry Boulevard
Stockbridge, GA 30281

Gary Hooder, Operator
Martinsburg WWTP
133 East Allegheny
Martinsburg, PA 16662-1112

Mitchell Meadows, Lead Operator
1300 Recker Highway
Auburndale, FL 33823



For more information contact:

Municipal Technology Branch
U.S. EPA
Mail Code 4204
401 M St., S.W.
Washington, D.C., 20460

Teresa Schnoor, Administrator
Antrim TWP
P.O. Box 130
Greencastle, PA 17225

Charles Sherrod, Chief Operator
Blountstown WWTP
125 West Central Avenue
Blountstown, FL 32424

The mention of trade names or commercial products
does not constitute endorsement or recommendation
for use by the U.S. Environmental Protection
Agency.
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DESCRIPTION

Facultative waste stabilization ponds, sometimes
referred to as lagoons or ponds, are frequently used
to treat municipal and industrial wastewater in the
United States.  The technology associated with
facultative lagoons has been in widespread use in the
United States for at least 90 years, with more than
7,000 facultative lagoons in operation today.  These
earthen lagoons are usually 1.2 to 2.4 m (4 to 8 feet)
in depth and are not mechanically mixed or aerated.
The layer of water near the surface contains dissolved
oxygen due to atmospheric reaeration and algal
respiration, a  condition that supports aerobic and
facultative organisms.  The bottom layer of the lagoon
includes sludge deposits and supports anaerobic
organisms.  The intermediate anoxic layer, termed the
facultative zone, ranges from aerobic near the top to
anaerobic at the bottom.  These layers may persist for
long periods due to temperature-induced water-
density variations.  Inversions can occur in the spring
and fall when the surface water layer may have a
higher density than lower layers due to temperature
fluctuations.  This higher density water sinks during
these unstable periods, creates turbidity, and
produces objectionable odors.

The presence of algae in the aerobic and facultative
zones is essential to the successful performance of
facultative ponds.  In sunlight, the algal cells utilize
CO2 from the water and release O2 produced from
photosynthesis.  On warm, sunny days, the oxygen
concentration in the surface water can exceed
saturation levels.  Conversely, oxygen levels are
decreased at night.  In addition, the pH of the near
surface water can exceed 10 due to the intense use of
CO2 by algae, creating conditions favorable for
ammonia removal via volatilization. This
photosynthetic activity occurs on a diurnal basis,
causing both oxygen and pH levels to shift from a
maximum in daylight hours to a minimum at night.

The oxygen, produced by algae and surface
reaeration, is used by aerobic and facultative bacteria
to stabilize organic material in the upper layer of
water.  Anaerobic fermentation is the dominant
activity in the bottom layer in the lagoon.  In cold
climates, oxygenation and fermentation reaction rates
are significantly reduced during the winter and early
spring and effluent quality may be reduced to the
equivalent of primary effluent when an ice cover
persists on the water surface. As a result, many states
in the northern United States and Canada prohibit
discharge from facultative lagoons during the winter.

Although the facultative lagoon concept is land
intensive, especially in northern climates, it offers a
reliable and easy-to-operate process that is  attractive
to small, rural communities.

Common Modifications

A common operational modification to facultative
lagoons is the "controlled discharge" mode, where
pond discharge is prohibited during the winter months
in cold climates and/or during peak algal growth
periods in the summer.  In this approach, each cell in
the system is isolated, then discharged sequentially.
A similar modification, the “hydrograph controlled
release” (HCR), retains liquid in the pond until flow
volume and conditions in the receiving stream are
adequate for discharge.

A recently developed physical modification uses
plastic curtains, supported by floats and anchored to
the bottom, to divide lagoons into multiple cells
and/or to serve as baffles to improve hydraulic
conditions.  Another recent development uses a
floating plastic grid to support the growth of
duckweed (Lemna sp.) plants on the surface of the
final cell(s) in the lagoon system, which restricts the
penetration of light and thus reduces algae (with



sufficient detention time > 20 days), improving the
final effluent quality. 

APPLICABILITY

The concept is well suited for rural communities and
industries where land costs are not a limiting factor.
Facultative lagoons can be used to treat raw,
screened, or primary settled municipal wastewater
and biodegradable industrial wastewaters.

