Golder Associates Inc. i
18300 NE Union Hill Road, Suite 200 lder
Redmond, WA USA 98052-3333

Associates

Telephone (425) 883-0777

Fax (425) 882-5498
www.golder.com MEMORANDUM
TO: Keith Folkerts, Kitsap County & DATE: February 3, 2005
WRIA 15 Planning Unit :

FR: Chris Pitre & Tim White, Golder Associates Incffﬁ/ OUR REF: 023-1020-002.000
RE: Water Balance and Water Use Refinements

The water balance prepared for the Level 1 Technical Assessment (Golder, 2002) was based on a set
of assumptions and on methodologies used in work previously conducted in the watershed. Kitsap
County and the Water Resources Inventory Area (WRIA) 15 Planning Unit requested refinements to
the water balance, which are presented in this technical memorandum. In this memo, a refinement of
the general water balance is presented, followed by consideration of inter-sub-area water transfers and
septic system return flows. A relative framework for assessing the relative degree of development of
the sub-areas is then discussed considering groundwater allocations, withdrawals and septic system
retumn flows.

WATER BALAN CE REFINEMENTS

The Level 1 Assessment used water balance methodologies from the IBA to build on previous work,
to efficiently use the most readily available data, and to allow comparison of results. - An incorrect
annual precipitation value (51.4 inches) was used for the Tahuya sub-area in the Level 1, and is
corrected this analysis (62.5 inches). All other recalculated precipitation values were within 3% of
the values reported in the Level 1. Details on how each water balance component is refined are
presented in the following sections.

Background

An Initial Basin Assessment (IBA) consisting of a compilation of technical information and analysis
was commissioned by the Public Utility District #1 of Kitsap County (KPUD; Economic and
Engineering Services, Inc. [EES], 1997). The geographical domain of the IBA was limited to Kitsap
County. The Level 1 Technical Assessment (Golder, 2002) used the IBA as a foundation, and
expanded the base of information to other counties actively participating in watershed planning at that
time (i.e., Mason and Pierce Counties). King County, of which Vashon Island is contained within
WRIA 15, is now also actively participating in the watershed planning process, and this memorandum
extends the summary of water balance and water use to in¢lude Vashon Island.

Limitations

The method used in the IBA, Level 1, and presented here all attempt to develop a generalized water
balance for application to sub-areas. across the watershed without consideration of unique
characteristics of each sub-area. This generalized approach was used in all of the studies because of
the cost to develop individual water balances for each sub-area. As indicated in figures presenting

streamflow and baseflow values, and in the Step C Instream Flow Assessment, there is great varxatlon
between the sub-areas that cannot be characterized in a generalized water balance approach.
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Evapotranspiration (ET)

Calculation in the IBA of annual evapotranspiration (ET) for sub-areas in Kitsap County ranged from
less than 15 inches to more than 19 inches, whereas annual ET calculated in the Level 1 Assessment
for other sub-areas ranged from 14.5 inches to 15.7 inches. The IBA calculations were not
reproducible using the available documentation. Therefore, ET was recalculated for all sub-areas
using the Blaney-Criddle method using the same crop coefficient (i.e., pasture grass). The
recalculated annual ET values range from 14.5 inches to 15.8 inches, and are consistent with those
calculated in the Level 1. One of the assumptions used in the [BA, and carried through the Level 1
and the analysis presented here are that the soil moisture capacity is 6 inches

The Blaney Criddle equation requires input for a crop coefficient, which considers plant morphology,
and pasture grass was used in the Level 1 Assessment. This value varies monthly from 0.4 to 0.9, and
average annual ET was approximately 15 inches. The dominant actual vegetation is coniferous forest
for which a crop coefficient of 1.2 is used for the refined water balance (Petersen and Hill, 1985).
Because the plant morphology of coniferous trees does not change seasonally, the ET was
recalculated keeping the crop coefficient constant, and a relatively constant annual average ET of 22
inches was estimated across the range of precipitation that occurs in. WRIA 15.:

Comparison with ET estimates in other Puget Sound Lowland catchments was made (Figure 1, Table
1). The USGS Bangor study was in the same range as the Blaney-Criddle estimates using a
coniferous forest crop coefficient (i.e., 22 inches annual ET). A binomial best-fit line was applied to
all data with a forced intercept through zero, excluding the values from the Level 1 (i.e.,, ET =
[-0.0061] * P> + [0.7328] * P). A constant ET was assumed at precipitation rates higher than the
maximum ET value (i.e., ET = 22 in/yr, when P > ~60 in/yr).

The more highly developed sub-areas may have lower ET rates because the crop coefficient will be
lower than that for coniferous vegetation (see the Landsat image on the cover of the Level 1 report).

