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The town of Portland lo in tho woot-central part of Train

Count, .',

	

Dal :, about 2

	

loo woot of .::ayvillo . It bno a popu-

lation of about .550, Tho town hao no public wator oyotoin

	

tha

prosont tine, and it io octimatod that 40,000 to 5'0,CCO olllon c

of uator I day would bo roquiroci for a oatiofaotory punicipal

cuPPIY .

Tho Portland area io in the hoc?. Aivor Vnlloy . Tho

	

Vallo f

delta aaLon up tho woo tern part of tho aroa ; the oa:torn `art io

charactorizod by the foaturolocni Lal :o Lasciz plain. : area i s

drainod by the Goooc :av r, ito north - .no oonth brancoc, and nino r

tributarbs .

In doocondinE ordor, tho ctratiErachic unito in the Portland

nroa nro : (1) rive . alluvitua, which Cicero the 7alloy of th GoOc o

7dvor and ito principal -,ributarioo ; (1) icn-raftod drift ; () Ln::o

which conolot of a 4,in :.1o unit of fin- ..an d

oomprioin tho ]lk Valley

	

ald of two unito (a bT.oal clay

unit and an ovorlyi!K cilt unit) oloowhoro ; (4) till and arnociato d

lacioaquoous dopooito ; ()') Crotacoouo (?) rocl.^, of which tho

3ontoa shale and the Dalcota oandotono nay be roprooontod in thi n

area ; and (6) tho pro-Caubrian baoOtIont cola'?lcn of crystalline

rockc .
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There are a few shallow dug vans in the .ri.vr r ni]evium, but no

wells of very lyre cepecity are known to tap this meteria.l . At ieee t

two attempts were made to develop wells in the river el] .nvi.um n s

possible sources of water supply for the town of Portland, and . both

attempts were unsuccessful . It seems unlikely that wells of capa-

cities suitable for municipal or industrial uses co , ld be develope d

in the alluvium .

The ice-rafted drift probably cont=ains no important aquifers ;

this is true also of the clay and silt units of the 1<ake Agassi z

deposits in this area . .

The sediments of the Elk Valley delta furnish water of rela-

tively low mineral content to many farm wells ranting from 7 to F5

feet in depth, and also supports several significant springs whic h

issue along its eastern margin . A large volume of water is store d

in the delta sands, and there is ample opportunity for seasona l

recharge to the sands by direct penetration of water from rain an d

melting snow over their entire area . However, the sands arc so fin e

that ground-water developments practical for municipal e.nd industrial

purposes probably world require the use of special methods sech a s

lateral water collectors or batteries of wells .

Only a few thin aquifers were encountered by test drilling i n

the till and associates glacioanueou.s deposits which underlie th e

Lake A ;a.seiz deposits . none of those a quifers appear to be signi-

ficant as possible sources of municipal or industrial supplies .

The Dakota (?) sandstone yields highly mineralized water t o

wells over most of the area, and . the wells of highest yield in the

area arc obtained. from this formation . A pumping test made on the
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new Portland creanerp well indicates that the coefficient of trans-

mleeibiiity of the formation in this area is ?ll\ce t 11,100 ; al1en e

per any t'er foot, and the coefficient of : torare Is about C .(1n )Y .

The 1-day specific capacity of the new creamery well is estimate d

to be about 2- gallons per minute per foot of drawdown. . It seems

likely, therefore, that wells yielding several hundred canons a

minute could be obtained in this formation ; it also op-nears tha t

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 there, is little

or no opportunity for seasonal recharge from precipitation, s o

that most or all of the water taken would be derived from storag e

within the aquifer .

Pro-Cambrian crystalline rocks, locally referred to as trranite ,

underlie the Cretaceous (?) rocks . There are no wells in th e

crystallire rocks in the Portland area, and it is generally cor. -

sidcred useless to drill deeper for water when these rocks ar e

reached .



I11T?tOIYITCTION

Purpose and Scopof_the	 Investigation

This progress report on the geology and ground-water resource s

of Traill County, is a part of the studies being made by the U . S .

Geological Survey in cooperation with the ITorth Dakota State Wate r

Conservation Commission and the State Geological Survey . The purpose

of these general studies is to determine the occurrence, movement ,

discharge, and recharge of the ground,-water, and the quantity an d

quality of such water available for all purposes, including municipal ,

domestic, stock, irrigation, and industrial . At present, the mos t

critical need_ is for adequate perennial water su pplies for many town s

and small cities throughout the State wishing to construct municipa l

water-sup ply and sewage-disposal systems . aor this reason, th e

county-wide studies are being started in the vicinity of thos e

towns that request the help of the State ?rater Conservation Commissio n

and the State Geologist in locating suitable ground-water supelies .

Progress reports are being released. before the completion of the

general studies so that the data may be available to the towns a s

soon as possible and to others concerned with immediate problems .

The area described in this report comprises most of the four town -

ships nearest the village of Portland, as that area is of the mos t

immediate interest to the village in its search for an ade quat e

water supply .

yield work in the area was done chiefly in lay 1947 and June ,

July, a.nd September, 194S . It consisted of (1) gathering of infor-

mation, on many of the existing wells, including measurements o f

depth and. water level where possible, (2) study of the surface geology ,

- 4 .-
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(3) establishment of elevations at wells and tut holes, ()4) dril' ing

of 3E tent holis to depths betwot a 12 and. 51 1 foot for a total o r

,4b0 Vre, t, a rep ta lking of ditch oempleci and eoero of the aerth

materials, (5) collection and submission for chemical analysis o f

samples of water from the various aquifers encountered by tes t

holes and existing wells, and (6) test pumping of wells to determin e

the quantitative capacities of the water-bearing materials .

Laboratory and. office work

were done chiefly in the winte r

It included (1) examination and

the test holes, (2) correlatio n

mination of permeability of som e

chemical analyses of the waters,

connected with the investigatio n

of 1948-49 and the summer of 19 1 9 .

analysis of cuttings and cores fro m

of well logs, (3) laboratory deter-

samples, N interpretation o f

(5) compilation or well, test-

hole, and other data, and (6) preparation of illustrations end a

report on the investigation .

Location and General Features ofthe Area

The area covered by this report includes most of four townships :

T . 146 N.,R. 53 and part of 52 W ., and. T . 117 NT., R. 53 and part of

52 t'' ., in Traill County, I . Dale . Portland and Mayvillc are the

only towns in the area, Portland Junction, Roseville, and Murra y

being simply stations on the railways (see fig . 1) . Portland i s

near the center of the area about 35 miles southwest of Grand Forks .

It has a population of about 550 and lies at an elevation of abou t

9155 fact above sea level . It is on State Highways 7 and 18 and als o

on a branch of the Great Northern Railway. 1ayville, with a popu-

lation of about 1,350, is on the same highways but on a differen t

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

--5-



in t13 area, and tho townc sorvo ae shopoinL contro

	

as ship

points on the

Tho clinato is rorovc, .71,:i	 tonporlturos 1r o

ploasantly low but i:1aj roach. 1000 or hi ;-; hor for short poriods .

'I'DiAporaturo of )00 U0104! zoro and lowor arc not unconnon durinE

tho wi:ltor . AooordinL. to

	

Bureau rocords, 1;t roan '1nua l

t-on poraturo t Crane Tor :hs 12 )8 . ( 0 , and trio -icarannual procipi-

tation is 1' .40 inohos . :Cbout 30 porcont of t,ho prociitation oc :urs

as rain

	

thO tonthr of

	

rl' biro': 0u :optonbor, inclucivo .

L aic area is part of to ::ostorn o1 ;nE 'drift ooction of tn o

Control Lowland provinco I/ and in the Rod .Tivcr Valloy aro o f

Sithpson

	

Thc Rod Rivor Valley is a broad, flot

	

acial-laho

plain nodifiod cniofly by low boach rid es and doltao . Tho Port -

land aroa is crossod by sovoral boach ridLoc aod includos a par t

Of tho oouthoastorn odo of too

	

Valluy dolta (cue fi . 1) .

Tbo T:Iacial-lSdoo lain . hoc boon only olihtly nodifiod by sub -

sc :7uont orosiOn, thoro :Join no Intor:rotod drainL:o across tne broa d

dividos botwoon tho inciood Illoandor channels of Lho stroanS . Th e

Coos :: Rivor, its north and south. branchos,

	

rilnor tributorio c

constit

	

the

	

systont of tali, aroa . 7ho flood plai]f of tho

throo naio branchuo of tho Coos- Rivor vary fro :i 00 foot to

	

quart o r

02 I nilo in width and avorT :o abput 40 foot in doioth . Tho stroano ,

:cent in flood staso, occupy narrow chanoolo cut about 2 :5 foot into

the flood laino .

Fonnonan, I . 11 ., Ph:oioLraph7 of' tho oastorn Unitod

	

p .
i :ooraw- :Iill 2aoL: Co ., 1)3 .

.1inpoon,

	

and

	

rooourcoo of .:orth
Dahota : U .

	

Col . Ourvoy,

	

tor-3uply Papor

	

“2 2
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L'r k)v i (not Inv' Li , . Linn :

	

n(1ol k

roo,- ark; no provious ro)ort on L e i_ . :ook.o,ronnd-1

	

r

n3ronrcoo o, Lho Portland aroc., but 1r io dooorl.b.-d :;n , .Iora l

s'.udios o : 1 rLr

	

'-ni,poon f,e/ dioou

	

rround-wato r

rosourOos of T'r'ill County in 3nnral torns and lint d

	

,̀ .' . ; t i

ty -, ioal vcllo in tlo ar':I . Th., conprohonsivo r :,udy o: Lako ,aosi n

by Uphm A/ includoc nany dotnilo of tho ?ortland ar0a .

This is the second pro;roos ronort on Traill County, an oarlio r

roport on tho du ton area ./ havil-' boon rile sod (soo fl : . 1) .

alnlyoos of wator

	

nlploo 2roill two \ ;ollo in t4c ?ortlao d

aroa aro includod in nrth Dakota Goolo :ical burvoy 3ullotin 11 .

Tho prosont invnstiEntion wao ntado undor tho onoral suporvision

of A .

	

Sayre, GooloLict in Char :a of tho Ground Thtnr i3ranch ,

ator aosonrcos Division, of tho Fodoral

	

.urvoy . A ')srt

of tho woll invontory was nado

	

Gilbort au!), and. onalni _ rI7.ti0o 0 2

the toot-Halo sair

	

won, nndo by non tin 2nulson . Tknst drillinE

was dono by Ray Daniolson, Gco r ,:o : :Cnaotor, loith Hanson, Gilbor t

Iuolrtin ?auloon, and 7kobort Aakor,

	

rocordo obtainod by

tho county aososocrs in 1y :7' as a part of a Gtato-wido !o21 inventory

undor tho ::orks 7'rojoots ndniniotration uero ado availablo and nian y

of thool ar, includod in this roport .

;/ Op, cit .
L.V UphaD, : :arron, Tho :1acial La ' _ ., Aooiz : U . S . Gaol . 3urvoy

2 5, 1 .!3 .
t,onnis, 2 . 1;3 ., Ground Uatnr aoar Buxton, Traill County , - ri, Dak . ,

U .

	

Gaol . L,urvoy iiinoo . ropt ., 1CA7 .
LS/ Abbott, G . A ., and Voodisch, F, ., Tho iAunioipal (round-wato r

supplies of -.kcrthDakota : -1 .,orth Dakota Goal, urvoy Bull . 11, 1 .7;18 .
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Work wes facilitated_ by the excellent coon ration of all r(sicT .ent s

of the area and, particularly, b:T the interest and assistance of th e

town officials at Portland .

Present ''ratE ;r 5uroalTT and. putere heeds

7ater for domestic, stock, and indu.strin.l uses in the area i s

obtained chiefly from wells, although the well water is supplemente d

in some cases by rain water stored in cisterns, by sprin t; water, or

by water from the Goose River . Field crops are grown without

irrigation and lawns, shrubs, an(' gardens ore watered only infre-

quently by a few peopl_ . Therefore, the chief needs are for domesti c

and stock water on the forms and for municipal and minor industria l

uses in the towns .

Mayville has a municipal water system, the voter being obteine d

chiefly from the river . Deep wells are used to supplement the surfac e

water during dry seasons when there is little, or no water in th e

river . A dam on the river peer Portland formerly arov dod a reser-

voir from which the railroad obtaincd. water, but an inadequate supply

during dry seasons and difficulty in maintaining a watertight dam ar c

said. to have been responsible for its abandonment . Records of dis-

charge of the C=oos . River 6 - miles northwest of Portland hove bee n

kept by the Federal Geological Survey since 1939 . They show that

from about the middle ofJu ly to the m =dhl l e of March there is comeonly

little or no flow in the r iv er, a.nd. that the flow from March to July

varies within wide limits . For example, the maximum discharge in 1945

was 340 second-foot, and ir. 1941 it was 1,130 second-foot . The max-

imum discharge known was about 4,300 second--feet in 1 52, as co mpute d

by the Corps of Rngineers . LI The annual discharge generally range s

17Surfacc-water supply of the United. States, T9~+3t Pt . 5, Hudson ay
and Uppor Mis-issippi . River '3asins : H . S . Geol . Survey Hater-S upply
Paper 975, D . 4s, 1945 .
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between 3,000 end 15,000 acre-feet, equivalent to an overage flow o f

about 4 to 21 second-feet . From these records it appears the .t the

Goose River might provide municipal wrter supoli ;s for Portland. end

Mayville if a.docuate storage facilities were constructed.

The village of Portland has drilled several test holes an d

wells in and near town, but pots ble water in sufficient quantit y

for municipal needs has not boon found . Most of the water used fo r

drinking and culinary purposes is haalod from the Theodore Amb wel l

(146-53--29cdd2), which is in an area of springs about 7 miles north-

west of Portland .

It is estimated that about 40,000 to 50,000 gallons of wate r

a day probably would be required for a satisfactory municipal rate r

supply for Portland, although probably less than hell' that e.mount

is used at the present time .

