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KESTRACT :
¥hatcom County is on the internationsl torder in tlﬂ;e extreme north-
western p@.rt of the State cf Washington. Ths western port of the county -
is a lcwlésxd aerea of about 330 square x‘:;i;lea that extends eastward from
Fuget Sound to the foothills of the Cas c.ade z'sunuam The
area, knusim as ihe Lhatcom Easin , congiste of low, gloeinlly crmscthed
111 plains rising to an 214 titude of 202 4o &6 feet zbove broad river
valleys o wnich they are comuccted by gentle slopes and terrzce lands.
The major drairage sysiem in the area is that of the Focksack River; some
sraller strears drain loczl dspressions.
~ The area has an ejuable ocearnic climate. The precipitation is sbout
= ‘,311 inches, occurring most],y ag rain in the winter months. )

The lowlsnd is underlain largely by mxconsolidoted cieposits of Pleis-~

WO b e

i tocene and Recent age. The bedrock that composes the foothills of th&

" Caécade lounteins protrudes through the uncansolidated raterial in 3 few

© places around the margins of the lovland. These consolidzted rocks are
.mduratad coz.'o:.ne*;tal-oype sedinentary rocks of lower Eccene age and consisd
" of gandst(vnes, shalss, conglomorates, and coal having a tot.a.l thiclness

 of more than 10,000 feeb. The Tertisry rocks are underlsin by pre-Tertiary

netamorphic recks that are exposed at a fenr places in wastern Whatcor County.
Prior to the Varhon glacxat..on in latz Plelstoceue time the Puget

Trovgh wsep filled to a peint nos above sez levzl with cleys, sands, and

gravels, vihose zoures wes prouably the "erdering mountain rmg 8. Subse-

quently tieaa vnconsolidated deposits wore Jeenly entrenched by streaws

vl



The Vashon ice advanced into and over these lcvland platcans ond gorgss,
Giverted the drainage, d.eposited advance oviwach uaterial, snd wltiastely
covered the entire northern part of the Pazet Trougih. At tle close of the
Pleistocens epocﬁ the wastin g ice deposited & grourd-umorzine m.nt.le
of till. The mseltu;ater from the retrezting ice reworlied the til1l in‘the
river vallsys or covered' it vith sedimenta, and dsposited lérge anountcs
of ontmneh ern’a ; oraveig; and olap2 @lesors in the logerlapd, The $3111 7
nantles the upland aress that vere the pre-Vashon interporge platesus.
Pecent alluviuz now covers much of the vallay iloors.

The water-bearing characieristics of the pre-Tertizry satagorpuic rocks

ars un!meran, but they probsbly are czpavle of jielding little or no water.
The few permeable beds of the Tertiary seditnentary rocks carry small arounts
of fresh witer wiere rocharge and drainzge have bzan adequate to flusx out ’
the salirz or other highly mineralized water commonly found in the fo::m:ation23

Fresh water is found in tha coarege-grained strata of the pre-Vashon

:‘blaistccem deposita. Advance outwash géavel& of the Tashor glaciation

ara important agquilers in sev»r'zl parts of the area; they are the principal
deep sourcs of rvround mtor 0 wastern Whateea County. %Fhe $ill is

) impemsabla and yiélds only &a13ll suzounts of perched water. The coarse-

grained strata in ‘the recessional cutwash deposits -and Rocont alluviua

yield modsssie %o lLarge awounts of water,

(,9 _ The yrovnd wahers eve gansrally of good cs‘xality and low nardnesg.
Iron 12 .2 most cownon objschionable constituzn, though it is confined

chielly to the vecesslonsld cubecibh and Teaerah alluwial depositg. AL ool
plaenz in ohe focksszeX znd Suazs Elver (lood plains, saline waber hizs been

found 2t d2oths of 1.0 foeb or mure in Tua Tlolshtoeene and Recent deposiis.

vl




Cround weter furnishes the princ:‘.pél do.estic, industrial, and
public water supply for western ¥natcom County outside the citvy of
Bellingban. An estimated 1,000 acres of farm land are irripated with ground
vater. | kpprozimately 3,000 cug wells, 47° crilled wells, 300 driven #ells ’
and 100 eprings yield about 6% million gallons of water per day.

Water -socert arezs ars found chiefly in puvbs of the vpland arcas
vhere perueadle girata zre lacking cr vacrc tna i1l cepping provents
adsguste recharge, and in araas vhere the '??e:z’t_.i.ary rocks lic at shallow

depth bemcath ther zatverials of leov pestiecnility.

VIIX



Ground-water resources of wsstorn ¥Wnaleor County, Washington

IITRCDUCTICH

Purpese and scone of siudy

This study wes made &8 part of the coutinuing progrsm Zor the
collection and interpretztion of the Tazbs bearing on the ground-zater
supply of the Tbate of Vachirgton. It wuo 2d3 in cocperztiocn with the
Supervisor of Fydraulics of tho Departnzant of Sonservaticr and Develepront,
for the purposc of providing an invontory of tie ground-mezter recources of
wastera Fhotcer County in orioy 4o aid in thoir developmert and
administration.

The surface geology of a part of {hs ares was mapped geologically

in 1934 Yy a party under the Vastirgbon State Supervisor of Geclogy, wao

e i e

rade their maps and noizs awailable for this investigation. Thse mapping

‘ vas co:galéted by R. C. NHewcomb ard J. E. Sceva in the winter and spring
of k9.
‘Tae collection of hydrologic dzta was undertaken by W. N. Schlax, Jr.,
and Olaf Stromre in the suwmer of 1SW7 and was completed by Mr. Stromue
\ in the svurer of J948. The report was completed by ¥r. Sceva in
E the gpring of 1949.
;

Urpublished records
subjact to rorioicn
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Location and extent of the area

¥hnatcow County is on the irnternsticnal border in the extrene
northwestern part of the State of Washinston. The portion of the
county covered by this investigation embraces an area of approximately
380 sguare miles comprising tonushipe 33 to L0 North snd the area vest
of, and inclading wost of, Rarge k4 Kzst. I is a lorland area that
extends from Fugst Souad on the west to the foothills of tho Cascace
Hountzins on the cast. The locztion of the srea is shoun on plate 3.
The principal city is le]inghzm,‘ pepulztion approxirately 30,000
(19L0 cencus), located at thz southwestern edge of the basin.

The lowland area of western Whatcoa County is variously known

* locally ac the Bellinghem Baszin, the Hooksack 'lowland, and the VWhatcom

Basin. Tte lcwlznd is contimious with the Fraser River lowland just .

= to the north in British Coluxbia, and the whole is scpetimes broadly

o termed the Fraser River lowland or "delta."™
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Vell-numbering cystem

'In this report, weils and eprings are designated by sywbols thatA
indiczte thelr respective locations zccording to the official rectangular
public-land sﬁrveyﬁ For e%ample, in the syabel 40O/3-2741, the part
precoding the lyphen iandicates successively the torrship and ranges
becauves the greater part of the arca lies within the northesst quadrént
of the Willameile bzsa line end meridinn, thz directions (nerth and
cast) ars omitﬁed. Where the wsll or spring is located within the
northrast guid-ant, the letter "V* is addsd; for exomple, 33/1%-3E2.

The first number that follows tha hyphon indicates the section and the

lstber indlcates a LO-3cre subdivislon of the section as shosn in the

following diagranm:

»3)

he last mrcher is the serial nuibor of th: well or spring in the

4

particuler hC-ucrve tract. Thus, vell 10/3-275) is 1In the KulsSi} see.

27, . L0 H., I, 3 B., and 1s tb2 £iv3% well i1 the tract to ba lleted.

Unpublished records
subject 4o revision




GEOGRAPEY

Physiography
Gereral

The pert of Whatcom County covered by this investigation, called
the ¥Whatcom Basin in this raeport, lies entirely wituin the Puget Trough
section _/ of the Pacific Border physiographic province. The Puget Trough

7 Yenncuan, N. d., Poyslographic division of tue United States:
Assoc. Am. Gecrraphers Annals, vol. 6, p. 95, pl. I, 1917.

scction 18 e long north-scuth lowland lying just west of the Cascade
¥ountains of Orcgon and Weshington. On the west it is bordsred by the
Olyspic fountains and the Crszon Coast Range. The northern part of the
trough in the United States is parivially subuerged below sea lével in
Puget Sound.

In general, the Whatcom Basin consists of low, glacially smoothed
uvpland till plains rising to an altitude of 200 to 600 feot above broad
river valleys to which they are connccted by gentle slopes and terrace - |
lands. The Cascade ¥ountain foothills rise rather abruptly in till-sneared
slopes to a height of 3,000 fest or more overlooking the basin.,

~ The Whatcon Basin is dreined by one through strcam, the Nooksack
‘ River, and by ceveral creeks that drain local depressicns.

| Uplands
The highsst are2s of the Fhatcom Basin, not counting the adjacent

l'\"

foothills, are tlie low plateaus or vplonds. These arsas have the swoolthed

Fad ol

surfeces couonly called 111 »nlaine. The serface relief varies from

hwzaocky, rolling norzivs torspreryy Lo anarly lovel laed having goentle

<o

22 sre fornsd principally of ©ill

I
. . Lal s JIE Y » T
01 places oulvach drainsg oy lalic-hed

svales aud relle. Ths wload cuedlz
deposited {rcu ths Voghon lacicr.

Trrnvliched records
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c".eposite are present cn thé till surface; in some other places ridges
of the rardstone bedrock protruds.

