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The purpose 0f this thesis is to determine the
following about the eampus wells:

I. The maximum yield,

II. The pressure of air that proinees maximum yield,
III. The circle of influence,

IV. Whether the yield is proportional to drawdown,

Ve The length of a fire that can be fought using the
maximum output of wells in eonjunction with
one hundred thousand gallon storage reservoip.
The number of fire streams sre six each
delivering two hundred and fifty gallons per
minute.



A STUDY OF THE YIELD OF THE CAMPUS WELLS.

At the present time the water supply for Michigan
State College is obtained fram & sub-artesian well by an
elestriscally driven triple action pump. In addition to
this there are two air 1ift wells that ocan be operated.
Tests were made on these two wells. In the near future a
well regulated and effieient system of air 1lift wells will
be installed.

411l of the wells here are of sub-srtesiamn
charsoter and tap the sand stonss of the Coal measures.

Pigure II is a geologic seetion of one of the
eollege wells ploffed fran 8 log borrowed from the Geology
Department. The location of this well is not known for there
was no information regarding its position. However, the date
indicated that it was drilled in 186l. At one time these
wells were truly artesian in character, but due, perhaps,
to the large eonsumption of the eity of Lansing from the
same strata, the statie water level has been diminished so
thet it now stends about 818.0 ft. sbove sea level.

The strustural features of the artesian dasin,
which these wells tap, resemble & steck of saucers pleaced
eoncave upward. These artesian eonditions are purely local
in eharacter. East Lansing is well loecated with regard to
these geologic features and is, theredy, in a position to
avail itself of the advantages offered by it. The outocrops
of the different strats are shown in Pigure I. BSomething of



the sharacter of the Coal Measures may be gleaned from that
whish follows: "A 20 in. well was drilled in 1917 by

A+ Re Purcell of Jackson for the Lansing Water Works.™ The
sanples taken from the bhorings of this well indicated that
the sandstone in the Coal Measures above the salt horiszon is
too fine grainia and closely samented to yield water freely.
The sandstones in the Coal Measures vary so greatly in
texture and porosity that perhaps with careful explorstion

and preservation of samples more freely water-gearin\g\ areas

Rt S

could be found in or about the eity. Salins waters are
encountered below the Coal Measure horison. The eementing
material of the sandstone of this strata eontains iron
earbonate which upon exposure to weathsr is oxidysed to
limonite. This, evidently, is the reason why bath room
fixtures and other hydraulic apparatus in and about East
Lansing show rusty blemishes upon them.

The tests that were made dealt with four wells
which you will find on the msp in the pocket of this bdoek,
indicated as 1, 2, 3, and 4. Wells B and 4 are conmected
80 that they ecan be operated.

By plumbing it was found that the depth of Well
No. 1 is 386' and that Well No. 3 is 298'. The others eounld
not de plmbid.o The casings of these wells are driven to
rook. That means that casing depth is about 80' as that is
about the depth of the glacial Araft here. .

As the statis water level was measured before each

teat, it was discovered that they varied as mush as two feet



4.
on consecutive tests. The reason for this fluctuation may
be due to interference from the well in operation behind

the Porestry Building, thermometrie or barcmetrio eonditions
and rainfall,

El. of casing Well No. 1 834.14
El. of casing Well No. 3 885.03
El. of diseharge pipe Well FNo. 2 846.53

The following pages will deal with the details,
the method of procedure, the data and the spparatus of the
dest, ' |

In the pocket of this book whisch is attashed to
the dack obvor, you will find a map showing the losation and
nunber of the wells which this test deals with. Wells 1, 2,
and 3 are located nearly on & straight line and spaced 200
ft. apart. Considerable difficulty was encountered to locate
Well 3, bdecause it was not acocurately located on the maps.
The elevation of the static water level was determined by
plumbing wells 1 and 3. As the static water level of well
1l and & were the same, the authors assumed that the statie
water level of well No. 8 was also the same as it lies between
Wells Noe. 1 and No. $§. In order to measure the static water
level in Well 8, it would be necessary to uneouple the casing
for each run., This would be a diffiscult task.

The equipment used in this test was an air

compressor, wier dox, air gage, flow meter, and hook gauge.



The air gauge and flowmeter were tapped into the air line o
few feet from the well. The woir hox was placed beneath the
discharge pipe connected to the sir separator tank. The
weir used was a 90° triangular weir. All the water pumped
was wasted.

In order to determine the 4rawdown in well No. 8,
the well in operation, it was necessary to determine the
distance to the footpiece. This was completed by formula
and then cheoked by measursment. At the beginning of each
test the pressure necessary to start the well flowing was
recorded. This pressure waa used in the formula p = wh,
in whieh p is the pressure, h ia the height of water eolmm
that p will sapport, and w & constant equal %o .433. The

e rana v,
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messured distance was 2868°', By formula the distance is

_‘2‘ + B8.8 or %9_4‘3_5_ + £8.2 p 268.8 ft.
28.2' is the distance frem the Adischarge pipe whiech leads to
the air separator tank to the static water level.

