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IHl'RonuarIoN ~ 
~ 

As a rule, in the practice of irrigation, more water 1s delivered 

to a project than 18 used by the plants, evaporated, or removed by nat-

ural drainage. It 18 now generally accepted that, 1n the West, lrrlga-

tion and drainage are necessar,y complementary practices. With compar-

atlvely good irrigation praotice the efficiency 1s about 34 peroent; 

that 18, approximately one-third or the water 1s aotually used by the 

crops. With rather poor irrigation practice the efficiency may drop 8S 

1011 as 12 percent. ·(5) 

The increase in irrigation practice or higher l~nds in Utah has 

resulted in an increased need for drainage in the bottom lands of the 

Talleys. This need tor drainage influenoed the Utah _~icultural 

Experiment station and the Utah Power & Light Company to set up a eoop-

eratlv8 exper1ment.al drainage project (Ut. Agr. Exp. sta. Project 285, 

The Drainage of Irr1gated Lands). The objectives of this project were:· 

1. To develop new and improved methods of dee 19n, 
operation, and maintenance of drainage systems; 
both gravity and pumping. 

2. To develop improvements in the design, the placing 
and maintenance o~ drainage tile, with special 
reference to prevention of inflow of excessive 
sand, silt, and clay which clogs tile drains and 
nece_sltates TarT costly cleaning or abandonment. 

3. To develop a clear understanding, by field in
spection and experimentation, ot the reason for 
successtul drainage of 100 ,000 &orrp of Utah 
irrigated land, now well drained, and of the 
reasons tor failures of the drainage systems 
covering an additional 100,000 acres. 

4. To find the conditions under which. and the extent 
to which, drainage by pumping is p~ererable to 
drainage by gravity systems and to design, locate, 
drill and develop drainage wells 80 as to obtain 
max~um yield per foot of drawdown, and thus de
crease drainage eost. 

• From the outline of Project 285, which 1s on file in the ottice of the 
Utah Agricultural Experiment station. 



The Utah 20wer & L,lght Company also provided, as part of its coop

erat1", a fund for research fellows. The cooperating agencies adopted 

the policy of assigning a spec1fic drainage problem 'area for study by 

each research tellow. The fIrst study undertaken was made by Hr. 

stel"llng Davis in the Lewiston area, whicb 1,8 located in the north end 

'ot Caohe Valley, south of the Idaho state line, between the Bear and 

Cub rivers. 

The second study undertaken, which is reported in this ~hesls, 

2 

, ' 

covered the Draper 'area, Utah, located approximately 20 miles south of 

Salt Lake City and east of state street (Fig. 1). This study was car

ried on cooperatively by the Draper Irrigation Oompany, utah .\gricultural 

Experiment stat ion, and Utah Power &. Light Company. 

Special consideration was given to various costs involved in drain

age in the Draper area, with particular reference to initial costs and 

the costs of operation and maintenance. For the study in the Draper 

area, drainage by pumping was selected because: 

1. Through the years, t1le drains have not provided 

suftle lent drainage. 

2. Drainage by pumping provides additional water tor 

, irr1gation. 

S. Pumping ground.water for irrigation in San Joaquin 

valley, California and in the Salt R1ver valley, 

Arizona, has lowered the water table enough to 

provide ample drainage. 

The drainage research in the Draper area consisted of: 

1. Prel~inary investigation ot ground water, with 

special reference to the depth and slope of the 

water table; 



t 
" 

t·o,. 

Drilling and testing of two 3-inch diameter 

wells No. 1 and No.2; 

5. 'Drilling, gravel packing, developing and 

testing 8-inch gravel en?elope well No. 3 and 

4. Long-time testing and pumping of well No.3. 

, ', .... 

.. , 

3 

, 
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msroRY or IRRIGATION .~ DRAINAGE IN DRAPER AREA 4 

Early History 

The Indians, many years previous to the coming of the white man, 

named the Draper area "S1vagah",* and mountain streams clear and cold 

spread out over the area as they left the foothills ,north and east of, 

the town and flowed westward toward the river. Willows grew profusely 

along the banks of the creeks Dear the eastern and higher parts of the 

'area. In the western part ot the area, cattails and natlve'4raases grew 

in and near the streams. The first white settlers herded their cattle 

along the banks or the cre,ks during the winters of 1848 and 1849. Two 

boys, Norman Brown·. and ;oseph F. Smith,··· brought cattle, mules, and 

horses to teed where the snow had been swept from the high places by the 

wind. 

Land claims were staked out late in 1850 and early 1851. Ebenezer 

Brown, of Mar.mon Battalion tame, moved his family into the area and bu1lt 

the first house in the epri.n4Lof 1851. Henry Day worked his claim during 

the summer ot 1851, and, in the fall or that year built the second house 

in the new settlement, which then was known as South Willow Creek. Later 

it was named Draperville, and later again changed to Draper • 

. In the autumn of 1851, several families joined the Brown's and the 

Day's. Andrew Jackson Allen, Andrew Burnham, Perry Fitzgerald, and a 

tew others settled on their claims in the area. In the early part ot 

1852, lacob Terl'1, 1081 E. Terry and Absolom'. Smith came w1 t h their 

families. 

* Sivagah - An Indian name meaning a place ,of ma.ny willows. 
** Norman Brown, a tew years later,plowed the first tur~ in'the new 

settlement and began the farming industry in what is pow Draper • 
••• 10seph F. smith, 5 decades later, became sixth president of th~ 

Church of Jesus Christ of' Latter Day Saints. 
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Thomas V. Jl111ams came to Utah in 1855 and settled in Dr~pervi11e. 

Mr. Williams worked out a system tor the farmers to divide the lrriga-

tlon water. Each farmer was granted so many shares of water, depending 

upon the size of his farm and also upon the amount of money and work he 

contributed to making dItches, digging canals, and building reservoirs. 

Important questions were: How often should each man take the water'l 

How many hours phould the Vlater be used? How many acres will a certain 

stream irrigate, and the time required to irrigate an acre? 

1·:'X. ~lilliams figured that crops in the area would need water about 

every 8 or 9 days. He proposed the ingenious method of having eaoh 

fart';'ler take his water turn every 8 days and 6 hours. This arrancement 

provided every man an equal number of daylight hours to water his crops. 

This system is in use today. (4) 

Location and Extent of ~rea 

The Draper area herein considered is that area which is provided 

water by the Draper Irrigation Co~pany. Special consideration is given 

to that part under which a h1gh water table exists. 

The town of Draper is mainly in the S. W. quarter of Sec. 29, 

T. 3 S., R. 1 E., but the area under consideration takes in all, or parts 
" 

or, sections 27, 28, 29, 32, 33, 34, T. 3 S., R. 1 E. , and'part of Secs. 

4 and 5" T. 4 S., R. 1 E. The area needing drainage is shown on the map 

(Fig. 1). 

The area served by the Draper Irrigation Company at the present 

time is nearly 4000 acres; of this, approximately 600 acres are in need 

of drainage.* 

• These f1gures were given by Mr. R. Carlquist, President of the Draper 
Irrigation Company, and are only approximate. 



Irrig!1t1on 6 

The first settlflrs diverted the mountain stream and irrigated their 

tarms in the same manner' as in other areas settled b:r the pioneers. They 

built ditches and canals the best they could ana in this particular case 

they did a very good job. Near the mountain, the canal with hand-placed 

granite and rock liiling, placed by the early pioneers, is still in good 

condition. 

An entry in the journal ot W11113ID. R. Terry indicates that they were 

irrigating as early as 1853. 

Closed school the 12 ot Feb., 1853. Comena ditching 
and fencing a farm ot 24 acres put in seed and raised 
a crop. (4) 

On March 19, 1888, the Draper Irr1gating Corporation was incorporated 

with 85 "stockholders". On January 18, 1913, the name was changed to the 

Draper Irrige.t ion Company. 