There are fcur princip2l low plateau areaé in the ¥hatcom Basini the
en21l peninsular area southwest of Blaine, herein called the Birch Point
upland; the larger area cxtending 18 mdles eastward from Blaine and across
thc boundary into Canada, hersin called the Boundary upland; the large area
Jjust west of Ferndale, como@y called the dountain View @1wd; and the
broad area extending northward from Bellinghaﬁx to thie Nooksack River Valley,
herein palled the King Iountain upland. A [ifth such area, the Lumai
peninsula upland, between Lumai and Bellingham Bays » 18 treated only
briefly herein.

The Firch Point upland comprises only about L square miles. It is
bounded on three sides by steep sea cliffs a hundred feet or 8o in heighf:,
cut by the waters of Puget Sound. The upland rises in altitude to a - |

" zaximum of about £65 feot. A thin layer of glacial till underlies

the surface.
The Mountain View uplend is a diamond-shaped plateau block that

exbraces an area of about 42 square miles. Its surface is formed by a
nuzber of low, rolling hills that rise to a maximum altitude of 385 foet.
This upland is bordered on the weat by Georgiza Strait of the Puget Sound
system. Along this margin steep sea cliffs drop from the upland surface
to the beach. Along the northezstern and southeazstern margins of the
upland the surface desconds to the low-level £lood plains of the Curter

Trough and the Heooksack Rivor, respectively.

Unpublisiied r=cords
subjoct to revision
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The surface of the.méuntain View upland in most places consists of
glacial t111. Tais ¢ill is exposed along the sea cliff and in same of
the road cuts in the area. A geologic section coampiled from drillers!
well logs (see p;. 6) shows the mzxmer in which the till is drapcd over
the vpland. In places a thin cover of outwash graveis mantles this till
surfsce {see pl. 8, A). Humrxocky morainal topography (sce pl. 7, A) is
typlcsl of a large part of this upland. Many large glacial errsiic
boulders lie on the surface and have boen gathered along fence rows of
the cultivated areas. The reletively lupermezivle till surface supperts
sevoral swarps and a lake having an area of about 0.5 equare mils. The
Kountain View uplend, like the other low plateaus, was forestwd in its
native condition but is now mostly cultivated. It is dry during most
summors and additional water is nceded for irrigation.

The Boundary upland is about 10 miles long and 3 miles wide in
¥hatcon, County but is part of a larger upland extending 10 miles into
Canada to the Ricomzkl River. Its surface rises to a maximum altitude
of nearly 500 feot. It is a mmoolhly rolling, stony till surfacs, formerly
covered by timber but now fyt over and tzken by thick brushy growth.

The King Mountain upland is a rolling till surface that risos from
the 100-foot altitude of the Nooks#ck Yalley outwash and alluvial plains
to 500 feet or more where the till laps up on the slopes of the Cascads
foothills. Encbs and ridges of the consolidated rocks of Tortiary age
protruda throuzh the unconzolidated doporita on this platenu glepes. It

conciats about ¢qually cf cub-overr brushland and onldivated farn laand.

Uapublish<d records
subjcct to revision



Lowlands

The lowlands or ﬁottam lands of the Whatcom Basin consist largely
of the Booksack River flood plain and two branching lowlands - the
Custer Trough leading northwest to Drayton Harbor and Birch Bzy and the
Sumas River Trovgh leading northwerd into Canada and the Fraser River
drainage. Also ircludzd in the lowlznd area is that broad terrace known
;s the Ignden terrace, extending westward {rom the Sumes River Valley to
the Bouncary upland and souttward to the Nooksack and Custer Trough bottom
lands. These lowlands are mostly "flat® plains with the soft, dark
alluvial soils characteristic of present or former flood plains. In
general, the lowlands lie below 100 feet in altituds, but the Lynden
terrace rezches as high as 150 feet or more.

The Sumas River Valley doubtless was used in late glacial time by
the Fraser River, but more rscontly has been used as a porthward dis-
tributary of the Nooksack River. The Iynden terrace is built of fine-
grained glacial outwash deposits, which grade gontly southwestward to the
level of the outwash materials that in part floor the Custer Trough and
follow as terraces alongaide the lower plains of the Nooksack River.
Extensive till plains in the lower part of the Custer Trough indicate
that the glacizl meltwaters did not use that outlet for long and probably
had sihifted to the Ncoksack River Tallcy and cut bslew the Custer Trough

level before glaclal melting ceased.

Unpublished records
subjcet to rovision




Slopes ‘ ’

The comcction between plzteau surfaces and the bottom lands is
characteristically s rolling till slcpe, though in places outwash or
alluvial terrace deposits lie at the surfocs. Borthwest of Ferndale a
corplex rough slope seams to indicate a recessional moraine. All slopes from
plateaus to bottom lands are essentially constructional, but erosion has
steepened then in a few places, such as near the spring cutlsts on the south

side of the Boundary upland.

Drairage

The Nooksack River and its tributaries form the major surface drainage
systen in Whatcem County. This rive'r risss in the snow fieclds end glacisers
of the Cascade Mountains and flows across the lowland area in a broaed arc
that swings around the King Mountain upland. Gsge records at Dexing, Just
e#st of the Whatcom Basin in the Van Zandt quadrangle, show that the river
flow ranged from 560 to 14,400 cubic feet per second in the more or leaa"
normal wator year of 1936 (October 1935 through Septembor 1936). The
river leaves the mountain fromt at the east edge of the basin with a
gradient of about 10 fest per mile, which incrcases to about 20 feet |
psr mile near the suall towm o't Lawrence and then decreases gradually
to but k or 5 feet par mile from Iynden to the area where the river
distributes oyer delta lands south of Ferndals.

Unpublished records
subject to revision
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The plateaus and upland slopes are drained by small creeks. Those creeks
that are persnnial are fed by springs or from lake storage; most of those
not so favored are intermittent. The Sumas River drains the west slope of
Sumas Kountain and flows northeastward froam the Rooksack Valley to Join
the Fraser River in British Columbia. It hss a low gradient genirally in
the order of 5 feet per mile in the part within Whatcom County. Jounson
Creel, its main tributsry, drains the esst end of the Iynden terrace.
California Crack aud Dakota Creek cdrain respectively the south and north
slopes of the Custer Trough.' ¥uch of their flow comes from springs emsrging
there. Tenwile, Anderson, and Squalicum Creeciks drain the King Kountzin
upland, Termile Creck hzving especially stronz epring sources. Fishtrap
and Bertrand Creeks drain the runoff and ground-water discharge from
the central and western parts of the Iynden terrace.

It 43 reported that seversl 1.;5.mes within the past €0 years watsr from
tha Nooksack River, during times of flood, has left its channel betwear
the torns of lewrence and Everson and flowed portheastward into the Sumas
River, which parallels the Kooksack River for several miles in this area.
During ons flood, waters frcm the Nooksack River were reported / to have

/7 Beiland, R70., Water utilization in the Nooksack River, Washingtons
U. 8.7Geol. Survey interdepartmental rept. (mimsographed), 15k1.

backed up west of the town of Everson and flowsd northward into the drainage
of Johnson Creck.
Clirate

The western part of the Theotcon leslrnd, ltising situated on the floor
of the Puget Trough and nzar the vestern margin of the rain belt produced
by the Caacade Noumibains, b:s an egucble oceenic clireste. Extroze temper-
atwres arg uncoswon and precipitation is moderate. The winds are gentle
and predoxinantly froa the southizest.

Urpublished records
9 gubject to revision



Tbé precipitation occurs largely as rain, predominently in the late
autumn and winter months. An average armual precipitation of 33.60 inches _/

./ U. 8. Weather Bureau racords.

was recordsd at a weathor station 2 miles north of the city of Bellinghan
for the period 1911-40. Plate ) shows a ‘graph of anpnua) precipitation for
that period. The driest month is Jaly, for which the averagse precipitation
has been 0.88 inches for the 38-year record at Bellinghax (2 rlles north).
The wottest month ia Decexbher, wanich bas had an average of 13.32 inches of
precipitation. Plate 5 shows the merimm and minimum limits of monthly
precipitation and the over-all menihly average for the years 1911-48.
| Thess avérages should be about representative for all of western ¥hatcom
County. The emount of precipitation increases to the east where cooling
air masses rjsing over the Ca_scads Hountains 1085 their moisture in the
form of rain and anow. | :
The mean annual temperature for westorn Whatcom County is about 49° F.

Records from five weather stations compiled to 1930 show the following
sverage temperatures: 50.1° F. at Bellingham, 48.7° ¥. 2 ndles north of
Bellingham, 49.8° P. at Marietta, 48.4° F. at Blaine, and 48.4° F. at
Clearbrook. July usually has the highest average monthly temporsture; the
aversges from the same five weather stations show it to bo about 61.59 P.
Dacember has the lowest avcrage monthly teuperature, the averzge being
about 36° F.
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The growing seacon averaged about 1L5 days at Bellingham for a 21-
year period to 1930. The average dats of the lsst killing frost in the
spring was May 13, and the averzge esrliest killing frost in the autymm
vas Qctober 15. The latest dats rocordad for a killing frost in the sprirg
during the period was Juns 19, and the earliest date in the auturn was
Septesber 8.

The sky is generally clear in the groving season und cloudy or cvor-
cast during the winter months. Recordn shom ithat for the 10-year period
193847, the station 2 wiles rorth of Bellinghem hsd an average of 148
c%ear days, 62 partly cloudy doys, ard 155 cloudy days. The weather
station at Clearbrook recorded the following averzges for the sane periods
135 clear days, € partly cloudy days, and 166 cloudy dsys.

