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Introduction 
Spokane County is planning to construct and operate a Regional Water Reclamation Facility 
and discharge this reclaimed water to the Spokane River.  The discharge of reclaimed water to 
the Spokane River is regulated under a National Pollutant Discharge Elimination System 
(NPDES) permit issued by the State of Washington Department of Ecology (Ecology).  Because 
the river is a water quality limited stream, permit conditions must account for the Total Maximum 
Daily Loads (TMDL) that have been established for the river, its tributaries and Long Lake (Lake 
Spokane).  For purposes of this report, the Spokane River, Little Spokane River, Long Lake, 
and tributaries to these water bodies are referred to as the Spokane River System.  The draft 
TMDL developed by Ecology has established a total phosphorous (P) target of 10 µg/L , which 
target can be met by a combination of treatment technology and other offsets.  (Ecology 
October 2004 Draft Total Maximum Daily Load to Restore and Maintain Dissolved Oxygen in 
the Spokane River and Lake Spokane (Long Lake)).   

Typical onsite sewage disposal systems consist of piping a residential sewer line to a septic 
tank and then laterally to a leach bed or drainfield.  Onsite sewage disposal systems may also 
be referred to as septic systems, onsite wastewater treatment or disposal systems, or individual 
treatment systems.  Spokane County has initiated and will continue a Septic Tank Elimination 
Program (STEP) for reducing the number of onsite sewage disposal systems by providing 
sewer service.  Connecting these residences to the regional reclamation system will result in a 
higher level of P removal from wastewater compared to septic systems and will result in an 
offset in the total P load to the Spokane River System.  The STEP program has other 
environmental benefits including removing nitrate and pathogen loads to the Spokane Valley-
Rathdrum Prairie (SVRP) aquifer and Spokane River System.   

The Spokane County Regional Water Reclamation Facility is planning for a discharge flow rate 
of 8 million gallons per day (mgd).  This flow rate multiplied by the target P concentration of 10 
µg/L results in a target load of 0.67 lbs/day.  The limit of treatment technology for low P 
concentrations in effluent is generally 50 µg/L.  This concentration multiplied by the design flow 
rate of 8 mgd results in a load of 3.34 lbs/day.  For Spokane County to meet the target load of 
0.67 lbs/day for an 8 mgd water reclamation facility, a combination of treatment technology and 
other P reduction efforts will be necessary.  Based on the target load, the other P reduction 
efforts, or offset requirement, is 3.34 lbs/day minus 0.67 lbs/day or 2.67 lbs/day. 

This study describes the processes of P loading from onsite sewage disposal systems to 
groundwater and quantifies these loads to the SVRP aquifer and the Spokane River System.  
Furthermore, this document presents the technical basis and methodology for demonstrating a 
water quality offset consistent with the Washington Administrative Code (WAC) 173-201A-450.  
This includes a disclosure of uncertainties and a description of the margin of safety 
(conservatism) used in the analysis. 

Purpose 

The purpose of this report is to present the technical basis and methodology for determining P 
loads to the SVRP aquifer and the Spokane River System from onsite sewage disposal 
systems.  Consistent with WAC 173-201A-450, the intent of this analysis is to provide the 
technical support for regulatory acceptance of a P offset plan for the Spokane County Regional 
Water Reclamation Facility (SCRWRF). 
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Preliminary Analysis, Technical Memorandum and Review Comments 

A preliminary evaluation was conducted in 2006 to assess the potential contribution of onsite 
sewage disposal systems P loads to the SVRP aquifer and the Spokane River System, and is 
described in the document, On-Site Sewage Disposal Systems Phosphorus Loading Estimate, 
Technical Memorandum, May 31, 2006.  Following a meeting with Ecology and receiving 
comments from the PBS&J (contracted by the Center of Justice), HDR revised and resubmitted 
the document to Ecology in October 2006.  Ecology provided comments on the October 2006 
Technical Memorandum in its letter dated March 20, 2007 and during a meeting on March 29, 
2007.  In addition, PBS&J provided written comments (January 15, 2007 memo from Gary 
Andres) and during a meeting with Spokane County, Ecology, and the Center of Justice 
representatives on March 29, 2007.  The main comments on the October 2006 technical 
memorandum were related to the need for greater clarification on the approach and 
assumptions, including a sensitivity analysis, use of site and area specific data where available, 
and further information with regard to the margin of safety used in the analysis.  These 
comments are incorporated into the document presented herein. 

Washington Administrative Code Water Quality Offsets 

WAC 173-201A-450 states that water quality offsets may be allowed by the Department when 
all of the following conditions are met: 

(a) Water quality offsets must target specific water quality parameters. 

(b) The improvements in water quality associated with creating water quality offsets for 
any proposed new or expanded actions must be demonstrated to have occurred in 
advance of the proposed action. 

(c) The technical basis and methodology for the water quality offsets is documented 
through a technical analysis of pollutant loading, and that analysis is made available for 
review by the department.  The methodology must incorporate the uncertainties 
associated with any proposed point or non-point source controls as well as variability in 
effluent quality for sources, and must demonstrate that an appropriate margin of safety is 
included.  The approach must clearly account for the attenuation of the benefits of 
pollution controls as the water moves to the location where the offset is needed. 

(d) Point or non-point source pollution controls must be secured using binding legal 
instruments between any involved parties for the life of the project that is being offset.  
The proponent remains solely responsible for ensuring the success of offsetting activities 
for both compliance and enforcement purposes. 

(e) Only the proportion of the pollution controls which occurs beyond existing 
requirements for those sources can be included in the offset allowance. 

(f) Water quality offsets must meet antidegradation requirements in WAC 173-201A-300 
through 173-201A-330 and federal antibacksliding requirements in CFR 122.44(l). 

The ability for Spokane County Division of Utilities to meet these conditions is summarized 
under Discussion of Margin of Safety and Uncertainty in this report. 
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Literature Review 
Onsite sewage disposal systems have been used for centuries and are well documented in 
literature.  However, the focus has primarily been on the design and permitting of onsite sewage 
disposal systems for the protection of ground and surface water from pathogens and nitrates.  
More recently, P has been identified as a potentially important non-point source contributor to 
sensitive waters from onsite sewage disposal systems.  The evidence is mounting that P affects 
ground and surface water from onsite sewage disposal systems1 2 3 4 5 6.  

                                                

Phosphorus Levels in Onsite Sewage Disposal System Effluent 

Phosphorus in domestic wastewater is primarily derived from human waste and synthetic 
detergents.  Although modern laundry detergents contain minimal P, dishwasher detergents 
continue to be a major source of P in domestic effluent discharges.  Onsite sewage disposal 
systems have phosphorus effluent concentrations ranging from 1,000 to 26,000 µg/L7.  EPA 
reports a typical range of total P as 5,000 to 17,000 µg/L8. 

Phosphorus concentration levels in effluent have decreased over time with the phasing out of 
phosphate laundry detergents.  The phosphate detergent bans went into effect in the mid to late 
1980s.  McCray et al 9 observed an overall decreasing temporal trend in the P effluent 
concentrations in a literature search of data from the 1970s to 2005 (these values are 
expressed as total P): 

• 1970s: range of P 6,500 to 25,700 µg/L , with an average of 15,800 µg/L  

• 1980s: range of P 2,500 to 24,200 µg/L , with an average of 13,100 µg/L  

• 1990s to 2005: range of P 1,400 to 16,700 µg/L , with an average of 9,900 µg/L . 

 
1 Tri-State Water Quality Council.  2005.  Septic System Impact on Surface Water: A review for the Inland 
Northwest.  Tri-State Water Quality Council. 
2 Robertson, W.D. and J. Harman.  1999.  Phosphate Plume Persistence at Two Decommissioned 
System Sites. Ground Water 37, 2: 228–236. 
3 Robertson, W.D., S.L. Schiff, and C.J. Ptacek.  1998.  Review of Phosphate Mobility and Persistence in 
10 Septic System Plumes. Ground Water 36, 6: 1000–1010. 
4 Viraraghavan, T. and R.G. Warnock.  1976.  Efficiency of a septic tile system. J. Water Poll. Con. Fed. 
48: 934-944. 
5 Sawhney, B.L.  1977.  Predicting phosphate movement through soil columns. J. Environ. Qual. 6: 86-89. 
6 Ver Hey, M.E. and W.W. Woessner.  1988.  Documentation of the degree of waste treatment provided 
by septic systems, vadose zone and aquifer in intermontane soils underlain by sand and gravel. In On-
site waste-water treatment, Proc. 5th National Symposium on Individual and Small Community Sewage 
Systems., ASAE, St. Joseph, MI. pp. 77-86. 
7 McCray, J.E., S.L. Kirkland, R.L. Siegrist, and G.D. Thyne.  2005.  Model Parameters for Simulating 
Fate and Transport of On-Site Wastewater Nutrients.  Ground Water, 43, No. 4 July-August 2005. 
8 EPA.  2002. Onsite Wastewater Treatment Systems Manual.  February 2002. EPA/625/R-00/008. 
9 McCray, J.E., S.L. Kirkland, R.L. Siegrist, and G.D. Thyne.  2005.  Model Parameters for Simulating 
Fate and Transport of On-Site Wastewater Nutrients.  Ground Water, 43, No. 4 July-August 2005. 
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The majority of P in domestic wastewater is in the form of soluble orthophosphate (PO4
3-) 10.  In 

an onsite sewage disposal system, P in organic molecules and polyphosphates is hydrolyzed to 
orthophosphate 11 contributing to the high percentage of total P as orthophosphate in effluent.  
Orthophosphate equaling 85 percent of total P in effluent from an onsite sewage disposal 
system is typical, with ranges from 76 to greater than 95 percent 12 13 14 15. 

                                                

For the analysis of new systems, the Idaho Department of Environmental Quality (IDEQ) has 
taken the 50th percentile value for ortho-P concentration of wastewater effluent data compiled by 
McCray et al (2005) and divided by 0.85 to adjust for the percentage contributing to total P in 
wastewater effluent.  This median value is 12,000 µg/L .  The Washington State Department of 
Health has established an average P concentration of 14,600 µg/L16.  The selection of a 
representative P level for the Spokane Valley area is further discussed under the Phosphorus 
Loading Analysis. 

Treatment of Phosphorus in Onsite Sewage Disposal Systems 

Onsite sewage disposal systems are designed to receive effluent and to treat pathogens.  
Recently, more emphasis has been placed on system design (including soil type and depth to 
groundwater considerations) to minimize nitrate impacts to groundwater 17  18.  To date, little to 
no design considerations have been given to the treatment of P in onsite sewage disposal 
system effluent.  The effectiveness of soils and underlying aquifer materials in attenuating P 
movement to subsurface and surface water depends upon a number of factors including: the 
soil chemical and physical properties, the chemical properties and loading rate of the 
wastewater, site hydrology, proximity of the site to surface water, and the design and 

 
10 McCray, J.E., S.L. Kirkland, R.L. Siegrist, and G.D. Thyne.  2005.  Model Parameters for Simulating 
Fate and Transport of On-Site Wastewater Nutrients.  Ground Water, 43, No. 4 July-August 2005. 
11 Wilhelm, S.R., S.L. Schiff, and W.D. Robertson.  1994.  Chemical Fate and Transport in a Domestic 
Septic System: Unsaturated and Saturated Zone Geochemistry. Environmental Toxicology and Chemistry 
13, 2: 193–203. 
12 Magdoff, F.R., D.R. Keeney, J. Bouma, and W.A. Ziebell.  1974.  Columns Representing Mound-Type 
Disposal Systems for Septic Tank Effluent: II. Nutrient Transformations and Bacterial Populations. Jo. 
Environ. Qual. 3:228–234. 
13 Wilhelm, S.R., S.L. Schiff, and W.D. Robertson.  1994.  Chemical Fate and Transport in a Domestic 
Septic System: Unsaturated and Saturated Zone Geochemistry. Environmental Toxicology and Chemistry 
13, 2: 193–203. 
14 Correll, D.L.  1998.  The Role of Phosphorus Eutrophication of Receiving Waters: A review. Journal of 
Environmental Quality 27, no. 2: 261–266. 
15 Willman, B.P., G.W. Petersen, and D.D. Fritton.  1981.  Renovation of Septic Tank Effluent in Sand-
Clay Mixtures. J. Environ. Qual. 10, 4: 439–444. 
16 DOH.  1992. Basic Principles of On-Site Sewage. Guideline: Training syllabus on the Basics of On-site 
Systems. Washington State Department of Health. November 1992. 
17 Idaho Department of Environmental Quality (IDEQ).  2002.  Nutrient-Pathogen Evaluation Program for 
Onsite Wastewater Treatment Systems. 
18 Idaho Department of Environmental Quality (IDEQ).  2006.  Nutrient-Pathogen Evaluation Program for 
Onsite Wastewater Treatment Systems.  Public Comment Draft, January 2006. 
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management of the onsite sewage disposal system drainfield 19 20.  Wastewater effluent 
treatment efficiency in soil as reported by EPA (2002) is summarized in Table 1.  The removal of 
P after percolation and treatment in a three to five foot vertical infiltration zone is highly variable 
and may range from zero to 100 percent; with a typical range of between 85 and 95 percent. 

