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ABSTRACT

MONITORING OF GROUNDWATER LEVELS FOR 
REAL-TIME CONJUNCTIVE WATER MANAGEMENT

Water users in the Arkansas Grand P r a i r i e  wish to mainta in s u f f i 
c ie n t  groundwater le v e ls  to :  insure adequate groundwater reserves
f o r  time of drought, p ro te c t  themselves from l i t i g a t io n  caused by 
w e l ls  going dry, and insu re  a sustained y ie ld .  Achievement o f  
these  goals requ ires  re g u la r  measurement o f  groundwater le v e ls .  
Review of m onitor ing p ra c t ic e  and technology indicates t h a t  sp r ing  
and f a l l  measurements taken over the e n t i r e  area using s te e l tape 
and acoustic  device i s  p re ferred fo r  most long range p la n n in g .  
Continuous m on ito r ing  is  indicated fo r  c r i t i c a l  parts o f  the  re 
g ion  where saturated thicknesses are sm a ll .  Desirable a t t r i b u t e s  
o f  a data c o l le c t io n / t ra n s m is s io n  system fo r  such areas are  as 
f o l lo w :  Data should be stored in d i g i t a l  format on machine
readab le  medium. C o l le c t io n  device should be in s ta l la b le  in  
e x is t in g  wells and n o t  requ ire  special w e l l  construc tion . Device 
shou ld  be able to  m o n ito r  pump s ta tus , and time and water le v e l  a t 
programmable in te r v a ls .  Device should be upgradable to  be ab le  to  
t ra n s m it  data as i t  i s  co l le c ted .  A system which has these capa
b i l i t i e s  was b u i l t .  I t  consists o f  an acous tic  probe, in te r f a c e ,  
computer and casse tte  recorder.

P e ra l ta ,  Richard C . , Vince Mazur and Paul Dutram
MONITORING OF GROUNDWATER LEVELS FOR REAL-TIME CONJUNCTIVE WATER
MANAGEMENT
C onsu ltan t 's  Report to  O ff ic e  of Water P lanning, U. S. Department 
o f  the In te r io r ,  March 1983. Washington, D. C ., 26 p. 
KEYWORDS--groundwater le v e l /  m on ito r ing / aqu ife r  management/ data 
acquis i t io n
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OBJECTIVE

Water is  managed in  o rde r  to achieve predetermined o b je c t iv e s  

o r  g o a ls .  Possible goa ls  o f  groundwater users in  the Arkansas 

Grand P r a i r i e  are:

1) To in su re  an adequate groundwater reserve fo r  time of d rought 
when surface water supp lies  may not be a v a i la b le .  (To do 
t h i s  the groundwater le ve l must be kept above specified e le 
v a t io n s  in  c e r ta in  lo c a t io n s . )

2) To p ro te c t  onese lf  from l i t i g a t io n .  (Again the water ta b le  
must be kept high enough tha t domestic w e l ls  do not run d r y . )

3) To avo id  the expense involved w ith  o b ta in in g  water from the  
deeper T e r t ia r y  a q u i fe r .  (Once again, water users may wish 
t o  keep the water t a b le  above ce r ta in  le v e ls . )

4) To in su re  a susta ined y ie ld  (a volume o f  groundwater which 
can be pumped each y e a r  w ithout fu r th e r  s ig n i f ic a n t  dec l ine  
i n  groundwater l e v e ls ) .  Here the amount o f  recharge in to  the  
a q u i f e r  has to  a t  le a s t  equal the amount o f  discharge. 
T h e re fo re ,  the amount o f  recharge has to  be accurately e s t i -  
m a ta b le ,  re q u ir in g  a knowledge of groundwater elevations 
a long  the per iphery  o f  the Grand P r a i r ie .

Achievement of goals 1-4 a l l  require the regu la r  measurement

o f  groundwater le v e ls .  The ob jec t ive  of t h i s  study is  to s e le c t

o r  deve lop a method fo r  m on ito r ing  groundwater leve ls  which can

be in c lu d e d  as part o f  a re a l- t im e  con junc t ive  water management

system f o r  the Grand P r a i r i e ,  Aspects o f th a t  determination

in c lu d e  frequency o f  measurement and type o f  monitoring system.