Culture and Industry

In its native condition Whatcom County supported a forest of fir,"
cedar, and hemlonk. The forest of the lowlands was the best of natd ve timber,
It has bsen entifely cut over and has since largely given way to cultiva-
tion and waste brush land. ' )

Agriculture furnishes the chief scurce of livelihood for a large
portion of the rural population cf westorn Whatcom Cbunty. Dairy farﬁing
is one of the rost importart zctivities, thovgh the raising of wseriocus
kinds of barries hae nearly equal i-portavice. Other irportart agricvlihwal
products of the county includs beef cattle, eceds, bulba, and vcgetabiés.
It is the consenaus vhat propsr zplrlicebicn of abeud L foot of irrigation
Jater will double the yisld of wost swimer and fall oraps and greatly
exceed thet boarefit on seomz of the posture londs.

1
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Lumbering is by fat: the wost important nonagricultural industry in
the county. Timber from the forests of the Cascade Mountains and other
areas goes into the production of lumber, plywood, pulp for use in paper
and rayon mills, a.nd many other timber products.

Coal occurring in the Tertiary stratz beneath Bellingham and the
area to the north has, in the pas%, supported scveral active mines. Coal
production froa this area for use in home and industry bas bsen carried
on for the betier part of a century.

The canning and processing of agricultural products, the fishing
industry, and the tourist business furnish a means of livelihood for
a large group of people within the county. '

12
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CEOLOGY
Qeparal

Unconsolidated deposits of Plsistocens and Recent zge underlie most
of the lowlard a.réa of western ¥hatcen County. These deposits consist of
bedded sands, clays, and gravels 25 well e3 glacinl till, and, so fer as
knovm, were laid dovm upon an eroszion surfsce of considerable relief cut
in the foldzd sandstenss, shalss, and conzloszrates of the Tertiary
scdiw>ntary rocks. Eight wiles or so southecast of Eellingham the pre-
Tertiary wetaworphic rocks, upcn which the Tertlery rests unconforzzably,
can be seen passing westward beneath the basal conglomorate of those

sedimentary strata.

Description of the rock units

Pre-~Tertiery metamorphic rocks
The older metamorghic rocks are exposed in only a few places in
western ¥heicon County. Several windows erodsd through the Tertiary
occur on the west slopo of Sumas Nountain. These windows are not shown
on plate 2 but are Imown to occur in sec, 2, T. 39 H., R. L E., and sec.
35, T. WO N., R. 4 B. The Tertiary rocks in both places ars underlain
by dark-émen peridotite, protably a wetamorphosed basic hﬁ.

13
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Rocks underlying the Tertiary strata are also expoeged sovaral miles
south of Bellingham along the Cuuckanut Drive near tie suell comaunity
of Blanchard. There the rock is a graphitic schist believed to belong to
tfm Leech River group, as used by Mclellan /, of late Paleotoic and —

Fclellen, B. D., The geology of the San Juan Islands: Uaiv,
Washington Pubs. in Geology, vol. 2, p. 99, 1927.

according to Anderson / -~ possibly early lesozolc age.

_/ Anderson, R. A., Washington State Coll. Research Studies, vol.
9, no. 3, pp. 189-202, Bepteaber 1941

So far as knowvn, the mstamorphic coxplex does rot includs rocks that
will yield substantiel amounts of ground weter. It exerts little influenco
upon the ground-water resources of western Fhatcom County, except to
furnish an impermeable Saaemexrb for any water in the Tertiary strata,
and was not studied in detail in this work.

Tertiary rocks
So far as known these Bocene sedimentzry rocks form the base beneath
the unconscolidated deposits throughout westsrn ¥hatcom County. -They are
a thick sequence of sendstones, shales, and conglomorates of continental-
type sedimentgtion. Interbedded in these sscﬁmenta are abundant plant
remains end soms cozl seams that hove been mined for wany years in the
Bollingham district.
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These sandstones, shialee, and conglo@zratea were first dsscridbed by
White / as part of the Puget group. Hclellan / called them the Chuckanut
7 waite, C. K., On the Puget group of Washington: Am. Jour. Sci.,

vol. 136, 00. Lli3-450, 1888.
_/ ¥clellan, R. D., op. cit., p. 136.

formation, as have later writers._/

Glover, 5. L., 0il and gas poasibilities of western Whatcom
Count¥: Wachingion Dept. Cons. and Devel. Rept. Inv. No. 2, p. 9, 1935.
¥eaver, C. E., Tertiary stratigraphy of rastern Washington and north-
western Oregon: Univ. Washington Pubs. in Geelozy, wol. L, p. 75, 1937.

The Tertlary sediwventary rocks are foldad into broad, open folds that
trend genorally norithwest-goutheast. Prior to the burial l<anrcath the
Pleistocens® deposits of ths Whatcom Basin the folds of the Tertiary had
been cut end baveled by erosion. The exposed knobs, and probably the
buried surface, consist mostly of subdned sirike ridTQu connected by
intervening gentler slopes. Records of severzl drill hd« in the Birch
Bay district show # relief of as ruch ag 200 feet per mile on the bnriod
surface of tho Tertiary bedrock. The burled surface dsscends generally
northrard from the southern and esstern margins of the basin, where it
crops out, to the northwestern part of the Whatcom Besin (center of the
“Fraser luwlatid'), where it was not encountered by the Blaine city well
(Lo/1-4a1) which penstrated to 570 feet below sea lsvel.

15
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Quatoinary recks

Pre-Vachon Pleis .3 deposite. - Tre-Tasonon Pleistoceno depaclis can

be seon in few pluces, i€ at 211, Theos vieible depeaile tomtalively
araignod pre~Vashon zge ip this report mey aciually be marginsl dsjosite
of curly Vashon age. Dellnivnely pro-Vashion Pleictocoens dcpozits are notb
ke to erep oot Ln b Fhoteow Dasla.  Hovevor, Pledetecsnn dejerile
JeMniltely of nre~Trzhcn erc ors Veldotod %o fovm W3 cnion of Yhn
Froveinnd low platooan.

Jellundary potoriale vrdardy vy 2111 of the Yeshon glocistion are

et in the sea AL clong the vest side of ths Neenbain Vies pplard.

.

In the S7%57% see. 22, 7. 39 N., R. 1 E., thosa deposito consist prinnrily

;-

of well-beldad clayes having £ilt or fins sand partinga. A section ab thic

4

cliff cheas the following stratigraphic succecsions -

Saction domrard fyon tep of cliff, altitude :
gbeut 170 fesb:

¥rterialas ' Tolcknsas
(Loet)
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i1 (‘J..-smn) cirrying & fc*' nsrine chell fescila . . 25
Sond ~ith boeds of g wal irrozularly budded,

11‘34.”42?'71!1.:0“‘8?}..43&6 v e e s e e s 30
GL..V blua. t2x1l-beddad, *'ri:.h sond pwuipﬂs e e e a 100
Coversd by barch ety ‘d e

e e s s+ o+ e o ¢ s o b had
Tho Yozs of b9 nenrby volle, 35/1.2070 and L2 (roo 402 2), shewm
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A sinilar saction of Pleistocans deposits is exposed in the sea

cliff 2} miles southecast of Earietia waere, in thue SF3RT} sec. 23, T.

38 R., R. 2 E., the following is fourd in an uneven and highly variable

series of beds:

Section dewmrard frea top of cliff, sltituds about $0 feet:

¥iterials Thickness
(faet)

7111, intiwately mixed clay, scnd, and gravel « . o o o
S.nd, warizble, with Intarboddad clay o o v o 0 o 0 o o 19
Cley, 2n unuseal mixture of snad ond mezvel

lsnsss with clay leoasce and poda of rafied (?)

CeuIy HAIL ¢ 4 v v v v e s e e e e e e e e s s 3
Sind, madiwn-greined, well-beddzd o o . . . . 6 . . 6
Cisy, f.)lv.s, plaztic, with sand partingd o ¢ ¢ ¢ ¢ o o o 1l
Sznd, broum, 7odium-grained « . . v v 0 e e 0 0 e 0o e 5
CJ.ay, bluz, bandad, plastic . . . « . & . ¢ s ¢ ¢ ¢ o @ 1

Sznd, brown, medium-grained, with clay partings

and tortuously involuted clay interbeds . . . . . . . 18
Clay, plustic, silty, with sonma pebbles, apparent-ly ,

a8 water-laid deposit with ics-rafted meterial

included, abusdent marine fossil shells o « « v « o & 30
covel'ﬁdbybeachsand-.............ooo -

Another section of pre-Vashon (?) bzds is found in the river bluff

1} miles abave Cedarville whers, in the SEYIE} sec. 34, T. 39 K., R. L E.,

the following section is exposed:

Top of section is top of =and bad, at altituds of about
220 feet and near middle of cliff face

, Thickness
¥rterials (foet)
S=nd, brem, well-beddsd, with rimitrens interbeddad
si1% and cl;.y ]"3'31"::' foreeet c.nd Toyara cip
as razh 28 LS northwast . . 0 L 0 e v e eie e e e e 7
Cley, blva, =-112=31 *'m:!f‘mé in placzy contains
isoinbed reandad p Lo ¢ Lot S Lo
C:varc.zi........................ -

Thezs finc-grainzd dapocite belongy to the pre-Vachen or esrly Veshon

filling of the fug:t Scvad Brain,
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The serreletion of the dsposits below the Mountzin View upland with
the Adwdralty clay, idontificd farthor to the south / and possibly to

_/ Yercomb, K. C., Oround-water resources of Snohomish County,
Tashington, duplimt@d report on file in the Ceological Survey offics,
Portland, Oreg.; to be published ss a2 water-supply papor.

the north __/ of th:Ls area, or wi.ta othsr pre-Vashon deposits is not certain

Joimston, H. A., Guolegy of Fragor River dzlta map area,
~itiSh Coluwbiz, Canadss Canada Geol. Survey Mom. 135, 1923.

a2t this tira, It is believed that the cleys and eards that. underlie

the ti1l of the Veshon glaciation in the Nooksack Valley east of Cedarvills
are strozm and lake %poséits l2id doun in wzler inpound:zd by the advence
of the Vashon ice, and consesquently btelong to the Vashon rather than

to the earlier Admiralty age. It is pcssibls that the exposed sections
northwest of Bellingham (described above) also belong to the marginal
deposition of the Vashon ’glaciar and are not reprezentative of the older,
truly pre-Vashon sedincnts that must form the ™core® of the Kountain -

v.‘ien upland. '

In the stratigraphic designations placed on the drillers' logs in
table 2, tle term "Older Pleistocens (?) dsposits, undiffarentiated® is
used to distirguish these dsposits from tha younger Pleiétocene deposits
of the Vashon glaciation.

