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INTRODUCTION 

Drainage problem 

Logan-Cache Airport is situated approximately 4 miles northwest 

of Logan, Utah, in sections 8, 9, 16, and 17, Township 12 north, 

Range 1 east, of Salt Lake Base and Meridian. The area of approxi

mately 200 acres is a part of what is known as cache County Drainage 

District No.2. This district in itself contains more than 8,400 

acres of waterlogged lands. Drainage of the se lands has, for many 

years, been a barfiing and unsolved problem, complicated by 3 factors: 

(a) The whole of the valley in this area is underlain by an artesian 

ground-water reservoir. (b) The artesian aquifer is overlain by a 

layer of heavy clay of very lo~ permeability, ranging in depth from 

40 to 70 feet. (c) Human relations with farmers within the area 
, 

who consider that drainage will deprive them of their plentiful ground-

water supply. The general characteristics of the artesian aquife:r are 

shown in figure 1. 

Design and construction of the airport drainage system 

The tile drainage system, installed at the site of Logan-Cache 

Airport in 1942, represents the fi~t major attempt to drain lands 

overlying the artesian basin in lower cache Valley. Both the attitude 

of the farmers in the area and state legislation made it impossible to 

illstall a system of large pumped lJeUS at the aiIl>ort to reduce upward 

flow frau the artesian aquifer. At the same time it was realized that, 

because of the highly-:impe1.1l1eable clay, tUe drains would not ef

fectively, remove water f'rom the soil. Therefore, the only solution 
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to the drainage problem whioh seemed apparent was to intercept exoess 

water frOIl rain and snow and surfaoe runoff from higher lands before 

the water entered the sur.faoe Boil. The only source of ground water 

remaining would then be the upward flow from the artesian aquifer. 

In 1941 E. U. Moser, then Logan City Engineer, who'proposed the 

initial plan tor the airport tile drainage system, mad. the following 

statement •• 

• • • it would not (within reason) be econoDdoally t.aaible 
to keep the ch'aina~e and irrigation ... ter from crosBing 
the airport area. 

Soil bor1ng~ -.de on and in the vioinity ot the air-
port show troll 40 to 70 feet of compact clay and then .. 
porous water-bearing fonoation in which the water is Wlder 
pressure. The pressure gradient at all PQints in the soi 1 
profile i8 upward, showing that no water move. downward through 
the soil to the water-bearih~ formation. The surfaoe soil is 
80 compact that it permits ve'ry little lateral movelll8nt of 
moisture. Therefore, under-drainage is ot no use in drain-
ing this area. The drains should be 4esigned to :remove 
quickly the surface water and if' this is done the 80il sur
faoe in the area retains its stability. The proposed deeign 
contemplates crosling the runway. at various points, but 
the.e crossings will be construoted so as to furnish suf
ficient load-oarrying oapacity and to provide quick removal 
of all surfaoe watar, thu8 elindnating any possibility ot 
80ftening of the sub-base and the surfaoe ot the runways along 
the drain lines. 

The original plans ware reviled in 1941 to enlarge the aystem. 

Work was started in the same year and carried on as a W. P. A. 

project. In 1942 additional drains were added by the U. S. Army 

Engineers who expanded the airport to its present size. As i. 

shown in figure 2, the airport is now made up of 3 landing strips 

and 3 taxiways. In general, eaoh landing strip i8 drained by 4 

equally-spaoed. co~r.d conorete tile drains. ranging from 12 to 36 

inohes in diameter. Tw~ of theae dnains run longitudinally down 
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each side of the landing strip. The remaining 2, also parallel to 

the landing strip. are spaced 244 feet on either side of the center 

line of the strip. Thus. eaoh ot these drains 1s spaoed 176 feet 

from the drain adjacent to the landing strip. The average length 

of these main tile lines is 5,600 feet and the depth range is from 

4.5 to 10 feet. Randomly",sp8.ced laterals run into these main 

drains at various points. A s'hallow gutter borders the northerly 

and easterly edges of the airport tract. All tile drains discharge 

into existing canals. One interesting feature about the installa

tion ot the tile lines is that they were all gravel baokfilled to 

a level with the soil surfaoe. This highly-permeable gravel fill 

which extends 6 inches on either side of the pipe and 6 inches 

below serves both to out otf horizontally-moving ground water and 

to oonvey surfaoe water rapidly to thedreins. Sinoe construotion, 

,the system has apparently been highly effecti vee IIr. Floyd Hansen, 

the airport manager, states that to survey the initial tile linea 

it was necessary to wade through swampy water~ In 1961, 175 acres 

ot alfalfa and grasses were seeded at the airport so that now 

patches of alfalfa, rather than tulsa and oattails, grow between 

the' landing strips and taxiways. 

Boonomics of drainage 

Economics, as in all projeots, is a prime consideration of 

land drainage. However, land whioh may be economically drained 

for an airport site may not be eoonomioally drained for agrioultural 

purposes only. Much of the undrained soil within Cache County 

3 

Drainage Distriot Ho. 2 after being reclaimed for irrigation agriculture 



would fall into classes 1 and 2 (15). Therefore, at present prices 

this area oould eoonomically carry an average of $ao per acre for 

reo lamat ion. On the other hand, the total cost of the existing 

airport drainage system whioh drains nearly 200 aores was estimated 

at '60,000, or approximately '250 per acre. However, since air

port drainage systems must be designed with very large capaoity 

4 

lines to oarry quiok runoff, the 2 projects, airport and agriculture, 

cannot be compared with precision. 

Study ~ 

This investigation was confined to an area near the center of 

the airport where poor drainage was very apparent. This area is 

located by figure 2 and shown in detail by figure 3. Data on the 3 

drains within this area are recorded in table 1. The evidences of 

inadequate drainage are briefly listed. 

1. A longitudinal cracking of the asphalt-covered taxiway 

along the wheel lines. The portion of the taxiway surface adjacent 

to the study seotion (see figure 2) was very badly broken. 

2. A high moisture content in the clay soil direotly beneath 

the taxiway and runway foundation even during the hottest portion 

of the summer. 

3. A dispersal of the gravel subgrade or asphalt foundation. 

The gravel particles had apparently moved downward into the clay. 

4. Depressions, or sump holes, in the soil near the tile 

drains. These holes were between 1 and 2 feet in diameter at the 

top and were as much as 3 feet deep. 



OBJECTIVES 

The 7 major objectives of this study were tOI 

1. Determine the funotion of the airport tile drains. 

2. Observe and study fluotuations in both the ground-water 

table level and the pressure head within the 40-toot artesian aquifer 

during the 3 seasons, fall, winter, and spring. (Throughout this 

entire report pressure head is measured in feet of water.) 

3. Study the upward hydraulic gradient from the 40-foot 

artesian aquifer through the overlying clay layer. 

4. Estimate the effective vertioal permeability of the olay 

aquiclude. 

5. Compare the upward hydraulio gradient and the effeotive 

vertical permeability of the clay aquiolude with those values 

reported by Israelsen and Mclaughlin (9). 

6. . Check from the upward hydraulic grade line and 80il boring 

observations the assumption that the clay aquiolude is homogeneous 

throughout ita entire thickness. 

7. Study the inadequate drainage problem that exists near the 

oenter of the airport. 

5 



PREVIOUS DRAINAGE RESEARCH IN THE AIRPORT AREA 

Israelsen and Mclaughlin 

6 

In 1929 and 1930 Israelsen, Mclaughlin, Gardner, and Jennings 

conducted a drainage study of this area. The results of this study 

were reported by Israelson and Mclaughlin (a, 9). Their major 

objective was to drain and reolaim the area for agricultural purposes. 

By piezometric and pumped well studies they arrived at some very 

important oonolusions. Many of their prooedures and conolusions 

are related very closely to the airport-drainage problem, and so 

they are briefly mentioned here. 

Water-table depths were measured along a north-south line 

just west of a large open drain on the east boundary of the airport 

tract. The measurements showed a depth of as much as 5 feet. 

However, it is probably that the water table was influenoed by the 

open drain. Israelsen and McLaughlin also reported water-table 

depths measured on an area of land known as the Bell Tract, immedi

ately south of the airport (see figure 2). These. readings, a summary 

of whioh has been inoluded as table 2 in this report, were not taken 

in the vic ini ty of any drains. Note that the average of thei r Water

table depths for the years 1930-1932 was 2.5 feet. which is too 

shallow for successful agricultural produotion. 

At the Bell Traot piezometers of varying lengths were used 

to establish the average magnitude of the hydraulic gradient in 

the saturated clay layer or aquiclude overlying the artesian aquifer 

to • depth of 40 feet. From a laboratory test with a oonstant-head 



permeameter the soil penneabili ty for vertical flow of the overlying 

clay layer WBS estimated. Two assumptions were mede: (8) Since 

the hydraulic gradient is essentially in a vertical direction, the 

horizontal flaw in the clay is negligible. For this reason the 

horizontal permeability was not measured. (b) The vertical 

permeabili ty is nearly constant throughout the whole depth of the 

caly layer. 

Using their measured values for the vertical permeabili~y and 

the hydraulic gradient, Israelsen and McLaughlin calculated the 

velocity of upward flow from the artesian aquifer by using Da.rcy's 

equation for steady-flow velocity, V • kl. 

kv • 1.71 x 10-7 feet per- second 

• 1.71 x 10.7 x 12 x 3600 x 24 = 0.177 inches per 

day of 24 hours 

Average i • 0.39 foot per foot 

V • ki 

• 0.177 x 0.39 

• 0.0691 inches per day 

Assume that Nay 7 to October 11 is the average growing period. 

Therefore, the calculated total upward flow during this, time is 

0.0691 x 167 • 10.9 inches. 

7 

An experimental well was dri lIed to the 40-foot artesian aquifer 

and B well pump installed. The pumping caused a marked lowering of 

the piezometrio surface at a distance of 1,500 feet from the we1lJ 

an appreciable lowering at a distance of 3,000 feet; and no lowering 

at a distance of 10,000 feet. 



8 

The most important conclusion of the Israelsen-MoLaughlin report 

was that deep drains to drain and reclaim the soil for agricultural 

purposes would not be successful because of 2 existing conditionsl 

/ (a) The upward hydraulic gradient from the gravel aquifer would reduce 

the effeotive gradient toward a deep gravity drain. (b) The low 

per.meability of the clay soil would, for a given gradient, reduce the 

flow toward a gravity drain. To illustrate this conclusion Donnan's 

formula (4) will be used to calculate the rate at which water would 

be removed from the soil by tile drains spaced at 200 feet. 

where, 

Q • 1r k L(H - h) 
2.3 loglO Sid 

Q = the flow in ots removed from the soil by the drain, 

k • the effeotive soil permeability in feet per seoond, 

L • the length of d rain in teet. 

The remaining quantities in the foregoing equation are illustrated 

in figure 4. Assume the following numerical values for these quantitiesl 

H • 6 teet 

h • 3 inohes 

Theretore, 

d = 6 inohes 

S .. 200 feet 

k = 1.71 x 10-7 feet per second (9) 

L : 1 foot 

Q = 
7.r x 1.71 x 10-7 x 1(6 - 0.25) 

2.3 loglO 200/0.6 



• 7r x 5.75 x 1.71 x 10-7 

5098 
• 5.16 x 10-7 of's· 

From tho equation of' oontinuity, Q • AV, Israe1sen and MoLaughlin 

estimated the upward flow from the artesian aquifer to be 0.67 x 10.7 

of's per square foot. The area influenoed by one of the drains shown 

9 

in figure 4 i8 200 square feet per foot of drain length. Theretore, 

the upward flow over this area is 200 x 0.67 x 10-7 • 1.34 x 10-5 oi's, 

or more than 20 times the flow removed by the drains'. A oloser 

spaoing would increase the flow into the draina, but, at a 7-foot 

tile depth, 200 feet is approximately the minimum eoonomical spacing 

even i'or grade 1 agrioultural land. 

On those areas of land overlying the artesian aquifer, excess 

water in the surfaoe soil may oome from 1 or more of 4 souroesl 

(a> upward flow from the water-bearing gravel, (b) rainfall and 

ana.fall, (c) irrigation water, (d) surface runoff from higher lands. 

The experimental work reported by lsraeleen and MoLaughlin was for 

the most part performed with a vi .. to finding ways of preventing 

the flaw to the land surfaoe from source (a). They concluded that 

the upward flaw could be oonsiderably reduoed by drilling numerous 

wells through the olay layer to the gravels. 

Gardner, 18ra81s8n, ~ others 

The physical conoepts underlying suoh a drainage system of 

pumped wells were first published by Gardner and Israelson (5). 

Reoently, Peterson, Israelsen, and Hansen (13) have provided valuable 

information on the hydraulics of pumped wells. TheBe publioations 

all suggest that the artesian pressure whioh causes the upward flaw 
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can be relieved by pumping large quantities of water from the aquifer. 

By lowering the piezometric su~face measured at the artesian aquifer 

to a depth of 6 feet or more below the ground surfaoe, much of the 

land oould be reclaimed by ~eaching of the salts through downward 

percolation of the irrigation water. Sinoe the soil of the valley 

floor is very fertile, high yields could be expeoted. Of course. 

the existing upward hydraulio gradient prevents any downward movement 

and subsequent leaohing by irrigation and rain water. 

Bisal 

In 1948 Bisal (2) suggested that siphon drains be construoted 

to relieve the hydrostatic pressure in the artesian aquifer under-

lying the area. By lowering the piezometric surface with respeot 

to the artesian aquifer to some depth below the ground sur~ce, the 

siphon drains woul~he reasoned, reduce upward flow through the clay 

aquiolude and at the same time permit irrigation water to penetrate 

the soil and move downward. Pumping on a large scale would accomplish 

the same results, but at considerably more cost than siphon drains. 