ADVANTAGES AND DISADVANTAGES

Some advantages and disadvantages of facultative
lagoons are listed below:

Advantages

 Moderately effective in removing settleable solids,
BOD, pathogens, fecal coliform, and ammonia.

 Easy to operate.

 Require little energy, with systems designed to
operate with gravity flow.

 The quantity of removed material will be relatively
small compared to other secondary treatment
processes.

Disadvantages

 Settled sludges and inert material require periodic
removal.  

 Difficult to control or predict ammonia levels in
effluent.

 Sludge accumulation will be higher in cold climates
due to reduced microbial activity.

 Mosquitos and similar insect vectors can be a
problem if emergent vegetation is not controlled.

 Requires relatively large areas of land.

 Strong odors occur when the aerobic blanket
disappears and during spring and fall lagoon
turnovers.

 Burrowing animals may be a problem.

DESIGN CRITERIA

Waste stabilization pond systems are simplistic in
appearance, however, the reactions are as
complicated as any other treatment process.  Typical
equipment used in facultative lagoons includes lining
systems to control seepage to groundwater (if
needed), inlet and outlet structures, hydraulic
controls, floating dividers, and baffles.  Many existing
facultative lagoons are large, single-cell systems with
the inlet constructed near the center of the cell.  This
configuration can result in short-circuiting and
ineffective use of the design volume of the system.  A
multiple-cell system with at least three cells in series
is recommended, with appropriate inlet and outlet
structures to maximize effectiveness of the design
volume.  Most states have design criteria that specify
the areal organic loading  (kg/ha/d or lbs/acre/d)
and/or the hydraulic residence time.  Typical organic
loading values range from 15 to 80 kg/ha/d (13 to 71
lbs/acre/d).  Typical detention times range from 20 to
180 days depending on the location.  Detention times
can approach 200 days in northern climates where
discharge restrictions prevail.  Effluent biochemical
oxygen demand (BOD) < 30 mg/L can usually be
achieved, while effluent TSS may range from < 30
mg/L to more than 100 mg/L, depending on the algal
concentrations and design of discharge structures. 

A number of empirical and rational models exist for
the design of simple and series constructed facultative
lagoons.  These include first-order plug flow, first-
order complete mix, and models proposed by
Gloyna, Marais, Oswald, and Thirumurthi.  None of
these has been shown to be clearly superior to the
others.  All provide a reasonable design as long as the
basis for the formula is understood, proper
parameters are selected, and the hydraulic detention
and sludge retention characteristics of the system are
known.  This last element is critical because short
circuiting in a poorly designed cell can result in



detention time of 40 percent or less than the
theoretical design value.

PERFORMANCE

Overall, facultative lagoon systems are simple to
operate, but only partially reliable in performance.
BOD5 removal can range up to 95 percent.
However, the TSS range may exceed 150 mg/L. 
Removal of ammonia nitrogen can be significant  (up
to 80 percent), depending on temperature, pH, and
detention time in the system.  However, the removal
cannot be sustained over the winter season.  Due to
precipitation reactions occurring simultaneously with
the daily high pH (alkaline) conditions in the lagoon,
approximately 50 percent phosphorus removal can
be expected.  Removal of pathogens and coliforms
can be effective, depending on temperature and
detention time. 

Limitations

Limitations may include the inability of the process to
meet a 30 mg/L limit for TSS due to the presence of
algae in the effluent, particularly during warm
weather, and not meeting effluent criteria consistently
throughout the year.  In cold climates, low
temperatures and ice formation will limit process
efficiency during the winter.  Odors may be a
problem in the spring and fall during periods of
excessive algal blooms and unfavorable weather
conditions.

OPERATION AND MAINTENANCE

Most facultative lagoons are designed to operate by
gravity flow.  The system is not maintenance intensive
and power costs are minimal because pumps and
other electrically operated devices may not be
required.  Although some analytical work is essential
to ensure proper operation, an extensive sampling
and monitoring program is usually not necessary. In
addition, earthen structures used as impoundments
must be inspected for rodent damage.