18
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Anide from the few described exposures, which mzy bo of Vashon age,
pre-Vashon deposits ars inown only from subsurface expleration, mostly by
érilling for ground water and by records from tast wslls for oil arnd gas.
Well 39/2-6X1, known as the Buterprise oil test, was drilled to a cepth
of 3,615 feat and reported penetrating about 615 feet of unconsolidated
material above Tertlary rocks. The unéonsolidatad waterial in this case
is presumed to be all of Pleistocens age, except for soms Recent material
at the top. The camleta log of this well w=s publirhed Glover. / The

7/ Glover, ©. L., o». cit., pp. L9-~50.

unconsolideted materials pensiraied telor the Rzcent deposits wers zs

follous:

- - folcknesa Lepth

Kiterizls (fect)  (feot)
Quicksand . e o e o . ® o & o+ ¢ & o * & s s s »® 30 30
sam, bluo e 88 e @ ® o e ® * ¢ & ©© " E S & & ¢ s ¢ 70 100
Quicksand and gravel . . ¢« ¢ ¢ ¢ ¢ « o ¢ o o o o « 95 195
C]By, blm ® 6 o 6 = 0 & & 5 e e 6 O o 6 v e e 0 o 390 585
sa!‘d L d L L] L L L] L] . » - L] L] . L L L] L d . L] L[] * - - 30 615
Tertiary sedimentary rocks . . . . . . . . .. .. . to bottos of woll

The lower L20 feet of thuse uncorgolidated deposits is considered to be
part of ths pre-Vashon Pleistocere lacustrins or merinag doposits of the
Puget Sound Basin. Farthur north these eerlier Pleictocane muteriels

may have a sonewhat different character. Well L0/1-hJl, located a few
miles east of Blainé at an sltitude of sbout 177 feet, was drilled 7Lh$
feot in depth, all the way in unconsolidatoed material., The log of thils
well (soce table 2) shwus the material to bLs sorouint cocrier than that
reported elserhere, trl the rciory mothods e.plered in <0i1ding ths Elzine
wsll may beve reyult-d in the villerg? Tog cleclrg o tte lndn cemooT tlien

tray actually aro.

)




The ¥hatcom P2sin is roughly the scuthorn balf of the large delta-
shaped lowland whose apex is to the rortheast in the mountain canyon of
the Frassr River. Considaring this internziional lowland as a great
structural basin %hosa floor is known to extend, at least in the Elaine
ares, to more than 540 fect Lalow egoz level, it is logical to swraise
that a conzidersble thicknera of clzetic sacdimsnte, in large pert laid
doun by the Frecor ZUvaer in pre-Voshen tizs, undsrlies the few hundred
£i.9% of dipocits of Vachen or earliost Vashon (?) age which are knewn in
tha Dﬁundary'and ¥ountain Yier vplands., Conscquently, at dspth in ths
nrorthwicstern part of ths Whatcom County lowland, there is probably a thick
geries of pre-Vashon Pleistocens beds tiiat might correspond to the pre-
Vashon Pleistocene fill idemtified farther south in the Stamwood, Seattle,
and Tacona districts.

The ccourrence of saline ground weter in the uppsr one or two hunérad
feet of Pleistocens and Recent sediments in the Fhatcom Basin is confined,
so fer as knorn, to a position relatively high up on the slope of this
badrock basin, &nd the presence of marine Pleistocens deposits above and
nzar present sea level does not, from pressnt information, precludse
the possibility that fresh-water deposits and fresh ground water occur

at depth in the deeper, esrlier deporits of the “Frassr loxland®.
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. Daposits of the Vashon glaciatioxi.- In the section expesed on the sea

cliff of the Kountain Viecw upland thare 1s an irregular thickness of crosa-
badded sards and gravels close bonsath the till of the Vashon glaclation.
Bsneath the t11l capping along the east slope of the Xountain View upland,
wall loge indicate a thick and persistent sand snd gravsl stratum. Also,
exposed berexth the till cspping at the Blaine city springs (LO/1-LD1) and
in quarries east of thers elong ths Boundrry upland sccarpuent, is a
pro=incnt zons of crosgbeddsd greavelly ountwash. In wells on the north
slope of the Iing Mcuntain wplzond a rather thick section of coarse sand
end grovel is shown to underlie the vbole district bsaeath the till of the
Vechon glaciztion. Thess gravelly deposits are bolieved to beclong to the
2dvance outwash of the Vashon glacier. Elsewhere in the basin the outwash
lager seems to cousist more of material deposited in pourndsd water than
of dofinitely currentlaid materials.

“he 311 of ths Vashon glaciaticn is 3 mussively compact, durable,
intimate mixture of clay, silt, sand, and pebble gravel, with occasional
cobbles end boulders. It cccurs larpzoly a3 a ground=msoraine dsposit. It
is bluish in color axcu?t nocar the surface or along joints, where it is
stained a yvellow-red color. The till ranges from a few fest up to 50 feet:
or more in thiclness. Yt rises from the ¢dye of the recessional outwash
and 21luvial deposita of the river velleys up over tho uplands and sscends
tho mountain slepes hnt bound the Whatecor Beein. It is a hard distinctive
strefoy eorromly novad loenlly as Whe Dorigan®s  The 111 ava'ragea about
20 foote in thidmoss, widel s nol gc greal ag in Saohordsh County soma
75 128 o tle senth, vhere a2 thiclkizns of 50 fiet is about avarage.
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The recessional outwash deposits of the Vashon glaciar consist of
sand and gravels and sore finer material. They were laid doan primarily
as fluvatile deposits by streams flowing ovt i’rcm» the retreating ice front.
Some of the finer deposits were laid dovn in pords, probably close to the
ice front. _

Above the till in places on the Boundary and Mountain View uplands
(see pl. B, A) there is exposed a thin cover of cross~bedded sands and
gravels containing mmcrous large boulders. These deposits form a dise-
continuous cover over tha uplands and were prclably depcsitcd by outwash
streams whon tlis ice frcat was nearby.

A few shallow chamnils mere cut through the till 2nd into earlier
deposits by Vashon xeltwater around the Xing Hountain upland. The floors
of these channels are mantled bty sand and gravel. The pressnt Squalicum
Creek follows ons of these old chamnels. The dolta doposits of Squalicum
Creek were laid down by recessionsl zmeltwater at a time when sea level
throughout this area stood some 50 to 60 feet higher than at presont -
the sama level to which the principal outwash deposits of the Hookaack.
Valley were graded. Squalic\m Creek subsequently has cut a ravine into
these meltwater deposits, down to the present sea level.
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The Lyndsn terrace, the Custer Trough, and tho broad area that extends
northward from the King Hountain uplaod to the £looG plein of the Hooksack
River are underlain by the most extensive deposits of recessional outwashfound
in the Whatcom Basin. ’These dzposits ara primarily cand, though they
contain beds of gravel and cley. They wore laid down by large outwash streanms
flowing southward toward the outlets down the Custer Trough and the Nooksack
River at a tima when sea level stood 50 to 60 fest higher than at present.
These strezms msy have ramoved the till from large areas along the floors
of the broad chonnels that are ncw covercd by the outwast deposits, but on
the sides they dspousited outwash upon the t1il1l slcpes without renoving the till.

The extensive terrace lands forzed ‘Jy those recessicnzl outwash deposits

pow {orm soms of the finecst agriculvural land in the county. s

Racent 21luvium

After the Fraser River had raturned to its course along the northern
side of its now-glacliated lowland "delta,” the lower Nooksack River
excavated its floor to the newer and lower sea level of today. The Hooksack
River reworked much of the recsssional outwash msterial, mixing it with
8ilt and forming a flood-plain depogsit that mantles the lower level cut in
the recessional outwash daposits.