Table 1.  Wastewater Effluent Constituents and Treatment Efficiency in Soil 

Constituent 
Effluent Content 
(Leaving Tank) 

(µg/L ) 

Removal after Percolation and 
Treatment in a 3-5 Foot 

Vertical Infiltration Zone (%) 
Biochemical Oxygen Demand 140,000-200,000 > 90 
Nitrogen 40,000–100,000 10 to 20 
Phosphorus 5,000–15,000 0 to100 (often 85 to 95) 
Fecal Coliform Bacteria 106,000–108,000 > 99.99 
Organic Chemicals (solvents, pesticides, etc.) trace > 99 
Source: EPA, 2002, Tables 3-7, 3-17 and 3-19 

 

Based on a literature review, P removal varies widely in the vadose zone (unsaturated zone 
above the groundwater).  Examples from the literature include: 

• 85 percent of the P mass from drainfields was retained in the 3 m thick vadose zone 
after four decades of sewage loading.  These soils were fine textured and had pH values 
less than 6.0. 21.  

• 30 percent of the P mass was retained in the vadose zone at the Long Point site (70 
percent went into the groundwater).  The soils were reported as sandy textured with a 
pH of 6.9 22. 

• In a study of 10 onsite sewage disposal systems in central Canada, Robertson et al. 
(1998) reported retention in the vadose zone between 23 to 99 percent depending upon 
the site.  The site with the greatest P loading to groundwater was comprised of a 
calcareous medium sand soil. 

• Viraraghavan and Warnock (1976) examined the fate of P following the addition of 
effluent to a clay to sandy clay soil in Ottawa, Canada.  Water samples were collected 
from below the drainfield for 60 weeks.  Samples showed that 25 to 50 percent of the P 
was attenuated. 

• Whelan and Barrow (1984) examined phosphorus concentrations in the soil and soil 
solution below a soakwell and leach drain in Australia.  The soil was greater than 90 

                                                 
19 Robertson, W.D., S.L. Schiff, and C.J. Ptacek.  1998.  Review of Phosphate Mobility and Persistence in 
10 Septic System Plumes. Ground Water 36, 6: 1000–1010. 
20 Gold, A.J., J.J. Sims.  2000.  Research Needs in Decentralized Wastewater Treatment and 
Management: A Risk-Based Approach to Nutrient Contamination. In National Research Needs 
Conference Proceedings: Risk-Based Decision Making for Onsite Wastewater Treatment, I-37. Palo Alto, 
California; Electric POWV Research Institute. 
21 Harman, J., W.D. Robertson, J.A. Cherry, and L Zanini. 1996.  Impacts on a sand aquifer from an old 
septic system: Nitrate and phosphate.  Ground Water 34, no. 6: 1105-1114. 
22 Robertson, W.D., S.L. Schiff, and C.J. Ptacek.  1998.  Review of Phosphate Mobility and Persistence in 
10 Septic System Plumes. Ground Water 36, 6: 1000–1010. 
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percent sand.  At the groundwater/vadose zone interface (24 foot depth), P 
concentrations in the pore water were in the same range as the septic effluent, 
suggesting that P was not being attenuated in the soil and was leaching into the 
groundwater.  Based on isotherm sorption studies, the authors suggested that the soils 
had reached their sorption capacity. 

• Examining P concentrations beneath a drainfield, Ver Hey and Woessner (1988) 
concluded that there was no retention of P in the system.  Phosphorus concentrations 
were nearly identical to the septic effluent concentrations at a depth of almost 40 feet.  
The soils were sandy or sand-skeletal alluvial sediments. 

The literature cited above is neither exhaustive nor does it summarize all of the literature 
reviewed for this analysis.  Rather the summary above provides examples of P studies of soils 
beneath septic systems.  Based this review, it is evident that the retention of P is greatly 
dependent upon the physical and chemical characteristics of the soil.  Furthermore, it is also 
dependent upon the age of the drainfield -- the older the system, the greater likelihood that P 
sorption sites have become saturated resulting in the downward movement of P in the vadose 
zone and into the groundwater.  In general, coarse soils with near neutral or alkaline pH tend to 
have lower P retention compared to fine textured (clay) soils and soils with low pH. 

Fate and Transport of Phosphorus in Soils 

The leaching of soluble P has generally been considered insignificant and unimportant from 
agronomic and environmental points of view 23 24.  Historically, most data on P movement in soil 
have been based on soil analysis of extractable P (typically using analytical methods that detect 
P at 500 µg/L  or higher), which has led to the general assumption that no substantial vertical 
movement of P occurs because of high P fixation capacity in many mineral soils 25 26 27.  More 
recent studies, however, have undercut that assumption, suggesting that soil solution 
concentrations and subsurface P leaching losses are larger than previously thought 28 29 30 Ho 

                                                 
23 Heckrath, G., P.C. Brookes, P.R. Poulton, and K.W. T. Goulding.  1995.  Phosphorus Leaching from 
Soils Containing Different Phosphorus Concentrations in the Broadbalk Experiment. J. Environ. Qual. 
24:904–910. 
24 Sims, J.T., R.R. Simard, and B.C. Joern.  1998.  Phosphorus Loss Agricultural Drainage: Historical 
Perspective and Current Research. J. Environ. Qual. 27:277-293. 
25 Heckrath, G., P.C. Brookes, P.R. Poulton, and K.W. T. Goulding.  1995.  Phosphorus Leaching from 
Soils Containing Different Phosphorus Concentrations in the Broadbalk Experiment. J. Environ. Qual. 
24:904–910. 
26 Sims, J.T., R.R. Simard, and B.C. Joern.  1998.  Phosphorus Loss Agricultural Drainage: Historical 
Perspective and Current Research. J. Environ. Qual. 27:277-293. 
27 Sui, Y., M.L. Thompson, and C.W. Mize.  1999.  Redistribution of Biosolids-Derived Total Phosphorus 
Applied to a Mollisol.  J. Environ. Qual. 28:1068–1074 
28 Heckrath, G., P.C. Brookes, P.R. Poulton, and K.W. T. Goulding.  1995.  Phosphorus Leaching from 
Soils Containing Different Phosphorus Concentrations in the Broadbalk Experiment. J. Environ. Qual. 
24:904–910. 
29 Sims, J.T., R.R. Simard, and B.C. Joern.  1998.  Phosphorus Loss Agricultural Drainage: Historical 
Perspective and Current Research. J. Environ. Qual. 27:277-293. 
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31.  Furthermore, many studies have focused on P in the upper root zone in well structured 
agricultural soils.  These soils often have a strong sorption capacity for P.  Drainfields are 
typically subsurface and often at depths below the soil B horizon, which is the zone where clay 
often accumulates.  Thus, for drainfields in coarse textured subsoils, there is often a low 
sorption capacity for P. 

The repeated application of commercial fertilizers, organic wastes, or both, to the same fields 
may saturate the P sorption capacity of those soils, thus altering the chemical equilibrium 
established by sorption/desorption processes (Sims, et al., 1998; Schoumans and Groenendijk, 
2000).  Table 2 presents a summary of literature P leaching studies as compiled by Sims et al. 
(1998).  This table primarily reflects studies at agricultural sites where P application is based on 
agronomic application rates and there is also vegetative uptake of P within the root zone.  The 
data presented in this table demonstrates that P can leach below the root zone at 
concentrations of environmental concern.  Furthermore, the literature demonstrates that long-
term P loads to soils will lead to increased concentrations of P in solution and greater potential 
for P export by subsurface flow paths hydraulically connected to both surface and groundwater.  
Because an onsite sewage disposal system is in a fixed location and receives effluent on a daily 
basis over many years, it is reasonable to assume, as has been documented in literature, that 
the P sorption capacity will become saturated resulting in elevated P levels in soil solution and 
contributing to P leaching.  The leaching will result in P entering the groundwater system and 
ultimately discharging to surface waters. 

In a recent study, Zvomuya, et al. (2006), examined P leaching on agricultural soils (sandy 
loam) that received high rates of P application over many years.  The source of the P was 
potato wastewater.  The field measured leachate P concentrations were quantified as high as 
3,600 µg/L beneath the root zone.  These soils received wastewater with annual loading rates 
ranging from 150 to 300 lbs/acre of P.  Elevated P was detected during the winter months in 
downgradient monitoring wells (60 µg/L ) compared to upgradient wells (30 µg/L ) at the site and 
was attributed to P leaching from the site. 

For purposes of comparison, an example of P loading to soils from a typical drainfield is useful.  
Assume effluent is discharged at 200 gallons per day (gpd) with a P concentration is 12,000 
µg/L  to a 1,200 ft2 drainfield.  Multiplying the flow and concentration and dividing by the area 
results in a P loading to the soil of 250 lbs/acre/year.  From an agricultural perspective, 250 
lbs/acre/year of P is an excessive load because typical P fertilizer recommendations for 
agricultural crops are in the 10 to 40 lbs/acre range (WSU, 1987).  In the study conducted by 
Zvomuva described above, a loading of 150 to 300 lbs/acre/year of P resulted in P leaching to 
groundwater and P migration in groundwater.  An effluent discharge of 200 gpd over a 1,200 ft2 
drainfield results in a hydraulic loading of 86 inches of water per year.  A typical lawn in the 
Spokane area requires approximately 12 inches of irrigation water per year.  Assuming a depth 
to groundwater of 50 feet and an annual hydraulic loading of 86 inches (7.2 feet), effluent 
discharged from a drainfield can be expected to reach groundwater within 1 year (this 
calculation is based on a uniform sand under steady state conditions using the Lumped Time-of-
Travel Model by Guymon (1994)).  Furthermore, the 1,200 ft2 drainfield used in this example is 

                                                                                                                                                          
30 Hooda, P.S., M. Moynagh, I.F. Svoboda, A.C. Edwards, H.A. Anderson, and G. Syn.  1999.  
Phosphorus Loss in Drainflow from Intensively Managed Grassland Soils. J. Environ. Qual. 28:1235–
1242. 
31 Zvomuya, F.,  C. J. Rosen, and Satish C. Gupta.  2006.  Nitrogen and Phosphorus Leaching from 
Growing Season versus Year-Round Application of Wastewater on Seasonally Frozen Lands.  J. Environ. 
Qual. 35:324–333. 
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overly large for the Spokane Valley area (personnel communication Richard Benson of 
Washington State Department of Health, March 28, 2007), thus actual loads per acre are likely 
higher than this example. 

Considering that drainfields release a high P load and that there is a hydraulic connection 
between drainfields and groundwater, there is increasing recognition and concern about P 
leaching from onsite sewage disposal systems and reaching surface waters 32 33 34 35.  These 
concerns stem from experience with water quality studies where onsite sewage disposal 
systems were found to be a major contributor of P to surface water 36 37 38 39.  Furthermore, 
studies to support water quality management efforts use lower method detection limits, resulting 
in the detection of P in the soil solution and the realization that under certain conditions, P can 
leach to groundwater 40.  In response to these concerns, several states, including Idaho and 
Montana, now require an evaluation of P impacts to groundwater, as part of the onsite sewage 
disposal system permitting process, when onsite sewage disposal systems are near water 
quality limited surface water bodies 41 42. 

