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INTRODUCTION

This memorandum summarizes results of Task 3 (Develop a Priority for Studies to Fill Gaps in Existing
Data) of Phase 1 of the Bi-State Nonpoint Source Phosphorus Study. The purpose of the Bi-State
Nonpoint Source Study, which is being conducted in three phases, is (1) to identify and quantify nonpoint
source (NPS) inputs into the Spokane River and Lake Spokane; (2) to identify best management practices
(BMPs) to address NPS contributions and to evaluate the cost-effectiveness and longevity of the
identified BMPs; and (3) to prepare an implementation plan for reduction of NPS loads based on the
selected BMPs. Although this memorandum is being transmitted under GeoEngineers letterhead, the
below-described technical information reflects considerable and critical input from HDR, Inc. personnel,
(particularly Michael Kasch and Dave Clark) and Senior Advisors Dr. Andrew Sharplee and Dr. Michael
Barber.
Results of Tasks 1and 2 of this Phase 1 study were summarized in project Technical Memorandum 1,
which currently is being compiled by Spokane County. Tasks 1 and 2 resulted in:
•

A watershed-scale data compilation of readily-available phosphorus concentrations (within
surface water, groundwater, and sediments), total suspended solids concentrations, and
streamflow;

•

Screening for the relevance and credibility of the compiled data and associated reports based on
Washington State’s Credible Data Policy;

•

A database consisting of over 60,000 project data points;

•

Preliminary total phosphorus loading analyses for both surface and groundwater; and

•

A preliminary prioritization of total phosphorus loads within the study area.

Task 3, summarized in this technical memorandum, includes the following:
•

An assessment of gaps in existing project data and/or analysis; and

•

Preparation of a prioritized list of studies to fill data/analysis gaps.
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DATA/ANALYSIS GAPS

GENERAL
The project database contains more than 60,000 data points associated with almost 1,500 monitoring
locations. However, these data are not uniformly distributed throughout the watershed and the data
distribution currently is not sufficient to constrain the origin, location, and magnitude of nonpoint sources
of phosphorus in all portions of the study area.
Significant, though incomplete, NPS data analysis was performed during Phase 1 of this study using data
contained within the project database. This data analysis provided valuable insight regarding total
phosphorus distribution within watershed surface water and groundwater and preliminary total
phosphorus loading estimates. Initial analysis also identified a number of gaps in the analysis that could
not be filled using existing resources but should be considered going forward.
Data and analysis gaps, organized by association with surface water or groundwater, are enumerated in
this report section.

SURFACE WATER
General

Total phosphorus and orthophosphorus concentrations in surface water throughout the study area were
compiled as a component of Phase 1 of the Bi-State Nonpoint Source Phosphorus Study and are
contained within the project database. Total phosphorus data, which were the focus of previous analyses,
have been tabulated for a total of 862 locations throughout the Spokane River watershed.
Most of the surface water total phosphorus concentration data compiled for this study are associated with
long-term monitoring stations or intensive monitoring studies. There are 21 locations with more than 100
samples and of those 10 locations with more than 200 samples. These locations include stations along the
mainstem Spokane River, Hangman and Little Spokane Rivers near their confluence with Spokane River,
the Coeur d’Alene River, Lake Coeur d’Alene, and Newman and Liberty Lakes. Sampling locations
outside of these areas are limited in number and historically contain relatively little phosphorus
information. For example, only one or two samples have been collected at about a third of the total
locations. As a result, numerous data gaps exist with respect to phosphorus concentrations in the upper
watersheds of the study area both in Idaho and Washington.
Flow and total phosphorus concentration data were used to preliminarily estimate total phosphorus loads
at six locations in the Spokane River watershed (HDR, 2009). Sufficient data were available to develop
loading estimates along the Spokane River, and the confluences for the Little Spokane River and
Hangman Creek. There are fewer data upstream of these locations which creates additional challenges for
analysis and interpretation.
Temporal Analysis

Monitoring locations vary significantly with respect to the timing and number of collected samples. Time
series were completed to assess the data for the six selected locations (HDR, 2009). These revealed the
lack of data for the Spokane River at Lake Coeur d’Alene, Spokane, and Lake Spokane headwaters. The
plots also revealed decreasing trends in total phosphorus concentrations for Stateline, Hangman Creek,
and Little Spokane River along with both the flows and loads decreasing. The strip chart analysis was
also revealing as only a few locations have long term data records, while a few have periods of
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concentrated sampling, and the remaining locations have few and sporadic samples (HDR, 2009). The
strip charts were also useful for revealing that creating time series for most locations would not be very
useful and the few samples would result in inaccurate assessments of trends.
The temporal analysis including monthly loading analyses indicated that spring and especially the month
of May are the periods with generally the greatest total phosphorus loads throughout the watershed. A
frequency analysis by month for phosphorus data from all stations in database was not performed. Such a
temporal analysis could demonstrate that phosphorus concentrations by sub-basin may have increased or
decreased over time, which could indicate whether existing management programs have been effective at
mitigating phosphorus concentrations.
The temporal analysis exposes the challenges in maintaining and coordinating a long-term watershed
monitoring effort to provide a comprehensive dataset for analysis. Coordinating the timing and locations
of monitoring in the future will be important to demonstrating the necessary total maximum daily load
(TMDL) required reductions.
Orthophosphorus in Surface Water