GEOLOGY AND HYDROLOGY

General

Local Physiography

The Portland area is part of the Red River Valley, which is on e

of the flettest plains in Forth America .. The flatness of the plai n

ana the beach ridges and deltas which constitute its princ ipal relief

features are the result of lake sedimentation and shore-lino erosion .

The general character of the physiogrephic features of the lake plai n

and the probable origin of the features have boon well presented by

. Upham j and Leverett . 9j Only the details noted 6:1ring the

Op . cit .
Leverett, Frank, quaternary geology of Minnesota and parts o f

adjacent States. ; U .S . Geol . Survey Prof . Paper 161, 1932 .

9
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present invaotiation ors) ?rosontod hore ,

The beach rid7o that io so hoomihoht in ti wostern part o f

Portland sail be followed only a short distanco north and oouth o f

At Portland the rid!. o has 11 rolio or lo to 1 fo!t, tho top

having an olovation of :''.both 99 foot above not: !..;vol .- Tho mhtorihl r

of the ridgo arc gray clay or till (sea fig, 2 and log of UjCS tes t

3, p . 56) . It is reported that boulders I;orc ohcouhtorod in th e

first 10 foot of drilling in Portland test hole 2 (see fig . 5) ,

which was drilled on the ridge in 1941, sugeotini. that the ridge

may be till, !rho buff silts thot constitute the surficial matorial

genorally throughout the laho basin bolow the Camboll shore lino

occur bOhoath tho clay of tho beach ridgo . rho beach is considere d

by Upham to be tho Campboll, although it is oomowhat 1ov:or than that

beach 2arthor south whoro it is moro strongly :.ovule ) ; d . iho very

ctronLly dovoloped beach that formo the

	

of the 31k Valle y

(:,)lta wost of Portland is conoidorod by Uph a to be the Tintah ,

It hao a gonoral olovation of about 1,010 to 1,016 foot above

sea level . In viow of those facto, it appoars probable that the

promihoht beach that marks the oast martin of tho delta is the Camp -

boll, and that thoridgo in Portland is a local feature develope d

on a till °high." is furthor suggested that the material of th o

ridge may rorosalt a block of icoraftod till, bocauso ?art of the

materials in it ovorlio the lttoot lane sedilau :hLs .

Tao boundary of the :lh Val l'e'y Cana Is ohown by Upham to extend

eastward to the odgo of 2ortlaod, as shown oc figure 1 . ho shol-n

on figuro 4,

	

prominont otear phoet of tho delta is 2 to a;

milos

	

of of Portland . 7urthormora, -ti= is :ver;r little delta

- 10-



00,!(I

	

of the osnsrpmonL kJ :Poo

	

t .ho looso Ulvor and its

trnutosics havo cut down Ifs: osoarpmonS a! s :i . Lsihotod oomo o f

tab fino sand .

-Loth Upham 1Q/ and Lovorott 11/ show a moraino crosoing th e

lalso plain in the rogion imodistoly north of ?ortland (sec fig . 1) .

Thu evidence for this moraino according to Upham 12/ is 1 (1) the

prosonce of till forming the land surface in the central part of th e

Rod River Valley, (2) small boulders and gravel on tho surface o f

this till, ( ;) slight incqualitios oi' contour of taco lend surface ,

and (4) the Gooso Rapids, from wacre, downstroam from the mouth o f

thu Gooso Rivor, the Rod River doaconds 24 foot in 12 milos, whic h

is about double thu fall olsowhoro along this part of tho river .

This part of tho channel is obstructod by many bouieors .

Uith the aid of aerial photographs an attompt was Mado durin g

the prosont iavostigation to outline :core closely tho hoendario o

of this moral-no, which is thought to have been dopositod in the

lalso wators . . This was found to bo impossiblo without detailed fiel d

worl:, and might not be pos iblo without considorablo drilling, be: -

cause the inequalities of landecontour are clearly

	

uishahlo

only in isolatod areas and not as a continuous bolt . lovortholoss ,

somo information obtained during the study lends support to thc

hypothosis of the occurrence of a water-laid :noraino in this are a

even thou s its boundaries wore not dotorminod . Because thi s

informstion is largely not physiographic, it is presented in a

lator section .

12/ Op, cit ., pl .

	

19,

	

p . 212 .

IV Oo . cit ., fig .

	

19,

	

p .

	

128 .
12/ Op, cit ., p .

	

167.
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Hydrologic Concept s

An "aquifer" is any rock formation or stratum that will yiel d

water in sufficient quantity to be of importance as a source o f

supply. 131 The amount of water that can be stored to an aquife r

is dependent upon its porosity . The unconsolidated rocks such as

clay, sand, and gravel are generally more porous than consolidate d

rocks such as sandstone and limestone, although in some areas th e

consolidated rocks are highly pouous . The water yielding capacity

of a rock is generally somewhat less than its porosity, because som e

water is held in the pore spaces by molecular forces and cannot b e

removed by gravity drainage .

If the water in an aquifer is unconfined by imnervous strat a

above, the water is said to occur under 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, calle d

"specific yield," may approach very closely the porosity of th e

aquifer, If the water is confined in the aquifer by an overlyin g

impermeable stratum so that hydrostatic pressure will cause th e

water to rise in a well above the top of the aquifer, the water i s

said to occur under artesian conditions . In this case, the wate r

level in the well is lowered as water is taken from it, but th e

sediments adjacent to the well are not dewatered . The water i s

yielded as a result of the compression of the aquifer due to th e

Meinzer, O . E., The occurrence of ground water in the Unite d
States, with a discussion of principles : U .S.Geol. Survey Water--
Supply Paper 489, p . 52, 1923
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lowered pressure rather thn,n by gravity d .rainu c . The specific

water-yielding capacity is called the "coefficient cf storage" an d

is generally much smaller than the porosity of the material composin g

the aquifer .

If the pore spoceo are large : nd interconnected, ns they commonly

ore in sand and. gravel, the water is transmitted more or less freely ,

and the rock is said to be permeable, but if the pore maces ar o

very small, as they arc in clay, the water is transmitted very slowl y

or not at oil and the rock is said to be impormea.ble .

There are, then, two fundamental physical properties of an aauifo r

that largely control the movement of water through it, the "specifi c

yield" or "coefficient of storage" and the "permeability ." The

"specific yield" (water table conditions) is defined as the amoun t

of water in cubic feet, that will drain by gravity from e cubic foo t

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

is defined as the amount of water, in cubic feet, that will b e

released from storage in each vertical column of the aquifer havin g

a base 1 foot square, when the water level falls 1 foot ,

The permeability of a rock is measured by th "coefficient o f

permeability" or by the "coefficient of transmissibility," which i s

the average permeability mult iplied by the thickness of the aquifer .

The coefficient of transmissibility is expressed in gallons per da y

per foot and is defined as the number of gallons of water that wil l

pass in 1 day through a vertical strip of the aquifer 1 foot wid e

under a unit hydraulic r;radient . Likewise, it any be thought of a s

the number of gallons of water that will pass in 1 day through a

vertical strip of the aquifer 1 mile wide under €a hydraulic gradient

of 1 foot per mile .
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Essentially all ground water of economic importance is movin g

through the ground from a place of intake or recharge to a place o f

disposal or discharge. Velociti s of a few tensor a few hundr~ d .s

of foot a year probably are most common in aquifers under natura l

conditions .

Ground-water discharge may occur by direct evaporation from th e

soil surface and by transpiration by plants in areas where the wate r

table is near the surface, or by seepage to streams or lakes, o r

to other ground-water bodies where 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 dependen t

uaon the soluble materials present in the a quifer and the length

of time the water is in contact with them . Therefore, the water s

that have been underground longest and have traveled the greates t

distances are commonly more highly mineralized than those tha t

are relatively necr the recharge areas .

The RockMaterials	 andtheir	 Water.-Bearing Characteristic s

Stratigraphic Unit s

Information concerning the geologic formations in the area wa s

obtained principally from 3S test holes drilled by the U . S . Geologica l

Survey during the course of the investigation and from logs of a fe w

privately owned wells . Fifteen test holes were drilled to obtai n

information concerning the river alluvium ; 17 were drilled into th e

delta sand; and 6 were drilled into the till and deeper aquifers ,

In descending order, the stratigraphic units in the Portlan d

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

- 14
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l;inLilt uni ') .,l©uuii ro f (4) till a:,C'. ' .Ls ..oci .:.tod ; lac C1ueou s

deposits ; (J) Crotawous (?) rock': of .:iich the . .ie .:ton s halo and

the _Dakota cand :. .i;ono may bo, repreoen'ood in tali : area ; and (J) pre -

Cambrian crystallinerocks .

diver Alluvium

Sediments yova ,:er than the La .:o •\ a :iz de 70ri :L

	

arc not common

in the Red River tirall y, for the re`:ion is i the st.' _ of inf nic '

in Li erosion cycle initiated lr the disa ; po^_ranec of the lake .

In the Portland . .. 1'3, . only tho valleys of the Ir .oore diver _,od its

north and .oath branches contain an appreciable quantity of Recen t

alluviua. The i reoenco of a considerable thickncoe of alluvium i s

a common feature in n.any of

	

po t`lacial otrean valleys of Korth

Dakota, and many of the valleys are ocnuiliad oy present-day otreams

that are :'much too small to have exc: vated Lae valle s . Tie vall. ys

probably were eroded d arin Las was"La : on of tho last Jaciatton ,

'hen lare quantitICE of .• - tor wore bein` dlschargod from the iael'Lind

ice . The v--all ::yr> ..ore temporarily over d,Jopened and subsequentl y

partly refilled y river alluvia? .

Information. obtained from lff) toot holoo drilled in the valle y

bottoms is the Portland area indicates, that the alluvial fill i s

::enorally about JO to 4o fact thick . It is composed chiefly of sil t

and clay, very floe oaad, and coarse sand and __rrvcl Conch t', e . o f

ticl c off' shalo . There is a rathe rt:~~r

	

rather l,.rEc porcontaL :; of clay

and. silt in n rao i i:icaily n ll the se.mplco from the various test holes



and throughout the thicknesr., of the depoeitr: at each locality.

Nevertheless, there is generally a higher porcentaeo of sand an d

`ravel in the river alluvium than there is in the 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 hav e

boon developed in this formation . About 1941 a private drilling

conpany drilled two test holes in the village park, which is in th e

valley of the South Branch of the Goose River just north of tow n

(see fig„ ) . An attempt was made to develop one of the wells, bu t

it is reported that the yield was insufficient to meet the mods o f

the town ,

In USGS test 13 about 16 feet of sand and gravel was penetrate d

between 26 and 42 foot below the surface, !bout j foot of the grave l

ap peared to be relatively free of fine material and to watrant

a quantitative test of the aquifer, The test hole was cased with

perforated 4-inch casing and, after bachwashing with clear water ,

the well was pumped for several days, The maximum yield of wate r

was only a little more than 1 gallon a minute .

It is possible that the drilling mud was not completely washe d

out of the hole and that an accurate. test of the capacity of the aquife r

was not obtained, However, the recovery curve indicated a very lo w

permeability, and there was no indication that it was not a tru e

test of the capacity of the aquifer ,

There is considerable variation in the materials of the valley

fill (sec fig . 2), and USGS tests 26 and 27 showed fine sand for th e

full thickness of the alluvium . It is possible that a test wel l

constructed in this material might yield rc_ul':.s d :ificrcnt from thos e

- 16 -



ol n ! ., 1m :d

	

1 : , v but, It A , ool,

	

IiI.lo o .i'

:iold could

	

ob-tainod

	

n tho ;,i^ . `.oriel .

Ice-aaftod Drift

Thsro is conoidorablo ovidonco of till at and rn;or tho eurfac o

in tho ?ortlond arcs. . Largo orratics of granito ond other crystallin o

ocks and of liostono and doloeiitn an: _plentiful at the surfo.oo at

soslo localities--for oxalaplc, along the sction-lino road that

extends westward to no county lino. froa a point a Indio south o f

Portland . Till wa oncountorod. in MGT; test 5 at a d.opth of 5 foot

below the surface, and in U0-:3 tost 2,2. and 27 foot, At least ono

oxposuro of till alOng tho valley wall of tho Crooso Giver o .itends

to within about 6 foot of the surfaco and is undorlain by no silt

unit of tho Lake Agassiz deposits .

Sono of those occurrences nay be o :nplainod as high hills o f

till not corlnlotoly covered or barely covered by the lake

	

tors .

Honovor, the till rooting on delta sand in UEiGS test 5 and the

till (?) rostin.g on tho silt unit of the Lake Agas . iz dopooits i n

TJG3 toot 6 can.oot by explained in this aannor ; it appoars tha t

thoou bodies of till as veil as tho orrotics as.: represent ice -

raftod naterial . Thu fact that high hills of till probably woro

prooont in the aroa vould so ._oo to indicate smitablo conditions fo r

the Iodga...:ot of debris-ladcn blocks of ice floating in tho lake,



L'k Adddid nJ l~ o it ;

Thd dridoill add loaf dlddddrddd

	

1 udd1,11t- Id 1: 0

Portland arda ard the Ldkd

	

ddpooits, which day be convddiddtl y

dividdd into a clay unit, a -Alt unit, a :-& a ddltd unit, 2hd clay

unit :cdd thd delta unit are thought to bd diffdrdnt facidd of th3

sdmc -Limo intdrval, dopoditud during the earlier and dcd_)or Baas e s

of the lakd, whin thd oor; line was at thd Lerman and othdr high-

level badchus . The delta sddidddts ard codrodr than either of th e

othdr unitn ; thdy occur chi ly wedt of a prominent dscarpmdd t

referred to by Upham as thd Tintah beach (add fig. 1) . Thd clay

unit was formed lakdward from the delta, add in the Portland drd a

this unit is highly variable id thickness add, in g3noral, is thinno r

than ols7q:hore in the lake area becauso it wad deposited over a hig h

moraidic ridge . The silt unit wao Cepositdd during a late_ flooding:

of the lake, and it completely covcre the clay unit .

