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PROLOGUE

Island Water resources are among the most fragile and sensitive
systems existing in nature. They depend on a critical balance be-
tween precipitation falling on the land surface and on runoff of
water both on the surface and through the ground. Interference by
water production and waste disposal by man affects that system in
various ways, sometimes both quickly and dramatically. Understanding
the character and limits of the natural processes involved, and how
they are effected by human activities, is essential to gaining maxi-
mum utilization of the resource through intelligent management.
Without such management much of the resource is commonly wasted or
inefficiently used, resulting in unnecessary pursuit of altermative
measures for water supply involving major engineering works and
committment of economic resources. For these reasons, islands warrant
special attention and special effort in planning for water resource
utilization. Because of the aftraction of island environments for
human recreation and residency they tend to be more keenly stressed
than mainland areas. In response to both the resulting needs and
the inherent fragility, water resource management knowledge and tech-
nology has been strongly developed in recent years.

The concept of developing Water Resource Management Plans as a
precursor and prerequisite to Land Use Planning is as yet not widely
applied, but it is growing at a very rapid pace as the effects of
our failure to do so compound our other environmental problems.
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INTRODUCTION

Lummi Island is a northwest-southeast trending elongate island
in Puget Sound just off the Lummi Peninsula. It lies a few miles
west of Bellingham across Bellingham Bay. The majority of the
island area lies within T.37N, R. 1lE with small portions in T.38N,
R.}E, T.37N, R.2E and T.36N, R.2E. The northern portion of the is-
laﬁd is relatively low lying, gently rolling, with elevations ranging
from sea level to 362 feet above sea level. The southern portion of
the island is mountainous with elevations from sea leve} to Lummi
Peak, with an elevation of 1,665 feet.

This study, a survey of the geology and water resources and
preparation of a preliminary water resource management plan for the
island, was undertaken by Dr. Ronald G. Schmidt of Robinson & Noble,
Inc. at the request of Mr. James Arthur, acting on behalf of the
Whatcom County Planning Commission. It is to be used as part of the
physical resources inventory in the preparation of an updated, com-
prehensive plan for the island.
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The work summarized by this report was characterized by an
unusual spirit of cooperative endeavor. Much of the preliminary
collection of data and a considerable amount of the field effort
during the assimilation of that data was garried out by Mr. James
Arthur and by Mr. Mark Ingham. Through their efforts, more data
were made available than would have otherwise been possible within
the scope of this study.

Purgose

The objectives of this report are:

1. To define and to delimit the ground water resource base
in sufficient depth and reliability to permit preparation
of a water resources management plan.

2. To determine the technical and management options which
the community can elect for such a plan.

3. To describe the limitations of the information upon which
this study is based and to recommend means for remcoving
remaining uncertainties.

Scope

The economic framework established for this study has limited
the work principally to collection and review of that existing in-
formation which could be obtained from the usual sources. Additional
steps included compilation of additional data where feasible, assimi-
lation, calculation and formulation of a plan. The geographic scope
was limited to the northern portion of the island because the shallow
impermeable bedrock of the southern part was known to have limited
ground water resources.
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In addition to compilation of available summary reports, a
data base was compiled of information from 116 water wells pre-
viously drilled in the study area. Of these.welis, most have been
located. However, somewhat limited log information is available
on only 67 and the locations of a number are somewhat questionable.
Wherever possible locations were checked in the field in the course
of gathering additional information. Well locations shown on the
accompanying figures are for those wells for which the writer feels
that adequate information is available to permit reliable inter-
pretation for purposes of this report.

In order to understand the resources and develop a viable
management plan it is essential to understand the full scope and
limitations of the hydrologic system involved. This necessitates
knowing-quite accurately the volume and distribution of the re-
sources available. An important key factor involved is the water
entering the system from climaﬁic sources. Because there is not an
official weather station on the island, climatic data have of neces-
sity been approximated from the closest observation points.

- The general spectrum of data are generally considered to be
adequate for planning purposes and to establish a general framework
of the hydrologic system and its water management parameters. Im-
plementation of a water management program, however, will require
verification and completion of the data net as a requisite to re-
liable resource management. '



*  PREVIOUS WORK

The principal sources of background material for this report
are the published works of federal and state government workers who
have gathered data in previous years. The most comprehensive ex-
amination of the geology of Lummi Island itself was done by Parker
Calkin in 1959. The island is mentioned or described as a part of
larger scope studies by Easterbrook (19XX), Water Supply Bulletin
No. 12 (1960), Easterbrook (1973), Newcomb and Sceva (1949) and by
Walters (1971). Several reports not dealing directly with Lummi
but containing information concerning surrounding areas and/or
principals which were pertinent include U. S. Geological Survey

(1971), Water Supply Bulletin No. 46 (1975), U. S. Geological Survey
(1974).

In addition, two unpublished engineering reports were reviewed
bup proved of limited value for purposes of this study. They were:
Carey and Kramer (1968) and Hammond, Collier and Wade - Livingstone
Associates (1974).

Regional studies of the glacial and/or bedrock geology are
contained in numerous reports which will not be referenced here.
The reader is referred to the bibliographies of those cited above

and to the bibliography at the end of this report for a comprehensive
listing.
GEOLOGY

The northern half of Lummi Island is essentially an irregular
bedrock surface mantled by glacial drift. In several places, bedrock
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is exposed directly or is covered by a thin veneer of soil and
vegetation (see Geologic Map - Figure 2). The bedrock consists of
four different units whose ages, stratigraphy and structure are not
clearly understood. The Chuckanut Formation is largely sandstone
and conglomerate on the island and makes up the majority of the
area where bedrock is exposed at the surface or encountered in
drilled wells. Volcanic rocks crdp out at several locations at the
coast (e.g. Migley Point, Legoe Bay, Echo Point). Pre-Tertiary
metamorphic rocks tentatively identified as Turtleback Formation
crop out in a small area on a hilltop inland near the southern

end of the north part of the island. Metamorphosed sedimentary
rocks which form the bedrock for the bulk of the southern part of
the island crop out locally at the base of the mountain on the ex-
treme southern edge of the study area.

Pleistocene (ice-age) deposits mantle the flanks and valleys
in the older bedrock topography. They are composed principally or
entirely of glacial deposits of varying origins. The bulk of the
section appears to be till and clay with lesser amounts of sands
and gravels. Units of both range in thickness from a few inches to
as much as 50 feet or more. The maximum overall thickness of the
Pleistocene deposits is more than 207 feet (Well 15E3). Where the
bedrock crops out at the surface, the Pleistocene deposits are ab-

sent. (See Geologic Map - Figure 2, Cross Sections, Figure 3 and
Depth to Bedrock Map - Figure 4.)

The configuration of the base of the Pleistocene mantle suggests
moderately rugged topographic relief on the bedrock surface in pre-
Pleistocene time. Glacial debris was deposited directly from the
ice and in a lake environment resulting from ice ponding. Surface
soils are generally gravelly and moderately well drained.
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Extensive discussion of both the bedrock and the Pleistocene
geology has been presented in the publications cited under Previous
Work. Since these details are not pertinent to the task at hand,
they will not be repeated or abstracted here.

HYDROLOGY

Climate

Formal weather data for Lummi Island is not available because
of the absence of a weather station on the island. In order to deal
with the hydrology of the area, the data were gathered from the two
nearest weather station locations, Olga on Orcas Island, and Belling-
ham on the mainland. These data summaries are presented in Appendix
A. The average rainfall at Olga is 27.9 inches per year and that
for Bellingham is 49.1 inches per year. Because Lummi lies within

‘the edge of the Olympic Rain Shadow, the average precipitation is

judged to be somewhat less than the average between Olga and Belling-
ham, or about 36 inches per year. However the southern part of the
island is very mountainous and probably receives over 40 inches per
year leaving a net rainfall average of perhaps 32 inches for the
northern part of the island which is generally the lowland area.

In other respects the climatic conditions are similar to con-
ditions either in the San Juans or the mainland. Mean annual temp-
erature is just under 50°. The winter mean is probably about 39°F
and the summer mean is estimated to be about 58°F. As judged by
observation of vegetation, topography, and cultural features, the
climate is a marine type with cool dry summers, mild wet winters,
and rather narrow daily fluctuation in temperature.
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Hydrogeology '

The geologic framework described above reduces itself to two
basic hydrologic regimes. The bedrock, 'in which water is stored
in fractures and fissures in the relatively impérmeable ground mass
of the rock, and the Pleistocene sedimentary mantle. In the latter
case, water is stored in both the permeable sands and gravels and
in the much less permeable but still quite porous silts and tills.
The storage capacity of the silts and tills is judged to be at
least ten times as good as the bedrock and the transmissivity
(ability of the water to move through fhe material) is judged to
be generally higher. Wells which penetrate the bedrock have moderate
to low yield. In some cases the yield is so low that the well cannot
be used for domestic purposes. In the absence of sufficient water
at shallow depths several wells have been drilled from 200 to 300
feet in bedrock. Those wells have significantly lower water quality.

