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AS3TRACT
The town of Portland is in the vest-central part of “raill
Gouaty, I, Dal, cbout 2 w»ilss west of :ayvills, It bnc a popu-
lation of zbout 550, The tovn has no subliec wvater croten 2 the

nresont tiue, and it is ectimated tint 4C,COC to 59,000 gllong

of wator 1 day wvould be roquired for 2 srtisfretory mumicipal

Tho Portlond arca is in the Red River Volloy, Tae Sl Veller

delta anken w the wecteorna part of the oreos tho ecctern port ico

e

ehnraeterized by the foaturclocs Lalie igasciz plain, Tac area ic
dizined by the Goose River, its north -ad sovtn breacies, and ainor
trdbuteriss,

In dozecending order, tac clratiprenhic wmits in the Portland
~rex ares (1) river =liuviua, whici fleors e valler of tic Goocu

Diver and its nrineipal bribdutarics; (D) den-rafiad drift; (3) Ll

1y

4

araseis dorozitey which éodsist of 1 Yiagle il of Thao eind
comprising the Slk Valley delin oaf of two wnits {o basal cloy

unit 2a¢ 21 overlying cilt wiit) cloowhere; {4) till and ascocinted
¢lacioaaucous derosita; (3) Cretaccous (7) rocke, -of which tho
Beatoa shrle cad the Dakota sandctone may be renrcceated in this

arec; wnd (6) the sre-Canbrian basoment counlex of crystzlline

rocke,



There are a few shallow dng wells in the river allvvium, but no
wells of very large cepacity are 'movn to tap this material, At least
two attempts were made to develop wells in the river alluvium as
possihle sources of water supply for the town of Portland, and both
attempts vere unsuceessfnl., It seems unlikely thot wells of copa=-
cities suitable for municipal or industrial uses co'ld be develoved
in the alluvium.

The ice-~rafted drift probably contains no important aquifers;
this is true also of the clay and silt units of the-lake Agagsiz
deposits ir this area.

The sediments of the Elk Valley delta furnish water of rela-
tively low mineral content to many farm wells ranging from 7 to 55
feet in depth, and elso supports scveral significant springs which
igsue along ites eastern margin., A large volmme of water is stored
in the delta sands, and there is ample opportunity for seascnal
recharge to the sands by dircct penctration of water from rain and
meltinge snow over their entire area, However, the sands arr so fine
that ground-weter developments practical for municipal ané irdustrial
purp;ses nrobably womld reguire the use of special methods such as
latcral water collectors or batteries of wells.

Only a Tow thin aouifers were encountered hy test drilling in
the t111 nnd associated glacioacueons éeposits which underlie the
Lake Agassiz denosits. ITone of these amuifers appear to be signi-
ficant as possihle sources of municipal or industrial supplies,

The Dakota (?) sandstone yiclds highly mineralized water to
wells over most of the area, and the wells of highest yield in the

area are obtained from this formation. A pumping tcst made on the

P



new Portland ereanory well indicates that tho coefficient of trans—
miasidility of the formation tn this arvea 1a abont 16,700 eallonn
per day vor foot, and the coufticient of atorape ia sbout 0,00035,
The 1-day specific capacity of the new creamery well is estimated
to be sbout 2% gallons per minute per foot of drawdown,. It scoms
likely, therefore, that wells ylelding scveral hundred gallons a
minute could be obtained in this formation; it also apnears that
local developments on the order of 500,000 to 1,000,000 gallons a
day could be maintained for many years. The formation is deeply
buried under relatively impermeable materials and therc is little
or no opportunity for seasonal recharge from precipitation, so
that most or all of the watcr taken would be derived from storage
within the aquifer.

Pro-Cambrian erystalline rocks, locally raferrcd to as granite,
underliec the Cretaccous (?) rocks. There arc no wells in the
erystallire rocks in the Portland arca, and it is gencrally con-

sidered useless to drill decper for water when thesc rocks are

reached.,



TITRODUCTION

Purpose and Scope of the Investigation

This progress report on the geology and ground-water resources
of Traill County, is a part of the studics being made by the U, 8.
Geological Survey in cooperation with the lforth Dakota Statc YWater
Conservation Commission and the State Geological Survey. The purpose
of these general studics is to determine the occurrence, movement,
discharge, and recharge of the ground-water, and the quantity and
quality of such water available for all purposcs, including municipal,
domestic, stock, irrigation, and industrial, At present, the most
critical need ic for adequate perconnial water supnlics for many tovns
and small cities throughout the State wishing to congtruct municipal
water-supnly and sowage-dismosal systems., ZFor this rcason, thec
county-wide stundies are being started in the vicinity of those
towns that request the help of the State Vater Conservation Commission
and the State Ceologist in locating suitable ground-water supnlies,
Progress reports are being rcleased before the completion of the
goneral stvdies so that the data moy be available to the tovns as
soon as possible and to others concerncd with immediate problems.

The arca described in this report comprises most of the four town-
ships nearest the village of Portland, as that arca is of the most
immediate interest to the villnge in its scarch for an adenuate
watcr supply.

Ticld work in the area was done chicfly in May 1947 and Junc,
Jnly, and Scptember, 19U8., It consisted of (1) gathering of infor-
mation, on many of thc existing wells, inclnding mecasurements of
depth and water level where possible, (2) study of the surface geology,

—!-L-u
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(3) cstablishment of elovations ot wells and tust holes, (M) drilling
of 3& tent helue to dopthas botwoin 12 and BB Toet for n totsl of
W00 fect, and taking of ditoh pamplon and ooron of tho rnrth
matorinls, (%) colloetion end auhmiasion&for chomical annlysis of
samples of water from tho varions aquifers encountcred by test
holes and existing wells, and (6) test pumping of wells to dctermine
the quantitative copacities of the water-bearing materialé.
Laboratory and office work connected with the investigation
wero donc chicfly in the winter of 1948-49 and the summor of 1949,
It included (1) examination and analysis of cuttings and cores from
the test holes, (2) correlation of well logs, (3) laboratory deter-
mination of permcability of some samples, (%) interpretation of
chomical analyses of the wators, (5) compilation or woll, tost-
hole, and other data, and (6) preparation of illustrations snd g
report on the investigation.

Location and General Fecaturos of the Arca

The area covered by this report includes most of four townships:
T, 146 N.,R. 53 and part of 52 V., and T. 147 ., R, 53 and part of
he ﬁ;, in Traill County, 1i, Dak, Portland and Mayvillc arec the
oenly towns in the area, Portland Junction, Roscville, and !Murray
being simply stations on the railvays (sce fig. 1). Portland is
near the center of the arca about 35 miles southwest of CGrand Forks.
It has a population of about 550 and lies at an elevntion of about
985 feet above sea lovel., It is on State Highways 7 end 18 and also
on a branch of the Great Worthern Railway. lMayville, with e popu-
lation of about 1,350, is on the same highways but on a different

branch of the Great Iorthern Railway. Farming is the main occupation

-5~



in the crea, and tae towne corve as sherin: coabrrs aad ar ghidiny
pointc on tae rzilusy,

AL T2 4 ; cps g SRR ey we

1o elinte is riforove, Burwr taveraturss 1ve zenerally

Neoaczatly lov it ¢

renen 1009 or tichor for short moriods,
Lfaumeratures of €O bolow zero aar lovar arc 2ot uncorion durine

bac vigter, Aecosding to Vesther Bureau records, the icon ansual
tomper~ture ~t Groad Forize is 58,79, oad thz .can ammunl srocipi-
tation is 17,40 iashes, Aboub 30 nerccat of Lec srecinitation cezurs
ag rain dovings the oonthe of Lzril tarough Jenteushor, ineclusive,

Tae area is nart of the Uestern Younp Drifi scetion of the
Centrel Lowland provines 1/ and is the Red liver Velio
Simpson 2/, The 22¢ River Valley is a broad, £1:t ;lscinl-laic
nlain wodiiiag cadcXly hy low beach ridses end deltez, Tho Pors-
1aud ~rec de crossed by soveral Deash ridrce 2ad includus - aart
of 1w sovtlexstern ofge of the 31k Valley delia (sce Cfi-, 15
e placdal-lalie olais hep besn only plirhtly nodified by sub-
senuert crosion, ihcre Lriar no Intersr-tod drain-se acress the hroad
dlvides botwesn the ineincd mesnder ehnmiels ol the strezms, The
Coose River, ite north n.ud zonth broaches, =21Q uinor trivutarics
constituu: e dr-inwro eveton of tae arca, The Flood nlaisg of the

taree aaia branchec of bhe Cooss River vary fron 500 foet to o guarter
'

of = mile ia wicth xad averszs abput 40 fout in donth, Too SLranin,
nteent i Tlood stage, coouny varrov cuanrels cut about 25 foct into

1 Saneing; W il Plivolosraihr of e vaptora Thited Jintos, p,
S5y wfirde-TElY Sosk oL, 1050

dy auey Goolory and rround-water resourccz of corth

- 3 24 !, i
o bwol, urver, Lator-duroly Poper 08,3. 4, 1029,




Upavioun Tnvee e Llone g aeinor e aen i

Thore are no rrevioves vojort: on bad rsuiory rod Jroumd-vabor

ld
ranources o the Portland ~rew, but e ie deoseribod in [ 2aeral

stndics ol lorper areze, 3lapooa 3/ dissusted Bhw rroundewsnber

> 43

gyourcas «oi Traill Jowatyr in zoneeal bomis sod ligtues o v
tdend welle in the oroae T comrchensive chudy of Lake Apassis

", . } . . s " v e Ve, i
by Uohart 4/ includes nany detzils af the Portlind arca,

This is the sccond nrogrers zonort on

"

Proill Covaly, on earlicr

I ! ma

roport on the Swcton area 5/ haviar bocn reloaszd {se:r fig, 1),

Shoimieal 21xlyees of wator sauanlon frow two wells in the Porbtland

arca are included i Forth Deleds Coologic:l Survey 3ulleiin 11, 6/
MG precont dnvestipstion was nade uacsr theé goneral sumervision
0l i. R, Sayre, Grologict in Charre of the Grovae “ntur draach,

Wrl2r Rosovreos Division, of tita Foderal Geologierl Survey,., o perd
of the vell iaveutory tras rady by Fllbert Ragn, =ad emacination ef
the tent-hole saplec woro tade by Tuoatin Pavleonmy Tost drilling
uns done by Rey Daniclson, Growrs Leciasior, wolta Heagon, Gilbord
Zupo, Jueniin Paulson, and lobart Asker, L¢ll rocords obtained by
tie county asssssors in 127 gs a nmart of 2 Jiales-wiae woll iaventory
undcr the Lorks Projects ..&iinistrotion were asde svailable nad nany

o taon ar. imeludsé in this rupori,

7/ Op, eit,
4/ Uahgna, Uarron, The rlaeisl Iele Aonssiz U, 8, CGeol, Survey ion,
- s ld,O.

L
R

Zenade, P, 3., Groumd Uptor acar Buxton, Traill Cowaty, I, Iak,,
U, 3. Gool, Lurvey ningco. ropt,, 1647,

&/ sbbott, G, A,, and Voundisen, F, 1,, The wumicinal ground-woter
suprlics of North Dakotas Horth Taliots Guol, Survey 3ull, 11, 1028,



York was facilitsteéd by the cxecllent cooneration of all rosicents
of the arca and, particularly, br the intorcst and assistance of the

town officials at Portland.