PROCEDURE

Analysis of a Groundwater Monitoring Survey 

Good sources of information concerning groundwater monitoring 

practices are those who monitor. Accordingly, a Groundwater Level
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Monitoring Survey (Appendix A) was sent to f i f ty  water management 

areas in six s ta te s .  Thirty-two responses were obtained. These 

indicated that a chalked steel tape i s  the most often used manual 

measuring device (Appendix B). Most d i s t r i c t s  feel  th a t  adequate 

information i s  gathered by measuring elevations sometime in the 

spring and again in the fa l l .  Respondents stressed the need for 

having adequate computer models to interpret co l lected  data. 

Automatic measuring i s  performed almost sole ly by d ig i t a l  recor

ders (Appendix C). Continuous automatic recorders are programmed 

to read at f i f t e e n  minute to daily in tervals .  These are generally 

located where there may be trouble due to saltwater intrusion,  

e tc .  or in areas where more deta i led  information than usual i s  

desired. Appendix C shows that many management areas conduct 

annual or semi-annual monitoring over the ir  entire area, as well 

as continuous monitoring in l o c a l i t i e s  of great need. The average 

area per measuring location for Appendices B and C i s  43 sq. mi. 

Respondents generally  acknowledge the importance of having good 

relat ions with land owners, e sp ec ia l ly  when data i s  c o l l e c te d  on 

their  land.

Review of Data Col l ection/Transmission Systems 

Appendix D describes several methods of measuring groundwater 

elevations. Among these is the use of a steel tape. As pre

viously stated, an annual or semi-annual set of tape measurements 

made by d i s t r ic t  enployees is the source of data used for long-
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term planning and simulation by most water management d i s t r i c t s .  

After collection, the data is carried ( ie.  transmitted) to the 

d i s t r i c t  office where i t  is used in making management decisions. 

The data collection and transmission methods together comprise a 

system. This sy s tem may be described as a manual col l ection/ 

manual transmission system. The three major types of data 

collection/  transmission systems are:

(1) - Manual data col l  ection/manual data transmission.

(2) - Automatic data col lection/manual data transmission.

(3) - Automatic data col l ection/automatic data transmission.

In manual data collection and transmission:

An individual must be present a t  the s i te  to make the measure
ment.

An individual must transfer the data to the d i s t r i c t  office by 
hand, mail, or phone.

One individual may be hired by the d i s t r i c t  to travel to each 

monitoring s i te  and make the measurements. Alternatively,  those 

who own the land on which monitoring s i t e s  are located can have 

that  responsibi l i ty .  In both cases, spot checks may be desirable 

to insure data r e l i a b i l i t y .  If one individual makes a l l  measure

ments, only one device would be operable at any given time. If 

measurements were being taken during the pumping season, that 

individual would probably have to coordinate his v i s i t s  with the 

landowner to maximize the usefulness of his data. I f  the land- 

owner were the one making the measurements, he could more easily

- 3 -



time the measurement properly with respect to when the pump was

last running. In this case, many devices would have to be

purchased. Possibly one would be needed at each s i te ,  or the

devices could be mailed or otherwise transported from s i te  to

site. The administrative problems of employing a single device

for multiple users make that policy undesirable.

In automatic collection and manual transmission:

A device is installed at each monitoring s i t e .  Data is auto
matical l y collected and recorded. Recording may be on paper 
using a strip chart recorder, or on cassette  tape using a por
table tape recorder.

The data is transmitted to the di s t r i c t  off ice  by hand, mail 
or by phone using an acoustic coupler. The use of a telephone 
line is considered manual transmission because i t  requires 
hand carrying of the cassette tape.

In automatic collection and automatic transmission:

Measurement and data transmission are performed automatically

Transmission is by phone l ine,  s a t e l l i t e ,  or some other 
radiative means.

