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1.1

1.2

Preliminary Data Assesasment:

Status Survey data, results of earlier water quality
analysis, well drilling data and earlier
rehabilitation efforts show that some Gram Panchayats
in different blocks of the project have a very high
incidence of problem wells. This data will be
examined* to verify if there are consistent patterns
of water quality related problems in relation to
area, well depth and other factors.

For this purpose, past records of tube wells
(drilling, geological, geophysical, water quality
tests, maintenance, functionality) will have to be
brought together in the Data Bank and analysed. This
comprehensive data processing has been partaially
achieved by accessing original well construction data
and correlating it with Status Survey Data.

Gram Panchayats with a high incidence of problen
wells will need* detailed comments and
reinterpretation of hydrogeological and hydrochemical
data to determine nature of specific hydrogeological,
hydrochemical or well construction problems to be
anticipated in that geographic area.

With such integrated data interpretation, the need
for "saturation rehabilitation" (meaning
rehabilitation of every well in a GP with a high
percentage of problem well occurrence, whether an
individual well in that GP shows a problem or not)

will be evaluated*. The following flow chart in Fig.l
attempts to detail the above process and to outline

how rehabilitation may be implemented in the
Project.

Rehabilitation of a well shall attempt to restore the
well to its original drilled/cased depth, restore/
improve the water quality from the well, restore the
yield of the well to support the use of a hand pump
and rejuvenate the pump installation, using non-
corrodible components where ever necessary; painting
and numbering the pump and repairing the platform and
drain. The eventual a41m of the rehabilitatzion
programme 18 to bring the well to a level so as to
maximise its level of utilisation by potential users.

*
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3.1

Rehabilitation Work Record :

Where rehabilitation is to be attempted, a record of
the basic data of each well with well construction
data, Status Survey Data and other information will
be initiated* as the base line field record for
undertaking well rehabilitation. Further, a work
record of each well where rehabilitation is attempted
shall be prepared by the group (Division/Sub-
division) undertaking the rehabilitation of a well.
The consolidated document containing the basic data
and the field work data shall constitute the
Rehabilitation Work Record for that well. A draft
Work Record is annexed to these Guidelines.

Field Procedures:

Field Procedures - First Stage :

The following sequence of preparatory activities will
be followed for individual wells identified for
rehabilitation :

The hand - pump will be =~ pum
removed by the concerned JE i Pedgstal
and a pump removal record
will be completed to note | 6. L ‘
the condition of the pump I N tEe
as it is removed. |

. "/“\\F/K Upper
With the Work Schedule . Well
record as the point of b ~Casing
reference, the depth of the | p—
well will measured by A
plumbing to verify if
substantial sedimentation
has occurred or if the ggafgxﬁhl
expected screen area is 7 1Sm- Ph2A
free. Different sizes of
the plumb diameters can be Lower
used to locate the Reducer —— wWell
Socket level above which ::{%::. Casing
the Upper Well Casing is
expected to be 125 mm or — .
100 mm in diameter and
below which the Lower Well Well
Casing and Screen of 50 mnm Screen
dia. 1is expected. Under -
normal circumstances, a Blank
blank pipe of 2 m length is Pipe ~
the lowest piece in the
casing assembly, above .
which a screen length of o -
4 m 18 to be expected. Fig.2 3 Gce;;irisi:‘g






Fig.2 gives the general layout of the casing assenbly
of the tube wells constructed by the project. This
configuration is not be expected in "Rejuvenated"
wells, where basic well records will generally not be

available.

If the plumbing probe does not reach to within 6 m
from the recorded depth of the well, it 1is an
indication that sedimentation has occurred in the
well to the extent that the screen area is not free.

In the extreme, it could
also indicate that
debris has fallen into
the well, there could be
an obstruction or a
casing break has led to
the entry of formation
material into the well.

In such cases where the
screen area is not free,
the screen area will be
cleaned by over pumping
or water injection
alternating with over
pumping (in that order
of feasibility and
depending upon well
depth using punmps or
air-lifting). Hand
operated means such as
over-pumping with Tara
DA pumps, hand sludging,
water injection-cum-over
pumping with Donkey
pumps should also be
attempted, especially in
inaccessgible sites. The
debris coming from the
well in the initial

cleaning should be
examined, collected
where they are
significant, and
immediately labelled
indicating date, site
and circumstances in
which they were

collected. Attempts to
clean and reach the well
screen depth would
indicate whether a well
has actually sedimented
excegsively (as compared

to the plumbing observation)

W
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from Bottom
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Fig. 3 : Free & Blocked
Casing






3.2

or whether the screen area has remained free of
obstruction.