	

the lake

that depodited this unit rose high enough only to lap Grier delta

hie silt unit i : not )resent aLiove the delta escarpment.

The LaI:s ALassio Cie odits are gencrally about 30 feet thick near

Portland

	

do fig 2), In order to prddedt a di :dlr picture of th e

origin acid relationships of the decosi

	

it ptear sd3dirable to

roviow briefly the like h i like

	

dnory

his

	

dtLged of the dicconsin ldciation, a Iddrgina l

glddidl lake known ad Lake gaddid wad formed id tee northward-

slopin: Red liver Valley . 7,cCimddt derived mdinly from 1acial till

was depocited in this lake diroctly Troia tha neltin : ice front end by

streams fad by glddial meltwater . . The deeper lake deposit :̀ condiote d

didly of clay, and the coarser didterial was conocntrdtod '.long the



shores to °):m the present beach rid :7es, bore, doltae, and othe r

shoro fouroa . lire gul,ritioe of the forhor land ourfaoe were

ooh,)IoLoly oboeurod by thle blookoL of Hethdont,

	

Vho

PorLlohd oroe 1)oo oor tho oooboru odo ol' ceo (erLho dohs„ : .

hloLor i' of Lake Aaeriz Lao been Audi d ood doocribod by

U?haa, 14/ Tyrell,

	

Johnston,, 16/ Loverett, 17/ and nkiforoff . 18

These authors are not in comp lete agreement, and much additiona l

work will have to be done before the history of the lake is known .

The following brief summary utilizes factual data and interpretation s

from all those authors, coordinated in the light of data obtaine d

during i,lle pre sent study .

Thu ice ap?oare to have meltod first around the thin , edgoo of

the lake that ocou?iod the Red River Valley . Thus the first like s

to form wore small Isolated bodies around the mar,_ins of the valley .

One or more of thoso small lakeo ap?eare to have formodwest of tho

Rod River Valley in northeastern 'Teleon Oounty and to have emptie d

into Lake Agasoiz through the Goldon Valley aad 21k Valley when th e

ice had rotroatod far enough to leave thos .) valley- free of ice .

Althouh no river now occu?iee those valleys throughout _their longth ,

and only small streams ()rose them, the Jacial stream that orizinally

Upham, arron, The glacial Lake Agasoiz : U . 5 . Gaol . Survey

), 1396 .
Tyrell, J . 3 ., The gonoeis of Lake

	

Jour . Goology ,

vol . 8, p? . D11-815, 1896 0
16/ Johnston,

	

.1 ., The goiosia of Lako Agaosizh Joel% Goology ,

vol . 24, 7P . 62'5-6,0, 1916 .
Lovarott, Frank, 7)..iatorhary geology of lihoooota and ?arts of

adjaccht Status : U . 3 . Gool e Survey Prof. Paper 161, 19 '.52 .

18/ Ilikiforoff, O . 0 ., Tho life history of Lake gassiz : Altorhotiv o
intorprotationt ka. Jour . Sci . t aor . 6, vol . 24), 1)7 . 20)-2 ;59, 1947 ,
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ocouOtod toom oarried onffiAnloht

	

at, Hits to faro s lr is, dotdi ,

whloh Uoh'm l.2/ has c , lLod bho 'it VIILof dolts .

	

PncH k o l , !A N H,

	

r

oll of Lilo delta was formod whon the ico largin pauood in the latitud e

of Portland and the postulated enter-lain moraincs wore built . In

this caoo, as the ice melted and tho lake occupied a largor part o f

the valley, the water stood at the height of tho Horman boachos an d

found an outlet to the 1 . siEE1P drainago . Cutting down of the

outlet chanool caused the lako watoro to drop by SUCCOOSiVC stags

to the level of tho Campbell shoe; lino . As the ice front rotroato d

northward, the lehe waters also receded northward until the lake wa s

very nearly or completely drained . Lubsocluontly a roadvanco of the

ice again blocked the northward-flowing drainage, and a final lak e

wao foi'eied in the Red .River Valley . It rose only to the level of

the outlet (Campbell beach) and then recoded .

331ov tho Campboll snore 11116 two distinct units have boo n

identified as corresponding to the two stages of lake flooding, 22/

The lowor and cOmnonly the thickor unit is thinly laminatod bluo-

gray clay ; tho upper and core :only tho thinner unit is moro coarsel y

louinated buff to yellow silt . Howovor, in the Ybrtland area th e

clay unit in some placee io absont or thinner than tho silt uni t

bocauso it: was deposited over hills of till . The 31k Valley delta

lies above tho CaMpboll shore lino, and the waters of the lastlako

flooding never covered it,

	

s notod on p . I l4, it apecars probabl e

that the teach roforrod to in fig . 1 ao trio Tintah actually is the

Campbell beach in the Portland aroa, )

"T-7---7"Op . cit ., , . 10 ) .
20/ Donis, P .

)

	

Akin, P . D., and 1orts, G . F., Jr ., o2, cit ., p . 18 ,
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'Upham 2/ described the formation of the Elk Valley delta a s

resulting largely from the sediment carried into the lake by th e

glacial Elk Valley River, although he recognized the possibilit y

of large contributions of sediment directly from the melting ic e

front . Leverett 22 was concerned about the n:hsonco of

	

delta s

at the mouths of :Lorger rivers such as the Red Lake River, and believe d

that the greater part of the material was contributed directly by

the melting ice . The fine-grained character and excellent assortmen t

of the sediments, together with the <a.lmost total lack of p ebbles ,

boulders, and unassorted blocks and balls of clayey material whic h

one would expect to find in ice-laid deposits, lead the authors t o

fevor Upham's deltaic origin for the Elk valley delta .

The delta sediments are dominantly fine sand and silt . Con-

siderable clay is interbedded with some of the silt and some mediu m

sand occurs locally with the fine send. A little gravel is found

near the surface in a few localities, but none of the test hole s

encountered gravel beneath the water table. On the whole the uni t

is less compacted, even at depth, then are the clay and silt units .

The total thickness of the delta sediments appears to range from abou t

30 to 90 feet in this area .

So far as known the clay unit and the silt unit in the Portlan d

area consist entirely of fine material and contain no importen t

aquifers . On the other hand, the send of the delta unit is one o f

the most important aquifers in the area . Farm wells in the delt a

area obtain ample supplies of water of low mineral content at depth s

21/ op . cit ., p . 333.
22 Op . cit ., pp . 126--127 .
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rro 7 to )

	

Mroo

	

hovi

	

Iolr

	

10 to 21 0

Fallon,

	

Iihuto t uo at t'o hocds of col)od ohln :1, loni Lh-

dolta m-irgio in s :cs . 23 and 55, T . 146 N ., R . ',); L ., and roe . 4 ,

T. 145 W., R . 55 (so- fir . 4) . A wall on too Thoodoro Amb farm

(146-55-28cdd2) dug in ono of thooo spring area„ furnish,s much o f

tho drinkin and culinary wator for Portland .

Tho sand aquifor of tho delta unit ::tonL for 1aaay

north aa(' voet of tho Portbnd aroa. Tho sah''o of which it is compooo d

con;titutc vLry abcoiTtivo ourficial uatcrial, an(' tho aquifor i s

thoroforo subjoct to rochargo .fora direct oc:i .tration of. precipitation

throuLhout th) -.roa of tho d)lta . rho c-J.d g '1 11,:;raL-i at 1)ast 50

foot in thicknes, and tic u,tor

	

rs-ngos bot;'o .n 5 "Inc 1? foo t

bolos: tho surf '',co . It is ovidont from thoso facts that nor;) is a

largo volumo of wator in thc aquifor in translont otorago, ond that

discharge from the aquifor is roplooi5hod oa , 7oar by local rochlrgo .

Howovor, tho sands arc gonorally

	

fino-grainod that wA.lr of 1-rg o

yiold can , ot b ousily constructor in tLoa. Bovo-oto .n test holu o

uoro drillod through tho dolta mAorlllu durinc_ tho prooont invocti -

L .ation in an attom2t to loo-A, coarsor sodi l , _ 1tr la which + ; o1. . :: o f

largo capacity miLht b, conctructod, but ;jthout ouccono . This doo o

not eomonstr , ' that coon: : sdi-aonbc arc not pr„ o o t 'in the dolta

matorials 'color: tho wator tab1,, but It dons ondicato that a 1 ,h-go

amount; od drilling might bo locoorary ,o loc-L such dopo'itc .

Tho coarsoot m-torialo oncountorod at dopth ,'or) found in USCt toot 25.

2von thoso sands woro v_ry fino, but it is ,)ou lblo th't wollc o f

:uf:.icicnt yiold for sra .ll municipal oe induotri p l su)4ios could b o

moro oa'lly constructod in this area than olsowhoro whoro toot drilling

was done .
-22 -



	

It appoIrs

	

thoroforo, that sl :;nific ,.nt ..roond-wIto r

0ovlop? ,ut

	

in tho fino dolLa sado on b . .. hodo only y i .'.1

	

11

	

( )

:, oo

	

o :,hott

	

i. In 1!o",tion t,utloo .h...

	

ot,.i,,r I ,, .

cllctor , , , rovol-packod wolls, or othor oann .

Anothor wator-boaring formation not prooont in trio Portland

aroa but possibly prosont about

	

or 10 tailor:: oast of ;iayvillo ohoul d

bo oonsidorod in connootion with tho Lak.o i:acsiz doposits, wit h

which it is intimatoly associatod . Tho prosonco of anaquifor o r

curios of am:iforo consistinE of linoar : 17avo1 bodios partly to

complooly buriod in tho lal :o aodinonts and o ;toodin: from tho 1:i t

3ott11n

	

about midway botwoon Btu :ton and Hatton to a point

about a milo wost of Hillsboro was dotorminod in a provious invJsti-

oltion of tho Buxton area . _2_V Tho Eravol bodios hsvo a 1:nown

'6hicknoso raxin :7 from 50 to 92 foot and in scmo placos aro ovorlain

by

	

dovolopod boach ridgo

	

Tho boach rid :cs havo

	

p ort hwoot-

oolthoast trond, althouEh tho shoro lino" trond onorally north-

oouth in tho :ail.- aroa . Tho buriod ravols aro thouLht to bo Llacio-

fluvial dopooits of tho nature of oshors, crovaso fillinfs, o r

kamo torracos and to :11lc boon modifiod by subSoquont orocion and .

dooooiLion of ,ho orodod matorial in the lal :o wators ,

Tho Buxton study did no ;: oxtood as ..ar south lo State Highwoy 7.

and tot drillinL durinr tho pros oot Study did not o : :too far onouEh

oact to prospoct the o.uifo in that latitudo, Tho aquifor, if

prosont, would bo about 12 miloo oaot of Portland. ond, 'horoforo ,

posEiblo too distant to be considorod ao a 1 ,ossiblo sourco o f

11/ Donois,

	

Ground cantor noar Blzotoh, 1'raill County,

	

Bak, :
U . S . Cool . ..:,urvo; mimeo . rapt ., p . 15, 1247,



nunicioal

	

pply

	

Kowovor, it miLht, bo of fo root to Ilayvillo an d

Portlaod if tho- should oohtomplato oh l .oiht wator supply

Till and Associatcd Glacioauoous Dopooito

Till and associ';t:a glacioaquoouo dopoEits undorlio -Lao La o

Agar : 1o 0oposit throughout tho aroa . In tho throo toot holos thot

ponotInntod tho dopooito in aid hoar 7ortla :id thoy woro about 1)0

foot thick . Thc uppor surfaco of thooo Coposits is much S:lori irregula r

in tho Portland area than it is in tho Fargo aria, for oxamplo, ?A/

In U303 tost 16 tho buff-colorod oilt, unit was found to rostdirdctl y

won tho till ?l in othor plaooo L

	

clay unit was toad to bo com-

parativoly thin oo fig, 2) . A possiblo o ;tplanation of thoso fact s

is ougostod by tho moraino that both Upham aod Lovorott show crossing

tho Rod Flivnr somowhat horth of Portland . It appoarc that

tha out )r h,rLio, at loast, o .: tho noraino mar h-vo roachod as fa r

south as Portland . Tho ohsohooof tha olo .;.hit in nosh niac ; : ai d

the Lfloal thiThoo olsowhoro in tho area

	

ggost that tho noraino flay

havo boon formod during tho oarlioot part of tho 9oriod in which °

tho clay unit wao dpositod . Ilowovor, tho oomO oonditions could aavo

boon producod by tho prosooco of a high morainic aria with hills high

onough to nrojoct to the laha ourfaco or slightly above it . In thi s

caoo the moraino may havo antodotod tha lako 1-7 .thor than boing, i n

port, cohtomporahoouc with it .

'mho till conoisto la aly of dark-graY nohctloaroous cla y

popporod with light-gray to whito

	

ii onloaroono pot' ant: ::Iix ., d

nith varyioL proportion : ofpoOhlo and bouldOro, Tho pobblos an d

IA/ DOhi :-;T :-T,

	

Akin, P . D ., and orto,J.

	

Jr,,op cit . ,
p . 22.
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bouldorc consi .t of limootoro and dolomtto and crystallino rocko .

-3ods and lonooo of glaci0a^ooous Load aod grovol, which or-ncrally

intrbodd-od with .11co till in othor aroas, aro not common in tho

Pootland oros, Thio fact ic indicated by tho los of tho toot holo o

old by tho ncarcity of wolls botwoon 100 and 2 0 foot deep.