Groundwater Recharge (GWR)

Groundwater recharge in the context used here is the water that does not return to streams as
baseflow. This groundwater recharges deeper portions of the aquifer system and discharges to marine
waters. Values for this parameter are taken from estimates obtained from the Artondale and Barker
drainage water balances developed in the Step C instream Flow Assessment (Golder, 2003), which
average 6.5% of precipitation. These estimates are based on general aquitard thicknesses obtained
from stratigraphic cross sections and hydraulic conductivity values reported in the USGS Bangor
study (Kahle, 1998). Although a constant value was assumed in this refined water balance, this value
should be expected to vary significantly between sub-areas as determined by the geological
stratigraphy of each sub-area.

Total Streamflow (SF)

Total streamflow 1s calculated by combining the above values:

SF =P - ET - GRW
Annual flows and baseflows were normalized for streams for which data were available and plotted
for comparison to the calculated relationship (Figure 2). Although there is a wide spread in the actual

data, reasonably good agreement was obtained between the actual data and the estimated relationship
of streamflow with precipitation within the range of actual values.
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Baseflow (BF)

Baseflow was defined as the summer low flow and assumed to be constant year round. This
assumption is based on the assumption that this baseflow is obtained from strata in which the
hydraulic gradients do not vary significantly on a seasonal basis. Baseflow also varies significantly
between individual streams (i.e., from approximately 3% to 25%) and an average value as a
percentage of precipitation (14%) was used to develop a general relationship for all sub-areas
(Figure 3).

Runoff (RO)

Runoff was calculated by subtracting average baseflow from total streamflow. This runoff value is
assumed to include seasonal interflow.

Integrated Generalized Water Balance

The individual components of the generalized water balance are each plotted in Figure 4. Terrestrial
water is the water remaining from precipitation after ET is removed, and consists of total streamflow
plus groundwater recharge. The individual components of streamflow (i.e., runoff and baseflow) are
also plotted in Figure 4. Absolute values for each water balance are listed in Tables 2A (normalized
as inches) and 2B (acre feet per year).

Figure 5 presents the same components as shown in Figure 4, but these are stacked (i.e., the
components are additive). The same components are also presented in a different way in Figure 6, as
percentages of precipitation (Table 2C). Ranges of the water balance components as a percent of
precipitation are represented by the sub-areas with the highest and lowest precipitation values:

Generalized Annual Water Balance Components for Dry, Average and Wet WRIA 15 Subareas

Hansville WRIA 15 Average Dewatto
Inches % Inches % Inches %

Precipitation 31.6” 100% 50.6” 100% 63” 100%
Evapotranspiration 22” 70% 21.8% 44% 22¢ 35%

Total Streamflow 7.5” 24% 25.5” -49% 37 59%
Runoff 3.1” 10% 18.4” 35% 28.1” 45%
Baseflow 4.4 14% 7.17 14% 8.8” 14%

Groundwater recharge 2,17 7% 337 7% 4.1” 7%
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Water Balance Components for WRIA 15

Surface Runoff,
37%
687,500 AF/yr

Groundwater
y_— Recharge 7%
118,600 AF/yr

Baseflow, 14%
254,300 AF/yr

Surface runoff includes seasonal interflow.
Baseflow represents the perennial component (i.e., equivalent to summer low streamflow).
Groundwater recharge represents deeper groundwater that discharges to marine waters.

A major assumption in this generalized water balance approach is that all sub-areas with similar
precipitation have similar relative distribution of water balance components. In reality, it is likely that
significant variation occurs between sub-areas of similar precipitation (e.g., Figures 2 and 3).

Means of Improving the Water Balance

The approach used in the IBA, Level 1 and in this refined water balance assumes constant
characteristics between sub-areas of similar precipitation, and does not consider variables between
sub-areas such as land use and geology. No further refinement of the generalized water balance is
recommended. Further refinement of water balance estimates should involve developing sub-area-
specific water balances based on actual data, as opposed to generalized characteristics, as follows:

ET Estimates: A GIS based model could be developed considering variations in vegetation
cover, soil moisture capacity and precipitation. An alternative to the modified Blaney-Criddle
equation would also be used (e.g., Penman-Montieth or Hargreaves methods). Refining the ET
estimates wihtin this estimate will not affect the groundwater components, which are estimated as
a percent of precipitation.

Groundwater Recharge Estimates: Groundwater recharge could be estimated using the
distribution of naturally occurring environmental tracers and a calibrated computer simulation
model, as was done in the USGS Bangor study.

Streamflow Estimates: Collection of streamflow data could be used to refine baseflow
estimates within the methodology presented I this refined water balance, and/or to develop water
balances for individual sub-areas. Data could consist of continuous streamflow data, or
representative seasonal measurements.
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It is not possible to accurately describe every sub-area within an entire WRIA with a single algorithm.
The hydraulic efficiency of a basin is the percentage of precipitation leaving a basin as streamflow
(i.e. runoff). Several basins analyzed as part of the Instream Flow Step C work indicated that there is
very little or no correlation between the hydraulic efficiency of drainages and independent variables
such as percent of basin developed, bedrock outcrops in the basin, annual precipitation, basin size or
average channel gradient. The strongest control on the hydraulic efficiency of a basin was related to
the natural hydrogeology of the drainage. The hydrogeology of the basin determines the relationship
between streams and shallow aquifers, as well as between shallow aquifers and deep aquifers and
adjacent drainages. Therefore, collection of streamflow data would provide the most direct empirical
determination of baseflow and runoff.