Selection of Monitoring Systems 

Preliminary economic analyses showed that the procedure 

currently used by most d is t r ic t s  is by far the most economical 

means of collecting and transmitting annual or semi-annual data 

for a large area. To i te rate ,  that  procedure is the use of a 

di st r ict  employee to collect and hand carry the data to the 

dist r ict  office.  This same procedure and frequency is desirable 

for the Grand Prairie.  The difference in cost between the manual
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data collection methods listed in Appendix D is insignif icant  when 

one considers that  probably fewer than four teams will be making 

measurements. Accordingly, selection of a manual method is based 

on accuracy and convenience. Because of the weaknesses of the 

methods (as discussed in the Appendix) i t  is recommended th a t  each 

team have both a steel tape and acoustic device. The steel tape 

i s  the more accurate instrument. The acoustic device is  not as 

subject as steel tapes to the problems caused by cascading water 

or wet well casing. Used together, re l iab le  measurements can be 

assured.

Semi-annual monitoring is not suff ic ient ,  however, to insure 

th a t  all  four of the goals (see the introductory section) of water 

users will be met. More frequent monitoring will probably be 

needed for any area where saturated thickness is c r i t i c a l l y  small. 

In such an area an additional monitoring system is necessary to 

aid in insuring that  a minimum saturated thickness is maintained 

for  l it igat ion or drought protection. I t  is not within the scope 

of th is  report to deliniate  the extent of these c r i t ica l  areas. 

Thus, we do not. at th is  time, recommend the number or location of 

automatic monitoring devices, but rather discuss the development 

of such a device. Desirable a t tr ibutes of a collection/ 

transmission system for a critical area are:

1) Data should be available in digital form and or a machine
readable medium for ease of u t i l iza t ion  in a simulation model.

- 5 -



2) The monitoring device should be installable in an existing 
well and not require special well construction.

3) The monitoring device should be able to monitor time, water 
leve l ,  and pump status (on or off) of the wel l  i t s e l f  (in case 
i t  is installed in an active well).

4) The device should be upgradable to be able to transmit data as 
i t  is collected (in "real" time) or on cue by wireless means.

None of the systems which were examined had a l l  these capabi

l i t i e s .  Accordingly, a new system was developed. The following 

section describes the system.

A Potential Real Time Monitoring System 

An acoustic monitoring device was interfaced to a computer and 

cassette tape recorder. Figure 1 shows a block diagram of the 

system. This system, as configured, stores d ig i ta l  data on 

cassette tape and provides digita l  readout on a display. I t  can 

be used in any well with a nominal diameter of 2 inches or larger 

as long as a clear path (without any sharp 90° bends) exists to 

the water surface. The computer monitors and records the time of 

any changes in pump status and prompts the measurement of water 

levels at preprogrammed intervals. A  more detailed theory of 

operation and description of operational cycle are found in 

Appendix E. The hardware for th is  system costs $1160. It  is 

expected that  further development could reduce the cost to $830.

As presently configured i t  is an automatic col lection/manual 

transmission system.
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Figure 1: Data Flow Diagram of Automatic Acoustic 
Groundwater Level Monitoring System.
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The system can be upgraded to use a wireless means of  t r a n s 

m i t t i n g  co l lec ted  data to where i t  is needed. This would requ i re  

the a d d i t i o n  of  a t ransm i t t e r / r e c e i v e r  w i th  RS-232 (a ser ia l  

connector )  c o m p a t i b i l i t y .  Such devices are cur ren t ly  ava i la b le .

The rec e iv e r  func t ion  would enable the system to take a measure

ment in  response to  a command issued by a central  o f f i c e .  System 

sof tware  would need to  be modif ied.  In add i t ion ,  the central  

o f f i c e  would need app rop r ia te  t ransm i t t ing  and receiv ing c a p a b i l i 

t i e s .  Assuming th a t  t h i s  upgrade can be made, the designed system 

has the four a t t r i b u t e s  mentioned in the preceeding sect ion.

The manufacturers o f  the acoust ic measurement device re p o r t  an 

accuracy o f  1 f o o t  when adjustments fo r  temperature are made. The 

au tho r  tes ted t h i s  device in the summer o f  1982 and found t h i s  to  

be the approximate range o f  accuracy. C a l ib ra t ion  o f  t h i s  device 

t o  a p a r t i c u l a r  we l l  w i l l  probably reduce the measurement e r r o r .