A o ' .all aqui ;:or at or roar tho top of tho till vao o :coup toro d

by tho FranL Rooo woll in Portland . Tho aquifor wao ponotratod a t

a dopth of 105 fb;ot and is ro7ortod to hovo con : istod of o sand co d

only o fow foot thic

	

Tho woll yiAeo only a Cow gallonc a minute. but

not- urniohos wator for sovoral of tho businoo ostablishmonts a t

Portland . Prosumably, tho samo aquifor wao oncountorod botwoon 102

ane 103 foot at tho now Portland crohory woll (147-5-55ddcl) 7nd

tho Portland school woll (147_) 5ddc2) . A tost of this aquife r

at tho croamory woll was mado by tho driller, and it is ropOrto d

that a yield of about 6 gallons a ninuto could bd obtained . Thi s

aquifor may oloo havo i n oncontorod by Portland tost holo

which ropurtoOly oocountorod sand ane gravol, conoisting largoly of

ohalo portiolos, botwoon 109 ood 112 foot . Tho aquifer was no t

oncountorod by othor wolls and tost hole, in tho aroa, and it io no t

boliovod capablo of supporting wolls of largo yiold .



Cretaceous (4) Rocks

At Portland artesian water is found at depths between 427

and 450 feet, and throughout most of the Portland area at depth s

ranging between 336 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 rathe r

similar in character and concentration throughout the area, Fo r

these reasons it has been generally assumed that the water is derive d

from the Dakota sandstone of Cretaceous age .

Because the high degree of mineralization of the artesian wate r

makes it unsuitable for drinking and culinary purposes and becaus e

considerable information on the aquifer could be obtained from exist-

ing wells, only three test holes were drilled into the formation tha t

yields the artesian water ; and only one test hole completely pene- -

bated it (see Fig. 2) . In the absence of the paleontologist' s

report on fossils contained in cores from one of these wells, it i s

not possible to state with certainty that the sediments encountere d

in those test holes are marine, but they are tentatively considered t o

belong to the Benton shale and Dakota sandstone of Cretaceous ag e

until such time as a more authoritative report is available ,

On the basis of information from three test holes it appear s

that the top of these sediments occurs at a depth of about 200 fee t

at Portland and at somewhat greater depths eastward . The total

thickness of the deposits in USGS test 10 was about 225 feet, They

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

ment complex .



Cores of the sediments from USGS test 8 at Portland consist o f

shale and siltstone, generally noncalcareous but containing a few

thin hard limy beds . Fragments of shells, fish se,nlee, st c'nndnry

1ati ri.to, en :i dotritn.l lignite occur in the cores . A search wnr mad e

for foreminifera, but none were found.. The silty layers consist

largely of rather uniformly sized but angular quartz grains .

In USGS test 10, coarse, well-rounded quartz grains compose a

part of the ditch samples representing depths from 345 to 365 feet

and from 370 to 3g5 feet . Although the total thickness of the sand

beds is considerably less than the expected thickness of the Dakot a

sandstone, they are nevertheless tentatively correlated with tha t

formation (sec fig. 2) . It was expected that these . sands would als o

be encountered in the lower past of USGS test g , but no trace of th e

sand was found in the samples, and the drillers did not recognize it s

presence in the hole by any of its common drilling characteristics .

Whether the artesian water is derived from the .Dakota sandston e

or is derived from sr-nd beds of glacioaqueous origin, it nevertheles s

appears to be present rather generally throughout the area and a t

least four wells in Portland have been drilled to this aquifer .

In order to obtain some idea of the quantity of water that migh t

be obtained perennially from the artesian aquifer in Portland, a .

pumping test was made on the new creamery well, as described-in th e

following paragraphs .



The pump installation on. the new creamery well et Portland

( 1L7-53-35dael) was completed on August 1%, 1948, and trial pumpin g

runs were made on August l g and 19 The well was pumped at a rat e

of 45 gallons a minute on August ltd, and during part of the pumping

on August 19 . In the afternoon of August 19, the pump was adjusted.

to draw 50 gallons a minute . In the morning of August 20, the pump

was started and allowed to pump continually at 50 gallons a minut e

for approximately 26 hours .

The junior author was notified of the pumping on August 2 0

and went to Portland, arriving there about 2 :30 p .m . No accurat e

measurement of static water level had been obtained prior to th e

trial pumping and no water-level measurements had been made durin g

the pumping* The author started water-level measurements in th e

Portland school well (147..53-35dd.c2), 370 feet north of the pumping

well, Arrangements were made to permit measurement of water level s

in the pumped well and a few measurements were obtained befor e

the well was turned off at 9 :03 a. m . on August 21 . "ater-level

measurements were made in the creamery well and in the school wel l

until noon of August 22 .

The coefficients of transmissibility and storage were compute d

from the water-level data obtained from the school well . The water-

level trend in this well during pumping was extrapolated over th e

recovery period, and the difference in the measured water levels an d

the extrapolated curve was taken as the inverse drawdown caused b y

the ima, .inary recharge well involved in the water-level recovery .

This inverse drawdown plotted against time since the pump was shu t

-28-



.40
ii n uuuu

N IMN

	

:n uu
uu %1/uNliliiISIIIIOI11I111UIN11111 IIIIU IIIIIIIIIIlII nn

n11Hn1t nIn1

	

1innNn

	

n n//N/! 1 IIIN

	

q~~

	

1 1®UII

	

MnnIN1,npnn

	

unnn 1! u1nIIINII
nn

	

nnn/n,1,ll BIl III.n..nnnnnn, 1//,/I~~INNIIII~IIIIIIIt111t1IIII1NII11UN gInlNlllllllln nHNHnN

	

gl/NN n n nn~/111, n ININN

IMU nNiIN1 ,nnU//1nnMIMIIIIM't11n11INNIIn"In11I11 IlnminIIIIIHM1111iuiiaM1111111MIMMII nn~Nanp1/1n

	

nnllUnN III) MO NM

	

l

	

I
nnnnnHnn,np111!/!,in..nnnnOOnO/NON111111111111111111NIIN11111_IIIINIINIIIIfl p INNlnllln piinHnNnnn1N,/N1,

	

nHnnnnNN~//INIIIIIN

	

n lI I
miMl l

nnnn.NHn,nnn,n11111 nn.n.nHnI

	

/,I11I11UNIII11111111111OM11IIINU1IMIIII11111NNI111111al111 1 :1 .-:I:4;u i 3 VIM41,11 MI 1 1. 11 ;11 '1'1'131 ;IiN'. .'i n, ~•I ;#/4 " :1 .
MIMI 111 1 1

nnnnnnnNnnN,nnll ,BIB qu1nlll~nnnUIIUUU 11n1„11
NMI

N MI/11NY1IN1111111111111II IIWIIIIIIIIIIIIII I
I.

		

IIIIIIInl N

	

n 11

	

nnII U III II I,'I II 1 , ' III

	

j
I I

	

I

nnnnnnnnn ,nn„/NIIUnINIHIINIINIIIIllII11111 1NUIIIIIIIIUUINIU11UNl ~ nnnnnnnn=1t•ld•N.r n 1 .131 .1 n1 ; . .i iIII 1 :I'II I ;7 .1t'7 .'1 :O:ii •y4 NMO
1 1 1111 1111 IMNNNIIIII UIUnnlunlllnn1IMMMI .nIINnIn MMMMI n. nnnnn NnIIIINNINI

	

nnuN

	

NN

	

n
n~nnnn uinnININN

	

i M PRIM PONWN
NnuinInOnNN1nN..nnnn OnOn,INNI11111n11 111111111111IINIIIIIII111111111111llllllllll ►NI nnn.~NWILiSt,+t~1►1 .̀/IILkI

	

HnO nN,NI/nnn..nnnn O nOBN//1UIn111111111n11NIN111MIMMIIlIN1111NIIlAllllllni MI N nnnn„1MIlMll 1..nHnN,in,%,1N%u1iIII)MIM

	

mum

	

•Hnnnn N1iu1un
8

.nnNn ON n n/1,III1 IIIIIIIIIIIIIU1n1U1t11111 I11I111111111111111111111111 nn..nnnNn ui :J 11 1 1 I : 11111 11111 ;a It i1-t7n -'(It UI I i ;1 111 :1- :1 n '

	

i it t llIMI~i

	

WI III'

	

NI1Nn

	

nnnnn

	

NI/I,11 1111IIIIIIIIIU11111111111I11111111IUIIlUI111111111111 nnn..Nm

	

MIINnnnnnnnnnnn Onn,11 UIU1n

	

n M

	

MMI11Nn l
IBM

	

I i_ ...nnnq n,N1Wnn..nnBINnnnn1,/N1nmm111 n11nnnnmim Ni1MU1nI mil l
.. _ ni1,zO nn„n1 1nn..nnnnn Onn In1,1~I,~~llNOnnnNlnuuNINNNNInunluUlUUlnul

	

IMO
.. nnnwMOONNNH...NnnInnNl,NNNININNMI111INIIIIIIIIINNNIMI11N11111nn1 n Inn..N1nnnnn,n1,N

	

n nn,nWN1/IIIIIIIIIIINOI
nn.nNnnn1i!,/n11/11 nnn

=

	

. nnnnnI,N/111/uIIIIIfhIIIII I IIIIIrtl iltltl lllllll 111 11I11111iIllllllllll nnnnnnnnnnn,N/,l6 /1 nn..n
_

nn nn/n ,1 /1/,nllll[+}IIIIINNiu

	

YYW111HU1MIN

n nnniiiiii~~~iiiii=ii n
nl

iiiio11u111111NIIIIIIIIIIIIIINII11111111111111111NIINIIIIII°iiiii nniiinriiiiiuiiiniii.iiiiinilii ui°liiiiiulwtnMf nUul
..

	

Hnn O n/Oi.au ..nnnn OInI 1111nu1M11NI11111111111N111IlIItI1111111I111nI1111111111111 n .nnnnnnn IBI1Nmnnnnnnnnnn IOO,1111M IITMUNNIM n I

	

III11
nn..nnnnnnlInIIMn:! ...nnn O nnn IIIIUI 1111NM~n~ I~Iu~uNNINUUnIIIIINUUpnnuu p UHUn1 nnn.n.nnnInInMUIIMn.nnnnnnn ,nn,1/1N1IN NNNNNNIN

	

9111I MINIM

i%i IinnII IinN
II

1l1iili11i1111N111111111111111111111111NIN11111Nlll11111111 uu
mm
.n

m
iiiii11111

m
C::iiiiuiu1111IIU11u1111ItNII IIN

r~..

	

..Hnii1„11unI.M 11NUii111,NN1N11111N111111111N11111NII 1111111111111 IIIIIIIIIIIII lunnnn••iNniin1N„IIIIIu.nni ni,ni111IIU111 IIIINNININ

	

NIMnNI

i.n

11NI
INnIniiiiliIIuuUU

MMIMMl '
iiiii~:iii/MIMIININIlu111/1111~ I~ p~III IIIIIIlIIIIIIIIIIIIiluiii

	

iin uuIIUiniOOMIIIIIIBiuii1 N"NIMO

	

UINOIIN1
i a

n
nOOO n 1,11111 nn. nNnnnt.I~II/m1nININ11p 11N1111BU111111'1111UIIIIIIIIIIIIIIIUIB nnn..nnnnnnO,N,1111 nnnninnnn1 nO,11!/,IIIIIIIIII1111NIOM OnnIn Nllllnn

.. nnnnnn On n ,IIInn.NnnnnnI :1M11111111111111M1U1111111MIMIBIMIHIIMINMMm nOnn O!Onn,//Nnnnn.nnnnn ,IOnI,1IUINIIMIIIHNNIMIIn

	

IMII MIN
i
,.
jH n

	

NOOO, NI ni. nNnn,nN/Io~N/1/NIIINIINIIIIIHi1N111111111111111IInmlllllllllllllll nnnHnnnnnn1 nNN111ii.
n n
H.nnnIIIII111N11/1111NNNIgN1

	

nNln

	

niInInI,nnn OBu111nnnNnnnnnIInO,/U`/MIIIIIIIIIIIIIllllllllllllllltlllllllllllllllllnllllllllll nnn..nnnnnnNII/1)11nn. nnnnnnB nOI1I,INIMIt M1111 1 1111

	

111411n'

IF

	

iunnnn
IONn

11Ii1Mi. nMIMIM1111
1
1111MMIU11111N11111111111111I11111111111111111111111111I1I nNn~Nii MIMIBBMMIIIt

MINIM

	

iiii1111111MN11NIMNNIN nI

	

I11NI Ilintl
nMIIn„IIMIIalnM nnnn,nnN~IIMMIII iMINI 111111111111111111111NMI11I1111I111U1111I111111 nn

	

,

	

..nnNnn NI/I/ /1nn..nnnnn,OnO„1/11/ 11INNIIIIIIIIMOI

	

MIIIIMn1N1
.

nii iil,In,NIHIIII

	

MMIlNII u► 111N111M 1111 H1NIN INI11111111111IIIMMMO11 nniNN11N111iiiiiii iu1111IIIIIIIIIIN1irN%niiiii iH11u1nnN

	

11INN

	

I
n...nnnn O nn,n IIIN 11nn.nnnnnnIIn1BIMMI11111111111111 :UNIIIIt1llll11111UIII11111111111111111111 nnIIOMMnnn NII//11nn.nnnnnnn IOIII11111111111 MU MMMIII~I111ONNl
.nnnnnnnnnnnIItN111nnnnnnnnHnnI,// IMMMI 1N111N11h 911111111111111111111111111m11U111111 nnn..nnI I

	

NInnnnn.nHnn!nIIIIIIIIINI/111111

	

IIIN
....nnnO n OOni1O11U1 nn..nnnnOIIIn,Ill1,1111111111

=
111111111111'mom IIIIIIIIIIIIIIlull IIIIIIIIII n....nnnnnOO n1O11/11imam nnnnn ,n001,//IIIIIIIIIININN

	

Ilnm
111

	

IIIM IMENEMMMI

	

;.111 11 1111111111 11111 11111 M M
Nub

	

111UI1iii~i111111OMN1111111N11111111U1
111

i11111111I11111I1111%iHi
sMOM

	

1111
~IONIUB 1nuNNiiiHN I

Mlll11111II
111111101111 111111NNMM11~1111111..n.