Present Yater Supply and Tuturc ITceds

Tater for domestic, stock, and industrianl uses in the arca is
obtained chiefly from wells, although the well water ie supplomentoed
in some cases by rain water stored in cisterns, by spring water, or
by water from the Goose River, Tield crops are grown without
irrigation and lrvms, shrmbs, anc gardens arc watcrcd only infre-
aquently by a few peopl:zs Therefore, the chicf nceds are for domestic
and stock water on the farms and for municipal and minor industrial
uses in the towns.

fayville has a municipal water system, tho wator being obtrined
chiefly from the river., Deep wells arc used to supplement the surface
wator during dry scnsons when thore is little or no water in the
river., A dam on the river near Portland formerly nrovidnd a reser-
voir from which thc railrosd obtaincd watcer, but an inadequate sup»oly
during dry seasons and difficulty in maintaining a watertight dem are
snid to have Leon respmonsible for its abandonment. Records of dis-
charge of the Coosc River €} miles northwost of Portland hnave becn
kept by the Federal Ceologienl Survey since 1939, They show that
from about the middle of Jnly to the middle of March there is comuonly
littlc or no flow in the river, snéd that tho flow from larch to July
varics within wide limits., Tor example, the maximum discharge in 1945
was 340 sccond-feet, and ir 1041 it wae 1,130 sccond-fecrt., The max-
imum discharge known was sbont U,300 sccoud-fect in 1882, as computed

by the Corps of Engineecrs. Ij The anmial discharge gencrally ranges

1/ Surfacc-vwater supply of the United States, 1943, Pt. 5, Hudson Rey
and Upper Mississippi River Basins: LS. Ceol, Survey ater-Suvply
Peper 975, p. 48, 19L5. s B



between 3,000 and 15,000 acre-feet, equivalient to an sverngoe flow of
about 4 to 21 sccond-feet. From these records it appears thet the
Goose River might provide municipal weter supplics for Portland and
Mayville 1f adenquate storage facilities were constructed.

The village of Portland has drilled scveral tcst holes and
weclls in and near town, but potnable water in sufficicnt quantity
for municipal needs has not hecn found. Most of the water uscd for
drinking and culinary purposes is hauled from thc Theodore Amt well
(146-53-29¢dd2), which is in an arca of springs about 7 miles north-
wcst of Portland.

It is estimated that about 40,000 to 50,000 gallons of watcr
a day probably would be required feor o satisfactory municipal water
supply for Portland, although probably less than helf that smount

is used at the present time.

GEOLCGY AWD HYDROLOGY
General
Local Phyelography

The Portland nrea is part of the Bed River Valley, which is one
of the flrttest plains in Worth Ameriea. The flatness of the plain
and the beach ridges and deltas which constitute its principal rclief
features are tho result of lake scdimentntion and shere-line erosion.
The gencral character of the physiographic features of the lake plain
and the probable origin of the features have Dbeen well preseanted by
. Upham 8/ and Leverctt. 9/ Only the details noted during the
&/ Op. cit.
9/ Leverett, Frank, Quaternary geology of Minnesota and parts of

adjacont States: U.S. Geol. Survey Prof. Paper 161, 1032,
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precent invagtigation zre aresentsd 2ore,

The beach ridé~z tiat is so wromiuont i ti.2 western purt of
Portland can we folloved only a rlort distance moria and south of
Lowil, A Portland the vidre har a rolie? ox' 1! o 17 f.:4, 4he top
having an clevatlon of about 995 foot above nag lovel,  The matoiials
of th ridgs are gray elay or %ill(see fig, 2 =nd log of UiGS test

36). It ie revoried thct boulders werc cacouatercd in the

first 10 263t of Grillins in Portlzad test hole 2 (sec fiz, 3),
vhich wee drilled on the ridgs in 19#1, gugresting tuet the ridge
may be till, The bufl silts ta -t constitute the surficiel material
zenerally tarougisut tha laicc basin below the Canpbell shore line
occur boueath the elayr of thwo beacn ridze, The beecih is considzrad
by Uphzaa to be the Caupbull, althouzia it is soiewiat lowsr than taat
bezch farticr zouth wiers it in mor: stroazly developed, The very
etrougly doveloved deacein tint forue ths -rgin of the Ilk Valley
¢2lta wost of Portland iz concidered by Upasu to be the Tintah,
It has a gencral 2lovation of =2bouwt 1,010 to 1,016 Zust chove

lovel, In view of thesc facts, it apdsars »robable that the
promizcnt beach that marize the 2ast argin of thuc delta is tne Camp-
bell, 2ac¢ tast the ridgze in Cortland is 2 locz2l Tezturce daveloped
on a i1l "uigh," It is furthor suggostod that thoe :cterial of tiao
ridge a razresent a bloct of ice-raftoed will, becausc nart of tiac
uaterdals in it ovorlic 4he l-test lalic madiscunts,

Thae boundary of the 21 Valicy dolta 1s chown by Upham to extcnd
oastward to tho cdge of Jortlaud, as siaovm oa Pipurc 1, as shorn

on fizure 4, e sroaiasat ssearicoant of the dolta is 2 to 2%

nilos wast of Portlaad, Murticraore, thore iscvery little delta

10 -



paad e boof thw epncarpacot oceeol ey tha oo Rivor and 1t:
trivvticics hmve cut dowa thie cacarmaeny aod redi Wwibubod soaue ot
tar fiace sand,

Botia Uphaa lg/ and haeverett ll/ chinw a oraine crosasing the
lai: plain in 122 ropion iiicélately north of 2ortland (sce fig, 1).
The svidence for this worainc according to Usham 12/ is 1 (1) the
presence of till foraing the land surface in the contral nart of the
A:d River Valley, (2) small bouldcrs and zravul on tac surface of
wile till, (5) slirht incquelitice ol contour of the land surfaceo,
and (4) the Goosc Rapids, froa wacre, downstroza frow the mouth of
the Goosc River, the Red River dezconds 24 foot in 12 milse, vhich
iz about deuble tac fall clscwiore along taie part of the river,
Thie part of who cinamacl is obstructed by many bouldors,

Vith the aid of acrial photoyrapus an avioinnt was made during
tie prosent iavestigstion to outline more closcly ihe boumdarics
of tals moraine, walch 1s thought to have beon dopositcd ia tho
lalic waters, This was found to be iogsitls without cetailced fficld
worlz, and wight not be pos iole without considersble drilling, be-
cause tie inoqualitice of landceontour arc clo~rly distincuishable
only in isolated arcas aad not as 1 continuous bolt, .evervuclees,
soae inforzation obtained during the study lends support to the
aynoticsis of the oeccurronce of a water-laid morainc in this aroa
svon though ite boundarics were not deterauined, 3Bocause this
informnation ig largely not »hysiograniic, it is prescnted in a
lator scction,
10/ O», cit., pl. 19, p. 212,

11/ Ov, cit,, fig, 19, p, 128,
127 Op. cit., P. 163,

—
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Hydrologic Concepts

An "aguifer" is any rock formation or stratum that will yield
water in sufficient quantity to be of importance as a source of
supply. 1%/ The nmount of water that can be stored in an amifer
is dependent upon 1ts porosity. The unconsolidated rocks such as
clay, sand, and gravel are generally more porous than consolidated
rocks such as sandstone and limestone, although in some areas the
consolidated rocks are highly pouous. The water-yielding capacity
of a rock is generally somevhat less than its porosity, because some
vater is held in the pore spaces by molecular forces and cannot be
removed by gravity drainage.

If the water in sn aquifer 1s unconfined by impervous strata
above, the water is said to occur uvnder water-table conditions. In
this case water may be obtained from storage in the aquifer with a
resultant lowering of the water level. The water is yielded by
gravity drainage and the specific water-yielding capacity, called
"specific yield," may approach very closely the porosity of the
aquifer, If the water is confined in the aquifer by an overlying
impermeable stratum so that hydrostatic pressure will cause the
water to rise in a well above the top of the aquifer, the water 1is
sald to occur under artesian conditions. In this case, the water
level in the well 1s lowered as waﬁer is taken from it, but the
sodiments adjacent to the well are not dewatered. The water is
yielded as a result of the compression of the aquifer due to the
13/ Meinzer, O, Z., The occurrence of ground water in the United

States, with a discussion of principles: U.S.CGeol. Survey Vater-
Supply Paper L€9, p. 52, 1923



lowered pressure rather thon by gravity drainoge. The specific
vater-yiclding capnecity is called the "cocefficient of storage" ~nd

ig generally much smaller than the porosity of the materinl composing
the aquifor,

If the pore sprces are large :nd interconnected, as they commonly
arc in sand and gravel, the water is transmitted more or less freely,
and the rock is =aild to be permeadle, but if the pore spaces are
very smoll, as thev arc in clay, the water is transmitted very slowly
or not at all and the rock is said to be impormcable.

There are, then, two fundamental physical propertics of an acuifor
that largely control the novement of water throngh it, the "gpecifie
7ield" or "eccefficiont of storage" and the "peormeability." The
"specific yiecld" (water table conditions) is defined as the amount

of water in cubic fecet, that vill drain by gravity from o cubie foot

of the saturated rock. The "coefficient of storage" (artcsian conditions)

is defined as the amount of water, in cubic feet, that will bo
released from storage in each vertieal column of the aquifer hoving
a basc 1 foot square, when the water level falls 1 foot,

The permeability of a rock is measured by tho "coefficient of
permeability" cr by the "coofficient of transmissibility," wvhich is
the aversge permeability multiplicd by the thickness of the amuifor.
The cocfficient of trensmissibility is expressced in gallons per deoy
per foot and ie dofined as the number of gnllons of water thot will
pass in 1 day through a verticel strip of the aquifer 1 foot vwide
under a unit hydrrulic rradient, Likewise, it nay be thonght of as
the number of gallons of wabter thot will pnss in 1 dny through a
vertical strip of the nauifer 1 mile wide under a hydroulic gradient

of 1 foot pe ile.
ot per mile _ 13 -



Essentially all ground water of cconomic importsnce is moving
through the ground from a place of intrke or recharge to a place of
disposal or discharge. Velociti's of a fow tens or n few hundrods
of feet n year probably are most common in aquifers under natural
conditions.

Ground-water discharge may ;ccur by dircet cvaporotion from the
soil surfacc and by transpiration by plants in areas where the vater
table is nerr the surface, or by seepage to streams or lakes, or
to other ground-water bodies Wwhere the physical situation is suitable.

As ground water moves through an aquifer it dissolves a part
of the more soluble mineral constituents of the rock particles.

The amount of mineral matter dissolved by the water is dependent
uron the soluble materinls present in the amifer and the length
of time the water is in contact with them. Therefore, the waters
that have been underground longest and have traveled the greatest
distances are commonly more highly minernlized than those that
nre relatively nerr the recharge areas.