General geologic conditions indicate that there is both a regime
water table and one or more pefched water tables. 1In areas at or
near the coast the water table is near sea level. 1Inland, znd espe-
cially in the areas where bedrock is at or near the surface, wells
have an independent and much higher water table. There is po evi-
dence for confined aquifers either at shallow or greater depths.

All of the ground water present is believed to be derived from in-
filtration from precipitation or, at greater depth, from sea water
intrusion.

Because the surface soils tend to be granular and in some cases
coarsely granular, infiltration takes place readily. Where the
slopes are very gentle and where sufficient fine soil materials or
bedrock lie near the surface, there are marshy spots and infiltration



[ .
1 g :
T m mm W erv m
_. m § L 3 =z
1§12 %1 5 . °*
: B 1
' o W 20 & |
: g ifidiii: -
_ W AN Ba
T i H

FOBINSON AND NOBLE INC.
GROUND WATER GEOLOGISTS
TACOMA WASHINGTON



©

may not be as rapid. ' Nevertheless it is in many of these relatively
flat areas where the water table is shallow that the majority of
the infiltration probably takes place for the Pleistocene materials.

Observations concerning the water table grédient await addi-
tional data concerning water table elevation in drilled wells. At
the present time, only a handful of such data exists and anything
more than a general description cannot be made as yet. Most of the
recharge rainwater is wasted to the sea in coastal areas and beneath
the lens of fresh water on the island.

Water Quality

In 1971 the U. S. Geological Survey and State Department of
Ecology cooperated in a study of sea water intrusion along coastal
areas for the state. They concluded:

"On Lummi Island, sea-water intrusion is presently (1968)

a problem only along the northeast shoreline between the
northernmost point of the island and the community of Lummi
Island, and for about half a mile east of Village Point

(pl. 8). The highest chloride concentration (355 mg/1)
sampled was from well 37/1-4J1, which is 55 feet deep and
taps a sandstone aquifer. No wells are now in use in the
intruded area east of Village Point. Chloride concentrations
of 15 to 30 mg/l are common on the island and do not indicate
intrusion, as some of the concentrations in that range are
from wells that do not extend to sea level. However, sub-
stantial increases in ground-water withdrawal on the island
without danger of intrusion probably could be accomplished

by means of widely spaced wells, each of fairly low yield"

At the present time the U. S. Geological Survey is gathering
samples to update that ten-year-old study. Sampling done within

the scope of the report does not reveal any areas of serious salt
water intrusion although there are some wells which show more than



twice the background content of 20 ppm chloride. Most notably
Well 38/32P4 has an usually high chloride content indicating

either intrusion or penetration of brackish water at the base of
the fresh water lens.

Production Potential

From a water production point of view the greatest potential
for sustained yield at moderate production rates appears to be
sand and gravel layers and lenses within the Pleistocene mantle.
Although this regime has potentially the greatest storage capacity,
the sand and gravel layers are relatively thin. A potential of
20 to 30 gpm per well should be the maximum design criteria for
water resource planning purposes.

Water Budget

In order to provide an estimate of the resource base available
for water resource planning in'the next section of this report, an
estimate must be made of the hydrologic budget. Preparation of
such a budget requires accounting for all of the water entering
and leaving the system. Although such a budget usually requires
accounting for approximately nine terms an island system such as
Lummi permits a more simplified approximation accounting for only
four terms. Figure 6 is a presentation of the overall budget con-
siderations and a tabular presentation of the data.

As already outlined, precipitation (P) for the north part of
Lummi Island is estimated to be 32 inches per year. By using a
standard technique for such estimation outlined in Avppendix B, values
for R & 1T and Et may be derived. Specific measurement of drainage
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FIGURE 6

LUMMI ISLAND WATER RESOURCE STUDY

A. GENERAL WATER
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WATER BUDGET CALCULATIONS

i

BUDGET EQUATION

I=R+Et+0+W+G+ S + Sm

Precipitation

Inflow from surrounding regions
Stream runoff

Evapotranspiration

Groundwater

Wastage at base of fresh water lens
Changes in ground water storage
Changes in surface water storage
Changes in soil moisture

B. SIMPLIFIED WATER BUDGET EQUATION - Applicable to Lummi Island

where:

I. Precipitation

Bellingham =
Olga =

Average of t

N. Lummi est
S. Lummi est

Study Area

R+ I+ Et

Precipitation
Surface runoff
Infiltration
Evapotranspiration

ct - =g Ls]
[ S (I

(P)

49.1 in/yr average
27.9 in/yr average

he two stations = 38.5

imated P
imated P

32 in/yr
46 in/yr
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IT. Runoff (R), Infiltration (I) and Evapo-transpiration (Et)

Et = Estimated by standard practice
(Thornthwaite, method - see Appendix B)

Et = 21 inches

P=R+ 1+ Et

32 = R+ I + 21

R + I = 11 inches

ITII. Calculation of four cases for Reasonable Value Ranges for R + I

A B C D
R = 6 inches 4 inches 3 inches 2 inches
I = 5 inches 7 inches 8 inches 8 inches

IV. Recoverable Underflow - Estimated as 50% (maximum) of I

A B C D

UR = 2.5 3.5 4 4.5
inches/yr

V. Annual Recoverable Water (QR) - Sustained ¥ield (QR = Area x CR)

A B C D
QR
gallons 173,760,000 243,264,000 278,016,000 312,768,000



VI.

VII.

éb

Population and Housing supportable under Water Management Program
disregarding short-term supply/demand variables and assuming
permanent population.

A B C D

Population 4760 6665 7617 8567
Dwelling Units 1763 2468 2821 3173
Population Density 1.9/acre 2.6/acre 3.0/acre 3.3/acre

Population and Housing supportable under no Management Program

Population 2380 3333 3800 4284
Dwelling Units 880 1234 1410 1586
Population Deansity l/acre- 1.25/acre 1.5/acre 1.7/acre
Housing Density 2.9ac/Du 2.0ac/Du 1.8ac/Du 1.6ac/Du



Il O I N S T O BN B B B BE I EBE am Em e |
i H

basin runoff would be necessary to determine a specific value for

R. Since that data is not available, calculations have been based
on assumed values for R & I for four cases which together are be-
lieved to represent a reasonable range of real values. Thus the
estimated maximum groundwater which could be produced annually
within a carefully managed program is shown in calculation V.
Translated to population demand and dwellings which could be sup-
ported, these figures yield calculation group VI. Without management ,
the best performance (yield) which could be expected is shown in
calculation VII. Within the range of values given under the assump-
tions of A, B, C & D, the values represented by A or B are preferred
as appropriately conservative until additional data from a manage-
ment program might permit more relaxed conditions.

WATER RESOURCES

General

The hydrologic budget developed above represents the broad
concept of the hydrologic cycle. Driven by the sun's energy both
directly and indirectly through wind, the water resources o° the
world are part of a dynamic process of movement. In certain ways
living things intercede in that process and affect the dynanic
balance which is a product of the physical processes. The amount
and nature of the vegetation which covers the land directly affects
the evapotranspiration rate as one example. In addition, human
intervention through growing technology and increasing demands for
water resources has become an increasing factor in what otherwise

is a totally natural cycle. By intercepting either surface water

-10-
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or ground water in thaet portion of thke cycle where water moves
through or over the land surface we are able to utilize the water
for various purposes. Almost all of the water is returned to some
other portion of the hydrologic cycle. If we view man's inter-
ception as a sub-cycle in itself, we must deal with balan¢ing con-
cepts of supply and demand bringing these into some sort of recon-

ciliation by a management '"routine'" or set of management principals.

Supply

The overall framework or resource base was established for the
Lummi Island study area under the Hydrology section above. In the
absence of concrete data for the assumed values or ranges of values
shown, we must necessarily adopt a conservative position with respect
to estimates of supply. Analyses of the range of variables will be
expedited by developing the concepts of three alternate routes:

Alternative A - Dispersed Private Wells. This production
alternative is the one which has been
historically used because it is the least
costly and lends itself to a population.
base which is also dispersed, has low
density and relatively low requirements
for water.

Alternative B ~ Community Water Systems - Wells. This is
a somewhat more sophisticated version of
the first alternate. Multiple wells afe
combined into a water system serving more
than one user. Such systems may be very
simple or much more complex depending upon
the hydrologic setting, the distributicn
and the number of users.