                                                 

32 DDNR.  2006.  Septic Systems and Nitrogen and Phosphorus Loading.  Septic System and 
Sewer District Locations with in the Appoquinimink Watershed. 

33 Idaho Department of Environmental Quality (IDEQ).  2006.  Nutrient-Pathogen Evaluation Program for 
Onsite Wastewater Treatment Systems.  Public Comment Draft, January 2006. 
34 Montana Department of Environmental Quality (MDEQ).  2005.  How to Perform a Nondegradation 
Analysis for Subsurface Wastewater Treatment Systems (SWTS).  
http://deq.mt.gov/wqinfo/Nondeg/How_to_Nondereg_Appends/How_To_Nondeg_final.pdf 
35 Dillon, P.J., K.H,  Nicholls, W.A. Scheider, N.D. Yan, and D.S. HJeffries.  1986.  Lakeshore capacity 
study: Trophic status. Tech. Report. Toronto, Ontario: Ont. Min. Environ. 
36 Doyle, S., J.E. McCray, K.S. Lowe, and G.D. Thyne.  2005.  Modeling Phosphorus Reaction and 
Transport at an Experimental Onsite Wastewater Site.  National Onsite Wastewater Recycling 
Association Annual Meeting Proceedings.  Laurel, Maryland. 
37 McCray, J.E., S.L. Kirkland, R.L. Siegrist, and G.D. Thyne.  2005.  Model Parameters for Simulating 
Fate and Transport of On-Site Wastewater Nutrients.  Ground Water, 43, No. 4 July-August 2005. 
38 McCray, J.E., D.N. Huntzinger, S.VanCuyk, R. Siegrist.  2000.  Mathematical Modeling of Unsaturated 
Flow and Transport in Soil-Based Wastewater Treatment Systems.  WEFTEC 
39 Tri-State Water Quality Council.  2005.  Septic System Impact on Surface Water: A review for the 
Inland Northwest.  Tri-State Water Quality Council. 
40 Bauman, B.J., and W.M. Schafer.  1985.  Estimating Ground-Water Quality Impacts from On-Site 
Sewage Treatment Systems.  American Society of Agricultural Engineers. 
41 Idaho Department of Environmental Quality (IDEQ).  2006.  Nutrient-Pathogen Evaluation Program for 
Onsite Wastewater Treatment Systems.  Public Comment Draft, January 2006. 
42 Montana Department of Environmental Quality (MDEQ).  2005.  How to Perform a Nondegradation 
Analysis for Subsurface Wastewater Treatment Systems (SWTS).  
http://deq.mt.gov/wqinfo/Nondeg/How_to_Nondereg_Appends/How_To_Nondeg_final.pdf 



 

Onsite Sewage Disposal Systems Phosphorus Loading Estimate 
Technical Memorandum  Page 9 

Table 2.  Summary of Previous P Leaching Studies 

 
Source: Sims, et al (1998). 

Soil Sorption Isotherms 

Sorption models are often used to understand and predict the mobility of P in soils 43 44 45.  
These models show that the soils have a finite ability to sorb P and that soils differ in their P 
holding capacity.  Fine-textured soils can generally hold hundreds of pounds of P per acre, while 
coarse-textured soils can generally hold much less P due to the more inert character of sand 
particles as compared to clay particles.  An important aspect of the ability of a soil to hold P is 
that a soil cannot hold increasing amounts of phosphate in the solid phase without also 
increasing soil solution phosphate.  Increased amounts of P in solution will potentially cause 
more P to be lost to water running over the soil surface or leaching through the soil. 

                                                 
43 Ryden, J.C. and P.F. Pratt.  1979.  Phosphorus Removal from Wastewater Applied to Land. Hilgardia. 
Vol. 48. No. 1. pp 1-36. 
44 Ryden, J.C., J.K. Syers. And I.K. Iskander.  1981.  Evaluation of a  Simplot Model for Predicting 
Phosphorus Removal by Soils During Land Treatment of Wastewater. In I.K. Iskander (ed.) Modeling 
Wastewater Renovation; Land Treatment. Wiley- Interscience, N.Y., N.Y. 
45 Bohn, H, R.McNeal, G.O’Conner.  1979.  Soil Chemistry. John Wiley & Sons. New York. 
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To quantify P sorption in soil and groundwater systems, a sorption isotherm is developed and 
information from that isotherm is used to predict P fate and transport.  A sorption isotherm is the 
concentration of a sorbed species in the soil (in this case P), expressed as a function of its 
concentration in the external solution under specified conditions and at constant temperature.  
For quantifying P sorption, the Langmuir sorption isotherm is most often used.  Since the 
Langmuir isotherm can simulate maximum sorption capacity, it is probably the most rigorous 
and potentially accurate isotherm for P sorption 46.  This isotherm incorporates the assumption 
that a finite number of sorption sites exist on a solid and may be described by the equation 47: 

 
Where: 

• C is the concentration of the solute in solution in equilibrium with the mass of solute 
sorbed onto the solid (mg/L) 

• S is the mass of solute sorbed per unit dry weight of solid (mg/kg) 
• α is an adsorption constant related to the binding energy (L/mg) 
• β is the maximum amount of a solute that can be sorbed by the solid (mg/kg) 

For onsite sewage disposal system P studies, McCray compiled a list of maximum sorption 
capacities (β) for soils reported from a number of literature sources (Table 3). 

Table 3.  Summary of Maximum P Sorption Capacities by Soil Type from the Literature 

Soil Type 
Median value from Literature 

for Soil Type 
(mg/Kg) 

Number of Data 

Sandy loam 405 13 

Sand 40 12 

Not Specified 220 13 

All soil types 237 38 

Source: Table 3 from McCray et al., 2005 

 

Caution must be exercised in the interpretation of laboratory sorption isotherms.  Laboratory 
procedures for determining sorption isotherms almost always involve sieving soils to less than 2 
mm in size, coarse sand and smaller particles.  Thus, if the soils contain materials that are 
greater than 2 mm in diameter, the isotherm measurements overestimate the sorption capacity 
of the actual in place soil.  To reflect field conditions, such data should be adjusted to account 
for site lithology.  For this study, literature values are adjusted to account for Spokane Valley 
lithology that includes soils with gravel, cobble, and boulder size fractions.  The approach to 
determine P sorption is further described in the section Step 2 – Estimation of Phosphorus 
Breakthrough to Groundwater, presented below. 

                                                 
46 McCray, J.E., S.L. Kirkland, R.L. Siegrist, and G.D. Thyne.  2005.  Model Parameters for Simulating 
Fate and Transport of On-Site Wastewater Nutrients.  Ground Water, 43, No. 4 July-August 2005. 
47 Fetter, C.W.  1998. Applied Hydrogeology. Upper Saddle River, New Jersey: Prentice Hall. 
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Fate and Transport of Phosphorus in Groundwater 

Similar to soils, P that enters groundwater can sorb to a variety of materials and surfaces 
including aluminum, iron and manganese oxides, carbonates, clay surfaces, and organic matter. 
The extent in which P will migrate in groundwater is a function of the physical properties of the 
aquifer (e.g. groundwater velocity) as well as the physio-chemical properties of the aquifer 
(presence of reactive iron, aluminum, and carbonate surfaces, pH, and oxidation/reduction 
potential). 

Based on a literature review, the fate and transport of P in groundwater varies widely, examples 
include:  

• Bouwer, et al. (1974) examined P movement in a rapid-infiltration system composed of 
sand and gravels in Arizona.  Wells 90 feet from the effluent discharge showed an 
approximately 90 percent reduction in P levels compared to the effluent levels (P 
concentrations in groundwater in the 500 to 1000 µg/L  range). 

• USGS scientists have been studying the long-term migration of P in a groundwater 
plume of treated sewage at a research site in Cape Cod, Massachusetts 48.  
Concentrations as great as 3,000 µg/L  of dissolved P have been measured in the 
downgradient groundwater near a pond.  Concentrations as high as 5,000 µg/L  are 
reported near the source area.  Dissolved P concentrations at 100 µg/L  (above 
background) have been reported 2,500 feet downgradient from the source area.  
Dissolved P migrates more slowly in the aquifer as compared to conservative 
constituents, such as chloride.  The aquifer is characterized as a sand and gravel glacial 
outwash plain with a pH less than 5.5 and with a groundwater flow velocity of 0.8 to 2.3 
ft/day.  While sewage discharge was stopped in 1995, researchers have found there is a 
large reservoir of sorbed P in the aquifer sediment that will continue to be a source of P 
(desorption) for decades.  This P has been documented discharging into the surface 
water and causing eutrophication. 

• Robertson, et al., (1998) evaluated the distribution of P in groundwater from 10 onsite 
sewage disposal systems in central Canada.  The average ortho-P concentration in the 
groundwater within the proximal plume core ranged from 30 to 4,900 µg/L .  The plume 
length ranged from 1 foot to greater than 230 feet; however, the plume length is 
arbitrarily defined as points exceeding 100 µg/L  even though the background P 
concentration is less than 10 µg/L .  Aquifer types in the study included oxic calcareous 
aquifers and anoxic noncalcarious aquifers.  Groundwater velocities ranged from 1 to 
300 ft/yr.  Aquifer lithology ranged from silt to coarse sand. 

Regulations and Guidelines for Onsite Sewage Disposal Systems 

The regulations and guidelines for onsite sewage disposal systems and the fate and transport of 
P in groundwater were surveyed.  Because Washington State has not addressed, or yet 
developed any guidance on the fate and transport of P associated with individual onsite sewage 
                                                 

48 McCobb, T, D.R. Leblanc, D. A. Walter, K.M. Hess, D.B. Kent, and R.L. Smith.  1999.  
Phosphorus in a Ground-Water Contaminant Plume Discharging to Ashumet Pond, 
Cape Cod, Massachusetts.  Water-Resources Investigations Report 02-4306 USGS. 

 



 

Onsite Sewage Disposal Systems Phosphorus Loading Estimate 
Technical Memorandum  Page 12 

disposal systems, surrounding states were surveyed.  Idaho and Montana have developed and 
published information on the fate and transport of P associated with onsite sewage disposal 
systems and the protection of surface water.  The regulations and guidelines for onsite sewage 
disposal systems from these states are briefly summarized below. 

Idaho 

In Idaho, individual or subsurface sewage disposal systems are permitted under the jurisdiction 
of the Public Health Districts (PHD), with technical assistance from the IDEQ.  Central systems 
and large soil adsorption systems are permitted through the IDEQ.  For sites that are in areas of 
“sensitive resource” aquifers (such as the SVRP aquifer), the PHD or IDEQ may require that a 
Nutrient-Pathogen evaluation be conducted.  The Nutrient-Pathogen evaluation, while originally 
developed to focus on nitrate fate and transport, includes the evaluation of P when the proposed 
disposal system is located near surface water.  The guidance document, “Nutrient-Pathogen 
Evaluation Program for On-Site Wastewater Treatment Systems” 49, recognizes that P may be a 
concern and when there is the potential for a surface water discharge, direct coordination with 
IDEQ is necessary to design an appropriate N-P evaluation.  Little guidance is given however 
on what that evaluation should include.  Recognizing the need for further guidance, the IDEQ 
updated the document “Nutrient-Pathogen Evaluation Program for On-Site Wastewater 
Treatment Systems” (currently a public comment draft, dated January 31, 2006).  As an initial 
step, the IDEQ recommends that: 

Chemical transport of nitrogen and phosphorus should initially be modeled 
conservatively as non-reactive species.  Typically, no consideration is given to 
nitrogen or phosphorus attenuation during transport through the vadose or 
saturated zone, although such an analysis could be proposed to the PHD or 
DEQ for approval. 

The guidance then recommends that loads to surface water be estimated and those loads be 
compared to the appropriate TMDL for that water body or if no TMDL information is available, 
the U.S EPA Gold Book should be used.  The procedures for estimating P fate and transport are 
not provided in the updated guidance but it does recommend that a protocol be established on a 
site specific basis between the IDEQ and the permittee.  The guidance uses a default P effluent 
concentration of 12,000 µg/L .  In addition, the IDEQ uses a default flow rate of 300 gpd for 
onsite sewage disposal systems. 