The Rock Materials and their Water-~Bearing Characteristics

Stratigraphic Unite

Information concerning the geologic formations in the area was
obtained principnlly from 38 test holes drilled by the U, S. Geological
survey during the course of the investigation and from logs of a few
privately owned wells. Fifteen test holes were drilled to obtain
information concerning the river alluvium; 17 were drilled into the
delta sand; nnd 6 were drilled into the till and deceper aauifers,

In descending order, the stratigraphic units in the Portland

area are: (1) river alluvium, which floors the valley of the Goose

-~ 1h -
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Cambrian civstelline rocks,

Alver Alluviua

Sedilients younrer tlarn the Iamle Armacziz denosiito arz not corraon
in the Red Diver Valley, for the region iu i the stare of indancy

in the crosion eycle initianted by tue cisapperrmace ol the dake,
In the Porsland -rec oaly the volleys of the Goose River aad its
aorth  nd couth brancics coatain an apnreciable guantity of Receat
alluviun, The nre.zince of 2 considerable thickneges of 2iluviua is
a conmon fexture i1 oeay ol the nostrlacial stresan valleye of Forth
Delota, and iy of the valleys are occupiad by present-day streaus
that are nwel Yoo siall to have execavated the valleys, The vallays
probably were erodsd during the waning stnzes of the leect flaciction,
aen large quantitiee of u-ter weore beinr discharged Troi thie weliing
iee, - The vallsys uvers tomporarily overdeepsaed and subsequently
partly refilled hy river alluviwm,

Inforaation obteined from 15 toct wolec arilled in the valley
botloms in tie Portland areo iadicates that tae alluvial fill is

1

seacrally about 30 to 40 Peet thiel, It is cowposed chiiefly of silt

and clay, very fias cond, =ud coarce sand and ;ravel econeistiag of

marticles ol sinle., There ig a rather large »erceulage of clay

ant silt in vraciticaily =1l the geaples from the various test aoles

s 15



and throughout the thicknes: of the deposit: 2t each locality,
devertheless, there is generally a higher percontass of sand and
gravel in the river alluvium then therc is in th: till,

A few shallow dug wells obtain water from the river alluvium
in the Portland area, but no well of large capacity is known to have
boen developed in this form~tion, About 1941 a private drilling
coupany drilled tro teet holes in the villazs »arl:, which is in the
valley of the South Branch of the Goose River just north of town
(sco fiz. 3), An attenpt was wade Yo develop one of the vells, but
it is reported that tho yield was insufficiont to meet the ncade of
the town,

In UsGS tezt 13 about 16 feet of sand and gravel wae penctrated
between 26 and 42 fect below the surface, About > feet of the gravel
appearsd to be relatively frec of fine material -nd to wakrant
a quantitative test of the aquifer, The tesi hole was cased with
perforated 4-inch casing and, after bac?washing with clear water,
the well wae pumped for soveral days, The naximunm yicld of water
was only a 1littlo more than 1 gallon a minute,

It is possible that tho drilling aud was not completely washed
out of tic holc and that an accurate test of the capscity of the aquifer
was not obtained, However, tho rccovery curve indicated 2 vory low
pormcability, and therc was no indication that it was not e true
test of the capacity of the aguifor,

There ie considerable variation in ths smmtorials of the valley
fill (sce fig. 2), and USGS tosts 26 and 27 showed fine sand for tho
full thickness of the alluviwi, It is possible that a test well

constructod in this material might yicld resulis diffcrent from those

= )8 =



ot ned Srow UG et 1, bt Ih 1o ool Litedy Lissd vl nl Tnvga

"

iold eould ho obinincd ia the wslerial,

Ice-RA-fted Driit

w@ery is con-idarable ovidence of +ill at and noar the surfaco

in the Portl-ond aroa,

arratics of granite ~ad otner crystalline
rocks ~nd of limcstonc aad dolonite arc nleatiful av the surinco at
so-we localitics--for oxamnlc, along ths saciion-linc road Lhat

cxtcads wosluard Lo the countr line from a point a wile esouta of

Portland, Till vn . cncouvnsurod in U3G3 teat 5 at a depth of 5 fust

below the surfrce, and 22 and 27 feot, AL least ono
sxnosura of +ill alons the vallsy vall of the Goose f[iver catends
to within about 6 feot of tic surfecc aud ig underlein by tho eilt
unit of the Lakec Agassiz deposits,

Somc of these occurreness uay be eznl-in.d ‘ashigh hille of
£ill not comnlcisly covercd or berzly coversé by the lake woters,
Houover, the till recting on dolte sand in USCS test 5 and the
til1l (?) rosting om %he silt unit of tio Laks igasciz deposits In

.

USG3 tect & canaot bu usxplained in this manaer; it eppears that
tacs. bodice of till as vell as fhe orrotics may roprosont lec-
raftod materinl, The fact that hish 1ills of till probably wors

arezont in tas arca vould se.u to indicate guiteble conditions for

the lodianat of dobiris-laden blecks of ice 2loating in the lalke,

w B



Lok A, v dn Dapor it

T srdneinal aad nont widianread ~upfiel b sodiuais 1o Lo
Portland arca are the Lolie arascis dupoeits, whieh azy bs convenicotly
divic.é into a elay vait, a =ilt usiy, and & delta unib, e elay
unit nad tho delta unit arc thougat to bu differuant faciss of thu
same btiue interval, depositud cduring the varlicr and decpor paars:s
of the lalks, whon thz ghaor:s line was 2% the lorman aad other aizh-
lovel hoschue., Tho dolte sadiwats are coarpsor than cither of tac
otiucr waita; taoy ocecur chi.ily vist of a pronincnt ocscarpmeat

referred 4o by Unha: as the Tintah beach (se2 fig, 1), M2 clay

Ly ]

wiit vee DTormed lilteward from the della, 22d in the Portland oiaa
this und¢ is uiyhly variaobls ia tidelmess azd, in meacral, is talanar
taan elsawhore in the lake area Dscaure it wap deposited over 2 high
moraisiec ridge, Tho silt vnit was cenosited durin
of the lalte, anc it coupletely covcfs the elay uait, Ar the lake
that denosited this unit ros: niza enoujh orly o lap tae delta
anrgin, she eilt unit is not prescat above thz delia escarpaent,

The Lae Agassiz doposits are pfenerally about 30 feet inick nenr

Portland (s2¢ f£ig, 2), In order io presect = clear picture of the

w

orizin and relstloaegnios of the denositz, iv 22sears desirable to
revievw brieflyr whe lole higtory,

Durin- the waning stires of the iseougin [leeiation, a oor inal
claeisl lalke aown 2 Lelte Lposeis was loimaed 13 th2 northward-
sloping Red River Valley, Zediuent derived ninly froa flacial till

A
£l

vas dejoeited in thig leie dirccily froa the aeltiny ice front and by

e

m,

stranms 2ed by rlseial neltwater, The deeper lalis dedositsc consisted

anialy of elay, and e coarser asterial was concentrated along tae

- 18 -



shoras to Torn the precent beach ridzes, b-ro, aclt~s, and other
chora Ta~ urea, Irregulsritiecs of the Torier land surface vers

proridy Lo vooplotely obseurad by thin blaakel of codiwont, [
Portload sron oo aore Lho aaslorn adee off aoo odf Live dollie,

e alotory of Lake Arnseiz has been ctudicd wad dowscribed by
Ushaa, 14/ Tyrell, 15/ Jonaston, 16/ Loverett, 17/ and Fikirforoff, 18/
These autaors are not in complets agreement, and wuch zdditional
vork will have to be done befora tie history of the lake is Xnown,

The following brief suanary utilizes factual data zad interpretations
from nll those authors, coordinated in the lisht of data obtained

during the prasent study,

The ice apnears to have nelied first arouad ihe thin edres of

Q

tie leke that occupied the Red River Valley, Thus the first lixocs

to form were swall isolated bodics around iie margins ol 1hs valley,
Cne or wore of thcse smell laltes aphears to have forwed west of the
A2d River Valley in northesstern Nolson County and to have amptied
into Lake Agaszim tarouga the Goldun Valley aad Zlk Valley whea tae
ice had rosreanted Tar enough to leave tasse vallsye froe of ice,

Althouzh no river now occudies tucse valloys btharoughout their longth,

and only siinll stroams cross tuem, the zlacial stream taat orizinmelly

14/ Uphan, uarrom, The gloeizl Leke Agmseizi U, 5. Gool, Survay

Jon, 25, 1396,

15/ fvr“l_ﬂ J. 3., The gonosis of Lale Arae-izs Jour, Giology,

vol, t;, 79, wll-d l), 1896

16/ Joaﬁubou, oy 3., The ;sooesis ol Laie Agassizs Jour, Geologzy,
vol, 24, op, 615-633, 1914,

17/ Lovercbt, Frenlz, Juaterasry geology of widnaesota and parts of
adjaceat Statee: U, 3, Gool, Survey Proi, Paper 161, 1932,

18/ nlikiforoff, C, J., The lifs hietory of L.sncn agagrizy Alteraztive
internretationt Am, Jour, Sei,, s2r, 6, vol, 245, »n, 203-239, 1947,
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ocoupled thon sarvied madficloat o diwate to Pary e 1oreps dalta,
vitlew botvaa 10/ hae oo Lllod Gles B4 Ealley dodta, Pachoe nomarl or

all of L delta was formed vhen Lae ice -uarszin pausad in the latituds

of Poritland .ad the postulated woter-lain moraiacs wore built, In

G

thie cass, 2z the ico molted 2nd the lale oceuwnicd a largsr part of
the valley, the weztor stood at the haight of the HZerwan braches and
found 2n outlet to the liscierippl draincege, Cutting down of the
utlet chianczel caused the lake waters to drop by successive stages
to the level of the Campbell shore lince, 4As the ice front retreatcd
nortiward, the lake watsrs ulso rocoded northward until tac lake was
vory nenrly or complotely drained, Subscquently 2 readvance of the
ice 2gnin blocked the nortaverd-flowing drainaze, aznd a final lake
vas foraed in the Red River Valley, It rosc only to the loevel of
the outlet (Casinboll beach) and tucn reecdad,

Sclov the Cempbell shore line two distinct units have boen
identifiad as corresmonding to the two stagos of lake flooding, 29/
Tac lower and ccomconly the thieker unit is thinly laidinated bluc-
gray clay; Whz unper znd com.only tac thinner unit is .wore coarscly
louinated bufl to yellow silt, Howoever, in the Podrtland arca the
clay unit in some placee iz abseat or thiaaer tion the silt wmit
bocause it was doposited over ills of till, The Ilk Valley delia
lics above the Campbell shore line, and tac waters of the lacst lake
flooding never coverad it, (Hs notcd on p, 1@—14, it anueare probable

that tie beach raforred to in fig, 1 as tne Tintan cctually is the

.

Campbell beach in the Portlaad area, )

19/ Op, ¢it., pu« 153,
20/ Deaaris, P, &,, Akin, P, D,, and Vorts, G, F,, Jr,, op, cit,, p, 18,
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Upham 21/ described the formation of the Z1k Valley delta as
resulting largely from the sediment carried into the lake by the
glacial ¥lk Valley River, although he recognized the possibility
of large contributions of sediment directly from the melting ice
front. Leverett 22/ wns concerned about the ahsonce of simil r deltns
nt the mouths of larger rivers such as the NMed Lake River, and believed
thnt the greatcr part of the moaterial was contributed directly dy
the melting ice. The fine-grained character nnd excellent assortment
cof the sediments, together with the rlmost totsl lack of pebhles,
boulders, and unassorted blocks and balls of clayey material which
one would expsct to find in ice-~laid deposits, lead the authors to
fovor Upham's deltaic origin for the Flk Valley deltea.

The delta sediments are dominantly fire sand and silt. Con-
siderable clay is interbedded with some of the silt and some medium
sand occurs locally with the fine sand, A little gravel is found
near the surfnce in a few localities, but nonc of the test holes
encountered gravel beneath the water table., On the whole the unit
is less compacted, even at depth, then 2re the ciay and silt nnits.
The total thickness of the delta sediments appenrs to range from about
30 to 90 feet in this aren.

So far as known the clay unit and the silt vnit in the Portland
areqn consist entirely of fine material and contain no importent
aquifers, On the other hand, the sand of the deltn unit is one of
the most important aquifers in the area. Farm wells in the celta
area obtain ample supplies of water of low mineral content at depths

21/ Op. cit., p. 333.