COSTS

Cost information for facultative lagoons varies
significantly.  Construction costs include cost of the
land, excavation, grading, berm construction, and
inlet and outlet structures.  If the soil is permeable, an
additional cost for lining the lagoon should be
considered. 
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DESCRIPTION OF MANAGEMENT MODELS

TYPICAL APPLICATIONS PROGRAM DESCRIPTION BENEFITS LIMITATIONS

MODEL 1 - HOMEOWNER AWARENESS MODEL

• Areas of low environmental 
sensitivity where sites are 
suitable for conventional 
onsite systems.

• Systems properly sited and constructed 
based on prescribed criteria.

• Owners made aware of maintenance needs 
through reminders.

• Inventory of all systems

• Code-compliant system.

• Ease of implementation; based on existing, 
prescriptive system design and site criteria.

• Provides an inventory of systems that is useful in 
system tracking and area-wide planning.

• No compliance/problem 
identifi cation mechanism.

• Sites must meet siting 
requirements.

• Cost to maintain database 
and owner education 
program.

MODEL 2 - MAINTENANCE CONTRACT MODEL

• Areas of low to moderate 
environmental sensitivity 
where sites are marginally 
suitable for conventional 
onsite systems due to small 
lots, shallow soils, or low- 
permeability soils.

• Small clustered systems.

• Systems properly sited and constructed.

• More complex treatment options, 
including mechanical components or small 
clusters of homes.

• Requires service contracts to be 
maintained.

• Inventory of all systems.

• Service contract tracking system.

• Reduces the risk of treatment system 
malfunctions.

• Protects homeowner investment.

• Diffi culty in tracking and 
enforcing compliance 
because it must rely on 
the owner or contractor 
to report a lapse in a valid 
contract for services. 

• No mechanism provided 
to assess effectiveness of 
maintenance program.

MODEL 3 - OPERATING PERMIT MODEL

• Areas of moderate 
environmental sensitivity such 
as wellhead or source water 
protection zones, shellfi sh 
growing waters, or bathing/
water contact recreation.

• Systems treating high-strength 
wastes or large-capacity 
systems.

• Establishes system performance and 
monitoring requirements.

• Allows engineered designs but may 
provide prescriptive designs for specifi c 
receiving environments.

• Regulatory oversight by issuing renewable 
operating permits that may be revoked for 
noncompliance. 

• Inventory of all systems.

• Tracking system for operating permit and 
compliance monitoring.

• Minimum for large-capacity systems.

• Allows systems in more environmentally sensitive 
areas.

• Operating permit requires regular compliance 
monitoring reports.

• Identifi es noncompliant systems and initiates 
corrective actions.

• Decreases need for regulation of large systems.

• Protects homeowner investment.

• Higher level of expertise 
and resources for 
regulatory authority to 
implement.

• Requires permit tracking 
system.

• Regulatory authority needs 
enforcement powers.

MODEL 4 - RESPONSIBLE MANAGEMENT ENTITY (RME) OPERATION AND MAINTENANCE MODEL

• Areas of moderate to high 
environmental sensitivity 
where reliable and sustainable 
system operation and 
maintenance (O&M) is 
required, e.g., sole source 
aquifers, wellhead or source 
water protection zones, 
critical aquatic habitats, or 
outstanding value resource 
waters.

• Clustered systems.

• Establishes system performance and 
monitoring requirements.

• Professional O&M services through RME 
(either public or private).

• Provides regulatory oversight by issuing 
operating or NPDES permits directly to the 
RME. (System ownership remains with the 
property owner.)

• Inventory of all systems.

• Tracking system for operating permit and 
compliance monitoring.

• O&M responsibility transferred from the system 
owner to a professional RME that is the holder 
of the operating permit.

• Identifi es problems needing attention before 
failures occur.

• Allows use of onsite treatment in more 
environmentally sensitive areas or for treatment 
of high-strength wastes.

• Can issue one permit for a group of systems.

• Protects homeowner investment.

• Enabling legislation may be 
necessary to allow RME to 
hold operating permit for 
an individual system owner.

• RME must have owner 
approval for repairs; may 
be confl ict if performance 
problems are identifi ed and 
not corrected.

• Need for easement/right of 
entry.

• Need for oversight of RME 
by regulatory authority.

MODEL 5 - RESPONSIBLE MANAGEMENT ENTITY (RME) OWNERSHIP MODEL

• Areas of greatest 
environmental sensitivity 
where reliable management 
is required. Includes sole 
source aquifers, wellhead or 
source water protection zones, 
critical aquatic habitats, or 
outstanding value resource 
waters.