The f a c t  th a t  the system would make measurements and monitor s ta 

tus  in response to programmed microprocessor d i re c t iv e s  was 

v e r i f i e d  in the spr ing o f  1983.

SUMMARY AND RECOMMENDATIONS

Two systems of  groundwater level  monitor ing are necessary fo r  

water  management in the Arkansas Grand P r a i r i e .  Semi-annual 

( sp r ing  and f a l l )  measurements are needed across the e n t i r e  area 

f o r  long- term planning. An enployee of  the water management agency 

using a tape and acoust ic  probe is best su i ted  fo r  t h i s  task.

- 8 -



To minimize the chance of  l i t i g a t i o n  due to  w e l l s  going dry,  

more frequent monitor ing i s  necessary in some par ts  o f  the 

P r a i r i e .  A microprocessor c o n t r o l l e d ,  a c o u s t i c a l l y  based system 

was developed f o r  use in such areas. I t :

- can s tore  data in d i g i t a l  form on machine readable medium.

- i s  i n s t a l l a b l e  in most wells o f  2" or g rea te r  diameter.

- can record t ime, pump status changes, and water le ve ls  at  pre
determined frequencies.

- i s  upgradable to be able to t ran sm i t  data by w i re le s s  means.

- 9 -
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APPENDIX A

1 .  ( a )

(b)

(c)

(d )

(e)

( f )

Groundwater Level Monitoring Survey

What devices or systems do you use to  determ ine ground- 
w a te r  levels? (Please be spec if ic )

What do you l ik e  most about your m on ito r in g  dev ice /  
system?

What do you l i k e  le a s t  about your m o n ito r in g  device/ 
s y s te m?

What was the approximate i n i t i a l  cost o f  th e  device/ 
system fo r  each c o l le c t io n  site?

What is  the approximate annual maintenance cos t fo r  each 
s i te ?

Are you s a t is i f i e d  w i th  the device/system?  

I f  no t,  how would you l i k e  to change i t ?

- 1 2 -



APPENDIX A ( c o n t ' d )  

Groundwater Level M on i to r ing  Survey

2. (a ) How o ften  do you c o l le c t  w a te r ta b le  e leva tions?

(b ) Do you run computer s im u la t ions  o f  the a q u ife r  ( i f  so, 
how o f te n )?

(c )  Do you fe e l  t h a t  you sample f re q u e n t ly  enough? I f  no t,  
how o ften  would you l ik e  to  take  a measurement?

(d )  How would more frequent measurements be useful t o  you?

3. (a )  At how many s i t e s  do you r e g u la r ly  measure water t a b le
e le v a t io n s  (and how o ften , i f  d i f f e r e n t  than t h a t  s ta te d  
in  2a)?

(b ) What is  th e  area o f  your d i s t r i c t  in  square m iles?

4. (a )  What are the  most important c o n s id e ra t io n s  fo r  a
d i s t r i c t  j u s t  e s ta b l is h in g  a w a te r  ta b le  m on ito r in g  
system?

5. (a )  What a d d i t io n a l  counsel or comments would you l i k e  to
o f fe r?

-13-



APPENDIX B

Survey Responses--Manual C o llec t ion  Methods

Average 
Sq. m i . /  
Measuring

Locat ion Method Frequency # Wells Area Location
(sq.m i.)