-11-



Alternate C - Public Utility System. Such a system is
usually utilized in instances where user
requirements and/or environmental factors
require an engineered capital-intensive
water distribution system.

Because these alternatives are closely related to and indirectly
impacted by environmental factors related to waste water and solid
waste disposal, consideration of system alternatives must also take
into account waste water systems. Figure 7 shows five alternative
stages of water resource development and utilization associated with
appropriate levels of population. It should be clear thaf there are
not distinct boundaries between these alternatives. Many urban areas
or suburban regions are served by all of these alternatives. They
are here divided for purposes of contrast, comparison and analysis.
So, too, the economic framework constructed for better understanding
of the alternatives is generalized, assumptive and not intended to
represent engineering estimates of the costs of such systems. Such
an analysis would require much more detailed information than is
currently available and a much more rigorous engineering treatment
of that data than is possible within the scope of this study.
Nevertheless, the alternatives and their economic correlatives serve
to illustrate variations in cost. Because the data have been ad-
Justed for island conditions, they cannot be compared to typical
costs encountered in urban or suburban situations.

There are a variety of engineering measures which could lend
themselves to enhancement of the supply. Included among these would
be dams or levees to create surface water impoundments, grout cur-
tains to reduce groundwater underflow and #arious types of storage

-12-



structures. The specific selection of one or more of these would
depend not only upon the geologic, topographic and climatic con-
ditions, but also upon economic factors. All are highly capital
intensive and relatively high in operating, repair and maintenance
costs.

Demand

Neglecting commercial or industrial utilization, water demand
for residential purposes is directly related to population, socia-
economic or technology level and supply. In the absence of limits
to supply, demand is determined entirely by the first two factors.
Calculated as an average daily requirement, demand has slowly been
increasing over the years from approximately 50 gallons per day per
person at the turn of the century to a current utilization for the
United States of almost 100 gallons per day per person. For planning
purposes this historic growth per capita is usually projected to a
figure of approximately 150 gallons per day per person on a national
average, including commercial, industrial and agricultural usage.

It should be noted that these demands fluctuate considerably not only
within a daily time frame but with annual and sometimes other period-
icity. Because utilization is highly time dependent, the Department
of Social and Health Services in the State of Washington requires

a planning figure of 800 gallons per day per dwelling unit for water
system design. This is more than twice the average daily requirement
for a dwelling unit containing 3.5 people at a current national
average use level of 100 gallons per day per person. The average
figure of 2.7 persons per dwelling unit is indicated as appropriate
for Lummi Island. Although average utilization is probably less

than 100 gallons per day per person, that figure has been utilized

-13-~
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for purposes of this plan. It should be recognized that utilization
of national standards would require 150 gallons per day per person,
a figure that is probably reasonable for the level of usage which
might be expected from a fair proportion of new dwelling units to
be built in the future.

Management Principals

Balancing supply and demand so as not to create dislocations
and to accomodate the expectations of users within a reasonable
economic framework is the basic requirement of a water resource
management system. In order to do so, management personnel must
have a very accurate picture of both the available supply and the
time and space related factors which bear upon it. They must also
understand as completely as possible the entire fabric of demand
and its time and space variables as well. The system requires
adequate background knowledge of the scope of the resource, how
that resource increases or diminishes under natural conditions and
under the impact of demand patterns. Adjustments can then be made
either in capacity, delivery, or in reduced utilization in order to
keep the system in balance.

The essential elements for effective management then are:

Accurate Resource Base
Accurate Supply Data
Accurate Demand Data

A ''reporting" system of feedback loops which relay data

from each area to the others to permit management decisions
to be made.

-14-



CONCLUSIONS AND RECOMMENDATIONS

The absence of an economic framework for implementation of a
viable, active water resource management plan mitigates against

presenting one at this time. Instead, the current and immediate

future needs of the community and its ability to execute water

management functions dictate that a passive or land-use regulatory
management approach be adopted at this time.

The following suggestions are presented for consideration:

A.

®

Regulate by zoning, conditional-use ordinance,lor other
appropriate statutory authority the population density
and land use in order to balance development needs against

available water resources,

Under interim standards, such as those suggested in Figure
B, continue to gather additional and more accurate data to
add to the data base.. This could be achieved either through
volunteer technical help from one or more island residents,
through county-funded professional staff time, through state
or federal agency cooperative programs, or through federal
or state grant programs.

As demand increases, and the perception of the need for a
management program becomes more acute and widespread, ap-
propriate mechanisms for active program management can be
introduced.

The first incremental change which would have both manage-
ment and economic advantages would be the consolidation of

individual user facilities into user groups under some kind
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of '"cooperative'" system of management. Such groups should
be formally constituted under county and state regulations
to guarantee adequate engineering and management standards.
If organized under the expectation of later comnsolidation,
the transition to a comprehensive management system could
be expedited.

E. Because of the obvious dangers of salt water intrusion,
septic tank pollution and well interference, it may be
possible to constitute a 'critical water supply service
area' under new state law (HB 165). This designation
establishes the mechanism for a wviable cooperative manage-
ment program and should be thoroughly investigated as a
means of expeditious implementation of a management pro-
gram.

F. Solid waste disposal by landfill should be prohibited on
the study-area portion of the island. Appropriate re-~
gulatory machinery should be investigated to evaluate its
effectiveness as a deterrent against even casual abuse.

Suitability Matrix

In order to implement an interim control strategy, a matrix of

tentative standards has been prepared (Figure 8).

One scenario for use of the matrix might be to require appli-
cation for building permits to contain:

A, Predrilling of a domestic well to prove adequate water
supply. The well report should show:

e Depth to bedrock.
e Depth to water table.

-16-
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B.

e Elevation'and location.
e Driller's log with pump or bailer test data, casing
data, descriptive log

Results of percolation test for septic.tank.

Based on the data supplied and using the matrix - determine
suitability and approve, require additional data, or disapprove.

Additional Data

Utilizing personnel and/or finding sources as mentioned above,
the following data should be gathered.

Inventory

® Accurately locate all wells on the island.

e Determine total depth, diameter, depth to water, materials
penetrated, and all other data shown on well schedule form
wherever feasible.

Plot such data from all new wells drilled on the island.

e Maintain and improve detail on the basic maps in report

using this data.

Longitudinal Studies

Establish a weather station on the island (The Olga station
on Orcas has been operated by one family since 1889!).
Gather temperature and precipitation data.

Measure runoff on one or more of the island drainage basins
to establish a better R factor for the water budget.

Measure water table elevations in séveral wells in both bed-
rock and Pleistocene materials and establish long-term
fluctuation patterns.
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e Sample and conduct periodic measurements of chlorides in
selected deep wells and coastal wells to determine changes
in the sea water intrusion flux.

Interference/Intrusion Studies

Higher capacity wells sometimes reduce the capacity of sur-
rounding wells. They can also induce sea water intrusion and con-
tamination of the aquifer thus reducing water quality in their
vicinity. For these reasons a careful testing program should be
required for any well designed to serve more than a single dwelling
unit. That program should provide for regression analysis, removal
of tidal effects in neighboring observation wells and for multiple
testing for chlorides at the start, during and at the end of the
pump test. Decisions concerring establishment of capacity limits
for such wells should be based on this data.

Respectfully submitted,

ROBINSON & NOBLE, INCORPORATED
Ground Water Geologists

Ronald }G Schmidt
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Olge is looated on Oroas lsland, the largest $elapd of the San Juaa
groupe The fan Juan Islands are located between the northwesteras
Fashington cosst and Vencouver Island, British Coluabis, and inclue
des 172 1slands ranging in ares fram less than one acre to approxi-
sately 57 scuare milss, Ths terrain is rather rough and & large
portion of most of the 1slands §s covered with timber. The highost
peint 1o tha Sap Juan Islands 1s Wt. Comstitutiomn, slewation 245k
fest, located on Qroas Jslaode The summit of Mt. Constitution is
as exvellent view point from which meny of the San Jusp Iclunds and
scame of the Fashipgtan and Canadian oosstal arees can be seen. The
sumnit 1s sasily reachbad by a good highvay during most of ths year,
Scme of the more level land oo each of the larger 3alands {3 devoe
ted to agricultures 411 transportation to end from the islande ie
Yy ferry, placs ar privately-owned boats. PFerries which carry both
pesseapers and vebiolos are opcrated ob & regular achedule during
the sntirs year by Mashinston State Ferries, from Anacortes, Yashe-
izgton, through the San J'an Tslanda to Vancouwsr Islerd, British
Columbias The following .slands in the San Jusn group are served
by the Fashingicn Ctate Forriees Loper, Oross, San Juan and Shaw,
The remainder af the laleids are reached by plane, boat or private-
iy-cperated ferry. Ins wi.pding witsrways betwess the lslanda,
sheltsred bays, iplets am! beautiful beaches have mads the Sam Juan
Jslanda & vary popular crulsing place for priwvete boats and vaca-
ticn srease  The largest publio recrestior area is Morun State Park.
Eoxsver, there are zumercus ssaller public and privetely-operated
Fecrestional areag on esch of the larper lslandse The operaticn of
resorts and other facilities for tourist: are ixportant acurces of
lnoccms oo the lslends,