WATER USE REFINEMENTS
Per Capita Water Use

Water use was estimated in the Level 1 Assessment by using population (2000 U.S. census data)
within a sub-area and an assumed per capita use. Estimated per capita water use for Vashon Island
was taken from the 1998 Vashon-Maury Island Ground Water Management Plan. Because the
information does not distinguish between self- and purveyor-supplied, this value is used for the full
population. Values for single family self-supplied water reported by the USGS for each county were
used as reported (e.g., exempt wells; Lane, 2004).

For Kitsap County, all purveyor-supplied water uses reported by the USGS were aggregated and a per
capita value recalculated using the population on purveyor supplied water (e.g., domestic,
commercial, industrial, retail, etc.). Industrial uses were high for Mason and Pierce Counties, and
resulted in anomalously high per capita uses (e.g., 170 gpcpd). Industrial use in Mason County is
expected to be related to forest products industry, which is mostly located in the Shelton area, while
Pierce County industrial uses are primarily located on the east side of Puget Sound (i.e., outside of
WRIA 15). Therefore, Pierce County values were recalculated without industrial use. Because the
per capita values are relatively similar between self-supplied domestic uses and purveyor supplied
total use, the self-supplied value for Mason County was also used for the purveyor supplied for
Mason County.

The method of integrating all purveyor supplied water uses into the purveyor supplied per capita use
assumes a proportional distribution of non residential uses (e.g., commercial, industrial, etc.). This
assumption may underestimate water demand in commercially developed areas, and overestimate
water demand in areas that are primarily residential. Actual residential per capita use of purveyor
customers is given by the following table:
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Average Per Capita Water Use by County

(gpdpc)
Level 1 Purveyor Sl_lpg)lied Purveyor Su[l)g)lied Self—Sup[.)li?d
Domestic All Uses Domestic
Kitsap 115 85 107 107
King - 85 103 103
Mason 142 110 1104 110
Pierce 142 95 106 118

' USGS (Lane, 2004).

2

for Pierce County which does not include industrial water use.

3

* Assumed the same as self- and purveyor-supplied domestic use.

Includes all purveyor-supplied water (e.g., domestic, industrial, commercial, retail, etc.), except

1998 Vashon-Maury Island Ground Water Management Plan: one value reported for all uses.

The per capita water use estimates were weighted to sub-areas depending upon the visually estimated
area comprised by each county:

Water Balance Refinement Draft Memo 05-02-03.doc

Weighting of County Per Capita Use by Sub-area

Sub-area County Allocation
King Kitsap Mason | Pierce

Anderson 100%
Bainbridge 100%
Bangor 100%
Chico 100%
Coulter 80% 20%
Dewatto 20% 80%
Gig Harbor 100%
Gorst 100%
Hansville 100%
Key Center 35% 65%
Kingston 100%
Long Branch 100%
Manchester 100%
Manette 100%
McNeil / Anderson 100%
Olalla 100% '
Port Gamble 100%
Poulsbo 100%
Seabeck 100%
Stavis 100%
Tahuya 25% 75%
Union 40% 60%
Vashon 100%
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Because the difference in per capita use is similar among the counties, inaccuracies in the assumed
distribution of sub-areas between counties will not significantly affect the weighting of per capita
values for the sub-areas.

Total water demand in the WRIA was obtained by multiplying sub-area populations by per capita use
estimates. The population on purveyor systems was then subtracted from the sub-basin population
(using the total number of connections reported by DOH, and the 2000 census total population and
average household size) to determine the population on exempt wells. This method resulted in
purveyor populations that exceeded sub-area populations in the Anderson, Hansville,
McNeil/Anderson and Tahuya sub-areas). In such cases, the purveyor population was limited to the
census population and the population on exempt wells was set to zero. In actuality, there are likely
people on exempt wells in every sub-area. Again, because per capita water use numbers are relatively
constant between purveyor and self-supplied connections, the estimate of total water use is not
significantly affected by inaccuracies of the method. Next, per capita water use rates were applied to
the population served by purveyors and the population served by domestic wells. Total water use for
the WRIA is estimated to be approximately 31,000 acre-feet/year (Table 3).

Inter Sub-area Transfers

Inter-sub-area transfers of water were quantified through discussions with the City of Bremerton and
the KPUD. The City of Bremerton moves water from the Union River to Twin Lakes to recharge
groundwater, and to customers. Approximately 988 AF/yr is recharged at Twin Lakes, which is
distributed approximately equally between the Gorst and Union sub-areas (i.e., ~494 AF/yr each).
This volume of surface water is recharged to the ground almost completely offsets all other
groundwater withdrawals in the Union Sub-area (e.g., by the Town of Belfair). This implies no net
groundwater production from the Union sub-area at the sub-area scale.