Absence of initial sedimentation {or partial
sedimentation in the screen area) or an easy access
to the screen depth would be the first indication of
a potentially successful rehabilitation. As a point
of reference and for a quantitative guideline, 50% of
the screen length becoming free should be considered
as "adequate™ for the next stage of rehabilitation.
This means that well depth measurement before or
after the preliminary cleaning should not be less by
more than 4 m of the recorded well depth for the

screen to be "adequately”™ free. This has been
illustrated in Fig.3.

Inability to reach the stated well depth and screen
area must be clearly recorded. This would be an
automatic condition for "less than satisfactory”
rehabilitation on the criterion of well depth. Such
wells will be referred to WRD* for an opinion and
significant sediments collected from the well should

forwarded to WRD along with a description of the
field observations.

Further steps of rehabilitation of wells with
"adequately" free acreen area or "blocked"™ screen
area have been discussed later. !

Field Procedures - Second Stage:

Where the s8creen area becomes "adequately"™ free
before or after the above preparatory procedures,
gsterilising chemicals like Sodium Hypochlorite (Na
OCl) shall be placed at the screen depth with a drop
pipe. The details for application of chemicals has

been outlined separately in "Procedure for Chemical
Treatment”.

Emulgsifying chemicals like Sodium Tripolyphosphate
(STP) will be applied ONLY in wells with low yield
reports, where sedimentation is not easily dislodged
in the initial cleaning, and where the well depth is
measured to indicate that the screen area is blocked
as indicated in Fig. 2. The application of STP is
being discouraged because the application of such
enmulsifying/dispersing chemicals rehabilitation is
said to accelerate bacteriological activity leading
to biofouling. This issue will have to resolved
separately later with a microbiologist's opinion.

w
For accelerating the process of penetration of
chemicals in the formation, the alternative method
now used is to gradually pour water into the well
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from the top so that the chemicals in the screen area
will be carried into the formation as the water level

in the well recedes to its SWL.

This is a mnethod

recommended both in the book Groundwater & Wells and

15:11632-1986 on rehabilitation of wells.

Relevant

portions of both these documents are copied and
attached to these Guidelines.

After application of chemicals, agitation of water in
the well is necessary to increase the extent of
sterilising emulsifying actions of the chemicals.

Where sites can be
reached by compressors,
agitation can be
effectively done by

using and air line to
lift the water column in
the well and then by
allowing it to drop
suddenly by shutting off
the air (as suggested in
Groundwater & Wells).
However, - it must
remembered that water is
not to be pumped out of
the well for achieving
agitation. It is only to
be lifted and dropped
repeatedly by turning on
and turning off the
compressor.

When sites cannot be
reached by compressors,
movement of the
chemicals in the
formation by agitation
shall be attempted by
using a surge plunger.
can be done by
using the Tara DA pump's
riser pipes and pump
rods with the piston
reversed or by using a
wooden cylindrical block
in the lower well screen
(just below the Reducer
Socket) with the Tara
punp's rods, The
buoyancy of the hollow
PVC rods of the Tara

P
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Fig. 4 : Using a Wooden Surge
Plunger with Tara Rods
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pump make it very easy to handle and decrease the
effort needed for operation of the surge plunger. So
far,development of a surge plunger to be used in the
upper well casing has not been satisfactory.

After application of chenmicals and agitation for
atleast 30 minutes by any method, the well will be
capped and allowed to stand overnight.

Field Procedures - Third Stage:

The well will be dewatered, cleaned and redeveloped
by air-lifting, over pumping or by an alternating a
sequence of water injection followed by over pumping,
till the water coming from the well is adequate in
quantity, clear and free from residual chlorine.
Assuming the achievement of these results, the well
depth will again be measured and recorded.

The application of mechanised or powered techniques
will depend upon the accessibility of each site and
the availability of equipment. The air-lift method
using conpressors can be used for surging, over
pumping and yield estimation. The technique of air-
lifting has been explained in excellent detail in
Groundwater & Wells, from which the relevant chapter,
has been copied and annexed.