• Preferred management 
program for clustered systems 
serving multiple properties 
under different ownership 
(e.g., subdivisions).

• Establishes system performance and 
monitoring requirements.

• Professional management of all aspects 
of decentralized systems through 
public/private RMEs that own or manage 
individual systems. 

• Qualifi ed, trained, owners and licensed 
professional owners/operators.

• Provides regulatory oversight by issuing 
operating or NPDES permit.

• Inventory of all systems.

• Tracking system for operating permit and 
compliance monitoring.

• High level of oversight if system performance 
problems occur.

• Simulates model of central sewerage, reducing 
the risk of noncompliance.

• Allows use of onsite treatment in more 
environmentally sensitive areas.

• Allows effective area-wide planning/watershed 
management. 

• Removes potential confl icts between the user 
and RME.

• Greatest protection of environmental resources 
and owner investment.

• Enabling legislation and/or 
formation of special district 
may be required.

• May require greater 
fi nancial investment by 
RME for installation and/or 
purchase of existing systems 
or components.

• Need for oversight of RME 
by regulatory authority.

• Private RMEs may limit 
competition.

• Homeowner associations 
may not have adequate 
authority.

Table 1: Summary of Management Models
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Note: If applicable, NPDES requirements under the CWA or UIC requirements under the SDWA 
supercede any less stringent or inconsistent provision.
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DESCRIPTION OF MANAGEMENT MODELS

Model 1 - The Homeowner Awareness Model

As a minimum level of management, EPA recommends Model 1 - The Homeowner Awareness Model. This program 

specifies appropriate management practices where treatment systems are owned and operated by individual property 

owners in areas of low environmental sensitivity, i.e., no restricting site or soil conditions such as shallow water tables or 

drinking water wells within locally determined horizontal setback distances. This model is applicable where treatment 

technologies are limited to conventional systems, which are passive and robust treatment systems that can provide 

acceptable treatment under suitable site conditions despite a lack of attention by the owner. Failures that might occur 

and continue undetected will pose a relatively low level of risk to public health and water resources. The objectives of 

this management model are to ensure that all systems are sited, designed, and constructed in compliance with sound, 

prevailing rules; all systems are documented and inventoried by the regulatory authority; and system owners are informed 

of the maintenance needs of their systems through timely reminders. The model is intended to provide an accurate record 

of the types and location of installed systems, to raise homeowners’ awareness of basic system maintenance requirements, 

and to better ensure that the homeowners attend to those deficiencies that overtly threaten public health. This model, 

like all management programs described in this guidance, suggests the use of only trained and licensed/certified service 

providers. This model is a starting point for enhancing management programs because it provides communities with a 

good database of systems and their application for determining whether increased management practices are necessary.

Model 2 - The Maintenance Contract Model

EPA recommends Model 2 - The Maintenance Contract Model where more complex system designs are employed to 

enhance the capacity of conventional systems to accept and treat wastewater or where small clusters are used. For 

example, pretreating wastewater to remove nonbiodegradable materials and particulate matter that typically pass 

through a septic tank may enhance subsurface infiltration system performance on marginally suitable sites (sites with 

limited area, slowly permeable soils, or shallow water tables). However, such pretreatment units can have mechanical 

components and sensitive treatment processes, which require routine observation and maintenance if they are to perform 

satisfactorily. Maintenance of these more complex systems is critical to sustaining acceptable protection in these areas of 

greater environmental sensitivity. Therefore, these systems should be allowed only where trained operators are under 

contract to perform timely operation and maintenance. The objectives of this model build on the Homeowner Awareness 

Model by ensuring that property owners maintain maintenance contracts with trained operators. 