Montana 

Under ARM 17.30.715(1)(e), Montana addresses potential P impacts to surface water by 
establishing an evaluation of the P adsorptive capacity of the soils.  The regulation considers an 
onsite sewage disposal system to create a “non-significant change to water quality” if the P will 
be removed (fully sorbed by the soil/groundwater system) for a period of 50 years prior to 
discharge to any surface waters. 

The MDEQ has developed a spreadsheet for calculating the breakthrough time for P.  The 
agency also has provided HDR with a copy of the draft document, “How to Perform a 
Nondegradation Analysis” dated September 2001.  It should be emphasized that the MDEQ 
spreadsheet calculates P breakthrough time in years and does not determine a quantity of P 
that is loaded to groundwater or surface water. 
                                                 
49 Idaho Department of Environmental Quality (IDEQ).  2002.  Nutrient-Pathogen Evaluation Program for 
Onsite Wastewater Treatment Systems. 
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Physical Setting 
Spokane County is located in the semiarid Columbia Plateau, underlain by basalt with coulees 
and channeled scablands (Figure 1).  Most of these coulees were cut by gigantic, catastrophic 
floods resulting from the breaking of ice dams and the rapid emptying of large glacial lakes.  The 
Spokane River Valley is underlain by the SVRP aquifer.  Flow in the aquifer travels east to west 
under the Spokane Valley, then turns north and northwest, west of the city limits of the City of 
Spokane (Figure 1).  This shallow, unconfined aquifer is interconnected with the Spokane River 
and the Little Spokane River, which all discharge to Long Lake (Lake Spokane).  In some river 
reaches, groundwater may discharge to the river, while in other reaches the river may recharge 
the aquifer. 

Soils 

The STEP involves removing onsite sewage disposal systems within the Spokane County 
Sewer Service Area (Figure 2).  The soil types for the Sewer Service Area are identified in 
information provided by the Natural Resource Conservation Service (NRCS).  For the Sewer 
Service Area located east of the city limits of the City of Spokane, the predominant soil series is 
the Garrison gravelly loam (GfA) (over 82 percent of the area).  For the Sewer Service Area 
North of the City of Spokane, the soil series is comprised primarily of Springdale gravelly sandy 
loam (over 65 percent).  Other soil types in both areas are similar to the Garrison and 
Springdale, being coarse textured soils.  Thus, for purposes of this evaluation, the Garrison and 
Springdale soils are representative of typical soil conditions in the Sewer Service Area. 

Drainfields are typically installed at a minimum of 2 to 3 feet beneath the soil surface 50.  Thus, 
the soils at depths greater than 24 inches are of interest in terms of their ability to sorb P. 

The following is a description of the Garrison series in the 24 to 60 inch depth range 51. 

• 2C--24 to 60 inches; brown (10YR 5/3) very gravelly loamy coarse sand, dark brown 
(7.5YR 3/4) moist; massive; loose; few roots; 50 percent gravel and 10 percent cobbles; 
slightly alkaline (pH 7.6); gradual wavy boundary. (5 to 10 inches thick) 

The following is a description for the Springdale series in the 25 to 61 inch depth range 52. 

• C2--25 to 61 inches; variegated very cobbly coarse sand; single grain; loose; few very 
fine roots; many fine and medium interstitial pores; 30 percent gravel, 20 percent 
cobbles, and 5 percent stones; neutral (pH 6.6). 

                                                 
50 Spokane Regional Health District (SRHD).  2003. Rules and Regulations for On-Site Sewage Systems. 
March 2003. 
51 National Resource Conservation Service (NRCS).  2007. Web Soil Survey. 
http://websoilsurvey.nrcs.usda.gov/app/ 
52 National Resource Conservation Service (NRCS).  2007. Web Soil Survey. 
http://websoilsurvey.nrcs.usda.gov/app/ 







 

Onsite Sewage Disposal Systems Phosphorus Loading Estimate 
Technical Memorandum  Page 16 

Beneath the C horizon of these soils the lithology increases in percent gravel, cobbles, and 
boulders.  A summary of selected chemical and physical properties for these two series in the 
12 to 70 inch depth range is presented in Table 4. 

Table 4.  Selected Soil Chemical and Physical Properties 

Soil 
Series 

Depth 
(inch) 

Clay1 
(%) pH Cation Exchange Capacity 

(meq/100g) 
Calcium Carbonate 

(%) 

Garrison 
15 to 44 
44 to 60 
60 to 70 

10 to 15 
5 to 12 
0 to 5 

6.1 to 7.8 
6.6 to 7.8 
6.1 to 7.3 

5.0 to 10 
2.0 to 6.0 
0.0 to 2.0 

0 
0 
0 

Springdale 12 to 24 
24 to 60 

0 to 5 
0 to-5 

5.6 to 7.3 
5.6 to 7.3 

1.0 to5.0 
1.0 to 5.0 

0 
0 

Source: NRCS, 2007.  1Percentage based on particles less than 2 mm diameter (sand size and less). 

 

The soils in the Sewer Service Area have a small clay content as reflected by the low cation 
exchange capacity for these soils.  Furthermore, the clay percentage is based on soil particles 
less than 2 mm in diameter (coarse grain sand size and less).  Given that at least 50 percent of 
the soil is comprised of materials greater than 2 mm (gravel, cobbles, and boulders) the actual 
percentage of clay for the entire matrix is even less.  These soils also have no measurable 
carbonate.  The dominant mechanisms for the sorption of P in soils systems are sorption 
surfaces provided by clay particles and the P reaction with carbonate surfaces for water near 
neutral pH.  Given the properties described by the NRCS, there is little to no sorptive capacity in 
the soils within the Sewer Service Area. 

The vulnerability of the SVRP aquifer to surface and near surface contamination due to the 
porous and non-reactive soils is summarized in the Spokane Valley-Rathdrum Prairie Aquifer 
Atlas 53 (page 20): 

The Spokane Valley-Rathdrum Prairie Aquifer is highly vulnerable to contamination from 
activities on the ground surface.  Unlike many other aquifers, the SVRP aquifer does not 
have protective layers of clay to deter infiltration of surface contaminants.  The soil layer 
on top of the aquifer is relatively thin in most areas, and fluids readily infiltrate into the 
porous sands and gravel that comprise aquifer soils.  Potential contamination is perhaps 
the most important aquifer issue that must be addressed in order to preserve and 
maintain the aquifer as a regional drinking water resource. 

Geology 

The geology of the Spokane County area has undergone a complex series of geologic events 
54.  These events can be broken into three major time periods: 

• Pre-Tertiary Geology – These are the oldest rocks in the area and underlie the SVRP 
aquifer.  This geology also displays itself in the landscape as characterized by ridge 

                                                 
53 Spokane County and other contributors.  2004.  Spokane Valley-Rathdrum Prairie Aquifer Atlas 
Update.  Spokane County, Washington. 
54 USGS. 2005. Compilation of Geologic, Hydrologic, and Ground-Water Flow Modeling Information for 
the Spokane Valley-Rathdrum Prairie Aquifer, Spokane County, Washington, Washington, and Bonner 
and Kootenai Counties, Idaho. Scientific Investigations Report 2005-5227. 
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crests and valley bottoms with considerable relief.  The Pre-Tertiary geology is primarily 
comprised of metasedimentary rocks including argillite, siltite, and quartzite. 

• Tertiary Geology – This includes the Columbia River basalts and interbedded lacustrine 
deposits of the Latah Formation. 

• Quaternary Geology – These deposits are comprised of glacial and interglacial deposits 
of varying grain size that overly the older rocks.  It is this period when Glacial Lake 
Missoula was formed, and catastrophic flooding occurred.  The associated deposition of 
boulders, cobbles, gravel, and sand from the floods comprise the SVRP aquifer. 

Based on geologic mapping, the Sewer Service Area is primarily comprised of (over 95 percent 
of the area) catastrophic flood deposits (Qfg) 55.  This unit includes deposits from catastrophic 
flooding from Glacial Lake Missoula that are a mixture of boulders, cobbles, pebbles, and sand 
with lenses of sand and silt.  These deposits occur from near the outlet of Lake Pend Oreille 
through the Rathdrum Prairie and the Spokane River Valley.  There are some smaller areas 
comprised of catastrophic flood deposits sand (Qfs) (primarily in the Hillyard Trough area).  
These areas are primarily sand with sparse pebbles, cobbles, and boulders. 

Hydrogeology 

The major regional aquifer in Spokane County is the SVRP aquifer.  The aquifer is present 
within the northeast-to-southwest trending Spokane Valley.  Groundwater in the aquifer flows 
from the east to the west.  Figure 3 shows the groundwater levels in the SVRP aquifer from the 
USGS 56.  Other major aquifers in the region are located to the north of the Spokane River 
including the Orchard Prairie, the Five-Mile Prairie, the Deep Park, the Little Spokane River, the 
Green Bluff and the Peone Prairie aquifers. 

The SVRP aquifer is composed of flood deposits of sand, gravel, cobbles and boulders 
deposited by melting glacial water 57.  For the Spokane Valley area, the aquifer is a mixture of 
boulders, cobbles, pebbles, and sand with lenses of sand and silt.  These deposits are up to 
600 to 700 feet thick and are underlain by crystalline bedrock.  The SVRP aquifer is coarser-
grained than is typical for most basin-fill deposits, resulting in one of the most productive 
aquifers in the world 58.  The aquifer generally has a greater percentage of finer material near 
the margins of the valley and becomes coarser near the center of the valley.  In the Spokane 
Valley, the aquifer is reported to contain no significant layers of low-permeability materials. 

                                                 
55 USGS. 2005. Compilation of Geologic, Hydrologic, and Ground-Water Flow Modeling Information for 
the Spokane Valley-Rathdrum Prairie Aquifer, Spokane County, Washington, Washington, and Bonner 
and Kootenai Counties, Idaho. Scientific Investigations Report 2005-5227. 
56 Campbell, A.M. 2005. Ground-water Levels in the Spokane Valley-Rathdrum Prairie aquifer, Spokane 
County Washington, and Bonner and Kootenai Counties, Idaho. September 2004: U.S. Geological  
Survey Scientific Invesgiatyions Map 2905, 1 sheet. 

57 Vaccaro, J.J., and Volke, E.L., 1983, Evaluation of Water Quality Characteristics of Part of the 
Spokane Aquifer, Washington and Idaho, Using a Solute-Transport Digital Model: U.S. 
Geological Survey Open-File Report 82-769, 69 p. 

58 MacInnis, J.D., Jr., Blake, J.A., Painter, B.D., Buchanan, J.P., Lackaff, B.B., and Boese, R.M., 2000, 
The Spokane Valley-Rathdrum Prairie aquifer atlaqs: Coeur d’Alene, Idaho, Panhandle Health District I. 
138 p. 
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The SRVP aquifer is extremely permeable due to the coarse nature of the aquifer deposits.  The 
transmissivity of the aquifer is approximately 10 to 30 ft2/sec 59.  The hydraulic conductivity has 
been estimated at approximately 300 to 3,000 ft/day with a typical value of approximately 1,900 
ft/day 60.  Other estimates of hydraulic conductivity are even higher at 2,600 to 6,000 ft/day 61.  
The depth to groundwater typically ranges from approximately 10 to 100 feet or greater, 
depending on the local topography. 

The hydraulic gradient of the aquifer is extremely low due to the high transmissivity of the 
aquifer and the relatively low gradient of the Spokane Valley.  Groundwater levels over a six-
mile length of the aquifer from Greenacres to Millwood drop only 50 feet corresponding to a 
hydraulic gradient of 0.001.  This hydraulic gradient is typical of an unconfined, highly 
permeable aquifer.  Estimated groundwater velocities exceeded 60 ft/d near the state line to 
about 47 ft/d in the Hillyard Trough 62.  Assuming an average groundwater velocity of 50 ft/day 
this equates to a groundwater velocity of 3.5 miles/yr 63. 