Manual methods of cleaning such as hand sludging,
surge plunger application, Donkey pump and Tara pump
use for sediment removal, agitation, water injection
or over pumping will be applied in cases when sites
are inaccessible to mechanised equipment. Hand
sludging and surge plunger use is to be favoured when
low yields or prolonged discharge of fine grained
aquifer material is observed or when sediments to not
dislodge easily. Surging equipment for such
applications have still to be developed.

Yield estimation of selected rehabilitated wells will
be made, especially where low yield was a reported
problem or observed during rehabilitation. Air-
lifting or test pumping techniques to draw water and
yield measurement over a V Notch have to be used
depending upon the site conditions.

Rehabilitation will be considered initiquy
successful when

b

- When water pumped from the well shows no traces
of residual chlorine.
L4






When clear water is continuously delivered from
the well for at least 30 minutes at a rate of at
least 15 lpm (hand pump discharge is 12 lpm) by
the rehabilitation pumping method (not by a

separate hand pump) at the end of the well
cleaning sequence.

- When the post-rehabilitation well depth
measurement indicated that the well screen area
is "adequately" free.

On the assumption that rehabilitation is successful
by the above criteria, the "successfully
rehabilitated well"™ will be fitted with an
appropriate hand pump. At the very least, the old
pump will be thoroughly overhauled before refitting.
Most rehabilitated wells will be fitted with non-
corrodible below-ground pump components. Finally,
punps on rehabilitated wells will be repainted, and
the last two digits (pump number) of the registration
number of the pump will be also be painted in a

different colour, in large letters on the pump
pedestal.

In case waste water disposal has been recorded as a
definite problem in the Status Survey, the site will
be referred to SED for an alternative waste water
disposal specification, especially in cases where the
original waste water disposal path has been changed
by the users. In cases of drains that are suitably
oriented but are in need of repair, in such cases the

drains should be repaired or reconstructed directly
with intimation to SED.

After reinstallation of a hand pump on a
rehabilitated well, an on-site observation of water
chemistry (and later, microbiology) will be made,
preferably within two to three days, to establish the
post-rehabilitation water chemistry base line data.
For this purpose the Laboratory will need advance
information on rehabilitation work programmes in
order for the Chemists to draw and test samples of
rehabilitated wells.

The restoration of potability of 'water from a
rehabilitated well will be an important yardstick for
measurement of rehabilitation results. This will be
assessed by quantitative and qualitative comparisons
of hydrochemical (and microbiological) parameters of
the rehabilitated well immediately after
rehabilitation against standards set in IS:10500-
1983. The chemical parameters will be gradually
defined for rehabilitation purposes but will follow

the principle of in-situ observations of the Status
Survey.






4.2

4.3

5

5.1

5.2

10.

Field work records will be maintained in prescribed
forms as a part of the Rehabilitation Work Schedule.
These Work Schedules will be returned to the ' PMD*
immediately upon completion of work on a well.

Rehabilitation Approach vis-a-vis Well Depth:

Wells that are less than 45 m deep and accessible to
compressors will be scheduled for cleaning by air-
lift redevelopment. 47 wells were rehabilitated by
this method, with a fair degree of success during
March - June 91, thereby establishing the
applicability of the air-lift method of well cleaning
and over-pumping in shallow wells. A detailed report
on these 47 wells is available separately.

Deeper wells will need compressors with higher

operating pressure (up to 10 bar) and jet,
submersible or centrifugal pumps for over pumping
and/or back-washing. The application of high pressure
(about 8 to 10 bar) in deeper wells (beyond 100 m
depth) has to be carefully monitored in order to
reduced the possibility of casing failure by
formation pressure if the over pumping is high enough
to empty a well and create a subgtantial difference
in head to the point of collapse of the well screen.
Different methods of back-washing, over pumping,
surging have still to be attempted to make the
gstrainer area accessible for placement of sterilising
chemicals. A reduction of up-hole velocity in the
upper well casing is to be expected due to the
increase in the casing cross-sectional area from 50
mm dia to 125 mm dia. The modified use of the
"Eductor Pipe" principle, using Tara pump riser pipes
may prevent velocity drop and thus improve the

efficiency of removal of sediments and water during
over pumping.

If the strainer area becomes accessible, the
placement of chemicals and further well cleaning will

follow the procedures outlined earlier 1in 3.2 and
3.3.