The objects of incorporating the Draper Irrigation Company were: 

The business and pursuits of this corporation shall be 
the controlling of the water brought from Big Willow 
Creek. Roekymouth, ",addle and South Dry Creeks and 
springs, Little Willow Creek and Bear Cnnyoni also one
halt of North Dry Creek until July 20 of each year and 
two-thirds thereafter each year; all situated in Salt 

,Lake County school district No. 22 of said county in a 
ditch built tor that purpose.· 

In the early days the farmers had trouble losing the water in sinks 

and sand banks of Big Willow Creek. Nearly all of the upper section of 

canal is now lined either with rock masonry or concrete. The lined ,880-

tlon is to the N. E. of Sec. 28 and so is not shown on the map. The 

Draper Irrlgat10n Company does not have a map showing the exact location 

of the upper land and the lined section of the canal • 

• Taken trOCl records of the Draper Irrigation Company, Draper, Utah. 



Draper Area Drainage Activities 

.Individual etforti;:',. 
A few short tUe drain lin~s were placed by W. B. 'Knnlss, .\. 

N1elson, and 10hn H. Garfield, as early 8S 1900. 

Groups ot landowners 

7 

A closed tile drain located in See •• :,_,sg and 32, T. 3 S., H. 1 E. t 

Salt Lake Base and Meridian, _6a constructed in Aptil and May, 1922 and 

was known 8.8 -the Cove Drainage System. The Soil Conservation Servio'e has 

recently been interested and has helped in the solution of the drainage 

problem 'in the area. No records or maps were available showing more de

tailed information in this area. 

Draper Irrigation Company 

The cooperative work undertaken in this study has bean the first 

drainage work. or investigation in whlch the Draper Irrigation Company 

has taken an actlYe interest. 

Several ays ~re spent in Draper searching the records of the late 

Mr. Bnn1s~. who for many years was president of the Draper Irrigation 

Company. HOireTer, no deta~led records or maps ot the drains in the 

Draper area ware round. 



GEOLOGIC;J.. FORHltTION OF AREA, 

General 

The Draper area lies in e va~leYt or one ti~e bay, of historio 

Lake Bonneville. Weathering and stream' and lake act'ion have combined 

to gradually wear down the mountains and deposit some of the material 

in this valley. The valley is a structural valley caused by ~ move-

ment ot the earth's crust leavir~ an escarpment on the east and a dike 

or 8~t formation on the south.* 

Lake Deposits 

The clays and fine material were undoubtedly deposited when Lake 

Bonneville was at its highest level. The tine material, because it 

stayed 1n suspension longer, was carried farther out in the lake. 

Coarse material WgS deposited close to the shore due to the fact that 

the streams carrying the material were small and thereby lost their 

carrying power 600n after entering the lake. 

stream Deposits 

The streams entering Lake Bonneville deposited the heavier mate-

rial olose to the lake shore. As the lake level lowered the stream 

carried this material farther down the valley and deposited the sands 

on top of the clays, thus leaving the valley floor deposit as shown 

in the logs of t'he wells (Figs. 6 and 11). 1/est of the Draper ,area., 

the deposit or sand decreases. Near the J'ordan river the clays are on 

the surface. 

8 

* Dr. William Peterson, Director Emeritus, Utah state Extension Service, 
was helpful in giving information concerning the geology of the Draper 
area. 



INVESl'IGATIONS FOR WELL LOCATION 

Preliminary Invest igat ions ot Area 

Water table studies 
y 

The first work was putting down test holes with 80i1 augers to 

obtain proftles ot·the water table. The protiles were determined by 

measuring the depth from the ground surfa.ce to the water in the test 

holes, then drawlnga protile showing the ground surface and the'dis-

tance to the water surface at each test hole • . 
" On September 20,. 194'1, Line A., holes 7 to 14, north a.nd south, and 

-Line B, holes 1 to 6, east and west were drilled and the depths to water 

were measured and recorded. On September 27 J the east-west line was 

extended tsrlther to the east to include holes 15 to 23 as Line o. On 

October 4, Line D, holes 24 to 28, north and south, and other test holes 

were drilled to obtain additional information concerning the ground 

water in the area. All test holes are shown in Fig. 1. 

Profiles or water tabla 

Prottles ot the water table and the ground surface ~ on Lines At B, 

OJ and D, are plotted in F1gs. 2, 3, 4, and 5, respectively. The depths 
I 

or the water table, below ground surface, are _.1:80 shown in Table 1. 

Measurements were made on September 20, Septemt>er 27, October 4, and 

November 1. 

Plan tor drilling test wells 

Well drillers in the Salt Lake are~ were contacted in connection 

with the p~oposed test wella to be drilled at Draper, but they all had 

other obligations. Mr. Robert johnson, well driller, or Logan. utah .. 

was employed. He dr111ed~ two 3-1neh diameter test wells during 

November, 1947, to depths ot 126 feet and 77 feet respect 1 vely • Well 1 ' ,,-



• 
10 

No.1 was started November 1'1, 1947 and completed !1ayember 21, 1947. 

Well No.2 was started Noyember 24, 1947 and completed November 25, 1947. 

Sources ot Eound wa'ter 

The older inhabitants ot the area believe that the principal source 

of ground water is the heavy snowfall on nearby mountains and percolation 

into the ground from canyon st;reams. The road .along the base of the 

delta, east ot Draper, was always wet befare a drain was constructed on 

the north side of the road, about 1925. A continuous stream has been 

discharging fr~,thi8 drain since its construction. 

The amount of' ground water whioh might be contributed by the Draper 
~ '.01 

Irrigation Company 10rdan river canal hss not 'been fullY 'determined. 

However, the late !Ir. Va.~ey, a former secretary of tb~ Draper Irrigation 

Company, said that a record ,had been kept of measureoents of the inflow 

and outflow in the canal every two weeks during the irrigation season, 

tor many years. On the basis of Mr. Vawdray'a report and measuring all 

ot the stream !'lows in euble feet per second I the following definitions 

and relations ot inflow, outflow, and losses are presented: 

~ • the pump delivery ot water at the head ot the canal, 

measured each 2 ..... _ period, designated the c.f .s. . ' 

inflow. 

Q.d • the swn ot the stireams delivered to stockholders. 

Q.s • the stream dell Tared to the Sandy lrrigat ion Company. 

Ql • lose in the 9 miles ot canal section. 

Then ~p :: Q.d + Q,s + Q.l 

and Ql - Qp - (Q4 + Q,s) 

These records showed that atter the banks were thoroughly soaked the loss 

ot water by seepage was approximately one cubic foot per seoond along the 

9 miles of canal. It this wss true, the canal contributed very little to 
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to the ground water. lor example: 

It average Q • 45 c.f.s. and the loss waa -one-ninth or 

a c.f.s. per mile; then, the percent loss per mile • 

: IOO(~)= l%~ = 0.25 percent per m1le. 

From the information gathered, it is assumed that the main sources 

of ground water are: 

1. Water lost in sinks or faults near the sources ot mountain 

streams,. northeast ot the water logged lands. 

2. Deep percolation water losses from excessive irrigation of 

the upper lands. 

Test Well No.1 

Location 

Draper area test well No. 1 was located on the Henry Ballard farm 

(Fig. 1) 296 feet north, .9 feet east of the S. W. corner Sec. 28, 

T. 3 S •• R. 1 E. , Salt Lake Base and Meridian. 

Drilling 

Test wells No. 1 and No. 2 were put down by a jet type well drilling 

machine. ilater was pumped down a 3/4-inch pipe at approximately 15 g.p.m. 

Soil materials loosened by the drill were washed to the surface by the 

water pumped down the well. 