.i.inNn!!/ „UWnnn.nnnnOn 1nII,N,1111111111N1111111111111NIINHIIIIii ;'IIIIIIlN111111111111 nn. MMINI nN,n,l/Iun..n . MMIM111111111111111111111NIHM

	

NItUUNIN

ini111,,n11IIHIIIIIIIINIIINNI111111111111116; ;Nu
till

IIIIhNNiNi
IIII

1H1luuNi ninxiii°iiiNUNMUI

	

11

iii iiiii) ~ IIIN110:Miinnii1i11111111111111111111111N11 11u 111N111I mini 111NI~Il
11111

	

ii%IIInUIInIni,Iliriuiiiiiiriiiiiiiiiin )1111 N11MI I

	

lhNN11
nn .NHnnnIinnI,/1,nnnnnnnnnnnnn II,111uuuuuuun111UncuU1111~InpnmmII11111

	

..Hnnin,nt I,annn.n.nnnnn,n,n 11lluunNINNNIIM•

	

MIIIUIIUUN
nn.HnnnnnIBIBIM11MM~.nnnnnn ,

	

nnunuummuuuN111n111 11 11 mil minim' N.nnnnnnn,II,Innnnnnnnnnnnnn I,NIIII1MIMI MINMMMIMOMBINMIWIIMIII
... nnnn InUNNNI

	

.nNnq

	

1/N 111IHII11NIIINN1111N11NIIIIIIIIIIIIMLUIINI111111m mao 31 .nnnNn,NNN11nn.

	

nnnnnnnIltl/III1u11MMIIIt1111110~nIN1IIJ , '
~nnn,nnIN1n/!/11nnnn

	

n

	

l/l/mlllllllllllluilm1!:iiltlllUI11nu Ili11111111111IIml mam1N nnnnn,I„ 11nn.n nnnIIn III,1N1IU1IIIHN

	

MNIM
..n.nnnnn InInnllmnnn.

	

~n

	

NI,f1111111MNfININI11111111111111111Ni11lllllllllllntllltll nOnn ft: nnnn1,/I,l1lIH..nnnnnnnIn,,,1NUuUiiI MINI

	

INNIMN
nnn.nnnn OBIT,/11/!1/nn.. nnn 1 811111111/111 ulul1111111111111111111111111111111111111111111111 nnn ..l ~tOn OI111n1,1/nn..nnnnOI nOB11,N11u1111nmumm

	

I+O IHhI
nn..nnnnnnn,IIINnnnnn

i

	

_mNlNanunuBUmnlMono1lnnnnumnuHUllmnNNnnnEIMMI- nMMIl1unnnnnnHnnnnnN~NI
,
/
'
nnIMN1

	

IMMn

NN~HiiiiiH1111q~NN nnnnnnI
NIII1/ 11n

MNININIIIIIIIHM11
w
MIN IONIII111111111NII111 Nu!n .MIMINI P!N11~

	

NIIMIM 1„11111111'111

	

111

NNnnnNnnB,InnNUmnn..nnnnnI,,..NN1111luunnnuuunumllUUUminunnnmuuuuunn..nsnnnBBIS1/.~Wnnnnnnnnn,IB n,1111MMUmuw1NN

	

N m
n..nnnnnn IMOMMIIiiIMMNn MSIMMUIi1M1N/1111n1M1111MIM111111111111IINlllllnllll IMINIi ..n nnO MIMIM 0IHn.nnnnnn Innll1IM111MINNN

	

IMMINI
nn..nnnnnnnIOI,11111nnnnnSWIMNIII NI11111II1I1HU1111111111IlINIlIII1111111111Nllllllllnnnn.nOMII NII,/IIMMIMNI nnnnnnnnHIT/III M111111NN

	

MOII

n.r11niiiiiOiH1i1t1N°nNINI
III

1111INIIH 111111111111Iu1111111111.111111111111111111IIIIIIMnNnGiiiiiNl•1/11uiin
IIppl

liiiiiiliINHIM i1MNtnn1nn

	

Nlpin l
.nnnnnnnnn,n II,11U1nn.nnnn BInI11,1111111111111111111111111111111NI1UIIIII I111111111111IIIIIN nnnNi.nnnnnmIIIMInni ~.nnMnIn/INI111111111111

10 .1,000

60

.80

1 . 00

L20

1.40

1 .60

1 .80
100

00

TIME SINCE PUMPING STOPPED (MINUTES) : . 1263 3Interior-Duplicating Sectic : Wis_ ._cy



. . .
..uminsWInnswwMmAu an

mommaLuLliciatimoriz erMEN.E.wah MMMMMIMMO____ _
MUNN

=

	

- : -

	

MMM MM

	

_

M

	

MMMMMM

	

AMMMMM
..

	

M.M

MMM tIME MIlLAhniiir

	

ifii
iir Marsa... .ffi AiMMMEM EMMLI 7MMMM

,.iM
BrUM	

i..

	

EMIRMOinnumaiagl=..1___ r _, 	 _________	 MMAdidbfim MMaIWAIMENNump,ususpurr.f.a.:--sm., rr _

-.MMMMMM11MMM MI

'MMMMMMMIfU=' MMMM : IL':.MM.
MM
MIULMMM 5IMMMIMMM

MMMMM MMMMMMMM-' MEN
MMMMMMMMMUMMMAMMM .MMMMMMMMEMMMMMMMMMdMMMM MMMMMMMM K

LIMM.M'
I

MMMML MWatirk'AlWSMMMM MMMMMMMMMMMM
MMMMMMM4 ,

A''

	

MEMMlitt

	

-

	

MMMMMMMMMF_
MMNIM

IPrrMMMIErm.n.22-smsmixelt-4APAWIP-mim, mrsPIMMImim10
MEMMMMIZEW00j;4diatfaM.iWagm.

rPl0romsrs0slEmM MMMN.
MM M MM EN:sr aral	maim:~ - WI

t TIMM.

	

Am ....

N OrLIMMIME MM
M

a
MMMM MAIL I :. ;pt; kii::ammm

TMIMMMMMMMMMM M t M MENEM
=

M 17VITNrEllg!'
IMMMMMMM '

M MMMMMMM
MrIMM,„ MIMI MM MMMMMMMMM

MM Nr MM -MEE= .MMMMM, -AMM

ENER .'-REMMEMM MEMO.
tf5oo

5oo

	

ooo

	

DOO

TIME IN DAYS, AFTER PUMPING BEGIN S
,

	

Inter .o-Dupli c t in g .Cect,.on W-shlng'on D C

baba

	

:

NUM
.2n. -'.--.-:-....

	

. . .

MM -it
. . .

0

28



off, on semilog coordinates, is shown in figure 5, The coefficien t

of transmissibility as computed from this plot is 16,100 gallon s

per day per foot and the computed coefficient of storage is 0,00038 .

At the end of the period during which water-level measurement s

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 4006 feet

below the land surface . The pumping water level in the new creamer y

well was about 24 feet below the land surface just before the pum p

was turned off. There was some fluctuation of the water level i n

the well, so that a very accurate measurement of the pumping level

could not be made . The 1-day specific capacity of the well (gallon s

per minute per foot of drawdown) is estimated to be approximatel y

5 = ' 2- g;'p ;m./ft.
20

In order that the reader may more easily visualize the signifi -

cance of the coefficients of transmissibility and storage, the theoretica l

drawdown at a distance of 1,000 feet from a pumped well in an ex-

tensive aquifer having a coefficient of transmissibility of 16,10 0

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



Pre--Cambrian 'lock s

Pre-Cambrian rocks, locally referred to as granite, were Penetrate d

in the Portland. area in only one test hole (USGS 10), where the y

underlie the Cretaceous (?) sedimentary rocks . The drill encountere d

the top of the formation at a depth of )+h7 feet and. was still to i t

at a depth of 561 feet . The drill cuttings from this formatio n

consist of white to greenish-gray clay and annular 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 band s

of brick red. It was composed chiefly of clay with abundant angula r

quartz crystals and somewhat light-colored mica, It appears to have

been a fine-grained foliated rock before alteration (weathering ? )

and possibly was rhyolitic in composition .

Zones of fracture within or at the surface of the crystallin e

rocks have been known to yield small supplies of water, but in th e

Red 'liver Valley area the highly weathered and clayey character o f

the upper part of these rocks generally prevents fractures fro m

remaining open . Zo wells derive their water from the crystallin e

rocks in this area, and . drillers generally consider it useless t o

drill deeper when the zone of decomposed "granite" is reached .



Qi;ALITY OF THE G?OUiTD WLTER Al D CHE21C L .ti TALYSLS

Chemical analyses of waters from 15 wells in the Portland area

are given in the following table . Of these, four are from well s

in the city of Portland, three are from wells in the city of i,ia.y-

vine, five are from wells on farms in the area, and three are from

test holes drilled. in and near Portland. Two of the samples cam e

from aquifers in the river alluvium, one from sand at the base o f

the silt unit of the Lake Agassiz deposits, two from sand in th e

delta unit, two from glacioaqueous deposits interbedded with th e

till, and. eight from the artesian aquifer .

The waters in the Portland area differ widely in chemica l

composition. The dissolved solids range between 270 and 5,72 0

parts per million and the total hardness between 153 and 1,610

parts per million . Other constituents also show a wide range in

concentrations .

The chemical characteristics of the waters from the rive r

alluvium are represented by samples from the Portland test 3 and

US(`S test 13 . These waters are more highly mineralized than thos e

from the delta sands but less highly mineralized than waters fro m

the artesian aquifers . The sample from the St . Anthony and. Dakot a

Elevator well is believed to come from the silt unit, althoug h

that unit is not € common aquifer in the Portland area . The wate r

is quite highly mineralized, The waters 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 wel l

is at the very edge of the delta area. These waters are much les s

highly mineralized than those from other sources, being fairly lo w

-31-



in dissoled solids and not nearly- as hard as most wells in this ere a

The water from those two wells is the most satisfect.ory for domeeti .c

noes of nnv well waters encoiintorol in the area .

The sample from the Frank Rose well comes from on aquifer at

or near the top of the till and associated ;lacioaqueous deposits .

It is moderately mineralized and are not very hard . On the othe r

hand, the sample from Portland test 1 is reported to have come fro m

a gravel bed at a greater depth in this same formation, and it i s

the most highly mineralized of the waters encountered . All the

other analyses show the chemical composition of the artesian water s

These waters are quite similar in chemical character and are uniform-

ly high in mineral content and are very hard .
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146 .-53.-2aab
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147-5 3-26ddc
147.53 ..314 cac
147-.5 3-35aaa
147-53-35dbb 1
147.-53-35dlc l
11 1.7-53-3511 .9
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City of Mayvill e
City of Portland
Old. Creamery
John Hovland
Theodore Amb
Mayville Creamery
St . Anthony & Dak .
D. Lien
H . A, Hoski n
Sander Amundso n
USGS test 13
Portland test
New Creamery
Frank Ros e
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9-17-48 J
7-14-48 c/
7-13_48 cj
3-30-'-s9 c /

1'lev . 1927
7-15-48 J
11-.10.45 J
7-13-48 a
11-.10-48 J
8-16-41 c/
8-17-48 c/
1947

	

cj
s- 6-41 2/

3 65

43 7
23
15

393
20

412
490
490
147

135
450
10 5
300

2 . 2
6, 0
2, 1
3. 8

. 2
1, 4

. 2

1 . 0
1, 2
2, 2
4 . o
0
1 .. 2

. 6
11.5

177
246
20 2

62

62

160

43 6

237
22 7
260
47

15 7
19 2

1 35

3

1

J' Simpson, H . F ., Geology and ground-water resources of North Dakota :

F. S . Geol . Survey ?ta.tcr-Suoply Paper 598, -o . 303, 1929 .
J' Abbott, G. A., and Troedisch, Y. W,, The municipal round-triter snpp] .ie s

of North Dr kotn ; T . Drk . Geol . Survey Bull . 11, p . 81, 1030 .
2/ North Dakota State Health Dept .
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70 g 67 73 1-T---_ 1, 230 790 15 3,370 730

71 875 •••
224 1,410 822 11 3,700 918

8o 876 222 1, 380 870 104 3,660 830

30 , .o . . . 344 4.3 402 27 0

2.6 252 0 270 248

87 830 0 242 1,250 755 4.3 3,330 75 8
126 26 .,0 451 1,020 82 144 2,210 1,610

123 804 0 198 1,260 97o 10 3,940 1,100
83 18 104 1,310 828 6~5 3,740 . . . .

97 776 206 1 ,350 . 7.8 3,7 80 1,050

6o 209 428 2994 120 4.3 932 2 14 0

58 153 .3 628 377 86 . 1,49o 63 1

70 872 222 1,330 797 104 3,500 85 6

62 31 432 4g5 67 1,200 15 3
61 1,570 646 3,220 84 5,710 581
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1'e3t ',10 :O-

	

\,eILL3

	

O111 .

	

tr POrttood,

	

I H

.fl

data co two , . ..1'-S, and chemical on , lyoco of witoro from Joo t

of
tho wollo furnish sufficiont inlorm,otion to indicato that

a

municipal water supply, adequate in both quality- and quantity, i
s

not likoly to be obtainod in or immcdiately adacent to the town
,

aquifer penetrstod by 6ho Rosa
well (147-55_55de)) at a doouh

of about 10) foot consists of a thin hod of sand, 2hO water is mor o

hiihly inoralis,ed than that boinc'
: hauled to town from the rhoodor o

Ailb wol

	

-5)-2cdd2) but is losi minoralined than that from

tho doopor wells
. It is proOabla that tho quantity o2 water availabl

e

fro:a thIs aquifer would bo intdequote

	

oourco of municipal suopl .

lilt aqulfer ponotrated at

	

(3 :9th el about 4C'. foot by tho creamory

wo, chool well,

	

others would yiold enouEh wator to peo t
n o

	

tho

noedo of the town, However, the 1 ;- - ter is no hiLnly mineralinod
.oo to

bo undesirablo for drinliinL, culinary, and lrrioation purpooos .

i11 : ;
construction of a silrfoco-wator rooorvoir o'o tnp Gooo e

Aivor from. which both. Portland ood 1 :ayYille :.if'-ht obtain municipa l

supplies appears vorthy of conpidorntion, but dotc:1-h the

of ouch a pro :j'oct io beyond the scope of the Geolo-ioal Survey .