4

Rehabilitation Approach vis-a-vis Status Survey Findings:

The strategy for rehabilitation should be based on
the findings of the Status Survey. In some cases the
strategy will not simply be a choice of if and how to
rehabilitate or replace the tube wells, but it will
be necessary to consider alternative options.

]
The Analytical methodology used for processing the
data from the Status Survey is annexed separately.






To briefly explain this methodology; three main
parameters have been assessed in the Status Survey.

- Usage of the Pump
- Water Chemistry

- Pump condition (including Yield & Waste Water
Disposal)

Each of these three parameters have then been
classified as GOOD, POOR and BAD.

Table 1 below gives the Rehabilitation Need in very

generalised terms, for each classification of each
parameter.

Table 1 : Generalised Rehabilitation Need Assessment

] Category
Parameter
Good Poor Bad
Usage NA RA RA+FO
Water
Chemistry Na WC WC+WR
Pump
Condition NA RP WC+WR/WWA/
CR+WRD

Explanation of Abbreviations used in Table 1, above:

1.
2.
3.
4.
5.
6.

7.
8.
9'

NA : No Action

RA : Assessment of Reason for Rejection .

WC : Well Cleaning

RP : Rectification or Replacement of Pump -

RA+FO : Rejection Reason Assessment + Follow up

WC+WR : Well Cleaning + Referral to Water
Resource Division

WWA : Waste Water Alternative necessary ..

CR+WR : Complex Rehabilitation + WRD Referral

FL : Failure consideration

F

10






6

6.1

Rehabilitation Approach vis-a-vis Types of Problems:

Problem wells needing rehabilitation so far have
shown the following types of problems:

1. Unacceptable Iron Content

2. Unacceptable Salinity

3. Unacceptable Yield

4., Unacceptable Taste

5. Unacceptable Odour

6. Unacceptable Colour

7. DUnacceptable Waste Water Disposal
8. Unacceptable Pump Condition

The options available for tackling each of the above
problems are outlined below.

Onacceptable Iron Content : The indications of
unacceptable iron in the well water will be available
from the water chemistry observations at the time of
the Status Survey. The options are to abandon well or
to rehabilitate it with the possibility of an iron
removal plant at some point in future. If
rehabilitation is attempted on such wells, then all

below-ground pump parts must be replaced with non-
corrodible components.

The Project's and wider experience indicate the
following to be effective solutions:

1. Testing for iron bacteria (using a BART Test Kit)
is necessary. If bacteria present, treat tube
well with sodium hypochlorite and replace all
down-hole pump parts with PVC/SS components. This
will reduce but not remove the problem and
therefore regular maintenance, i.e. cleaning and
sodium hypochlorite treatment may be required.
This problem can be reduced by minimising the
development of the aerobic/anaerobic interface
within the pump/well.

2. Test for sulphate-reducing bacteria (using a BART
Test Kit). If bacteria present, replace all down-
hole punp parts with PVC/SS components after
treating the tubewell with sodium hypochlorite.

Unacceptable salinity : Assessment, primarily by
geophysical logging, is to be done to identify the
source of salinity. If the saline water is found. to
be entering the well via the screened part of the
aquifer, then the only option is to abandon the well,
If it is found to be entering the well via casing
joints/breaks, then, if it is occurring within the

11
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6.5

6.6

upper well casing, it is technically possible to seal
the leakage points. However, this option should not
be considered until pilot trials are conducted to
assess the ease of application and effectiveness of
sealing. Furthermore, considering the difficulties,
effort and the high possibility that the work will
not be successful, rehabilitation may not be a

feasible option in the cases of salinity due to
leaking casing.

If the salinity increase is accompanied by a
reduction in yield, which in turn is found/assumed to
be due to a clogged screen and/or a filled up
screen/casing then cleaning of the well by procedures
outlined in Section 3 above, may result in reduced
salinity levels and increase in yield. However, it is
likely that in such cases, repeated rehabilitation/
maintenance will be required.

Unacceptable Yield : This is assessed by a physical
measurement and/or from users' experience. Firstly,
the pump must be good operational condition. The next
check is to ascertain whether casing/screen is filled
up with sediment. If =so, then the well has to
cleaned out using methods outlined in Section 3. 1If
the clogging suspected to be within the gravel pack
and/or at the borehole surface, then attempt
development using STP combined with physical methods
such as surging and airlift pumping have to be
attempted. Again, this problem is likely to re-occur
and the well will then require regular cleaning.