Log of well 

The log ot test well No. 1 (Pig. 6) shows that the thickness of the 

different materials eneountered, varied from 2 teet to 20 feet. Dr1lling 

was stopped at 126 feet depth, In sandstone. ~he sandy 8011 stratum, 

between the dep,ths ot 28 and 56 feet, absorbed the ·ant lre jet stream or 

15 g.p.m. Th1s 1ndicated that this stratum was the most permeable drilled 

through. Casing was required to a depth ot 70 feet.· After drilling was 
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completed, the casing was p~led back 80 as to leave 40 teet of casing 
-'-

in the well. The casing 'was pre-perforated for 10 feet from the 26-foot 

to the 36-toot leTe1. 

Piezometer installation 

Piezometers were put down in pairs, approxtmately 9 inches apart, 

to depth8 ot 14 and 32 teet below the ground surface. The pipes were 

installed along the fence line, west ot wells, at stations 25 feet, 50 

teet, 100 teet, 200 feet, and 400 feet, north and south on Line E 

(Fig. 7). 

Piezometers of one-half inch black pipe and the equipment for driv-

ing and flushing were furnished by the Utah }\grioultural Experiment 

station. Installations were made by the U. S. Soil Conservation Service 

of l-:furray, ut ah. ,~,",.~~ .. , 

Testing 

The air lift pump used for testing the well conststed 01' a 3/4-1nch 

air discharge pipe connected to a nozzle. and an air compressor. The 

nozzle, which was designed to break up the air jet into small bubbles 

with an initial upward velocity component, was place~ near the bottom ot 

the well tor maxtmum submergence. A 1/4-1nch pipe was put down the well . , 
to a depth below the air nozzle to measure the water level during the 

pumping test. A calibrated gage was connected to the 1/4-inch pipe to 

measure the distance from the ~ound level to the water surface before 

and during pumping. The difference in t~e level of the water surfaces 

waS the drawdown ot the well. 

For the first two days, during testing operations of the well, a 

large quantity of blue quicksand was brought up with the water. On the 

third day, about 3 cubic feet ot gravel was poured down the 3-inch 

casing. The gravel seamed to stabilize the formation, because when 



pumping was res~4 the water oleared. in a short time. Drawdown was 

measured at the well and the discharge was mea~ured with a 3-inch 

Parshall flume in the 96 hours of continued pUIIlping from. the well. 

Reading_ were taken every hour durIng the teat. 
, 

Piezometer readings were taken each morning and evening. The 

morning readings are recorded in Table 2 and plotted in F1g.B. 

PermeabIlity 

13 

Since no large gravel-bearing stratum was encountered, pumping was 

trom the water-bearing sandy material above ~he cla~ layer. The method 

used to determine the permeability of this material is described by , 

Wenzel (11, p. 78). 

lor steady flow in a water~bear1ng material where the water 1s not 

confined under artesian pressure, (Pig. 9) the permeability is equal to 

r: 
2.30 IOQ,~ 

k' • r, • .'. · · 
iT ( h~ hi> ( S( SJ -

• • • • 1 

in which Q. is- in c. t ••• , Ii. and ~ in ft., ~ and hl in ft. and SJ. and 

S2 are in ft. giving k: • tt./sec. or~ 

L3 
,. L _ T X' _ L3 _ L-

·.~nSional ana1ysia T - LlCL - L2T - T 

The 'Yalues for oalculating permeab~tty are recorded in Table 3. 
. ,.1","" 

Teat Well No.2 

Location 

Draper area teat well No. a was located on the Richard Carlqulst, 

farm (Fig. 1) 1322 teet south, 54 teet west from the N. E. corner of 

Sec. 32, T. 3 S., R. 1 K., Salt Lake Base and Meridian. 

Lpe; of well 

..... . . .... . ..... 
• . • .... ..... . . .... .... 

• • .... . .... 
• • .- .. 
•• ••••• 

Test well No. 2 was drilled through numerous strata of sand and clay 

" , 

.... 
• . . ... 
. .. . . . ... . . 
• ••• . . . ... 
. .. . : .. • 
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which varied in thickness from 0.5 feet to 18 feet. Some gravel was 

found mixed with the sands, but no large stratum from which to pump was 

encountered. A pictur.e of the drilling of test well No.2 is shown in 

F1g. 10 and a detailed log of the well 1s shown in F1g. 11. 

Piezometer installation 

Piezometers were installed, Line F, ('1g. 12) the same as well 

No.1. 

Testing 

\"011 No.2 was test,ad by the same methods as well No.1. The av:erage 

discharge for the test was 0.053 c.t.s. = 23.78 g.p.m., and the average 

drawdown = 22.17 teet. P18zomater read1ngs are recorded in Table 2 and 

~hown in Fig. lS. 

Permeability 

Permeability was calculated by u8ing~the'measured discharge Q, and 
" 

the average values of h. r. and S on the north and south lines in 

Equation 1. These values are recorded in Table 5. 



LARGE DL\:METER 'JiELL 

Introduct ion 

The inform~tion obtained at test well No. 1 and No. 2 indicated 

that it would be impossible to get a large flow ot water at either 

location. However, the effectiveness of lowering the water table could 

: only be determined by experimenting. By gravel packing and developing 

the well, it was hoped to get e. disoharge substantially greater than 

that of test well No.1. 

Specifications and Construetion contract 

Specifications. fOr the large diameter well were written during 

the month of January. 1947., The principal features of the specifications 

were: 

1. The well shall be a double-cased gravel-envelope type. 

Inside casing not les8 than 12-inoh diameter, outside 

casing 24-inch diameter, and depth of well not greater 

than 40 teet. 

2. Outside casing shall be installed vertically by driving 

or jacking the easing and bailing the material from in-

side with cable tool equipment. Hydraulic rotary method 

of drilling shall not be used. 

3. Other items covered in detail in spec1ficat1ons are, in-

side easing, gravel envelope, perforations. driving shoe, 

development and testing of the well. 

There were some minor changes made in the ~leld, but for the most 

part the original specifications have been followed. 

* Specifications are on rile in the office of Dr. O. W. Israelsen, Research 
Professor ot Irrigation & Drainage, Utah Agricultural Experbnent Station 
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Bids received fran three drillers, were opened and read at the 

oounty agent~ office, Federal Building, Salt Lake City, at 3:00 p.m.' on 

February 20, 1948. The bid of Mr. L. W. Dalton, ot the Dalton Well 

Drilling Company, Salt. Lake City. "as accepted and a contract was signed 

on U8rch 8, 1948. 

Location of lell 

Draper area large diameter e%p8r~ental well (No.3) was located 

on the Richard Carlqulst farm (Fig. 1) 748 feet north, 40 feet west or 

the s. E. corner or Sec. 29, T. 3 S., R. I E., Salt Lake Base and 

Meridian. 

P1esometers 

Location 

In the spring of 1948, piezometers of 3/8-1neh pipe were installed. 

by the driving ~ethod, in pairs located on Lines G and H (Fig. 14) 

running at approximately right angles to each other. Piezometer stations 

were located at distances of 5, 10, 25, 50, 100, 200, 400, and 550 teet 

nearly west of well; and 5, 10, 20, 85, 200, 400, and 500' feet nearly 

east of well on Line G. They were located at distances of 5, 10, 25, 50, 

75, and 280 feet north l8P ~ of well; and 5, 10, 25, 50, 100, 255, 

and· 335 feet south 18° west of well on Line H. 

Use 
~ 

Piezometers are used for meaSuring the eleTst10n of the water table 

during the pumping and the non-pumping periods. Measurements taken 

during pumping (Fig. 17) may be used for calculating 8011 permeability • 

. " ,. 
/I.,;.... '" L.~c.. ,';'-ot:' 
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Water table profiles 

The readings· of the water surface elevations (converted to mean sea 

level) in the l4-foot piezometers near well No. 3 and the water surface 

,elevation (converted to mean sea level) at ~ell No.2, taken at approx

L~tely 7-day intervals, 'are recorded in Tabl, 6. The profiles of the 

water table beiore pumping and 5t specified times during the pumping 

period, are shown in Figs. 15 and 16. 