The rivor alluvium alonk the valocyo of the teoso River and

its south branch conoiot lo ocly of clayoy sood and -ravel. and vory

fin :; sand, and none of mod
:crate to lirgo capacitioo have not boo n

conotructee in IL to tho Portland area .

	

olLer from this ouife r

appotro, Cron otlysot of watoro fro USC.: toot 1) (1 217-f5a,7ta )

cod Portlood to at 5 (17--D-cibbl , to

	

only iodorately minor lived .

Iwelvo tost holes wero drilled through the alluvi
:um durinp the prooent

- 3 4 -



investigation, nd. two `ells had. ' con constructed in it , ;riviously

by a irivatr well-drilling company for the town . At all those

locations, except at TTSC'TS test 13, the materials a ppeared to contai n

too much clay for the construction of satisfactory wells . Although

the wand and gravel from USCS test 13, between 26 and 42 feet, was

coarse and reasonably free of clay, test pumping indicated a very

low transmissibility . The alluvial materials are so variable tha t

beds of sand and gravel relatively free of clay may be presen t

in some part of the valley that was not drilled, although all th e

evidence thus far ebtained makes it appear improbable .

Ade quate supplies of ground water of excellent quality ar e

available from the delta sand

	

about 5 to 7 miles southwest o f

Portland. The sand is generally very fine to fine, and frequently

silty, and It probably would be difficult to construct a well i n

it of su 'icient capacity to supply the town . However, a well of

very large diameter, a battery of several wells, or an infiltratio n

gallery might be constructed to give the desired yield .

A shallow aquifer or series of aquifers known to be presen t

between :uxton and Hatton is thought to continue southeastward a s

far as ;Millsboro and to cross State Highway 7 about 12 miles eas t

of Portland . Should Mayville and Portland contemplate a joint water

supply, the possibility of a large aquifer in that region would

seem to be worth further investigation .

-35-
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RT,ICOR) S or 1 JILT, S

	

Dote ecnpli'i.rd :

	

'nest holes were drilled and refilled .

	

I) ,, t e

given is dote of refilling .
Depth to water : ioported vrnter levels ore given in even feet ,

meosured carter levels ere given to the ncerest tenth .

	

Owner

	

Depth of

	

Diameter

	

T ;,rpe

	

Dat e

	

or

	

well

	

(inches)

	

Complet ed

	

name

	

(feet )

Goodman Gunner

	

Sprinf;

	

. ., .n . .

	

, . . . .
USGS test 12

	

160

	

5

	

Drilled

	

7--9.48
Peter Ullond

	

354

	

2

	

Jetted

	

1944
Gilbert Elkin

	

3°s

	

2

	

. .do . .

	

1944
J . D, Tolson Estate

	

152

	

2

	

. .do, .

	

1945
John Setwedt

	

336

	

2

	

Drilled

	

1935
D . C, B"ren

	

400

	

3 to 2

	

. .do, .

	

1935
Otto E . Jordet

	

36O

	

3

	

. .do, .

	

189 8
C, A. lilland

	

370

	

2

	

1035

Henry K1-vet

	

411

	

2

	

Pored

	

1942
Stockyard well

	

20

	

36

	

Dug

	

,• -
Melvin Lucken

	

40

	

3

	

Drilled
Old Cre^mery

	

437

	

41, to 2

	

.,do . . 19314
TTSGS test 7

	

335

	

5

	

. .do . ..

	

5--13.47
USGS test S

	

427

	

5

	

.,do . .

	

6-12-4s

Clarence Male()

	

20

	

24

	

Dug
Emma Harstnd

	

435

	

3

	

Drilled

	

1943
S . Srnderson

	

414

	

2

	

. .do,

	

1944
Hiram Sanderson

	

60

	

24

	

Dug

	

Old
, . .alp . . .

	

10

	

4s

	

.,do . .

	

1G36
Mrs . S . Stenerson

	

14

	

48

	

. .do, .

	

1926
Albert Hovde

	

509

	

3 to lg

	

Jetted

	

191 13

	

15

	

36

	

Dug

	

1931
Jomes Strand

	

26

	

42

	

. .do . .

	

1926
USGS test 6

	

117

	

5

	

Drilled

	

5-12-47
Joe Armbi st

	

23

	

48

	

Dug

	

1948
USGS test 31

	

37

	

5

	

Drilled

	

9-2-48
Carl Evanson

	

130

	

3

	

_gored

	

19145
osr Peterson

	

24

	

. .do . .

	

194x'

., .do, . . .

	

12

	

24

	

Dug

	

. . . .
USGS test 32

	

47

	

5

	

Drilled

	

9-3-48
' ISIS test 33

	

52

	

5

	

. . da . .

	

9-3-4 s
USGS test 3

	

169

	

5

	

. , do . .

	

5-9-46
USGS test 30

	

37

	

5

	

Drilled

	

9-2--48
Lewis r;olkesvi,,

	

14

	

36

	

Dug

	

193 6
USGS test 4

	

161

	

5

	

Drilled

	

5-9-47
A, 0, Anderson

	

22

	

4s

	

Dug

	

1Q20
USGS test 5

	

155

	

5

	

Drilled

	

5-10--4 7
John Hovland

	

28

	

Bored

	

1945
. . .d_o . . .

	

23

	

24

	

. .do . .

	

1941
A. O . Anderson

	

22

	

36

	

Dug

	

1915
O . A. Thom son

	

50

	

24

	

Bored

	

1908
Spencer '.lal?_en

	

385

	

2

	

Drilled

	

1910
G. L, Elken

	

90

	

24

	

Bored

	

1900

	

Joe Ujos

	

. .,

	

2

	

Drilled
Ole Severson

	

385

	

, .

	

, .do .,

	

193 4

- 38a -

Location
numbe r

145-53-4ban
1 1 .6_51- 11 ar a
146-52.2
146-52--7d.
146-52-14ad
146-52-15d.
146-52-17<a
146-52-1Sao .o
146-52-28 d
146-53-lban
146.53-lbb
146-53--lcbb
146-53-2r n c
146-53-2ead
1156-53-2abc
146-53-2cda
146-.53-.3ndd
146-'53-3bacl
146-53-3bac2
146--53_3bac3
146.- 3_4 ,a. c

145-53-4bbb1
146.-53- 4bbb2
146-5 3- .5aao
146-53-5abb
146-53-5cdb
146-53-.5dc c
146 53-6an .n ,
14r~-53-6ccc l
145-53--6eec 2
146-53-7a.o a
114 " 53-7bn r
146-53-7ddd
146-53-Sa<an.
14b-53-Scc c
14c-5 3-Ecdd
146-53-a d
146-53-8ddd
146-5>3-9l ab 1
146-53--9bab2
146-13-9 c
146-53-9dcc
146-13-10dc c
14E-53-11aae,
146-53-11abb
146-53-12ada



I_d POLTLAID AR', R A
Use of water :

	

D,

	

domestic ;

	

S,

	

stock ; U, unused ;

	

Ind,

	

industrial ;
PS, public supnl .y .

Depth to Date of Use :emr, rk s
water (ftm
below land

Tleasl;Lrement of
Wate r

surface . )

. . . . . . . . . . . . . . U
Flow 12 to 18 g .n .m .

Log
Flow . . . . . . . S

. .do . . . . . . . . . S

.,do . . . . . . . . . D, S

. .do . . S

.,do . . . . . . . . . S

.,do . . . . . . . . . S

. .do . . . . . . . . . D, S
3 .9 7..1 )4_48 S o,inwator used for domestic purposes .

5 .2 7-1 I l._I S S Do .

7 1948 S
2 193 1 E Ind Reported yield 35 gallons a minute .

. . . . .
U
U

Log .
Do .

14 .1 7_11,..148 S Rainwater used for domestic purposes .
0 .5 7-.1 1 -- 145 S Do .

12 1911.8 S Do.

59 1939 D Reported inadequate .
6 1936 S Do .

3 1926 U On river flood plain .
12 1943 S

2 14 1939
D, S
D, S

5 .6 7-14--48
U

D, S
Log.
Water formerly hailed to Portland .

. . . . . .

L
S
S
D

Log .
R! inwater used for domestic purposes .
Qp almty reported poor .
Qa.1ity reported good .

a 1939

U
U
U
U

D,S

Log
Do .
Do .

Log

. . . . . . . U Do .

17 1939 D Reported adeque .tc .

•	

. .

	

. . . . U Log .
19 140 S Rainwater used for domestic purposes .

4 .9 7-14-45 S Analysis .
16 193 9

2 .6 5-9 -47 S
15 1947 S :Rainwater used for domestic purposes .
. . . . . . . . . . . . . . U
25 1945 S Reported salty .

D .S

- 35b



~~.SC~) ADS OF WSLLS

Location
number

Owner
or

"ame

Depth of
well
(feet)

Diameter
(inches)

Typo Date
Completed

146-5 3-11! dbb L . Tyre 1400 2 . .do . . 103 3

1 146-53-15cas Edwin Holkesvig 36 2' Bored 19314

146-53-16bbc LTSGS test 21 102 Drilled 6-14-1 4g

146 5 3-16obb 1'SrS test 22 102 • .do . . 6-17-4g

146-53-16c cc USrS test 23 102 5 . . do . . 6-2 1'--4g

146-53-17a.ab1 0 . C . Holkesvi 20 46 Dug 1927
146-53-17eab2 20 72 .,do ., 1902

146-53-17bb 7 . IT . Amundson 30 4g , .do . . 1904

1 1 .b. ~3-lfa.bb Fed, Farm Mt •e .

	

Corp, 26 .,do . . . . . .

1 1

	

53-1

	

ccc Arthur Domier 7 30 . .do . .
1 1 46-53-1$dda ?ijnlmer ?Iovland 20 72 . .do ., 1031

1 1-i .- 3-10abb Leonard 'homier 30 1g .,do . . 1015
14G-53-19 dad Clarence Domier 14 .,do . . 1031
111 6-5 3-20anb 0 .

	

P,

	

ITelson 13 36 . .do . . . . . .

1146-53-20baa. Oscar Domier 26 4g . .do . . 190 0

1 1

	

53--CObbb krthur Stavedal 54 30 Bored 10S 5

146-53-21b bb Hjelmer Fovlend Leo 30 . .do ., 1941
1146-53-21bcc 1JSC5 test 24 102 5 Drilled 6-26-4$

146-53-22add . J .

	

Grinde 55 32 Bored 1935

1146.-53-22cbb Cora Nelson 24 do, . 1920
146-53-22daal J .

	

F . Grinde 50 4g . .do . . 1000

146-5 3--22 daa2 50 4s .,do, . 193 5
1- 6-53-25aae Paul Babee 415 3 Drilled 103 7
146-53-25c cc 1452 3 . .do . . 103 7
1 1 46-- 53--26aa .b1 C .

	

:rop giant.. 30 24 Bored 1020

1 146-5 3-2 6,911112 36 24 -do . . 1927

1 1 ' 6-53-?5ccc1 Bernhard. Grinde 40 24 . .do ., . . . .
146-53-26ccc2 26 36 Dug 102 g

146-5 3-26dcc Inca Larson 417 3 Drilled 1939
146-53-2$bbb CGS test ?5 102 5 . .Co . .
146-53-.2 c a dl Theodore Amb spring

145-k 3-2 7cdd2 1" 120 rug 1946
146-53-2cdd3 11505 test 2 216 5 Dri 11 d. 5-7- 1 ' 7
145-53-2$ddcl O,

	

Aasen 16 1 $ Dug 102 $

146-5 3--2Pdd c2 84 . .do . . 10 3 3
14E6-53-29bbb F . W . "ar ren 12 95 -do . . 1014

146-53-3Obbb1 Arthur Irvemen 1 P 30 . .do . . 101 14

146-53-30bbb2 32 42 . . d_o . , .

	

.

146-.s3-3od.cdl Bet s' r Knudson 12 36 . .do ., 103 3
146-53-3o0cd2 15 36 _on . . 1946
146-53-31d 3 . Dvanson 12 48 . .do . . 1D30

145-F3-33a.bd '3ay Young 11 4$ -do . .. 1931
14(6-53-33bbb USGS test 1 202 5 Drilled 5-5-47
146.-53-33dbb 7anp r Krug Spring
146 ..53--34bbb Joseph Amb 20 24 _pig , . . .
146-54-1 do c US GS test 37 22 5 Drilled 9-9-4$

-39a -



Ii? PC'?TL

	

yD Co:itio.o.cd.

'P 0th

	

to Drttn of tip; ; '1( 1 110

	

'1 ,,

	

t l

vot .'r

	

(rt .

t oo( i

;coc•Coco~,

Itli ."` :ill

	

l' .~Illt1)l t

1 c1~c)

O f

1! ot t' r

] i' Ln\ r
l r i 1939 D, S

12 1927

U
U
U

D,S

Log .
Do .
Do .

1?oported. good, adequate
15 1939 D,S Do .
25 1939 D,S Do .
20 1°39 D,S Do .
1 1939 D,S Do .

12 1939
23 1939 D,S Do .
10 1931 . . . Do ,
10 1939 D,S Do ,
16 1900 D,S Do .

25 1939 Do .

22 1947 D,S Do .

35 1930
U
S

Lod, .

10 1933

L, S
S
S

Renort ;od inod.enuote .

Flow 1937 . . . P .S .A . unit 11 2
. .do . . 1937 Do,

	

111
20 1920 S
20 1927 S

20 1.939 D,S
Reported_ inrdenuoto .