In some places the Racent slli@ius can be divided into two units,
younger and older énm@, and this distinction is shown in some of the
well logs in table 2. In general, tho slluvizl deposits now within reach
of flood waters are considsred young or pructicnlly conbermporary in cge.
Taat alluviua above the reach of presont strevrz, or cother depositional egents,
iz conzicdrred oldevr. fTihcre 45 sona (‘d.fi‘:chtity in plzces, dlstingulshling
betasen the latest of the zlzeizl outtush aud thc oldir al’n-xviws and tacae

rrecriald are shown &g of guestioncdls dacirgation oa wspy of the logs
in t2ble 2.
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Geoleogic history

The reconstruction of the ccurse of geologic history, as it is recorded
in the earth materials, helps to protray the conditions that exist in the
strata and the circuestances that govern ule rescrvoirs of ground water from
which water supplies are obtaired. |

‘ Tertiary

During the early part of the Eocens epoch of tha Teitiary period, sands,
silts, gravelé, and orgaric material wers laid dosm upon an eroéion surface
cut upon the older metaxzcrphic and ignecus rocks of the area. These
deposits, after long-tiwe cecupaction znd congolidation, now constitute
the Tertlary sedim:antary roclis of the area. They were continentsl, fresh-
water scediments; they were laid down on a broad vallsy floor, probably in
the form of wide alluvial fams. / Local ponding of waters in the valley

-/ Weaver, C. E., op.cit., p. 89.

permitted the accuzulation of stratified sands and clays and the davelf.ip-
ment of large swamps vhoee vegebal metter now constitutes the coal seans
found in the Tértiary strata. Subsldsnce during that time of dsposition
permitted accumunlation of more than 10,000 feet / of sedimentrry maf.sriala.’:

— W) Weaver, C. EB., op. cit., pp. 78-09.
From the occurrence of lzrge nuzbers of fossil palm fronds, the climate during

this epoch is thought to have baen much milder than the present temperate

climate.
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The ancestral Casczde Mouatains wefa developed in a succeeding late
iiocene or early Pliocens deformation; this dsformation resulted in the
developrent of larpe , northvest-southeast-trending folds. The mzin folding
of the Tertiary sirata probably occurred during this period of deformation.
Continued erosion in Ploicere time reduced the ancestral Cagcade Mountains
to a broz‘d\ ';ses’;;?:ard-slopigg rlain of low or modorats relief, a condition in
vhich the western Thatcon County re;ion vust have shared. Deformation
ccourrad 23ain near the close of the Pliotzng epoch. It resulted in the
upli’t of the pr:scont Cascade !cuntzin are: into a large upwarp having
a norta-south trarnd. The Olyupic M¥ountain uplif? and the Puget Trough

downzarp ware also fonﬁed at that bive.

Quaternary
Pleistocone ("Ice Age®).~ During the Fleistocene eopch (aomatimg

called the "Ice Age™) erosion reduced the nerly formed Cascads Homxtaim

to a stage of nature dissectioxi. The depcsition of the rock waste from
that cosive period resulted in the partisl filling of the northern,
basinlike part of the Pugst Trough. The upper pzrt of thess earlier .
Pleistocene sediments in the Puget Sound basin has been called the Admiralty
¢lay. It is bzlieved to have becer depositsd in a large, shallow, possibly
fresh=ater lalls. PBrets _/ believed the Ad:iralty to have been m-ring, on

./ Eretz, J. H., op. cit., pp. 160-181.

the bavis of sovarsl shell findg tolieved %o coze frou the Admiralty. The
senior writer bas not found fossils in extongive sozrchog of xeds of known

Admiralty «ge =dscrhere in the Puget Sound region and cslls attestion to
the posaillity of fyoch-iater orlgin on the basis of their fresh (connate?)
grourd wates e their lack of cstablished rarine fozcils., Tho depenition
cf the Adxivaliy clay convimuzd until ths Pugsd found basin was filled

to a 1cvzl 200 or 3C0 fect above the present s2a lerel.
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The daposition of the Adniralty clay ended rather abruptly. The lake
in which it was boing dspesited wzs drained, and a strean syctea developed
across the top of ths Adzmiralty. Deep canyons were quickly erodsd along
these gtream courges. Scmc of thes? canyons werae more than 800 foet in
Gepth and weached beck headverd to the hard rocks of the mountain slopes.
Thetuer an uplift of tne entirc area, a gencral lowering of ssa lsvel, or
a decrease of 1,000 Test in the bzoz-level control of the ®Acziralty Lake®
crairns e eocounted for tre oneat of such porge cutting is not now
ﬁsfinitely wnoTmn,

As shosa by tus draimage levels that prevailed during the outwach
phzses of the Tachon glaciation, there wasz subsequent to the carving of
these gorgss, and pessibly not until the onset ef the succeeding Vashon
glacistion, a rogicnal lowsring of the Puget Sound lowxland by at least
600 f'eet and possibly more.

The advance of the Vashen ics is believed, from lack of erosion of the
gorge slopes in Snchowmish County to the south, to have begun soon after
£he decp gorges vere cut, The ice nmoved southeard from the piqdmont ice
fields betvsen Vancouver Islaéd and the Canzdian Coast Range and pushed up
the nevly cubt gorges of tha Puget Sound section, blocking the drainage and
forming many temporary lakes. Advance outwesh materials from the ice were
mixed and interfingered with the sedimonts brought down by the streans from
tha Cascade Morrieins end deposited upon the floor of these imrounded lakes.
La the ice piwshed up the caryons, the lake levsle rose and the waters
enilled over tle intergorge divides =:d cub touporary éiversion channols.
ha Iraser River in Uritich Columbia wns prebedbly diverted southlvard acress
the arca that is now vesborn Vhabeo: County. In turn, the lookseck zxd other
rivers ware diverted scutlriord along the ice margin. A3 the 1co noved south-
vard in the Pugzé Usough it taickencd over this erea and puched southenstward,
£in2lly reccidrz a height near the presceut 2,530- or 3,000-Coot 2ltitude mark..
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Apparently, as the ice meved up the Nooksack gorge -- at first the one
1oéated in the swale just south of Blaino ~- it forced the impounded
waters to find & new outlet. That Tirst outlet may have been cut on the
south pide of the present Birch Point vpland. In turn, that channel would
Lave been blockeé.as the ice advanced inlend. The 3mpounded water, them
g-ollen by the addad Frassr River droinage, epparently develcped or greatly
ealargod the chonnel that now is followcd by tho present MNookseck River
e2gt of the Yountzin View uplard. Tie ice tongucs contimied to move up
the Nooksack gorze, blocking the divercicn channcls and forcing the water
to wpill scutlzard ecross the King ountainz upland, there producing scveral
smzller chunnels. The ica tongus moving up the Kooksack canyon mey have
merged with another ics tongus moving across the Fraser River lowland. That
enlarged ice shest then must have moved up the Rooksack Valley and impoundsd
waters in ths canyons of the mountain front, causing the dsvelopment of
new diversion channsls southmard tiyough the mourtains.

At one tize the ice rose above the rims of the intergorge areas of
the Pygat lowland and spread out over tﬁe palteaulike arsas formed of the
Adriralty clay and odvance doposits of the Vashon glaciation. The ice shest
at its mexisum extent covered the whole Pupet Sound basin southward as far
as the towns of Tenino and Cantralia, 130 miles south of Bellingham, Its
upper surface reuched 28 high as the presant 2,500- or 3,000~foot mark in
#hatcon County. The ice-fromt advance wes not ona? contimious forward
sevessmb,  The rate of nolting at tisce atcr:dzd the rate of thrusty, causing
the ice front %o ercillate. Such o24:11a3%iom epparently accounts for the
presence of scvaral wrparats larzre of bill in scwo places along cliffs

t the edze of tlhe inlerzorge vplands.

3]
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The Vashon ics finally mslted back from the Puget Sound basin near
the close of the Pleistacens evoch. It left bchind a2 mantle of greund
moraine over mch of the area. 1In the drainago*ays tne $ill was lzrgely
reworked or completely removed by the outwssh strezas flmving Zrom the
receding ice front. In places, the ice-borne dubris was dropped in ponds
or lakes. In other placcs, it built long traing of watsr-laid materials
that now floor and particlly £ill some sections of the interplate:n ™gorges®
both above snd bzslor prezcat sea level.

izltwater carried a3 t2in deposit of mnds arnd gravels over ruch of the

s

t11) surfaco. The fermsy div rersion cha nncla were pactly £illed by outarash
dsposite. Thke Loosscek Fiver vas diverted bzel Into its formor driinng
rcute and azedn floood acress Lhe le.lard areo, Joining Ska Fraver liver
near the preesnt cite of Everson. £ losering of soe leva'l froa trs 50« to
60-foot altitude of the late recessional-cutwash terraces to iig pracent
position has sinca caused, or scecoupanisd, the roturn of the Fraser to
a chanrel along thas rorth sidz of the “"Frassr lowland.®

Recent .~ Sincs the recession of the Vaohon ice the [loolkrack River hes
reworked mich of the outwash material in its valley 2nd hzs produced a
broad flood plain me=ntled with Recent elluvium. The lowor portion of the
present Hooksack Vslley was probably a small estuery, and the Luzd
Paninsula was thon an island. Alluvisl dspogits havs since filled this
exbayment, producing a near-sea-level flcod plain that transformed (™tied")
the islend into a peninsula.