Control piezometers 

Piezometers at test ~.ll No. 2 were used to check the .~ter table 

fluetuatlons due to hydrographic conditions. 

Well Construction 

Outside casiy 

The outside casing was rolled trom l/4-1neh steel plate by the Provo 

Foundry and Iron Works, PrOTO, utah. Eaeh rolled section was 24 inches 

inside diameter and 6 feet in length. 

Inside casing 

The 34 teet of insld~ casing was 8-inch inside diameter black pipe. 

Braces Were welded 5 feet from the top and 6 feet trom the botto~ of the 

casing. The braces were necessary to keep the. inside casing centered in 
~'" 

the outside casing (Fig. 18). The lower 16 feet of the inside casing 

was pre-perforated and a plate welded to the bottom (Fig. 19). 

Perforati0118 

The 8-1nch casing was perro~ated with an aeet,lene torch, which was 
, 

held so that the slots were made wider on the inside than outside. Raoh 

* Readings of piezometers were taken daily tor the first three weeks (ex
cept weekends), then tw1e,e weekly for four weeks, then weekly. These 
records are on f1le in the office of Dr. O. W. Israelsen, Utah ~r1cul
tural Experiment statton. 
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row of holes was 8taF~ered with the rCWl above (Fig. 20). Outside 

dimensions were 5/32 x 3/2 inehes. In the 16 tect of casing there were 

18 

128 rows and 1n each row there were 10 perforations. The area of each 

perforation was 15/64 of a square ln~h, thus making the total area of 

the perforations 300 square inches, or 2.08 s€1uare teet. Using 8.6;',' 

inches as the 'outside diameter of the casing, the outside circumference 

is 2.25 teet, and the area 1s 36.0 aqu~re feet. The ratio ot perforated 

area to total area is therefore 5.8 percent. 

Gravel envelope 

Gravel ror the .envelope was obtained from the Salt Lake Valley Sand 

and Gravel Company. The 1/4-inch pea gr~ve1, (mechanic~l analysiS ot 

gravel No.2, F1g. 21) due to being damp, contained a considerable amount 

of sand and had to be hand-screened over a 1/4-inch mesh before being used. 

Power suoplY and pump 

The Utah power & Light Company, 1\r~1dv'3.1e office, installed trans-

formers and brought 60-cyele, 220-volt, 3-phase electric service to the 

site. The power line from. the control box to the well W~la only a temp

orary installation. The pump used in the development of the well was a 

submer81~ pump, 5 ap., 3-phase, SO-cycle, 220-volt, l5-nop. a.c, 

current, and had a capacity of 140 g.p.m. at a ?O-foot head (Fig. 22). 

Drilling the well 

Drilling of the a-inch gravel envelope well was started on .\.l'r11 14, 

1948. a 20-ineh bit was connected to the string of tools for the drilling 

operat1ons (Figs. 23A and 23B). The b1t churned up the soil material and 

water and a bailer was used to rem.ove this mixture (Figs. 24A and 24B). 

To drive the outside casing a drivinr-: head of 1500 pounds was dropped at 

an average height of 3 feet. ~s the depth increased the driving of the 

ce.s ing became slower due to skin frict ion (Figs. 25_,\ and 25:3). The 
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mintmum tine to drive a 6-foot section was 15 minutes and the maximum 

tL~e to drive -~ 6-foot section was 90 minutes. Blue clay was reached at 
• 

a depth of 33 teet. The outs1de casing was driven to a depth of 35 feet. 

and drilling (Fig. 26) was stopped at a depth of 38 feet. The inside 

easing was installed and the bottom rested on the gravel at a depth of 33 

feet below the ground surfaee. Gravel waS placed in layers of approx-

imately 6-foot depths, in the annular ring' between the t"IO casings, at 

different intervals. After plaqing each gravel layer, the outside easing 

was jacked back a length of 6 teet (Fig. 27). Each 6-foot seetion of. the 

well 'was developed by pumping,. surging and bailing. 

The process of gravel packIng, jacking back the outside casinr, and 

developing was continued until 13 feet of the outside casing remained as 

part of the completed well. The remaining space in the annular ring was 

filled with gravel and developmen~ by pumping, surging and bailing was 

continued (Fig. 28). 

Development of Well 

Pilot gravel tubes 

In order to try to get more gravel in the space belovl the 24-inch 

casing, five 5-1nch pilot tubes (1, p. 269) were placed around the out-

side of the 24-1nch'ca~lng At ,a distance of approximately 6 inches. Two 

were driven to a depth of 20 feet and three to a depth of 13 feet (Fig. 

29) • 

SurgiAS and bailing 

As the surging ~nd bailing operation continued, very little gravel 

settled in the tubes or annular ring. Caving occurred around the outside 

of the 24-inch casing and approximately 20 cub~c yards of gravel was used 

to fill up the hole. 
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On lune 19, 1948, the driller was released and further development 

ot the well was accomplished without the use ot the well-drilling eQuip-

ment. 

Baekvrash1ng 

A special cap with two connections was made 80 that water could be 

forced down the 8-1nch casing under pressure and out through the perfora-

tlons into the water bearing material (Fig. 30). To force water down to 

the bottom ot the 8-inch casing, a 2-inch line 33 feet long was connected 

on the ins1de ot the cap. By closing the valve from the canal supply line, 

starting the other pump and opening the discharge valve, water was pumped 

through the 2-inch line tram the bottom of the 8-inch casing, thus drawing 

out any sediment that m'ight accumulate. When the water "Ias pumped into 

the 8~1nch casing it rose to the ground su~aee through the gravel in the 

annular r,ing a.nd also around the outside, and carried considerAble quant-

it1ea of fine material. The process of pumping into the wall and then 
'" "'" out of it was continued until very little fine material was evident. 

UndergrQundFormation 

The material below the top 8011 was dark brown in color to a depth 

of 18 feet. P..echan1cal analysis showed a medium to fine' sand with some 

tine gravel as well as a small percent of aut (FIg. 21). From 1B teet 

to 32 feet the material was l1ght yellow in color. l!8chanical analysis 

showed this to be medium to fine sand also but with less gravel and more 

s11t, although the gravel was of larger particle.. Blue clay was 

encountered at 33 feet (fig·. 31). 
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Operation and T.asting of' Well 2J. 

Initial pumping 

Initial pumping was with a 5 hp. submersible pump, which was lowered 

to approximately 2 inches from the bottom or the 8-inch casing. The pump 

was operated at max~ discharge, tor the five-day test period, except 

when the stream was reduced by partly olosing the valve on the discharge 

hose. 

Drawdown and diseharge curve 

During the initial pumping test with the submersible pump, the well 

was tested at different drawdowns and discharges. For each test, a set

ting was made on the valve an~ the pump was allowed to operate at this 

discharge rate for 2 hours; then dr~wdown Was measured. Five drawdown 

discharge curves showing the results of measurements on July 15, 19, 21, 

27, and August 3 are plotted in Fig. 32. The well discharge at the 

beginning of the tests on July 15, was much h1~~er than for later tests 

at the same drawdown. For example, pwnping 30 g.p.m. on July 15, caused 

a drawdown of 22.5 feet, Whereas, on Jul~ 19, pa~ping· only 16.5 g.p.m. 

caused the same drawdown of 22.5 teet. 

Long-Time Pump Test 

Drawdown-dlscherge curve 

The period from the shutting down of the submersible pump and the 

starting ot the turbine pump, (Figs. 33A and 33B) except for 5 minutes 

to check operation, was approximately 48 hours. Considering the low 

permeability of the 8011, it 1s doubtful it this time was sufficient to 

allow the water to stabilize at the well. 

Drawdown-d1scharge tests were made each week for 3 weeks. The dis

charge for the first week of pwaplng was approximately 20 g.p.~. 
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However. the discharge gradually decreased during the first month to 
• 

approximately'l6 g.p.JI. 'rhia rate has been maintained to date at a 

drawdown ot approximately 20.5· teet. 