Model 3 - The Operating Permit Model

EPA recommends Model 3 - The Operating Permit Model where sustained performance of onsite wastewater treatment 

systems is critical to protect public health and water quality. Examples of locations where this program might be 

appropriate include areas adjacent to estuaries or lakes where excessive nutrient concentrations may be a concern or 

situations where a source water assessment has identified onsite systems as potential threats to drinking water supplies. EPA 

strongly recommends that this be the minimum model used where large-capacity systems or systems treating high-strength 

wastewaters are present. EPA has determined not to regulate large-capacity onsite systems under the Underground 

Injection Control program at this time based on the belief that implementation of these Management Guidelines can 

ensure adequate protection of public health and the environment.(10) A principal objective of this management program 

is to ensure that the onsite wastewater treatment systems continuously meet their performance criteria. Limited-term 

operating permits are issued to the property owner and are renewable for another term if the owner demonstrates that the 
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DESCRIPTION OF MANAGEMENT MODELS

Model 4 - The Responsible Management Entity (RME) Operation and Maintenance Model

EPA recommends Model 4 - The Responsible Management Entity (RME) Operation and Maintenance Model where large 

numbers of onsite and clustered systems must meet specific water quality requirements because the sensitivity of the 

environment is high, e.g., wellhead protection areas or shellfish waters. Frequent and highly reliable operation and 

maintenance is required to ensure water resource protection. Issuing the operating permit to an RME instead of the 

property owner provides greater assurance of control over performance compliance. This allows the use of performance-

based systems in more sensitive environments than the Operating Permit Model. For a service fee, an RME takes 

responsibility for the operation and maintenance. This approach can reduce the number of permits and the administration 

functions performed by the regulatory authority. System failures are also reduced as a result of routine and preventive 

maintenance. The operating permit system is identical to that of the Operating Permit Model except that the permittee is 

a public or private RME. States may need to establish (and some already have) a regulatory structure to oversee the rate 

structures that RMEs establish and any other measures that a public services commission would normally undertake to 

manage private entities in noncompetitive situations.

Model 5 - The Responsible Management Entity (RME) Ownership Model

Model 5 - The Responsible Management Entity (RME) Ownership Model is a variation of the RME operation and 

maintenance concept in the RME Operation and Maintenance Model, with the exception that ownership of the system is 

no longer with the property owner. The designated management entity owns, operates, and manages the decentralized 

wastewater treatment systems in a manner analogous to central sewerage. Under this approach, the RME maintains 

control of planning and management, as well as operation and maintenance. This management model is appropriate for 

environmental or public health conditions similar to those for the RME Operation and Maintenance Model, but Model 5 

provides a higher level of control of system performance. It also reduces the likelihood of disputes that can occur between 

the RME and the property owner in the RME Operation and Maintenance Model when the property owner fails to fully 

cooperate with the RME. The RME can also more readily replace existing systems with higher-performance units or clustered 

systems when necessary. EPA recommends implementation of the management practices detailed in the RME Ownership 

Model in cases such as where new, high-density development is proposed in the vicinity of sensitive receiving waters. States 

might need to establish a regulatory structure to oversee the rate structures that RMEs establish and any other measures 

that a public services commission would normally undertake to manage entities in noncompetitive situations. 

system is in compliance with the terms and conditions of the permit. In subareas where it is appropriate to use conventional 

onsite system designs, the operating permit may contain only a requirement that routine maintenance be performed in a 

timely manner and the condition of the system be inspected periodically. With complex systems, the treatment process will 

require more frequent inspections and adjustments, so process monitoring may be required. An advantage to implementing 

the program elements and activities of this management program is that the design of treatment systems is based on 

performance criteria that are less dependent on site characteristics and conditions. Therefore, systems can be used safely in 

more sensitive environments if their performance meets those requirements reliably and consistently. The operating permit 

provides a mechanism for continuous oversight of system performance and negotiating timely corrective actions or levying 

penalties if compliance with the permit is not maintained. To comply with these performance standards, the property 

owner should be encouraged to hire a licensed maintenance provider or operator.
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MANAGEMENT MODEL 4: RME OPERATION AND MAINTENANCE
Objective: To ensure that onsite/decentralized systems consistently meet their stipulated performance criteria through 
Responsible Management Entities that are responsible for operation and performance of systems within their service areas.

PROGRAM 
ELEMENT

RESPONSIBLE 
PARTY

ACTIVITY1 

PUBLIC 
EDUCATION AND 
PARTICIPATION

Regulatory 
Authority

• Educate Owner/User on purpose, use, and care of treatment system.
• Hold public meetings to inform the public of any proposed program and/or rule changes.

Service Provider
• Be informed of existing rules, and review and comment on any proposed program or rule 

changes.
• Participate in advisory committees established by the Regulatory Authority.