At intervals of fifteen minutes records were made
of the air pressure, inchea of water in U tube of flow-meter
and the hook gauge elevation. At the end of each test the
shut in presaure was recorded and the draw-down in wells 1
and 8 noted.

The shut in pressure is the dack pressure of the
water eolmmn in the well. This is obtained by elosing the

5.

shut-off valve leading to the air c ampressor and them reading

the air gauge. The shut in pressure is the means dy which
the 4draw down in well No. 2 may be ebtained. The draw down
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distance to the foot piece minus the shut in pressure
divided by 433 minus the distance to the static water level.
You will find the drawdown for each test on pages
of this thesis. The 4drawdown in wells 1 and § was found
by dropping a plumd line inside the casing.
| The e¢irole of influence was plotted from the draw-

downs cbtained as above. We found the eircle of influence
to be 600 ft. in dismeter.

Well No. 2, only, was operated in the first part
of the test dus to the failure of the alr oampressor o
build up pressure enough to 1lift two wells, dbut after some
delay & seventy five horse power electric motor was installed
that could develop enough pressure to operate doth wells.

To dstermine the mmount of free air used to odtainm
a gallon of water, study Fige. 5§ and Curve for Determining
Volune of Free Air. (A btlue print found in the bask cover
of this book). The eriginsl of this dlue pring, the
calibration and description of the flow-meter can be found
in Thesis Ho. 1, 1985, eampleted by Messrs. M. E. Snider and
Jo M. Blery. ,

Figure No. 4 shows a cut of the foot piece used in
Welle No. 2 and 4. These were designed and made dy Mr.
Walter Coss who is employed by the eollege.
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L0G OF TEST RUNOKWELL NO. 2.
April 30, 1926.

Air Gange Flowme ter Hook

Pime  Pressure _Left Right Gauge
2:15 108 (starting) 4.6 6.7 Initial
2:20 76 Operating  6.05 6,16 1,880
5:00 76 5,05 6.15 1.882
3:15 75 5.10 6.25 1.820
5:50 vs 5.10 6.25 1.880
5:45 75 5,10 6.25 1.880
4:00 76 5.10 6.25 1.820
4:30 75 5.15 6.30 1,880

8tatioc Water Level in Well No. 1 from top of easing 15.5?
Starting Pressure 103§

Shut in Pressure 60#

Water Level in Well Mo, 1 after pmping, from top of
casing 19.5°.



8.

L0G OF TEST RUN ON WELL KO. R.

My 14, 1926.
2ime g:a::rug. ;.ce_f{lm““niht g:'::o
2:00 106 (8terting) ---- S— 1,439 Initial
£:15 102 Operating  5.45 8.15 1.502
2:20 107 3.90 7.7 1.897
2:45 ’ 4.0 7.7 1,896
3:00 108 5.7 8.0 1.895
8:15 108 5.5 8.3 1.895
5: 20 110 3.4 8.25 1.895
5:45 112 5.5 8.2 1,695

Stopped Running at 3:45 dus to blow-off valve falling to hold.

8hut in Pressure 60f

Static Water Level in Well No. 1

Statiec Water Level in Well No. 3

Water Level after Pumping, in No.

Water Level after Pumping, in Xo.

18.76"
18.00"
23.9'

24.3°



LOG OF TEST RUN ON WELL NO. £

May 17, 19%26.

9.

2ime ;izsﬁ::s. Logzlo‘..t.rfugpt g:;:i
1445 104 (Starting) =---- — 1.434 Initisl
2:00 105 Operating 3.7 7.8 1.903
£:15 108 5.8 7.7 1.897
$:00 103 5.8 7.7 1.898

Belt Broke so we ceased pumping.

Shut in Pressure - 65#.

Static Water Level Well No.
Static Water Level Well No.
ﬁater Level, after Pumping,

Water Level, after Pumping,

1l

Well No. 1 - R0.5!

Well No. 3 - 28.75'

- 15.78'

- 16.3'



L0G OF TEST RUN IN WELLS B and 4.

10.

Nay 18, 1926.

Air Gauge Flommeter Hook
Time Pressure Left Right Gauge
1:30 105 (Starting) ---- ———e 1.420 Initisl
2:00 98 Operating  4.45 7.1 1.897
2:16 90 4.45 7.1 1.892
8:30 89 4.50 7.0 1.892
8:45 4.60 6.9 1.861
$:00 87 4.60 6.9 1.868
Pressure lowered and run eontinued.
8:18 82 4.8 6.7 1.876
5:30 83 4.8 6.7 1.678
5:45 84 .75 6.75 1.876
4:00 84 4.75 6.75 1.877
4:16 84 4.8 6.7 1.876
4:30 83 4.8 6.7 1,874
4:45 84 4.8 6.7 1,874
Shut in Pressure 63#
Statie Water Level Well oo 1 =~ 16.8°
Static Water Level Well No. § - 17.0°
Water Level after Pumping, No. 1 - S1.75'
Water Level after Pumping, No. 3 -

56.0"



75
78
78
76
78
76
78

Drawdowmn « £68

108
107

98
103
108
110
112

RESULTS.
April 30, 1926.

1l1.