Bisal included in his report a s~gg.ested location and design 

for 2 siphon wells in the vicinity of the airport. He const-rooted 

a map showing the influence of the 2 wells upon the streamline 

pattern in the aquifer. The depth to which the piezometric sur~oe 

with respeot to the artesian aquifer oan be lowered by siphon drains 

depends directly upon the elevation of the drain outlet. Bisal, 

therefbre, proposed that one well discharge directly into an irri-

gation canal and that the other well discharge into a nearby deep 

ravine 0 

(: 
.t 
t 
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Moser 

Shortly before the first tile lines were installed at the airport, 

E. U. MOser, then Logan City Engineer. also oonducted water-table depth 

determinations along a north-south line just west of a large open drain 

on the east boundary of the airport traot. The results were very 

similar to those reported by Israelsen and Mclaughlin (8. 9)0 Again, 

Moser is of the opinion that the water table was strongly influenoed 

by the proximity of the deep, open drain. 

Results ~ drainage reoommendations 

Even through the preoeeding studies and reoommendations by Bisa1, 

I'sraelsen, and others were made some years ago, the problem still 

apparently remains unsolved. The results of research reported by 

these men indioate that the problem of draining the area is simple 

from a physioal or engineering standpoint. Israelsen (6) suggests 

that water could be pumped from the aquifer with the expenditure of 

very little power because ot the artesian pressure. Water could 

then be 8to~d on the surface and used when needed for irrigation 

purposes. This solution was also found to be feasible from an. 

eoonomic standpoint.,' Therefore, properly used. the aquifer would 

provide an ideal water-storage reservoir. 

The principal reason for the delay is one of human or public 

relations. In spite of the fact that inadequate drainage and the 

resulting salinity problema have caused many acrss to be abandoned, 

farmers are yet unwilling to lose the apparent conveniences of flow-

1ng wells. This human relations problem is. however, not restricted 

to Cache Valley'but is enoountered in many of the Utah valleys where 



artesian pressure exists. The courts still uphold the ruling that a 

water right in an area of artesian pressure also entitles the user 

to this pressure, even though a lowering of the artesian pressure 

would not neoessari1y deprive the users of any existing ground-water 

rights. 

12 
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PROCEDURE 

,Piezometrio studies 

Piezometer tubes in this study were used for 2 distinot purposes I 

(1) to obtain the hydraulic grade line be~een the artesian aquifer 

and the water table by measuring the static ground-water pressure or 

hydraulic head at various depths in the soil profile, and (2) to 

indioate the depth of the Fround-water table beneath the soil surfAce. 

These purposes will both be discussed in turno 

Since it was thought that the distance from a given drain may 

influence the static water level in any piezometer, 3 lines of 

piezometers, A, B, and C, each at B greater distance from drain 12, 

were installed. As can be noted from figure 3, line C is m~dway 

between drains 11 and 12. In each of the 3 lines, 9 three-eights 

inch diameter pipes were forced into the clay soil to different 

depths from 5 feet to approximately 45 feet as illustrated in figure 5. 

Installing piezometers ~ machine. The pipes were inserted into 

the clay be means of a portable jetting rig. This equjpment, originally 

designed as an orchard sprayer, was complete with a 500-gallon capacity 

water tank. The pump. driven by a I horse power Wisconsin air-cooled 

2 cycle gasoline engine, was capable of developing a maximum water 

pressure of 700 psi. Each pipe in turn was jetted to its desired 

depth by this high-pressure stream Qf water delivered from the pump. 

An important observation Was that even though each piezometer was 

jetted c~mpletely to its assigned depth the wet clay which qUickly 

adhered to the outside surface of the pipe prevented any upward 

166041 
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leakage of the artesian water along the outside diameter of the pipe. 

It was first 'proposed to extend eaoh pipe above the ground surface 

to a height great enough to prevent overflow of the artesian watero 

,However, airpo~ safety regulations restricted the maximum projeotion 

of these pipes above the ground surfaoe to I foot • 

.!!!.!. ~ of pressure gages. A number of mercury manometers, or 

pressure gages, were then constructed to solve the problem of 

measuring the hydrostatio pressure head in those pipes where the 

statio water level stood at a level greater than 1 foot above the 

ground surface. One of the mercury gages is illustrated in figure 6. 

A 6-inch length of 2-inoh cast iron pipe threaded and capped at 

each end ~de up the body of the gage. One of the end caps was 

tapped and fitted with 2 brass connections. One connection sealed 

a length of plastic tubing into the cap, while the other held a 

one-fourth inch rubber hose. The top of each piezometer to be 

equipped with a mercury gage was threaded and fitted with a valve. The 

rubber hose connected the mercury gage to the valve. As the ground 

water under pressure entered the cast iron cylinder through the 

rubber hose, the mercury was foreed upward through the plastic tubing 

until·the weight of the oolumn of mercury was equal to the statio 

water pressure. Equilibrium conditions were then established. Since 

the height of the oolumn of meroury is directly proportional to the 

static hydraulio pressure head, the meroury pots were easily calibrated 

in the laboratory before being set out in the field. Thus, for any 

given height of mercury column the equivalent head in feet of water 

above the bottom of the pot was obtained by plaoing a calibrated 
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stick adjacent to the mercury oolumn. Figure 6 illustrates the manner 

in whioh the calibrated stick was used to obtain directly from the 

height of the mercury oolumn the hydraulic head in feet of water 

above the ground surfaoe. A mercury gage was permanently attached to 

all piezometers in which the statio water level stood at a height 

greater than 1 foot above the ground surfaoe. To provide stability 

each pot was sunk to B depth ot 6 inches in the clay soil. Figure 7 

shows 3 mercury pots in place in the field. In anyone of the 3 

piezometer lines, A, B, or C, the decrease in hydrostatio pressure 

wi th an increase in height above t he artesian aqui fer was olearly 

depicted by the differences in the heights of the mercury columns 

in adjaoent mercury pots. 

Piezometer measurements in'tubes where the static water level 

stood at less than 1 foot above the ground surface were obtained by 

means of the electric sounder illustrated in figure 8. These tubes 

were left open at the top. All pressure-head readings were taken 

at 3-day intervals and are recorded in tables 3 to 8, inclusive. 

Each table contains the measurements for a single month. These data 

are summarized in table 9. Data could not be obtained during periods 

of extreme cold. Readings for piezometer 1, line A, were not 

included beoause the proposed location of this piezometer was 

within the minimum distance from the edge of the taxiway considered 

safe by airport regulations. This pi pe was, therefore, not installed. 

Draw-down conditions. To approximately locate the water table by 

direct measurements piezometers were laid out along the 3 lines, D4, 

Dl1 , and D12 shown in figure 3. The numerioal subsoripts refer to 



16 

the drains to which the lines were perpendicular. For example, a line 

of piezometers perpendicular to drain 12 was designated Dl2. 
When piezometers are used to study the draw-down conditions 

adjacent to a drain, it is important that they be spaced not ODly for 

accuracy in plotting the draw-down curve, but also for econaay in 

numbers. Near the drain where the water table may be relatively steep 

the spacing should be close, while farther fran the drains where the 

water table is canparati vely flat the piezometers should be wide-spread. 

An exponential or logarithmic spacing as illustrated in figure 9 was 

therefore used for each of the 3 lines. 

Test holes were dug to determine the depth of the water table 

(see table 10). The piezaneters wre then cut at a length slightly 

greater than the water-table dep,th as indicated by the test holes. The 

low:er 2t feet of each tube was perforated with small drill holes, and 

the top of each was threaded to pexmit capping. Because of the low 

air temperatures prevailing when the piesometers 'lere installed, the 

jetting apparatus was not used. Fortunately, a thick snow cover had 

prevented the top sori fran freezing so that the piezometers were 

readUy driven into place wit.h a piezometer hammer. As shown by' 

figure 9, they 'Were all set at a depth of approximately 7 t teet below 

the ground surtace. A steel rivet V&8 placed ia the bott_ of each 

tube before it was placed 1Ia the soil. The rivet not only acted 

as a dri villg POint but also prevented soil from entering the pipe 

during the driving process. A long steel rod was thrust down 

each piezometer to torce out the rivet. F1Dally, the piezometers 

were fiushed with a hand jetting pump and capped. All readinga 

.ere taken at 3-day intervals with an electric piezometer sounder 
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and recorded as shown in tables 11 to 16, inclusive. Here again eaoh 

table contains the measurements for a single month. 

Levelling. The elevation of the ground surface at all piezometers 

with respect to an arbitrary point was obtained. The results of 

these level measurements are shown in tables 17& and 17b. 

Furth. r tea ts 

In order to study the soil profile 3 test holes wers sunk to 

a depth of 12 feet. The locations of theae holes is stated on 

table 10. 

Tha flow in each of the drains, 4, 11, and 12, wasperiodloally 

cheoked through manholes in the vioinity of the study area. Table 18 

re.oords observations mAde during the rapid snowmelt period from 

March 29 to April 10. At this time both the high oapac! ty of the 

system and its qUick disposal of surface water were demonstrated o 

Kore than 6 inohes of snow melted between March 29 and April 3, 

leaving large pools of water standing between the landing strips. 

However, by April 10 the entire airport ares. was free from surface 

water. During the peak of the runoff all drai ns were completely 

tulle Throughout the remainder ot the entire investigation there 

was no appreciable flow in any of the 3 drains at the study area 

and very little flow from the outlet of the entire drainage system. 
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DISCUSSION 

Relation 2.! ~ airport drains to soil-water oondi tions 

.!.!!! ground-water table. The water table is the surfaoe of 

atmospheric pressure within the soil. At this surface the piezo

metric or pressure head, p/w, is therefore equal to zero. For this 

reason, where ground-water oonditions are influenoed by an upward 

hydraulio gradient it 1s almost impossible, in a clay soil of low 

per.meabl1ity, to acourately locate the water table by direot piezometer 

measurements. A piezometer, as the name implies, is a pressure gage 

which indicates the ground-water pressure head existing at the lower 

. end of the tube. Therefore, if, for example, the bottom of a given 

tube extends 1 or 2 feet below the water table, an upward hydraulio 

gradient will oause the water surface in the pipe to rise above the 

line ot atmospherio pressure in the soil profile. The differenoe 

between the 2 levels is, of course, equal to the friction head lost 

by the water in moving through the soil from the bottom of the 

piezometer tube to the ground-water table. This differenoe, therefore, 

increases as the depth of the piezometer below the water tabla 1s 

increased. Theoretically, for correct water-table depth measurements 

the lower end of the piezometer should coinoide exactly with the 

water-table surface. However, under actual field oonditions a 

fluotuating water table may ria. aa much as 2 feet or more above 

the lower end of anyone piezometer. The resulting problem of 

obtaining a piezometer reading which is approximately equal to the 

depth from the ground surface to the water table or surfaoe of 

atmospheric pre·ssure is often partially overcome by perforating the 
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lower portion of each piezometer tube with small drill holes. However, 

in the ti ght clay soil enoountered at the airport the val ue of suoh 

a procedure is doubtful. 

In 8011 of low penneability even auger holes may not acourately 

measure the depth of the water table. If driven by an upward hydraulio 

gradient. the water in the hole tends to reaoh an equilibrium some-

where above the level of the water table. Here also for 8. given 80il 

and upward hydraulic gradient the equilibrium water level depends 

directly upon the depth of the auger hole. On the other hand. unlike 

a metal tube, the sides of the hole permit water to escape slowly into 

the soil above the water table. Beoause of these dynamio conditions, 

the water depth within the hole is less than the ground-water pressure 

. head at the bottom of the hole. Thus, under the conditions existing 

at the airport the value of auger holes to measure either the depth 

of the water table or the pressure head at the bottom of the hole is 

questionable. 

As the 2 preoeding paragraphs suggest. under oertain oonditions 

direct water-table measu~ments are not entirely satisfactory. On 

the other hand, for any set of soil conditions the water table may 

be located more indirectly by plotting the soil-moisture pressute 

head readings against the distance above or below a given datum. 

Tensiometers may be used to yield data in the region of negative 

pressure or soil moisture tension above the water table. The point 

of intersection of the resulting ourve with the line of zero piezo-

metric head represents the surface of atmospheric pressure within 

the soil water. If only piezometrio data are available. it may be 
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possible to extrapolate the curve to cross the zero pressu~ head 

line. / 

The extrapolation procedure is illustrated in figures 10 to 15, 

inclusive, whioh were plotted from the data recorded in tables 3 to 8. 

Eaoh f1gure illustrates the average relationship between the pressure 

head and depth of piezometer within the overlying clay layer for 1 

month during the study period. The lines were fi tted to the data by 

eye rather than by more refined statistioal methods. The reason for 

this approximation is obvious. Both the slope of the pressure 

gradient and i-ts point of interseotion with the line of zero pressure 

head, are, of oourse, influenoed by looetion or position in the field. 

Therefore. when extended from the small area over which they were 

obtained to a large area occupied by a proposed drainage projeot. 

approxiDl8te val ues of the hydraulio gradient and water-table depth 

are as signifioant as more exact values. These approximate values 

are, therefore, considered from a practical field engineering point 

of view. As was expected, the level of the water table as estimated 

by a monthly average of the readings fram piezometer line D12 was for 

each month slightly higher than the level of the line of atmospherio 

pressure, p/w • 0, as determined by extending the line of pressure 

h.ead,: versus depth below datum to c ross the line ot zero pressure head • 
... 

This ~iff8rence is olearly illustrated by comparing the line whioh 

represents water-table depth on figure 16 with line D12 on figure 19. 

Figure 16 is a summary of the quantities obtained from the figures 10 

to 16, inclusive. 
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Another very interesting observation from figures 10 to 15 is 

that although the average monthly readings from each piezometer line, 

A, B, and C were plotted separately, for any given month a single 

straight line closely fits the 3 sets of data. This phenomenon 

suggests that the upward hydraulio gradient from the aquifer is not 

related to the horizontal distance from drain 12. 