The rccesgion of the Vashon glacier ond th2 sviizguent addustzad

of the diainrze to its oy eniirotucut were suaeeoalol By u short pavied of
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GROUND WATER

Occurranece of Cround water

Place and manner of occurrence
| In this report the caansr in which grecund water occur.s in the pore.
space of rock materials is described in two ways: first, by its mods of
existence within stratigraphic urits, and, later, by the hydrostatic
condition (perched; unconfined, or confined) of its occurrence within
given zones. ‘
Pre-Texrtiary mctanorphic rocks )

The m:tanorpbic rocizs (rwoinly schist and greenstone) that erop out
within the srea do not cortsin pores or opcnings other tien tha enzll
joint cracks and shecr zres cowuon te hard rocks and conssquently weuld
be expected to carry ground wabter irregulsarly and ornly in small awsounts,
though it is possible that certain types of thess rocks might afford small
supplies of water when taste@ in otherwise water-laciking areas. HNo wells
sre known to obtain water from these materials in western Whetoom County,
and the dense, tigi’xt charecter of these rocks makes them unlikely sources
of substantial quantities of water. |

.Tertiary rocks

The Tertiary sedimentary stratg cerry szall amcunts of fresh water
in the few places where pore space permits and where adequate recharge and
drainage have ﬂushéd out the salire or other highly mineralised water
coumonly found in these sirata. The yields are low — a 6-inch well
penotrating 2 water-bouring stretum in the Tertiary gouerally yiclds cnly
a fear gallons 2 winnte. Thz serdeteons - and conglowcrats mmierisls &¢
vatier poorly corted, cuile woll coo mbed, avd Irvregularly and chscontine-
vcusly stratified, all of vhich choracteristics Lalp te sczount Lor thair.
(ridont lack of porocnblilidy. In Tueb, the &rilling rocerds thow that in
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nuny czses the meager supplies of water obtzined fron the Tertiary rocks
~ have come' from the "broken shzale"™ nenbars of the formaation. During
the well canvass, only a few vells were fould tc obtain woter frem the Tertiary;
these are at fairly high-altitudag - wbere dovmmord f].ushing of the etrata
by fresh water would bc e::pe;:’ted to bs most vigerous. Of those wells on
lower groufxd essentially all give saline or other minersl-charged vater.
Inveotigation of reports of large floms or large poteatial yield | from
the Tertiary rocls -= such a8 rusors originzting in cil-test drilling o
211 proved to Lo wnfoundod.

Ths inforcation gstvhored Swring this fuvcetislicy dndicntes thrt
tie Terilery sodirontery wocks ar o unlilkely bto » el ground woisr for
any bat the sasllest neele sad tlhab well tests lucsted yelatively bigh

)

on the nill slopes are more likely to find freeh weter than are those

cn the lover lands.

4
o

T e o A\l R, -y P . .
Wt lished rooords

P B .-
cul e te o nuviiton




P e i
LCuTinriuly GI1oolus

Pro-Vachen ;. ulocene é2resids.- forzath the Hountein Visw upland
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1n grouad wat. o Low boon developad frow sond and gravel loyers in
stratified daposiiu. Thvse depoeils probzbly do pot crop out. Ths saws:
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Yourtaln View wilood corwurd {row near thz base of the 121 of the Vashon
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&
gorges — quite possibly they belong to Admiralty time as represented by

. eedizents farther south in the Pugst Sound arez. It is significant that

£he water so far devcloped 'in theece strata is ‘1ar’gely frash. The strata
baneath the Mounbtain View uploend have bzen thoroughly tosted and yvields
found to be low, but thO;BEJ beneath the Boundary end Pirch Peint uplands
razain largely untested %o date.



Advance outwash of thc Vashon glacler.- Beneath the ti11 cspping |

cn the Bcundary upland is a thick zone of clean, water-washed, irregularly
bodded gravels and coarss sand that crops out around the steep slopss south-
east of Blaine. Likewise, similar gravel soncs are encountered in well
drilling just bensath the %111 im the area zround the northeast side of
¥ountain View uplarnd, in the area ncrtiward from King ¥ountzin to laurel,
and in the sunll hilly area Just west of Suras. These deposits are advance
outwzsh of the Vasion glacier. In saume places (such as the river-bluff
gaction east of Cedarville) the ica may bave agvanced into -ponded water

that allored clay and *dirt™ to accuwmulate, but in most placcs currents

laid down tho clean gravels and sands as the water escaped outward around
and away from the advancing and thickening Veshon ice. The materials are
generally porous and permeable, and below the local water tabla they carry
large volunes of ground water. Yields of 200 to LOO gallons per minute

from 10- or 12-inch cased wells are common in these areas. The evident:
soﬁrces of recharge water for these agquifers is precipitation on the upland
abtove, the water .entering the sand and gravel where the till capping is thin
or absent. The ground water in these aguifers has estsblished natural
gradients toward points of exit. The Larabee Spring (39/2-36M) and Crystal
Springs (39/3-1911) are natﬁral discharge points for the advance-outwash
aquifer north of King Mountain. The Sumzs city sprirgs (Lh1/4-33H1) probaﬁly
are supplied in part from the gravel btencath the t111. The Elaine city
springs (1:0/1-331) snd rumerous creek sources arcin the advance outwash
beneath the Peundary uvpland, ard severcl s.ell szepnze aprings probably
drain the equivalent zons on the northczet end of the Lountain Vier upland.
The gradient of the waber teble westrzid borard larsbee Spring is but 5 fest
or so per rile. In view of thie cubsiantial dischizrne of the spring, the

les gradient indiecates that vhe sand zno hrzvel zre, in this instance,
hizhly pervesbls.
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Elscwhare, bereath the till thore are "pocksta™ and Ztralns® of
cutwash gravel less ezt:snsive than those described abova. In soms places
(such as at wall 39/1-26E1) this advance outwash gravel lies abova the
water table; in scie others it is penctrated far below the local water
table, in such a position that the overlying till cap serves as a confinirg
lgyer and flowing water wells (such ss 41/1-3101 ard 39/2-20C2) are obtained.
These advauce outwssh grgvcls and sands, both in the larger aress described
above and in the other smaller isolated are2s, arc widely used sources of
ground-watar supply for people living on the lower parts of the upland arcss.
They are auong the most. gatisfactory sources so far devsloped in the
Vhatcom Basin. '

Ti1l of the Vashon glaciation.~ The till deposited Ly the Vashon

glaciation is largely imperneable and causes much of the precipitation to
run off, to remain within the upper (soil-zone) horisom, or to perch upon
the till surface whera permeable sediments overlie the t111 and water . 3
accumulates in them. However, some sand and gravel streaks do occur and |
afford irregulsr channels into and even through the till. Shallow wells
dug into the till efford small supplies of water for domestic or stock
purposes. These wells are in many areas the most oomnon source of rural
dozestic supply. In places where one of the gravel or sand stresks is
encountered & better than average woll results and may supply a houschold
throughout the year, but the great majority of tﬁa wclls 4n the ti1l are
prona to go dry in tha swrzer. Sowmetimss deepening an inadequate well
affords nore storaze space aud in rare inctances deeponing opens vp gravel
or sand ctrecks thut leb in more water to strengihen the well, but in some

cages3 deepening reculis in perforating the till cap and in the loss of water
into Rery" perviovs raterials bolew.
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Recessional outwash of the Vashon glaciation.- A great train of water-

laid sand, silt, clay, and gravel outwash descerds southwerd from the

" boundary area west of Sumas forms the Lyndon terrace znd lines the
Nooksack River lowland up to zn altitude of about 60 fect near the present
Sound shore. The outwash carries unconfined ground water at rather shallow
depth. HNuch of the area underlain by outwash has as insufficlient slope for
good drainage and the ground water stands at drainsge-ditch level. Ths
outwash in the area nesr the upper, northern end is coarscre-grained in
general; there it is coxmposed largely of sand and gravel, as compared to
clay, silt, and sand along the Ncoksack Vallcy bzlow Ferndale and to
gimilar materials in the Custer Trough below Causter _Station. ¥uch of the
ground vater of the outwush terraces flows out fionm spfings along th2 river
escarpments or is ncw ledoff by drainage works. In soms places water levels
in wells show & harmonious rise and 31l with the rainfall cycle and with
the level in the marginal drainage crecks (see pl. 11).

Wells obtain large ylelds whon properly constructed in thess ocutwash
materials, but most of the present developments are merely small driven,
drilled, or dug wells.

Many of the wells yield vater so high in iron that it must be treated
to make it satisfactory for domestic use. Bensath x:mch‘ of the lower part
of thse outwash-terrace srea deeply drilled wells have encountered saline
ground water. It is quite probable that this material was deposited into
sca water, which then stood sbout 50 to 60 feet above present sea level, |
g0 that the salty water remaining et depth may well be comnate water not
yet flushed out.
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Recent alluvium

Along the present ‘flood plsin of the Nooksack River and the broad
trough cccupied by the Sumss River, the recessional outwash materials have
besn cut out to #‘ newer, lower level, over waich the present rivers spread
in flood tims and have laid down thin dsposits of Recent elluvium. The '
clays, silts, and sands are full of water up to about river level. The
ground-=rater level gonerally clcms wariation vita the level of the river
and with the azount of rairfall.. The ground m';ter is develcped for domestic
and industriel supplies by small driven and drilled wells and by shallow
dug wolls. ltich of the vater contains an excessive amourt of iron. Gaseous
cdors ars present in soms well water, which is considered to be of only

fair quality.

Rvdtostatic condition
The shallow soil-zone wells on the till-covered uplanda tap water

that is hold up, perched, above the regional water teble. Clay layers at
the surfaces of scme terraces, such as the low outwash terrace just east -
of the Kooksack River opposite the town of Ferndale, mey czuse a similar
perching effect. B«aneath"the uplands, clsy layers in the strata may also
perch thin layers of ground water within the overlying pervious materials
a2t a position above the generzl level of'the vater table.
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¥ost cround water lies in the pores of the rock materials within a
saturated zons whose upper surface grades toward an outlet, the steepness
of the slope depending on the thickness ard permeability of the materials
and the smount of water moving through them. Such a8 ground-water surface
is Jmown a3 a water table and such ground-rsater occurrence is called
unconfined. The reglonal water table in western Whatcom County is shown
in part by the contours on plate 1. Ecnesth the uplands the water table
is higher and culzinastes in lcw domes or "mounds™ beneath points where
recharge occurs frow the surface. In the terrace lands, such as those
north of Lymden, the w2ter table lies near the surface and sglopes toward
the streams and drainage ditches or toward springs along the terainal or
lateral escarpments. The lowest level of the regional water table is com-
monly along the major streams. The water table beneath the Nooksack River
flood plain is in general balance with the river, into which the ground
vater escapes. The water table slopes toward the stream and downstream
in conformity with the gradient of the stream. In the large trough
followed northward by the Sumas River the regional water table slopes
northward toward the Fraser River in Canada (ses pl. 1l).