a. Big Bend GWMD #5 
S t.  John, KS

stee l tape annually NA NA NA

b. Central P la t t e  NRD 
Grand Is la n d ,  NE

stee l tape May & Oct/Nov 250 32,000 128.0

c. Equus Beds GWMD #2 
Ha lstead, KS

200 ' s tee l tape 
& e l e c t r i c  tapes

annually  (Jan) 113 800 7.1

d. Lewis 4 Clark NRD 
H a r t in g to n ,  NE

chalked steel 
tape

spr ing 4 fa l l 29 1,467 50.6

e. L i t t l e  Blue NRD 
Davenport, NE

200' chalked 
s tee l tape

A p r i l  4 Nov 287 2,344 8.2

f .  Lower N iobrara NRD 
B u t te ,  NE

chalked s tee l 
tape

Apri l /May 4 
Nov/Dec

49 2,641 53.9

g. Lower Republican NRD 
Alma, NE

chalked s tee l 
tape

March 4 Oct 42 3,000 71.4

h. Middle Niobrara NRD 
V a le n t in e ,  NE

300' s tee l  tape spring 4 f a l l 58 5,460 94.1

i .  Middle Republican NRD 
C u r t i s ,  NE

300' s te e l  tape spring 4 f a l l 85 3,843 45.2

j .  North P la in s  WCD 
Dumas, TX

stee l tape annually 
(w in te r)

700 NA NA

k. North PIa t te  NRD 
Gering, NE

300' s tee l  tape spring 4 f a l l 40 5,060 126.5

1. P la ins  GWMD 
B u r l in g to n ,  CO

300' s te e l  tape annually 40 1,400 35.0

m. Sand H i l l s  GWMD 
Wray, CO

stee l tape annually NA NA NA

n. South P la t t e  NRD 
Sidney, NE

300 '4 50 0 'cha lked 
stee l tape

spring 4 fa 11 1 1 0 3,096 28.1

0 . T r i -Basin NRD 
Holdrege, NE

chalked stee l 
tape

March & Oct 89 1 , 5 2 0 17.1

- 14-



APPENDIX B ( c o n ' t )

Survey Responses--Manual C o l le c t i o n  Methods

Location Method Frequency # W ells Area
(sq.mi .)

Average 
Sq. m i. /  
Measuring 
Location

p. Upper E lkhorn NRD 
O 'Neill , NE

stee l tape sp rin g  4 f a l l 110 3,096 28.1

q. Upper Loop NRD 
Thedford, NE

300 ' s tee l tape an nu a lly 100+ 5 .000 50.0

r .  York County GWHO 
York, NE

chalked stee l 
tape

e le c t r ic  con tac t 
meter

A p r i l  4 
Oct/Nov

580 2,100 3.6
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APPENDIX C

Survey Responses--Combination Manual/Automatic C o l lec t ion  Methods

Location Method Frequency c Wells Area
(s q .m i . )

Average 
Sq. m i . /  
Measuring 
Locat ion

a. Capita l Area GCC 
Baton Rouge, LA

s tee l  tape 
d i g i t a l  recorder

semiannual
con t inuous

100+ 2,500 25.0-

b. High Pla ins 
Underground WCD #1 

Lubbock, TX

cha lked steel 
tape

e l e c t r i c  l in e  
au to ,  recorder

Jan/Feb 950 8,149 8.6

c. Lower Loop NRD 
Ord, NE

cha lked steel 
tape

e lec  we l l  sounder 
d i g i t a l  recorders

spr ing  & f a l l

monthly
monthly

223 * 

2
4 

7,992 34.9

d. Nemaha NRD 
Tecumseh, NE

300‘ chalked 
s tee l  tape 

auto recorder

Mar & Aug 
& Dec

15 min/summer 
h o u r ly /w in te r

47 

1 2,500 52.1

e. NW F lor ida  WMD 
Havanna, FL

s te e l  tape 
s te e l  tape 
auto recorder

semi -an nu a l ly
b i-m on th ly
con t inuous

66
50

7
16,000 130.1

f . NW Kansas GWMD #4 
Colby, KS

s te e l  tape 
con t inuous water 
le v e l  recorders

1st  2 wks Jan. 

cont inuous

284
NA 4,950 NA

9 . Orange County W.D. 
Fountain Val le y ,  CA

s tee l  & e le c t r i c  
tapes

B r i s t o l  Water 
Level Recorders

4x/year
annua l ly  (Nov) 

cont inuous

95
300

12

320 .8

h. Papio NRD 
Omaha, NE

Johnson Elec. 
Watermeter

2x/year 11 982 89.3

i . S. F lo r ida  WMD e le c . d i g i t a l  
recorder

monthly 350 16,000 45.7

j . St. Johns RVMD 
Palatka, FL

s tee l  tape 
s tee l  tape 
auto d i g i t a l  

reco rde r

q u a r te r ly  
month-end 
cont inuous 

(h o u r ly )