Owner/User

• Be informed of purpose, use, and care of treatment system.
• Be informed of existing rules and review and comment on any proposed program and/or rule 

changes.
• Participate in advisory committees established by the Regulatory Authority. 

RME
• Inform Owner/User of care and use of system.
• Inform Owner/User of RME requirements and prohibited uses of system.

PLANNING

Regulatory 
Authority

• Coordinate program rules and regulations with state, tribal, and local planning and zoning 
and other water-related programs.

• Evaluate potential risks of wastewater discharges to limit environmental impacts on receiving 
environments during the rule making process.

• Limit potential risks of environmental impacts from residuals management program and 
evaluate available handling/treatment capacities.

• Inform local planning authority of rule changes and recommend their evaluation of potential 
impacts on land use.

Developer
• Hire planners, certifi ed site evaluators, and designers to ensure that all lots of proposed 

subdivision plats meet requirements for onsite treatment prior to fi nal plat.

RME
• Develop criteria (e.g., site evaluation, design, construction) to be required of systems for 

acceptance into O&M program and inform Owners.
• Continuously evaluate existing wastewater treatment needs and forecast future needs.

PERFORMANCE 

Regulatory 
Authority

• Establish system failure criteria to protect public health, e.g., wastewater backups in building, 
wastewater ponding on ground surface, insuffi cient separation from ground water or wells.

• Establish minimum maintenance requirements for approved systems.
• Establish performance criteria necessary to protect public health and water resources for each 

defi ned receiving environment in the Regulatory Authority’s jurisdiction.

Owner
• Regularly maintain system components in proper working order.
• Comply with any RME requirements regarding care and use of the system.

RME • Operate systems to comply with performance criteria stipulated in the operating permits.

TRAINING AND 
CERTIFICATION/ 

LICENSING

Licensing Board/ 
Regulatory 
Authority

• Develop and administer training, testing, and certifi cation/licensing program for site 
evaluators, designers, contractors, operators, pumpers/haulers, and inspectors. 

• Maintain a current certifi ed/licensed Service Provider listing.

Service Provider

• Obtain appropriate certifi cation(s)/license(s) and continuing education as required.
• Obtain training from the manufacturer or vendor regarding appropriate use, installation 

requirements, and operation and maintenance procedures of any proprietary equipment to 
be installed.

• Comply with applicable federal, state, tribal, and local requirements in the evaluation of sites 
for wastewater treatment and dispersal.

Owner
• When using third-party services, contract only with the appropriate certifi ed/licensed Service 

Providers.

RME

• When using third-party services, contract with only the appropriate certifi ed/licensed Service 
Providers. 

• Ensure that RME staff who operate and/or maintain systems obtain appropriate 
certifi cation(s)/license(s) to practice.

• Arrange for supplemental training as needed for Service Providers and/or staff to manage, 
operate, and/or maintain systems.
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1 Activities in bold are activities added to program elements from the preceding Management Model.
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PROGRAM 
ELEMENT

RESPONSIBLE 
PARTY

ACTIVITY1 

SITE 
EVALUATION

Regulatory 
Authority

• Codify prescriptive requirements for site evaluation procedures.
• Codify criteria for treatment site characteristics suitable for permitted designs that will 

prevent unacceptable impacts on ground and surface water resources.
• Establish the defi ning characteristics of each receiving environment in the Regulatory 

Authority’s jurisdiction.
• Approve and oversee site evaluation procedures required by RME for system acceptance 

in the O&M program to ensure that system designs are appropriate for the sites and their 
stipulated performance criteria.

Site Evaluator

• Obtain certifi cation/license to practice.
• Describe site and soil characteristics, determine suitability of site with respect to code 

requirements, and estimate site’s hydraulic and treatment capacity.
• Comply with applicable federal, state, tribal, and local requirements in the evaluation of sites 

for wastewater treatment and dispersal.

Owner
• Hire a certifi ed/licensed site evaluator to perform site evaluation.
• Comply with any additional siting requirements established by RME for system acceptance in 

the O&M program.

DESIGN

Regulatory 
Authority

• Codify prescriptive, pre-engineered designs that are suitable for treatment sites that meet the 
appropriate prescriptive site criteria.

• Administer a plan review program for engineered designs to meet stipulated performance 
criteria.

• Require submission of routine operation and emergency contingency plans that will sustain 
system performance and avoid unpermitted discharges.