Orthophosphorus concentrations have been compiled in the database but were not assessed as part of
Phase 1 of the Bi-State Nonpoint Source Phosphorus Study. Total phosphorus was the focus of the
analyses primarily because the Spokane River TMDL is for total phosphorus. Orthophosphorus is soluble
reactive phosphorus that is readily available for biological uptake, can stimulate excess algae growth and
subsequent depletion of dissolved oxygen. The fraction of total phosphorus that is bioavailable will
become an important criterion in selecting phosphorus reduction activities. This data gap can be partially
filled by detailed examination of the paired total and orthophosphorus concentrations in the database.
Potential Phosphorus Loading Upstream of Spokane River at Lake Coeur d’Alene

Much of the watershed area and many of the tributaries draining to the Spokane River, including
surrounding lakes or lower order tributary streams, are located upstream of the Spokane River at Lake
Coeur d’Alene. Included are streams located within the following subbasins: St. Joe, South Fork
Coeur d’Alene, Upper Coeur d’Alene, and Coeur d’Alene Lake. There is generally relatively less
information available from these subbasins.
The Phase 1 analyses showed total phosphorus concentrations frequently are at or above those targeted
for the Spokane River downstream of Lake Coeur d’Alene and significant loads exit from Lake
Coeur d’Alene. Previous analyses and the complexity of the system have not demonstrated the
connection between the phosphorus loading upstream and the conditions downstream. Complexities
include the lake moderating effect or reduction in phosphorus since the lake has been reported to be a sink
for phosphorus, potentially as high as a 50-percent reduction. There is a lagged response between the
inflow phosphorus and the phosphorus discharged. This is followed by the high interaction and mixing in
the aquifer with groundwater. Finally, the longer fate and transport processing time due to the distance
from Lake Coeur d’Alene to Lake Spokane results in cycling of phosphorus through various organic
matter phases. Even with additional data from the upstream areas, the complexities make it difficult to
track this phosphorus through the watershed and link to the responses seen at Lake Spokane.
While there is a data gap for phosphorus in the upstream subbasins, the data from the Spokane River at
Lake Coeur d’Alene demonstrates a sizable loading of phosphorus from the lake and thus the upstream
subbasins. This weight of evidence approach validates that loads from the upstream subbasins are an
important portion of the overall load to Lake Spokane. Identifiable sources, land use planning, best
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management practices and other activities to reduce phosphorus should be undertaken based on the
probable potential for phosphorus loading. Direct monitoring at these locations should be undertaken to
demonstrate the phosphorus reduction.
Potential Phosphorus Loading from Lower Spokane/Lake Spokane Subbasin

Surface water flow to the segment of the Spokane River between Nine Mile Falls Dam and the boundary
of our study area (near Long Lake Dam) has not been examined in detail. While there are no major
streams within the subbasin, there is a watershed area that drains directly to the lake and this direct
proximity presents potential phosphorus loading. Activities, land uses, and existing sources of
phosphorus data are a data gap for the subbasin. Additionally, the transport of phosphorus both via
surface water and shallow groundwater present potential mobilization mechanisms for the phosphorus
sources to reach Lake Spokane. The area around the lake is important simply based on its proximity to
Lake Spokane.
Hangman Creek and Little Spokane River

The proximity of Hangman Creek and the Little Spokane River to Lake Spokane, among other factors,
makes these subbasins important for phosphorus sources and delivery. These two subbasins generally
have been studied more frequently by other researchers and more data are available. Therefore, for
Phase 1 of the Bi-State Nonpoint Source Phosphorus Study these subbasins were not examined in depth
or any detailed analyses performed.
Land uses were compared to average phosphorus concentrations for Hangman Creek during Phase 1 of
this investigation (HDR, 2009). This analysis can be useful for identifying subareas within the subbasin
with higher phosphorus loads and potential phosphorus sources. The initial results for Hangman Creek
included the following:
•

The greatest phosphorus concentrations appear to be correlated with population centers (e.g., the
communities of Rockford, Fairfield, Tekoa, and Spangle).

•

Higher phosphorus concentrations appear to correlate to large agricultural areas including middle
California Creek, the reach between Latah and Waverly, near the confluence of Rattler Run Creek
with Hangman Creek, and Little Hangman Creek and the area along the Stateline (HDR, 2009).