800
50
50

12,400 13.8

k. Suwannee River WMD 
Li ve Oak, FL

auto d i g i t a l  
recorder 

NA

continuous

2-4 x /ye a r

50'

220
7.600 28.2
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APPENDIX C (con't)

Survey Responses--

Location

1. SW F lo rida  WMD 
B ro o ksv ille , FL

m. Upper Big Blue NRD 
York, NE

n. Upper Republican NRD 
Im pe ria l, NE

Combination Manual/Automatic Collection Methods

Average 
Sq. m i. /  
Measuring

Method Frequency # Wel l s Area Location
(sq .m i.)

tape measure monthly 400 10,000 25.0
auto recorder d a ily  

steel tape spring 4 fa l l 600 2,865 4.7
auto recorder continuous 12
300' chalked Mar/Apr 4 154

steel tape Oct/Nov 2,697 16.3
auto recorder continuous 11
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APPENDIX D

Review of Methods of Determining Groundwater Elevations

Steel Tape

Survey responses indicated that the steel tape method is  by 
far the most widely used means for measuring groundwater levels. 
To make a measuranent, the user marks the bottom 5-10 feet of the 
tape with chalk. He lowers the tape into the well and observes 
the length o f  tape lowered by comparison with a benchmark on the 
well. The user then retrieves the tape and records the distance 
between the water/chalk border and the length o f tape which was 
lowered. This measuranent represents the distance to the water 
level. The accuracy attained by th is  method depends on the 
accuracy o f the tape which is  ty p ic a l ly  0.1 f t .  The ch ie f disad
vantage o f th is  method is tha t in many wells, cascading water or 
a wet casing may wet the tape above the actual water leve l. This 
causes an inaccurate measurement. As the depth of the water 
level increases, the p roba b il i ty  of entanglement increases (a 
disadvantage common to a l l  submerged measuring devices). Many 
water management d is t r ic ts  require that a l l  newly dug wells have 
a small diameter PVC pipe in s ta l le d  the length of the well to 
eliminate the problem of entanglement. Steel tapes, when pro
perly used, provide accurate measurements at a re la t iv e ly  low 
cost.

Drop Down E lec tr ica l Device

This method consists o f lowering an insulated wire with a 
sensor at the end into a w e ll .  A l ig h t  on the top end of the 
l ine  il lum inates when the sensor comes in contact with the water 
level or ammeter needle moves. The user then reads the measure
ment d ire c t ly  from the wire, which is typ ica l ly  marked in five 
foot increments. I f  o il from the well pump or other source is on 
the water surface, the sensor may fa i l  to l ig h t  upon contact w ith 
the water surface. This resu lts  in an inaccurate measurement.
The p o s s ib i l i ty  of entanglement is also present because of the 
drop down nature of th is  method.

Acoustic Device (Figure 2)

This method of water level measurement u t i l iz e s  e lectron ic 
c i rc u i t ry  combined with an acoustic transducer to measure the 
distance to the water surface. I t  measures the time between the 
transmission of an audio pulse and the reception of i t s  echo. I t
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APPENDIX D (cont'd)

Review of Methods of Determining Groundwater Elevations

Figure 2: Acoustic Groundwater Level Measuring Device.
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APPENDIX D (cont'd)

Review of Methods of Determining Groundwater Elevations

can be compared in operation to a sonar device. The units 
cu rren t ly  available provide a d ig ita l read-out. The user places 
the pulse-emitting transducer either d ire c t ly  over the well 
opening or over an a u x i l l ia r y  pipe leading to the well casing. 
Because no part of the device is  lowered in to  the well, the 
p o s s ib i l i t y  of entanglement is  eliminated. Since the speed of 
sound changes with temperature, the temperature of the well is 
measured at the time of the depth measurement. When taking the 
temperature into account, an accuracy of 1 foo t is  atta inable.
The device also has a f i l t e r in g  capab ility  which allows one to 
se lect the range of distance to be considered. Use of th is  
option allows one to se lec t ive ly  avoid inaccuracies which may be 
caused by cascading water w ith in  the w e ll.  The authors' opinion 
at th is  time is tha t a steel tape should be used with th is  device 
during the f i r s t  few measurements for any w e ll.  With that 
r e s t r ic t io n ,  and depending on whether one foot accuracy is  ade
quate, the method o f fe rs  satis fac tory  resu lts  w ith easy opera
t io n .