22/ Op. cit., pp. 126-127.
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ranpinp fron 7 oto 9% Coob, Throo eovla o havioy Tove ol 10 Lo 4o
gallone o akiube Licue abt the lwads or sapred chan rle s long the
dolta margin in sscs, 28 and 33, T, 186 N, R, 57 Ve, 2nd nuc, 4,
T, 145 W,, R, 55 U, (cou fig. 4), A woll on tie Thvodorc awb fam
(146-53-2Pcdd2) dug in onc of thesc spring arvas f{urnishes much of
the drinkin: and eulinary water for Portland,

Tho sana aquifor of the delta unit cittends for moay nilos
aorth aad weed of the Portland zrsa. The scads of waich it 1s comnosod
constitute very ahsorptive surficial material, and thc aquiior is
therefore subjeet to recharsc from dirsct penostratvion of prucipitation
throusnout tha ~rea off the dolta, The sands averags at lsest 50
feot in thiclmoessz, 23¢ the wator tablc ranges botwein ) and 18 feot
beloy the surface, It is ovidont from these fmete that thore ie a
large volunc of water in tne aquifur in transicnt storage, ~nd taat
discharge from tic aquifur is renlecishod caeh pear by local recharge,
Howecver, the sands arc gencrally se finc-graincd that welle of large
yicld can:ot be euzsily constructac in thou, Seveation tost holos
wore drilled turouzh the delta materials duriac the dresont invegti-
gotion in an aticapt %o locat. coarser godimeabs in which wolle of
large e~pacity mizat bo conztructed, but without succces, This doco
not cuzonstr: .o that cozrss sadiments are not prucont in the dolta
aateriale below the wator table, but it doos indicate that o large
aaownt od drilling night be aceosrary o locxtc esuch deporits,
The coerseot wntorials crnecountercd at depth wers found in USGS tust 25,
Iven these sands were vory fine, but it i posuibls thot wills of
suf iciont yicld Jor guzll municinal or iadustrisl sunilics could be
wore uatily constructed in thie arce than clsowhore where tost drilliné

was aonz,



It epdoars lilkoly, thercfare, thot el uific-nt rrovnd-witer

dovolowionis in tae Mae deltr aanda o ol awvde only by W uwee or

soce bl v thade e as M Lecton Baee e o ol b o
collecbtor:, rovel-nacked wolle, or olicr wwann,

Another wetor-boearing formation not nresent in tne Portlend
arca bubl poseibly nrosent about D or 10 milee vast of ilayville chould

be considercd in conncetion with the Lalo szassiz doposits, with

2

vhieh it iz inbiastsly associated, Tho presence of an aquifvr or
coerics of novifors cousicting of lincar graval beodivs partly to
couplctuly buricd in thc 1lzlic sodinomts and ssteading from the Hist
3ottlia~ “orlas about midway botuuva BSwitoa 2adé Hotton to a poini
about 1 uile west of lillsboro wos dotorained in a provious iavestd-
cation of tuc Buxton arce, 23/ Thu gravel bodice hieve a Imown
thickness raarias fron 30 to 92 fout and in esciac places ars ovarlain
_by stroarly dovelopod boach ridges, The boach ridrzes have o northwost-
cot thonst treand, although the shore lizcs trend generally north.-
south in the zame 2rsa, Tho buricd zravuls are thought to be fiaclo-
fluvial depozits of the nature of oshorse, erovetss filliars, or

keian toerraccs a6 to Lave boun modificd by subscequent orocion and

5

denosition of tue crodud watorial in thoe 1laie uaters,

Thao Buxton ctudy c€id not catend as far soutn 25 State dighw-y /
ang tert drilling during the dveeosc etudy did not ontend foar cunough
cact %o proedect vhe acuifsir ia thot latitude, The couifor, if

progoat, would bo about 12 wilos vast of Portlang zad, therifors,

poscible too disiant tc bo considared 2z a possible soures of

3/ Donais, P, 4., Grouvnd water acar Buxton, Iraill County, ¥, Dnk,:
wwol, ourvo; alaco, rent., 2. 13, 1247,
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Crataceous (?) Rocks

At Portland artesian water is found at depths between U27
and Y450 feet, and throughout most of the Portland arca at depths
ranging between 335 and 560 feet. Some wells on low ground have
weak flows, and in most of the wells the water rises to within a
few feet of the surface, The quality of the artesian water is rather
similar in character and concentration throughout the area. For
these rcasons it has been generally assumed that the water is derived
from the Dakota sandstone of Cretaceous age,

Becausse the high degree of mineralization of the artesian water
nakes it unsuitable for drinking and culinary purposes and because
considerable information on the aquifer could be obtained from exist-
ing wells, only three test holes were drilled into the formation that
vields the artesian water; and only one test hole completely pene-
trated it (see Fig. 2). In the absence of the paleontologist's
report on fossils contained in cores from one of these wells, it is
not possible to state with certainty that the sediments encountered
in these test holes are marine, dbut they are tentatively considered to
belong to the Benton shale and Dekota sandstone of Cretaceous age
until such time as a more authoritative report is available,

On the basls of information from three test holes it appears
that the top of these sediments occurs at a depth of about 200 feet
at Portland and at somewhat greater depths eastward. The total
thickness of the deposits in USGS test 10 was sbout 225 feet, They

are underlain by the highly weathered crystalline rocks of the base-

ment complex.

26



Cores of the sediments from USGS test & at Portland consist of
shole and siltstone, generally noncalcnreous ™t containing » fow
thin hard Limy bods. Fragments of shells, fish senles, soenudnry
mrite, mmd dotrital lignito occtir in the ocorers A nuenrch wac mado
for forsminifera, but none were found., The silty layors consist
largely of rather uniformly sized but esnguler quartz grains.,

In USGS test 10, coarse, well-rounded quartz grains compose a
part of the ditch samples representing depths from 345 to 365 feetb
and from 370 to 385 fect. Althovgh the total thiclmess of the sand
beds 1s considerably less than the expected thickness of the Dakota
sandstone, they are nevertheless tentatively corrclated with that
formation (sec fig. 2). It was expected that thesc sands would also
be ecncountered in the lower part of USGS test 8, dbut no trace of the
sand was found irn the samples, and the drillers did not recognize its
presence in the hole by any of its common drilling characteristics,

Whether the artesian water is derived from the Dakota sandstone
or is derived from s-nd beds of glacioaqueous origin, it nevertheless
appears to be present rather generally throvghout the area and ot
least four wells in Portland have been drilled to this n~quifer.

In order to obtain some idea of‘the quantity of water that might
be obtained perennially from the srtcsian aquifer in Portlsand, »
punping test was made on the new creamcry well, as described in the

following pnragraphs.
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The pump instellation on the nev crcemery well ot Portland
(117-53-35d¢cl) was completed on Auwgust 17, 19148, and trial pumping
runs were made on August 18 and 19. The well vas pumped at a rate
of U5 gallons a minute on August 1#, and during pert of the pumping
on August 19, In the afternoon of August 19, the punp was adjusted
to draw 50 gallons a minute. In the morning of August 20, the pump
vas started and sllowed to pump continually at 50 gallons a minute
for approximately 26 hours.

The junior author was notified of the pumping on August 20
and went to Portland, arriving there about 2:30 p.m. ¥No accurate
measurement of static water level had becn obtained prior to the
trial pumping and no water-level measurcments had been made during
the pumpingss The author started water-level measurements in the
Portland school well (147-53-35ddc2), 370 feet north of the pumping
well, Arrangements were made to permit measurement of water levels
in the pumped well and a few messurcmonts were obtaincd before
the well was turned off at 9:03 a, m. on August 21. 'fater-level
measurements were made in the crecamery well and in the school well
until noon of August 22.

The coefficients of transmissibility and storage were computed
from the wator-level dats obtained from the school well. The water-
level trend in this well during pumping vwas extrapolated over the
recovery period, and the difference in the measured water levels and
the extrapolated curve was taken as the inverse drawdown caused by
the ime; inary recharge well involved in the water-level recovery.

This inverse drawdown plotted ngainst time since the pump was shut

~28~
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off, on semilog coordinates, is shown in fimure 5. The coefficient
of transmissibility as computed from this plot is 16,100 gallons
per day per foot and the computed coefficient of storage is 0.00038.
At the end of the period during which water-level measurements
were made, the water level in the new creamery well was 3,37 feet
below the land surface and that in the school well was 4.06 feet
below the land surface. The pumping water level in the new creamery
well was about 24 feet below the land surface just before the pump
was turned off, There was some fluctuation of the water level in
the well, so that a very eccurate measurement of the puuping level
conld not be made. The l~day specific capacity of the well (gallons
per minute per foot of drawdown) is estimated to be approximately

50 = ' 2L guesm./ft.
20

In order that the reader may more easily visualize the signifi-
cance of the coefficients of transmissibility and storage, the theoretical
drawdowvn at a distance of 1,000 feet from a pumped well in an ex-~
tensive aquifer having a coefficient of transmissibility of 16,100

and a coefficient of storage of 0,00038 are shown in figure 6.

=20



Pre-Cambrian Mocks

Pre-Cambrian rocks, locally referred to as granite, were nenetrated
in the Portlsand area in only one test hole (USGS 10), where they
underlie the Cretaceous (1) sedimontary rocks. The drill encountored
tho top of the formntion at & depth of UMT feet and was still in 1t
at a deopth of 561 feet. The drill cuttings from this formation
consist of white to greenish-gray clay and angular quartz crystals.

A core was taken at a depth of 553 to 561 feet. It was a hard com-
pact mudstone, light greenish gray in color except for thin bands

of brick red. It was composed chiefly of clay with abundant angular
guartz crystals end somewhat light-colored mica. It appears to have
been a fine-grained foliated rock before alteration (veathering 7)
and possibly was rhyrolitic in composition.

Zones of fracture within or at the surface of the crystalline
rocks have bcen knowvn to yield small supplies of water, but in the
Red River Valley area the highly weathered and clayey character of
the upper part of these rocks generally prevents fractures from
remoining open. o wells derive their water from the crystalline
rocks in this area, and drillers generally consider it useless to

6rill deeper when the zone of decomposed "granite" 1s reachod.

.,.30_



QUALITY OF THS GROUID WATER AFD CHREIICAL AFALYSES

Chemical analyvses of waters from 15 wells in the Portland area
are given in the following table. Cf these, four are from wells
in the city of Portland, three are from wells in the city of iay~
ville, five are from wells on farms in the area, and three zre from
test holes drilled in and near Portland. Two of the samples came
from aquifers in the river alluvium, one from sani at the base of
the silt unit of the Lake Agassiz derosits, two from sand in the
delta unit, two from glacioaqueous deposits interbedded with the
till, and eight from the artesian aquifer.

The waters in the Portland area differ widely in chemical
composition. The dissclved solids range between 270 and 5,720
parts per million and the total hardness between 153 and 1,£10
parts per million, Other constituents also show a wide range in
concentrations,

The chemical characteristics of the waters from the river
alluvivm are represented by samples from the Portland tést 3 and
USGS test 13, These waters are more highly mineralized than those
froﬁ the delta sands but less highly mineralized than waters from
the artesinan aquifers. The sample from the St. Anthony and Dakota
Elevator well is believed to come from the silt unit, although
that unit is not = common aquifer in the Portland area. The water
is quite highly minecralized, The woters from the John Hovland and
Theodore Amb wells are derived from the fine sands of the delta,
that from the Amb well being perhaps more typical as the Hovland well
is at the very edge of the delta area. These waters are much less

highly mineralized than those from other sources, being fairly low

SF L



in dissoled solids and not nearly as hard as most wells in this area.
The wotor from these two wells is tho most satisfnetory for domentic
noes of any wall wators encomntarel in tho aron.