•

While the available data in the database can be used to link with land use and identify subareas of
potential importance, it may be a challenge and data gap to then identify potential phosphorus
sources within the subareas for BMPs. The data gap between linking monitored data to
identifying sources for load reduction, may potentially be filled by approaching the gap from both
directions by comparing the phosphorus data and land use with the mapping of typical, known
and identifiable sources.

Additional potential data gaps include understanding why the loadings are different in the subbasins, e.g.,
especially Hangman Creek and Little Spokane River compared to areas along the Spokane River. The
existing dataset may not be sufficient for determining the differences in timing and magnitude of the
phosphorus loads along with the mechanisms for this delivery of total phosphorus loads and transport
from these subbasins.
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GROUNDWATER
General

Total phosphorus concentrations in groundwater throughout the study area were compiled as a component
of Phase 1 of the Bi-State Nonpoint Source Phosphorus Study and are contained within the project
database. Data from a total of 363 wells, including about 1,800 total phosphorus and 2,400
orthophosphorus analyses, have been tabulated.
Most groundwater total phosphorus concentration data compiled for this study are associated with the
portion of the Spokane Valley – Rathdrum Prairie (SVRP) Aquifer located within Washington; sampling
locations outside of the boundaries of the SVRP Aquifer are limited in number and historically contain
relatively few phosphorus analyses (count) per well location. As a result, numerous data gaps exist with
respect to phosphorus concentrations in study area aquifers (1) in Idaho and (2) in Washington within
aquifers other than the SVRP Aquifer.
Baseflow and total phosphorus concentration data were used to preliminarily estimate total phosphorus
loads entering surface water from groundwater along gaining stream segments within the Spokane River
watershed (GeoEngineers 2009). Sufficient data were available to develop loading estimates along the
Spokane River, Little Spokane River, and Hangman Creek (although total phosphorus concentration data
for the aquifer system that discharges to the primary gaining segment of Hangman Creek generally was
not available). Meaningful loading analyses associated with other study area streams and lakes were not
possible with the current data set.
Temporal Analysis

Previous data analysis focused on the average total phosphorus concentration in groundwater samples
collected at each monitoring location. Monitoring locations vary significantly with respect to the timing
and number of collected samples. As a result, we do not currently understand how phosphorus
concentrations in groundwater might have varied with time. A temporal analysis could demonstrate that
phosphorus concentrations in groundwater in certain locations (such as Spokane Valley) might have
increased or decreased over time, which could indicate whether existing management programs (such as
Spokane County’s Septic Tank Elimination Program) have been effective at mitigating phosphorus
concentrations and, potentially, should be considered for more widespread implementation.
HDR’s Onsite Sewage Disposal Systems Phosphorus Loading Estimate Technical Memorandum (June
2007) estimated phosphorus loads from onsite sewage disposal systems to the Spokane River System. In
this report, the total annual P load reduction to the Spokane River was estimated based on the combined
breakthrough load from aging systems with a soil/aquifer retention coefficient. It was determined that the
mass of phosphorus entering the Spokane River System from the SVRP aquifer would be greatly reduced
by removal of onsite sewage disposal systems over the aquifer. However, it is acknowledged that the
estimated load reduction may be under-estimated in the report for a variety of reasons. Additional data
analysis to confirm the load reduction estimates over time as a result of septic tank elimination are
warranted.
Orthophosphorus in Groundwater

Previous data analysis focused on total phosphorus concentrations in groundwater, although more than
half of the groundwater data set consists of orthophosphorus analyses. Orthophosphorus is soluble
reactive phosphorus that is readily available for biological uptake and stimulates the excess algae growth
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and subsequent depletion of dissolved oxygen observed in Lake Spokane.
Examination of
orthophosphorus concentration data could be used to evaluate 1) how much groundwater-based
phosphorus is available for biological uptake; 2) the distribution of phosphorus species in study area
groundwater; and 3) whether orthophosphorus distribution and loading trends are consistent with total
phosphorus analyses.
Potential Phosphorus Loading Upgradient of the SVRP Aquifer

Many of the tributaries draining into the Spokane River, surrounding lakes or lower order tributary
streams are located upgradient of the SVRP Aquifer. Included are streams located within the following
subbasins: St. Joe, South Fork Coeur d’Alene, Upper Coeur d’Alene, Coeur d’Alene Lake, Upper
Spokane Idaho, and Pend Oreille Lake. Relative to the data set that exists for the SVRP Aquifer, little
information is available within these subbasins regarding:
•

Aquifer extent and geometry;

•

Aquifer material and hydraulic properties;

•

Hydraulic head conditions;

•

Baseflow quantities; and

•

Groundwater phosphorus concentrations.