The SRVP aquifer has a strong hydraulic connection with the Spokane River.  From Stateline to 
approximately Sullivan Road, the Spokane River loses water to the aquifer because the bottom 
of the river is generally higher than the water level in the aquifer.  Downstream of Sullivan Road,  

                                                 
59 USGS. 2005. Compilation of Geologic, Hydrologic, and Ground-Water Flow Modeling Information for 
the Spokane Valley-Rathdrum Prairie Aquifer, Spokane County, Washington, Washington, and Bonner 
and Kootenai Counties, Idaho. Scientific Investigations Report 2005-5227. 
60 Golder Associates, Inc.  2004.  Level 2 Technical Assessment Report, Watershed Simulation Model.  
Prepared for Spokane County and the WRIA 55/57 Planning Unit, Spokane, Washington. 
61 USGS. 2005. Compilation of Geologic, Hydrologic, and Ground-Water Flow Modeling Information for 
the Spokane Valley-Rathdrum Prairie Aquifer, Spokane County, Washington, Washington, and Bonner 
and Kootenai Counties, Idaho. Scientific Investigations Report 2005-5227. 
62 USGS. 2005. Compilation of Geologic, Hydrologic, and Ground-Water Flow Modeling Information for 
the Spokane Valley-Rathdrum Prairie Aquifer, Spokane County, Washington, Washington, and Bonner 
and Kootenai Counties, Idaho. Scientific Investigations Report 2005-5227. 
63 USGS. 2005. Compilation of Geologic, Hydrologic, and Ground-Water Flow Modeling Information for 
the Spokane Valley-Rathdrum Prairie Aquifer, Spokane County, Washington, Washington, and Bonner 
and Kootenai Counties, Idaho. Scientific Investigations Report 2005-5227. 
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the hydraulic connection between the aquifer and the river alternates between losing and 
gaining reaches, although the results of various investigations do not completely agree on the 
locations where losing and gaining reaches are present in the reach downstream of Sullivan 
Road (Figure 4) 64  65.  Ultimately, water in the SVRP aquifer ends up in Long Lake or is 
withdrawn from the aquifer.  The USGS published an updated hydrogeologic model of the 
SVRP aquifer in May 2007 that includes interactions with surface water. 

Phosphorus Loading Analysis 
The main objective of this study is to estimate the P load from onsite sewage disposal systems 
to the groundwater and ultimately to the Spokane River System and then to quantify the 
reduction in P load to the overall Spokane River System resulting from the County’s efforts in 
connecting onsite sewage disposal systems to the Spokane County Regional Water 
Reclamation Facility.   

General Overview and Conceptual Model 

Based on the current scientific understanding of the fate and transport of P in soil systems and 
knowledge about soils and groundwater conditions in Spokane Valley, the following conceptual 
model has been developed to estimate P discharge from onsite sewage disposal systems to 
soils, groundwater, and surface water (Figure 5). 

Wastewater from residential use is discharged to a septic tank where the solids are settled and 
the liquid is discharged to a drainfield.  The effluent that discharges to the drainfield is subject to 
treatment in the soil system.  This treatment can be both biological as well as physical.  Table 1 
presents a summary of treatment efficiency for selected constituents in the soil system.  To 
estimate P loads to groundwater and surface water, it is necessary to estimate effluent 
discharge rate and the concentration of P entering the drainfield.  From this information, P loads 
to the soil can be estimated (Step 1 – Estimation of P Loads to Soils). 
Next, P in the soil system is subject to sorption mechanisms (adsorption, precipitation, 
desorption, and dissolution).  Collectively, these mechanisms are referred to as “sorption.”  The 
fate and transport of P in the soil is estimated using a sorption coefficient, where the higher the 
coefficient the stronger the P is sorbed to soils.  The sorption coefficient is a single value 
(usually express in mg P/Kg soil) that represents that maximum value of P that a soil can sorb.  
Once that finite capacity is exceeded the P will move downward toward the groundwater.  This 
approach uses the sorption maximum to estimate P breakthrough to groundwater.  Thus, this 
portion of the analysis is a time estimate (e.g., it takes 20 years for P to breakthrough to 
groundwater) (Step 2 – Estimation of P Breakthrough to Groundwater). 
For this analysis, only P from those systems with breakthrough by 2001 is quantified as a P 
loading to groundwater (lbs/day).  The year 2001 was selected because it is the base year of 
the TMDL loading analysis. 

                                                 
64 Golder Associates, Inc.  2004.  Level 2 Technical Assessment Report, Watershed Simulation Model.  
Prepared for Spokane County and the WRIA 55/57 Planning Unit, Spokane, Washington. 
65 USGS. 2003. Surface-Water/Ground-Water Interaction of The Spokane River and the Spokane 
Valley/Rathdrum Prairie Aquifer, Idaho and Washington.  Water Resources Investigations Report 03-
4239. 



 

The P that has entered the groundwater is subject to sorption mechanisms, withdrawal through 
pumping, and discharge to surface waters (Step 3 – Estimation of P Discharge to Surface 
Water). 
For this analysis, (Steps 1 through 3) only onsite sewage disposal systems over the SVRP 
aquifer and within the Sewer Service Area of Spokane County were considered.  A description 
of each step and assumptions made is presented below.  Where possible, site or area-wide 
information is used in this analysis in order to reduce uncertainly in the analysis. 

 

Figure 5.  Conceptual Model for Phosphorus Movement to Surface Water 

(Source: Tri-State Water Quality Council, 2005) 

Step 1- Estimation of Phosphorus Loads to Soils 

The P load to soils is determined from the P concentration in the effluent discharged to the 
drainfield and the effluent flow rate.  These variables are described below. 
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Phosphorus Concentration Discharged to the Drainfield 

As described in the Literature Review, onsite sewage disposal system effluent values can range 
from 1,000 to 25,000 µg/L.  For the analysis of new systems, the IDEQ has taken the 50th 
percentile value for P concentration of wastewater effluent data compiled by McCray et al. 
(2005) resulting in a value of 12,000 µg/L, which IDEQ recommends for analyzing new systems 
and assessing potential impacts to surface water.  The Washington State Department of Health 
has established an average P concentration of 14,600 µg/L 66, which is a higher value than 
IDEQ. 

The evaluation presented herein looks back in time to determine when breakthrough occurred.  
Thus, the use of higher P concentrations is reasonable to account for the older installations, 
which comprise most of the systems that have reached breakthrough.  However, to provide a 
reasonable margin of safety in this analysis, a value of 12,000 µg/L was used (the same value 
recommended by the IDEQ).  

Effluent Discharge Flow Rates 

Similar to P loads, effluent volumes have declined over time.  In 1994 the U.S. Energy Policy 
Act (EPACT) standards went into effect to improve water use efficiency nationwide.  EPACT 
established national flow rates for showerheads, faucets, urinals, and water closets.  Homes 
built after 1994 or retrofitted with EPACT-efficient fixtures would have lower average daily 
wastewater flows compared to flows prior to 1994.  Washington State Department of Health 
recommends 60 gpd per person for calculating design flows 67.  The IDEQ recommends that 
300 gpd per household be used when evaluating nitrate and P fate and transport in the 
environment 68 69.  The MDEQ uses 200 gpd per household for P breakthrough analysis. 

Residential unit wastewater flows for Spokane County are approximately 200 gpd per 
household.  This information is based on wastewater flow studies conducted by the County and 
reported in the Spokane County 2001 Comprehensive Wastewater Management Plan 70.  The 
Spokane Regional Health District also uses a flow factor of 120 gpd/bedroom.  This is generally 
a larger flow factor (a two bedroom home would be 240 gpd per household, than the 200 gpd 
per household or equivalent residential unit (ERU) from the Spokane County Comprehensive 
Wastewater Management Plan.  While higher wastewater flows were likely prior to EPACT 
standards, an average residential unit flow of 200 gpd was used.  A flow rate of 200 gpd is 
reasonable and provides a further margin of safety, since it is based on more current studies 
and does not reflect pre-EPACT standards.  

                                                 
66 DOH.  1992. Basic Principles of On-Site Sewage. Guideline: Training syllabus on the Basics of On-site 
Systems. Washington State Department of Health. November 1992. 
67 DOH.  1992. Basic Principles of On-Site Sewage. Guideline: Training syllabus on the Basics of On-site 
Systems. Washington State Department of Health. November 1992. 
68 Idaho Department of Environmental Quality (IDEQ).  2002.  Nutrient-Pathogen Evaluation Program for 
Onsite Wastewater Treatment Systems. 
69 Idaho Department of Environmental Quality (IDEQ).  2006.  Nutrient-Pathogen Evaluation Program for 
Onsite Wastewater Treatment Systems.  Public Comment Draft, January 2006. 

70 Spokane County.  2001.  Comprehensive Wastewater Management Plan. Spokane County Public 
Works Department Utilities Division.  Spokane County, Washington. 

 



 

Effluent Phosphorus Load 

Using an estimate of P concentration and effluent discharge, the P load to soils is calculated as: 

Estimation of P Load to Soils (lbs/year) = Annual Effluent volume (MGA) X P (mg/L) X 8.34 

The estimated P load is 7.3 lbs/year per household. 

Step 2 – Estimation of Phosphorus Breakthrough to Groundwater 

The time for P to travel from the onsite sewage disposal system to the groundwater, also known 
as breakthrough, can be calculated using the following parameters: 

• P loading to drainfield – determined in Step 1 

• Drainfield area – site specific information available  

• Soil sorption coefficient – a measure of the ability of the soil to sorb P based on soil type 

• Depth to groundwater – area specific information available 

To aid in this analysis, Spokane County Division of Utilities provided the following geographic 
information system (GIS) data: 

• The number of bedrooms serviced by each onsite sewage disposal system.  This 
information is used for estimating the size of the drainfield. 

• Depth to groundwater for the SVRP aquifer. 

An approach and description of the parameters used to estimate the breakthrough time and 
load are discussed below. 

Drainfield Sizing 

The breakthrough analysis requires approximate drainfield dimensions for onsite sewage 
disposal systems to calculate soil mass.  The soil mass is used in the calculation to determine 
the amount of P that will be sorbed to the soil. 

To determine the drainfield size, officials from the Spokane Regional Health District were 
interviewed on the historic and current sizing requirements for drainfields in the Spokane County 
area.  The following information was provided: 

• Depending on the final inspection date, the drainfield size was based on either the septic 
tank size or the number of bedrooms.  If the final inspection date is prior to March 1, 
1985, the drainfield area is based on the septic tank size.  If the final inspection date was 
after March 1, 1985, the drainfield is based on the number of bedrooms. 

Prior to March 1, 1985, the drainfield area was calculated using the following equation: 

Drainfield Area = 0.2 x Septic Tank Volume x Trench width (2 foot minimum, 3 foot maximum 
width) 

For this analysis, the maximum drainfield trench width of 3 feet was used for breakthrough 
calculations, increasing the margin of safety for the calculations of estimated drainfield area. 

The septic tank volume was based on the number of bedrooms serviced by each onsite sewage 
disposal system, as shown in Table 5. 
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Table 5.  Number of Bedrooms to Septic Tank Volume Relationship 

Number of Bedrooms Septic Tank Volume (gallons) 
1 600 
2 750 
3 900 
4 1,000 

> 4 1,000 + 250 for each additional bedroom 
 

After March 1, 1985, the drainfield area was calculated using the following equation: 

Drainfield Area = Number of Bedrooms x 120 gpd/bedroom / Design Hydraulic Loading Rate 

The Spokane Regional Health District reports that a high percentage of the onsite sewage 
disposal systems over the SVRP aquifer are pressurized treatment systems with ASTM C-33 
sand around the drainfield pipes.  The design hydraulic loading rate for these systems is 1.2 
gpd/ ft2.   

Phosphorus Sorption Coefficients 

As described in the section Sorption Isotherms, the Langmuir isotherm can be used to simulate 
maximum sorption capacity.  It is probably the most rigorous and potentially accurate isotherm 
for P sorption 71.  A range of values for the maximum sorption capacity is presented in Table 3.  
Caution must be used when using laboratory measured sorption capacity values since protocol 
calls for soil being sieved to less than 2 mm prior to conducting isotherm studies.  Thus, sorption 
values should be adjusted to field conditions to account for the percent fraction greater than 2 
mm diameter.  Generally, this fraction is comprises of gravels, cobbles, and boulders which are 
expected to be relatively inert (non-reactive) surfaces that do not sorb phosphorus. 

The MDEQ recommends a default P sorption capacity (Pa) value of 200 mg/Kg, which 
represents a sand textured soil.  This value is higher than that reported as a median value for 
sand by McCray et al, (2005), who reported a value of 40 mg/Kg. 