Influence of the ti Ie drains upon we tar flow within the soi 1. The 

observation stated in the preoeding paragraph implies immediately that 

drain 12 apparently has no direot influence upon water movement within 

the soil profile below the water table. This conolusion is also 

supported by figure 18 which was plotted from table 9. This figure 

illustrates the mean piezometric heads over a 6-month period at 3 

radial distances from drain 12 for 8 depths ranging from 10 to 46 

feet below the soil surfaoe. At each depth the horizontal gradient 

perpendicular to the drain axis is shown. At no depth, however, 

does a significant gradient exist either toward or away from the tile. 

It might be argued that the mean conditions for 8 6-month period 

would not necessarily show the influence of the drain. Actually. 

however, the mean conditions for any single month during this period 

were almost identical to the overall mean conditions shown. 

A further check of figures 10 to 15 explains the apparent in

effectiveness of drain 12. The tile was at all times situated in the 

region of negative pressure head above the surface of atmosphe ri 0 

pressure. p)W • 0, and therefore was unable to remove water directly 

from the Boil. This statement may require 8 brief expl~nation. 



It is a well-known fact that water will rise in soils above 

the water table. The maximum height of c8pilla~ rise is governed 

by the minimum Boil pore size, while the minimum height of capillary 

rise is dependent upon the maximum pore size. The average of these 

2 heights is known as the capillary fringe. Below the minimum 
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height of ri se the soil is ,essentially saturated, so that the water 

moves freely within the soi10 However, in rising above the water 

table or atmospheric pressure surface, the water enters a zone of 

negative or Bub-atmospheric pressure and is, therefore, under tension. 

The minimum pressure that can exist within a drain is, of course, 

zero or atmospheric. Thus for a drain that is situated in the zone 

of negative pressure above the ground-water table the pressure 

gradient is out of rather than into the tile. Briefly, because the 

gradient is in the opposite direction, water under tension will 

not cross an air-water interface. This fact is sometimes stated 

as the second law of moisture movement. The above statements should 

emphasize why the lines of a ground-water drainage system must be 

plaoed below the maximum desired depth of the atmospheric pressure 

surface, p/w • o. 

The average water-table depths for eRoh month during the study 

period at the 3 piezometer lines, D4, DI l • and D12 , are plotted as 3 

separate curves in figure 19. The overall average dep~h of the water 

table within the 1951-1952 study area appears to be oomparatively 

deep, with the top of the permanently-saturated soil zone at approxi

mately 6.5 feet below the ground surface. As would be expeoted, 

the fluctuations in the water-table level for the months January to 



June were very consistent for the 3 piezometer lines. Data for July 

and August were estimated from a rew scattered readings, and since 

they were not taken within the investigation period have not been 

tabulated. 

The water-table profile at its maximum and mdnimum monthly 

average depths ns measured by the 3 piezometer lines, D4, DlI , and 

D12, are shown in figures 20 and 21. As previously explained, sinoe 

these curves are based upon direct piezometer readings, they are in 

all probability shown at shallower depths than the true profile of 

the atmospheric pressure surface which existed at the same time 

within the soil. The maximum observed water-table depth occurred 

in January with the spring runoff from the melting snow producing 

a peak elevation of between 4 and 6 feet below the ground surface 

in early April. The water table then fell slowly during Yay and 

June, until in early July it again approaohed the average maximum 

depth of approximately 6.5 feet. 

Previously in this seotion it was suggested that drain 12 is 

ineffectfve &s a sub-surfaoe drain. An important observation from 

figures 19, 20, and 21 is that not only drain 12 but also both 

drains 4 and 11 at the seotions illustrated were well above the 
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level of the water table throughout the entire study period. Under 

these conditions it was also impossible for soil water to enter 

either of these drains. Rather, the sharp upward ourve of the water

table profile for April almost direotly beneath the 3 tile lines 

suggests that a small portion of the surface water whioh had entered 

the drains actually again esoaped and moved on downward through the 



soil. The unexpected draw-down for January under drains 11 and 12, 

when there was no observed f10w in any 0 f the 3 drains, probably 

was produced by small amounts of surface water which had percolated 

down through the gravel back-fill and by-passed the tile. 
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Because thv drains are backfilled with gravel, the law permea

bility of the surrounding clay has no influence upon their effective

ness as surface drains. It should be noted that surface water which 

enters the ai rport drains through the gravel baokfi 11 is not under 

tension. The 'large pores in the gravel eliminate all capillary 

forces so that the water moving downward largely under the influenoe 

of gravity enters the drains. 

Water entering the soil from the drains would" of course, 

contribute to the ground-water reservoir, and, 1n fact, may have been 

partially responsible for the marked rise of the ground-vtater level' 

during the rapid spring snowmelt period. It has already been noted 

under the heading of "Procedure" that only during the spring snow

melt period was there an appreciable flow in any of the 3 drains at 

the study area. Any very slight flow during the remainder of the 

investigation period was largely surface runoff from higher lands. 

This water is caught by a shallow gutter extending along the east 

and north boundaries of the airport. Small quanti ties of water. 

flowed almost continuously from the gutter into the tile drainage: 

system. 

Prof'i Ie .£! the overlying clay layer 

Test-hole data. The soil survey test-hole data are recorded in 

table 10. Each of these borings yielded the following factual. 



information: Hard, heavy Loga.n clay, light gray in color, extended 

from near the land surface to a depth of 4 feet. Below this depth 

lay a soft, silty clay loam 4 or 5 feet thick, which carried the 

red and yellow mottled effects of ferric oxide, indicating a 

fluctuating or periodic saturation of the soil. At 6.5 feet a blue 

silty clay began to appear. The blue color caused by ferric oxide 

signifies permanent saturation. At 11.5 feet the silty clay 

gradually gave way to a very soft, silty blue mud, which extended 

to a depth of 12 feet where the boring was stopped. The first level 

of the blue silty olay at a depth of 6.5 feet below the ground 

surface obviously signifies the minimum water-table elevation. The 

maximum water-table elevation is indicated by the beginnin~ of the 

mottled clay at a depth of between 4 and 5 feet. As shown by fie;ure 

21, these estimates agree fairly closely with those obtained at the 

same point from piezometric data. 

Piezometric data. It was mentioned earlier that all points 

plotted on figures 10 to 15, inolusive, fBIl very close to a 

straight line drawn from approximately the lO-foot depth to the 

40-foot depth below the ~round surface. This line immediately 

implies that below the top 10 feet of surftace soil there extends 

downward 30 feet of material having exceptionally uniform pennea

billty. This homogeneous soil material is undoubtedly the soft. 

blue mud found near the bottom of the test holes. 

At a piezometer depth of approximRtely 40 feet the hydraulic 

gradient deviates rrom a straight line as indicated by the curved 

dotted portions of the curves. This phenomenon su~gests that the 
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layer of material approx:i:mately 5 feet thick and immediately over

lying the gravel aquifer is relatively less perneable than the clay 

in the remaining so11 profile. 

Pressure within the artesian aquifer 
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Average total pressure. The average pressure head in the artesian 

aquifer during the period of stu<\v as recorded by piezometers 1, lines 

B and C, was approJdmately 61 feet of water. Piezometers 1 in lines 

B and C were both jetted to the aquifer. As table 9 illustrates, 

a slight difference was found bet_en the average of the 2 piezcmeter 

readings tor the entire study period. With only 1 replication, 

however, this difference cannot be said to indicate a trend; rather, 

it probably can be accounted for by experimental error, such as 

differences between the ·,2 mercury gages, or differences between the 

entrance conditions at the bottan of the 2 piezometers. Justin, 

Hinds, and Creager (11) list 1 x 10-7 feet per second as an average 

figure for the penneability of coarse clay. Israelsen and Morgan (10) 

have presented data which indicate that the permeability of the 

gravel aquifer is approximately 0.016 feet per second. The permeability 

of the gravel aquifer may, therefore, be at least 100,000 times greater 

than that of the overlying clay layer. Under these conditions the 

gradient within the aquifer would be imperceptible so that the piezometric 

surface at,any point within the aquifer should be essentially a constant. 

Pressure variations. Fluctuations of the mor:thly average artesian 

pressure head were only slight during the entire period of stuctr. 

A8 shown by both figures 16 and 22 the maximum variation during the 

a.;.month period, November to June, inclusive, vas 4 feet of water. ' 
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However. rather than reaching Ii maximum as expected in the spring, 

the average pressure head dropped sharply in May. Unoontrolled flow 

from the 40-foot aquifer through a nearby artesian well probably 

produced this deoline. In the fall of 1951 a well was drilled at 

the airport to provide water for a newly constructed fire-control 

tank. During the drilling process the static pressure at the 40-

foot aquifer forced water to the surfaoe around the outside of the 

well casing. For approximately 3 months an estimated 0.5 cfs flowed 

from the well. This flow was eventually 'stopped by foroing mud to 

the bottom of the well shaft. The water carried the mud upward 

around the outside of the casing, thus sealing the leak. However, 

with the coming of spring, the pressure witpin the aquifer began 

to rise. On April 28, 1952, this rising pressure burst the mud 

seal and water again flowed in an uncontrolled stream from the well. 

Almost immediately the average artesian pressure head recorded by 

piezometers at a distanoe of 1,600 feet from the well dropped 

approximately 2 feet of water (see figure 17). After this sudden 

drop the pressure head continued to f~ll very slowly so that by . 

July 10 it was approximately 4 feet below the piezometrio head, 

as recorded on April 27, of more than 62 feet of water. While 

compared with the total piezometric head of approximately 60 feet 

of water this decline is relatively small, it actually represents 

nearly 20 percent of the excess or driving head which forces the 

water upward through the soil. 

It is evident from the previous paragraph that pressure ohanges 

are readily transmitted through the highly-permeable artesian aquifer. 



Therefore, it seems feasible to assume that by looating pumped 

wells at strategio points the piezometric surface with respect to 

the 40-foot artesian aquifer could be lowered to any desired level. 

However, it should be noted that although no drawdown data were 

obtained for the unoontrolled well, the water-table elevs.tion at 

the study area was not noticeably affected. 

Upward hydraulic gradient through the clay 

Israelsen and MoLaughlin (9) measured the average upward hy

draulio gradient from the gravel aquifer to be 0.39. The average 

gradient as measured from f1gure 16 for the 1951-1952 study period 

was 0.53 with a low. of 0.43 1n April and a high of 0.60 in February. 

It appears from the figure that t his variation was not dependent 

upon corresponding ohanges in the aquifer pressure head. For in

stance. the hydraulic gradient for both November and May was 0.5, 
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yet the average artesian aquifer pressure heads for these same 2 

months were 63 and 58.8 feet of water respectively. Again. figure 22 

shows no def1nite correlation between the pressure within the artesian 

aquifer and that of the soil moisture at any given depth within the 

clay aquiclude. As mentioned previously, there appears to be a thin 

layer of clay soil immediately above the aquifer which is relatively 

less permeable than the rest of the profile. Such a layer may tend 

to reduoe the affects of short-time pressure variations in the 

aquifer upon th~ hydraulio gradient. However, changes in the average 

pressure head d tiring the invest! gati on period we re fairly small for 

all piezometer depths. Therefore, it is possible that the correlation 

mentioned above, it present, was not deteoted by· the experimental 

procedures employed. 
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The apparently high degree of correlation between the depth of 

the water table and the upward hydraulic gradient suggested by figure 

16 is to be expeoted beoause ourves 2 and 3 are not independent plots. 

The values of the wa~er-table depth plotted as ourve 2 were derived 

directly from the pressure head lines of figures 10 to 15, the slopes 

of whioh yielded the 'Values for curve 3. However, curve D12 of 

figure 19 is a plot of the water-t~ble depth for the sa~ area 

measured by an independent method. This curve when compared with 

line 3 of figure 16 indicates an almost direct variation between the 

upward hydraulio gradient and the depth of the ground-water table. 

Other conditions being equal, this relationship, of course, is 

natural. A compa rati vely highe r water table means a lon?:er flow 

distance from the aquifer, and so a deoreased hydraulic gradient. 

The gradient apparently deviates from a straight line only 

within a few feet of the aquifer. Therefore, the permeability of 

the homogeneous blue silty mud is taken as the effective permeability 

of the entire soil layer above the gravel stratum. 

Computing the effeotive pe~e8bility ~ the clay aquiclude 

Permeability measurements. In per-roeability measurements the 

large experimental errors must be reduced by statistical analyses. 

Hence, oonsiderable time is required to obtain an accurate permea-

bility measurement of a single soil layer. Now. &s ~reviously 

stated, the aquiclude appears to oonsist of at least 3 layers of 

varying permeabilities. Therefore, the amount of work involved 

in finding the effective vertical permeability of the aquiclude 

by Kirkham's field method (12, 16) would be too great for this 



project. Actually, a procedure which would measure the rate of 

upward flow from the aquifer over a given area would be aore Batis

factory. Ravin,; determined the average hydraulic grade line for 

this same area by means of piezometrio clusters, the effective 

vertical permeability could then be calculated not only for eaah 

individual layer but also for the entire thiokness of the aquiolude 

by Darcy's equation, V : ki, where V : velocity of flow in distance 

per unit of time, k • the soll permeability in distanoe per tmit 

of time, and i • the hydraulic gradient (dimensionless). or oourse, 

in o~der to apply t his equation, a oondi ti on of steady flow from 

the artesian aquifer to tho ground-water table must be assumed. 

If this experiment were replicated for several areas within the 

, , 
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same vicinity, a statistical analysis could be applied to the results. 