Designer

• Obtain certifi cation/license to practice.
• Design treatment system that is compatible with the site and soil characteristics described by 

the site evaluator.
• Comply with applicable federal, state, tribal, and local requirements in the design of 

wastewater treatment and dispersal systems.

Owner
• Hire a certifi ed/licensed designer to prepare system design.
• Comply with any additional design requirements established by the RME for system 

acceptance in the O&M program.

CONSTRUCTION

Regulatory 
Authority

• Administer a permitting program for system construction, including Regulatory Authority 
review of proposed system siting and design plans.

• Require designer of record to certify that completed system construction is in substantial 
compliance with approved plans and specifi cations.

• Require that record drawings of constructed system be submitted to the Regulatory Authority 
by Owner.

• Require Owner to submit a copy of system O&M manual to the Regulatory Authority and 
RME.

Contractor/ 
Installer

• Obtain certifi cation/license to practice.
• Construct system in accordance with the approved plans and specifi cations.
• Prepare record drawings of completed system and submit to Owner.
• Provide Owner with an O&M manual describing component manufacturer’s maintenance and 

troubleshooting requirements/recommendations.
• Comply with applicable federal, state, tribal, and local requirements in the design and 

construction of wastewater treatment and dispersal systems.

Designer of 
Record

• Approve proposed fi eld changes and submit to Owner.
• Certify that construction of the system is substantially in conformance with the approved 

plans and specifi cations.

Owner

• Comply with any additional construction requirements established by the RME for system 
acceptance in the O&M program.

• Hire a certifi ed/licensed designer to prepare system design.
• Submit fi nal record drawings of constructed system to Regulatory Authority.
• Submit a copy of the system O&M manual to the Regulatory Authority and RME to record 

required maintenance.
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1 Activities in bold are activities added to program elements from the preceding Management Model.
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PROGRAM 
ELEMENT

RESPONSIBLE 
PARTY

ACTIVITY1  

OPERATION & 
MAINTENANCE

Regulatory 
Authority

• Provide Owner/User with educational materials regarding system use and care.
• Administer a program of renewable/revocable operating permits that are issued to RME, 

stipulating system performance criteria, compliance monitoring reporting schedule, term of 
permit, and renewal option upon documented compliance with operating permit stipulations.

• Track and review compliance monitoring reports to ensure that systems are operating in 
accordance with operating permits.

• Consider replacing individual system operating permits with general permits issued to the 
RME for classes of systems.

Operator

• Inspect and service the system as necessary in accordance with the submitted O&M manual 
and/or operating permit stipulations.

• Perform system monitoring as stipulated in RME’s operating permit.
• Certify to RME that the required maintenance and monitoring was performed in a timely 

manner and noting any system defi ciencies. 
• Comply with applicable federal, state, tribal, and local requirements in the operation and 

maintenance of the treatment and dispersal system.

Pumper/Hauler

• Obtain certifi cation/license to practice.
• Inspect and service system as necessary.
• Comply with applicable federal, state, tribal, and local requirements in the operation and 

maintenance of treatment and dispersal system.

Owner/User

• Follow recommendations provided by Regulatory Authority, Service Providers, and/or Owner 
to ensure that undesirable or prohibited materials are not discharged to system.

• Maintain system components in proper working order. 
• Comply with any RME requirements regarding care and use of system.

RME

• Operate and maintain systems in accordance with the stipulated operating permit 
requirements.

• Submit compliance monitoring reports to the Regulatory Authority according to the schedule 
stipulated in the operating permit.

• Hire a certifi ed/licensed pumper/hauler or operator to maintain system.

RESIDUALS 
MANAGEMENT

Regulatory 
Authority

• Administer a tracking system for residuals hauling, treatment, and disposal and review to 
evaluate compliance with 40 CFR Part 503 Use and Disposal of Sewage Sludge, 40 CFR Part 
257, and applicable state, tribal, and local requirements.

• Inventory available residuals handling/treatment capacities and develop contingency plans to 
ensure that suffi cient capacities are always available.

Pumper/Hauler
• Comply with applicable federal, state, tribal, and local requirements in the pumping, hauling, 

treatment, and disposal of wastewater treatment system residuals.