For selected upgradient subbasins, the number of wells with relevant total phosphorus data, as well as
associated average total phosphorus concentrations, are summarized in Table 1.
Table 1. Number of Wells and Total Phosphorus Concentration in Selected Upgradient Subbasins.

Subbasin

# wells

Average Total Phosphorus Concentration
(µg/L)

St. Joe

2

155

South Fork Coeur d'Alene

2

20

Upper Coeur d'Alene

0

NA

Coeur d'Alene Lake

4

117.5

Upper Spokane, ID

0

NA

Pend Oreille Lake

3

13.3

Note:
NA = not applicable

Groundwater loading estimates generally are not possible within these upgradient subbasins. We suspect
that the aquifers, where present, that are in hydraulic connection with these tributary streams likely are of
limited areal extent, thin, and variably permeable. This would suggest that the impact from surface
water/groundwater interaction in these areas is likely to be minimal with respect to the SVRP Aquifer.
However, a relatively large phosphorus load exits Coeur d’Alene Lake under all flow conditions (detailed
as a component of this study’s surface water evaluation), suggesting that a significant groundwater-based
phosphorus source likely exists within the subbasins upgradient of the lake, and could merit further
investigation.
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Potential Phosphorus Loading Downgradient of Nine Mile Falls Dam

Previous investigations regarding interaction between the Spokane River and the SVRP Aquifer have
focused on the portion of the Spokane River upstream of Nine Mile Falls Dam. Therefore, groundwater
inflow to the segment of the Spokane River between Nine Mile Falls Dam and the boundary of our study
area (near Long Lake Dam) has not been examined in detail. The discharge of groundwater-based
phosphorus to this river segment potentially is significant and could originate from several different
aquifers (Tetra Tech/KCM 2007), including:
•

Basalt aquifers associated with the Columbia River Basalt Group (CRBG) that discharge directly
to the Spokane River within the subject reach, and likely transport phosphorus associated with
West Plains (and/or further upgradient) domestic and/or agricultural sources.

•

Paleochannel aquifers that originate within the West Plains and discharge to the subject reach,
and also likely transport phosphorus associated with West Plains (and/or further upgradient)
domestic and/or agricultural sources.

•

Cataract deposits primarily composed of sand and gravel, identified in Tetra Tech/KCM (2007)
and situated along the north side of the Spokane River in the vicinity of Whitemore Road and east
of Highway 231, which likely discharge phosphorus from residential sources to the subject reach.

•

Near-shore sediments situated adjacent to Lake Spokane.

Specific sources of phosphorus that could be transported to the Spokane River and Lake Spokane via
these aquifers include, but are not limited to, the following:
•

A concentrated zone of septic systems situated in the Suncrest portion of Stevens County;

•

More diffuse septic systems adjacent to Lake Spokane outside of Suncrest;

•

Septic systems situated within the West Plains that infiltrate effluent into basalt and/or
paleochannel sediments;

•

Agricultural activities within the West Plains and/or other agricultural areas adjacent to Lake
Spokane that infiltrate water impacted by fertilizer application, livestock waste, etc. into basalt
and/or paleochannel sediments;

•

Agricultural activities outside of the West Plains that are adjacent to Lake Spokane and infiltrate
water impacted by fertilizer application, livestock waste, etc. into basalt and/or near-shore
sediments.

•

Stormwater infiltration within developed areas overlying these aquifers, including the West Plains
and Suncrest.

Hangman Creek Aquifer System

Spokane County Conservation District (2005) identified a significant gaining stream segment along
Hangmen Creek below the Hangman Creek Golf Course. No total phosphorus data for wells located in
close proximity to this stream segment were included in the documents reviewed during Phase 1 of this
study. Phosphorus loading analyses from groundwater were attempted for Hangman Creek as a
component of the Phase 1 investigation. However, the precision of these analyses were limited by the
lack of applicable phosphorus concentration data.
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Little Spokane River Subbasin Agricultural operation

Relatively small-scale agricultural operations are abundant within the Little Spokane River subbasin. In
this and other watersheds, small-scale agricultural operations are sometimes associated with, on balance,
less rigorous implementation of effective nutrient management procedures. As such, this type of land use
area can provide NPS reduction projects with an opportunity for successful public education efforts and
associated phosphorus loading reduction. Examination of the relationship between small-scale
agricultural operations and groundwater-based phosphorus loading in this subbasin has been limited by
the paucity of phosphorus concentration data for area groundwater.
DATA/ANALYSIS GAP PRIORITIZATION

GENERAL
Numerous data and analysis gaps have been identified above for both surface water and groundwater.
Data gaps, for the purposes of this study, are defined as portions of the project dataset where the spatial
and/or temporal distribution of existing phosphorus concentration and/or hydrologic data does not allow
for desired analyses. Analysis gaps are examinations of the project dataset that could not be completed as
part of Phase 1 but could provide additional insight and important information for the decisions involved
with identification and implementation of phosphorus reductions.
Given the resources anticipated to be available for Phases 2 and 3 of this study and the cost of surface
water and groundwater data acquisition and analysis, we recognize that many of these gaps likely cannot
be addressed during this study. As a result, key analysis and data gaps are prioritized in this section to
guide data analysis and collection efforts during the Phase 2 investigation.