'now 1 939

	

.D, S

is "ow PS

Log .
Sapped channel in booch ridge .

	

Surfac e

discharge about 10 E .o .m .
Ra 1od. to Portland .

. . . . . . U Lo& .
14 19 39 D,S Reported_ inndequato .
L. 1933 S

10 1939 S Donortcd good,

	

o.deou^te .
16 1914

D
Do .

2` 1939 S Do ,
S 1039 D Do .
6 .o S

1939,

7 1931 D, S

•
Log .

Flow
10 1039 D, s

flow 30 to 42 (; .x) m .

Logo

-39o -



RECORDS OF WELL S

Location Owner Depth of Diameter Typo Dat e
number or

name
well
(feet)

(inches) Oompletcd

27 5 Drilled 9-8-48146-5 -iddd USGS test 36
146. 54--12bbb USGS test 3 8 62 5 . .do . . 9-1o-48
147-51-32ddd USGS test 11 190 -do . . 7-7--48
147-52-3ccc Olaf osland . 400 4to2 . .do . . 192 ;
147-.52-3daa. Gilbert Aasen 162 . .do . . 1934
147-52-4dca G. !? .

	

Durnsda.le 500 3 to 2 . .do . . 1920

147-.52--6cec Louis Larson 350 2 -do . . 1912

147-52-7cdd F .

	

3 .

	

Dennie Est'Ite 46o . , do . . 1 ;59

147-52-$ccc Oscar Haugen 44o to 2 do . . 193 1 I

147-52-10bcc Gunder Carlson 410 3 tc 1* , .do,. . 1929

147.-52-15ccc S . N . Rosevold 2 . .do ., . 1889
1 147-.52-15d dd Elmer Evenson 350 2 , .do . . 1859

147--52-.16adb Eddie Osland 400 3 to 2 . .do . . 1927

147-52--16ddd John Hella 25 48 Dug 1927

147--52-17cbb Karl 3runsdale 375 2 to it Drilled 191 1 1
147-52-20a.dd Carrie Prigsta.d 35 4 to 2 , .do . . 1918

147-52-20caa David Osland 458 2 , .do ., 1039

147-52-21aaaa. Farm Soc . Admin . 370 3 .,do, 1G3 7
147-52-21bbb . .do . . 354 3 . .do . . 193 7

1)47•-5''-21c cc . .do ., 369 3 . .dc . . 1937
147-52-21ddd. . .do . 346 3 . .do ., 1937

147.52-22a.bb J . C . Larson Estate 313 3 to 2 . .do ., 1930

147-52-27dcd C .

	

M .

	

! Tolson 352 2 . .do . . l934

147-52-2Edda Eddie Lindaas 3 85 2 . .do . . 189 8

1147-52-29aan C .

	

F . '=nger 400 2 , .do„ 1889

147-52--30ad.d Geo . Osland 454 3 to 2 . .do . . 1931
147-52--30bbc Even Evenson 446 4 to ?. . .do ., 1 9 3 6
147-5 2-31cba Martin talstad 480 3 . .do . . 189 8

147--52-31ccc USGS test 9 135 5 . .do . .
6-19-4

8

147-52-31dad Mayville Creamery 393 4 . .do . . 1944

147-52-33dcc K . E. Brunsdalo 233 2 . .do . . 121 E

147-52-33dd c,_ USGS test 10 561 5 . .do, . 7-5-48
147-52-34daaa Carl Solcott 2 , .dc . . .>, . . .
1117 . ..5 3--lccc Bennie Grandalen 447 3 to 2 . .do . . 1935
147-5 3.-6bbb Cie :7e1 son SO 18 Bored 1936

147-5 3-9cdd Andrew Olson 20 48 uug 1934

147_53-ilddc C . J . Olson 45 48 . .do . . 1927

147-5 3-12da.a O .

	

C .

	

Larson 352 3 to 2 Drilled 193 8

147-53-13dco C .

	

F .

	

Engel' 300 4 to 3 .,do . . 1942

147-53-14abb D, Lien 412 2 . .do . . 1945

147-53-14ccc C .

	

J .

	

Olson 465 4 . .do- 1943
147-53-l6bcc Nets Ferdalere 500 2 . .do ., 193 )4

147-53-16dcc Garvin Braaten 80 3 Jetted 1939

147-53-17ccb Mn.rt l.n .Amb 81
,r Dug 1934

147-53.-18ddd Homer Hovland 25 36 . .do, . 1932



..1"

	

i(!11111 .1 .'ii

	

- -

	

'JO1:lnueu

Depth to Date of Use Remark e

w,lLer

	

(I r t, ,

I),dow

	

I , ui d

iiirtnc o

. . .

	

. .

	

.

tlW1,ur0ulont ,

. . . . . .

Wa t,or

Log.

. . . . . .

U Co .

Do.

l0 1959 S

26 1939
20 1959 S
40 1939 S
18 1959 S
15 1959 S
20 1959 S
20 5199 S
12 1959 S
20 1959 S
25 1959 S Reported inadequate ,

20 1939 S
16 1959 S
14 1939 S Reported to have flowed when drilled .

16 1939 D,S F.

	

S .

	

A .

	

unit no .

	

5 2

16 1939 D,S Do . no .

	

50
15 1959 D,S Do . no .

	

51
15 1959 D,S Do. no .

	

55
12 1959 S

5 1939 D, S

8 1959 Rep-)rted to have flowed when drilled ,

20 1959 S Do .
12 1959 S

7 1959
Flow 1948 Reported salty . On low ground near

7 1944
U

Ind.

river.

Lo_;.

Analysis ,

17 1959 S

25
.

	

.

	

,r

1959

U

S

S

Log .
Re ported to have flowed when drilled .

45 1959 S

12 1954 S Rep orted inadequate .

22 .8 7-15-48 S Rainwater used for dornes : . .ic Purposes .

34 1938 S Do .
15 1942 S Do .

Flow 1948 S Analysis,

	

Reported to flow 8 g . p . m .

.

	

.

	

.

	

.

	

. . .

	

. S Salty.
50 1959 S

6.9 7-15-48 S Rainwater used for domesti c

8 1959 D

purposes .

20 1932 S Reported inadequate,

	

Dry in 1959 .

- 40b -



IN 1'CRT1'.oD AREA - - Continue d

Depth
wate r
below

to
(ft,
land

Date o f
measurement

Us e
of

Water

Rer.,arks

19';39 S Reported inadequate .
2 1952 S Do .
12 :193 S Rainwater used for domesti c

purposes .
15 :19 1+8 S Do.
10 :1942 S

U
Do.

Log.
8.1 7-12-48 U Reported p oor Duality .

14 1944 D, S
20 1948 S Raiirwater used for domesti c

purp oses.
. . . . . . . L Log.
Flow 1948 S Salty .

	

Flow reported ac 20 g .p .ro .
. .do . . 1.943 S Analysis .

	

Flow r ep orted as 4 g. i .m .
2 1.948 S ,1e11. dug on site of former s p ring .

. . . . . S Salty.
. . . . . . . . . . U Log.,
. . . . . . . . . . U Do .

. . . U Do .
18 1945 U
7 1948 S Rainwater used for domesti c

purp 0808.

52 1944 S Do .
15 1948 S Do .
20 1959 S
Flow 1 .939 S
13 19.39 D,S Rep orted. good,

	

adequate .
12 1739 S
4o 19-59 D, S
15.5 7-14--4z D
Flow 1.43 S Salty.
. .do . . 194S S Analysis .
	 LT
	 U

U
U

14

	

1944
. . . . . .4

Log. Analysis .
Log.

Do .
Do.

Rainwater used for domestic purposes .
Lo ; .

1943

- 41b -



c .SCOP S OF TELL S

Location

namher

0wa, r
or

nano

1so } )t 1

	

n C

well

(feet)

1~i,,~ut

	

t .

	

, .

(inches)

nt 1sr~ F, ; ,

(lom',lnt c d

147-53-191)9a Olaf 2laten 36 Dug 1939
147--53--19c Nols Berg 25 36 . .do . . 193 2

147--53-22araa. George Strand 1 ! 5o 2 Drilled 191 3

147-53-24adb 500 4 . .do . . 1f31

147--53--24bcd Forman Tiaugen 45o 4 1942

147-53-25cac USGS test 14 126 5 . .do . . 7_13_4g

147-53-25cd .dl Peter Paulson 25 30 Dug 1944

147-53-.25cdd2 430 3 Dri.llyd 1944

147-53-26aaa Pd Anderson 450 4 . .do . . . . . .

147-53-26cad USGS test 40 37 5 , .do, . 9-25-4g

147-53-.26cc I.12d

	

F;*re 476 2 . :do . . 1945

147.53-26ddc H . A.

	

g4skin 490 3-to 1 eodo . . 1921

147_53-27aca Otto Platen 42 Dug 1933

147-53427bba Ted Strand 500 3 to 1; Drilled 1942

147-53-27daa USGS test 43 27 5 -do . . 10-1-4g

147-53-•27dadl USGS test 39 12 5 . .do, . 9-25--4g

147-5 3- 27 da d2 USGS test 42 37 5 do . . 10-1--48

147-53-2gadb Theo . Strand 497 3 to 11 . .do. . 1943
147-53-2 gcdc Albert Hefta 470 4 . .do, . 1928

147-53- 29 cca K . J . Lucken 530 3 to 2 . .do . . 1944

147-53-29dab Gordon Houd boo 2 .,do . . 1910

11s.7--53-30abb ingvold Berg 557 3k to , 2 . . do . . 1933

147-53-30ccc O .

	

G .

	

Gra,ndalen 515 3 to 1 . .do ., 1934
147-53-31aaa Alvin Amandson 134 3 . .do . . 1903

147-53-31bbb 3 . H .

	

Berg 14 42 Dug 1931
147-53-31cca lo6 3 3ored 1939

147-53-33 dd.b ;Ludvig Haugon 16 36 Dug

147-53-34adc K .

	

0 .

	

:Myx 450 2 Drilled. 1945

147-53-34cac Sander Amundson 4qo 2 . .do . . 1945

147-53-35aaa USGS test 13 7 5 -do, . 1O-4g7---
147-53-35ead USGS test 27

1
5 -do . . 7-7-4 g

147-53-.35adal USGS test 15 116 5 . .do . 7-14-4g

14 7-53-35 ada2 USGS test 26 67 5 . .do . . 7-2-48

147-53-35cda rilbert Uaagenson 471 3 . do . . 1994

1 47--53-35dab 'JSas test 16 13o 5 . .do : . 7_15-4g

147-53-35d.d_cl Portland Creamery 450 3 . . ac . . 19'-8

147-53-35ddc2 School 'rell 450 3 to 2 . .do . . 1948

147-53-36acc USGS test 45 42 5 . .do . . 10-10-48

147-53-36ca.a 1TSGS test 44 37 5 . .do . . 10-9-4 8

147-53-36cad USG-5 test 17 1.20 5 . .do . . 7--16_4 8

147-53-36cbb 75G5 test 41 142 5 do . . 9-26-4 g

. -41a --



LOGS OF T_,ST

	

Tii: P071TLA1 D AREA, N . DPJ( .

No . 1, 146_. 3.,13bbb

Material

	

Thickness

	

Dept h
Tr()of)

Topsoil, black, sandy	 2

	

2
Sand, brown, fine to medium, gravelly	 k8

	

20
Sand, gray, medium, clayey	 5

	

25
Sand, very fine to f :Lne, silty	 4+5

	

70
Sand, fine, some lignite pebbles, silty	 15

	

85
Sand, very fine, silty	 10

	

9 5
Till, very sandy clay 	 12

	

107
Till, gray san:?y clay with shale oebbl s	 44

	

15 1
Till, clay, sand and boulders	 21

	

17 2

No . 2, l146-.53--28cdd

Topsoil, black, sandy 	
Sand, fine, with a, very little gravel	
Sand, fine	
S,nd, ver7 fine to fine, silty	
Sand, fine, silty and clayey 	
Till, sandy clay with shale pebbles,	
Till, sandy and boa.ldery c .l 1,y	

rravul, clayey	
Till, sandy and boul.dery clay	

No . 3, 146-•53-- 7ddd

Gra,vr:l, fine to coarse, and sand	
S ; .nd ., and a little gravel	
mill, sandy and gravelly clay	
Sand, fine, with a very little gravel	
Till (fl , sanely clay	
Till, sandy and bouldery clay

No . '+, 1 146--53-8cdd

Till (?) gravelly, gray clay 	
Sand, fine	
Sand, very fine to fine, silty
Till, clay with shale pebbles and . limeston e

boulders
Sand, ,;ravell y and boulders	 7 14 G

Till, sandy and gravelly clay	 13 161

z

	

3
17 20
20 1+0
15 55
15 70
35 105

70 175
10 1 5

31 216

10 10
1 1+ 24
46 70
35 105
30 13 5
34 169

5 5
65 70
1E5 115

26 11E1



LOGS OF TEST HOLES 1 7 THE 'O TLATD AREA, T . DAN .- Cacti .ued

To .