Water Manometer A ir  Line Assembly

This method u t i l i z e s  a pressurized a i r  l in e  and a water mano
meter to  obtain the water level measurement. I t  is  especially 
adapted to the rapid measurement of changing water levels during 
and immediately a f te r  pumping tests. The user attaches one end 
o f an a i r  l ine  to the zero mark on a steel tape. He connects the 
other end to the water manometer. He then lowers the steel 
tape/tubing assembly in to  the well u n t i l  contact with the water 
surface is  made. Contact is  indicated by a s l ig h t  rise in the 
column of water in the manometer. He then purges the a ir  l in e  of 
water w ith  an a ir  pump and records the water level in the reser
v o ir  and the height at which the water column in the manometer 
s ta b i l iz e s .  The depth to water is the d iffe rence between the 
steel tape marking at the benchmark and the height of the water 
column in the manometer. The major advantage of th is  system is  
the a b i l i t y  to monitor changes in water level during pumping 
te s ts .  I t  does, however, require the use of a submergible 
assembly. This presents the p o s s ib i l i ty  o f entanglement. A 
f a i r l y  high degree of accuracy can be obtained depending on the 
accuracies of the manometer and steel tape. The time required to 
take a measurement successfu lly is  longer than w ith most other 
methods of measuring (Loetz, 1967). A c h ie f  disadvantage of th is  
method is the p o s s ib i l i ty  tha t a fte r several years, the connec
t ions  and f i t t in g s  w i l l  lose th e ir  a i r - t i g n t  cha rac te r is t ics . 
Another disadvantage is the p o s s ib i l i ty  o f encrustation at the 
submerged lower end of the tubing.
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APPENDIX D (cont'd)

Review o f Methods of Determining Groundwater Elevations 

Air Line-Gauge Methods

Several methods of implementing an a i r  l in e  and pressure 
gauge ex is t fo r  water level measurement. The most common con
s is ts  of a permanently in s ta l le d  and submerged a i r  l ine . The 
user purges the l in e  of water w ith a small hand pump, as in the 
manometer technique above. The measurement device in th is  case 
is a ca libra ted pressure gauge. The user reads the measurement 
d ire c t ly  from the gauge. A v a r ia t io n  of th is  method is the 
charged a i r  be ll method (Babcock, 1971). This procedure is iden
t ic a l  except fo r the addition o f an a i r  bell at the end of the 
permanently in s ta l le d  a i r  l in e .  This enables the tube to remain 
charged fo r  up to two weeks w ithout repumping. Therefore, sub
sequent measurements w ith in  a two week period can be readily 
made. These airline/gauge methods provide re la t iv e ly  accurate 
(up to 0.2 f t )  measurements w ithout the need fo r  an external 
e le c t r ic i t y  source. The tube a i r l in e  can be made of either 
copper or p la s t ic .  While metal tubing is more expensive, i t  does 
not tend to lose a i r  as rap id ly  as does p las t ic  tubing. The 
chief advantage of the method is  low cost and ease of implemen
ta t ion . The major disadvantages are those of degradation of a i r 
t ig h t  f i t t i n g s  and encrustation of the a ir  tube, mentioned in the 
previous section.

Continuous Level Recorder

A continuous level recorder consists of a permanently in 
stalled system with a f lo a t  which rides on the water surface. A 
cable connects the f lo a t  to a s t r ip  chart recorder. I t  transmits 
f luc tuations in the water leve ls  to a timed s t r ip  chart recorder. 
The commercially available un its  are extremely accurate (2/1000 
inch) but as with every system tha t has a submerged unit, 
entanglement is  possible. This system of measurement is appli
cable where continuous recording is desired.