SURFACE WATER
Data Gap Prioritization – Surface Water

Surface water data gaps have been semi-quantitatively prioritized as a function of the following criteria,
where applicable:
•

Extent of necessary additional data collection;

•

Cost of data acquisition;

•

Duration of data acquisition;

•

Potential magnitude of NPS phosphorus load; and

•

Proximity of load to Lake Spokane.

Data gaps are prioritized below, in order of decreasing priority:
1. Data on the bioavailability of the phosphorus. Total phosphorus data and analysis assume all
forms are equal in causing the dissolved oxygen conditions in Lake Spokane.
2. Flow and phosphorus data for seasonal, episodic, hydrologic events and other conditions of high
phosphorus load delivery. Data in the database are primarily monthly or annual grab samples and
likely do not represent specific conditions related to the delivery of high phosphorus loads from
specific sources.
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3. Specific land use parameters that could impact phosphorus concentrations including current
versus historical land use, actual versus zoning land use planning, civic planning and
development approval, stormwater management criteria, and linkages between land use, soil
properties, hydrologic conditions, etc.
4. Soils data were not included in the database or the Phase 1 analysis. Soil chemistry is a source
and factor in the mobility of phosphorus. The characteristics of the soils in the watershed, along
with the relationship to the total phosphorus concentration in the runoff are unknown.
5. Phosphorus data from the area surrounding Lake Spokane.
6. Historical land use, activities, and phosphorus sources that may have a legacy impact on the
phosphorus concentrations observed in the monitoring data and may erroneously be assumed to
be linked to current land use, activities, and practices.
7. Long-term continuous datasets from additional monitoring locations throughout the watershed.
Analysis Gap Prioritization – Surface Water

Surface water analysis gaps have been semi-quantitatively prioritized as a function of the following
criteria, where applicable:
•

Extent of necessary additional analysis;

•

Cost of data analysis;

•

Required analysis time;

•

Potential magnitude of NPS phosphorus load; and

•

Proximity of load to Lake Spokane.

Analysis gaps are prioritized below, in order of decreasing priority:
1. Analyses for determining or estimating the identification of sources for phosphorus reduction
utilizing the loading analysis and monitoring data. Followed by the prioritization of the reduction
activities for the implementation plan.
2. Investigation of the mechanisms for the delivery and transport of total phosphorus loads in the
subbasins.
3. Continue the existing analysis of the correlation between land use and phosphorus concentrations
for the Hangman Creek subbasin and apply to the other subbasins.
4. An expansion of the loading analyses to investigate the differences in loads between subbasins to
unique characteristics of the subbasin, including differences in the timing and magnitude of loads,
source differences, and delivery processes.
5. Query the total phosphorus data in the database by season and month similar to the strip chart
analysis to examine the quantity, temporal and spatial data available to examine potential high
load periods such as May.
6. Examination of orthophosphorus concentration data and comparison with the total phosphorus
results. This analysis would be useful in determining sources of phosphorus and, more
importantly, the type of BMP needed to mitigate those sources.

File No. 0188-135-00

Spokane County Department of Utilities
September 17, 2009
Page 10
7. An assessment of the storage of phosphorus in deposited stream, river and lake sediments of the
area that can be a significant long-term source of phosphorus released to overlying water. This
has important implications to lag-times between water quality response and BMP
implementation.
8. Examine reaches of the stream and the loads within that reach for a stream segment analysis of
phosphorus loads. Continue and expand on the reach analysis done for the mainstem Spokane
River to other stream reaches.
9. More site-specific analysis of phosphorus and hydrologic data from selected sampling points to
better pinpoint phosphorus sources within a given drainage area. High sediment or phosphorus
loads or concentrations in specific streams and rivers, may not always point to the major land use
as the critical source for control within a drainage area. High concentrations or loads frequently
suggest that more detailed monitoring is needed upstream to identify sources. (For example,
consider a hypothetical situation where dairy cattle have unrestricted access to a local stream and
downstream phosphorus and bacteria concentrations are high. However, we cannot be sure that
this is coming from cattle or an old septic system that is leaking directly into the stream without
more detailed investigation.)
10. Query the database and consider if sufficient data exists for episodic or event-based analysis to
further examine, from seasonal and monthly loadings, the specific events that result in high
phosphorus loads.
11. Expand the existing land use correlation to the remaining watersheds. Correlating the non-point
source list with the observed land uses. Estimate potential phosphorus loads from these sources
and compare with watershed observed values.
12. Apply additional analysis techniques to refine areas of high loads or additional questions, areas
upstream of assessed location points, and areas of concern as indicated by the Nonpoint Source
Advisory Committee.
13. Examine if paired data are in the database for phosphorus and sediments, if so, examine if any
correlations exist.
14. Evaluate the relative importance of and impact of nutrient cycling (for example, is phosphorus
reduction in January really a benefit to Lake Spokane water quality conditions in late summer?).
15. Use of trend analysis, such as the LOWESS data analysis technique, to determine changes in
phosphorus concentrations with time as a function of land use, BPM implementations etc., within
the drainage areas of the sampling points. LOWESS is similar to a moving average, in that a
datum for a year is smoothed by incorporating information from data in adjacent years, and the
smoothed value is then used in the analysis. This allows one to evaluate water quality trends over
time as a function of variables such as land use change, wastewater treatment plant (WWTP)
upgrades decreasing phosphorus discharge, and implementation of BMPs.