One of the most satisfaotory means of obtaining V is to measure 

the inorement of flow for a given length of drain. However, such 

a drain MUst be situated below the water table 10 that the drain is 

removing primarily underground water. Under these conditions there 

is a definite draw-down ot the atmospheric pressure surface to the 

drain • 

.!!!!. consumptive-use basis. V may also be obtained from an 

estimate of the orop oonsumptive use for any given period. This 

method will be employed here. BIter to figure 23 where a section 

of the aquiolude is shown. To approximate actual field conditions 

the ground-water table has been slightly inclined so that there is 

movement along this surface. Actually, lateral movement in the clay 

soil of the bottom lands of Cache Valley is probably exoeptionally 



slow. The upward hydraulic gradient from the aquifer is 0.5, while 

fo r water whioh enters the soil sur faoe and flows vertioa.lly down-

ward to the water table the hydraulic gradient 1s approximately 1. 

As tas already been stated, even driven by these oomparatively 

high gradients, both the upward flow of water from the gravels and 
. 

the downward percolation of water from the land surface are very 

small. Now assume, for example, that the slope of the water table 

is 1/500 and that the horizontal and vertical permeabilities of the 

soil are equal. Under these oonditions the flow of water laterally 

within the clay would be 250 times less than the upward flow from 
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~he artesian aquifer, and 500 times less than the downward flow from 

the ground surface. Test-hole data presented by Rasmussen (14) and 

shown in table 10 indicate that horizontal thin sand layers exist 

at various depths in the surfaoe profile. However, as far as can 

be determined, these veins are discontinuous, 80 that unless they 

are intercepted by a drain or ditch lateral movement, even within 

the sand, is 'almost negligible. 

Assuming ,steady-flow conditions, the inflow to the section 

shown in figure 23 must equal the outflow. Therefore, it is 

reasonable to assume that the upward flow from the artesian aqui fer 

for any gi ven period is approximately equal to the crop consumptive 

use minus the total amount of precipitation for that period. The 

airport lands are not irrigated. Changes in the average water-

table depth reflect changes in both the consumptive use and the 

hydraulio gradient and should be taken into account. 



Determination ~ consumptive ~. Consumptive use has been 

mathematically expressed by Blaney and Criddle (3) on the basis of 

temperatures and available heat 8S in the following equation: 

where 

U : IF 

U : consumptive use of crop (or evapo-transpi ration) 

in inches for any period, 

F • sum of the monthly consumptive-use fectors for 

the period (sum of the products of mean monthly 

temperature and monthly percent of daytime hours 

of the year), and 

K • empirical consumptive-use coefficient (irrigation 

season or growing period). 

Blano'y and Criddle list K values for alfalfa of 0.80 to 0.85, 
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wi th the lower values for the ooastal areas and the higher values for 

areas with an arid climate. Caohe Valley is situated in an arid 

region. However, beoause the alfalfa growing at the airport was 

relatively sparse and also showed signs of drought, its consumptive 

use would undoubtedly be lower than average. Therefore, the lowest 

given value of K was used in the following calculations. 

Blaney and Criddle state that the average growine season for 

alfalfa in Cache Valley is the period from May 7 to October II, 

and list the values shown in the followine; ta.ble as the normal 

monthly consumptive-use factors, f, for Logan, Utah. The total 

monthly precipitation in inches for each month during the growing 

season of 1952 is listed under "r" in the table. These values 
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were taken from meteorological data recorded at the Greenvi lIe 

Expe rimental Fe. no in North Logan, Utah. 

No. of 
Month DR~S r f 

May 24 1.25 4.23 

June 30 1.75 6.53 

July 31 0.31 7.53 

Aug. 31 0.44 6.86 

Sept. 30 0.15 5.19 

Oct, 11 1.29 

Total 157 3.90 = R 31.63 • F 

• . . u = KF • 0.80 x 31.63 = 25.3 inches of water 

Therefore, total crop requirements from the ground water = 25.3 -

3.90 = 21.4 inches. 

Growin~-season water-table depth constant. As mentioned above, 

a change in the water-table depth during the growing season must 

be oonsidered in estimating both the upward hydraulio gradient and 

the water consumed by the orop. The water table in the vicinity of 

pi~zorneter lines A, B, and·C as measured by piezometer line D12 will 

be considered in these calculations. As may be inferred from line 

Dl2 , figure 19, there was essentially no change in the average depth 

of the water table between the bSf,inning and end of the growing 

season. 

Upward flow equals consumptive ~ less precipitation. Since 

the average water-table level remained consta.nt during the growing 

season, the total upward flow from the artesian aquifer between 



34 

May 7 and October 11 was, therefore, approximately equal to the 

differenoe between the consumptive use and the precipitation during 

this same period. This value has already been oalculated to equal 21.4 

inch~8 of water for the 1952 growing season. Expressed in inches 

per 24-hour day. 

v = !!!.i • 0.136 inches per 24 hours 
157 

As feet per second I 

v = ___ 0;.,;;.o,;:;:;1 .... 36 ____ _ 
12 x 24 x 3600 

: 1.31 x 10.7 feet per second 

The average upward hydraulio gradient has previously been found to 

equal 0.53. 

Now, applying Darcy' 8 formula. V = ki, 

V 1.31 x 10-7 7 
k : - = ----- : 2.78 x 10- feet per second 

1 0.53 

To obtain a truly representative estimate of k which could be applied 

to the whole area it would be neoessary to replicate this experiment 

many times. In 1930 Israelsen and )(caughlin (9) esti~ted fro, 

permeameter studies the effective vertical permeability of the 

clay aquiclude to be 1.7 x 10-7 teet per seoond. Justin, Hinds, 

and Creager (11) quote 1.0 x 10-7 feet per seoond as an average 

~alue for coarse clay. Considering the great variation that exists 

in permeability deter.minations, the agreement between these 3 

estimates of the effective vertical permeability of the olay aqui-

elude is reasonably close. 
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Itteota !!.! ~ airport dralna 

.... drain. ---- Aa previou.ly atated, the, aaphalt 8urfaoe of taxiway 

leA adjaoent to the study area had tailed many time. under load. 

Therefore, in the spring ot 1952, 2 parallel a-inch diameter draina 

were placed along each side ot the taxiway. The drains were set 

at depths 'ranging from 6 to 9 teet below the ground surfaoe and were 

spaced 60 feet apart. During the trench exoavation it was observed 

that even though the water table stood. at an av.ra~ depth of 6 feet 

below the ground surfaoe, when the shovel out through the asphalt 

Burraoe into the olay soil below, large quantities ot water poured 

fro. the gravel 8ubgrade into the trenoh. It was reasoned, therefore, 

that the high moisture oontent of the olay 80i1 direotly beneath 

the asphalt 8ubgrade of taxiway 1-A was caused by inadequate B~rfao. 

drainage rather than by .. high water table. WBter which had col

lected beneath the asphalt could not evaporate readily, and the 

clay subsoil rest rio ted percolation to the water table below. The 

water, entrapped between the 8011 surfaoe and the asphalt, 80ttened 

the olay 80 that under periodio loading particles of the gravel 

lubgrade mo .... 4 slowly down_rd. The asphalt then having insufficient 

support oraoked longi tudil'llllly along the wheel lines where the load 

was applied. The new drains placed below the taxiway in the spring 

of 1952 were baokfilled with gravel to a level with the clay surrace. 

so that _ter which now flowlS beneath the alphalt 18 not entrapped 

but flows downward through the gravel backtl1l to the drain. The 

olay Burfaoe soil i. thUI stabllized. A thiok gravel 8ubgrade wa. 

plaoed to permit ready water man:_nt beneath the asphalt 8ur~O •• 



Sinoe the airport was fi~st constructed, this taxiway had been 

repaired many times. However, 6 months after the installation of 

these new drains no longitudinal cracks had appeared in the surface 

of the taxiway and there had been no apparent dispersion of the 

gravel subgrade. Adequate drainage B8ems to have been provided 

and solved the problem. 

Sump holes .£!. depressions !!!!! the drains. The depressions or 

sump holes in the soil near the drains were caused by a washing of 

clay particles into the drains. When the drains were inste.lled, 

a graded gravel filter was not plaoed at the joints in the tile. 

M. K. Marler, Assistant Logan City Engineer, stated that during 

a heavy rainstorm shortly after completion of the ai rport the 

entire earth backfill around a particular manhole was washed into 

the drain. During periods of' rapid runoff, the water in the drains 

is very muddy. It has also been suggested that these holes were 

caused by the oxidation of peat situated near the soil surface. 

However, during the construction of the airport ell peat beds that 

existed within the area were dug out oompletely and the holes 

backrilled with gravel. No peat was observed in the shallow 5011-

boring investigations conducted during this study. Part of the 

break-up of the taxiway in the vioinity of drain 12 may probably 

be attn buted to the formation of these sump holes 0 

Water-table depth. Throughout the year 1951-1952 the water 

table within the study area remained at a suffieient depth for the 

satisfactory growth of most orops. Therefore, beoause no irrigation 

water was applied, by June the clay surfaoe sojl had become cracked 

36 
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and hard, and muoh of the alfalfa growing between the runwsys 

showed signs of drought. Both pictures shown in figure 24 illustrate 

shrinkage oraoks in the clay soil whioh resulted from an inadequate 

moisture supply in the plant root zone. 

In marked contrast to this situation were the drainage condi-

tions in fields adjacent to the airport fence. For instanoe, at 

the Bell Traot it oan safely be assumed that the average water-

table level is still very near the ground surface. Here the surface 

soil was wet and boggy and supported largely only marsh grass and 

cattails. Figure 25 illustrates these contrasting conditions. Note 
, 

the clear line of demarkation between the marsh grass whioh appears 

in the upper left hand com~ r of the picture and the forage grasses 

seen in the remainder of the pioture. The marsh grass, of course, 

growing in undrained soil, indicates an exoess water supply. The 

thin line of silver shown in the upper right he.nd corne<r of the 

pioture is not water but reflected light from the asphalt surface 

of a landing stri p. 

The oondition, or set of conditions, whioh produoe the apparently 

large differenoe between the water-table depth at the 1951-1952 

study area and that at the Bell Tract only 0.9 miles to the south 

are still not definitely established. The deep water table may be 

produced by natural underground oonditions existing in the' vioinity. 

However, soil borings and hydraulio gradient measurements show that 

the profile of the clay layer beneath both areas is almost identical. 

The artesian pressures at both locations are approximately equal. 

In the vioinity of the airport the entire land surfaoe slopes gently 
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to the north and west so that the average elevation of the Bell Traot 

1s approximately 6 feet greater than that of the 1951-1952 study area. 

The surface drainage system at the airport 1s also a possi ble 

explanation for tha comparatively law water table within the study 

area. E. U. Koser, Caohe County Surveyor, Ray C. Hugie, Logan City 

Engineer, and M. M. Marler, Assistant Logan City Engineer, all 

support this suggestion. Thea. men state that before the syatem 

was installed almost the entire area was oooupied by peat bogs and 

swamps in whioh water continuously lay. True, by carrying off 

exoess surfaoe water the drains have reduoed the amount of water 

entering the surfaoe 8 oil. As has previously been observed, the 

upward flow from the artesian aquifer during the growing season is 

actually les8 than that required to support s~tisf80tOry crop growth. 

Hence, orop oonsumpti ve use may have slowly reduced the amount of 

water in the surfaoe soil and so lowered the water table until an 

equilibrium level between the upward flow and the consumptive US8 

was reaohed. 

Surfaoe drainq essential. A prime objeotive of this investigation 

was to determine the funotion of the airport drainage system. 

Bvidenoe now indioate. that the system is ~n the main effeotive only' 

tor surfaoe drainage. 

However, irregardless of the water-table elevation, it is 

posaible that a surface drainage problem would exist within the 

airport area. Before the tile lines were installed, preoipitation 

and runoff from higher lands may have aocumulated on the ground 

surface, even though lame distance above the water table. For 
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instance, during the rapid snowmelt perlod in the sprinr: of 1952 

larre pools of water lay on the land surface nearly 6 feet above 

the level of the water table. Assumin~ thet the vertical permea-

bility of the surface soil is equal to that of the clay layer 

beneath the water table, the volume of deep percol~tion from the 

50i 1 BU rf8 ce to the Vffl to r table for a f"i ven uni t 0 f time is only 

twice the volume of flow upward from the f\rtesi~n ["ra.vels. 

Therefore, it a.ppears that dl'"flins to intercept and carry 

away the surface water are an essential part of A system to 

adeauately drain the lower lands of Cache Valley. Beauchamn (1) 

in considerinp; the dra.jnR~e of clay soils with Blow permeabili ty 

I 

writes thRt shallow drains to intercept excess surface water 

provide the only practical solution to the problem. In his 

discussion, however, he did not consider clay soils overlying an 

artesian basin. CertAinly, subgrRde drainage for all asphalt 

~urfaces seem to be essential at the 8i roort·. V~hether surface 

draina~e alone would completely solve the problem for Rrriculture 

by indirectly lowerin?; the water table to a suff'icient depth for 

economical crop production is a qt,;estion not yet defini tely a.nswered. 

Permanent agriculture. To insure continuously good crop yields 

it is imperative not only ttRt the water tAble be maintained at an 

adeqUAte depth but also that irrigRtion water be applied in suf-

ficient quantities to prevent an accumuletion of SAlt within tr.e 

soil. As stated by Israelsen (7), these p~ctices ere the very 

foundati on of permanent agriculture in a rid re~:;ions. Shallow 



surface drFl.ins 2 or 3 feet deep and s pRced at 200 feet or more by 

removing the surf~ce water might indirectly lower the water table 

to A sufficient death for satisfa.ctory crop production. Also, 

Alf'Fllfa could be f!rov.'n to build up the soil st.ructure and so aid 

the downward :rovement of leachinK water. 