1,1 Effect on water table 

The effect ~f pumping on the water table to date, haa been small, 

except in the area Tery close to the well. The water table fluctuates 

with the irrigation of the upper lands and since the quantity being 

pumped 1s so small, considerable time 1s neoessary to lower the water 

table appreciably. 

Permeability lMaaurements 

Field measurements 

The permeability of the solI measured in the field was calculated 

by using Equation 1. The piezometers used were the IO-and lOO-foot 

radii on the west and south lines, lO-and 85-foot radii on the east line 

and lO-and 75-foot' radii on the north line. The water surface elevations 

in the 14-toot-depth' piezometers at the end of one month of pumping, 

presented in Table 7, were used in the calculations. A depth of 33 feet 

was- used between ground surface and the clay material. The average 

value of permeability of ~he mat,r~al was calculated as follows: 

k • 3.27 x 10-0 rt./sec. 

Laboratory measurements 

Laboratory me~surements of permeability were made in the college 

8011 mechanics laboratory, using a constant-head permesmeter. The 8011 

used was a combined semple of the materials from all the depths. These 

samples were taken dur1ng,the drilling operations and were not suffi

c1ently large for testing each depth of sampling. However. the 

permeability ot the material opposite the perforations was the chier 



concern; for this reason, 'samples of the 8011 material were taken at 6 

different times ·t~ t.he 17-toot depth to the 33-foot depth (Fig. 21). 
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Using formula ·derived trom Darcey's Law Q. = kai. For the constant 

head permeameter k a VL 
iWr 

Where k is the permeability in tt./sec. 

v • Tolume or water flow in a given t 1me in cu. tt. 

H = the 1088 in hydraulic head in ft. 

A • a.rea of t he samp~e in sq. ft. 

L • depth of the soil sample in ft. 

T • time in secs. 

The per.meab111ty ot this material 88 tested 1n the laboratory gave 

k • 1.49 x lO-5'ft.!sec. 

Effeotiveness of Well 

The effectiveness ot a well can be ascertained by an application of 

the equilibrium formulas ~or determining permeability according to Wenzel. 

(14 t p. 148)-

. . . . . . . . . •• 2 

and 

sc:= H-

h~ -2.3 Q I~ r2 
__ -"!!!!11!~~ ___ r_,_. . . . . . :5 

1Tk 

in which Ew 1s the effectiveness of the discharging well in percent, Sc 

18 the theoretical or oomputed drawdown of the water level in the well, 

in teet; and 91 is the observed drawdown in the well in teet. The 

symbols used in Equation 3 are defined graphically in Fig. 9, except H 

which 1s the thickness of. the saturated material before pumping began. 

The ~alue8 are presented in Table 8 t using the average value of' the 
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permeability of 3.3 x 10-5 tt./sec. The average effectiveness was found 

tO,be 19.2 percent. 

SpeCific oapacity 

The specific capacity of the well was very low and somewhat Ysrlable. 

Using the last drswdown test, a discharge of 17.5 g.p.m., the drawdown 

was 19.96 feet giving a a,pecific capacity of 0.8'7'1 g.p.m. per fo,ot of 

drawdown. At a discharge of 12.75 g.p.m. the drawdown was 11.16 teet, 

giving a specific capacitr of 1.143 g.p~. per foot of drawdown. 

Mechanical .~YBis of So11 

Representative curves resulting from the mechanical analysis ot 

samples from the various depths have been recorded in Fig. 21. So11s are 

sometimes classified, from mechanical analysis ourves, on the basis of 

the 20 peroent size; that is, 20 percent of the sample is finer and 80 

,percent 1s coarser. On the basis of U. S. Bureau of Solls Classification 

(8, p. 649), the material for the 2-to l8-foot depth 1s in the medium to 

rine sand range. Likewise, the lS-to 21-foot depth is classified as 

medium sand and the 51-to 33-foot depth classified as coarse sand. Tb8 

gradation of coarse to fine material (Fig. 211 was rather uniform at each 

depth. The tine particles filled the pore spaces and thus decreased the 

area through which the flow took place and partly reduced the permeability. 

This tmposed serious limitations on the water yield. 

The size ot the gravel used in the filter was determined trom the 

mechanical analysis curves of the natural material (8, p. 688). 
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Cost of ~ell Unit 

The eost of the 24-inch well, the cost of the pump unit designed for 

the capacity and lift of the well, and the assumptions noted, were used 

as the basis for the following cost an::llysis: 