For the Spokane Valley area, the sorption capacity of the soil can be expected to change with 
depth, where soils generally become coarser with depth.  Since many of the soils are Class 1A 
(very gravelly coarse sands or coarser) and Class 1B (very gravelly medium sands) many sites 
add ASTM C-33 sand in the drainfield trench.  Thus, a sorption capacity of 200 mg/Kg for the 
few upper feet of the drainfield is appropriate.  To provide a margin of safety in the sorption 
capacity estimates, yet remain realistic in representing site conditions, the following sorption 
capacities are used to represent systems within the service area: 

• Upper 3 feet, ASTM C-33 sand with a sorption capacity of 200 mg/Kg 

• 3 to 13 feet, assume sorption capacity of 150 mg/Kg to represent the increase in gravel 
and boulders 

• 13 feet and below, sorption capacity of 50 mg/Kg 

Because much of the vadose zone is virtually all sand or coarser material and this material has 
little to no P sorption capacity, these estimates are very conservative in that the sorption 
capacity is likely being overestimated.  This provides another margin of safety. 
                                                 
71 McCray, J.E., S.L. Kirkland, R.L. Siegrist, and G.D. Thyne.  2005.  Model Parameters for Simulating 
Fate and Transport of On-Site Wastewater Nutrients.  Ground Water, 43, No. 4 July-August 2005. 



 

Onsite Sewage Disposal Systems Phosphorus Loading Estimate 
Technical Memorandum  Page 26 

Depth to Groundwater 

Additional GIS data were compiled from the USGS to reduce the uncertainty in the potential 
ranges of depth to groundwater in calculating P breakthrough.  Personnel from the Idaho 
Department of Water Resources (IDWR), Ecology, and the USGS measured water levels in 268 
wells around the SVRP aquifer during September 13 through September 20, 2004.  Static water 
levels measured in the wells were used to develop water-level contours.  The USGS reports that 
depth to water in the SVRP aquifer ranges from near the land surface in the western portions of 
the aquifer along the Spokane and Little Spokane Rivers to more than 540 feet below land 
surface in the northern Rathdrum Prairie near Athol, Idaho 72. 

The water level measurements from this USGS study were used to develop a GIS grid layer of 
aquifer water level.  The water level layer was subtracted from the ground elevation layer in GIS 
to generate a “depth to groundwater” layer for the purposes of the P breakthrough analysis.  
Figure 6 illustrates the depth to groundwater throughout the SVRP aquifer. 

Breakthrough Analysis Approach 

It is possible to predict breakthrough time to groundwater with the parameters calculated under 
each of the following headings: 

• Effluent Phosphorus Load 

• Drainfield Sizing 

• Phosphorus Sorption Coefficients 

• Depth to Groundwater 

An example calculation is provided in Table 6. 

                                                 
72 Campbell, A.M. 2005. Ground-water Levels in the Spokane Valley-Rathdrum Prairie aquifer, Spokane 
County Washington, and Bonner and Kootenai Counties, Idaho. September 2004: U.S. Geological  
Survey Scientific Investigations Map 2905, 1 sheet. 





 

Table 6.  Example Calculation for Breakthrough (Step 2) 

Scenario: 
Residential site with a 3 bedroom home. 
Onsite sewage disposal system installed in 1975. 
Depth to groundwater is 50 feet. 
 
Per Table 5 septic tank volume = 900 gallons 
 
Input Parameters: 

• P loading to soil (Pt) = 7.3 lbs/year (Step 1 - Effluent Phosphorus Load) 
• Drainfield size (A) = Drainfield Area = 0.2 x 900 gal x 3 foot width = 540 ft2 (Step 2 - Drainfield Sizing) 
• Phosphorus Sorption (Pa) = 200 mg/Kg 0-3 feet; 150 mg/Kg 3-13 feet; 50 mg/Kg 13-50 feet (Step 2 - 

Phosphorus Sorption Coefficients) 
• Depth to groundwater (D) = 50 feet 

 
Assume 0-3 feet to start at the point of discharge (pipe) which is likely 2 to 3 feet below the ground surface. 
 
Calculations: 
 
Step 2A: Calculate the soil weight (W1) for the 3 depth intervals (0-3, 3-13, and 13 to 50 feet) beneath the 
drainfield: 

   W1 = A * D * Sw  

where Sw is soil density and assumed to be 100 lbs/ft3 (typical density for sand textured soil), thus,  

   W1(0-3 ft) = 162,000 lbs of soil 

   W2(3-13 ft) = 540,000 lbs of soil 

   W3(13-50 ft) = 1,998,000 lbs of soil  

Step 2B: Calculate total mass of P sorbed (Ps) by soils 

   Ps = (W1 * Pa) / X 

Where X is a conversion factor of 1.0E+6 

 Ps(0-3ft) = 162,000 lbs of soil * 200 mg/Kg / 1.0E6 = 32.4 lbs P 

 Ps(3-13ft) = 540,000 lbs of soil * 150 mg/Kg / 1.0E6 = 81.0 lbs P 

Ps(13-50ft) = 1,998,000 lbs of soil * 50 mg/kg / 1.0E6 = 99.9 lbs P 

Total Ps = 213.3 lbs. 

Thus, the soil beneath the system can sorb 213.3 lbs of P before breakthrough.   

Step 2C: Calculate the breakthrough time (BT): 

BT = Ps/Pt 

BT = 213.3 lbs P/ 7.3 lbs P/year 

BT = 29.2 years 

Interpretation: 
It will take 29 years for P to breakthrough to groundwater.  The system was installed in 1975, thus breakthrough 
is predicted to have occurred in 2004. 
 

Groundwater P Loading Calculations 

Onsite Sewage Disposal Systems Phosphorus Loading Estimate 
Technical Memorandum  Page 28 



 

Using the calculations shown in the example under Breakthrough Analysis Approach, 
breakthrough was calculated for each active onsite sewage disposal system over the SVRP 
aquifer and within the Sewer Service Area as of 2005.  A total of 7,914 onsite sewage disposal 
systems were active in 2005 and within the Spokane County Sewer Service Area and over the 
SVRP aquifer.  For these systems, data was available on the geographic location, age, number 
of bedrooms, septic tank size, depth to groundwater, etc. to allow computation of breakthrough.  
Of these systems, 1,461 (18.5 percent) were calculated to have achieved P breakthrough.  The 
P load to groundwater is estimated to be 10,200 lbs annually (28.0 lbs/day) from these onsite 
sewage disposal systems that remained active as of 2005. 

The estimated time to breakthrough for these systems (time for P to migrate from the drainfield 
to groundwater) was calculated to range from approximately 5 years to over 235 years.  As 
expected, the onsite sewage disposal systems with a greater depth to groundwater are 
computed to have a longer breakthrough time.  For systems with a depth to groundwater equal 
to 3 feet, the depth of sand around the drainfield pipe, the breakthrough time is about 5 years. 

Over the years, Spokane County has eliminated many more septic systems than those which 
were remaining as active in 2005.  Spokane County has documented sewer service connections 
to 10,413 services between the TMDL baseline in 2001 and 2005.  Of these connections, 2,770 
were connections to new construction and 3,415 were connections to existing structures (i.e., 
onsite sewage disposal systems).  The remaining 4,228 do not currently have a record of new 
construction or existing structures.  Spokane County is in the process of identifying whether 
these remaining connections were for new construction or existing structures. 

It is expected that a larger percentage of the septic systems removed between the TMDL 
baseline in 2001 and 2005 would have achieved breakthrough than the 18.5 percent calculated 
for the systems remaining in 2005.  This is because most of the sewers constructed in the early 
stages of the STEP were in relatively close proximity to the Spokane River or in areas with a 
relatively shallow depth to groundwater.   However, detailed data is not available to support 
breakthrough calculations for the existing septic systems removed between 2001 and 2005.   
Therefore, it has been assumed that the same percentage of breakthrough calculated for 
systems active in 2005 can be applied to the 3,415 existing structures known to have been 
provided sewer service (abandoned onsite sewage disposal systems) between 2001 and 2005.  
This results in an estimated 630 onsite sewage disposal systems at breakthrough.  The P load 
removed from the groundwater by removal or abandonment of the septic systems eliminated 
between 2001 and 2005 is estimated to be 4,610 lbs annually (12.6 lbs/day). 

Step 3- Estimation of Phosphorus Discharge to Surface Water 

As described in the section Physical Setting, the SVRP aquifer is one of the most transmissive 
groundwater systems in the world, with groundwater velocities measured in miles per year (3 to 
5 miles per year).  The aquifer is also unique in that it is almost completely comprised of sands, 
gravel, cobbles, and boulders with little fine textured materials.  Given this type of aquifer setting 
(high velocities, large diameter inert solids and near neutral pH) there is little sorptive capacity 
for P. 

The aquifer and surface water interactions are complex in that the aquifer discharges in some 
locations to the Spokane River and Little Spokane River, and the aquifer also gains water from 
these same sources in other locations (Figure 4).  Furthermore, there are locations where the 
rivers change from gaining to losing depending upon the time of year.  Regardless, water in the 
aquifer ultimately ends up in Long Lake (except for water pumped and not returned to the 
system), which is the basis of the TMDL. 
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Given the margin of safety used in the breakthrough analysis, it could be argued that all P that 
enters into the groundwater system should be the P offset.  However, it is also recognized that 
some P will sorb to the soils (though minimal), some will be removed by pumping (though some 
of this water may ultimately be discharged back to the rivers), and some P could take a longer 
time to reach surface water (depending upon the location of the onsite sewage disposal 
system).  On this latter point, the majority of the onsite sewage disposal systems that have 
achieved breakthrough to groundwater are in areas of shallow groundwater, which tend to be 
closest to the rivers, and therefore travel times to surface water are expected to be relatively 
short compared to those in areas further away from surface water and with greater depth to 
groundwater. 

The published literature has limited information on P retardation factors in aquifers 73 
(retardation factor = groundwater velocity/P velocity), however it is very difficult to compare such 
studies to the SVRP aquifer because of the unique nature of the SVRP in terms of its very high 
groundwater velocity and its relatively inert sediment. 

Aquifer Retention Factor 

Not all P in the groundwater will enter the Spokane River System.  Some P will be sorbed or 
delayed in entering the Spokane River System and some P will be taken up by groundwater 
pumping.  Ideally, a groundwater model could be used to assess potential flow paths and 
discharge points for P based on the onsite sewage disposal system locations.  The USGS has 
recently finalized and released an updated hydrologic model for the SVRP aquifer and its 
interaction with surface water.  Given the aquifer characteristics including groundwater velocity 
in the 3 to 5 miles per year range and minimal P sorption, much of the existing P load to 
groundwater can be expected to reach Long Lake within a few years.  The use of an aquifer 
retention factor is presented here as a margin of safety in estimating P discharge to surface 
water. 

In watershed modeling, a common approach is to use an “export coefficient model” to calculate 
P loading to a water body such as in the following equation 74: 
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Where: 
Ln is the basin nutrient load (lbs/yr) 
Ei is the export coefficient (lbs/acre/yr) for land class i 
Ai is the area of the watershed in land class i 
S is the septic load (lbs/yr) 
W is the wastewater load (lbs/yr) 
Ppt is the precipitation load (lbs/yr) 

 

                                                 
73 Robertson, W.D., S.L. Schiff, and C.J. Ptacek.  1998.  Review of Phosphate Mobility and Persistence in 
10 Septic System Plumes. Ground Water 36, 6: 1000–1010. 
74 Reckhow, K.H., Beaulac, M.N., and Simpson, J.T.,  1980.  Modeling phosphorus loading in lake 
response under uncertainty: A manual and compilation of export coefficients: U.S. Environmental 
Protection Agency, EPA–440/5–80–011. 
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The septic load in pounds of P to surface water (S) in the above equation is further defined by 
the following equation 75 76 77:  

S = (Number of capita/year) * P in septic waste (lbs/capita/year) * (1-Sr) 

Where: 
Sr is the soil retention coefficient 

For a study of Red Cedar Lakes in Wisconsin, Robertson et al. (2003) assumed a Sr range from 
0.5 to 0.9 (little information is provided on soil types).  In a study by Endreny and Wood (2003) 
in New York’s West Branch Delaware River area, Sr was set at 50 percent.  The authors 
assigned a relatively low retention factor because the watershed on average had septic systems 
greater than 20 years old and had a high number of streams that could intersect shallow 
groundwater. 