Yol.of
Head Q Gals. Inches °:'3' ':%. ;:Jo'; :fr
Pressure W:ng 2::.::; . l’i;:. !ggnnnggor g:rnt fﬁ; 15;&%?1.
448 o889  147.56  1.05 86 158  1.03
44 B35 149.5 .55 17 106 .695
442 LBB9  147.5 .56 17 104  .708
M58 oB46 15407 575 18 110 .
ASE 345 1547 <875 18 10 .M
442 o529 147.5 875 18 110 .M
442 JER9  147.5 +675 18 10 .M
- 50 - 27.9 « 268 - 1585 - 87.9 = 10L.6
May 14, 1986,
463 510 166.0  £.35 4 526 1.988
458 o359  161.0 1.9 56 297  1.845
ABT  .356  1E9.7  1.88 56 866  1.6Y5
466 .36  158.4  8.15 %8 205  1.910
4866 o36%  168.4  B.35 a s 21
466 368  168.4  B.43 Q& 6 218
86 o358 108.4 B35 a  s5e  e.ee

Drawdown = £68

108
103
103

«469
463
459

- wim

-581
+870
368

Drawdown ; 868 -~ _68

= 30.58 = 868 = 18845 ~ B0.8 = 99.8'

May 17, 1986.

171.0 2,05
166.0 1.95
162.6 1.96

- 28.0 = 268 - 150 - 88 = 90*

37
86
36

2958
268
288

1.726
1.738
1.770



1z,

Vol. of

Comp. Voi, Vol. of
air - of <free air
from free per gal.

Flowmeter Chart Air Cu. ft.

RESULTS
uay 18, 1986.
Head Gals. Inches
Pppsgure W:?E p:g.::;. ﬁgi. Sowant
92 o467 o377 169 1.88
90 468 o867 166 1.53
89 462 567 165 1.85
88 461  .346 155 1.15
8Y 452  .346 155 1.16
Changed Pressure.
82 446 336 1B 0.96
8s 448 340 158 0.95
84 o446 336 161 1.0
8¢ 447  .838 158 1.0
8¢ o446 386 158 0.95
8% M4 o832 149 0.965
84 d4d 332 149 0.95
_63

Drawdown = 268 -

28.5 £08 1.83
88.5 208 1.23
87.8 194 1.18
87.5 191 1.28

R7.56 189 l.22

85.5 150 .99
£8.6 187  1.08
24,0 161 1,085
£4.0 161  1.06
25,6 158  1.08
23.6 157  1.08
3.5 188 1,06

~ 88.5 = 268 ~ 145 -~ 286 = 94,5



13.
CONCLUSIONS.

Teats have been made as to the quantity of water
that the mains will furnish, using pressures of 75# to 80§, and
it was found that the Neast Lansing Fire Engine using two streams
and 175f pressure lowered the pressure in the main to 26#.
Therefore, it is possible to assume that by raising the main
pressure more streams can be taken from the main. The present
EBast Lansing fire engine is equipped to handle three fire streanms
each delivering £60 gellons per minute. Using the East Lansing
engine, rated 750 gallons per minute, the duration of fire that
ocan be fought is as follows, ~ using maximum output of wells
plus 100,000 53110:19 storage.

Using 3 streams 250 gallons per minute = 760 gal. per min.
naximun espacity of wells = 300 gal.

8torage 100,000 gallons.

760 - 800 = 450 drawn from storage per min.

__m_loo 000 . pg2 minutes or 3 hours and 42 minutes.

Using 6 streams at 250 gallons per minute = 1500 gal. per min.
100,000 gal. storage.
- 1600 - 300 = 1200 gal. used from storage.

3'-9%!-839 = 854 minutes, or 1 hour, 23 minutes.
Using 6 streams at 350 gallons each = 1500 gal. per min.

| 200,000 gal. storage.
1800 - 300 = 1200 gal. per min. used from storage.

00
'&'Thgg'q' * 167 min, or £ hours, 47 minutes.



14.

The dest pressure to operate the wells is about 75#;
Juat enough to keep wells flowing. The volume of free air in eubie
feet per gallon of water raise is 695 , using 78# air pressure.
If the pressure is permitted to fall below 68F the well will cease
to flow and if pressure is raised above 75#, the volume of free
&ir per gallon of water becomes excessive and is uneconomiesl.

l. The maximum canbined capasity of wells No. £ and 4 is
about 300 gallons per minute.

£. The pressure produces maximum gield of 105 pounds.

8. Find ehart for oircle of 1nf1ueno§ in pocket of this dhoek.

C. The results indisate that'prosaurea above 86 pounds
preduce an uneconomiecal drawdown, assuming that

the yield varies directly as the drawdowm.

The submergense of the footplece is about 58' whioch
agrees with the figures quoted by the Sullivan Machinery Company
for wells having a 1ift from 100' to 200', The 1ift of this
well is about 140°'.

The results elearly indisate that something is
wrong. Perhaps the footpiece needs sleaning or renewing. The
eir campressor should give a wider range of pressures.

The aotion of the well when operating is poor.

The water does not flow steadily but it eomes up with slugs of
air. The flow surges a good deal. A good air 1lift well flows
steadily with quiet purr. ,
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