GROUNDWATER
Data Gap Prioritization - Groundwater

Groundwater data gaps have been semi-quantitatively prioritized as a function of the following criteria,
where applicable:
•

Extent of necessary additional data collection;
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•

Cost of data acquisition;

•

Duration of data acquisition;

•

Estimated associated NPS phosphorus load (GeoEngineers 2009); and

•

Proximity of load to Lake Spokane.

Data gaps are prioritized below, in order of decreasing priority:
1. Specific land use parameters that could impact phosphorus concentrations in groundwater (septic
tank distribution, stormwater infiltration structure distribution, etc.) for portions of the study area
outside of Spokane County.
2. Groundwater phosphorus concentrations and discharge conditions associated with the
concentrated zone of septic systems situated in the Suncrest portion of Stevens County.
3. Groundwater phosphorus concentrations and discharge conditions associated with the
paleochannel aquifers originating on the West Plains and discharging to the Spokane River and
Lake Spokane.
4. Groundwater phosphorus concentrations and discharge conditions associated with the more
diffuse septic systems adjacent to Lake Spokane outside of Suncrest;
5. Reach-specific groundwater phosphorus concentrations within the Hangman Creek aquifer
system.
6. Seepage run data for streams entering Coeur d’Alene Lake that can be used to identify gaining
reaches.
7. Groundwater phosphorus concentrations and discharge conditions associated with gaining
reaches identified in streams entering Coeur d’Alene Lake.
8. Groundwater phosphorus concentrations and discharge conditions associated with the cataract
deposits primarily composed of sand and gravel and situated along the north side of Lake
Spokane.
9. Groundwater phosphorus concentrations and discharge conditions associated with the basalt
aquifers discharging to the Spokane River and Lake Spokane.
Analysis Gap Prioritization - Groundwater

Groundwater analysis gaps have been semi-quantitatively prioritized as a function of the following
criteria, where applicable:
•

Extent of necessary additional analysis;

•

Cost of data analysis;

•

Required analysis time;

•

Estimated associated NPS phosphorus load (GeoEngineers 2009); and

•

Proximity of load to Lake Spokane.

Analysis gaps are prioritized below, in order of decreasing priority:
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1. Temporal analysis of groundwater loading to the Spokane River and its tributaries, coupled with a
temporal analysis, to the extent possible, of attenuation or propagation in NPSs that impact
groundwater quality, such as septic tank elimination and/or installation.
2. Expansion of the existing analysis of the correlation between land use (such as septic tank
distribution, drywell distribution, etc.) and groundwater phosphorus concentrations.
3. Examination of orthophosphorus concentration data in groundwater.
4. Groundwater-based phosphorus loading associated with the concentrated zone of septic systems
situated in the Suncrest portion of Stevens County.
5. Groundwater-based phosphorus loading associated with the paleochannel aquifers originating on
the West Plains and discharging to the Spokane River and Lake Spokane.
6. Reevaluation of groundwater loading from the Hangman Creek aquifer system using reachspecific phosphorus concentration data.
7. Review of streamflow data associated with streams entering Coeur d’ Alene Lake for the purpose
of identifying significant gaining reaches, if any.
8. Groundwater-based phosphorus loading associated with the gaining reaches identified in streams
entering Coeur d’Alene Lake.
9. Relationship of small-scale agricultural operations with groundwater-based phosphorus loading
of the Little Spokane River.
10. Groundwater-based phosphorus loading associated with the more diffuse septic systems adjacent
to Lake Spokane outside of Suncrest;
11. Groundwater-based phosphorus loading associated with the cataract deposits primarily composed
of sand and gravel and situated along the north side of Lake Spokane.
12. Groundwater-based phosphorus loading associated with the basalt aquifers discharging to the
Spokane River and Lake Spokane.
RECOMMENDED STUDIES

GENERAL
Prioritized studies, for both surface water and groundwater, are provided in this section. We recommend
that these be considered during the Phase 2 investigation to address the prioritized surface water and
groundwater data gaps enumerated above. In some cases, recommended studies contain both data
collection and data analysis elements. In others, recommended studies consist solely of additional data
analysis performed using existing data within the project database and/or other sources.