However, even BssumiuE thnt these prfllctices were at first 

succer.::;ful, it is ~till indefinite whether permanent Ap;riculture 

would be established. First, beCAuse all move~ent below the water 

table is U;JWP. rd, salts may accumulAte within the capillary fringe, 

Of!. u~>inr the plA.nt. roots to retract and subsequent ri se in the water 

tahle o Second, any downward movement of le!'Jchhlg. water either to 

reclaim the soil or to orevent salt AccumulRtion would Rrain upset 

the e~1uilibrium conditions find produce 8 rise in the level of the 

water te.ble. It is pon.Gihle, therefore. that the wa.ter-table level 

~Rn be effectively controlled only be reducinp: the rete of upward 

flow t.hroufh pt;ITlued dra.ine r:e from the B rtesian aqDifer. Pumps in 

con:iunction with st::rface dl"flins would, of course, eliminAte all 

uncontrclled water flow to the 5urface soil. Because of the low 

permeability of the surfAce soil, it is doubtful whether pumping 

e lone would [;.01 ve t.he problem, but the irrigation wa.te r de ri ved 

from the deep rravel would probably more than pay the expenses 

incident to A Inrre-scAle drqinaf,e system. Unfortunately, the 

landowners in the eree, who are upheld in their views by the courts, 

wi 11 not to Ie rA. te ;)ul"1[1i ng on the rround s the. t the Rrtes ian aqui fa r 

orovidelJ ther.l VI'\. th a rendy sourr.e of water under pressure. For 

this reS.son pumped wells to lower the piezometric surface will be 
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doveloped slowly. Therefore, even considering that they would only 

partially solve the drainaVe problem, shallow surface drains would 

be the first step toward .revolutionizing the 8rriculture in the 

bottom 1~nd5 of Cache Valley. 

41 
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SUkk!~ HY AND C('I~CLl1SIONS 

~'unction of the airport drains 

The nirport drains art only to dis?ose of surface wat.er; n'o 

wRter is removed directly from the cley soil. Throughout the 

entire period of invostip:ation the p;round-water table re'rnained well 

below the level of the 3 tile lines, drains 4, 11, and 12. Also, 

at a.ny ,(~iven de?th below the 'I,ater table, there was no rneasuree.ble 

hydraulic f"rpdient toward drain 12. 

Water-tHble de?th ~ the 19b1-1952 study area 

Within the 1951-1952 study area the average water table is 

compf.rAtively deep_ The top of the permanently-saturated soil 

zone is A~proxirnEltely 6.5 feet below the r;round surface. Apparently, 

excess sur n1.ce water from the me 1 tinr: ~mow caused the WAter table 

to rise until it reAched its peak elevqtion of hetween 4 and 5 

feet below the r-round surf~ce in eArly Baril. The weter table then 

fell slowly until in late J\ille or eArly July it had arain returned 

to the 6.5-foot level. 

Thus. durin£; most of the yeAr the water table at the study 

areA was sufficiently deep for satisfactory crop growth; yet at 

the Bell Tract only 0.9 miles to the south the Averare WAter table 

~; teod ve ry neA. r the cround surface. It is not de fi ni tely este hI i she d, 

however, whether this marked difference has been produced by the 

airport drai.nep-e system or by nature.1 underr.round conditions existine; 

in the vicinity of the study area. 
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Profile of the ClAY fiquiclude 

Test hole and piezometric data indicate that the complete soil 

profile between the artesian aquifer and the ground surface probably 

consists in f..enerel of 3 distinct classes of material. The top 10 

feet of soil ranr,e from a soft silt loam at the surface through 4 

feet of hard Logan clay to a layer. of soft silty loe.m nearly 6 feet 

in thicknesso Immediately overlying the artesian Ersvel there is 

apparently a 5-foot l~yer of clay which is relatively less permeable 

than the rest of the profile. Sandwiched in between these 2 thin 

layers of material are 30 feet of blue silty Inud having exceptionally 

uniform permeability. 

Artesian aqujfer pressure head 

The total averar-e pressure head in the 40-foot artesian aquifer 

during the study period was 61 feet of water. Although pressure 

head changes were relatively small, there appeers to have been a 

general decline from the beginning to the end of the pericx:1. This 

. decline may have been produced by uncontrolled flow from a nearby 

well which burst its seal late in April. The maximum observed 

pressure head difference was 4 feet of water, or nearly 20 percent 

of the drivinr: head which produces the upward flow from the aquifer. 

Since pressure head chBn~e8 apoear to be readily transmitted 

through the highly-permeable gravels, it seems feasible to assume 

that pumped wells plAced at strategic points could lower the pie

zometric surface with respeot to the aquifer to any desired level. 
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Upward hydraulic r,radient 

The avera ,o-e U oward hydra ul io f" radiant throu~h the 0 lay aquic Iude 

was 0.53 for the study ~eriod, with e. low of 0.'13 in ADril end e. 

hir,h of 0.60 in February. In 1929 end 1930 Israelsen and McI.eutrhlin (9) 

mensured this rrAdient to be 0.39. The gradient was epoarently not 

influenced by smell vAriations in the artesian aquifer pressure head. 

On the other hand, evidence indicates that almost a direct relationship 

exists between the upward hydrAulic rradient and the depth of the 

water table. 

The permeability ~ ~ clay aquiclude 

With the aid of precipitation and consumptive-use data the 

effective vertical permeability of the overlyin~ clay layer wes 

estimated in this re port to be 2.78 x 10-7 feet pe r second. In 

1930 Israelsen and Mc~urhlin (9) from permeameter studies measured 

this permeability at 1.7 x 10-7 feet per second. 

Lendin~ strip and taxiway desir,n 

The failure of taxlway No. I-A in the vicini ty of the study 

areA w&.s the result of both inadequAte suhe:rade drainar:e and the 

formation of sump holes adjacent to drain 12. These de9ressions or 

sump holes were appArently caused by drainap-e water carryin~ clay 

soi 1 pa rticles into the drp. in. A v:raded rravel fi 1 ter pIeced at 

the tile joints would have prevented this problem. 

All asohalt .landin~ strip and taxiway surfRces constructed 

at the LO{!Bn-CRChe Airport should be provided with sufficient ~ub

rrade drF! inap:e to prevent we tar from beinE entrapped Bnd held 

between the asphalt and the ,;oil surface. A t'1ick rrRvel subrre.de 

must, of course. be provided for all AsphAlt surfaces. 



Surface drnins And Af,ricultul'"nl production 

To be econo'!,i cally applicable to aGricultural land, smaller 

tile Bnd in r;eneral a. wider drrin G?Bcing than were used at the 

ajrport would be nece~s8ry. Also, if the drains are instelled to 

remove fur fae e wa te rent i ro 1 y, the rni n imum de pth ne ad be deter-
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mined only by nOl'"lTlAl cultivation practices. It may be noted that 

even thourh the airport draina~e system was desirned with very lar~e

cBpnci ty lines to .carry quick runoff, the totel Annual draiD1lge 

vol ume pe r A.C re from i rri r:r. ted land within the same a rea would be 

considerably Ie rrer than that carried by the present ai r;:>ort tiles. 

Irref,srdless of whether they alone would establish pernenent 

crop production, drains to intercept and carry away the surfece 

water appeRr to be an essential pArt of a system to AdequAtely 

~olve the drainaGe problem in the lower lands of Cache Valley. 



(1) 

(2) 
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-Table 1. Data on the sections of drains 4, 11. and 12 within the study 

Drain Study Point of 
No. Section. Diameter Slope Obse rvntion 

~lanho1es 

4 42 -43 10" cone rete 0.002545 Manhole 42 
Manhole 43 
Study point*** 

11 44 - 73 8" concrete 0.003423 Manhole 44 
Manhole 73 
Study po.int 

12 43 - 85 12" concrete 0.003401 Manhole 43 
Manhole 85 
Study point 

*F'rom original plans of ai rport drainaEe system 
**See Ta hIe 17a 

***Porlion of drain 4 on piezometer line D4 (see figure 3) 

Station 

34"""'67 
37+- 42 
36+ 52 

9+08 
12 + 88 
12 -+- 13 

lO-t- 03 
12 -r- 97 
12,...27 

area· 

Depth of Bottom 
of Tile Below 

Ground 
Surface Datum·· 
(feet) (feet) 

!S.O 
5.5 
5.3 5.1 

4.9 
4.7 4.8 

5.1 
5.0 5.6 



Table 2. Summary of water-t.able depths (inches below lard surface) on the Bell Tract 
(1930 to 1932)* 

Land Surface 
E1evation** 21 1 6 ~lllt ~1.6 ~212 21-2 ~ll~ ~1.~ 52.~ ~1.4 2!u2 

Avg. No. of Hole Rl R2 RJ R4 RS a6 R2 R8 Rg 1..]=] 

Year 

1930 20 26 26 23 25 21 19 29 24 23.7 
1931 28 48 40 39 31 31 33 54 34 37.6 
1932 21 27 54 46 43 21 25 40 24 26 32.7 

*From Iaraelsen am. McLaughlin (9) 

**Add 4400 feet to each elevation given to obtain elevation above sea level. 
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Table 3. Piezometer readings at IDgan-Cache Airport in feet ~f water 
above the ground surface, November 1951. 

Line Reading Piezoaeter Number 
No. Date No. 1 2 ~ It ~ 1) :z 8 2 

14 1 11.2 8.0 2.1 0.1 0 -3.4 -4.6 dry' 
17 2 11.2 8.0 2.1 0.1 0 -3.5 -4.7 .. 
20 3 11.6 8.2 2.1 0.1 0 -3.3 -4.5 .. 

A 23 4 12.0 8.7 2.3 0.1 0 -3.5 -4.8 .. 
26- 5 12.1 8.9 _2.5 0.1 0 -3.8 -5.0 " 
29 6 12.2 9.0 2.6 0.1 0 -3.0 -5.1 It 

Average 11.7 8 0 5 2.3 0.1 0 -3.6 -4.8 .. 
Pressure Head, p/w** 5.3.2 44.0 .33.3 25.6 20.5 11.9 5.2 

14 1 18.4 10.0 5.7 5.1 2.9 -1.3 -4.8 -6.2 d!'7 
17 2 18.4 10.0 5.7 5.1 2.9 -1.3 -4.8 -6.1 .. 
20 .3 18.4 10.0 6.9 5.1 3.2 -1.3 -4.8 -6.1 .. 

B 23 4 17.8 11.1 7.3 ;.4 ,3.6 ' -0.5 -4.8 -6.1 .. 
26 5 16.5 13 • .3 8.0 6.1 3.8 -1 • .3 -4.9 -6.2 • 
29 6 16.2 13.4 8.2 6.5 3.8 -1.3 -5.0 -6 • .3 It 

Average 17.6 11.3 7.0 5.6 3.4 -1.2 -4.9 -6.2 .. 
Pressure Head, p/w 61.6 52.8 43.5 36.0 28.9 19.3 10.6 .3.8 

14 1 18.6 14.7 7.8 4.9 0.2 -0.1 -6.2 -6.5 drr 
17 2 18.6 14.7 ·7.8 4.9 0.1 0 -6.1 -6.5 .. 
20 .3 18.6 14.7 7.8 4.9 0.1 0 -6.1 -6.5 It 

C 23 4 18.4 14.9 8.3 5.0 0.1 -0.1 -6.1 -i>.4 .. 
26 5 16.7 1).8 8.5 5.0 0.1 0 -6.1 -6 • .3 .. 
29 6 16.2 13.7 8.4 5.1 0.1 0 -6.1 -6 • .3 II 

Average 17.9 14.4 8.1 5.0 0.1 0 -6.1 -iJ.4 • 
Pressure Head, p/w 64.4 55.9 44.6 36.0 25.6 20.5 9.4 3.6 

Average Lines A,B,C 17.8 12.5 7.5 4.3 1.2 -CJ.4 -4.9 -5.0 dry 

Pressure Head, p/w 63.0 54.0 4.3.0 35.3 26.7 20.1 10.6 5.0 

Average month~ weather conditionsl warm, fair 
Average monthly ground-aurtace conditionsl dry, no plant growth 

*Piezometer depths in feet below the -grourrl surface are shown in table 17b 

HFeet or water 
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Table 4. Piezometer readings at IDgan-Cache Airport in feet of water 
above the ground surface, December 1951. 

Line Reading Piezometer Number 
No. nate No. 1 2 3 4 5 ~ 7 9 9 

A 6 7 12.5 9.3 3.2 0.1 0 --L..O -5.3 dry 

Pressure Head, p/w** - 54.0 45.8 34.2 25.6 20.5 il.5 4.7 

B 6 7 16.3 . 1.'3.4 8.3 6.5 3.9 -1.5 -4.9 -2.7 dry 

Pressure Head, p/w 60 0 3 54.9 44.8 37.5 29.4 19.0 10.6 7.3 

c 6 7 16.2 13.7 8.4 5.1 0.1 0 -6.0 -6.1 dry 

Pressure Head, p/rr 62.7 55.2 44.9 ,36.1 25.6 20.5 9.5 3.9 

Average Lines A,B,C 16.2 13.2 8.7 4.9 1.7 -0.5 -5.0 -4.7 dry 

Pressure Head, p/w 61.4 54.7 45.2 35.9 27.2 20.0 10.5 5.3 -
Average monthly weather condi tionsl cold, clom,. 
Average JlM)nthly grourd-eurface condi tiona: snow-covered in the latter 

part of the month 

*Piezometer depths in feet below the ground surface are shown in table 17b 

**Feet of wa tar 
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Table 5. Piezometer readings at Iogan-Cache Airport in feet of water 
above the ground surface, February 195~ 

Line Reading Piezometer Number 
No. Date No. 1 2 ~ A ~ 6 '1 8 2' 
A 1 8 11.1 8.5 2.4 0 -0.4 -4.6 -5.6 dX7 

Pressure Head, P/w** 52.6 45.0 33.4 25.5 20.1 10.9 4.4 

B 1 8 15.9 13.0 8.0 5.5 3.2 -1.4 -4.2 -5.0 dry 

Pressure Head, P/w 59.9 54.5 44.5 36.5 28.7 19.1 11.3 5.0 

c 1 8 16.0 13.4 7.5 4.8 0 -0.3 -6.2 -6.4 dry 

Pressure Head, P/w 62.5 54.9 44.0 35.8 25.5 20.2 9.3 3.6 

Average Lines A,B,C 16.0 12.5 8.0 4.2 1.1 -0.7 -5.0 -5.7 d17 

Pressure Head, pfw 61.2 54.0 44.5 35.2 26.6 19.8 10.5 4.3 -
Average monthly weather conditionsl cold, in tenni t ten t snow 
Average monthly ground-eurface conditional snoll"-covered· 

*Piezometer depths in feet below the ground surface. are shown in table 17b 

**Feet of water, 
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Table 6. Piezometer readings at Logan-Cache Airport in feet of water 
above the ground surface, Ap~il 1952. 