The climate in the fZan Juan Tslands s predocirately a marine-type
with 000} su=ors, rather nild wizters, toiet sir azd a amall dadly
renge of texzpersture. Some of the faotors wiloh inflvence the oli-
mate in this aroasres terrain, distascs and directica from the
Ocean and the position of the semi-psrzanent high and low pressurs
centers located over the north Pacific Oceans MNountains, rangiag
4z slevation frem OO0 to 7000 feet, oo the Olympie Peslpsule wad
Vasoouver lslant protect the islands from storsa moving sastward
over the Ocean, Io an easterly dirsctien, and at a distance of

experienced sest of the mountainse The loweat temperstures during
the winter usually coocur whes & hgh pressurs area develops over
the Pacifioe Northwest and cold air moves out through the Fraser
River Canyon into nartbwsstern Washington aod the Seo Juas lslacda.
€014 wuather assocolsted with an influr of air fram the interier of
the cootinent seldam lsats morw than & few days,

Snow occurs rather frequently at the bogirning aod ond of these
Periods of low tamperatures. Spow depth seldom sxoceds & few ${nch-
®8 in the lower slsvatisn or rerains oo the ground for mare thas a
few daye, The prevailing direction of the wind is south or southe
west during most of the yrar. The highest tecperatures im the sum-
xer and loweat 14 the winter usually ooceur witk north or partheast
winds, The average temperature of the water surrounding the Sam
Juan Islands ranges from about l§ degrees iz February 6 52 dagrees
in August. The aversge aftarnoon tespsrsturs ip mid-suer is
about 70 degrees, Maxinum temperaturss in excess of 85 degrees
oocur very infrequsntly, The averags dally rarge of tezpersture in-
¢resses fram about 10 degrees in the winter to 20 degrees duriag tae
SIZIXeTe

The bigh pressurs area aver the Ocean bocases czaller acd moves
southward during the fall and winter, snd the low pressurs area,
with ita cepter near the Alsutian Islands, 1nlessifies and alsc
moves southward. A olockwise circulation of air around the Ngh
pretaure center and a countar-—clockwise eireculaticn arc:od the low
prossure Lrincs a flow of warm and moist air into westera Waskizgton
and the Cag Juan Islands. Cooling and candecsatica occur as the air
rises along the southweetern slopes of the xouctalns cn Vancoursr
laland and the Olympio Fesnizsulas, resw ting iz heavy precipitstica
in those areas and light precipitation slong the cortheasterz alopes
of the pcuntains and 15 the Sea Juan Inlazde, The fall raios ususle
1y begin ahout October and contirus und) March, The driest weather
oceure in July and Aupuste 4 differsnce of several days in the
length of the growing sesacn can be expocted with chacses iz elsva«
tion and dlstance fram the waterfront,

approxirately 50 milee, the Cescede Koun:ains rise to elevaticos of
5000 t6 7000 fest, with pesks 1u excess of 10,000 fest nnd fors a WASHINGTON STATE FERRIES Earl L. Prillipa
=4 Jor sorth-south topographie and cliratio barrier scrcss the State. e Col F Tetrminal State Clizstclcpiss
The Cascads Mountaina protect this area fras the low tetperatizes o B IR olman Ferry lermina Feather Buresny
1D t2e wister and the high tezjeratures in the suzmer, which are s 1 #7. Seotile 4, Washington Teattls, Maskinstom
- -." N
.
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. (a) Average length of record, years.

T Trace, an amount too small to measure.

®e Base 63°F
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+ Also on earlier dates, months, oc years.

® Less than cone halL
# Zstimated.

XARRATIVE CLIMATOLOGICAL SUMLARY

Bellingham, the County Seat of Whatcom County, is loaated
aloag the shire of Bellinghaa Bay. To the west, sorass the
3treit of Gecrgie, is Vancouver lsland, with the San Juaa
group betwesn and sxteading soutlwerd to the conflueace of
the Straits of Georgia and Jusa de Puca, The Struit of
Georgla offera & sea lavel outlet to the Pucifio Ocoun in a
oorthwestcrly direoction, snd the Strait of Juan de Fuos in
a westarly directiones

Soms of the factors which play an important role in the sli~
mate of Bellinghan are its distance from the Proifis Coean
and other large todies of water, scastal renges of mountains
on the Qlymple Feataauls sand Vanoouver lsland, the Cascade
range of mountains whish rias to eslewations of 5000 to 8000
feet within 75 miles esst of the oity, the southerly migra-
tiea of storms moving out of thew Gulf of Alasks during the
winter and their return to & more northerly path in the
ninele

The coastal mountains en Vanoouver Ieland and the Olympis
Peninsula protect the eity fram the main forue of atorms
soving esstward from over ths Pacific Ocean. Breaks iz the
soastal mountaine and the Streits of Georgla snd Juan do
Fuoca permit & large smount of molst eir from over the osean
to reaoh the arve., This marine air ie usvally warmer in
the wiater aad cocler in the sumrer than air ovor the inter-
ior of tne ecotinent at this latitude., The olimate of
Bellinghax oen be classified as & marive-type in most re-
spectss The alr is rather molet tlruughout most of the ysar
and the dally resge in texporsture §s small., Maximun tow-
peratures aof 90 degraes or above are tmusual and are of
snart duration in the siucier,

The Cascade ¥ourtains shield the ares from ocold air in the
interior during the winter, and the warm air in the susmar,
Eowever, ocossiccally eold alr from the interior of Capada
will sove through the Fraser River Canyou and spread

snuthward brineing Jow temperstures to the Bellingham aree,

The lowwst tomperatures in the winter and hilghest in the susmer are
usually azscoisted with ssaterly or parthsastarly winds, The lowest
humidity 1s observed when casterly winde are blowing down the wes-~
tern slope of the Cascmdes,

The prevailing scutbwesterly oirculatico of wam, molst air from
over the Paoiflic Ocean kaeps the aversge wintsr daytise tempersture
in the {0's sand the nighttine temperature in the upper 20's or lewer
3'se There is & gradual ahift of the winds to & westerly &nd nor-
thorly dirsotion during the sumzer. Cool air fram over the Pacifis
Ocean in the summer kespa the average sfterncos termpermturs ia the
mid-70's snd the nighttime temperaturs in the mid lO's.

The highest wind velaoltios are uaually from & southwsasterly diree-
tion during the winter, although oocssicaally strong anrtherly winda
cacur with the passiage of & sturx. Wind welocities ary usually much
lower in the surmer than in the winter ronthse

Thers is & pronounced, though not sharply defined, rainy seases aand
ccosidersble cloudiness during the winter. About thresu-fourths ef
the annusl reinfall is received from October through Aprile Deoeo-
bYer is the wottest month and July end August arw the driest montha.
The precipitation pattern in the sgrioultural arsa north agd south

. of Ballingham 1s atmilap, Snowfall is rather 1ight ang on the

svorage does not remain on the grousd for leag periods of time.
Procipitatiaon and apowfall increase repidly in an esstorly dirscticas
Same of the heaviest snorfall and grestost soow depths in the United
States have hesn rsoorded in the Mt. Bakar arwa, sppruxisately O
miles sast of the altye

Zarl L. Prillipe

State Clixatolegiat
UeS, Weather Bursam
Seattls, Naahingtom

Raprinted by the Weshington State Departrent of Cammerse & Rocnrmis Develeopment
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9. Along the west coast of Blakely Island from Bald
Bluff north. Interglacial sediments (silts and clays) are
overlain by Vashon Till.

10. Prominent clifts on the southeast side o7 Decatur
Island (Figs. 10 and 11). This is one of the most spectacular
outcrops of surficial sediments in all of the San Jadm The
Vashon Till is exposed at the top of the cliff (approxn-
mately 15 feet thick) beneath which is about 150 feet of
bedded sediments, including advance outwash sediments
(sands and gravels) and interglacial sediments (silty clays).
An older till may underlie the interglacial sediments. An
unusual feature of this exposure is the folding that has
occurred in the bedded sediments; some beds are even
overturned. It is likely that this deformation was caused by
the glacier which deposited the Vushon Till, pushing on the
weakly consolidated sediments below it.