The sample from the Frank Rose well comes from on acuifer at
or near the top of the till and associlated glacioagqueous deposits.
It is moderately mineralized and are not very hard. On the other
hand, the sample from Portland test 1 is rcported to have come from
a gravel bed at a greater depth in this same formation, and it is
the most highly mineralized of the waters encountcered. All the
other analyses show the chemieal composition of the artésian waters
These waters are quite similar in chemical character and are uniform-

ly high in mincral content and are very hard.
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146-52-6a, City of Mayville 1927 a/ 365 2.2 177
146-53-1laaa,  City of Portland 7-12-36 b 427 6.0 2u6
146-53..28at 01d. Creamery 0-17-48 ¢f 437 2.1 202
146-53-9bat? John Hovland 7-14-U43 ¢/ 2% 3.8 62
14£.53..28ccd2 Theodore Amb 7-13-.L8  ¢f 18 y e @2
147-52-31dad Mayville Creamery 3-30-49 ¢/ 393 1.4 160
147-52-32¢ St. Anthony & Dak, Zlev., 1927 a/ 20 .2 U36
147-53-1b4abb D, Lien 7-15-48 ¢f Uiz 1.0 237
147-53-.26dde H., A, Heskin 11-10-U43 ¢/ oo 1.2 227
147-53-3ltcac  Sander Amundson 7-13-48 ¢f 490 2.2 260
147-53-3Baaa USHS test 13 11-10-42 ¢/ 7 4.0 7
147-53-35d%1 Portland test 3 g-16-41 cf 135 0 157
147-53-35ddcl Mew Creamery g-17-48 ¢/ 450 1.2 192
147-523-35d3e3 Frank Rose 1947 c/ 105 B g
147-52-35ddcl Portland test 1 g. 6.1 ¢f 300 b5 135

b/

L

Simpson, H., E., Geology and ground-water resources of Morth Dakota:

-

Ue 5. CGeol, Survey stcr-Suoply Paper 588, ». 303, 12°9.

Abbott, G. A., and Voedisch, ¥, W., The municipal ground-wsater supplies
of ¥orth Dekotn; ¥. Drk. Geol, Survey Bull, 11, p. 81, 1938,

Worthh Takota State Health Dept.
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investizntion, ¢nd twoe wells had “ecn constrmeted in it previously
by a nrivatc well-drilling company for the town, At all these
locations, except at TSGS tost 13, the materials apnearced to contain
too much elay for the construction of satisfactory wells, Althongh
tho sand and grevel from USGS test 13, between 26 and U2 foct, was
coarse and reasonably free of clay, test mumping indicated a very
low transmissibility. The alluvial materials are so variable that
beds of sand and gravel relatively frec of clay may be present

in some part of the valley that was not drilled, although all the
evidenco thus far ebtained makes it apnear improbable.

Adcaun“e supnlics of ground water of execellent quality are
availablc from the delta sand about 5 to 7 miles southwest of
Portland. The sand is generally very fine to fine, and frequently
silty, and 1t probably would be difficult to construct a well in
it of suificient capacity to supply the town., However, a well of
very larige diameter, a battery of several wells, or an infiltration
gallery might be constructed to give the desired yield.

A shallow aquifer or series of nouifers !mown to be present
between Buxton and Hatton i1s thought to continue southeastward as
far as Hillsboro and to cross State Highway 7 about 12 miles east
of Portland. Should Mayville and Portland contemmlate a joint water
snipply, the wossibility of a large aquifer in that region would

seem to be worth further investigation.
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Date comploetod:

civen ig dnte of refilling.

Dopth to water:

Magt holos woero drilled and refillod.

RLCORNG OF VELLS

[RAR WS

Neportued wnter levels nre given in cven feet,

mensurcd wnrter levels »re given to the nenrcst touth,

Locrtion
number

145.-53-Uban
11.6-51-bann,
146-52~2
146-52-7d
146-52-1kad
146-52-154d
146-52-17a
1L46-52-18nnA
1L6-52-284
146-53-1bnn
146-53-1bb
146-53-1cbd
146-53-2anb
146-53-2nnd
11A-53_2abe
146-53-2cdn
146-53-3ndd
146-53-3bacl
146-53-3bne2
146-53.3bne3
14E-53-Uanc
145-53-4bbdbl
146-53-4bbb2
146-53-Knnn
146-53-51bb
146-53-5cdb
146-53-5dce
145-53-6ana
146-H3-6ccel
146-F3-bece?
146-53-Tnan
145-53-Tban
146-53-7ddd
140-53-%ann
146-53-8cee
146-53-8cdd
146-R3-84
146-53-8dda
146-53-9bnbl
1U6-53-9babe
146-53-9¢
14£-53-Gdee
14€-53~10dcc
14E.53-11ann
146-53-11abd
146-53-12adn

Cwacr
or
name
Goodmnn Gummor
USGS test 12
Peter Ulland
Gilbert Tlkin

W. D. Welson Bstnie

John Setwedt
D. C, ®wen
O0tto E. Jordet
C. A. Tll-mnd
Henry Xl~vo
Stockynrd well
Melvin Iucken
01d Cre~mery
115GS test 7
USGS test 8
Clarence Klabo
Emm~ Harstrd
S, Senderson
Hiram Sanderson
-a-d.ﬂn-o

Mrs, S. Stenerson

Albert Hovde

3 wie B0 vin

James Strand
USRS test 6
Joc Armbrst
TSGS test 31
Carl 3Ivanson
Ror Peterson
.’-do«i.

USGS test 32
TSAS test 33
USGS test 3
USGS test 30
Lewis Holkesvig
USCS test 4

A, C, Anderson
USGS test 5
John Hovland
N (. e

A. 0., Anderson
0. A. Thomnson
Spencer Wallen
G. L, Elken
Joe Kjos

Qle Syverson

H38r1..

Depth of Dinmeter

well (inches)

. (feot)

Spring s e
160 5
350 2
398 g
152 2
235 2
oo 3 to 2
320 3
370 2
411 2

20 36
40 Z
437 Y to 2
335 5
427 5
20 ol
435 3
NI 2
60 24
10 ug
1L g
509 3 40 1%
15 36
26 4o
117 5
23 Lg
37 5
130 3
L1 2L
12 ol
L7 5
52 5
169 5
L1 5
1L 36
161 5
22 hg
156 5
28 ¥
23 o4
22 36
50 2L
385 2
90 24
- 2
385 ois

Type

LR )

Drilled
Jetted
s B0
cvdog.
Drilled
i B0 o
v+ A0 ¢

P L e 1T
Bored
Tug
Drilled
Y, I S
..d0o..
. o e
Tug
Drilled
o < [
Dug

S 510 1
PR o1« T
Jetted
Tug,
PO 12
Drilled
Dug
Drilled
Sored

P o 1o 2
Dug
Drilled
i B0 u
vel0us
Drilled
Dug
Drilled
Dug
Drilled
Bored

v 00
Dug
Bored
Drilled
Bored
Drilled
.«00.,

Dnte

Completoed

7-9-48
194
1ol
1045
1935
1935
1808
1935
10Lp
1934
5-13-L7
f-12-43
19u3
1544
014
1936
1926
1943
1931
1926
5-12-U47
1048
g-2-4g
194K
194k
9-3-48
9-3-L48
5-9-lG
9-2~48
1936
5-9-47
1920
5-10-47
1945
1941
1915
1908
1910
1900

- sew

193k



I3 PORTLAND ARTA
Use of waters

Depth to
wntor (fte
below land
surface. )

Dnte of
loasurement

Flow
.udOJO
s (o
v+ 004
.:40..
.00,
s o

.o.r

5e2
7
e

LU ]

1.1
0.5

7-1l4-148
7-1h-L4g
194g
1939
1936
1926
1943
1930
7210y

D, domestice; S, stock; U, unused; Ind, industrinl;
PS5, public supnly.

Use Remn rks
of
Water
5 Flow 12 to 18 g.n.m.
U Log
S
S
D, S
5
3
5
0,8 ;
S Rainwater uscd for domestic purposes.
S Do,
S :
Ind Reported yield 35 gallons a minute,
u Log.
i1 Do .
S Rainvater used for domestie nnrposes.
] Do
3 Do
D Reported inadequnte.
S Do
u On river flood plain.
S
1,8
D,s
U Log.
D,S Wnter formerly hriled to Portland.
U Log.
5 Reinvater used for domestic purposes.
S Tmolity reported poor,
D Qunlity reported good.
U Log
U Dos
U Do,
U Log
D,S
U Do.
D Reported adequnte.
U LO@' .
S Roinwater used for domestic purposcs.
S Analreis,
S
S Rainvrater used for domestie purposes.
1
S Reported salty.
D.8

~ %BE -



Location
number

1he_53-1kdbd
146-53-15caa
14h-53-16bbe
1"f-R3-1lbecbb
146-53-1bcee
146-52-172abl
146-53-1Taab2
1U6-53-17bb
116-53-1¢abd
140-”3-15cce
1!16.-53-18dda
146-532-10abb
146-53-1¢d4d
11LE-R3-20anb
116K 3-20bas,
1115-53-20b0b
116-53-21b0vb
1he-~53-21bce
146-K3-22add
146-53-22ebb
1E-K3-22daal
1L46-F3-.20dan2
116-53-25an8
146-53-2Kcee
146..53-26aabl
146-53-26aadb?
11tA-R3-06cecl
145-53-2bcee?
146-53-pbdce
1L6-53-28bbb
146.53-2fcadl

145-K3.2%cddn
116-F3-2i'cdd3
146.53.2%acel
1U6-F3..27dde2
1LA-53-291bh
116-53-30btbl
146-53-30bbb2
1U5-53-30d¢d1
145-53-30¢cd2
146-53-31d
146-53-33abd
146-R3-.23pbb
146-53-33dbh
146-53-3Ubbb
146-R4%-1dcec

RWCOYD3 OF WELLS

Cwmer Denth of Diamcter Type Date

or well (inches) Completcd

T"ame (feet)
L. Tyre 100 2 e T 1933
Tdwin Holkesvig 36 2L Bored 193k
USGS test 21 102 5 Drilled  H-14-Ug
TSRS test 22 102 5 5 B0 6-17-48
USRS test 23 102 5 vo 0 « f-2llg
0. G. Holkesvig 20 ug Tug 1927
PSRN [ R 20 72 swdDa s 1902
7, ¥. Amundson 30 L& . 0., 1204
Ted, Farm Mtge. Corp. 26 “es ..do.. e
Arthur Domier 1 30 v 80, g0 i
Hjoalmer Movland 20 72 v 5 1931
Leonard Nomier 30 g s @by 1915
Clarence Tomier 14 B O L 1931
0. P. Felson 13 36 .do.. -
Oscar Domier 26 Lg ..do.. 1900
Arthur Stavedal 5 %0 Bored 1935
Hjolmer Hovland Lo 30 o580 1941
USCS test 24 102 5 Drilled  6-26-48
J. Grinde 55 32 Rored 1935
Cora elson 60 ol e o0, 1920
J. R. Grinde 50 Lg N T 1900
508005 0n0 50 Lg w0 1935
Panl Babee 415 3 Trilled 1937
R | S U352 3 s L 1937
C. Xopoang 35 2L Bored 1920
oo OB ey 36 ol T - 1927
Rernhard Grinde 40 28 vo s P
BT [ TR n6 36 Dug 1928
Inga Larson w7 3 Drilled 1939
TS6S test 25 102 5 .. (0., £-30-18
Theodore Amb Spriag
B — ¢ 120 Tug 1045
ISES test 2 216 5 Drilled  5-7=17
C. 1. Aasen 16 Lg Dng 1028
ceod0srane 8 gu vellB ¢ 1633
F. W. ‘larren 12 95 i+ 805 & 101k
Arthur Evemen 17 30 .o G0, . 101l
B > - 32 ho o305 o e
Retsy Ynudson 12 36 L . 1. 1933%
55805 54 15 a wsclbBlun 1945
8. J. Tvanson 12 4g .. . 1930
Ay Young 11 he . | 1931
USGS tect 1 202 5 Drilled 5-K-U7
Banar Xrug Soring
Joseph Amb 20 ol Dug i
USES tost 37 22 o] Drilled  9-9-43