Line Reading Piezometer Number 
No. Date No. • 2 J it ~ b '2 8 2 

1 9 10.7 9.0 2.1 0 -0.8 -3.6 -3.0 -5.4 
4 10 10.7 9.0 2.1 0 -0.8 -3.6 -2.8 -5.3 
7 11 10.8 9.1 2.2 0 -0.7 -3.7 -2.7 -5.2 

10 12 10.8 9.1 2.2 0 -0 .. 7 -3.7 -2.5 -5.2 
13 13 13.0 9.3 2.4 0.2 -0.8 -3.6 -3.1 -5.4 

A 16 14 13.0 9.3 2.5 0.1 -0.8 -3.6 -3.3 -5.3 
19 15 13.4 9.6 2.6 0.2. -0.8 -3.6 -3.6 -5.3 
22 16 - 13.0 8.5 2.6 O.~ -0.8 -3.6 -3.8 dry 
25 17 11.9 9.0 2.6 0.2 -0.8 -3.6 -4.2 n 

28 18 - 11.7 8.8 2.4 0.1 -tJ.9 -3.6 -4.2 II 

Average 11.9 9.1 2.4 0.1 -0.8 -3.6 -3.3 -5.4 
Pressure ,Head, p/w** - 53.4 45.6 33.4 25.6 19.7 11.9 6.7 0.1 

1 9 16.5 12.0 4.4 2.7 2.4 -1.7 -3.7 -5.1 -5.1 
4 10 16.5 12.0 4.5 2.8 '2.5 -1.6 -3.6 -5.0 -5.0 
7 11 16.5 12.0 4.5 2.8 2.6 -1.6 -3.6 -5.0 ~.9 

10 12 16.5 12.0 4.5 2.8 2.7 -1.5 -3.6 -5.1 -4.9 
B 

I), l) 16.5 12.0 6.0 ).8 2.8 -1..5 -3.7 -5.1 -5.2 
16 14 16.5 11.5 6.6 4.3 3.0 -1.5 -3.6 -s.o -s.O 
19 15 16.7 1).3 7.0 s.O 3.2 -1.5 -3.7 -5.0 -5.2 
22 16 16.8 11.6 7.0 5.0 3.3 -1.5 -3.7 -5.0 -5.3 
25 17 16.6 12.0 5.5 3.,6 3.1 -1.6 -3.9 -5.0 -5.3 
28 18 16.5' 11.3 4.6 302 2.9 -1.7 -4.0 -5.0 dry 

Average 16.6 12.0 5.5 3.6 2.9 -1.6 -3.7 -5.0 -5.1 
Pressure Head, p/w 60.6 53.5 42.0 34.6 28.4 18.9 11.8 5.0 0.4 

1 9 16.7 13.6 7.0 5.2 0 -0.2 -4.4 -4.8 -4.8 
4 10 16.7 13.6 7.1 5.2 0 -0.1 -4.4 -4.7 -4.8 
7 11 16.8 13.7 .'1.2 5.3 0.1 -0.1 -4.3 -4.6 -4.7 

10 12 16.8 13.7 7.2 5.3 0.1 -0.1 -4.3 -4.6 -4.6 
c 13 13 16.9 13.7 7.8 5.5 0.3 -0.3 -4.5 -4.9 -4.9 

16 14 16.9 14.0 7.9 5.6 0.3 0 -4.6 -4.9 -4.7 
19 15 17.0 15.1 8.0 5.6 0.3 -0.1 --4.4 -4.8 -4.7 
22 16 17.2 15.9 7.4 5.5 0.2 -0.2 -4.7 -5.1 -5.0 
25 17 16.9 13.6 7.3 5.5 0.2 -0.2 -4.8 -5.2 -5.2 
28 18 17.2 12.7 '5~9 ',5;5 0 -0.2 -5.0 -5.4 -5.3 

Average 16.7 1).8 7.3 5.4 0.2 -0.2 -4.5 -4.9 -4.9 
Pre a sure Head, p/w 63.2 55 • .3 43.8 36.4 25.7 20.3 11.0 5.1 0.6 

Average Linea A,B,C 16.6 12.6 7.3 3.8 1.1 -0.9 -.3.6 -4.4 -5.1 
Pressure Head, p/w 61.8 54.1 43.8 34.8 26.6 19.6 1l.9 5.6 0.4 

Average monthlJ weather conditionsl warm, intermittent rain .. , 
Average monthly ground-aurfaoe conditions: wet, little plant growth,' 

*Piezometer depths in feet below the ground surface. ~re shown in table 17b 

**Feet of water 
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Table t. Piezometer readings at Ingan-Cache Airport in feet of water 
above the ground surface, MaY' 1952* 

Line Reading Piezometer Number 
No. Date No. 1 2 ~ !t 2 b 7 8 2· ' 

1 19 12.0 S.7 2.4 D.1 -0.9 -3.6 -4.4 dry 
4 20 12.4 8.5 2.3 0.1 -0.9 -3.6 -4.6 .. 
7 21 12.3 8.4 2.3 0.1 -0.9 -3.7 -4.7 " 10 22 12.2 8.2 2.3 0.1 -0.9 -3.7 -4.7 " 13 23 12.1 8.1 2.3 0.1 -0.9 -3.7 -4.8 " A 16 24 12.0 S.O 2.3 0.1 -0.9 -3.7 -4.9 " 19 25 12.0 8.2 2.3 0.2 -0.9 -3.8 -4.9 " 22 26 12.0 8.3 2.3 0.3 -0.9 -3.8 -5.0 " 25 27 12.0 8.4 2.3 0.3 ....90 9 -3.9 -5.0 It 

28 28 11.8 8.6 2.3 0.3 -0.9 -3.8 -5.0 " 
Average 12.1 8.3 2.3 0.2 -0.9 -3.7 -4.8 .. 
Pressure Head, p/W** 53.6 44.8 33.3 25.7 19.6 11.8 5.2 

1 19 15.·5 11.2 5.7 3.7 2.9 -1.8 -.4.1 -5.0 dry 
4 20 14.5 11.1 6.2 4.4 3.0 -1.8 -4.2 -5.1 II 

7 21 13.7 10.8 6.6 5.2 3.1 -1.9 -4.3 -5.1 II 

10 22 13.7 10.9 6.6 5.3 3.1 -1.9 -4.5 -5.1 " 13 23 13.7 11.0 6.8 5.5 3.1 -1.9 -4.8 -5.1 It 

B 16 24 1307 11.1 6.9 5.6 3.1 -2.0 -4.9 -5.1 It 

19 25 13.5 1101 7.0 5.6 3.1 -2.0 -4.8 -5.2 " 22 26 1303 11.2 7.1 5.7 3.2 -2.0 -4.7 -5.2 It 

25 2? 12.9 ll.3 7.2 5.8 3.2 -2.0 -4.5 -5.2 n 

28 28 12.7 11.7 7.6 6.2 3.2 -2.1 -4.5 -5.2 " 
Average 12.7 11.1 6.8 5.3 3.1 -1.9 -4.5 -5.1 It 

Pressure Head, p/w 56.7 52.6 43.3 36.3 28.6 18.6 11.0 4.9 

.. 1 19 16.0 12.4 7.0 5.4 0 -0.2 -5.0 -5.5 dry 
4 20 14.8 12.2 7.2 5.3 -0.1 -0.2 -500 -5.7 " 7 21 14.2 12.0 7.4 5.3 0.1 -0.2 -5.5 -5.8 " 10 22 14.2 12.0 7.4 5.3 0.1 -0.2 -5.5 -5.8 .. 

13 23 14.2 12.0 7.5 5.3 0.2 -0.2 -5.6 -5.9 " C 16 24 14.1 12.0 7.6 5 • .3 0.2 -0.2 -5.6 -5.9 " 19 25 14.1 12.1 7.6 5.4 0..2 -0.1 -5.6 -5.8 • 
22 26 14.2 12.2 7.7 5.5 0.3 -0.1 -5.5 -5.8 It 

25 27 14.3 12.2 7.7 5.5 0.3 -0.1 -5.4 -5.8 • 
28 28 12.9 12.4 8.1 5.5 0.3 -0.1 -5.5 -5.8 " 

Average 14.3 12.2 7.5 5.4 0.2 -0.2 -5.4 -5.8 " 
Pressure Head, p/w 60.8 53.7 44.0 36.4 25.7 20.3 10.1 4.2 

Average Lines A,B,C 14.0 11.8 7.5 4.3 1.2 -1.0 -4.5 -5.2 dry 

Pressure Head, p/w 59.2 53.3 44.0 35.3 26.7 18.5 11.0 4.8 

Average monthly weather conditionsl warm, fair 
Average mnthly ground-surface condi tiona s dry, beginning of plant growth 

*Piezome'ter depths 'in reet below the groUDi surface are shown in table l7b 

HFaet of water 
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Table t:1. Piezometer readings at Logan-Oache Airport in teet of water 
above the ground surface, June 1952* 

Line Reading Piezometer NUlIlber 
Nos Date No. 1 2 ~ it ~ 6 7 8 2 

4 29 11.3 8.4 1.6 0.2 -0.6 -2.9 -5.0 dry 
7 30 11.8 8.4 2.3 0.2 -0.1 -3.0 -5.0 tt 

10 31 11.3 8.3 2.3 0.5 -0.2 -1.2 -5.0 II 

13 32 11.3 8.2 2.6 0.2 -0.8 -3.8 -5.3 ft 
A 16 33 11.3 8.3 2.6 0.4 -0.8 -3.8 -5.3 " 19 34 11.5 7.8 2.6 0.2 -1.0 -3.8 -5.3 It 

22 35 11.5 8.0 2.4 0.1 -1.3 -3.2 -5.6 n 

Average 11.4 8.2 2.3 0.3 -lJ.7 -3.1 -5.2 It 

Pressure Head, p/w** 52.9 44.7 83.3 25.8 19.8 12.4 4.8 . 

4 29 12.5 10.0 6.0 4.3 3.3 -2.1 -2.3 -3.6 dry 
7 30 13.5 11.5 5.5 4.9 3.3 -2.2 -3.6 -4.5 " 10 31 13.8 10.7 6.0 4.7 3.2 -2.1 -2.0 -4.5 It 

B 13 32 13.5 10.7 6.9 5.0 3.2 -2.1 -4.5 -5.3 It 

16 33 14.1 11.1 6.8 5.4 3.3 -1.9 -4.4 -5.3 .. 
19 34 14.0 11.1 609 5.4 3.2 -1.9' -4.4 -5.3 It 

22 35 14.3 12.4 7.5 5.8 3.3 -2.2 -3.8 -5.3 It 

Average 13.7 11.1 6.5 5.1 '3.3 -2.1 -3.6 -4.8 II 

Pressure Head, pfrr 57.7 52.6 43.0 ' 36.1 28.8 IS.4 11.9 5.2 

4 29 12.9 10.5 504 4.8 0 -0.1 -4.7 -5.0 dry 
7 30 13.~ 12.5 5.4 4.8 0 0 -4.6 -5.0 .. 