The service areas of most purveyors fall within sub-area boundaries, and the population served by
purveyors was estimated by multiplying the number of connections registered in the DOH database
by the average household population (2.69; USGS 2000 census). The City of Bremerton is the only
major service area that spans sub-area boundaries, and the number of connections could not easily be
parsed out among the sub-areas to apply the method used for other service and sub-areas. (The Level
1 incorrectly reported the estimated population served by purveyor and exempt wells in the Manette
subarea.) Therefore, the service area for the City of Bremerton was clipped to the sub-areas and the
total population within the service area was assumed to be served water by a purveyor. The average
population calculated using the residential service population from DOH data, and using census data, -
is approximately 51,000, with a difference between the two methods of approximately 5%.

Union River water is also delivered to customers in the Manette, Chico and Gorst sub-areas.
Inconsistencies in the source of data for water demand (estimated from population and per capita use
estimates) and the delivery of surface water from the Union River (provided by the City of
Bremerton) results in the delivery of more water than estimated demand to the Chico (~200 AF/yr)
and Manette (1,100 AF/yr) sub-areas. Because the imported water is subtracted from total demand to
estimate the amount of groundwater withdrawn in a sub-area, it is assumed that no groundwater is
withdrawn from the Chico sub-area (although there is likely some groundwater withdrawal in all sub-
areas),

The KPUD provided information on groundwater that is pumped in the Port Gamble and Kingston
sub-areas and delivered to the Hansville sub-area, and is incorporated in the water balance.

Water Balance Refinement Draft Memo 05-02-03.doc Go‘der ASSOC|ates
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SEPTIC SYSTEM RETURN FLOWS

Approximately two thirds of the population use septic systems, while the remaining one third delivers
their wastewater to centralized wastewater treatment plants. Return flows from septic systems
recharge groundwater and offset impacts from groundwater withdrawals. These return flows were
not considered in the Level 1 Assessment, and are accounted for in this refined water balance.
Information on monthly water demand examined for the Instream Flow Step C Report (Golder, 2004)
was used to derive estimates of septic system return flows. Of the total water use in WRIA 15,
approximately 16% is used in exterior use such as landscape irrigation. Approximately 84% is
applied to interior use and discharged as wastewater. This wastewater is either discharged to a
centralized sewer system, or to septic systems. Therefore, the total wastewater stream is estimated to
be 84% of total water use. '

The National Pollutant Discharge Elimination System (NPDES) registry lists 15 wastewater treatment
plants (WWTPs) in WRIA 15 (provided by Ecology and described in Golder, 2003a; Figure 1). The
service areas of most of these WWTPs are contained within individual sub-areas (e.g., Manchester
and Gig Harbor WWTP in their respective sub-areas). Therefore, the portion of the wastewater
stream directed to septic systems is estimated by subtracting the WWTP effluent from the total
wastewater stream. Where the service area of a WWTP spans sub-area boundaries (e.g., the
Bremerton WWTP in the Chico and Gorst sub-areas), the WWTP effluent is accounted to each sub-
area proportional to the population of the sub-area within the service area (assuming an even
distribution of population density across each sub-area). The WWTP effluent accounted to each sub-
area 1s then subtracted from the total interior water use of the sub-area to estimate the volume of
septic system effluent. The septic system effluent is reduced by 10% to account for evaporative
losses over the septic systems and estimate the return flow to groundwater (Sapik and others, 1988;
Table 3)

Septic system return flows are delivered to the shallow system that includes interflow. Interflow is
included in the runoff water balance component because it is seasonal and primarily restricted to the
rainy winter. Septic system return flow on the other hand is relatively constant year round and offsets
impacts to stream baseflows, although it probably has little to no effect on the deeper portions of the
aquifer system (i.e., deep groundwater recharge).

Wastewater estimates are derived from total treatment plant influent, and in some cases exceed the
amount of interior water use estimated for some sub-areas (e.g., Manette). This results in a negative
recharge from septic systems, which is not reasonable, and the septic system recharge is set to zero.
There is most likely some septic system recharge occurring in all sub-areas, and the estimates
obtained are limited by the methodology used.

The Hansville area is shown as being a net receiver of water due to importation of gfoundwater from
the Port Gamble and Kingston areas, a portion of which is then subsequently recharged through septic
systems.

RELATIVE DEGREE OF DEVELOPMENT

The information analyzed in this work (i.e., the refined water balance components, water use and
septic system return flows) was combined to provide a perspective of the relative degree of water
resource development. Because the majority of current water supply is from groundwater, and all
future water supply is expected to be obtained from groundwater, the relative degree of resource
development focuses on groundwater.
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The degree of relative development may be viewed from the following perspectives:
s Total groundwater allocation (including unused water rights);
o Total groundwater withdrawals (considering intersub-area transfers); and/or,

o Net groundwater withdrawals (considering intersub-area transfers and septic system return
flows). . '

These quantities are compared to groundwater typically accessible to development, including
baseflow to streams (e.g., Vashon Advance Outwash Aquifer), and discharge to marine waters (e.g.,
deeper groundwater; Table 4 and Figures 8 through 10). This definition of groundwater excludes
seasonal shallow groundwater return to streams (e.g., interflow), which is characterized as not
entering the production aquifers and therefore generally not affected by groundwater withdrawals.
The five sub-areas that are most developed according to various criteria are as follows:

Sub-areas Most Developed With Respect to Groundwater
(expressed as a percent of baseflow plus deep groundwater recharge)

Criteria
Withdrawals Net Groundwater Balance
Allocation (considering intersub-area (considering intersub-area transfers and
transfers) septic system return flow)
Bangor (84%) Bangor (23%) Bangor'(15.5%)
Gig Harbor (107%) Gig Harbor (19%) Gorst (10.9%)
Manette (115%) Manette (19%) Manette (18.9%)
Bainbridge Island (101%) Bainbridge Island (18%) Bainbridge Island (13.6%)
Port Gamble (9 1.%) Manchester (18%) Manchester (11.8%)

The degree of development is presented relative to the total of baseflow plus deeper groundwater
recharge. Therefore the effects of development are not distinguished between impacts to baseflow
that would occur from groundwater development in shallow aquifer, and which would affect
streamflow and summer low flows in particular, or deeper groundwater recharge, which has
implications with respect to physically (or self limiting) sustainable development. Further refinement
to characterizing the relative degree of development of groundwater in each sub-area may be made
by:

¢ Conducting an inventory of which aquifer withdrawals are occuring (e.g., the shallow Vashon
Advance Outwash aquifer, or the Sea Level and other deepr aquifers); and/or,

s Better quantifying the baseflow and groundwater recharge water balance components.
ATTACHMENTS

Tables 1-4
Figures 1-10
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Table 1

Evapotranspiration Values from Various Studies in Puget Sound

Report/Source Pre(cilrl;/l;?)tmn (if/ir) Area/Study Location
41.3 21.3 Gamble Creek
. 46.8 22.2  {Johnson Creek
Bidlake and Payne, 2001 47.0 22.6  |Upper Johnson Creek
47.2 21.3 Devils Hole Creek
Drost, 1982 51.1 19.2  }Gig Harbor Peninsula
31.6 21.6  |Hansville Sub-area
353 22.2  |Port Gamble Sub-area
379 22.0 |Kingston Sub-area
41.3 22,5 |Vashon Sub-area
414 22.3 Poulsbo Sub-area
433 22.5 |Bainbridge Sub-area
45.6 22.0  {Bangor Sub-area
45.8 22.6  |McNeil/Anderson
47.7 22.7  |Gig Harbor Sub-area
49.5 22.7 |Olalla Sub-area
. 49.7 23,7 [Manchester Sub-area
Blmz;ii‘g;{:eﬁ"ed 502 235 |Manette Sub-area
51.4 21.9 [Stavis Sub-area
51.4 23.5 ]Long Branch Sub-area
51.7 21.8 Seabeck Sub-area
53.1 22.9 |Key Center Sub-area
54.4 22.2  |Gorst Sub-area
55.5 21.8 Chico Sub-area
55.8 21.7 |Anderson Sub-area
56.4 21.7  |Coulter Sub-area
61.7 23.2  |Union Sub-area
62.5 21.8 Tahuya Sub-area
63.0 22.8 |Dewatto Sub-arca
25.2 13.3  |Whidbey Island
29.1 16.4 |Camano Island
32.2 15.6  |{Unnamed Creek #3
32.6 17.0  [Unnamed Creek #1
32.7 15.6  |Unnamed Creek #2
32.8 14.6  |Hylebos Creek
33.0 16.9  |Hylebos Creek, Tributary
33.0 14.8 Lakota Creek
33.3 14.4 Scriber Creek
333 13.3  |Joes Creek
334 16.3 Swamp Creek
34.5 18.0  |Upper Big Soos Creek
. 36.3 18.9  |[Lower Soos Creek
Bauet and Mastin, 1997 382 179 |North Creek
38.6 19.2  |Jenkins Creek
40.0 20.0 |Vashon Island
40.2 19.1 Lower Bear Creek
40.5 20.3  |Upper Bear Creek
40.5 19.3 Clover Creek
40.5 17.2  |Clear/Clark Basin
40.6 19.6  |Evans Creek
422 20.6 |Covington Creek
47.8 19.2  [Big Soos Creek
51.5 17.6  |Woodard Creek
51.7 16.9 |Woodland Creek
60.7 17.0  |Percival Creek