SURFACE WATER
Recommended surface water-based studies are prioritized below, in order of decreasing priority:
1. Potential Title - Assessment of Phosphorus Sources as a Basis for Reduction Activities and
Implementation Plan
Subject Summary - This study would integrate the data analyses completed and planned and
develop a list of known, probably, and possible sources of phosphorus loads. The identification
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of the sources will be important for the implementation plan, identification of responsible parties
and selection of reduction activities.
2. Potential Title - Event Based Phosphorus Transport and Delivery to the Spokane River and
Tributaries
Subject Summary - This study would examine the existing phosphorus data in the database for
the ability to assess the transport and delivery of phosphorus during specific seasonal, episodic,
hydrologic events and other conditions of high phosphorus load delivery. Research and
coordinate with experts studies that have captured event based phosphorus transport and delivery.
Based on the finding, develop recommended potential monitoring activities to include in the
implementation plan to capture phosphorus data during these conditions.
3. Potential Title - Land Use Correlations and Relationships to Non Point Source Phosphorus
Within the Spokane River Watershed
Subject Summary - This study would expand on the existing analysis of the correlation between
land use and phosphorus concentrations performed for the Hangman Creek subbasin. Additional
land use parameters available in GIS coverages such as historic land use, actual land use, soil
properties, and hydrologic conditions may be compiled and included in the study.
4. Potential Title - Potential Sources of Phosphorus Loads within the Lower Spokane / Lake
Spokane Subbasin
Subject Summary - This study would entail the review of GIS data for land use, topography, and
hydrologic features within the Lake Spokane subbasin. Source of phosphorus in this subbasin are
in close proximity to the lake. Subareas would be delineated to identify the drainages to the lake
based on USGS quadrangle topographic contours. Potential sources would be identified and field
examined via a windshield survey and coordinated with the groundwater studies in the subbasin.
5. Potential Title – Phosphorus Loads to the Spokane River and Tributaries within Watershed
Subbasins
Subject Summary - This study would expand on the current phosphorus loading analyses to
examine loading within the subbasins and even subareas based on the available phosphorus data
in the database both on a reach by reach and a subarea by subarea level.
6. Potential Title – Relationships between Total Phosphorus and Orthophosphorus, Sediment and
Other Parameters based on Monitoring Data in the Spokane River Watershed
Subject Summary - This study would assess potential relationships between total phosphorus and
orthophosphorus and sediment values in the database to examine if any correlations exist.
Correlations with other parameters may be useful in selecting constituents to be monitored during
implementation and provide insights into the delivery mechanisms.
The assessment of the relative concentrations and loads of phosphorus in dissolved and
particulate forms will help guide identification and selection of BMPs. If losses are mainly as
particulate phosphorus, then erosion control is a priority; if dissolved orthophosphate dominates
then other BMPs would be warranted, such as source controls.
There can be synergistic effects on phosphorus loss reductions, where combinations of these
practices can produce more (or less) than the sum of their individual reductions. These effects are
important in designing optimal BMP strategies. It follows that detection of the results of these
strategies must depend on a clear monitoring strategy. At a watershed scale, assessing system
response requires measurement of both phosphorus loadings and the extent and duration of
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specific water quality impairment. However, at a smaller field or farm scale, remedial activities
and phosphorus loss response can provide specific information to guide selection and adoption of
future remedial measures.
7. Potential Title – Assessment of the Storage of Phosphorus in Deposited Stream, River and Lake
Sediments in the Spokane River Watershed
Subject Summary - It has been well documented that the loss of phosphorus over a period of time
prior to management changes can be stored in stream, river, and lake sediments. This has the
potential to be a long-term source to overlying water, as phosphorus is slowly released from these
sediments. This hereditary release of phosphorus can mask phosphorus loss reductions achieved
as a result of implementing BMPs. Because of the lag time between BMP implementation and
water quality improvements, remedial strategies should consider the re-equilibration of watershed
and water-body behavior, where nutrient sinks may become sources of phosphorus with only
slight changes in watershed management and hydrologic response. A better understanding of the
spatial and temporal aspects of watershed response to nutrient load reductions in both flowing and
standing water bodies is needed, as well as the scale at which responses may occur in a more
timely fashion. This would likely be at a smaller sub-watershed scale, where local water quality
and quantity benefits may become evident more quickly; and which will enhance practice
adoption. Remedial success is more difficult to define at a watershed scale, as it becomes harder
to link practice change and water quality response in an adaptive management context.
8. Potential Title – The use of Nonpoint Source Models to Assess Phosphorus Loss Reduction
Efficiencies of Various BMP Scenarios and Options
Subject Summary - This modeling study uses a model such as SWAT at the basin scale to
identify potential sources and more importantly evaluate implementation efficiencies, in terms of
type, level of coverage, and location of BMPs implemented. There are new subroutines that are
available for use with SWAT, which will prioritize BMP selection and location to best achieve
desired phosphorus load reductions.
Input data required for the watershed assessment model could include meteorological data (e.g.,
air temperature, rainfall, evapo-transpiration, etc.), geospatial data (e.g., soils, land use, digital
elevation models, etc.), and municipal WWTP effluent discharges; all these inputs should be
readily available. Computer models that simulate watershed hydrology and nutrient transport
processes can provide a platform with which to evaluate watershed management strategies.
9. Potential Title – Assessment of the Current State of BMPs Implemented Within the Spokane River
Watershed
Subject Summary - Conduct an assessment / survey of the current status and coverage of BMPs in
the Basin. For example, area of streams with riparian or herbaceous buffer zones, no-, reduced-,
and conventional tillage of row crops, nutrient management plan adoption, soil testing for
phosphorus, contour plowing, etc.
This should include a survey of land owners of the potential barriers or incentives to BPM
implementation. There are a growing number of examples nationally where BMPs have gained
wider adoption with a programmatic shift to address socioeconomic barriers that may hinder their
adoption. For example there is a 93 percent farmer participation in volunteer conservation
programs in the Cannonsville Watershed, which is a drinking water supply for New York City. A
survey of program enrollees found that participants were generally older and more likely to obtain
information from extension agents and farm advisors than nonparticipants, but there was no
difference in educational level or farming status (full or part time). The farmers main concerns to
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voluntary adoption of BMPs were the loss of productive land and not being able to decide
independently what to do on their own land. Clearly, BMP adoption in any given watershed is
complex, complexities that are related not only to targeting appropriate BMPs to critical source
areas in heterogeneous watersheds but to socioeconomic pressures.