10 31 14.0 12.4 5.4 5.4 0.1 ..0.3 -5.5 -5.7 " 
C 13 32 13.9 12.4 6.1 5.4 0.2 -0.5 -5.5 -5.8 • 

16 33 14.5 12.3 6.8 5.2 0.1 -0.5 -5.7 -5.9 It 

19 34 14.6 12.2 6.8 5.2 0.1 -0.5 -5.6 -6.1 " 22 35 14.5 12.2 7.0 5.4 0 -0.7 -5.8 -6.3 " 
Average 14.0 12.1 6.1 5.2 0.1 ..1.).4 -5.3 -5.7 • 
Preseure Head, p/w 60.5 53.6 42.6 36.2 25.6 20.1 10.2 4.3 

Average LinesA,B,C 13.8 11.5 6.9 4.2 1.2 -1.1 -4.0 -5.2 dry 

Pressure Head, p/w 59.0 5.3.0 4.3.4 35.2 26.7 19.4 11.5 4.8 -
Average monthlY weather conditions: warm, fair 
Average monthly ground-surface condi tiona I dry, rapid plant growth 

*Piezometer n:tpths in feet below the groum surface are 5ho'Wll in table 17b 

**Feet 0 f wa. ter 
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Table 9 • ATerage DX)nthly pressure heads in feet of water at logan-
Caehe Airport* 

Line Piezometer Number 
No. Month 1 2 ;3 4 5 ~ 7 ~ 9 

Nov •. 53.2 44.0 33.3 25.6 20.5 11.9 5.2 
Dee. 54.0 45.8 34.2 25.6 20.5 11.5 4.7 

A 
Feb. 52.6 45.0 33.4 25.5 20.1 10.9 4.4 
Apr. - 53.4 45.6 33.4 25.6 19.7 11.9 6.7 0.1 
Mal" 53.6 44.8 33.3 25.7 19.6 11.8 5.2 
June 52.9 44.7 33.3 25.8 19.8 12.4 4.8 

Average 53.3 45.0 33.3 25.6 20.2 11.7 5.2 

Nov. 61.6 52.8 43.5 36.0 2B.9 19.3 10.6 3.8 
Dec. 60.3 54.9 44.8 )7.5 29.4 19.0 10.6 7.3 

B 
Feb. 59.9 54.5 44.5 ,36.5 28.7 19.1 11.3 5.0 
Apr. 60.6 53.5 42.0 34.6 28.4 18.9 11.8 5.0 0.4 
Yay 56.7 52.6 43.3 36.3 28.6 18.6 11 •. 0 4.9 
June 57.7 52.6 43.0 36.1 28.8 18.4 11.9 5.2 -

Average 59.5 53.5 43.5 ,36.2 28.8 18.9 11.2 5.2 

Nov. 64.4 55.9 44.6 36.0 25.6 20.5 9.4 3.6 
Df!tC. 62.7 55.2 44.9 ,36.1 25.6 20.5 9.5 3.9 

C 
Feb. 62.5 54.9 44.0 35.8 25.5 20.2 9.3 3.6 
Apr. 63.2 55.) 43.8 36.4 25.7 20.3 11.0 5.1 0.6 
)181' 60.8 53.7 L.4.0 )6.4 25.7 20.3 10.1 4.2 
June 60.5 53.6 42.6 ,36.2 25.6 20.1 10.2 4.3 

Average 62.3 54.7 . 44.0 )6.2 25.6 20.3 9.9 4.1 0.1 

*The readings are taken from tables 3 to 8, inclu~1 ve. 



Table 10. Airport soil survey 

Depth ;3 Test }bles at AirtlOrt-. 
Soil Type Color 

(feet) 

Notes by Rasmussen· (14)** 
5011 Type Color 

o - 0.5 Silt loam (soft) -Dark brown Silty clay loam. Dark brown 

1.0 Heavy Logan clay (hard) Light grey Clay loam Light greyish brown 

2.0 Heavy IDgan clay (hard) Light grey Clay loam Brown 

3.0 Heavy Iogan clay (hard) Light grey Clay Greyish brown, mottled 

4.0 5il ty clay loam (softer) S-t.art of mottling Clay Slate colored, mttled 

5.0 

6.0 

6.5 (water Table) 

12.0 

Silty clay loam (softer) 

Silt,y c~ loam (softer) 

Sil ty clay loam (softer) 

Sil ty clay (soft) 

Silty mud (soft) 

Red and yellow Silty clay loam Light greyish brown 
mottled 

Red and yellow Fine sand . Grey 
mottled 

Red ani yellow 
mottled 

Blue 

alu8 

*lDeation of test holes: 1. 1.5 feet west of piezometer 1, line DU; 1 foot north of drain 12. 
2. 5 feet west of piezometer 1, line D12; 1 foot north of drain 12. 
3. 2 feet north of piezometer l,line B,on a line perpendicular to drains 

11 and 12. . 

**(14) refers to literature cited; hole 8, line 1S, one-eighth mile west in airport. tTl 
m 
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Table 11. Piezometer readings at IDgan-Cacha Airport in feet from the 
ground surface down to the water table, Januar.r 1952 

Line Reading Piezometer Number Overall 
No. Date No. 1 2 J !t ~ g '1 8 2 Average 

12 1 5.7 5.9 5.9 5.9 5.9 5.9 6.6 6.1 5.6 
15 2 6.0 6.0 6.1 5.9 6.0 5.9 6.6 6.1 5.6 
17 .3 5.8 S.8 5.9 5.8 5.9 5.8 6.6 6.1 5.6 

D4 20 4 5.8 5.8 5.9 5.7 5.9 5.8 6.6 6.3 5.7 
23 5 6.2 5.9 5.9 5.7 6.1 6.2 6.6 6.1 6.1 
26 6 6.2 5.8 6.0 5.6 6.0 6.0 6.5 6.1 6.1 
29 7 6.2 5.8 6.0 5.6 6.0 6.0 6.5 6.1 6.1 

Average 6.0 5.9 6.0 5.7 6.0 6.0· 6.6 6.1 5.8 

Distance Below Datum*6.6 6.4 6.6 6.2 6.3 6.2 6.7 6.1 5.4 6.3 

12 1 7.0 7.5 7.7 7.0 7.0 7.0 6.5 6.5 6.6 
15 2 6.4 7.5 7.6 7.0 7.0 7.0 6.5 6.5 6.6 
17 3 5.7 6.1 6.1 6.6 6.6 6.7 6.7 6.5 6~6 

Dll 20 4 5.6 6.0 6.1 6.6 6.6 6.7 6.7 6.3 6.4 
23 5 5.5 6.0 6.1 6.4 6.5 6.5 6.6 6.2 6.3 
26 6 5.5 6.0 6.1 6.4 6.5 6.5 6.6 6.2 6.3 
29 7 5.5 6.0 6.1 6.4 6.5 6.5 6.6 6.2 6.3 

Average 5.9 6.5 6.5 6.6 6.7 6.7 6.6 6.3 6.4 

Distance Below Dat~ 6.0 6.6 6.8 6.8 6.9 6.9 6.8 6.8 7.1 6.7 

12 1· 6.4 6.7 7.4 6.8 6.5 7.0 6.5 6.5 6.6 
15 2 6.4 6.7 7.6 6.8 6.2 7.0 6.6 6.6 6.6 
17 3 6.4 6.7 6.7 6.7 6.4 6.7 6.7 6.4 6.6 

D12 20 4 6.4 6.6 6.5 6.6 6.5 6.5 6.5 6.4 6.4 
23 5 6.4 6.5 6.5 6.6 6.3 6.4 6.5 6.3 6.3 
26 6 6.4 6.5 6.5 6.6 6.3 6.4 6.5 6.3 6.3 
29 7 6.4 6.5 6.5 6.6 6.3 6.4 6.5 6.3 6.3 

Average 6.4 6.6 6.8 6.7 6.4 6.6 6.5 6.4 6.4 

Distance Below Datum 7.0 701 7.3 7.3 7.1 7.3 7.2 7.1 7.1 7.2 

Average mnthly- weather conditions: cold, intermi ttent snow 
Average mnthly grour.d-surface condi tiona: snow covered. 

*See table 11a 
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Table lee Piezometer readings at logan-Cache Airport in teet trom the 
ground surface down to the water table, February. 1952 

Line· Reading fiezo_ter Number Overall 
No. DaH No. 1 2 l it ~ 6 :z 8 2 Averase 

1 8 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
4 9 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
7 10 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 

10 U 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
13 12 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 

D4 16 13 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
19 14 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
22 15 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
25 16 ,5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 50 S 
28 17 5.9 5.7 5.9 504 5.5 5.6 6.) 5.8 5.8 

AT8rage 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
Distance Below Datum* 6.5 6.2 6.5 5.9 5.8 5.8 6.4 5.8 5.4 6.0 

1 8 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
4 9 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
7 10 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 

10 11 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 

DU 
13 12 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
16 13 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
19 14 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
22 15 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
25 16 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
28 17 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 

lTerag_ 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
Distance Below Datum. 5.6 6.1 6.4 6.2 6.3 6.3 6.3 6.2 6.7 6.2 

1 8 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
4 9 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
7 10 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 

10 11 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
D12 13 12 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 

16 13 6.3 6.4 6.4 6.4 6.4 6.1 6._2 6.0 6.0 
19 14 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
22 15 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
2S 16 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
28 17 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 

Average 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
Distance Below Da tUJll 6.9 6;'9 6.9 7.0 7.0 6.8 609 6.7 6.7 6.9 

Average mnthl.y W8ather condi tiona I cold, intend ttent mow 
Average JD:)nth17 groum-aurfaoe corxii tiona t anow covered 

..see table 17a 
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Table l~. Piezometer readings at Logan-Caohe Airport in feet from the 
grourxl surface d01m to the water table, March 1952 

Line Reading Piezometer Number Overall 
No. nate No. 1 2 J !t ~ b 7. 8 2 Average 

2 18 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 
5 19 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.R 5.8 
S 20 5.9 5.7 5.9 5.4 5.5 5.6 6.3 5.8 5.8 

11 21 5.9 5.7 5.9 5.3 5.4 5.5 6.3 5.7 5.7 

D4 14 22 5.8 5.6 5.8 5.3 5.4 5.4 6.7 5.6 5.6 
17 23 5.8 5.6 5.8 5.2 5.3 5.4 6.2 5.4 5.5 
20 24 5.7 5.6 5.7 5.1 5.2 5.3 6.1 5.3 5.4-
23 25 5.7 5.5 5.7 5.1 5.2 5.2 6.1 5.2 5.2 
26 26 5.6 5.5 5.6 5.0 5.1 5.0 6.0 5.0 5.0 
29 27 5.5 5.5 5.6 4.9 5.1 4.9 6.0 4.8 4.8 

Average 5.8 5.6 5.8 5.2 5.3 5.4 6.2 5.4 5.5 
Distance Belo~ Datum* 6.4 6.1 6.4 5.7 5.6 5.6 6.3 5.4 5.1 5.8 

2 18 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
5 19 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 
8 20 5.6 6.0 6.1 6.0 6.1 6.1 6.1 5.7 6.0 

11 21 5.6 6.0 6.1 5.8 6.0 5.9 6.0 5.6 5.9 

Dil 
14 22 5.6 6.0 6.1 5.8 6.0 5.9 6.0 5.6 5.9 
17 23 5.5 6.0 6.0 5.7 5.9 5.8 5.9 5.5 5.8 
20 24 5.5 6.0 6.0 5.6 5.9 5.7 5.8 5.4 5.8 
23 25 5.5 6.0 6.0 5.4 5.8 5.5 5.7 5.2 5.7 
26 26 5.5 6.0 6.0 5.3 5.8 5.4 5.6 5.0 5.7 
29 27 5.5 6.0 6.0 5.1 5.7 5.3 5.4 4.9 5.6 

Average 5.6 6.0 6.1 5.7 5.9 5.8 5.9 5.4 5.8 
Distance Below Datum 5.7 6.1 6.4 5.9 6.1 6.0 6.1 5.9 6.5 6.1 

2 18 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
5 19 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
8 20 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 

11 21 6.3 6.4 6.4 6.4 6.4 6.1 6.2 6.0 6.0 
D12 14 22 6.3 6.4 6.4 6.4 6.3 6.1 6.1 6.0 5.9 

17 23 6.3 6.3 6.3 6.3 6.3 6.1 6.1 5.9 5.9 
20 24 6.3 6.3 6.3 6.3 6.3 6.1 6.1 5.9 5.8 
23 25 6.3 6.3 6.3 6.3 6.2 6.1 6.0 5.9 5.8 
26 26 6.3 6.3 6.3 6.3 6.2 6.1 6.0 5.9 5.7 
29 27 6.3 6.3 6.3 6.3 6.1 6.1 6.0 5.9 5.6 

Average 6.3 6.4 6.4 6.4 6.3 6.1 6.1 6.0 5.8 
Distanoe Below Datum 6.9 60 9 6.9 7.0 6.9 6.8 6.8 6.7 6.5 6.8 

Average rrcnthl7 weather cond! tiona I co Id , intenai t ten t &nOW 

Average monthly ground-aurface conditionsl snow covered 

..see table 1 7a 



60 

Table 14. Piezometer readings at lDgan-Cache Airport in feet from the 
ground surface down to the water table, April 1952 

Line Reading fiezometer Number Overall 
No. Date No. 1 2 ~ it. ~ (; 7 8 2 AV!rag8 

1 28 5.4 5.4 5.6 4.2 4.7 4.4 509 4.4 4.4 
4 29 5.2 5.4 5.6 4.3 4.7 4.4 5.9 4.4 4.4 
7 30 4.8 5.3 5.5 4.6 4.5 4.2 5.7 4.5 4.4 

10 31 4.8 5.2 5.5 4.8 4.8 4.7 5.7 5.0 4.8 

D4 13 32 4.9 5.1 5.5 5.2 5.0 5.0 5.7 5.3 5.3 
16 33 4.9 5.2 5.5 4.9 5.0 5.0 5.7 4.9 4.8 
19 34 4.8 5.2 5.4 4.9 4.9 4.8 5.6 4.9 4.8 
22 35 4.9 5.2 5.4 5.1 5.1 5.0 5.6 5.3 5.3 
25 36 5.1 5.2 5.4 5.3 5.2 5.3 5.6 5.6 5.6 
28 37 5.1 5.2 5.4 5.3 5.2 5.2 5.6 5.6 5.6 

Average 5.0 5.2 5.5 4.9 4.9 4.8 5.7 5.0 4.9 
Distance Below Datum* 5.6 5.7 6.0 5.4 5.2 5.0 5.8 5.0 4.5 5.4 

1 28 5.3 5.8 5.8 4.6 5.3 4.8 4.8 4.5 5.0 
4 29 5.3 5.8 5.8 4.6 5.2 4.7 4.8 4.5 4.9 
7 30 5.4 5.7 5.6 4.7 4.9 4.5 4.7 4.5 4.7 