J\EnvironmentahPROJECTS\ 2002 Projects\023-1020_Kitsap Watershed_Pitre\Phase 3\Water Balance refinement\Refined Water Balance\WRIA 15 General Water Balance\Table
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Table 2
WRIA 15 Sub-area Water Balance Components
Precipitation ET Groundwater Recharge Baseflow Surface Runoff Total Streamflow
Sub-area % of % of % of % of % of
in/yr AF/yr in/yr AF/yr |Precipitation] in/yr AF/yr | Precipitation] in/yr AF/yr |Precipitation| in/yr AF/yr |Precipitation| in/yr | AF/yr |Precipitation|
Anderson 55.8 27,404 21.9 10,753 39% 3.6 1,790 7% 7.8 3,837 14% 22.5 11,025 40% 303 | 14,862 54%
| Bainbridge 43.3 65,647 | 20.3 30,748 47% 2.8 4,287 7% 6.1 9,191 14% 14.1 | 21,421 33% 20.2 | 30,612 47%
Bangor 45.6 86,862 20.7 39,488 ‘ 45% 3.0 5,672 7% 6.4 12,161 14% 155 | 29,542 l 34% 21.9 | 41,702 48%
Chico 55.5 58,807 21.9 23,188 39% 3.6 3,840 7% 7.8 8,233 14% 22.2 | 23,546 40% 30.0 | 31,779 54%
Coulter 56.4 76,241 21.9 29,642 3%% 3.7 4,979 7% 7.9 10,674 14% 229 | 30,946 41% 30.8 | 41,620 55%
Dewatto 63.0 | 141,293 | 22.0 49,336 35% 4.1 | 9,227 7% 8.8 19,781 14% 28.1 | 62,949 45% 369 | 82,731 59%
‘ Gig Harbor 47.7 | 119,932 | 21.1 53,010 ) 44% 3.1 7,832 7% 6.7 16,790 14% 16.8 | 42,299 35% 23.5 | 59,090 49%
Gorst 544 | 69,288 21.8 27,768 40% 36 | 4,525 7% 7.6 9,700 14% 214 | 27,295 39% 29.1 | 36,995 53%
Hansville 31.6 28,504 17.1 15,393 54% 2.1 1,861 7% 4.4 3,991 14% 8.0 7,259 25% 12.5 | 11,250 39%
Key Center 53.1 | 113,661 | 21.7 46,509 41% 3.5 7,422 7% 7.4 15,913 14% 20.5 | 43,817 39% 279 | 59,730 53%
Kingston 37.9 64,184 19.0 32,177 50% 25 | 4,191 7% 5.3 8,986 14% 11.1 18,830 29% 16.4 | 27,816 43%
Long Branch 514 94,612 21.5 39,675 42% 3.4 6,178 7% 7.2 13,246 14% 19.3 | 35,513 38% 26.5 | 48,758 52%
Manchester 49.7 | 120,002 | 214 51,553 43% 3.2 7,836 7% 7.0 16,800 14% 18.1 | 43,812 37% 25.1 | 60,612 51%
Manette 50.2 47,589 21.4 20,312 43% 3.3 3,108 7% 7.0 6,662 14% 18.5 17,507 37% 25.5 | 24,170 51%
McNeil /
Anderson 45.8 37,215 20.8 16,868 45% 3.0 2,430 7% 64 5,210 14% 15.6 12,707 34% 22.1 | 17,917 48%
Olalla 49.5 73,731 213 31,777 43% 3.2 4,815 7% 6.9 10,322 14% 18.0 | 26,816 36% 249 | 37,139 50%
Port Gamble 35.3 36,185 18.3 18,723 52% 2.3 2,363 7% 4.9 5,066 14% 9.8 10,032 28% 14.7 | 15,098 42%
Poulsbo 41.4 41,696 19.9 20,024 48% 2.7 2,723 7% 5.8 5,837 14% 13.0 | 13,111 31% 18.8 | 18,949 45%
Seabeck 51.7 76,587 21.6 31,965 42% 34 5,001 7% 7.2 10,722 14% 19.5 | 28,898 38% 26.8 | 39,621 52%
Stavis 51.4 29,176 21.5 12,236 42% 3.4 1,905 7% 72 4,085 14% 19.3 10,950 38% 26.5 | 15,034 52%
Tahuya 62.5 § 195414 | 22.0 68,853 35% 4.1 12,761 - 7% 8.7 27,358 14% 27.6 | 86,442 44% 364 | 113,800 58%
Union 61.7 { 130,692 { 22.0 46,643 36% 4.0 8,534 7% 8.6 18,297 14% 27.0 ' 57,218 44% 35.6 | 75,514 58%
Vashon 41.3 81,622 19.8 39,274 48% 2.7 5,330 7% 5.8 11,427 14% 12.9 | 25,591 31% 18.7 | 37,018 45%
Total/Average | 50.6 | 1,816,342] 21.1 . 755,917 42% 3.3 | 118,609 7% 7.1 l 254,288 14% 19.1 | 687,528 v 37% 26.2 | 941,816 51%
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Table 3
Current 2000 Water Use
P E t
srveyor Purveyor xenp Groundwater
. Net Groundwater | Groundwater . Exempt \3Vell Watel: Septic Return Net
2000 Population Water X Population on| Production | Production 1 Groundwater
Sub-Area . Effects: Production e s Flow .
Population jon Purveyor| Demand * I & ithin Sub Exempt within Sub- | within Sub- Production
Systems Export/(Import) wi al:eau ) Wells ** area area
(AF/yr) (AF/yr) (AF/yr) (AF/yr) (AF/yr) (AF/yr) (AF/yr)
Anderson 229 229 27 0 27 0 0 27 21 7
Bainbridge 20,308 15,540 1,858 0 1,858 4,768 570 2,428 602 1,826
Bangor 34,115 6,722 804 0 804 27,393 3,275 4,079 1,309 2,770
Chico 10,661 9,066 1,084 (488) 596 1,595 191 787 438 349
Coulter 3,104 2,836 341 0 341 268 32 373 282 91
Dewatto 544 544 67 0 67 0 0 67 50 16
Gig Harbor 37,844 32,054 3,805 0 3,805 5,790 765 4,571 2,689 1,881
Gorst * 30,423 30,423 3,637 (1755) 1,882 0 0 1,882 331 1,551
Hansville @ 3,603 3,603 431 (383) 48 0 0 48 326 -278
Key Center 11,832 7,374 878 0 878 4,459 570 1,447 1,094 353
Kingston 13,087 8,557 1,023 253 1,276 4,530 542 1,818 915 903
Long Branch 5,260 3,909 464 0 464 1,351 178 643 486 157
Manchester 37,740 29,195 3,491 0 3,491 8,545 1,022 4,512 1,593 2,919
Manette 39,874 35,982 4,302 (2925) 1,377 3,892 465 1,843 0 1,843
McNeil / Anderson 2,416 2416 287 0 287 0 0 287 217 70
Olalla 11,674 7,194 860 0 860 4,480 536 1,396 1,055 341
Port Gamble 5,579 5,050 604 130 734 528 63 797 490 307
Poulsbo 11,193 9,716 1,162 0 1,162 1,477 177 1,338 1,012 327
Seabeck 6,473 3,686 441 0 441 2,787 333 774 585 189
Stavis 839 482 58 0 58 357 43 100 76 24
Tahuya 3,617 3,617 442 0 442 0 0 442 334 108
Union * 4,921 3,834 467 (494) -27 1,086 132 105 453 146
Vashon 10,123 7,842 905 0 905 2,281 263 1,168 782 386
TOTAL 305,458 229,872 27,436 (5,662) 21,774 75,586 9,157 30,931 15,140 16,285