Water-bearing Characteristics of
Surficial Sediments

The surficial sediments on Lopez and Decatur Islands
are probably the lurgest easily-tapped groundwater reservoir
in San Juan County. There is relatively little water in glacial
till or fine grained interglacial sediments, but the advance
outwash sediments are normally coarse enough to have
good porosity and permeuability. Generally speaking, the
coarser the sediment the better, as far as its potential as a
source of groundwater.

Obtaining groundwater from surficial sediments in-
volves drilling into porous sands and gravels that occur
below the water table. It would be nice to have some sort
of x-ray vision in order to look downward and see how
deep you would have to drill in order 1o reach this sand and
gravel. Although this talent (water-dowsing) is claimed by
some, the mujority find it more satisfactory to rely.on
geologic evidence.

Geologic data come largely from well logs furnished by
drillers. {t is not eusy to identity the ground up mess
brought up ut the end of a drill bit, and it takes some
judement to interpret the drillers’ nomenclature. None-
theless, Plate 2 is an attempt to draw geologic crosssections
through Lopez showing bedrock, impermeable sediments,
and sand and gravel. Most of the sand and gravel is probably
advunce outwush: it is not possible to say in every case
whether the impermeunle sediments are interglacial sedi-
ments or il

Below the water table the sands and gravels should be
water-bearing. Little water is likely to be obtained from
impermeuable sediments even below the water table.

The location of the cruss sections is shown on the
geologic mup (Plate 1). A-A" and B-B' both trend south-
west-northeast, while C-C’ trends northwest-southeast.

How deep shouid one be prepared to drill in surficial
sediments? Perhaps the most instructive point of Plate 2 is
that many welis drilled in sand and gravel terminate within
4 few tens of feer above or below sea level. Wells in
impermeable sedimenis otten end a hundred feet or more
oclow sea level. This suggests that the regional water table is
very near sea level. und when drilling in sands and gravels,
that is where you encousiter water. When drilling in
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impermeable sediments (clays and till), however, it is often
necessary to drill a considerable distance below the water
table to get un adequate supply. Below-sea-level wells seem
to be the general rule in the roughly triangular area
bounded by the north side of Lopez Hill, Hummel Lake,
and Spencer Spit (see the right side of cross-section B-B’
Plate 2), In summary, then, you should be prepared 1o drill
to sea level unless you hit impermeable sediments, in which
case you will probably have to driil deeper.

What about salt water intrusion? Fresh water occurs as
a lens-shaped layer which floats on top of salt water
because it is less dense. If you drill deep enough on the
islands you will eventually hit salt water. The goal of the
driller is to intersect the fayer of fresh water -without
drilling through it, The fresh water lens is thinnest at the
coastline, therefore the greatest danger of salt water
intrusion is in coastal wells that go below sea level.

~ r~

Sea Ieval

Once fresh water is found, not much can happen to the
supply unless water is withdrawn at a rapid rate for an
extended period of time, which could lower the water
table. If the water table is lowered too far too fust it is
possible for salt water to intrude, either from below or
from the side, and occupy the empty pore space. The
easiest way of makmg sure that you never pump salt water
is to see that your pump intake is never below sea level. If
the water table is lowered sufficiently your pump may
break suction, but at least it will never pump salt water.
Once salt water intrudes into an aquifer it may take 1 long
time (years), to remove it.

There are a number of small perched water tables
within the surficial sediments. These generally occur on top
of impermeable layers such as till or silty clay. Where till is
exposed at or near the surface the ground is commoniy
swampy or maishy due to accumulated rainwater that
moves downward very slowly through the till. Similar
perched water tables exist beneath the land surface. and
well drillers must be careful not to confuse a perched water
tabie for the regional water body, or the supply of water
could be very limited. Sometimes coastal cliffs of surticial
sediments appear to be wet in certain zones (Fig. 7). This

o~
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“hleeding™ usuaily occurs when a perched water table is
intersected by the cliff. .

Recharge to the groundwater body comes from rain
water falling on the land surface which seeps downward
through soil. sediment. and rock raterial until it reaches
the zone of sawuration. The top of this zone is the water
table. It may take hundreds of yea:s for water to reach the
water table,

There are no underground streams, rivers, springs,
lakes. or ponds. And. contrary to popular view, ground-
water in the San Juans does not come from Mt. Baker.
Assuming that there was some way of transporting Mt.
Baker water. it is interesting to speculate on the conse-
quence of discharging at sea level a pipe or tube filled with
water with a ten thousand-foot hydraulic head!

TN
vfi"’weu with 10000’
/ hydraulic head

There is. of course, a certain amount of risk in drilling
water wells. A distraught person recently phoned to say
that the driller was down 250 feet in “blue clay™ in an arca
of surficial sediments that was supposed to have good water
potential. What is the blue clay—Till? Clay beneath advance
outwash? Water shouid have been encountered at about
100" below land surface, but wasn't. What to do? Relocate
and trv again? Keep going in the same hole? Pull back the
casing and try for water above the clay? These questions are
difficult ones. and require the advice of an experienced
groundwater geologist,

One bit of advice is offered: when developing a piece
of property which will ultimately need water, you should
make the well or water supply the first major investment,
not the last. Too often the house is built first and the water
sysiom comes later. Should there then be a problem getting
adequate water, the problem will be much worse if
structures are already built.

BEDROCK GEOLOGY

It is surprising that more geologists haven’t been
attracted to working on the bedrock geology of the San
Juans considering the great variety of rock types and
structures that are present, not to mention the almost
unbelievably pleasant and beautiful surroundings. Com-
pared to many other regions our geologic knowledge of the
bedrock is not very extensive—but geologic interest in the
area js growing rapidly.

As cxplained earlier, the bedrock of the southeastern
San Juans is a complicated jumble of blocks of rocks
juxtaposed agajnst one another by faulting and shearing.
Some blocks are very large. perhaps up to a mile or more
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across, whereas others are almost micrascopic. Some blocks
show only minor internal folding and faulting. while others
are intensely sheared throughout. Thus this melange. like
almost all others, shows a baftling array of faults and shear
zones, very few folds, and rock tvpes that crop out in
practically random order. In other types of more mod-
erately deformed terrain. even though rocks may be broken
by faults. it is possible to explain why different rock tvpes
occur where they do. and sometimes it is possible to predict
which rock will occur over the hill ur on the nex: :iind.
Because these islands are so intensely deformed. this cannot
be done.

Geolcgists feel obliged to classity and define. This
sceras to help cxplain things, even though we often
oversimplify by doing so. The diverse types of bedrock
occurring in the southeastern San Juan Islands have been
grouped into five general categories: greenstones.
flysch-type sedimentary rocks. voleanic rocks. plant-bearing
sandstones and conglomerates, and serpentinite. Within
categories there are some exceptions. most particularly
among sedimentary rocks. Nevertheless. these rock vpes
are the basis for mapping the bedrock in the southeastern
San Juans (Plate 1): continuity and stratigraphic order have
heen severely modified. An added virtue of mapping rock
types is the extra information it gives the planner and land
user. In theory, at least, all rock types should be reasonably
consistent in their properties. This is not necessarily true of
formations.

Joe Vance has mapped the rcmainder ot the archi-
pelago in a more conventional manner. He takes the
approach that rock types are stratigraphic. although he
recognizes that they have been severely modified by
faulting. Thus, he has mapped formations instead of
lithologies. The difference in the two approaches is in part
one of philosophy, but it may also be due to different
conditions within the respective map areas, There simply
has not been sufficient time to explore the two areas
thoroughly and straighten out differences. One aspect is
certain: the stage is now set for further examination and
analysis of all the islands. There are still many questions to
be resolved.

[t wouid be an enormous help if we had more
knowledge of the age of the rocks in the southeastern San
Juans, Some dates were obtained from tiny zircon crystals
by the fission track method, but fossils, the most common
means of dating, are very scarce. Up to now the rocks have
been most stubborn in their refusal to yield anything but
squashed and smeared branches, stems. and twigs. Sooner
or later some good identifiable marine mollusk fossils or
microfossils will turn up to provide a basis for dating the
rocks.

Some rgaders will be interested in knowing how the
present mapping compares with that of Rov McCletlan.
who completed the first county-wide geologic map and
report in 1927. McClellan’s Leech River Group includes
both the flysch-type sedimentary rocks and the plant-
bearing sandstones and conglomerates. His Eagle CUff
Porphyrites are pillow lavas, and in some areas of Lopez
Island, greeustones. He mapped Blakeb, and Frost Islands as
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BENNETT CHEMICAL LABORATORIES, INC.

ANALYTICAL CHEMIBTR & ASBAYERS

901 SOUTH 9th STREET TACOMA, WASHINGTON 938405
(206) 272-4507 or 272-7969

.