10 31 5.4 5.6 5.5 4.9- 4.9 4.9 5.0 4.7 5.0 

Dll 
13 32 5.5 5.6 5.5 5.3 5.3 5.1 5.4 5.1 5.3 
16 33 5.4 5.6 5.5 5.1 5.0 5.2 5.4 5.0 5.3 
19 34 5.5 5.6 5.5 5.1 5.1 5.2 5.3 5.0 5.3 
22 35 5.5 5.6 5.5 5.1 ... 5.0 5.5 5.5 5.3 5.4 
25 36 5.8 5.6 5.5 5.7 5.2 5.7 5.7 5.4 5.6 
28 37 5.8 5.6 5.5 5.9 5.2 5.9 5.8 5.7 5.9 

Average 5.5 5.7 5.6 5.1 5.1 5.2 5.2 5.0 5.2 

Distance Below Datum 5.6 5.8 5.9 5.3 5.3 5.4 5.4 5.5 5.9 5.6 

1 28 4.2 4.5 6.1 5.7 4.6 5.7 5.3 5.5 5.0 
4 29 4.5 5.0 6.4 6.0 4.7 5.6 5.3 5.4 4.9 
7 30 6.2 6.2 6.0 6.1 4.9 5.3 5.5 5.1 4.7 

10 31 6.3 6.4 6.3 6.3 5.3 5.5 5.9 5.4 5.0 

D12 
13 32 6.5 6.6 6.5 6.5 5.6 5.6 6.2 5.7 5.3 
16 33 6.4 6.5 6.4 6.4 5.7 5.7 6.0 5.6 503 
19 34 6.5 6.5 6.5 6.5 5.9 5.8 6.1 5.7 5.3 
22 35 6.5 6.6 6.5 6.5 6.0 5.9 6.2 5.8 5.4 
25 36 6.5 6.6 6.6 6.6 6.4 6.0 6.3 6.2 5.6 
28 37 6.7 6.8 6.7 6.8 6.3 6.1 6.5 6.2 5.9 

Average 6.0 6.2 6.4 6.3 5.5 5.7 5.9 5.7 5.2 
Distance Below Datum 6.6 6.7 6.9 6.9 6.1 6.4 6.6 6.4 5.9 6.5 

Average monthly weather conditionsl warm, intermi t tent rain 
Average mn th1y groum-surface cond i tions. wet, little plant growth 

~ee table ] 7& 
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Tabla 15. Piezometer readings at IDgan-Cache Airport in teet trom the 
grown surface down to the water table, May' 1952 

Line Reading Piezometer N~.r Overall 
No. Da~ No. 1 2 J ~ ~ 7. 8 2 Average 

1 38 5.2 5.2 5.4 5.4 5.3 5.2 5.6 5.7 5.7 
4 39 5.2 5.2 5.4 5.4 5.4 5.3 5.6 ~.7 5.7 
7 4D 5.2 5.3 5.4 5.4 5.4 5.4 5.7 5.7 5.7 

10 41 5.2 5.3 5.4 5.4 5.4 5.4 5.7 5.7 5.7 

D4 13 42 5.3 5.3 5.4 5.4 5.4 5.4 5.7 5.7 5.7 
16 43 5.3 5.3 5.4 5.4 5.4 5.4 5.7 5.7 5.7 
19 44 5.3 5.) 5.4 5.4 5.4 5.4 5.7 5.8 5.8 
22 45 5.4 5.3 5.4 5.4 5.4 5.4 5.7 5.8 5.8 
25 46 5.4 5.3 5.4 5.4 5.4 5.4 5.7 5.8 5.9 
28 47 5.4 5.3 5.5 5.5 5.5 5.5 5.7 5.8 5.8 

Averaga S.3 5.3 5.4 5.4 5.4 5.4 5.7 5.7 5.8 
Distance Below Datum* 5.9 5.8 5.9 5.9 5.7 5.6 5.8 5.7 5.4 5.7 

1 38 6.0 5.7 5.6 6.1 5.4 6.1 6.0 5.8 6.1 
4 39 6.2 5.7 5.6 6.1 5.4 6.2 6.2 5.9 6.2 
7 40 6.4 5.7 5.7 6.3 5.5 6.4 6.3 6.1 6.3 

10 41 6.4 5.7 5.7 6.3 5.5 6.4 6.4 6.1 6.3 
Dll 13 42. 6.5 5.8 5.7 6.4 5.5 6.5 6.4 6.2 6.3 

16 43 6.6 5.8 5.7 6.4 5.5 6.5 6.5 6.2 6.3 
19 44 60 4 5.8 5.8 6.3 5.6 6.4 6.4 6.1 6.2 
22 45 6.1 5.9 s.a 6.2 5.6 6.3 6.3 6.1 6.2 
25 46 5.9 5.9 5.9 6.1 5.7 6.2 6 • .3 6.0 6.2 
28 47 6.0 5.9 5.8 6.2 5.7 6.3 6.4 6.0 6.3 

Avera.ge 6.2 5.8 5.7 6.2 5.5 6.3 6.3 6.0 6.2 
Distance Below Datum 6.3 5.9 6.0 6.4 5.7 6.5 6.5 6.5 6.9 6.3 

1 38 6.7 6.9 6.8 6.8 6.3 6.3 6.6 6.3 6.1 
4 39 6.7 6.9 6.8 6.8 6.3 6.3 6.7 6.4 6.2 
7 40 6.8 6.9 6.8 6.8 6.6 6.4 6.7 6.6 6.3 

10 41 6.8 6.9 6.8 6.8 6.6 6.4 6.7 6.6 6.3 
D12 13 42- 6.7 6.9 6.9 6.9 6.6 6.3 6.8 6.5 6.3 

16 43 6.7 60 9 6.9 6.9 6.6 6.3 6.8 6.5 6 • .3 
19 '44 6.8 6.9 6.9 6.9 6.6 6.4 6.8 6.5 6.2 
22 45 6.7 6.9 6.9 6.9 6.6 6.5 6.8 6.5 6.2 
25 46 6.8 6.9 6.9 6.9 6.6 6.5 6.8 6.5 6.2 
28 47 6.8 6.9 6.9 60 9 6.6 6.6 6.8 6.5 6.3 

Average 6.8 6.9 6.9 6.9 6.5 6.4 6.8 6.5 6.2 

Distance B.law Datum 7.4 7.4 7.4 7.5 7.1 7.1 7.5 7~ 6.9 7.2 

Average monthly weather conditional warm, fair 
Average monthly groun:1-surtace condi tiona s dry, beginning of plant growth 

*See table 17. 
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Table 16. Piezometer readings at logan-Cache Airp:>rt in feet from the 
ground surface down to the water table, June 1952 

Line Reading Piezometer Number Overall 
N0 1 Date No. 1 2 ~ It. 2 l) ? B 9 Average 

4 48 4.0 4.0 3.9 4.7 4.8 4.7 4.6 4.6 4.6 
7 49 7.0 5.8 5.8 5.8 5.7 5.7 5.6 5.6 5.6 

10 50 5.6 5.6 5.6 5.7 5.7 5.9 5.S 5.8 '5.8 
D4 13 51 5.4 5.2 5.2 5.3 5.3 5.4 5.7 5.6 5.7 

16 52 5.4 5.3 5.1 5.3 5.3 5.3 5.6 5.7 5.7 
19 53 5.1 5.1 5.0 5.1 5.1 5.3 5.6 5.5 5.5 
23 54 5.6 5.6 5.6 5.4 5.3 5.2 5.1 5.2 5.2 

Average 5.4 5.1 5.2 5.3 5.3 5.3 5.4 5.4 5.4 

Distance Below Datum* 6.0 5.6 5.8 5.8 5.6 5.5 5.5 5.4 5.0 5.6 

4 48 6.0 6.2 6.1 6.2 5.8 5.8 6.1 5.8 6.6 
7 49 5.9 6.1 6.1 6.1 5.S 5.8 5.8 5.7 6.5 

10 50 6.9 6.7 6.7 6.7 6.4 6.2 6 • .3 6.2 6.4 
DI1 13 51 6.7 6.6 6.5 6.5 6.3 6.2 6.3 6.3 6.0 

16 52 6.4 ' 6.5 6.5 6.5 6.1 6.2 6.4 6.1 6.1 
19 53 6.4 6.6 6.5 6.4 6.3 6.2 6.4 6.1 6.0 
23 54 6.6 6.7 6.7 6.8 6.5 6.5 6.4 6.4 6.0 

Average 6.4 6.5 6.4 6.5 6.2 6.1 6.2 6.1 60 2 

Distance "Below Datum 6.5 6.6 6.7 6.7 6.4 6.3 6.4 6.6 6.9 6.6 

4 48 6.7 .5.1 5.1 6.6 5.0 6.7 6.8 6.4 6.6 
7 49 6.6 5.1 5.1 6.6 5.0 6.6 6.7 6.7 6.5 

10 50 602 5.6 5.5 6.1 5.5 6.1 6.2 6.1 6.4 
D12 13 51 6.2 5.6 5.6 6.2 5.6 6.2 6.3 5.9 6.0 

16 52 6.3 5.7 5.7 6.3 5.6 6.3 6.3 6.0 6.1 
19 53 6.3 5.6 5.6 6.2 5.6 6.2 6.4 6.0 6.0 
2.3 54 6.5 5.9 5.9 6.4 5.9 6.5 6.6 6.0 6.0 

Average 6.4 5.5 5.5 6.3 5.5 6.4 6.5 6.2 6.2 

Distance Below Datum 7.0 6.0 6.0 6.9 6.1 7.1 7.2 6.9 6.9 6.7 

Average mnthly weather conditions: warm, fair 
Average monthly ground-aurfac8 conditions. dry, rapid plant growth 

..see table 17 a 
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Table 17a. Levelling data for piezometer lines D4, D11, and D12 * 
Line D4 Line Dll Line DJ2 

P1azo. Elev. Distance Elev. Distance Elev. Distance 
No. at from O.S. at from O.S. at from a.s. 

GIS. to Datum G!S! to Datum G!S! to Datum. 

1 <19.4 0.6 99.9 0.1 99.4 0.6 
2 99.5 0.5 99.9 0 0 1 99.5 0.5 
:3 99.4 0.6 99.7 0.3 99.5 0.5 
4 99.5 0.5 99.8 0.2 99.4 0.6 
5 99.7 0.3 99.8 ·0.2 99.4 D.6 
6 99.9 0.2 99.8 0.2 99.3 0.7 
? 99.9 0.1 99.8 0.2 99.3 D.7 
8 100.0 0 99 •. 5 0.5 9903 0.7 
9 100.4 -lJ.4 99.3 0.7 99.3 D.7 

Table l1b. Levelling data for piezometer lines A, B, am. c* 

LineA Lina B Ling Q 
Piezo. Piezo. Pi.ezo. Piezo. Piezo. Piezo. Piezo.· 

No. EleT. Depth Depth Elev. Depth Depth Elev. Depth Depth 
at Below Below at Below Below at Below Below 

G.S. GIS. Dat!;lm GIg. O.s. DatYm G~G.S. 1l1~Ym 

1 99.3 44.0 44.7 99.3 46.5 47.2 
2 99.4 41.5 42.1 99.3 41.5 42.2 99.3 41.5 42.2 
3 99.4 36.5 37.1 99.2 36.5 37.3 99.2 36.5 37.3 
4 99.3 31.0 31.7 9902 :31.0 31.8 99.3 31.0 31.7 
5 99.3 25.5 26.2 99.2 25.5 26.3 99.3 25.5 26.2 
6 99.2 20.5 21.3 99.1 20.5 21.4 99.2 20.5 21.3 
7 99.1 15.5 16.4 99.1 15.5 16.4 99.2 15.5 16.3 
8 98.6 10.0 11.4 99.0 10.0 11.0 99.2 10.0 10.8 
9 98.8 5.5 6.7 99.1 5.5 6.4 99.2 5.5 6.3 

·*Assumad elevation of datum at manhole 73 is 100 feet. All distances 
are in feet. 



Table 18. Drain-flow observations during the rapid snowmelt period, Karch 29 to April 10, 1952 

Flow in Drain ... 
Drain 4 Drain 11 Drain 12 

10· Diameter 8" Diameter 12" Diameter 
nate Entering Luring Notes 

Depth Flow Depth FlO1f Jian!Y>le Manhole 
De~th -FlO'W De'Ot.h Flow 

(Inches) (ere) (Inches) (era) (Inches) (ers) ··(!nehes) (ers) 

March 29 2 0.10 0 0 6 1.12 9 1.84 Surface wa tar from snowmelt 
entering drains through catch 
basins am manooles. Approxi-
mately 6 inches of rap1dly-
melting snow. 

April 1 10 1.20 8 0.7'7 12 2.25 12 2.25 Considerable water 17ing on lam 
surface entering drains through 

April 4 10 1.20 8 0.71 12 2.25 12 2.25 catch basins and manlx>les. Ap-
proximately 2 inches of rapidly-
melting snow. 

April 7 1 0.20 1/4 - :3 0.30 4 0.53 Snow melted; 1JK)st surface water 
disappeared either through 
drains or through infiltration. 

April 10 1/4 - 0 0 3 - :3 - The water in drain 12 was 
stationary (no appreciable flow). 

April 13 0 0 0 0 3 - 3 - No wa tar entering manho Ie 85 
trom the catch basin. 

dater from a. surface catch basin entered drain 12 at manhole 85. Drain 4 was inspected at manhole 42; 
drain 11 at manhole 73; ani drain 12 at manhole 85. 
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Figure 6. Mercury pot close - up and calibrated stick 



71 

Fi p'ure 7. Me rClJr:v pot sin the fi e ld 



¥i~ure 8 . Blectric sounder 
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figure '9:. Piezometers showing water-table depths, or profile in a 
vertical plane, normal to the drains. Piezometer 
levelling data are shown in table 17a 
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Figure 2J. An illustration of steady-flow conditions through a 
section of the aquiclude 
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Figure 25. Forage grasses on drained land in the foreground 
and marsh grass on waterlogged soils in upper 
left of picture' 
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