Confined, or artesian, ground water occurs under pressure due to
passage of the water beneath an inclined impermeable stratum in its path
from a recharga area to a lower point of discharge. / In western Whatcom

/ The reader ray note tnat hydwslogists in general, including those
of the Geclegical Survey, use the vord artesizn to wean any confined ground
water. Ikost dictionaries still use the old designation meaning ground water
that flowg to the surface. In adlition there is some popular misuse of the
term to mean 2 vwell of lorge yield, or any relatively decp drilled well.

County thc principzl knovm arezs of artssizn ground water are the Anderson
Creck arez north of Squalicua Mewatain, the Ferndale area, and the eastern
part of tre Blaine area.
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In the Anderson Creck area the confinirg "layer®™ is a complex over-
lapping arrangesent of clay strata and the till of the Yachon glacler.

Clay beds are present both zbove and below the till. The compound
impervious zone inclines northrard with the topographic slope of the
district. Beneath ‘that gone the water-bearing sands and gravels contain
ground water undsr pressure. The recharge must take place through holes
or thin places in the till along the mountain slopes above the Anderson
Creek artecizn area. | '

In the Ferndale district the ground-sater zonz bancath the till along
the east side of the Mountain View upland spparently comes under confinexent
beneath the till in the lower clopes of the upland. Only a few wolls (such
as 39/2-19P1 and ~207°! have developed that artesian zone. The eastwerd
extent of the tvill capping layer is not known; it may teper ocut, it may have
been cut off by the ancestral Nooksack River, or it may even extend all
the way across beneath the Nooksack River flood plain. '

The eastern part of the Blaine area is likewise one im which the tiil
capping confines water in the underlying gravel aquifer. The westward
extent of the till is here also unknown, but, judging from its persistence
beneath the Dakota ard Galifornia Croek aress, it must extend westward |
beneath Blaine and for soms distance to the weat.

The presence of thess three known areas of flcwing artesian ground
water confinad:bsnaath the till ezpping aleng the loror slopes from the
uplands 1ndic$tes that other cuch areas probably exist but have not yet

bzen discovered.
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Chemical character of the pround waver

The ground waters of western Whatcom County are relatively low in
dissolved minerel matter. They are in géneral of gocd quelity; however,
ground weter of poor quality does occur. The quality in most cascs depends
moirdy upon the geolczic mods of occurrencos

In studying the mineral content of the ground water, four relatively
comlcte chexdiczl analyses wsre made on representative ground-water
panples; in addition, one analysis of thz Evercon City water cupplyrwes

Sarniohed by ”:*::“‘A ~doacrimeod officials (see 4 01e b)), Cenlomicel
Survsy perconnzl tesied 246 =gddivional sarplza for bardness

end 296 gannles Lo ckloride. Zcth vrpes of tozt _were s

by field meihods (sew tanle 1, coluzns 16 zud 17, and tzble 2, colunus

11 and 12)-

Hardness .
The cémon clagsification of water hardress in use by the U. S.
Bureau of Public Health is stated in parts per million by woight of tba
caleium and magﬁésimn content expressaed es calcium czruonate. The following
table gives the commonly-used adjectives and their limits:

Hardnees as CaC03,

parts per million - . - Degres of hardness
0 - 55 Soft
56 - 100 Elizhtly hard
101 - 200 Indesetely hard
20 - 500 Tery hard
/ 39
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Of thz field hardness dsterminations the greatest found '1n western
Whatcom County wes 255 and the least 10 parts per million. The greatest
hardnsss was found in 2 saline water (well 38/2-1R1) from, or close to,
the Tertiary sedicentary rocks just we;st of King Mountain. The softest
vater (vell 39/h-33D1) came from the Tartiary bedrock and the outwash
grevels above badrock on the stesp slope just south of Cedarville. Of 246
wells and springs whose water was tested for lardness, 76 w=re found to hsve
soft water, 97 had slightly hard water, 67 had moderately herd, and only
6 had very hard woter. ¥Tells in the till of the Vashon glacier yleldad
vater ranging in hardness from 85 to 150 and everaging above 100 parts per -
million, or moderately hard. The wells in the recessional glaclisl outwash
yielded water ranging from 4O to 80 and averaging about 60 parts per
million, or slightly hard. The water from the shallow wells in the Recent
alluvium of the Rooksack and Sumas Rivers differs somswhat in hardness
from place to place and at various dspths. In many wells it is but 60"to
€0 parts, whereas in others it runs as' high as 175 parts per million or norej

Salinity
The small amcunt of ground water in the Tertiary rocks is saline or
brackish, except on mountein slopes or other places where good circulation
has apparently flushed out that type of wnter. Hot only is the water from
the Tertiary genez;ally salins, but tests of water from wells in the over-
lying glzelal or alluvial materials indlcete that the Tortiary rocks may
feed onall ancunts of saline water to n2irby perwmsable beds in the

unconsolidated rmaterials.
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The unconsolidated pre-Vashon Pleistocene deposits beneath the
Mountain View and Boundary uplands appear to contain fresh water of low
chloride content even when lying as mnch.as several hundred fest below
present sea level. Two field tests for chloride concentration, one showing
6 and the other 57 parts per million, were made on ﬁater from deep wells
on the Boundary upland, and five such tests of water from wells on the
M¥cuntain View upland all ahc=e§ less than 20 parts per million of chlorids.
Tnis condition did not hold for all the wells on the western end of the
Hountain View upland. Th& chlorlde 1s high in water from desp wells that
msy penstrate or approzch thé Tertiary bedrock, wells that may enter
a series of marine beds of early Vachon age, or wells that may tap aqniferd
cut off from fresh-wmater recherge and into which sea water has found its
way.

Ths principalzone of saline water lies at a depth of 100 feet or more
beneath the lowlands of the Kooksack and Sumas River flnod plains and the
Custer Trough. There chlcride as high‘as 1,000 parts per million, or ¢ven
more, 1s to be expected. Possibly the advance and recessional outwash
deposits of the Vashon glaciation were laid doan in thesa lowlands under
marine or brackish-weter conditicns and the connate saline water has not
been flushed out since. '

The recomuended limit for chlorids in drinkdng water given in the
1546 Public Health Scrvice Drinldng Eater Standards is 250 parts per
willion. Water contzinirg 500 to 1,000 parts per rillion or more, is

" widely used where beilfcr water is not awvailable, bub prolonged use of

water having the higher conccnirations is cewonly enjoyable.
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Gaseous inpurities

.

Kurarous wells drilled in the area vhers glecial materials cap
the beveled coal-baaring Tertiax}j rocks have struck pockets of natwral
gas. In soms cas<ea water is confined under high pressure along with
this gas accumulatica. Vell 39/2-28l1 was reported to have tapped confined
vater that shot 100 to 150 fect into tho 2ir Ly ges pressare. The woll is
about 1% miles east of Forndele in an aree where many wolls producs nethane

£as, as described by Glover. / Well 39/L-33Cl1, threc-quarters of a wile

JI GlO’v‘eI', So IIO’ O'p. Cit., ppo hB*GO.

south of Cedarville, was roported to have had a gas explosion in the pump
house whken the purp was tYurned on. Ths chief congtituvent of the gas is
nethavse which was probably generated in the organic matter of the undere
lying Tertiary rocks. Uhere strata of the Tertiary are beweled, the 'gas
way be fres to wove wp into the ,overlying.Ploistocene doposits, whera.it
becomes trapped by confining clay menbers until encountered by wells.

A few of Athe vells were reported to obtain water having the odor of
hydrogen sulfide ("rotten-egg" gas). Such occurrence may be due to peat
or swzump dspoaits in close proximity to the aguifer. (

Simple asration generally will remove dissolved gaseé from water for
household or stock use, and thalr presence is rarely detrimental.
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Iron

Iron in the ground water is by far the most comson objectionabls
constituent of the water in western Whatcca County. Its occurrencs is
confined alnost entirely to the areas of recessional outwash and Recsnt
alluvium, the greatest concentrations beirg in the Recent alluvial
daposits of the Susas River flat.

Inasmich as 75 to 90 percant of the total iron present is oxidized
and preeipitated on contact with the air (ece table 4), the iron in the
ground water probably is largely in the fcrm of ferrous bicarbonate, -

Fe (HCO3)2. It is probably derived from action of carbon dloxide and
vegetal aclids on ferric oxlds and other iron compounds in the rocks. |
The vegétal matter possibly consists largely cf peat beds. The ferrous
bocarbonate stays in solution and the water remains clear until exposed
to the oxygen of the air, waen the iron is oxidized and ‘pre_cipitatod as
yallow-brovn ferric hydroxide, Fe (OH)3. This precipitate causss the
stains that often occur on laundry or porcelain fixtures. The concentra-
tion of iron (Fe) preferably suould be kept under 0.3 part per millien
for domsstic purposes. Raw iron-bearing water'is suitable for irrigation,
as the small amount of iron added to the soil has no dsleterious effect.
The acidity of sows soils shows incresse when iron-bearing water is used
for irrigation, as thiese waters comzmcnly are écid. This condition may
nzcessitate the drestment of the soil or water by "the addition of

alkaline mterinls such as lime.
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Iron-bearing waters, where allowd' to stard as in wells, cisterns,
reservoirs, or ditches, often support large colonmies of hairlike iron-
depositing bacteria. Tho decazy of tﬁese bacteria soxetimas gives a foul
odor to the water. Vells ylelding potzble iron-bearing water when first
put into operation muy s'ho' an increase in "ron® taste and may, at times,
becose unsuitable for domestic purposes owxing to the accumulation of
these bacteria.