* = Based on per capita daily use
& Total difference reflects surface water diversion from the Union River.
** Values of zero are assigned to sub-areas where the population served by purveyors equal or exceeds the sub-area population. Exempt wells likely exist in all sub-areas
+ Septic system returns assume 10% loss to evaporation (Sapik and others, 1988). _
# = Of the volume moved from Union to Gorst, approximately 988 acre-feet/year returns to groundwater, approximately equally between Gorst and Union (K. Cahall, pers. comm.
@ = Hansville recieves 130 acre-feet/year from the Port Gamble sub-area and 253 acre-feet/year from the Kingston sub-area.
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Table 4

WRIA 15 Sub-area Groundwater Components

Groundwater Net
Groundwater Groundwater Withdrawal Groundwater Use
(BF + GWR) Allocation (accounting for inter- (accounting for septic
Sub-area
sub-area transfers) system return flows)
% of GW % of GW % of GW
(AF/yr) (AF/yr) |component] (AF/yr) |component] (AF/yr) component

Anderson 5,626 65 1% 27 0% 6.7 0.1%
Bainbridge 13,477 13,588 101% 2,428 18% 1,826 13.6%
Bangor 17,833 14,920 84% 4,079 23% 2,770 15.5%
Chico 12,073 2,919 24% 787 7% 349 2.9%
Coulter 15,652 890 6% 373 2% 91 0.6%
Dewatto 29,008 515 2% 67 0% 16 0.1%
Gig Harbor 24,622 26,459 107% 4,571 19% 1,881 7.6%
Gorst 14,225 7,681 54% 1,882 13% 1,551 10.9%
Hansville 5,852 1,256 21% 48 1% -278 -4.7%
Key Center 23,335 7,126 31% 1,447 6% 353 1.5%
Kingston 13,177 10,027 76% 1,818 14% 903 6.9%
Long Branch 19,424 5,792 30% 643 3% 157 0.8%
Manchester 24,636 17,884 73% 4,512 18% 2,919 11.8%
Manette 9,770 11,282 115% 1,843 19% 1,843 18.9%
McNeil / Anderson 7,640 1,543 20% 287 4% 70 0.9%
Olalla 15,137 4,608 30% 1,396 9% 341 2.2%
Port Gamble 7,429 6,763 91% 797 11% 307 4.1%
Poulsbo 8,560 6,114 71% 1,338 16% 327 3.8%
Seabeck 15,723 6,036 38% 774 5% 189 1.2%
Stavis 5,990 451 8% 100 2% 24 0.4%
Tahuya 40,119 2,507 6% 442 1% 108 0.3%
Union 26,831 - 5,932 22% 105 0% 146 0.5%
Vashon 16,757 2,392 14% 1,168 7% 386 2.3%

N/A = Water rights in the Vashon sub-area were not compiled in the Level 1 Assessment.
BF = Baseflow