Capital cost: 

~~~nnual costs: 

1. ~lell and extras . . . . . . ••• $1750.50 

2. l~ hp. Little Chief turbine 
pump unit, to discharge"3l20 
g.p.h. or 52 g.p.m.at 20 feet 
head, and sw1 t che s • • • • • • . . 364.30 

Total . $2114.80 

lr Power costs for pumping 12 
months at $7.70 per 30-d~y month* •• $92.40 

2. Mn intenance, at $10 per year • • 

3. Capital costs reduced to uniform 
annual cost on basis of 20-year 
11fe and 4 percent interest, 

. . 10.00 

(2114.80) (0.0736) • • • • •• 155.65 

Total t258.05 

Costs Per ~\cre 

It is assumed that pumping will continue thro\~hout the year, that 

the pump will maintain a 16 g.p.m. discharge, and that 1 acre-root of 

water. per acre must be removed by artificial drainage. One g.p.m. 1s 

equal to 1.61 acre-feet per year; therefore 16 g.p.m. is equivalent to 

* Rate as figured from schedule #24, irrigation and drainage pumping 
power service of the ,Utah Power & Light Company. 
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the excess water fram 25.76 aeres of land. Using the values above as a 

basis, the well unit will furnish drainage for 25.76 acres at an annual 

cost of $258.05 or at an annual cost of $10.02 per acre. 

The most uncertain figure in the 3nalysis 1s the ~ount of water 

that must- be removed annually by artificial drainage. The general value 

used is 8 inches, but because of the extremely high water table in the 

Draper area throughout the year, the one-root figure 1s a reasonable 

estimate of the amount to be removed by artificial dr.ainage. 

r,-kuali ty of Water as a Factor in PUDloing Costs-

An 1~portant element in the cost of drainage by pumping is the value 

of the pumped water for irrigation purposes. In the Draper area the 

water pumped from the well, as analyzed by Mr. James Thorne, Soil 

Conservation Service, Soil SCientist, ~t the Utah StAte Agricultural 

College, was found to be in Class 1 on the basis of its electrical 

conductance, boron content, an~ sodium percent~ge •• 

In a 5-month irrigation season the Quantity of water pUMped at the 

rate or 16 g.p.m. would be 10.6 acre-feet. The vslue of 10.6 acre-feet 

of water at $3.00 per acre-foot·· would be $31.80. This amount would 

pay 34.4 percent of the annual power bill. 

• The official report of the water, as made by ~~. James Thorne, 1s filed 
in the office of Dr. O. W. Israelson, Utah Agricultural Experiment Station • 

• * The $3.00 per acre-foot is an approximate average value for the state 
of Utah as stated by l~. J. R. Barker. Irrigation Specialist, Utah state 
Extension Service. 

, .... 
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RECOM!'1ENDAT IONS 27 

Drill more test wells 

l.:ore test wells in the area are necessary for giving sufficiently 

detailed information about the underground formation and ground water 

novement. Solution of the drainage problem may be found by using the 

data already gathered and by putting down more test wells. 

Locate existing drains 

If all existing drains were definitely located, a thorough study of 

the ground water flow could determine whic'h drains were located for r.l8.X-

tmum effectiveness. Other dr~ins might be placed 80 as to intercept the 

ground water flow; they could be connected to existing drains in order to 

reduce drainage costs. 

Check condition of existing drains 

After all existing drains are located, they should be checked to find 

out which ones are operating efficiently and which ones need repair. The 

water n~v being discharged from the drain on the north side of the high-

way (Fig. 14) should be diverted into the canal instead of being allowed 

to empty into a slough. The present discharge into the slough adds 

greatly to the excess ground water. 

I,:easure water delivered to upper lands from. mountains 

~later measuring devices, or \vater recorders, should be installed on 
• 

all of the mountain streams so as to obtain a record of the amount of 

water applied to the upper land. :\n est imate of the amount of excess 

water could be made by subtracting the aMount of water used by plants and 

evaporation from the amount of irrieation water applied. Excess water 

applied to land contributes to the ground water. Increasing the amount 

of water app11eQ, increases the amount of ground water and thereby raises 

the water table to a point where drainage is necessary. 
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If the amount of irrigation wster applied to the upper lands were 

controlled, especl~lly in the early spring when the supply 1s large and 

demand low, lllnd owners in the lower areas llould not sutfer the excessive 

losses due to high water table that they do now. 

Build reservoirs to store spring run-off 

If a reservoir, or series of reservoirs, could be built in the 

Ctinyons or on the upper lands to store the spring run-ofr it would do 

two things: 

1. Provide a supply of water in the latter part of the 

irrigation season, when the supply 1s usually low. 

2. Reduce the quant 1ty of ",ater annually flooded O:lto 

the upper lands. This excess wnter contributes to 

the ground water which raises the water table of the 

lower lands. 
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The need for drainage in certain areas influenced the Utah A~ricul-

turnl Experiment Station and the Utah Power &:. Light Conpany to set up a 

cooperative experimental drainage project. Under this project drainage 

research in the Dra~er area, Utah, was undertaken in cooperation with 

the Draper Irrifatlon Company. 

The Draper area conprises about 4000 acres; of this, approximately 

600 acres need drainage. Information gathered in this research indicates 

that the main sources of ground water are: 

1. Jater lost in sinks or faults near the sources of 

mountain streams, northeast of the water-logged land-s. 

2. Deep percolation water losses from excessive irrigtltion 

of the upper lands. 

The first work consisted of putting down test holes to obt9in prof-

lIes of the water table. From these profiles the depth and slope of the 

water table and the direction of the flow of the ground water were 

determined. 

Two 3-inch test wells werA then put down to obtain inforr:1.ation about 

the soil farnation of the area. and to deterrline the feasibility of drain-

age by pumping. The average quantity of water pumped from well Ho. 1 was 

30 g.p.m.; from well lIo. 2 the average was 25 g.p.r.1. Piezometers were 

installed to measure drawdown at various 'distances fro~ each well. 

Permeability was calcu1ated for each nrea using Equation 1. 

The 1nformnt ion obtained at these two test wells indicated that it 

would be impossible to eet a large flow of water at either loeation. 

However., the effectiveness of lev/ering the water table could be deternined 

only bl' experimenting. 

Drilling of the a-inch gravel envelope well was started on ,\.pr11 14, 
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1948. (:;. 20-inch hit W9,S connected to the string of tools for the drilling 

oper'3.t ions. The bit churned up the soil material and water, and 3. b3.iler 

;-:35 used to re;-:'love this mixture. ':20 drive the outside casing, which Vl9.S 

24 inches inside diameter, a driving head of 1500 pounds '.ms dro;):')ed nt 

an average height of 3 feet. Blue clay ~~s reached at a deptt of ~3 feet. 

The ou~side casing ~3S driven to a depth of 35 feet, and drilling was 