The chemical anzlysis of the iron-bearing water from well LO/L-10D1
(see table L) shows the presencs of r:ngancse in a concsntrstion grest
enough to cause staiiving of white febrics even if the iron were not prescnt.
Manganese is often aceociated with iron-becrinz watcr and may be present
throuvghout the iron-hcaring woters of the area.

Treatment of iron<bocaring watars.- Most of the iron-bszring waters have

to ba treated to be entirely satisfactory for domestic use. This can be
accomplished usually by aeration and filtrstion. Commercial dsvices
utilizing seolitic base-axchapge metheds are also used. . The precipitation
of ferric hydroxide is more efficient if the nornally acld water is mads
slightly alkaline by addjlng lime solution or by passing the water over or
through some alkaline material such as crushed limcstone. After acration
the precipitate is e2sily removed by letting the water spray upon and pass
through a sand filter in the precence of air. Often an easily chéngod
removable tray that catches most of the iron precipitate is used at the top

of the filter.

A second asration, vhich will irmrove the toste s a1 be vchieved by
arranging the filtration process so that the walir drips froa the filter
to the gstorage spaée.

Ly
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Use_of ground water

Ground water furnishes the principal doemestic, industrial, and publio
water suply for western ¥hatcoxz County outside the city limits of Bsllingham.
An estimated total of 3,000 dug wells, 500 drilled wells, 300 driven wells,
and 100 developed springs are in use to furnish that supply. As publie
knowledge concerning the presence and developmont of this important resource
increases, greater and more effective use will be made of ground ﬁater.

Domestic supply for rural fermsteads makes up most of the precent use.
An estimated 3,000 dug wolls, 475 drilled wells, 300 driven wells, and 90
springs yicld about 3% zillion gzllens of water per day for domestic and
farmstead purpose:s.

Public supply for all the irvcorporated seitlenents in the western part
of the county, except ths cities of Bellingham and Lynden, is furnished by
ground water.. At present 6 wells and 5 springs are so utilized. Bellingham
conducts surface water from Lake Whatcom and Lynden now pumps treated water
from a plant on the Kooksack River. The incorporated commnities using- |
ground water use about 1 million gallons per day. The following table
shows the source and average consuption for these larger comsunities.

Water consumpticn of principal communities using ground water
Average consumption lhanber of

Municipality Source (gallons per day) / customer  Presont
Yaxdmom Minioum comections adsquacy
Blaine Well, springs (L) 365,000 186,000 648 Adsquate
Evarson ¥ells (2) 250,000 2ho,000 - 210 Do.
Ferndale ¥clls (2) 330,000 110,000 Loo Do.
Hooksack (Included with
(Everson
Sumas Seringa (2) 80,000 60,C00 220 Aénquate

(1 ia wse)
_/ 43 weported (vor T9L9) Ty oicicizis of tus Liter Gipariorva concerncd.
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Industrial use of ground water is limited to a few food-procassing

- plants and dairy-goods procezsors. Thelr use do¢s not make wp an important

withdrawal — probably less thun a million gallons per day.

Irrigation with ground water is increasing. So far, it has been mostly
confined to the river flood plains and low terrace lands where pumping lifts
are low and yields from shallew, insxpensive wells are high. At present an
estimated 1,000 acres are irrigated with ground water. These laﬂds receive
almost a thousand acre feet of water per year — most of it distributed
by sprinkler irrigation.

Other uses to which grourd water 1s coumonly put -—— such as cooling;
coxzercial food-figh propagction, for which spring discharge is especially
souzht; and heat-pump syztems of space heating -- ars not oxtensive in
western Whatcom County. In all, probcbly not more than 6% million gallons

of ground water is used per dzy et present in the ¥hatcom Basin.

Areas of deficient ground-water supply

Here and there in western Whatcom County area are apots whers the .
succession of underlying strata is such that suitable ground water is
difficult to locate even iul, the amount necessary for simple housshold use.
Soma of thesas occur as excsptions within districts otherwise moderately

well supplied with water-bearing strata, but most are areas of gensrally

deficient supply. Among the districts lacking an adequate ground-water
supply are (1) parts of the Mountain View upland, especially toward the
vestern side, (2) parts of the Bcundary upland, notsbly the higher portion,
(3) isoleted bedrock hills in the Squalicun Mountain disirict, and (L) soms
placeg in the alluvicl belitca lands of the Dveruoa distrlct, whore the
quality of tho raw ground water is corxconly poor.

46

Tpovblished records
subject to revicion



On the Mountain View upland the shallor wells in till are the chief

_ source of farmstead supply. Thcse walls go dry im the summer or fzll of
most years. Somo decper test wells (such as 39/1-29B2) have encountered
largely non-water-bezring clayey ssct;iona beneath the till before entering
"dry" bedrock. The tabul:ation of wells drilled in the western ¥ountain
View upland shows that ‘the ground-water ylelds are small and water-vearing
sones generally weak in that area. The rumor that large water-bearing zot;es
wore cncountered at c¢epth in the Standard~-Ferndale Ro. 1 oil-test woll
(39/1-5B1) has been found to have grown from talk about a fair water-bearing
stratum that was siruck at 175 fest, but its yield and quslity are
problematical. The available ground water will sustzin the farmsteed suppd
of the upland, though in mary cases in an inadcquate or costly manner, but
the conclusion must bs dramv that ground water for sustsinod irrigation or
similer uses is not 2vailable on the western two-thirds or more of the
Mountain View upland. Possibly water for irrigation and other uses could
be developed from surface sources by making local lakes and swamps into
reservoirs wiere the natural surface water could be stored for c-uversion"
to irrigation -~ possibly supplemented by puuwping from the Nooksack River
at Femdale..

‘The Boundary upland in its highest part 3 miles east of Blaine is an
area vhere ground water may be dii'ficult to obtain. Hewaver , the situvation
may be largely due to lack of ezploratory drilling Host of the inown
drilled wells have obtained enough water for farrstsad use.

7
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In ths knobby hill area about Kinglﬁcuntain, at the northern toe of
the King Mountain upland slope eact of Laurel, and in sow2 places on the
slopes of Squalicum Mountain, the Tertiar& bedrock underlies the till of
the Vachon glacierj both yield only meager water supplies. ¥here such
circumstances prevail, as they do in many places within those districts,
the lack of ground water ancunts to a bardahip which more subsurface
exploration can allewviate but little. louschold supplies can soxctimes
o euﬁplemcntsd by storsge of water in cisterns during the rainy season,
and fara supplies by dasvelcprent of aurface-water sourcss.

. Tho flood plain of the Keoks:ick is urderlain mainly by rather fine-
grained deposita in which the vatsr is coxzonly iron-becaring in the upper
100 feet or so, and, in some pleces, saline below 100 feet. Below 150 to
200 feet the water is gensrally too saline for uese and the alluvial of
bedrock formationg are unproductive. The iron-bearing water of the upper
gone is perfactiy satisfactory in most caces if the iron is removed and
the acidity counteracted. Both these operaticns can be performed properly
by simple home-constructed equipment (see section on Quality of Water).
In some districts, such as near Wiser Lake, the fine-grained alluvial
materials contain fey water-bearing strata. In such instances somse
residents have solved their problem by repeétedly Jetting down test wells

until a aatisfactory'water-bea}ing sand stratuva was locsted.

1:8
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Developnent of additional _g_rémd water

So far a8 could be learned during this investigation there is at
present no ground-rater overdrzft (withdrawal in excess of rechargs) in
western Vhatcom County. . Rechzrge to nearly 8l squifers is primariiy by
dixrect precipitation, m_zd, insomuch as the procipitation is xoderately
hcavy (vee pl. L) s the recharge of most aquifers, espocilally those with
permcable zorcg extending to the surfaco, is in excsass~of the preseat .
rata of use. Hozever, in case of incre~eed pwpaze thsre are fome fwound-
water <ones t}zat might coffer orerdrafeo.  Agenlfove ro3s ik iy to shoe
thia effeet arz those having o £ill cepping thot sheds olf or perclus
much of the precipitetion zand rLreon '.:-’-.;-icl'; the ruplng withdrezal ig
contimious and concentrated. The gravel sgquifer beneath the £il11 at
Ferndale may begin to shos overdraft if much greater withdrswals are mads
from it. In the lower pzrt of the slope that aquifer has water under
confinement and overdraft may first be noticsd by decline in water level
in wells in this aquifer along the upper slopes west of Ferndale. ;

¥here the streams flowing from the outlets of an aquifer, such as
represented by the flow of Larabee and Crystal Springs fi'om the aquifer
benesth the till north of Eing Heuntoin, is in use by game fish or
approprieted under surface-water rights dowmsiream, the ground-vatcer body
requires supsrvision in order to protect prior rights and still to obtain
the benzfit of the water storage facilities of the aguifer.

¥ost aquifers of the basin are ncw anoually cupplied in excess of
their capacity to =bcord end store rochurge, ‘o2 prownd voise is availa-

-

able for dovelepuent. D an ccor de ponse the Jaeloaront of $lis
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Wells dug or drilled to develop this additional water should be
properly constructed. Vhen properly made and finished, a reil nay
have a useful life of at least 50 or 100 years, a period of benaficial
use so grest that sIipshod msthods and incomplete work that mey cause
the loss of the well <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>