Unacceptable Taste
1. 1f this is due to iron, then proceed as in 6.2.

2. If it is due to hydrogen sulphide then proceed as

in 6.2, except that hydrogen sulphide should be
measured instead of iron.

3. If it is due to salinity then proceed as in 6.3.

4., If it is due to other causes, check and remed&,
if possible, any surface water pollution to the
well, otherwise abandon.

Unacceptable Odour : This would probably be due
hydrogen sulphide and 'other causes'. Approach as for
taste problems in 6.2.

£ 4
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6.7 Unacceptable Colour:

1. If this is due to iron then proceed as in 6.2.

2. If it is due to fine/colloidal clay particles,
then geophysical logging could be used to verify

if screen section is placed in a clay or sand
layer. i

- In the former case, i.e. clay, the well has
to be abandoned.

- In the later case, i.e. sand, the well needs
to be developed using STP together with
physical agitation by water jetting, or by
airlift surging/pumping or by using surge
block.

3. If the probiem igs due to fine sand or other
formation particles:

- For sand, the grain size has to be checked
and if found smaller than screen slot size
then the formation around the screen has to
be developed in order to remove the fine
material from around the screen area and form
a natural filter. '

- If the =sand grain are larger, it is
indication of a casing/joint break, in which
case the well should probably be abandoned.

- For corrosion-derived iron particles, all
below-ground pump parts will need to be
replaced with non-corrodible components.

6.8 Unacceptable Waste Water Disposal:

This problem could have arisen for a number of
reasons:

- The original waste water disposal
specification was not followed. .

- The original waste water disposal
specification was followed but was changed by
some of the users.

Ll

- The original waste water disposal
specification was followed but has gradually
deteriorated.

<

13
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7.2

7.3

In each of these cases, very close interaction is
needed between the Project (SED) and the users. If an
acceptable alternative solution emerges then it must
be implemented immediately.

If an acceptable solution does not emerge, the
extreme possibility of sealing off such a well should
not be ruled out if the situation warrants this.

Rehabilitation Specifications, Successes, Difficult Cases
& Failures:

The implementation of the above guidelines detailed
in Sections 3, 4 and 5 above will lead to the
development of Well Rehabilitation Specifications for
problem wells where the chances of successful
rehabilitation is high as well.

In following the above sequences, there will a number
of wells where the first attempts of rehabilitation
will not yield satisfactory results.

Also, the procedure of identifying wells and GPs
where the probability of success of rehabilitation is
high, will automatically generate an identification
of GPs and rehabilitation cases which may be
potentially difficult.

A systematic identification of such cases, followed
by closely monitored attempts to rehabilitate such
wells has to be attempted. The measures propose in
Section 6 above (based upon suggestions of the

Appraisal Mission of Dec. 90) would be particularly
relevant. '

There will emerge a group of wells where repeated
rehabilitation efforts will s8till not have resulted

in successful rehabilitation. This group will lead to

the formulation of failure criteria for
rehabilitation.

Any tube well that has not been successfully
rehabilitated or has been rejected by users after
successful "technical" rehabilitation or is defined
as not worth attempting rehabilitation, must be
backfilled and sealed to prevent contamination,.and
intermixing of groundwater (backfilling or sealing by
cement or cement + bentonite or bentonite with pr
without local clays where suitable) Casing string and

gscreen to be retrieved wherever feasible.
<

14
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8.2

Monitoring :

Any tube well that has undergone rehabilitation
should be monitored to assess the degree and duration
of the effectiveness of the rehabilitation.

The essential components of the monitoring of
rehabilitation are detailed below.

Assessment of Initial Rehabilitation Results :
Periodical review of the results emerging from
rehabilitation of problem wells on the basis of
restoration/improvement of well depth, water
chemistry and pump/well condition must be made in the
form of reports with presentation of data of the 3
Status Survey parameters, i.e., utilisation, water
chemistry and pump performance. Apart from resulting
in a better understanding of the phenomenon of
"problem wells', it will also lead to an evolution of
the monitoring strategy itself for application on the
larger rehabilitation programme.