-39~



I PORTLAND ARSA - -~ Coatinued

Tepth to
valor (1t
Lo bons Yand
:1-1|'l':~|'l|,)
1L owr
15

Dato of an Qe ks
mecsmropont  of
Vot
1039 1, S
1939 0,8
& SR U Log.
P seae U Do,
o T U Do.
1927 D,S Reported good, ~dequate .
1939 1,8 Do.
1939 0,5 Do.
1029 D,Ss Do.
1039 D,S Do,
1939 S
1939 D, 5 Do.
1931 - Do,
1939 D,S Do,
1.000 7,8 Do,
1839 vas Do.
1947 D,S Do.
I~ U Log.
1930 8
Sa v 10,8
TR S Reported inndeocunte.
1935 5
1037 L F.S.A. unit 112
1937 cee Do, 111
1820 S
1927 g
P v Renorted inndeausto.
1939 D,5
1939 D,S
S i Log.
SR 3 e Snpned channel in hench ridge.  Surface
discharge about 10 g.p.m.
¥w A PS Havled to Portland.
Ve U Log.
1930 0,5 Reported inadequrte.
1933 S
1932 D,5 Ropnorted good, ndequnte.
1914 D Do,
1839 S Do,
1039 D To,
Bl 5
1939
1031 D, S
A ) Log.
s i o Flow 30 to 42 g.n.m.
1039 D,s
R R 7 . Loge

=t 39'0 -



Location Owvner
number or
name
146-54-1ddd  USGS test 36
146-54-12bbb UGS test 38

147-51-37ddd
147-50-%cce

147-57-3dan

147.-52-Udea

147-52--6cee

1L7-5p-Tcdd

147-52~8ccc

147-52-10bce
1L7..52-15¢cce
147-52-1584d
147-52-16adb
147-52-16ddd
147-52-17¢bd
147-52-20add
147-52-20caa
147-52-21nan
147-5P-21bbb
147-5°-2lcen
1475221444
147-52-22a1b
147-52-27dcd
147-52-28dda
147-52-29nan
147-52-30ad4
147-50-30bbe
147-RP~31cha

147-52-31cce
147-52-31dad
147-52-32dcc
147-52-32ddc
147-52-34dnz
147-R3.1cee

147-53-Cobb

147-53-3cdd

147-5%.11ddc
147-53-12daa
147-57-13dcd
147-53-1kabd
1L7-53-14cce
147-53-16bce
147-53-16dcd

147-5%-17ced
147-53.-.18%3ad

i1SGS test 11
Olaf osland
Gilbert Ansen

G. ¥, Burnsdale
Louis Larson

F., 3., Dennie Tstnte
Oscar Hangen
Gunder Carlson
S. N. Rosevold
Elmer Zvenson
Eddie Osland
John Hells

Karl Brunsdale
farrie Trigstad
David Osland
Tarm Sec, Admin,
s 304

g 5 P

«s804.

J. 0. Larson TGstata
¢, M, Melson
Eddie Lindaas

C. F. Enger

Geo, Osland
Even Tvenson
Martin Xalstad

USGS test 9
Mayville Creamecry
K. E. Brunsdale
USGS test 10
Carl Solcott
Bennie Srandalen
Cle Telson
Andrew Olson

C. J. Olson

0. C. Larson

C. ¥, Enger

D. Lien

C. J. Oison
Nels Nerdalere
Garvipn Braaten

Martin Amb
Homer Hovland

~U0a ~

Depth of Diamcter
well (inches)
{fect)

27 5

62 5
190 2
Loo 4 to 2
162 o
500 3 to 2
350 2
u60 o
Thily) ¥ tc 2
410 3 to 1%
S 2
350 2
Tole) 3 %02

2 4z
375 2 to 1
36h L to 2
Lrg 2
370 3
354 3
769 3
L6 3
313 % to 2
biae o
385 2
Lpo 2
L5k 3 to 2
uys 4 to 2
L &0 3
125 5
393 4
233 2
561 5
V% 2
LL7 7 .3 %o 2

20 18

20 Lg

45 ug
352 3 to 2
300 4 to 3
L2 2
455 b
500 2

80 3

g1 36

25 36

R¥CORDS OF WELLS

Type Date
Completcd

Drilled  9-8-U48
o 9-10-48
s € oI 7-—-?;]-]'8
+ 5805 1825
..do.. 1934
.o Ol 1020
UG L. 1812
vn B0 1&89
52805 5 1934
Y [ PO 1929
SN . T 1829
< s T 1839

s w8 1927
Dug 1927
Drilled 191k
se 804, 1914

& w B0 4 1889

o a0 1937
W [ 1937
n s 1937
.80, 1737
oo Qg 1930
cillBa 1934
vsG00a 1898
R [ 7o 1589
vedO.a 1931
. 1036
L Lo 1298
380 & E-10.-4¢
N [ 1944
PO 1 1218
veloas T-H-48
sl « e
i l0% 1935
Rored 1936
Tug 1934
L 1927
Drill:d 1978

e :d0G s 19L2
488, 1048
e.d0. . 1943

P T 1934
Jetted 1939
Dug 1934
+.do. 1932



L FURNLALL

Dapth to
wil e ('l'l._
Bobow vl
mirfnco

ERC I B B}
LR RO

10
26
20
40
18
15
20
20
12
20
25
20
16
14
16
16
15
15
12

2

&
20
12

-

Flow

22,8

Flow
50
Ge9

20

KA = = LOLLLNIUSU

Dite of

men surament

1958
1956
1939
1959
1959
1959
1259
1959
1939
1939
1939
1939
1959
1939
1939
1959
1959
1939
19359
1939
1939
1959
1959
1939
1048

1944
1959
1059
1959
1954
7-15-48
1938
1942
194ﬂ
1959
7=13-48

1959
1932

Uge
of
Walor

U
u
5

oo omov;mop s

[

.
-

=1

Mmnmoummaanomaoon s

20w

| S

_ng._

Reamarks

Do,
DO&

Reported inadequate,

Reported to have flowed
F. 8. A, unit no. 322

Do. no. 50
Do, no, 51
Do. no. 953

Repnrted to have flowed
Do,

Reported salty. On low
river,

Log.

fnalysise,

Loge
Reported to nave flowed

Revorted inadecuate,
Reinwater uveged for dome
Do.
DO.
Analysis,
Salty.

Rerorted to
Rainwater used for dome
PUrposes,

Reported inadequate,

- 40b -

vihen drilled,

when drilled,

ground near

wien drilled,

sulc nurposes,

flow 8 gep.m,

stic

Dry in 19239.



IN TQRTLALD AREA - - Coutinued

Dertn to
water (ft,
below land

L L B B

Flow
5« 005

$3 % v
e
L L ]

LIERE A ]

Flow

153

Flow

u.quu
[EE RN .
LI B B I
LR I N
a2 8e "N

14

(IR LN )
LR L
LR LR ]
L LB L I

Ze DoTle
%?‘ Se elle

purposes,

Date of Use Renarks
meagureuent of
Water
1958 8 Reported inadequate.
1952 3 Do.
1948 ) Rainwater used for domestic
puUrposes,
1048 8 Do,
1942 S Do.
sesee U LOgo
T-12-48 U Reported vnoor quality,
1944 D;S
1948 S Rainwater used frr domsstic
DUINOE8 T,
seses U Loge
1048 S Salty. Flow reported as 20
1948 S Analysis, Flow renorted as
1948 S Well dusz on site of former snring,
e S Salty,
caans U LOgu
e U Do,
TR U DO.
1943 9]
1948 S Rainwnter used for domestic
TUIrnO 808,
1044 8 Do,
19‘{*8 s DO-
1959 ]
1939 S
1950 I,8 Revorted good, adejuate,
1259 3
1232 D,s
Tl U= bt D
].'.j-‘i-'r? S Sal lz?ft
1048 s Analysis,
EERE) d Log. A‘ﬂalysis.
¥ swase J Loz
IR U DOo
sa v U D0,
1944 8 Rainweter used for doumestic
souns 8} Logs
19453 Ind,
" s w0 Ps
R U DO;
Cte e U DO.
sl e U Do,
wAw A U Do,



Loontion
numbor

1L7551.10%ca
147-53-19c
147-53-22aaa

147-53.24adb
147-53-2Ubcd
147-53-25¢cce
147-53-25cddl
147-53-25cdd2
147-53-26ana

147-53-26¢cad
147-53-26ce
147-53-26déc
1L7-53-27aca
147-53-.27bba
147-53-27daa
147-53--27dadl
147-53-2748ad2
147-53-28adb
147-53-28¢cde

147-53-29cca
147-53-29dab
147-53-30abd
147-53-30cce
147-53~31laaa
147-53-31bbd
147-53-31cca
147-53-33d4dDb
147-53~3U4ade
147-53-3lcac
147-53-35aan
147-53-35ead
147-53~35adal
147-53-35ada2
147-53-35¢cda
147-53~35dad
147-53-35ddel
147-R3.354d¢c2
147-53-3bace
147-53-36can
147-53-36cad
147-53-36¢cbb

Owie
a1
LaMa

Olaf Tlaten
Tels Berg
George Strand

R, [ [—
Yorman Hauzen
USGS test 14
Peter Panlson
PENN. [ - [

7d Anderson

USGS test 4O
X4 Fyre

H, A. Hoskin
Otto Flaten
Ted Strand
1SGS tost L3
USGS teet 39
UGS test M2
Theo. Strand
Albert Hefta

K. J. Lucken
fordon Foud
Ingvold Berg

0. G. Grandalen
Alvin Amiandson
O. ¥. Berg

wias B0avas
Ludvig Haugen
H. 0. Myx
Sander Amundson
JSGS test 13
USGS test 27
USGE test 15
USES test 26
Filbert Haagenson
USHS teost 16
Portland Creamery
Sechool well
USES test U5
T30S test Uh
7SGS test 17
1SGS tast W1

RICORDS OF WELLS

<l -

Dopth of  Daeter T Ty b
vell ( 1111‘1’“‘:{‘:) Nammloted
(fuht)
8 36 Dug 1939
25 36 .80, 193
150 2 DFilled 1913
500 L eodo.. 1931
450 u ..Go.. 1942
126 5 . 7-13-U8
2D 30 Dug, 194k
430 b Drilled  10LU
450 4 5800 o
37 5 ..00., 0-25-48
L75 2 ..do.. 1945
30 3-to 1} ..do,. 1021
5 k2 Dug 1933
500 3 to 1% Drilled 1942
27 T8 ..d0,,  10-1-Lg
12 5 ..do..  9-25-ug
37 5 s 800 s 10-1-43
Lg7 3 to 13 ..do,.  10u3
. W70 4 ..do.. 1023
530 % to 2 v.do.. 1044
600 2 ..do.. 1210
557 1 g0 2 esdo.. 1933
518 3 to 1% o804 s 1931
134 3 ..d0., 1903
14 k2 Dug 1031
106 3 Boroed 1939
16 36 Dug .
450 2 Drilled 1845
4ao 2 cedo,. 145
17 5 sed0..  7-10-18
92 5 voB0ee T8
116 5 vedOn. 7.1b.Lg
o7 5 . T - 7-2-1¢
471 3 st 191k
130 5 e0do;. 7-15-Ug
450 3 ceqC.. 1948
450 3 £o0 2 ..do..,  10ug
h2 5 ..do..  10-10-48
3T 5 cedo..  10-9-Ug
120 5 e 80w a 7--16-4¢
k2 5 codo.,  9-26-U8



L0GS OF TIST HULMWS Tu THE PORTLAWD ARWA, M, DAX.