GWR = Groundwater Recharge that does not return to streams

GW = Groundwater

J:\Environmenta\PROJECTS\_2002 Projects\023-1020_Kitsap Watershed_Pitre\Phase 3\Water Balance refinement\Refined Water Balance\WRIA 15 General Water Balance\Table 4



FIGURES

Golder Associates



30

Modified Best Fit Line
' WRIA 15 Blaney-Criddle Crop Coefficient ET = -0.0061P? + 0.7328P in/yr (P < ~59 in/yr)
for Coniferous Forest ET = 22 infyr (P > ~59 in/yr)
25 +—
‘ Bauer and Mastin, 1997
®e
> Bidlake and Payne, 2001 ®
& 20 Drost, 1982
g []
g A WRIA 15 Blaney-Criddle Crop Coefficient
b4 for Pasture Grass (Level 1 Assessment) *
L
g1 YN
=
|.u
®
=3
£
< 10
5
o T T T T T T T T T T T T
0 10 20 30 40 50 60
Precipitation (inches per year)
= Modified Best Fit Line Annual Evapotransipiration in
S o es (excluding Level 1 values) Puget Sound Lowland
DRAWN DATE N JOB NO. _ N
WRIA 15 WATERSHED PLANNING T Feb 05 Sl
REFINED WATER BALANCE REVIEWED CVP | FLENO.WRIA 15 GenWaterBal.xls |FIGURE NO. 1




60 Station Legend
A = Artondale WY 2001
B = Barker WY 1944, 1995, 1996
1 |BB = Big Beef WY 1970-1981, 1996-2000
= BL = Blackjack WY 1993, 1994
@ 50 - |CH = Chico WY 1949-1950, 1962-1974, 1992-1995
5 CL = Clear WY 1995-1999
Q CR = Crescent WY 2001 ¢ BB
2 D = Dogfish WY 1949-1971, 1997-1998
S 40 | |G = Gorst WY 1991-1996 Ge
£ H = Huge WY 1948-1968, 1978-2000
55‘ K = Karcher WY 1997-1999
= 1 |M = McCormick WY 2001 .-t
1=
L 30 oK
)
(==
[+}]
n
3]
) e CL
g 20 P-ET s
= (Terrestrial Water) B
s ¢ BL
[}
s
w 10 - GW Recharge
Mg \
) Total Streamflow CR
0 T T T T T T T T T T T T
0 10 20 30 40 50 60

Precipitation (inches per year)

Golder

100% Terrestrial Runoff
Stream Averages

Average Annual Streamflows of
WRIA 15 Streams

WRIA 15 WATERSHED PLANNING
REFINED WATER BALANCE

------ Estimated Streamflow
== (GW Recharge

DRAWN T™wW DATE Feb-05 JoBNO. (023-1020-002.000
CHECKED (\/p | SCALE na DWG. NO. T™wW
Reviewep CVP | FLENO.WRIA 15 GenWaterBal.xls |FIGURE NO. 2




50%

Station Legend

A = Artondale WY 2001

B = Barker WY 1944, 1995, 1996

BB = Big Beef WY 1970-1981, 1996-2000

40% | BL = Blackjack WY 1993, 1994
° CH = Chico WY 1949-1950, 1962-1974, 1992-1995
— CL = Clear WY 1995-1999
5 D = Dogfish WY 1949-1971, 1997-1998
3‘5' H = Huge WY 1948-1968, 1978-2000
Q.
B 309 insufficient Low-Flow Data: Crescent, Gorst, Karcher,
9 30% - M 4
a cCormick
© e
g ... 25% of Precipitation ... B,L ...............................................
c
.
% D
2 20% - H
3
2 B
=
@ 14% of g
a Precipitation ‘oL
average
10% 1 (average) BB
.
______ 3 % of Preci_p_it?fif)n . . N ] - CH
0% : . , . : . :
15 25 35 45 55 65

Precipitation (inches per year)

Golder
%socjates

WRIA 15 WATERSHED PLANNING
REFINED WATER BALANCE

Average Annual Baseflows of
WRIA 15 Streams

DRAWN TW | PATE Feb-05

JOBNO.  (193.1020-002.000

CHECKED  CV/P | SCALE na DWG. NO. na

ReViEWED  CVP | FILENO. \RIA 15 GenWaterBal.xls |FIGURE NO. 3




50

w S
o o

N
o

-
(=]

Total Streamflow (runoff + baseflow; inches per year)

yd

Precipitation

Precipitation (inches per year)

Terrestrial
Water

Total
Streamflow

Surface Runoff
and Interflow

ET

Baseflow

GW Recharge

Golder
%sog’lates

| WRIA 15 WATERSHED PLANNING
REFINED WATER BALANCE

— =Terrestrial Water
Streamflow

— - - —Runoff

Groundwater Recharge
e Precipitation

= = Baseflow

Individual Hydrologic Components (Values)

DRAWN TW |DPATE Feb-05 0B NO. 023-1020-002.000
CHECKED VP | scae na DWG. NO. na
REVIEWED ~ CV/P [ FILENO. WRIA 15 GenWaterBal.xls [FIGURE NO. 4