RME

• Hire a certifi ed/licensed pumper/hauler to remove, treat, and dispose of residuals.
• Comply with applicable federal, state, tribal, and local requirements in the pumping, hauling, 

treatment, and disposal of treatment system residuals.
• Inventory available residuals handling/treatment capacities and develop contingency plans 

when insuffi cient capacities are available.

COMPLIANCE 
INSPECTIONS/ 
MONITORING

Regulatory 
Authority

• Perform inspection programs at point-of-sale, change-in-use of properties, “targeted areas,” 
and/or systems reported to be in violation.

• Conduct compliance inspections of residuals hauling, treatment, and disposal.
• Administer a program to monitor timely submittals of acceptable compliance maintenance 

reports.
• Perform system inspections randomly and/or at time of operating permit renewal.

Inspector
• Obtain certifi cation/license to practice.
• Perform system compliance inspections for RME in accordance with prevailing Regulatory 

Authority requirements.

RME

• Submit compliance monitoring reports to the Regulatory Authority as stipulated in operating 
permit.

• Submit compliance inspection report signed/sealed by a certifi ed/licensed inspector prior to 
applying for renewal of operating permit.

• Conduct regular reviews of management program with Owner/User and Regulatory 
Authority to optimize system operation program.

• Hire a certifi ed/licensed inspector to inspect system compliance status.
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1 Activities in bold are activities added to program elements from the preceding Management Model.
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PROGRAM 
ELEMENT

RESPONSIBLE 
PARTY

ACTIVITY1  

CORRECTIVE 
ACTIONS

Regulatory 
Authority

• Negotiate compliance schedules with RME for correcting documented noncompliance items.
• Administer enforcement program including fi nes and/or penalties for failure to comply with 

compliance requirements.
• Obtain necessary authority to enter property to correct imminent threats to public health if 

the Owner/User fails to comply.
• Require system inspection by certifi ed inspector at time of operating permit renewal.
• Negotiate compliance schedules with RME, Owner/User, or both, for correcting documented 

noncompliance items.

Designer
• Provide Owner/RME with documents (drawings, specifi cations, modifi cations, etc.) that may 

be required by the Regulatory Authority prior to corrective actions.

Contractor/ 
Installer

• Perform required repairs, modifi cations, and upgrades as necessary.

Inspector • Inspect treatment system for compliance with operating permit prior to permit renewal.

Owner

• Comply with terms and conditions of the negotiated compliance schedule for component 
replacement/repairs.

• Submit required documents for corrective actions to Regulatory Authority.
• Hire appropriate certifi ed/licensed Service Providers to perform required corrective actions.

RME
• Comply with terms and conditions of the negotiated compliance schedule for system 

performance.

RECORD 
KEEPING, 

INVENTORY, & 
REPORTING

Regulatory 
Authority

• Administer a database inventory (locations, site evaluations, record drawings, permits, 
performed maintenance, and inspection reports) of all systems. 

• Maintain a residuals treatment and disposal tracking system.
• Maintain a current certifi ed/licensed Service Provider listing that is available to the public.
• Administer a tracking system for operating permits. 
• Administer a tracking database for compliance reports.
• Administer periodic fi nancial, management, and technical audits of RME.

Operator or 
Inspector

• Provide certifi ed report of all maintenance and observed system defi ciencies to RME.
• Provide certifi ed report of all observed system defi ciencies to Owner.
• Perform system monitoring as stipulated in RME’s operating permit.

Pumper/Hauler • Prepare and submit records of residuals handling as required.

Owner

• Maintain approved record drawings and O&M manual of system.
• Maintain maintenance records of system.
• Provide drawings, specifi cations, O&M manual, and maintenance records to new property 

owner at time of property transfer.

RME
• Maintain system monitoring and service records.
• Inventory, collect, and provide permit information to Regulatory Authority.

FINANCIAL 
ASSISTANCE & 

FUNDING

Regulatory 
Authority

• Provide the legal and fi nancial support to sustain the management program.
• Provide a listing of fi nancial assistance programs available to Owner/User and the qualifying 

criteria for each program.
• Consider implementing a state or local fi nancing program to assist Owners in upgrading their 

systems.

RME
• Conduct regular reviews of management program with Owner/User and Regulatory 

Authority to optimize operations.
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1 Activities in bold are activities added to program elements from the preceding Management Model.