GROUNDWATER
Recommended groundwater-based studies are prioritized below, in order of decreasing priority:
1. Potential Title - Temporal Analysis of Groundwater Loading to the Spokane River and its
Tributaries
Subject Summary - This study would compare a temporal analysis of groundwater loading to the
Spokane River and/or its tributaries with the attenuation or propagation in NPSs that impact
groundwater quality, such as septic tank elimination and/or installation.
2. Potential Title - Correlation Between Land Use and Groundwater Phosphorus Concentrations
Within the Spokane River Watershed
Subject Summary - This study would expand the existing analysis of the correlation between land
use (septic tank distribution, stormwater infiltration structure distribution, etc.) and groundwater
phosphorus concentrations.
3. Potential Title - Orthophosphorus Concentrations in Groundwater Within the Spokane River
Watershed
Subject Summary – This study would examine existing orthophosphorus concentration data as a
basis for evaluating 1) how much groundwater-based phosphorus is available for biological
uptake, 2) the distribution of phosphorus species in study area groundwater and 3) whether
orthophosphorus distribution and loading trends are consistent with total phosphorus analyses.
4. Potential Title - Phosphorus Loading to Groundwater from the Suncrest Portion of Stevens
County, Washington
Subject Summary – This study would evaluate groundwater-based phosphorus loading associated
with the concentrated zone of septic systems situated in the Suncrest portion of Stevens County.
Study elements could include: ground truthing of identified existing well locations within key
loading and/or groundwater discharge areas; installation of groundwater monitoring wells;
sampling of monitoring wells for groundwater phosphorus concentrations; performance of
hydraulic testing to determine aquifer hydraulic conductivities; and estimation of groundwater
discharge and associated phosphorus loading conditions.
5. Potential Title - Phosphorus Loading to Groundwater from West Plains Paleochannel Aquifers
Subject Summary – This study would evaluate groundwater-based phosphorus loading associated
with paleochannel aquifers originating on the West Plains and discharging to the Spokane River
and Lake Spokane. These aquifers could transport significant phosphorus from upgradient
agricultural, residential and stormwater sources. Study elements could include: ground truthing
of identified existing well locations within key loading and/or groundwater discharge areas;
installation of groundwater monitoring wells; sampling of monitoring wells for groundwater
phosphorus concentrations; performance of hydraulic testing to determine aquifer hydraulic
conductivities; and estimation of groundwater discharge and associated phosphorus loading
conditions.
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