Mult iple Well Measuring and Recording

This system of measurement u t i l i z e s  mult ip le  probes that are 
e le c t r i c a l l y  connected to individual s t r ip  chart recorders. The 
probes consist of a series o f  platinum electrodes which change 
e lectr ica l  propert ies as the water level changes. The probes for 
the system investigated were only capable of measuring the water 
levels in water aquifers tha t  are rapidly changing and shallow 
(U.5-2.0 m th ick ) .  This is not in the range that was required 
for th is  project.  (Holbo, Harr, Hyde, 1975)
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APPENDIX E

Theory of Operation

The heart of the system shown in Figure 1 is  the COMPUTER, 
which prompts the co llec t ion  of data and receives, converts and 
stores the data. The ACOUSTIC PROBE measures the depth to water. 
The INTERFACE converts the d ig i ta l  output from the probe to a 
format easily stored in the processor's memory. The in te rface 
also enables the computer to determine when the well PUMP is  
turned on or o f f  so tha t the state o f  the pump is  known at the 
time of the measurement. CLOCK/CALENDAR is an external c irc u i t  
which is used to set and read the time and date, so th a t  measure
ments can be taken at the selected time in te rva l. The processor 
reads the probe's output and stores the measurement in  memory. 
Then the measurement, time, date, and pump status is  sent to the 
TAPE STORAGE UNIT where i t  is stored on magnetic tape fo r  later 
viewing and analysis. P o te n t ia l ly ,  a wireless data transm itte r 
can be used for contro l and data c o l le c t io n  from a remote loca
t ion . This type o f  arrangement would eliminate the need for an 
on-site storage device and the need fo r  co llection o f the storage 
tape from the s i te .

Operational Cycle

The automated measuring system is  designed to take well 
measurements at a user selectable 1.0 second to 10. year  time 
in terva l. For the following discussion assume the time interval 
to  be 1.0 hr. When the passage o f an hour is detected by the 
computer (ie. the hours d ig i t  changes) the computer reads the 
well probe, checks the well pump s ta tu s  and outputs t h is  data 
along with the time and date to the magnetic tape storage unit. 
The computer repeats th is  sequence o f  events when the next hour 
is  reached. I f ,  anytime during the cyc le , the well pump status 
changes (ON to OFF or OFF to ON) the computer w i l l  stop any 
current action and immediately s to re  the time, date, and pump 
status change on the tape storage u n i t .  Upon completion of this 
task, the computer w i l l  return to i t s  previous operation.
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APPENDIX F

Print-Out of System Collected Data

This is  a sample printout o f the data obtained fom a 24 hour 
test of the system. The system was not insta lled  in a well for 
th is  test. The external stimulus o f a pump being turned on or 
o f f  was simulated using a random number generator. Therefore the 
water level measurement, which was i n i t i a l l y  set by hand, did not 
vary despite pump status changes.

DATE TIME MEASUREMENT PUMP STATUS
(1 = ON, 0 = OFF)

0 3 2 8 8 3
0 3 2 8 8 3
032883  0 3 2 8 8 3

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 3 3  

0 3 2 8 8 3  

0 3 2 8 3 3  

0 3 2 3 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 6 3 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3  

0 3 2 8 8 3
0 3 2 8 8 3  

0 3 2 6 6 3  

0 3 2 8 8 3

1 0 0  

2 0 0  

3 0 0  

4 0 0  

5 0 0  

6 0 0  

7 0 0  

8 0 0  

9 0 0  

1 0 0 0  

1 1 0 0  

1 2 0 0  

1 3 0 0  

1 4 0 0  

1 5 0 0  

1 6 0 0  

1 7 0 0  

1 8 0 0

1 9 0 0

2 0 0 0  

2 1 0 0  

2 2 0 0  

2 3 0 0  

2 4 0 0

2 7 62 7 6
2 7 6
2 7 6

2 7 6  

2 7 6  

2 / 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2  7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6  

2 7 6
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1
1
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0
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0
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