	

145-53-0ddd

Mr~tarinl

	

Thiel,c ee

	

71TtI A
(foot)

	

(feet )

"cud, mostly fine, with a little gravel	
M ill (?), yellow grnve1l_ clay 	
Till (?), gray gravelly clay	
Sand, very fine to fine	
Till (?), gray clay with shale and limeston e
pebbles,	

Sand., fine ., .	
Till, sandy and gravelly clay	
Till, bouldery clay

TTo . 6, 1 146-53-5abb

Till (?), yellow clay with shale and . limeston e
pebbles	

Sand, mostly fine, gravelly 	
Till (7), yellow gravelly clay ., .
Silt, gray, gravelly
Till, bouldery clad* 	

No . 7, 1146-53-2aa d

Top soil, black, sandy	
C lay , yellow, pebbly	
Clay, blue-grayy,	
Till, light-gray, gravelly and bo•ildery clay 	
Till, medium-gray, bo e.ldery clay	
Till, dark-ray, boeldery clay 	
Cloy, dark-brown 	
Clay or shale, dark-gray	
Silt or siltstone and clay or shale
Siltstone, .light-era .y, fine, sandy	

No . 3, 1146-53_2ab c

Topsoil, black	
Till (? ), gray, pebbly cla?T 	
Silt, yellow, shell fragments 	
Clay, gray, compact, fissile	
Till, gray, sandy with shale nebblles 	
Shale, gravel	
Till, gray clay with shale and limestone Pebble s
Till, dark-gray, sandy, pebbly clay	
Till, bouldery clay	
Till, gray clay with shale and limestone pebble s
Clay, gray, sandy, gravelly 	
Shale and siltstone interbedded, gray 	
Clay, white to nink	
Clay, light-brown	

143 -

4 14

9 1 3
7 20

15 3 5

25 60
20 SO
28 108
145 15 6

12 12
9 2.1
S 29

60 89
26 117

2 2
1G 20

15 35
75 110
145 15 5
55 210
17 227
63 29 0
30 320
15 335

2 2
9 11

29 140
16 5 6
114 70

1 71
19 9 0
20 110
140 150
30 180
30 210

170 380
20 1400
27 1427



LOGS o :

	

(I' TTCL"S tai'' T11E IOITTIOT AT' A, v . 1)Al% - Continued

No . 9, 147-52-31cc c

Iviaterial

Topsoil, black, silty 	
Clay, yellow	
Clay, gray, hard, fissile 	
Till, sandy and pebbly gray clay 	
Shale gravel, clayey	
Till, gravelly and bonldery clay 	

To . 10, 147-52-33 ddd

Clue , yellow, silty	
Clay, gray	
Till, clay with shale and limestone pebbles	
Gravel, clayey	
Till, bouldery clay :	
Gravel, bouldery, chiefly shale pebbles	
Till, gravelly, boulder . clay	
Gravel, chiefly shale Debbles 	
Till, gravelly clay*	
Sand with shale pebbles,	
Clay, gray, fine, sandy	
Clay, brown, fine, sandy	
Clay, gray, interbedded silt and fine sand	
Clay, white or light-gray	
Clay, light-brown, interbedded fine sand	
Clay, gray, interbedded silt and fine sand
Sand, coarse, well-rounded quartz grains	
Clay, gray	
Sand, coarse to fine, well rounded. quart z

grains	
Clay or shale,
Clay, dark-brown 	
Clay, gra ~, interbedded fine to medium sand 	
Clay or shale, brown	
Clay or shale, gray	
Clay or shale, black	
Clay or shale, gray :
Clay, white, talc-like, and angular quart z
grains
Clay, interbedded white and red, talc-like ,

angular quartz	
Clay, greenish-gray, talc-like 	
Core, hard compact mudstone, light greenish-

gray with thin bands brick-red ; chiefly clay
with abundant angular quartz and some light-
colored mica. Appears to have beer a fine-
grained foliate before alteration( weather-
ing) and possibly rhyolitic in composition . . .

-44-

Thicl iies s
(feet )

2
24

23
1 8
2

66

Depth
(feet )

2
2 6
49
67
69

135

16 16

37 53
97 150
6 156

21 17 7
2 179
6 185
9 19 4

19 213
2 215

60 27 5
25 300
17 31 7

3 320
5 325

20 345
20 365

5 370

15 3 85
10 39 5

5 400
15 415

5 420
15 43 5

5 440
7 417

5 45 2

95 547
6 55 3

S 561



LOGS CP TEST :-TOIS IT T'TE PO TLAJD !?PEA., IT . DAK . - Cortiiiued

io . 11, 147-51.32ddd

Material Thicknes s
(feet)

Depth
(feet )

1 1 .
8 9

21 30
40 70

29 99
1 100

65 15 8
12 180
10 190

1 1
3 4

23 27
56 8 3

6 89
19 10 5
2 110

50 160

1 1
25 26

9 35
7 42

37 79
1 g0

30 110

4 11 1E

33 147

1 1
19 20
18 3g
12 50
20 70
56 126

Topsoil, black, sandy 	
Sand., fine	
Sand, fine, silty, clayey 	
Clay, blue-gray	
Till, gray clay with shale and limeston e

pebbles	
Gravel, chiefly shale pebbles 	
Till, bouldary clay
Sand and gravel	
Till, gravelly clay	

.No . 12, 146-51-4aa a

Topsoil, black, silty 	
Till (7), yellow clay with gravel and cobbles .
Clay , yellow, silty	
Clay, blue-gray	
Sand., coarse, gravelly	
Till, gravelly and bouldery clay 	
Said, coarse, ~gravelly	
Till, gravelly clay

ITo . 13, 147-53-35taaa

Topsoil, blank, silty 	
Clay, yellow, silty and sandy	
Sand, fine to coarse, silty	
Gravel and sand, silty, 	
Till, sandy and gravelly clay	
Shale gravel, clayey	
Till, sandy and gravelly clay 	
Sand and gravel, mostly shale grains and
pebbles	

Till, gravelly clay	

TTo . 14, 147..53_25 ccc

Topsoil, bloc ;k	
Clay, yellow„ silty, wood fragments at base 	

Clay, blue-gray	
Till, light-gray, sandy, gravelly
Till, blue-gray, shale pebbles in clay 	
Till, light-gray, sandy, gravelly

-45 -



LOGS OF TLST iTOLFS

	

THE PORTLA_TD AEA, . DAF . - Continue d

No . 15, 147--h3_ o,da.l

Material

	

Thic_:ness_

	

Depth
--(feet)

	

(feet )

Topsoil, black, sandy 	 1
Clay, brown,

	

s andy	 1 7
Sa :d, fine to ,tedium, with many shell fragments 2
Sandy coarse	 5
Till, sandy, gravelly	 1 2
Shale gravel	 2
Till, gravelly	 3 7
Shale gravel	 2
Till, sandy, gravelly	 3 S

?'o . 16, J 7-53--35d.ab

1
1 S
20
2 5

3 7
39
7 C ")
7 g

116

Topsoil, black	 1

	

1
Clay, yellow, silty and gravelly 	 2g

	

29
Sand and gravel, mostly shale pebbles, clayey	 10

	

39
Till, sandy, gravel l ;	 47

	

S6
Shale gravel, clayey	 2

	

S S
Till, gravelly,

iTo . 17, 147-53--36cad

Topsoil, black	
Clay, mottled yellow and. gray, conglomeratic	
Till, pebbly gray ela~r 	
Till, dark-gray gravelly clay
Shale gravel, clayey
Till, gray gravelly clay

No . 21, 146-73-l6bbc

Sane?., fine to nedian	
Silt, clayey, sandy	
Shale send_, coarse	
Sand, brown, fine	
Send, very fine to fine, with lignite fragment s
Shale sand, coarse	
Clay, silty and sandy	
Sand, gr?y, very fine	
Silt or send, very fine 	

42 130

3 3
33 3 0
24 60
39 9 ?
1 10 0

20 120

2 2

5 7
15 22
5 27

15 42
10 52
30 S2
10 9 2
10 102



LOGS OF "'SST HOLM I?T TTI'E PORTLAND AR A, "? . DAN .- Continue d

No, 22, 1)46-53-16cbb

Material Thickness Dej~th
Ft3t'ti

f
` t eet,-

Clay, mottled yellow and gray,

	

silty	 1.' 12
hale, gravel, fine, clayey; lignite flakes 	 1! ; 27

Till, sandy, gravelly ; lignite flakes	 75 102

No, 23, 1)46.-53.-16ccc

Clay, yellow, sandy	
Sand, light-brown, fine	 s
Sand, light-€;rar, silty	
Sand, light-tan. ., very fine
Sand, light-gray, very fine
Sand, light-brown, very fine, silty	

No . 24, 146--53--21bc c

Topsoil, black,, sandy	
Sand, light-tan, fine, silty	
Send, light- ;ray, fine to very fine	
Sand, light-gray, very fine, silty and clayey	
Clay, light.- ray, silty and. sandy

No . 25, 146--53.-28bbb

Topsoil, black, sandy	
Sand, li ght--tan, fine to very fine	
Sand, light-gray, clayey	
Sand, light-gray, fine	
Sand, light-gray, very fine, clayey
Sand, light-gray, fine
Till, sandy and gravelly clay

No . 26, 147-53--35ada2

Topsoil, black:, sand=	
Sand, brown, fine, silty and clayey	
Sand. and shale gravel, fine and clayey
Shale sand and gravel, clayey

No . 27, 147-53-35aa d

Sand, light-brown, very fine, silty	
Sand, fight-,brown, fine to coarse 	
Saud, light-gray, fine to coarse, and shal e
pebbles	

Clay, gray, sandy	
Shale sand, coarse, clayey

-47 -

2

5
2

7
25 32

5 37
35 72
30 102

2 2

5 7
10 17
65 S2
20 102

2 2
10 12
10 22
30 5 2
10 62
30 9 2
10 102

2 2
25 27
10 37
30 67

12 12
15 27

10 3 7
10 47

5 52



LOOTS 01' TEST 70I.7S I'T THE PO'ITL.ND AR71tl, N . DAN - Continued

Fo . 27, l47•-H,3-3` , ead ( coat iuu ed )

Ti :ttc rlnl

	

(1 c.~~t~

	

(feet )

Shale graYel, fine, clayey	 15

	

tb 7

Clay, silty, sany 	 10

	

7 7
Shale sand, coarse, clayey	 15

	

9 2

No . 30, 146-53--San.a

Topsoil, black, sandy,	 2

	

2
Sand, light--tan, ve=ry fine, silty	 30

	

32
Clay, light-gray ., .	 5

	

37

No . 31, 146--53-5 do c

Topsoil, black . gravel1r	 2

	

2
Sand, light-tan, fine to medium,	 5

	

7
Sand, tan to gray, very fine to fine	 25

	

3 2
Clay, olive-g;ray	 5

	

3 7

No . 32, 146-53-.7 aa .a

Topsoil, black, sr,ndy	

	

2

	

2
Sand, tan to gray, very fine to fine 	 20

	

2 2
Sand, light-tan, very fine, clayey	 20

	

142
Clay , light-gray, silty	 5

	

47

TTo . 33, 146-53-7bar ,

Topsoil, black, sand;;

	

2

	

2
Sand, tan, fine ; contains some calcareon,s

cement	 5

	

7
Send, light-brown, fine	 5

	

12
Send, grayish--tan, very fine to fine	 5

	

17
Sand, gray, very fine, clayey	 10

	

2 7
Silt and very fine sand, Gray	 20

	

47
Clay, light-gray, silty, compact 	 5

No . 36, 146-511-.1dde1.

T opsoil, black, srndy	 2

	

2
Sand, grayish-tan, very fine to fine	 5

	

7
Sand, tan, very fine, clayey 	 „	 5

	

12
Silt, gray to tan, fine sandy	 10

	

22
Clay, gray, compact	 5

	

27

-4g -



LOGS OF 7FST TTOT7,S Il l TO PO ZTa.:ki'D

	

D.n . - c,,Ht .i.nued

No . 37, 14c;--54-ldc c

Material

	

Thi_1-ncss

	

Dept h
(feet)

	

(feet )

Topsoil, black_, sandy 	
Clay, `yellow .. .	
Sand, light-tax,, fine to coarse, clayey	
Sand end clay, interbedded	
"Clay, gray .o .•o•• . a•

	

	 o•	 •o r

No . 38, 146-54..12bbb

Topsoil, black, sandy 	
Send, grayish-tan, very fine to fine
Sand, very fine, silty*
Clay, light-gray, silty 	

No . 3 . , 147-53-27daddl

Topsoil, brown, sandy	

Sand., grayish-brown, very fine,

No . 40, 147-53-26cad

Topsoil, brown, sandy	
Silt, gray, clayey, sandy	
Sand, fine to coarse, clayey, fresh-water

shells	
Silt and clay, sandy, small nnail shells	

Send and gravel
S and, coarse, clayey 	
Till, gray, clayey and gravelly silt

7o . 4l, 147-53-36cbb

Topsoil, grayish-brown, silty	

Clay, brown, silty
Sand, coarse, silty with fresh-water shells	
Silt and clay, gray, gravelly
Till, gray, cla rev and gravelly silt

No . 42, 147.,53-27dad 2

Topsoil, brown	
Clay, brown, silty	
Clay, gray, sandy	
Sand, coarse, clayey
Till, gray, clayey and gravelly silt

-49-

2 L.

5 7
5 12
5 17
5 2 2

2 2
25 27
2.0 47
15 62

2 2
10 12

2 2
5 7

5 12
5 17

10 27

5 32
5 37

2 2
15 1 7

5 22

15 37
5 42

2 2
10 12

5 17
10 27
10 37



GU(1 :; OF `P ;31' }{t~L'~1S LN TV P04TLA, i1) A s tiA,

	

UM .

No . 43, 147-.S 3_27daa

a.teria? .

Topsoil, brawn, srndy 	
'Sand, tan, very fine, clar°.~T	
Cl'v, buff, silty, sandy	
('-r . Yel and sand	
Till, gray, ;rave11y and silty ci r

Topsoil, light-brown, s•'ndy . .,

	

.
Clay, buff, silty,	
Till, buff, gravelly clay
S•,nd and fine gravel
Till, gr *, grnve'lly cln.y	

Topsoil ; brown, silt~r . .. .	
Clay, grayish-tan, silty, compact
C1 y, gray, silty, fresh-water shells
Till, gray, gravelly, silty clay 	

No . 44, 1 1+7- .53-36cai

TO . 45, 147-53-36ac c

Thic~-ness Depth
ffeet } ~f e + )

3 3
14 . j

10 17

5 22
5 27

2
15 17

9 2 6
1 2 7

10 3 7

2 2
15 17
l~f 27
15 4?

-50 -
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Intericr - Duplicating Section, Washington, D . C .
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