Our anglysis of the sample of

REPORT OF ANALYSIS May 5, 1978

’

Watexr

From Robinson & Noble
Sample received 4/17/73
Marked: Well #77B
’g H H > ﬁ
,; - [l [l ] =4 H
e & e |2 {a la |u
o JR 54 . 3 o =3 = =] ]
o @ : o |a . [o |o lo |s
!g &} Contents Analyzed R S Sample Test Results
x | Arsenic x |x 0.01 mg/liter *
¥ | tarium X _|x 0,10 mg/iiter *
¢ | Cadrium X 1% 0.005 mg/liter *
x | Chremium X 1 X 0.01 mg]]l’ter x
v | Iron x 1 xlx X 014 mg/liter
x | Mangarese X X X . 0.007 mg/liter
+ | fercuxy X X |x 0.00L mg/liter *
~ o | Siiver. x | x 0,01 mg/liter *
+ | Selenium x | x 0.01 mg/liter *
v | Lead x Ix 0.0l mg/liter *
" o | Color x| x X S Units
Fluoride x| xIx X 0.175 mg/liter -
+ | Nitrate x| x|x P 0.96 mg/liter
Total Hardness as X | x X
X Calcium Carbonate 42,5 mg/liter
¥ | Specific Conductance x 105 micromhos/cm
x | Turbidity x| x X 1 F.T.U, *
x | pH X | x Trace
Bicarvonate Alkalinity as x| x
< Caleium Carbonate L8 mg/liter
x | Carbonate Alkalinity as- x | x
Calcium Carbonate a
! x { Free Carbon Dioxide X g,2 mg’llter
i x | Calcium X 25,5 mg/liter
[ [ Maznesium X i 6,04 mg/iiter
v | Sodiun X ; 8 08 mo-/]ﬂ-pr
» | Caloride x| xix , A.7 pom
x | Sulfate X | x|x ' 8.5 mg/liter
~ | PROSDhAte X / 0.000 mz/liter
. | Silica: X ﬁ 15.Qmglliter
“onel Dissolved Solids ¥ 4
x | Total Residue X H 86.8 mg/liter

* Iess than. -
Robinson & Noble

To 10318 Gravelly Iake Dr. SW

Tacoma, WA 98499

BENNETTS

EMICAL LABORATORY, Inc.




BENNETT CHEMICAL LABQAATORIES, INC.

ANALYTICAL CHEMIETE & ABBAYERS

901 SOUTH 9th STREET

Qur analysis of the sample of

4

Water

TACOMA, WASHINGTON 95405
(206) 272-4507 or 272-7969

REPORT OF ANALYSIS ey 5, 1978

From Robinson & Noble
Sample received 4/17/78
Marked: Well #2

o] (el
g ] E H : e
o a e ja e (e [m
3w . 3 {3 i3 |3 {3 (o
2% : 9 o |o o |& |= :

2 &} Contents Analyzed & |8 I8 |8 |8 B § Sawmple Test Results

— — |

x | Arsenic x | x 0.0l mg/iiter * R

Tarium X 1x Q.10 mg/liter * £
Cadmium X 1x 0.005 mg/liter *

X Chromium X X 0.01 iter *

x {Iron Xl o xlx X 0,16 mg/litex

x| Manganese X x X 0,006 mg/liter

x| Mercury X X | x 0.001 mg/liter *

% | Silver x | x 0.0) mg/liter *

x | Selenium x_|x 0.005 mg/liter * i
F | Lead x |x 0.0l mg/liter * 5
Ly Color X1 X X 1.5 Units
x| Fluoride x| x|x pi 0,23 mg/liter
{x | Nitrate x| XIx X 1.75 mg/liter

Toval Hardness as X | x b4

x Calcium Carbonate 101,05 mg/liter
» Szecific Conductance X 270 micromhos/cm
fx Turbidity X {x X 1.2 F.T,U,

X pH X | % _Trace

Bicarbvornate Alkalinity as x| x

v Calcium Carbonate 115.0 mg/liter

{x | Carbonate Alkalinity as- x| x 0 mg/liter
Calcium Carbonate

x | Free Carbon Dioxide x 5.2 mg/liter
% Caicium X 36,0 mg/liter
x| hagresium X ‘%1 15.2 mg/liter
x__| Sodium x ; 29,2 mg/ iter
'x | Chloride x| xix ‘ 1.74 me/liter
x| Suiiate x| x|x o 45.8 mg/liter
X | Phospnate x % 0.0306 mg/iiter
X Silica X 20 A mg'/]itm"

otss Dissolved Solids X '

X | Total Residue x 2144 mg/liter

* Less than.

Robinson & Noble

To 10318 Gravelly lake Dr. SW

Tacoma; WA 98L99

BENNETTS CHRMICAL LABORATORY, inc.




CHEMICAL DATA FOR WELLS SAMPLED MAY, 1978

!

Field Location Specific
Number Number Conductance Hardness Chlorides
4 33N4 350 95 20
13 29Q2 540 20 27
17 32F 400 175 16
22 32pP1 220 60 19
23 32P2 1670 30 400
26 5C1 390 90 24
35 411 600 5 45
39 4B3 240 95 15
40 4G3 390 110 18
43 4F2 325 80 20
41 4G4 410 160 20
45 4H3 470 36 25
46 4H2 350 140 18
47 4K1 410 70 35
49 4K3 359 110 18
51 434 360 130 20
57 9A1 350 160 13
59 481 450 65 20
63 9C1 350 150 30
65 9CA 350 150 26
67 9G2 240 115 10 -
77A 10M1 240 107 16
78 10N1 300 100 15
79 600 190 105
- 80 10Q1 360 10 14
83 33Q1 550 230 48
84 15H1 250 110 5
88 15F3 650 15 20
89 33pP3 600. 250 25
80 33Q2 © 300 145 20
96 430 35 48
98 440 65 25
99 360 150 15
100 290 130 8
101 10M3 250 10 20
Stewart 410 40 225



APPENDTIX

WELL SCHEDULE
WELL LOGS

D



Field locations of wells are shown on Master Maps by Field

Number and by Location Number (USGS System).

Field Numbers - (Arthur) Sequential in Blue
Field Numbers - (Calkin) Sequential in Orange

Location Number - pencil

Attached is a Conversion Table correlating Location Numbers
with Field Numbers. All are plotted on the Master Map, but only
those for which some data have been developed are listed on the
Well Schedule. Please note that some locations may not be accurate.
Those on the Well Schedule havé generally been field checked and are

believed to be the most accurate.



FLD # -

Loc #

38/1/33P1
38/1/33L1
38/1/33N3
38/1/33N4
38/1/33N2
38/1/33N5
38/1/33P2
38/1/33E1
38/1/32H1
38/1/32d1
38/1/32H2
38/1/32A(T20)
38/1/29Q1(T19)
38/1/29Q2
38/1/32B3
38/1/3281
38/1/3282
38/1/32F
38/1/3261
38/1/32L2
38/1/32L3
38/1/32K1
38/1/32P1
38/1/32P2
38/1/32P4
38/1/32P3
37/1/5C1(T17)
37/1/5H1 .
37/1/5L1(T16)
37/1/5P1
37/1/5P2
37/1/4M1(T15)
37/1/4N1
37/1/5R1
37/1/501
37/1/4P1
37/1/4L1
37/1/4E1
37/1/4¢E2
37/1/401
37/1/4E3
37/1/4G3
37/1/4G4
37/1/4F1
37/1/4F2
37/1/4L2
37/1/4H3
37/1/4H2(T24)
37/1/4K1

FLD #

CONVERSION TABLE

LocC # FLD #

37/1/4K2 96
37/1/4K3 97
37/1/4J3 98
37/1/4J4 99
3771/435 100
101 37/1/10M3

LocC #

37/1/74J6
37/1/4R2
37/1/4R3
37/1/9A1
37/1/981
37/1/982
37/1/4B1
37/1/8A3
37/1/8A2(T14)
37/1/983
37/1/9C1(T8)
37/1/9C3
37/1/9C4
37/1/9F2
37/1/96G2
37/1/9G1
37/1/9H1(T6)
37/1/991
37/1/710M4
37/1/10M2
37/1/10L2
37/1/10L1
37/1/10P2
37/1/10P1
37/1/10M1(T5)
37/1/10N1

37/1/10Q1
37/1/8A1(T13)
37/1/1561
38/1/33Q1
37/1/15H1(T29)
37/1/904(T12)
37/1/433
37/1/9H2
37/1/15F3
38/1/33P3
38/1/33Q2
37/1/4B2
37/1/481
37/1/9R3
37/1/9R2
37/1/15H3