Phosphorus in the SVRP aquifer is not expected to strongly sorb to the geologic material, which 
are primarily sands, gravels, cobbles, and boulders that are low in iron and clay.  Based on the 
geological materials in the Spokane area, and to provide a margin of safety, an aquifer retention 
factor of 0.5 to 0.7 is proposed.  It should be pointed out that this approach estimates less P 
loading than the approach of using an “export coefficient model” to calculate P loading to a 
water body 78.  For example, Robertson et al (2003) used all onsite sewage disposal systems in 
the watershed, whereas for this study, only those systems with breakthrough by 2001 are used. 

Surface Water Results 

Using an aquifer retention factor of 0.5, the annual P load to the Spokane River System is 
estimated to be currently 2,300 lbs annually (6.3 lb/day), 7,400 lbs annually (20.3 lb/day) by 
2015, from onsite sewage disposal systems within the Spokane County Sewer Service Area 
and over the SVRP aquifer.  For a soil retention coefficient of 0.7, the annual P load to the 
Spokane River System is estimated to be currently 1,400 lbs annually (3.8 lb/day), 4,440 lbs 
annually (12.2 lbs/day) by 2015, from onsite sewage disposal systems within the Spokane 
County Sewer Service Area and over the SVRP aquifer.  

Sensitivity Analysis 

The multiple equations for breakthrough, aquifer retention, and surface water load could be 
combined into a single, multi-variable, multi-term equation.  The parameters in the equations are 
either multiplied or divided, making their relationship linear, which means that a parameter that 

                                                 
75 Reckhow, K.H., Beaulac, M.N., and Simpson, J.T.,  1980.  Modeling phosphorus loading in lake 
response under uncertainty: A manual and compilation of export coefficients: U.S. Environmental 
Protection Agency, EPA–440/5–80–011. 
76 Robertson, Dale M.; Rose, William J.; and Garn, Herbert S.  2003.  Water Quality and the Effects of 
Changes in Phosphorus Loading, Red Cedar Lakes, Barron and Washburn Counties, Wisconsin.  Pages 
23-24.  USGS Water Resources Investigations Report 03-4238.  U.S. Geological Survey.  Denver, 
Colorado. 
77 Endreny, Theodore A. and Wood, Eric F. February, 2003.  Watershed Weighting of Export Coefficients 
to Map Critical Phosphorous Loading Areas.  Journal of The American Water Resources Association. 
78 Reckhow, K.H., Beaulac, M.N., and Simpson, J.T.,  1980.  Modeling phosphorus loading in lake 
response under uncertainty: A manual and compilation of export coefficients: U.S. Environmental 
Protection Agency, EPA–440/5–80–011. 
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is divided by 4 is half as sensitive as a variable that is divided by 2.  The P load to surface water 
is the result of multiplying the effluent P load by the aquifer retention factor by the number of 
onsite sewage disposal systems that have achieved breakthrough over the aquifer and within 
the Sewer Service Area.  Increasing the aquifer retention factor by 40 percent (i.e., from 0.5 to 
0.7) decreases the P load to surface water by 40 percent.  Likewise, doubling the effluent P load 
would double the P load to surface water.  However, the effluent P load is dependent on the 
effluent P concentration and the discharge flow rate (Step 1).  The number of onsite sewage 
disposal systems that have achieved breakthrough is dependent on the parameters in the 
breakthrough analysis (Step 2).  Many of the parameters in the breakthrough are known based 
on the design of the onsite sewage disposal system except for the phosphorus sorption 
coefficient.  The four parameters with variable ranges are the aquifer retention factor, effluent P 
concentration, the discharge flow rate, and the phosphorus sorption coefficient.  Using values at 
the extreme ends of the possible ranges for these four parameters provides a large range of 
possible P loadings to surface water.  However, this is not a realistic scenario because 
statistically, concurrence of these extremes in range is unlikely.  Possible P loads to surface 
water were calculated for a matrix combination of the values at the extreme ends of the possible 
ranges for these four parameters.  Averaging these results provides a P load to surface water 
approximately double the estimated value.  This shows that the margins of safety used in the 
selection of the parameters provides about a margin of safety of two.  While the distribution of 
the range of values is unknown, each value was selected based on local conditions and a 
margin of safety as discussed in the sections above. 

Aquifer Phosphorus Measurements 
Spokane County Division of Utilities has water quality monitoring data for select wells in the 
SVRP aquifer.  Additional sources of P measurement and analysis from other agencies are also 
available. 

Historic Phosphorus Monitoring Data 

Samples from wells have been collected since 1977 and analyzed for P.  However, the 
sampling has been from a combination of monitoring wells and production wells, at various 
depths, and at various time intervals.  The data were pared down to those samples collected 
from monitoring wells from the top 5 feet of the aquifer.  This represents the upper portion of the 
aquifer where P loads from onsite sewage disposal systems would be expected to be found.  
The sampling from monitoring wells has occurred quarterly.  However, over time, some wells 
have been damaged or discontinued from sampling and some new wells have been added.  
The same 20 monitoring wells were sampled during the second quarter in 2002, 2003 and 2004 
(the second quarter of these years was selected for comparison since each of the same wells 
were sampled at that time) with average P concentrations of 10.6, 11.6, and 13.0 µg/L , 
respectively.  The annual average P concentrations from these same 20 monitoring wells in 
2002 and 2003 were 11.8 and 14.5 µg/L, respectively.  There are a few missing samples in 
2004 so the annual average was not calculated. 

The Spokane Valley-Rathdrum Prairie Aquifer Atlas Update 79 reports the annual volumetric 
flow of water in the SVRP aquifer as over 70 billion gallons per year (300 cfs).  Using an annual 

                                                 
79 Spokane County and other contributors.  2004.  Spokane Valley-Rathdrum Prairie Aquifer Atlas 
Update.  Spokane County, Washington. 
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volumetric flow rate (300 cfs) and the mean concentration from the 20 monitoring wells sampled 
in 2003 (14.5 µg/L), the total phosphorus load in the SVRP aquifer is approximately 23.5 
lbs/day. 

Groundwater Phosphorus Trends 

Earlier memoranda on the onsite sewage disposal system phosphorus loading estimate 
included concentration gradients based on inverse distance weighted interpolation.  While the 
results suggested an increasing trend in P concentrations in the aquifer, the data may not be of 
a sufficient quality to support this conclusion.  The data were presented for individual monitoring 
events.  Analysis and comparison of the data between all the monitoring events revealed some 
anomalies.  Spokane County has indicated some inconsistency in monitoring procedures and 
laboratory analysis procedures for P throughout the years.  For these reasons, the current data 
sets alone were not deemed substantial enough support a detailed numerical trend analysis.  

Two references support the supposition from the data that P concentrations in the aquifer are 
increasing.  A comparison of data from 1977-78 and 2003 that were flow-weighted averaged 
suggests an increasing trend.  "Annual average concentrations for a series of wells located 
perpendicular to aquifer flow in the vicinity of the cross-section descriptor" are shown in Table 7 
80. 

Table 7 .  Cross-Section Average Concentrations for Selected Parmaeters 

Cross Section Avg. NO3-N 
1977-78 
(µg/L ) 

Avg. Total P 
1977-78 
(µg/L ) 

Avg. Ortho P 
1977-78 
(µg/L ) 

Avg. Total P 
2003 

(µg/L ) 

Avg. Ortho P 
2003 

(µg/L ) 
Stateline 920 9.6 4.5 4.9 8.9 

Greenacres 1,180 8.1 7.0 8.2 8.5 
Dishman 1,680 9.3 4.6 Not Available Not Available 
Parkwater 1,810 8.2 4.9 15.2 13.7 

Parkwater - N 1,170 Not Available Not Available Not Available Not Available 
N Spokane 1,590 9.3 4.5 6.3 7.1 

Outlet Springs 2,230 32.9 7.6 Not Available Not Available 
Source: Miller, 2007 

 

Miller (2007) presents two observations from the data.  "First, both total phosphorus and nitrate-
nitrogen in groundwater increases as the aquifer flows from east to west beneath the developed 
portion of the Spokane River Valley.  Second, it is clear that the average phosphorus was 
significantly higher in 2003 than in 1977-78" 81.  Similar to the research presented under the 
Literature Review, Miller concludes that the increases in groundwater P concentrations may be 
attributed to the P loading and breakthrough from onsite sewage disposal systems.  "The 
concomitant increase in phosphorus, also likely from septage sources, suggests that 
phosphorus accumulated and held in the soil column has started to break through"82. 

                                                 
80 Miller, S.  2007.  Phosphorus Concentration Change within the SVRP Aquifer.  Spokane County. 
81 Miller, S.  2007.  Phosphorus Concentration Change within the SVRP Aquifer.  Spokane County. 
82 Miller, S.  2007.  Phosphorus Concentration Change within the SVRP Aquifer.  Spokane County. 
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A detailed assessment of phosphorus in the Spokane River was completed in 1984 during the 
low flow season and presented in a phosphorus study of the Spokane River completed in 1985 
by Harper Owes (1985).  Since water in the Spokane River System is interconnected between 
surface and groundwater, the report includes a discussion of phosphorus in groundwater.  The 
report states that "most of these enriched ground water areas appear to be associated with 
potential phosphorus sources (e.g., community septic systems)" 83.  This is followed by the 
conclusion "the available information (based on an analysis of data collected from 64 wells 
throughout the Spokane Aquifer) suggests that average TP concentrations within the aquifer 
increase moderately proceeding from upgradient to downgradient locations" 84. 

Summary and Conclusions 
The following summarizes the analysis for determining onsite sewage disposal systems P loads 
to the SVRP aquifer and the Spokane River System. 

Summary of Loading Estimates 

Spokane County Division of Utilities has documented sewer service to 3,415 onsite sewage 
disposal systems within the Spokane County service area since 2001.  Another 4,228 sewer 
service connections have not been recorded specifically as a type of connection, and many of 
these may also count toward removal of an existing system.  Additionally, sewer service will be 
provided to another 800 onsite sewage disposal systems per year up to the year 2011, and 
sewer service will be provided to the remaining systems within the service area between 2011 
and 2015. 

The total annual P load reduction to the Spokane River is estimated based on the combined 
breakthrough load from aging systems with a soil/aquifer retention coefficient.  The annual total 
P load reduction to the Spokane River is summarized in Table 8.  The TMDL load allocation was 
based on the year 2001, so the annual total P load reduction resulting from providing sewer 
service to onsite sewage disposal systems begins in 2001.  By removing systems between 2001 
and 2005, the estimated P loading reduction to the Spokane River system is currently between 
3.8 lbs/day and 6.3 lbs/day.  The lower range of annual total P load reduction to the Spokane 
River in 2015 is estimated to be 4,440 lbs (12.2 lbs/day).  The upper range of annual total P 
load reduction to the Spokane River is estimated to be 7,400 lbs (20.3 lbs/day). 

                                                 
83 Harper Owes.  1985.  Phosphorus Attenuation in the Spokane River.  Prepared from State of 
Washington Department of Ecology, Publication No. 85-e28, Contract C84-076, by C.R. Patmont, G.J. 
Pelletier, and M.E. Harper. 
84 Harper Owes.  1985.  Phosphorus Attenuation in the Spokane River.  Prepared from State of 
Washington Department of Ecology, Publication No. 85-e28, Contract C84-076, by C.R. Patmont, G.J. 
Pelletier, and M.E. Harper. 



 

Table 8.  Estimated Phosphorus Loading to Surface Water 

Loading to Surface Water, lbs/day Year Estimated Number 
of Systems with 
Breakthrough 

Loading to 
Ground Water 

(lbs/day) 
Retention Factor  

0.5 
Retention Factor 

0.7 
2001-2005 630a 12.6 6.3 3.8 
2005-2015b 1,461 28.0 14.0 8.4 

TOTAL 2,091 40.6 20.3 12.2 
a Based on Spokane County records for number of existing structures provided sewer service between 2001 and 
2005. 
b Future P loading to be removed from the Spokane River system once sewer service is provided to existing onsite 
sewage disposal systems. 
 