Wo. 1, 1U0-A3.330bd

Mnterinl Thicknoss Dupth

T (foot) Tfcet)
Topeoil, black, sandyece.-vevs e T 2 2
Sand, brown, fine to medivm, Zrrvell¥....vees-u. 8 20
SAnd; @dray, HBATUR, CLOPET: «s avseveves e Tes ia 5 25
Sand, very fino to fine, Silt¥.eeveeiveenrieeres U5 70
Sand, filue, some ligaite pedbbles, siltyv......... 15 g5
Sand, very fine, siltVeieiveconsesicasnsnscnsoncs 10 95
P11, very aofdy CYaVic.s e e o vawies o ses 12 107
™11, grany sandy clav with shnle DebblaS.e.er... Ul 151
Till, clay, sand ~nd bouldors..sceceescecasennnas 21l 172

o, 2, 146.-.53-28cdd

TopEndl; DIACK, SEBAY iwsevinssw e Esen e 2 3
Sand, fine, with o very little gravel.i.ie.vecese, 17 20
o R - SR — oo mv e mwend epeeans OO o)
Sand, very fine to fine, silty..iiveennccecnnsan 15 K

Sand, fine; silty And Clayereiseseiivivnscasnasnns 15 70
Ti1l, snndry clay with shrle pebbhlcs,...vencncees 35 10/
T411, sandy a2d bonldery clay:cessssseacacssaess 70 175
Cravil, cloyeYessssessccsscans vessessencrensenss 10 185
Till, sandy and bouldery €lay..esesensacscocenns 31 216

Wo. 3, 146-53-7d4dd

Gravel, fine to coarse, And send...sveresscacese L0 10
Sepd, a8 o 1itble eravel. vescievivvissanneasves A 2U
Mil1l, smdy arné gravelly ClaYessescavsssoessraane ug 70
Sand, fine, with a very little gravel.ieeivesenes 25 105
s b G ) 7R T R ——— sw gesas pEssEeve 30 135

T11l, sandy and bouldery Clay...coeeeesavecessess 34 169

Yo. 4, 146-52_gcaa

D411 (7)) EPaveliy,; @roy Cl&fievives sovvavisssos 5 5
Sond, TG suienanins unesanos sERNEE e seRiEs DD 70
Send, very fire %0 fine, 8iltyesiecronnaoiesnnsn 45 115
Till, clayr with shale pebbles and limecstone

BORLBEPE s sonw w0 65000 8 aami s R tieensrinseese OB 14
Sand, ¢ravelly and DoulderBicssarsesssae s sveisis 7 14g
Till, sandy and gravelly clay..iscs-cecneren T 13 161



LOGS OF TEST HOLES I TIE PORTLAD AREA, I, DAX. - Coutinued

No. R, 146-53-8ddd

Materinl

TSaud, moatly Tine, with n 11ttle pravel...eeve..
LY (7)), wellot PEATEIAY OXaWus vensnin so v o
TI1L (2), pray gravelly Slaviss. soqnss ionssios vss .
SAnd; very fins %o finesssvs viscnnsvsenaniniaies
Till (?), gray clav with shale and limestone
PEDINLOE oot ko ine sivin wommim o R O— N
BONG, I o vim v mim mms wm e o o v G e A
7111, sandy and gravellv CLAY s s www wniiarin ves e
Till, bouldery clay.eeeee...

LR 'Y

Wo. 6, 14E-53-5abb

Ti11 (?), yellow clay with shale and limestone

PeDDLES v cnnw o an as e R e e np—
Sand, mostlyv fine, eraVPTlv....~.. s
P11 (Y), vellow gravelly cleFu.svscvsvsosssasos
S1lt, eray, eravell¥iceviseesonss s qns VARG S
Till, bouldery cla.ieseeveess OO .~ -

To. 7, 146-53-2aad

Tongoll; Vlock, sand¥issis isissniisseonsasiiisa
Clay, vellow, »ebbl¥eees-evroanssn N M
OLlay, DIUS=2PaN .. seessne conms s smvan AR
Till, light-grayr, gravelly and bouldery clay....

Till, medium~-gray, bovldery claeeicesec.oseonces
Till, dark-gray, bouldery ClaY.ieeeeasssevavavsss
DAy CalTOM . sowwimn s seiem e w5 e
Clay or shale, dark-gray..ecescaees B RN ST
811t or siltstone and cloy or shaless.aveesvsnse
Siltstone, light-sray, fine, sandyecesessessnans

o, 3, 1U6-K3-2abe

Topsoil, black.sessssssossisersassssrsrssnsssnns
T41) (1), evay, pebbly claressssvisvnsinssssanas
S1i1t, ellow, shell fragmentsS...sesesecsscoevens
Cloy, gray, commact, fissllessececsccacsscancnns
7111, gray, sondy with shale mebbles.iieenenen.s
Shele; Bravele s swmmeeinee v sy s se SR STEs Ko
Ti1ll, gray clesy with shale and limestone nebbles
Till, dark-gray, sandy, pebhly ClnVesiescsscsans
Till, bouldery clayiessseassenns L Lk i
mill, gray clav with shale and 1imestone pebbles
Clay, gray, sandy, oravelly.s.esescessnsecsseces
Shale and siltstone interbedded, Srafecceceeess.
Clay, white to pinkeyewae we s vasas e seme ey weens
Clay, light-brovn,i-sesisssssssssvsnssansssnnrons

- 43 -

'Phh ‘Lnoan
t't‘t)

It

15

25
20
28
Lg

18
15
75
45

[~
-

17
63
30
15

O na

29
16
14
;3
19
20
40
30
30
170
20
27

Depth
(faet)

l

13
20

35

£0
0
10€
156

12
21
29
89
117

20

35
110
155
210
227
290
320
335

11
Lo
56
70
71
90
110
150
180
210
380
L1oo
Uo7



LOGS QF TNST HOLWS T THE PORTLARD ANEA, W, PAY. - Contiimed

Yo, 9, 147-H2-3lcce

Material Thickness Depth

T “(feet) (fert)
Popeoil; Black; 1MV eies e cwies o eweasas v e 2 2
Clar, Pellobuscuceveves saveveiseiusssason T — 2l 26
Clay, groy, hurd, filesllec ievesscssseionsnsiis 23 g
Till, sandy and pebbly gray Clayeises - cvecassss 18 67
Shole £ravel, Clayece.eseee nnaccesn sosasesnse 2 69
T111l, gravelly and borldery ClaVi.sescisssessva 66 135

Wo. 10, 1U7-52-33ddd

Clry, wellow, siltyeeeovncssscsnoncossonsnssans 16 16
CLOY, EPOFes vonnserss sransesss cosaens ornaessns s 2T 53
Till, clay with shale and limestone pebbles.... o7 150
GBrovel,: ClaFeFve s i v v ee vy v e Ve e e 6 156
Till, bouldery Clayicisceesvosastrorsnssssneses 2l 177
Grfavel, bouldery, chiefly shnle nebbles.ese.s.. 2 179
Pi1Y, eravelly; DoulAERT BLAT . wes wrmyenss oo 6 185
Gravel, chiefly shale DebbleScesssacecscansnens 9 194
D1, gravelly elaViisasei veveionas ane v e 19 213
Send with shale pebbles.arivieinssesenresaansns i 2 215
Clay, £ray, fine, SANAY vesessseecescnconssonns 60 275
Clax, brown, fine, sondyeeievecersisesrasoncnse 2H 300
Ciry, gray, intorbedded silt and fine sand..... 17 317
Clay, white or light—gray.ceccscvacensranrnvens 3 320
Clay, light-brown, interbedded fine sane..s... 5 325
Clay, gray, interbedded silt and fine sand..... 20 345
Send, coarse, well-rounded quartz grainS...c.... 20 365
Clay, AToreiaesyn vo ek o valh PEs VAR e e 5 370
Send, coarse to fine, well rounded quartz

ErAINS s tstassrsnasarisbsaisssessssisonnasioe 15 285
Clay oF ShAle, cceaersvrsoscss nnssocannsansnnes 10 395
Glay, 0aTk-=DIroWhees s esenseane smassvans poresss o) 400
Clay, sray, iuterbedded fine to medium sand.... 15 415
Play or ghale, BIOMMey e spuwsan devs@eain snmeees 5 420
Clar of shale, i Talfcives ivnsscn saEveewen S sy 15 435
Cley or shele, DIACK.. wrenidesd trdessnesasiosns 5 4o
Clay or Shale, ETAY:vesesacsessesseassnrranancae 1 Wy
Clay, white, talc-like, ~nd angular quartz
F i - R S EE SR R e SR 5 Y52
Clay, interbedded white and red, tale-like,

angnlor munrb®. saoiscasianinses snasveses desevei 9 5L47

chywJ

Clay, greenish—gray, tole-likeessececeecaverans

Core, hard comnact mudstone, light greenish-
gray with thin bands brick-red; chiefly clay
with abundant angulsr quartz and some light-
colored mica. Appenrs to have beer a fine-
grained foliate before alteration ( weather—
ing) and possibly rhyolitic in composition... g 561

- Ll -

553



LOGS CF TIST HOLAS 177 TUIE PORTLAD AREL, I, DAK.= Contimmed

To, 11, 1L47-51-32ddd

Uaterial Thickness Depth
(feet) (foct)

TOPSOil, blaf.'l{. Sandy”o.......o.-..-.-.-.-.u. 1 1
Somds FIN@ussssi i os faimsan i shlaia e it s & 9
Sand, fine, silty, Clayeyesiessracsressssosnsns 2l 30
Ol B o s w e S A SRR N RN SRRk 4o 70
Till, gray clay with shalec and limestone

PEODLES  wwweins o wv e @ e sn e wes o= driaaae we - 29 o9
Gravel, chiefly shale pebbleSescecsavsansnsasnss 1 100
Till, Bouldery Claleeeeveeeves . coseanereassoses 68 168
Sand. 800 SIEVELcw s ermv e s v s wa sow e 12 180
TIEly Pravelly elaFiseeive svivpiie sy e e aesie 10 190

o, 12, 146-5l-lnnn

Topaudl, black, g11dF.es cownanuwor vorenmnnnrwes 1 1
7411 (7), yellow clay with gravel nnd cobbles. 3 4
Cloyy ywellov, sdlbiuis avisianes seeaidv saiies 23 27
Clay, DINC—grayec:sserssorcscssssesonsassssnass 56 a3

Sand, €OnTSe, ArAVELLlTeeevareooneesnssesonans 6 £9
Til), ¢ravelly =nd bouldery ClaYeeessesosncses 19 108
Sﬁ-nd—' coarse, {','1‘:’!,"-?{111:’:..-..--.-...-‘.....-oo.. 2 110

TLIl, Efrye)ly elmress divs v doinissssasssvens 50 160

To, 13, 147-53-35naa

Topsoil, black, silt¥eceecsrsarcscecssasosnnes 1 1
Clay, vellow, silty and sand¥eecececsssesasess 25 26
Sand, fine to coarse, Siltyecescscassncvesacean 9 25
Cravel and send, 8iltVeceecsrrevasssosconcanes 7 Uo

Till, sandy ~nd grovelly clayeeesessesesessnen 37 79
Shnle gravel, ClayeYeesssessevsrssossosnsersne 1 g0
mi11, sandy =nd gravelly claYe.cescessssesoses 30 110
Sand and gravel, mostly shalc grains end

RTS8 o v wmmmmtn swhdimnn b e SR ERTTARS SR L 114
T111, Erovelly ClaYe..eecssscsressscrascsaassns 33 147

To. 14, 1U7-53-25cce

Topsoll, blackessssoisiasssiossssnisavssonnsns 1 %
Clay, wvellow, silty, wood fragments ot base .. 19 20
Cloy, Dlue—Brayessvescrssensnccssssssssansonsas 18 38
Till, light-gray, sandy, gravelly..c.cicececvaes 12 50
Till, blue-gray, shale nebbles in clayeea.c.eas 20 70
7311, light-gray, sandy, €ravellYecsesesssecss 56 126

- U5 -



LOGS OF TEST OLES 1IW THE PORTLATD ARRA, 11,
No, 1%, 147-h3-3Radal
Materinl Thiclkne

DAk, = Contiiund

ess Dopth

" {(foot) (feot)

TopEalil, Black, EAHAT:cesevenervnsmiee s ve v o

Clny,
Sand ¥
Srnd,
L M

Shale gravel........a...u.....-.......-....

iYL,
Shnle
Till,

Topetil, MIaCivases v snpovels wouRmiion ow e

Clay,

Sand =&

Ti11,
Shale
L i

BrOWh); (SH8  sws coviseres wyRREET TR
fine to wedium, with many shell fragments
coarseioolllol-.t.dlcl‘.t‘l"l!l!-I..i'!&
S(\,nd}f, gr‘a‘\fell',‘y’...............”.......-.
grnvelly..-....-.-......'............-..-

gr:‘vve]-.tto.ln.rlll.t..o.'all..?.'llllll‘.