FLD #

LOC #

37/1/15E1
37/1/15E2
37/1/16A
37/1/9R1
37/1/10M1(77)
37/1/9H(69)
37/1/9F
37/1/9¢1(63)
37/1/901
37/1/902
37/1/903
37/1/904(85)
37/1/8A1(81)
37/1/8A2(61)
37/1/4N(30)
37/1/5L(28)
37/1/5C(26)

© 38/1/32L

38/1/29Q(12)
38/1/32A(11)
37/1/4G1
37/1/4G2
37/1/4H1
37/1/4H2(46)
37/1/431
37/1/442
37/1/3N1
37/1/15H2
37/1/15H1(84)
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APPENDIX E

WATER SYSTEM COORDINATION ACT
PROPOSED REGULATIONS
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FEBRUIARY 1,L978

WATER SYSTEM COORDINATION ACT:
PLAN CONTENTSGUIDELINES

0?\\\(\ _

Department of Social and
Health Services

Water Supply and Waste Section

Mail Stop LD-~11

Olympia, Washington 98504
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CONTENTS OF A COORDINATED WATER SYSTEM PLAN (g? vyt ;/,_;y;f-‘
[ & » s
AT e

The following purveyors are required by various state regulations to develop
a Water System Plan and/or Coordinated Water System Plan:

1. All water gystems with more than 1,000 service connections (WAC 248-54-580,
State Board of Health Water Supply Regulations).

2. All water systems within the external boundaries of a Critical Water
Supply Service Area. (WAC 248-54-580, State Board of Health Water Supply
Regulations, and WAC 13, Water System Coordination Regulations - See
Footnotes 1 aud 2).

3. All water systems within the geographical area established for reserving
a future domestic water supply (WAC 173-590-07Q0(1) Reservation of Public
Water Supply Regulations).

If a water system plan is required based on the above categories, the contents
of that plan will vary in deqéil according to the size of the public water

C water systems serving
(Pag%‘g ).

3. Water System Planning Questionnaire -"for a remaining public water
systems. (Page 6 )

between 100 and 1,000 service é neck

A Pegional Supplement is required in addition to the above plans for those
water systems within the external boundaries of a Critical Water Supply
Service Area or within the geographical area established for reserving a
future domestic water supply. (Page 14 )

The following sections of these guidelines are intended to serve as an
outline for preparation of water system plans and to serve as criteria for
approval of those plans by the Department of Social and Health Service's
district engineer.

1

Water Systems in existance prior to January 1, 1978, which are
owner-operated and serve less than 10 service connections (or serve one
industry) are exempt from all planning requirements.

2Non-municipally ownad public water systems are exempt from the planning
requirements (except for the establishment of service area boundaries) if
they were in existance as of January 1, 1978, have no plans for expansions
and meet State Board of Health regulatioms.
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WATER SYSTEM PLAN

Basic Planning Data '

1. A general description of the water system's existing and future
service area including a history of the water system, available
water resources, topography, justification of the future service
area boundary, and inventory of related plans.

2. An assessment of present land use patterns and projected changes
based on adopted land use plans.

3. Present population distribution pattern, population projectioms,
and assessment of potential growth areas which are anticipating
future service from the water system.

4., Present water uses, projected water demand, and justification for

projected water demand. - _
L~eq$§acilities

géiis,h'g water sources, treatment,
tib %’

faciliries, including
TQNMemg tﬁéﬁ§§
¥ ﬁ%

3. Conformance with State Board of Health mnin water quality standards,
including documentation of the physical, cWemical, and bacteriological
quality of the water supply before and after treatment.

2. Hydraulic analysis of the water sy

4. Discussion of applicable fire flow performance standards and ability
of the water system to meet those standards. (WAC )

Formulation of Needed Water System Improvements

1. Projection of anticipated water system needs at least ten years
into the future.

2. A description and assessment of- water source, storage, treatment,
transmission, and distribution alternative 'packages" to Tulfill

anticipated needs, including costs.

3. Selection of and justification for an alternative "package'.



4.

A time schedule, based on either growth within the service area, or
fixed dates for improvements, required to meet documented water
system needs, Include justification for timing of improvements.

A proposed financial program for obtaining needed improvements,
including discussion concerning rates, various charges for new
hook~ups, and expansion policies.

Miscellaneous Topics

1.

For those systems utilizing surface supplies with disinfection
only, a report should be included identifying all facilities,
conditions and activities within its watershed together with a
proposed program for necessary surveillance and control.

(WAC 248-54-660)

Written service area agreements or documentation of any attempts
to reach such agreements with neighboring water purveyors,

Description of agreements or documentation of any attempts to
reach agreements with neighboring water purveyors regarding shared

or joint-use facilitie#;"dncluding interties.
i

A discussion on thﬁ?'elk539§§ﬁ§ and compatability between the
water system plan Wgg #2tw.br dpunty proposed or adopted plans,
policies, and land use tipLs Ydacent water csystem plans and
related water resource arndl. &4 ~

& fy‘f{ W AN
An Operations Program for ro tiié? tena and operation,
water quality momitoring, cross ecliongfo¥trol, response in
case of emergency, and identificafion of erson(s) responsible
for system management. (WAC 248—54—619‘ '

When either a variance or exemption is required, the following
information shall be included in the Watar System Plan:

a. Assessment of why the water system is not able to comply
with these regulations.

b. Documentation that the variance or exemption would not result, T’f;
in an unreasonable risk to public health. ;d~g;w o
: AR,
c. Schedule for bringing the water system into compliance with
the State Water Supply Regulations, or full documentation of
special circumstances leading to non-conformaice with state
water supply regulations together with a water quality monitor-
ing program.

d. (For exemptions only) documentation that the water system was
officially in operation on the effective date of the State
Water Supply Regulations.

.



"-

7. An official negative declaration or final environmental impact
statement fulfilling requirements of the state environmental
Policy act (WAC 248-06 and WAC 197-10).

E. Mappin
[

1. At least the following maps are to be included in the Water
system plan:

a. Existing and future service area boundaries

b. Existing and projected land use patterns, including current
local zoning : o

c. Present and fypure population distribution pétterns

4.

e.

f. Critical elevation é':'pg: zon

g. Existing and future>facili ies, luding source, storage,

treatment, transmission (intertif), and major distribution
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ABBREVIATED WATER SYSTEM PLAN

Plans developed in accordance’ with this section are expected to be less
detailed in nature than those required under the previous section entitled
water system plan. The plan is expected to contain, but not be limited to
the following:

A. General Background

1. History of water system and population served

2. Inventory of existing facilities including.map of facilities and
pressure zones .

3. Necessary wager quality information
>

B. Future Water edsa/ $}§

;3
1. : wﬂbedﬁseas (include map and any agreements)
P N
2. Identify water n!d‘nlfq‘&water use

3. Discussion of Fire flcy qulremgnt¥®, including map of "development
classificaitons'" (See 1C )

C. VNeeded Improvements

1. TIdentify future facilities (include a map, along with identified
joint-use projects, interties, etc.)

~
.

Improvement schedule
3. TFinancial program

4. Discussion of relationship with plans of other nearby purveyors
and other related plars

D. Miscellaneous Topics

1. Operations program in accordance with WAC 248-54-610 (See Topic
D5 in water System plan)

2. 1If a variance or exemption from the state board of health regulations
is requested, certain additional information is required in
accordance with WAC 248-54-800 (See Topic D6 in water System plan)

3. Necessary compliance with $tate environmental policy act regulation
(WAC 248-06 and WAC 197-10)



WATER SYSTEM PLANNING - QUESTIONNAIRE

i

The water system planning questionnaire is designed to be less detailed than
the abbreviated water system plan outlined in the previous section. The
questionnaire will provide information about key considerations in operating
and developing an adequate public water system,

The questionnaire consists of two parts-

Faeﬂ_ities Inventory required in

;he status of the existing public

Part 1 consists of the
WAG 248-54-810, whichg
water system.

Part 2 deals with an assessme
how those needs might relate to

system needs and
s In the area.

—6-
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(2)
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(4)

(3)

(8)

(7

(8)
9

(12)

(13

(14)

(15)

(16)

DSHS

DEPARTMENT OF SOCIAL AND HEALTH SERVICES
WATER SUPPLY AND WASTE SECTION
Mail Stop 4-1
Olympia, Washington 98504

Water Facilities Inventory And Annual Report Form Explanation Sheet

1.D0. Number - This number is assigned by the Water Supply and Waste Section, Department of
Social and Health Services. Each system has been assigned a permanent number which

should be used on all correspondence with this Department and must be shown on all annual
reports and bacteriological analysis forms. All records and reports are now filed
according to 1.D. number. If you do not have your I.D. number, complete the form and

we will fi11 in your number. If you have a four-digit I.D. number, place a zero in fromt
when entering it in this report.