The P load from onsite sewage disposal systems impacts the concentration of P in the SVRP 
aquifer, but this concentration impact will be highly dependent upon the large flow rate in this 
highly transmissive aquifer.  Nonetheless, the mass of P entering the Spokane River System 
from the SVRP aquifer would be greatly reduced by removal of onsite sewage disposal systems 
over the aquifer.  This estimated load reduction may be under-estimated because it accounts 
only for removal of onsite sewage disposal systems over the aquifer and does not account for 
the additional load reduction for removal of onsite sewage disposal systems within the critical 
aquifer recharge area outside of the limits of the SVRP aquifer.  Further P load reduction would 
potentially be realized if the onsite sewage disposal systems located within the critical aquifer 
recharge areas and off of the SVRP aquifer are eliminated. 

The groundwater P load would increase or decrease as P load from onsite sewage disposal 
systems increases or decreases.  As existing onsite sewage disposal systems age and more 
onsite sewage disposal systems reach breakthrough, the total P load will be expected to 
increase unless these systems are either removed, or the effluent is routed to a municipal 
wastewater treatment system with advanced phosphorus removal capabilities. 

WAC Water Quality Offsets 

As described under the Introduction, WAC 173-201A-450 states that water quality offsets may 
be allowed when a certain set of conditions are met.  These conditions are described in Table 9 
along with comments on how this study has met these conditions. 

Table 9.  Water Quality Offsets 

Water Quality Offset Conditions Study Response to Conditions 

(a) Water quality offsets must target 
specific water quality parameters 

The water quality offsets described in the Phosphorus 
Management Plan target a specific water quality parameter – 
Total Phosphorus. 

(b) The improvements in water quality 
associated with creating water quality 
offsets for any proposed new or 
expanded actions must be demonstrated 
to have occurred in advance of the 
proposed action. 

The improvements in water quality associated with creating 
water quality offsets for septic tank elimination from 2001 to 
2011 will occur in advance of the discharge from the Spokane 
County Regional Water Reclamation Facility (Reference Table 
8).  Additional improvements in water quality associated with 
septic tank elimination will occur as additional septic systems 
are eliminated after the discharge from the SCRWRF begins in 
2011. 

(c) The technical basis and methodology A technical basis and methodology for the water quality offsets 
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Water Quality Offset Conditions Study Response to Conditions 

for the water quality offsets is 
documented through a technical analysis 
of pollutant loading, and that analysis is 
made available for review by the 
department.  The methodology must 
incorporate the uncertainties associated 
with any proposed point or non-point 
source controls as well as variability in 
effluent quality for sources, and must 
demonstrate that an appropriate margin 
of safety is included.  The approach must 
clearly account for the attenuation of the 
benefits of pollution controls as the water 
moves to the location where the offset is 
needed. 

is presented herein through a technical analysis of pollutant 
loading.  Ecology and the Center of Justice has provided 
comment on this technical analysis in meetings and through the 
comment letters.  As presented herein and discussed in the 
meetings with WDOE and Center of Justice, an appropriately 
generous margin of safety has been incorporated in the offset 
evaluation. Furthermore, the analysis accounts for the 
attenuation of the load reduction from septic system elimination 
as water moves to Long Lake via the SVRP aquifer and the 
Spokane River. 

(d) Point or non-point source pollution 
controls must be secured using binding 
legal instruments between any involved 
parties for the life of the project that is 
being offset.  The proponent remains 
solely responsible for ensuring the 
success of offsetting activities for both 
compliance and enforcement purposes. 

Spokane County is committed to non-point source reduction of P 
through its Septic Tank Elimination Program (STEP).  This 
program addresses concerns expressed by the State of 
Washington Board of Health and is described in the 2001 
Comprehensive Wastewater Management Plan (CWMP).  The 
2001 CWMP serves as the County’s Sewerage General Plan 
under the County Services Act, Chapter 36.94 RCW.  It also 
serves as the County’s General Sewer Plan, as specified by 
WAC 173-240.  A Centennial Clean Water Fund grant from 
Ecology for $3,750,000 per year is dedicated to the completion 
of the STEP.  The use of this grant for the financing of STEP 
sewers is detailed in the 2001 CWMP and the remaining 
projects included in the STEP are prioritized.  Project priorities 
were assigned based on a variety of criteria, ranging from 
aquifer susceptibility to density of development and history of 
drainfield failures.  Spokane County has been implementing the 
STEP and is on target to complete the STEP by the end of 
2015.  This plan has been adopted by the Spokane County 
Board of County Commissioners and is the binding legal 
instrument that commits Spokane County to the STEP. 

(e) Only the proportion of the pollution 
controls which occurs beyond existing 
requirements for those sources can be 
included in the offset allowance. 

Phosphorus loading reduction is not a requirement of the STEP 
program.  Therefore, all of the reduction in P loadings due to the 
STEP program occurs beyond existing requirements.  Spokane 
County is only accounting for water quality offset from the 
reduction of septic systems constructed after the TMDL baseline 
year of 2001, even though thousands of septic systems were 
removed prior to 2001. 

(f) Water quality offsets must meet 
antidegradation requirements in WAC 
173-201A-300 through 173-201A-330 
and federal antibacksliding requirements 
in CFR 122.44(l). 

The water quality offset described in Chapter 11 of the Draft 
2006 Wastewater Facilities Plan Amendment meets the 
antidegradation requirements of WAC 173-201A-300 through 
173-201A-330, as approved by EPA on May 2, 2007.  The 
offsets will not result in lowering of water quality from its current 
condition and, instead, will provide water quality treatment 
where it would otherwise not exist.  Moreover, Spokane 
County’s treatment facility will treat the septic tank effluent to a 
higher standard than it would otherwise receive if routed to the 
City’s existing sewage treatment plant.  With regard to Tier 1, 
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existing and designated uses will be maintained.  The 
Foundational Concepts document authorizes offsets as part of 
the TMDL in order to implement the DO TMDL.  The offsets 
proposed by the County are consistent with the Foundational 
Concepts document.  Tier II is  not implicated here because the 
water quality in the River is not of a higher quality than the 
dissolved oxygen criterion.  Tier II is not implicated because the 
Spokane River has not been designated as an “outstanding 
resource water.”   
 
The offsets are also consistent with federal anti-backsliding 
requirements contained in 40 CFR 122.44 (l).  There is no 
backsliding prohibition that pertains directly to offsets in the 
federal Clean Water Act or federal water quality regulations.  
The anti-backsliding provisions governing NPDES permits are 
contained in 33 USC § 1342(o).  The general prohibition against 
anti-backsliding is contained in 33 USC §1342(o)(1).  The 
second part of that provision applies to water quality based 
effluent standards, which is the applicable standard for purposes 
of issuing NPDES permits in accordance with TMDLs.  In states, 
in part, as follows:  “In the case of an effluent limitation 
established on the basis of section 1311(b)(1)(C) of this title . . . 
a permit may not be renewed, reissued, or modified to contain 
effluent limitations which are less stringent than the comparable 
effluent limitations in the previous permit.”  The prohibition 
against backsliding does not apply here because the County has 
never had an NPDES permit that contained effluent limits for a 
direct discharge from the County’s sewage treatment facility to 
the Spokane River.  Therefore, the offsets proposed by the 
County are consistent with the federal anti-backsliding 
requirements.      

 

Discussion of Margin of Safety and Uncertainty 

Parameters used for the P offset analysis, uncertainty associated with the parameters, and 
discussion about the margin of safety associated with the parameters are summarized in Table 
10. 

The general approach used here assumes that P does not breakthrough to groundwater until all 
sorption sites are full.  This approach presents an additional margin of safety as it has been well 
documented in the literature that P will leach in the soil system prior to breakthrough occurring.  
As stated by the IDEQ in its Nutrient-Pathogen Evaluation Program guidance 85: 

There is also a growing body of scientific evidence, which suggests that for soil 

                                                 

85 Idaho Department of Environmental Quality (IDEQ).  2006.  Nutrient-Pathogen Evaluation 
Program for Onsite Wastewater Treatment Systems.  Public Comment Draft, January 
2006. 

 



 

Systems, phosphorus breakthrough (i.e. increasing phosphorus concentrations in 
leachate) occurs long before the theoretical phosphorus sorption capacity of the soil 
is reached.  This concept is referred to as the soil P change point (McDowell and 
Sharpley, 2001) or the degree of phosphorus saturation (Nair, et al, 2004). 

In summary, the approach used in this analysis for estimating breakthrough provides a 
generous margin of safety in that it underestimates historic P concentrations in effluent, 
underestimates historic hydraulic loading; overestimates P sorption capacity of soils; and 
ignores P movement into the groundwater system prior to full sorption capacity of the soil being 
reached.  An additional margin of safety is added through the use of an aquifer retention 
coefficient of 50 to 75 percent. 

The analysis presented herein is provides an estimated range of P loads to the Spokane River 
System from onsite sewage disposal systems and the resulting reduction in loading associated 
with the STEP.  Based on the analysis, a conservative P offset of 4,440 lbs/yr (12.2 lbs/day) has 
been demonstrated, consistent with applicable regulations.  As described in this document, the 
offset calculations are based on a number of assumptions and variables.  Where available, the 
uncertainty in these variables were reduced by using site or area specific information.  These 
variables, such a depth to groundwater and onsite sewage disposal system location, have low 
levels of uncertainty.  For variables with a greater level uncertainty, estimates were used that 
provided for a generous margin of safety. 
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Table 10.  Parameter Uncertainty and Margin of Safety for Breakthrough Evaluation 

Parameter Value Discussion / 
Justification Uncertainty/Margin of Safety 

P Loading to Drainfield 
P Concentration 12,000 µg/L  Page 23 P concentration can be variable.  This analysis should 

account for historic P concentrations, which were higher 
than present day levels due to the use of phosphate 
detergents.  Historical concentration levels are appropriate 
since these loadings consumed phosphorus sorption sites 
in soil.  Used median value in literature by McCray et al 
(2005) and is also the same value used by Idaho for new 
systems (IDEQ 2006). 

Effluent 
Discharge 

200 gal/day Page 23 Based on county-wide sewer service survey in 2001.  This 
value reflects current uses including the use of EPACT 
efficient fixtures which was implemented in 1994.  Thus, 
the flow rate underestimates historic flow rates, which 
adds a margin of safety to this analysis. 

Onsite Sewage Disposal System Information 
Location of 
System 

Physical location Pages 26 to 28 GIS information available for system locations.  
Uncertainty is low, as this data is readily accessible and 
reliable. 

Depth to 
Groundwater 

Variable Page 28 GIS and USGS information based on SVRP aquifer depth 
to groundwater measurements and interpolation.  There is 
minor seasonable variation in groundwater depths; 
average surface elevations used.  Data is readily 
accessible and reliable. 

Sizing of 
Drainfield 

Variable Page 24 This utilizes County and site specific information on 
dwelling size and county-wide rules on sizing of drainfield.  
This represents location specific information and is based 
on building permit and site inspection information.  
Uncertainty is low, as this data is readily accessible and 
reliable. 

Soil Sorption 
Sorption  200, 150, and 50 

(Varies with depth 
with higher sorption 
values assumed for 
the drainfield and 
lower values with 

depth through 
gravelly soils with 

cobbles) 

Pages 9 and 
25 

Utilized literature information on sorption value for sand as 
well as the recommended default value by MDEQ.  Also 
relied on soil information for Spokane Valley area for soil 
type and adjusted sorption values based on lithology.  
Based on soil type, there is little to no sorption capacity in 
the major soil types in the service area. It is best 
professional judgment that the value of 150 mg/Kg and 50 
mg/Kg for the deeper vadose zone provides a margin of 
safety when estimating breakthrough. 

Loads to Surface Water 
Aquifer 
Retention Factor 

50 to 75% Page 29 A retention factor range of 50 to 75% was used to 
represent P not entering the Spokane River System.  This 
range of values was based on general literature values for 
retention factors for watershed studies where all septic 
systems were used in the calculation.  This range of 
retention factors are used here as a margin of safety. 
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