stop::ed nt u depth of 38 feet. The inside c~sing, which vias 8-inch din-

meter bl~ck pipe, w~s installed and botton r~sted on the gr~vel ~t 3 

de!)th of 33 feet IJelow the ground surf':lce. trhe lot;,fer 16 feet of the 8-inch 

c[!sing t:as pre-perforated \'lith 5/32 x 3/2-inch slots. Gr'lvel VJB.S placed 

in layers of approxinately 6-foot depths, in the annular ring bet~'Jecn the 

tv"ro casil~s, at different intervals'. ,·\.fter placiuc: each gravel l:lycr t the 

outside casing W'.iS j:'icked back 9. leneth of 6 fA0t. ::l:ach 6-foot sect ion 

of the well 'N':lS developed by pUr.1ping, surGine; 3.nd bailing. 

The process of cr'3.vel pucking, jnckir..f~ back t:1e outsirle c'.lsing, '1nd 

dI\Telop1ng 1:![lS cant inuod until 13 feet of the OlJt side casing re:'1ained as 

part ,of the cO!'1pleted well. The remaining space in the annula.r ring 

":ldS filled ,,:ith Gravel and development by punpint:~, surging Rnd o,':tllng 

t'(SS continued. 

In the developnent l'lork three methods VIere used: namely, pilot 

g~lvel tubes, sureing and bailing, ~nd backwashing. 

Initial pumpinS was with a 5 hp. submersible pump, which i'l''18 lowered 

to aprroximately 2 inches fro:u the bottom of the a-inch easing. Dnring. 

th's initial pumping two complete tests VIere t'1ade st different drawdovms 

and discharges. .\. turbine pump was then installed and three dravldown-

discharge tests were Dade each week for 3 weeks.. The discharge for the 

first week of pumping W'J.S ulJproxiTItltely 20 e.p.~. Hovlever, the discharge 

rradually decreased during the first rr.onth to approximately 16 g.p.m. 
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'This rate has been maintained to date at a drawdown of approximately 

20.5 feet. 

The effect of pumpillg on the Viater table has been small except in 

the area very close to the well. 

The permeability at well No. 3 Vias l01"]p.r than at wells No. 1 and 

No.2 as shown by the following ,values: 

1,':e11 No. Permeability - ft./sse. 

1 

2 20 x 10-5 

3 

The effectiveness of a well can be ascertained by an application of 

the e~uillbrium formulas for determining permeability. The aver3se 

effectiveness of I.'lell No.3 W3S fO\Uld to be 19.2 percent. 

Using cert!lin assumed values and redueine capital costs to annual 

cost s. t he cost of drainage, us ine; well ~ro. 3, was $10.02 per acre per 
• 

year. 

The authorts recommendations for further work in the area briefly 

surnnarized are: 

1. Drill ~ore test wells. 

2. Locate and map exlstil~~ drains. 

3. Check condition and effectiveness of existing drains. 

4. ~ieasure the vmter delivered to upper lands from mountains. 

5. Build ~e8ervoirs to store spring run-off. 

6. Reduce the amounts of water applied in early irrigation 

of upper lands. 
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" Coefficient of permeability. 
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h, and h, = Depth of water in, two ob.er~ation wella durinQ pumping. 

'I and I, = Lenqth of drawdown in the observation wells. 

Fig. ,9 

Note:' The units for the above symbols are given under equation 1. 
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Fig. 10 Examining Material at Test Wel~ No. 2 
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Fig. 17 Taking Piezometer Readings Near 
Well No. :3 

49 J 



Fig. 18 Spacers Welded to 8-inch 
Casing 
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Fig. 19 Perforated 8-inch Casing 
Showing Perforations and Plate 

Welded at Bottom 
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n n 
Te mp let for perforo ti ng 

8 - inch casing 

View showing spacers 
on 8/ casing inside 

24// casing 

Top view of perfora tion 

Fig. 20 

DESIGN SHOWING 

52 

DETAILS FOR PERFORATING · 8 
/ / 

CASING AND SPACER ARRANGEMEN 





Fig. 22 Submersible Pump Ready to be 
Lowered into Well No. 3 
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Fig. 23A The 20-inch Bit Being 
Raised From Well 
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Fig. 238 The 20-inch Bit Being 
Connected to Drilling Tool 



Fig. 24A Bailer Being Raised 
From Wel~ 

Fig. 24B Bailer Being Dumped 
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Fig. 25A Driving Head on the 
24-ineh Casing 

Fig. 25B Driving Head Ready 
,to Drop 
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Fig. 26 Drilling in Progress 



Fig. 27 Jacking Back 24-inch 
Casing 
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Fig. 28 Surge Block Used for 
Developing Well 
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Fig. 29 Installing the 5-inch Pilot 
Tube by Jetting and Driving 
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Fig. 30 Backwashing by Pumping out 
of Well 
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Medium to very fine 

sand - dark brown color. 
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'yellow. 
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Fig- 3 t 
WELL No. 3 

24 - inch Experimental 

Draper area, Utah 

April,1948 

Well 
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Fig. 33A Adjusting Bowls of 
New Turbine Pump 

Fig. 33B Testing New Turbine Pump 

68 



TABLES 



\ .., 
\ 

'" \ , 
I, 

Test Hole 

1 
2 
a 
4 
Ii 
6 
1 
8 
9 

10 
11 
12 
lS 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 

Table 1. Water table depths measured in feet 
at different time period - 1947 

Dates of measurument 
September 20 September 27 October 4 

3.0 2.0 2.6 
0.8 0.9 1.1 
1.2 0.8 0.9 
2.9 3.8 4.p 
1.7 1.8 2.2 
1.5 107 2.4 
1.2 1.0 0.9 
2.1 2.3 2.4 
2.3 I 2.8 2.8 
2.3 2.3 2.2 
2.5 3.1 3.3 
3.2 3.7 ---
4.9 5.6 --
4.8 4.5 ---

3.8 ---
Drilled 4.1 --

4.6 4.5 
on 6.1 6.4 

6.1 7.0 
Sept. 27 8.6 9.2 

~ > 8.1 11.0 
4.8 

Drilled 600 
5.8 

on 4.5 
3.5 

Oct. 4 4.4 
5.5 

dry at 12 
8.1 I 

November 

3.4 
1.0 

It 0.3 
S.7 
2.0 
1.6 
0.7 
1.5 
1.2 
2.0 
3.8 ----------&.1 
------------6.1 
3.7 
5.2 --

feet -Rooks at 10 teet - dry 

I 
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.,,,--" fable 2. 

Date 
Station Length ,l!aeVA't lon 

or pip. ground 
in teet surtaoe 

North 25 14 4625.0 32 

60 14 25.3 
32 

100 14 26.5 
32 

200 14 26.8 
32 

400 14 28.8 
32 

South 26 14- 24.4 
32 

50 14 24.1 
32 

100 14 24.0 
32 

200 14 23.3 
~2 

400 14 22.0· &2 

/" 

/~ 

--~/ 

Ilevatiotta of the ground .urtaoe and ground water surfaoe, north 
and south ot well No.1, in feet above mean sea level - 19'8 

Januarl" 6 January 13 !January 14 lJanuary 15 lJanuary 16 

Ground water aur£aoa elevation 

'521.8 4516.4 4514.8 4514.8 4514.3 
21.1 17.6 12.3 12.3 12.3 

22.9 22.8 21.4. 21.2 21.Z 
22.7 22.2 18.2 16.9 18.6 

22.8 23.3 22.9 22.6 22.4 
23 0 & 23.1 21.8 21.1 21.7 

24.9 24.6 24.4 24.3 24.4 
24.6 26.3 24.6 24.4 24.2 

26.7 26.0 26.0 25.9 26.0 
26.6 25.9 25.9 26.6 25.6 

22.2 17.8 13.9 . 14.1 14.1 
22.4 18.3 13.1 13.3 13.6 

~ 

20.8 17.2 13.4 13.9 13.8 
21.2 19.3 15.0 15.0 15.1 

22.1 21.5 20.3 la.S 11.7 
21.3 20.9 19.2 17.9 17.8 

20.9 20.4 20.9 21.4 21.6 
20.4 19.8 . 19.2 19.5 19.4 

19.9 19.4 19.6 19.8 20.8 
16.5 18.0 17.3 17.2 11.2 

January 17 

451407 
12.8 

21.1 
17.8 

22.5 
2107 

24.2 
24.3 

26.0 
25.6 

14.3 
13.4 

l~.l 
16.7 

11.8 
18.0 

. 
21.7 
20.0 

20.2 
eft I 17.6 ~ 

J 
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fable 3. - Blevation8 above datum and drawdowna at different distanoes from well 
No.1 during pumpinG used in oaloulating the permeability ot the 80il. 