County - The county where the system is located is given by a two-digit code.

01 - Adams 09 - Douglas 17 - King 25 = Pacific 33 - Stevens

02 - Asotin 10 - Ferry 18 - Kitsap 26 - Pend Oreille 34 - Thurston
Q3 - Benton 11 - Franklin 19 - Kittitas 27 - Pierce - 35 - Wahkiakum
04 - Chelan 12 =~ Garfield 20 - Klickitat 28 - San Juan 36 - Walla Walla
05 - Clallam 13 - Grant 21 - Lewis 29 - Skagit 37 - Whatcom

06 - Clark 14 - Grays Harbor 22 - Lincoln 30 ~ Skamania 38 - Whitman

07 - Columbia 15 - Island 23 ~ Mason 31 ~ Snohomish 39 - Yakima

08 - Cowlitz 16 - Jefferson 24 - Okanogan 32 - Spakane

Basin No. - The State of Washington has been divided into 62 regional basins by the State
Department of Ecology. These numbers have been included here to facilitate use of our
data in conjunction with their projects. The number pertains to the location of the
water system rather than its source. Lf you do not know this number, it is the two-digit
number on your address label. .

Date Completed - The date this form was completed.

Annual Report Year - All Class 1 systems are required to submit an annual report {this
form) each year. The "Annual Report Year" should denote the calendar year of the report
data which is, in most cases, the year preceding the current year.

System Class -~ Check the appropriate box. Each customer or lot is considered a service.
If the system serves a subdivision or development, include all lots as a "service" even
if they are not presently served by the system, but will be when the lot ig developed.

Ownership - Check one box.

Predominent Characteristic - Check one box.

System Name and Address - This informaction should be complete so that all official mail-
ings of the Department are sent to the proper place. If there is no mailing address for
the system office, insert the name of the system and leave the address blatk. The
"Address of Owner' must be filled out if the system address is not given. Please do not
forget to fill in the zip code.

Address of Owner - Give the complete mailing address of the owner if it is not the same
as the ""System Name and Addrass".

Distribution Reservoir and Capacity - The location of each reservoir or complex of reser-
voirs, such as "5th Street”, with the combined capacity of the reservoir(s) ar the site,

In all cases, plcase provide total capacity at the bottom. The volume of
should not bé included here. . OF preasure tanks

Permanent Population Served - Population being served at the present time.

If Population Served Varies - Give the maximum number of people that canm potentially be
served by the system. If it is a new subdivision or a recreational plat, assume 3.0 people
per lot and record total here. The total must include all lots in the subdivisicn served
by the system even if a service water line has not yet been installed. If the system
serves a camp, resort, etc., glve the maximum population served at any one time.

Is The System Primarily A Hydropneumatic Pressure System? - (Pressure Tanks) If your
system operates primarily with a pressure tank (no gravity storage) so indicate.

Number of Water Services - Include the total number of customers.

Number of Services Metered - Include only those services that have an active metered ser-
vice. If none, leave blank.
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(20)
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(23)

(2¢)

(25)

(26)

27

DSHS

Range of System Pregsures - Static = Range of system static preasure in the low and high
pressure area. Residual = Range of system pressure during peak use period. Estimate if
information is not available.

Annual Water Use - This information should be based upon pregsent use data. If the infor-
mation is not readily available, estimate the usage data based upon the following:Average
day = 125 gallons per capita/day; Peak day = 250 gallons per capita/day, computzd on a
basis of 3.0 people per active annection.

Approx. 7 Of Total Ave. lise For Non-Residential Use - Estimate the percent of total water
use being used by industry; commercial; and for non-residential irrigation. Uses whole
numbers, 2ot decimals.

Percentage of Total Production Lost or Unaccounted For - Estimate the amount of water lost
through leaks, evaporation, etc. ' Use whole numbers, not decimals.

Name of Source(s) - List each source, well or name of surface supply (Cowlitz River, Summit
Lake, ete.). If the number of sources used exceed

into one grouping if the well depth and treatment are about the same. If you list weil .
fields as a single source, the well capacity should reflect the total capacity of the wells
grouped together., Breakdowns of the groupings may be provided on a separate sheet or under
"comments" on the reverse side of the report page.

Source Type - Check appropriate box for each source listed.

Well Depth - Record the well depth or average of well depths if a well field is grouped
together. '

Well or Plant Capacity - For each source listed, record the pumping capacity of the well
or the production capacity of the treatment facilities. To convert gpm to Thou/Gal/Day,
multiply gpm by 1.44. Provide total capacity at bottom.

Location of Source - The location code is based on the U.S.G,S. township and section
system for survey of public lands. Sequencing of sections and subdivisions is as follows:

Sixteen l/4-mile square

v (40-acre) subdivisions

R in a section

3= 6] st 4 3] 211 :

o a

ag )

L 71 8)9|10f11|12 plc] 8| Al NOTE: I andoO
E s are omitted
Loe 18117 |16{15} 14§13 E|F|{G} H because of
<™ similarity to
=4 19 |20 |21 }221.23] 24 MILIKI]J one and zero.
L3

ol 30129 (28 27 26 25 N P Q R

Zg

= 31 )32 |33 [34]35136

Twp. - All townships in Washington State are north of the Base Line at 45931' north
latitude, so the customary N after the ctownshtip number is omitted bur understood.

Range - A "W' following the two digit range rumber indicates west of the Willamette

Meridian and an "E" indicates east.

Sec. Code - The first two digits are the sec;ion number, the third is the subdivision
letter, o

EXAMPLE: Twp: 35, Range: O2E; Sec. Code: 20K

¥
Treatment Provided - Check appropriate box for each source listed with an "x" to indicate
the type of treatment provided. More than one may be checked.

Evaluation of Water System - The State Board of Health Rules and Regulations regarding
Public Water Supplies should be referred to when answering questions 1, 5, 6 and 7.
The other questions are self-explanatory.

Yater Quality Control Improvements Needed - This section 1s to be completed by the DSHS
engineer or county sanitarian.
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PART 2
T

On a map, indicate the existing and future service area of your system.
Include a short explanation of why the future service area boundary is
located where it is, and ‘identify neighboring water systems.

Does your future service area overlap with adjacent water systems?

Yes No . If yes, explain why.

How many service connections Jqgt
now?

Is your system required to meet fire flow performance standards?

(WAC )  Yes No . If yes, include map cof

"development classifications”.

List facilities your system intende to develop during the next 10 years,
including the year each will be developed.
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¥

6.

7.

8.

10.

11.

List reasons why those new facilities are necessary.

The new facilities will be financed by: User Charges ~ Loans
Bonds Government Assistance Other
Does your s&stem have any interties or other joint-use facilities with

a neighboring water system? Yes No
If yes, explain.

Do your improvements includé
facilities? Yes No
are you interested in the possil¥
another water system if the cost

interties or joint-use
&plain. If no,

ng facilities with
ess? Yes No .

Is your utility responsible for its own operation and maintenance?

Yes No If no, explain. 1If yes, are you interested
in having another entity operate and maintain your system if the cost
would be less? Yes No

If reliable, good quality water is available from a neighboring system,
would you be willing to have that system serve your customers if you
receive just compensation for your system? Yes No
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12, Would you be willing to expand your system if a neighboring water
system requested you to provide service to its customers?
Yes No '

Other items which need to be included In Part 2 are identified in Section D
of the Water System Plan, and include:
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REGIONAL SUPPLEMENT

The regional supplemeht'is intended to address areawide water system concerns
for the critical water supply service area, or the geographical area established
for reserving a future domestic water supply. This supplement is expected

to contain, but not be limited to, the following:

A. Assessment of all appropriate plans and policies which have been adopted
by local, regional and state governmental entities. These include water
resource plans, water quality plans, comprehensive land use plans,
shoreline master programs, etc.

SN

B. Compilation of future water service areas .as identified in each purveyor's

improvements within the cri .Y

; ply service area. Include map
of "development classificationg

to fire flow as identified

g new public water systems which
locate within the critical water supply service area, consistent with
those requirements outlined in WAC 10. The process should address:

1. How the minimum water system design standards are to be applied.
2. A method for counties to assess water supply to new developments,

E. Identification of potential joint-use or shared water system facilities
as outlined in each purveyor's water system plan, including:

1. A map of all potential joint~-use or shared facilities, including
interties.

2. List joint-use or shared facilities to be developed, together with
documentation from the utilities involved outlining arrangements
for development and use of such facilities.

Note: This topic should be closely related to the discussion on

alternatives and projection of improvements included in each
purveyor's water system plan,
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