Sandy, EravVelly.eiererennennsrerrnnsnanne

To. 16, 147-53-353ab

vellow, silty nnd gravellyee.avessasensns
nd gravel, mostly shnle pebbles, clayey..
gmdy, EraVellVecve s ve wvssraswne s wesesas
Eravel; SlaleTes v i e e wieie e e

gr?\re}-l:}‘-s.--.-:u-oot-loaiato!t-lalnti..(-

Wo. 17, 1b7-R3-3%6cad

Tapaoily BlaeEivaess v svamaiag GsEevvy SPULRSAY

Clay,
Ti1Y,
il
Sh=le
Till,

2

B

ey

Y]
-

ilt,
hale
~nd,
Sané,
Shale
Clazry,

Send,

1 Y

mottled vellow and gray, conglomeratic...
DebbLY EPay Clatuiuiar es s kesiis donniesiadn o
dark—gray gravelly clay.eeeecvsracreinenvas
EFael, BYEVETcame e s sy e
ey EravellY elaF. vo vw viens e v e e st

¥o. 21, 146-53-15bbe

L1068 10 HR0IIM e wwmene e sawws v s ses vewe
aligrey, BERAF v v o% s ey e
SeNd: COAYESGers s Fe e Eee o8 SR e e
brovwn, fineiicisnsainisisscssbssivssesnse
very fine to fine, with lignite fragments
SEN, CORPEE G wawan wokm b es e wumes wee e
siliy nnd sAldYecicre cvvanvaressssiasivas

f-:rﬂ:-' -\?er?‘r fine.locolocboo-u-uooco-cotll'

Silt or soand, very finG.i.escesecncsisansessiens

v U6

WIS~ !

b7

oL

1156

29
59

&8
130

A\
Tkt

50

100
126

OO X} o g
MM o~ n

e Mo

[



LOGS OF TZS™ HOLIS IiT THE PORTLAID ARWA, Y. DAY, - Continued

o, 22, 146-53.-16chb

Materinl Thickness Depth

\Teot) rfnwt)
Clny, mottled yellow mnd sray, 81ltecesiceesees 10 12
Shnle, gravel, fine, clavey; lignite flakes.i... 14 27
T111, sandy, egravelly:; lignite flakesS..sieviessss 15 102

To, 23, l46-53-1bcce

DXy YOLLOW, SRR o wwvies v ¢ @s e Gae e e e 2 e
Sﬂnd, 1iéht—hr0\“m. ftne..ox-latovoot-otﬁcvall-o. 5 7
Sand, light<grny, S1lbMisesceecscacasscsnnnossns 25 32
Send, light—tan, very fine..eeecesss-cosesese-nvs ) 37
Sand, light—gray, very fineces.cesvesascsornsnss 35 72
Sand, light-brown, very fine, silteeevssrvevence 30 102
o, 24, 1L6-K3-21bce
Tonsoll, BLACK) SEAT e s samanes mwmses s e 2 2
Sﬂ'ﬂ.d, 1j,f;ht°-tﬂ1'1, fine. SiltYQoaa..-.o-oo--ln--- 5 ?
Srnd, licht-gray, fine to very fine.eeeiesvio..nw 10 17
Send, light-gray, very fine, silty ond clayey.. 65 g2
Oloy, light—grey, silty nnd sandyeecececenreoss 20 102
o, 25, 1U6-53-28bbd
Topeoil, Black, BANAY..ssssavinsssavsssniansone 2 2
Sand, light-tan, fine to very fine.eiicesnseses 10 12
Srnd, Yight=graw, ClayaViescrsovnrs pvsmsmaee ve e 10 22
Sand; light-gray; Ting.siscsssnsissnasass savnaos 30 he
Send, light-gray, very fine, claoyef.eeseranssse 10 62
Sflﬂd, liﬂht-grﬂy’ finealvtacn--u.tuuvtotl..ocon 30 92
Till, sandy and gravelly Clafeecsesssecsconsvse 10 102
Yo. 26, 147-53-35ada2
Topsoil, black, sandec.sseesacvcsssccssscsccacs 2 2
Sand, brown, fine, silty and claoyey..s.oeceeees 25 27
Send and shale gravel, fine and claye eesevoaes 10 37
Shole sond and gravel, clayrey 30 67
No. 27, 1U47-53~35aad
Sand, light-brown, very fine, siltFeseeveeeecsse 12 12
Snnd, light-brown, fine to COAYrsSEsecsiscsnscecss 15 27
Sand, light-gray, fine to coarse, and shale
pebhles....u....-.........--...-...- ------- .. 10 3?
Clay, £ray, 6ANAYes scccssrsssassneisssisvenssas 10 47
Shﬂle S:"Lnd., COﬂI‘SG, clnyEyl.v.l!l'.l’...l'll'.ll 5 52

BT



LOGS OF TEST FOLTS IV THE PONTLAND ARHEA, N.

DA,

Yo, 27, 1h47-H3-3%nad (econtiimod)

Haterinl Thickneun

Shele gravel, fine, Cloyefesiessssesssssasnnas 17
o, 810t SOHOY.. csswe cmwn smmgavemene sumas e 10
Sh'lle Bﬂ.nd. CO:’LI‘SB, cl\we:‘c R N I I A A R R A S R S R A 15

Wo. 30, 1lUb-53-8ana

Popsoil, blaclk, BAUAT e vvewr v e smom ey sn nwss 2
Sand, light-tan, very fine, siltyeececiincnensn 30
Cl'l:,", light—gi!‘ﬂ.},?;.......,......---.----------n 5

Wo, 31, 1U6-53-Kdce

Tepsoil; Black, Eravelly:iiesen svevcaves siiene
Sand, light-tnn, fine to medium..c.ivevvroceans
Sand, tan to gray, very fine to finecsevoevvoss
Olay, OLIVEO-EIaTe s us snmmonmen weenyssass sanmne

[AS]
JHAJTNTT NI

Mo, 32, 146-53%-Tana

Topgoil, hlack, S8BT isnasiveninscwiadeisy aaaese
Sand, tan to gray, very fiae to finess.enrecans
Sand, light-tan, very fine, clayeVee:esecrnanan
CLay, light-gray, S1IVFiee eseeviie evws v smmes sias

n g
Mmoo

Mo, 33, 146-53-Tban

Topsoil, Dlack, SANATscssscomaanrwsasaeseassans 2
Sand, tan, fine; contnrins some enlecareous

CemEnYiy oh vl es sl v se SEEV eV aE v s B
S~nd, light-brown, finGiesscerecssccnesencnnane B
Snnd, grryish-tan, very fine to fint...ee.necve 5
Sand, groy, very fine, Clalefesvavservenvessans 10
Silt ~nd very fine sand, Erayeccescecsacsacs o 20
Clny, light-grny, silty, comnactic.issesisrsaces 5

o, 36, 1bh6-5l-1ddd

Tepsoil, Blogl, BARAY, civevesivs coemieess s e 2
Sand, grayish-tan, very fine $0 fiCeveeerssens 5
Send, ‘ton, very fine, ClnyeNiissisiessenenasess 5
Silt, gray %o tan, fine sANGi eeiveerereessecene 10
Chriary, BOET; COMPHE amien wime wme vume bmmenyem e mos 5

(foot)

- Continuad
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LOGS OF mRST WOT.ES Tif TifF PORTLASD ARVA, . DAK. « Covdimied
No. 37, Lhi-Glieldee

Materinl Thicimess Dopth
(fect) (feet)

Topaoil, Blanlk, BT ciss vemes vesswaees oanmmess
Clok,: FelloVeessvun eveesiumns Cewaumg v daeves i
Snnd, light-ton, fine to conrse, Clayelesiss.s
Snnd nnd clay, interbeddediiveverineevonrencnn

cl?\‘y' grf‘r.ll..llliliill!.t.l.l..’l.l..‘-‘l.ﬁ"

WA na
e
n

¥o. 38, 146-5U~12bbb

Topsoil' blfnck’ S?nd:;'.ﬁl“.t'...I.I.'l'l.ﬂ.‘.. 2 2

Sond, gravish-ten, very fine to finGsioseosass. 25 27
Sond, very £ie;, 81T e cvesres cemenmses anene 20 U7
BLAG, Tlpktegrair, BLIER: cowspes wowmmns e cnmens 15 62

Mo. 39, 1L47-53-27dadl

TOPSOil, .01"0‘1'111, S‘f'.nd:.:‘l!!\ll.t.%l.l.ttoﬂ.lll..‘l
S~nd, grayish-brown, very fine,.ieeeiesceana.. X

fab]

o

12
To, 40, 147-53-26cad
TO}'}SOil, bTO‘-'Fl'I.. S:"\nd@'.-..-n.-o..-..-..-..a-.e-

Silt, gray, cloyey, sandVeessescesncvcsnannnas
Sand, fine to coarse, clnyey, fresh-water

g
-

12
17
27
32
37

Shells;-;-o:h..»-At-.lolu.--olt.-c..-oouoota

Silt and clry, sendyr, smnll anail shells......
Sond nnd Erovelessaesssssrornesrssnr oo senne 1
Snd, conrge, CLAIeT s swes vewes sk swass oowes
Ti1l, gray, cloyey and grovelly silbo.........

16, B e N ) R T

o, 41, 147-53-36¢bd

Topsoil, grayish-brown, silty.cecesceracaccens
Clay, brown, siltVe.ceees-cossosssinsss eesases
Sand, coarse, silty with fresh-water shells...
Silt ~and clay, gray, £ravellye...casssessseses
Till, gray, cloaver nnd gravelly siltcieevcseen

-

17
22

37

=
TN AT O

o, 42, 1L47-53-27dnd2

Topsoil, DrOWieeeesssasscncssoosascrassesonsses 2 2
Claw, brown, siltyiesecsccensscsssensssarasvens 10 2
Oloy, Yoy, SANAYiceesscinese rs sovssanaonssony 5] 17
Send, conrse, ClATeYiiessssssas-sssseasssnnncs 10 27

Ti1l, gray, clayey nnd gravelly siltisec..c.oss 10 37

w Ny



Topsnll, Brewsn; BMdYeseeasssns osomseems s o
Sand, tan, very fine, ClAYETesieesirsnasrivanin
Clny, Duff; silby, sMOTieovews coenive s civasss 1
Crewal, and 8and,, veaes seianesss sansesnnn smiepiae
Til1l, gray, gravelly rnd silty elove.cencsnnsons

Topsoil, light-brovmn, s md¥escisosabviassoises
C].'ly, b‘”uff. Si.lt}.’n-.ooe.aocooo--ueutuoo&o-nonlv
T11Y, Bff, Eravelly elnyucee vrwmeen cw emesesns
SAnd @ Tine ZravEel. e saves seewsees ve cniswen i
T111l, grey, grovelly ClaFicscsesssvssnsssein e

LOAS OF MRS HOLNS 117 Tt PORTLATD ARTA, *f, DAX.
No. U3, 1U7-R3-27dnn

Faterind Thicl-ness

T (feen)

L5 1 Y 3 I o = W

Wo. Ul, 147-53-36can

o
O WO\

|

Wo. 45, 147-53-36ncc

Popsoil, brown, Silt¥ecssucosvocrssesnonsonens 2

Clny, grayish-tan, silty, comprct...ceccene-ue 15

Clay, gray, silty, fresh-woter shellS.eceesces. 1

Till, grey, gravelly, silty Claveeeveseccseses 15
-~ 50 -

82833

Intericr - Duplicating Section, Washington, D. C.
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