An average disoharge of 0.07 o.r ••• was used tor all oaloulations 

Horiaontal distanoe Height or drawdown curve Distance from water sur1~aoe Permeabi 11. ty or Boll 
from axis or well above datum. plane -' before pumping, to drawdown 

rl 

26 

26 

25 

50 

50 

100 

teet teet ourve -- feet 
r2 Ill"" h2* til· 82* 

50 21.68 26.22 10.32 5.78 

100 21.68 29.44 10.32 2.66 

200 21.68 31.63 10.32 O.~1 

100 26.22 29.44 6.78 2.:56 

200 26.22 31.63 5.78 0.57 ' 

200 29.44 31.63 2.56 0037 

AT.rage 
- - --- -- ----- --.-.--

.Valuea reoorded are the average ot the north and south piezometer.. !h6 32-toot 
pi~zometer readings were used. The reading$at ra - 400 gave negative val~s for 
(Sl-82) 80 they wvre not used. The symbols are desoribed in Fig. 9 • 

A8sum~t1onsl (1) Tl~t tho original water surfaoe and. o lay layer are p4~allol. 

(2) That the tlliokness of the saturated material ~s 32 f8~~ 

formation 
ft.jsec •. 

k 

7 x 105 

8 x 105 

9 x 105 

9 x 105 

10 x 105 

11 x 1~5 

9 x 106 

en 
"CD 



Station 

North 25 

50 

100 

200 

400 

South 25 

50 

100 

200 

400 

~ 
----,-~--~/ 

r 

Table 4. Elevations of the gro~ aurfaoe and ground water surfaoe, north 
and south of well No.2, in teet above mean sea leval - 1948 

~ 

j)~1ie !Januarv 8 January 9 I J VoI.4IoU:U. X 10 January 11 Length -, ~levat1on 
or pipe ground Ground water surtace elevation 
in feet surfaoe 

14 4618.5 450B.l 4501.8 4607.0 4507.1, 
32 OB.a 08.5 08.6 08.5 

14 19.1 OU.4 00.0 oe.o 07.9 
32 08.8 07.8 07.8 07.8 

14 19.6 08.9 OS.5 03.6 08.5 
32 09.4 09.0 _ O~.O 09.0 

14 20.4 09.6 09.5 09.5 09.4 
32 11.2 10.1 10.0 10.0 

14 21.6 12.4 12.5 12.5 12.4 
32 12.4 12.3 12.2 12.2 

14 19.1 0'1.3 07.1 07.1 07.0 
32 07.3 07.0 07.0 07.0 

14 18.5 O£.8 06.1 06.6 Oe.5 
32 07.3 06.8 06.8 06.6 

14 18.6 06.2 06.1 06.1 06.0 
32 06.3 06.9 06.2 06.1 

14 18.7 05.6 05.5 05.4 06.4 
32 ~ 06.4 05.1 05.6 05.6 

14 19.1 Dry --- --- ---32 04.8 04.5 04.5 04.5 

January 12 

4507.6 
08.4 

07.9 
07.7 

08.4 
08.9 

OS:.4 
09.9 

12.5 
12.2 

06.8 
06.8 

06.5 
OG.6 

06 0 0 
06.2 

.. 
05.4-
05.6 

---
04.6 ~ 



Table 6. 

~/ 
~. 

8 anae 

.8.ationa above datum. &Ild drawdowns at dirferent diltanoe. from well 
No. 2 during pumping used in oaloulating the permoabili ty ot the 80i1. 
An average d180harge of 0.06 o.t.8 .. was used tor all oa-loulationl 

trom axis or well 

r 

26 

25 

26 

60 

50 

teet ft. 
1 • * 

60 24.65 30.62 7.46 1.38 S x 

100 24.55 31.19 7.45 0.81 6 x 
.... 

400 24.51$ 31eS2 7.45 0.18 1 x 

100 50.62 31.19 1.86 0.81 3 x 

400 30.62 31.82 1.36 0.18 6 x 

Average 2 x 

• Averages of the north and south piezometers. The 32 foot piezometer readings were us.d. 
The piezometer reading r2. 200 ft. gave a negative value for (81-S2) 80 it was not used. 
The 8~nho18 are desoribed in Fig. 9'. 

. . 
'Assumptions. (1) That the original water surfaoa and olay layer are parallel. 

(2) That the thiokness of the saturated material is 32 feet. 

106 

105 

10' 
lot 
10' 

-10 

.... 
o 



Station 
Direotion J.Jifltanoe 

feet 

li'orth 5 
10 
25 
50 
76 

280 

South 5 
10 
25 
60 

100 
255 
335 

Bast 6 
10 
20 

- 85 
200 
400 
500 

"Nt 5 
10 
25 
50 

, 100 
200 
400 
550 

Well !~o.2 -

~ 
/ 

~/---
/ 

--",/--' 

table 6. Elevations in the l4-fuot piezometers ot the ground water 
surfaoe in the tour di.i.~aQtionB from well No. 3; feet above 

,/ 

mean sea level i948 

Wator Surfaoe Elevations 
July 21* July 26 Aug. S* Aug. 9 A.ug. 16* AUE~. 23 Aug. 30* 

4626.5 4622.7 4522.8·· !; 452;3.1 4522.7 4622.9 452,.8 
25.2 23.0 23.1 23.3 22.9 23.1 22.9 
26.8 23.6 23.7 23.9 23.5 23.7 23.5 
25.7 24.7 24.8 26.0 24.7 24.8 24.6 
26.8 26.1 26.1 26.2 25.9 26.0 25.8 
30.0 30.8 30.8 ;)O.~ , 30.8 SO.6 30.7 

24.8 21.6 21.7 21.8 21.5- 21.8 21.6 
24.6 22.4 22.6 22.7 22.3 22.6 22.3 
23.6 22.7 22.9 22.6 22.8 22.6 22.6 
23.6 22.7 22.7 22.9 22.5 22.7 22.5 
23.2 22.4 22.5 22.6 22.1 22.4 22.1 
21.8 21.0 20.8 21.2 20.7 21.1 20.7 
19.2 18.5 18.1 1U.6 lG.O 18.6 18.0 

24.9 21.8 21.9 22.1 21.8 22.0 21.8 
24.8 22.6 22.7 22~9 22.6 22.8 22.6 
24.5 23.1 23~1 23.4 ~ 23.0 23.2 23.0 
2~ F' 0.0 24.8 24.9 25.1 24.7 24.9 24.7 
26.9 26.1 26.4 2'- ~, u.n 26.2 26.4 2C.l 
28.7 28.4 28.6 ,..., ,.... ." ~ 

':;0 , t.:- 28.2 2b.3 28.1 
29.4 2~.2 29.5 29.3 2£...9 28.9 28.7 

24.6 22.0 22.5 22.8 22.4 22.6 22.5 
24.8 22.6 22.7 22.9 22.5 22.7 22.5 
20.6 22.9 23.0 23.1 22.S 23.0 22,7 
23.6 22.8 23.0 23.2 22.8 23.0 22.7 
23.7 23.0 23.1 9 .. ..( #. •. -..... v 22.9 23.1 22.9 
23.2 22.8 22.8 22.9 22.6 22.8 22.6 
20.3 20.0 20.1 20.1 1~.9 (~O.O IS.8 
1f).G lL.4 10.6 la.d 11}.4 1&.t,1: 16.3 

13.7 12.8 12.U 1~.G 13.1 12.8 12.2 

Sept. 6 

4522.7 
22.9 
23.5 
24.6 
25.9 
30.7 

21.6 
22.3 
22.5 
22.5 
22.1 
20.G 
17.7 

21.8 
22.6 
22.0 
22.1 
26.1 
2b.l 
28.8 

22.4-
22.5 
2'-' q "v 
22.8 
22.9 
22.6 
19.5 
18.5 

11 .. 7 

*Tll~se datos arJ.d valuos are plotted Oll FiG. 15 alld JS".,. l~o. 2 wall values are not plot lieu. 

Sept. 13. 

4522.8 
23.0 
23.5 
24.6 
26.9 
30.7 

21.7 
22.3 
22.5 
22.4 
22.0 
20.5 
17.4 

~1.8 
22.6 
23.0 
24.6 
26.1 
28.2 
28'.9 

22.6 
22.6 
22.8 
22.0 
22.8 

I 

22.6 
19.8 
18.4 --. -
" .4 
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Table 1. Bla'Yations above datUD1 and drawdOWIls at different distances trom well 
!lo. 3 during pumping used in oaloulat1ng the permeability of the 80i1. 
An average discharge of 0.0036 o.f.a. was used tor" all caloulations 

Horizontal distanoe Height of drawclO1m" ourve Distanoe .from Water .surface l"ermaablJ.l'ty or 101l 
trom. &Xi. of Vlell aboTe dill tum plane - bet ore pumping, to dra.down 

tee" teet curve - teet, 
rl 

K .. 10 

B - 10 

S - 10 

11 - 10 

r2 nl{'\1 ~tr ~" ill·' 

N - 15 28.01 29.2'7 1.99 

E - 66 28.05 29.38 1.96 

S - 100 28.04 29.29 1.96 

W - 100 28.04 29.60 1.98 

N - north line, B - east line, S - _~outh line.. W - west line, 
The symbols are desoribed in Fig. 9 • 

"2"" 

0.13 

0.62 

0.71 

0.60 

Average 

Asswnptions I (1) That the original water surfaoe and. 01&y layer are parallel. 

(2) That the distanQ8 between th& clay layer and original water 
surfaoe 1s 30 feat tor oalculation purpose •• 

formation 
tt./ •• o. 

.: 

3 x 105 

3 x 1~5 

4 x lOS 
3 x 1~6 

3 x 106 

~ 
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Tab1a 6. Elevations above datum and drn .... ld01"1ll at differont distanoes from wall 

1!o. S usod in oalo~1v.till6 tlie thooretioal drl:1'~'ldolfln. This in turn with 
the aotual uraYJO,ot"nl aro uf:ied in caloulatint; tho efficienoy_ All average 
disoharge of 0.003G o.r. s. and averat:;e perme-abi1i ty of 3.3 x 105 are . 
used for oaloulatinG the theoretioal dl"o.wdo·~m. 

horizontal di Bta:.~oe Elevatior.. of theoretioal urawdown Aotnal urawuavm. l';rfiolenoy of the ·well 
tram axis or well drawuo'wn ourve a.t the ".'ell o,?miJuted at the wall as as oomputed using 

above d.atu.i11 from equation (S) !nea2ured equation (2) 
feat feet teet feet peroent 

"1 r2 ~* Se al "E" . 
1 N - 75 29 .. 27 S.40 17.91 -19 

1 _. - 85 29.38 3.40 17.91 19 

1 S - 100 29.29 3.60 17.91 20 
< 

1 W - 100 29.50 3.35 17.91 18.7 

• The value used for dravJdmvn in '1,'1611 and obsorvation well are tl_o etld of' 1 J:10nth of pum.p1ng. 

Assumptions (1) That the ori-t:;illal-"wator s·urfaoe and. ola:r layer are para.llel. 

(2) That the thiclmess of the saturatod material is 30 feet. 

(3) That rl due to bTavel envelope is equal to 1 foot. 

. 

--(II 
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