Time related behaviour of water quality after
rehabilitation : While initial rehabilitation results
may be successful in the first instance, technical
rehabilitation should be considered successful if the
phenomenon of deterioration of water quality can be
retarded, if not eliminated. This can be done by
chemical analysis of water samples on a basis similar
to the Status Survey. Such analysis should be done
for all wells just after completion of rehabilitation
and then at least on a quarterly schedule.

As the numbers of wells getting rehabilitated will
gradually keep increasing, it will be necessary to
reduce the number of wella being constantly
monitored. A methodology for monitoring a limited
number of wells will have to be formulated. It will
also be necessary to conduct analysis of a linited
number of samples for a larger number of chemical
parameters. The introduction of microbiological
testing must also occur at some point of time in
future since it 1is to be expected that sone
rehabilitated wells will again deteriorate with time.

The evolution of the water chemistry and microbiology
nonitoring regime can not be clearly formulated now
and will take shape as experience is gathered.
4,

Pump Performance : The monitoring of performance of
pumps will be mainly through the existing maintenande
system monitoring by JEs and FOs with additional
attention from MD HQ since some new configurations of

15
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pumps will be installed. Water level measurements,
pump discharge performance, pump leakage detection

will be the three main technical criteria to be
monitored.

Usage Assessment : The maintenance system will give
the first indications of changes in utilisation
patterns after rehabilitation. This can be
substantiated by periodical Utilisation Studies by
SED on a sample basis to obtain a representative
coverage. SED will need to formulate criteria for
identifying the sample of pumps that will be subject
to periodical utilisation studies.

Secondly, utilisation reassessment will be needed for
wells showing low utilisation due to unsatisfactory
rehabilitation, deterioration after rehabilitation
and lastly due to social rejection.

Data Processing : The above monitoring will result in
a vast volume of data which have to be continuously
updated and processed in order to give management
indicators about the direction in which
rehabilitation is progressing.

16






Annexure 1

Procedure for Chemical Treatment

Before well cleaning or redevelopment, the tube well needs to
be chemically treated for sterilising the well against
bacterial growth that may have occurred. The chemical
commonly used is Sodium Hypochlorite in combination with
Sodium Carbonate. The specific functions of these chemicals

are

1.1

1'2

2.

as follows:

Sodium Hypochlorite (NaOCl) is particularly effective
for well sterilisation, especially in wells
containing organisms like Sulphate reducing bacteria,
and Iron bacteria. The Chlorine concentration
required in the well is 1000 ppm. To obtain this
concentration, the following formula is useful:

Desired
Concentration
Weight of = Volume of water X —===--cemeecee--
NaoOCl (Kg) in well (liters) Concentration of

Cl in Sterilant

I1f available Chlorine in Sodium Hypochlorite
golution is 5.25 %, then :

Weight of = Volume of water X  ===m-eee-
NaoOCl (Kg) in well (liters) 0.0525

Sodium Carbonate (Na,CO,) is used as a wetting agent
(ref: Pg.4, item 7.1, 1S:11632-1986)along with the
use of Phosphates which are sometimes glassay. The use
of 1 Kg. of Sodium Carbonate is recommended per 400
liters of water in the well.

Sodium Tripolyphosphate - STP (Na;P,0,,) is effective
for removal of Bentonite stresses and clay particles
from the formation and will help in dispersing the
remanent of drilling mud around the well screen area.
The recommended usage is 3.5 Kg. to 4.5 Kg. per 400
liters of water in the well. This chemical will be
used only in the cases of low yielding wells. STP can
be applied in the well by first mixing it With
Calcium Carbonate in warm water then adding Sodium
Hypochlorite to the suspension. ”

Application of Sodium Hypochlorite & its Removal: .

Step 1: The calculated quantity of Sodium
Hypochlorite is mixed in a plastic bucket of
15 liters capacity, with water and is stirred
well. The person mixing the solution should






Fig.

Step 2:

5

use gloves and cover his face with a cloth

against the strong smell of chlorine gas that
comes from this chemical.

: Mixing & Application of Chemicals

The solution is diluted with 5 times its
volume of water and injected at the straifer
depth by means of a 25 mm diameter pipe
lowered in the well to the well bottom (ref:
Pg.5, item 7.1, Para 8,1S:11632-1986). The
golution has a higher specific gravity and
displaces water upward and outward from the

well as the pipe 1is raised and lowered
repeatedly by about 1.5 m.
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Step 3: When the solution is placed at the screen,
the drop pipe 1is removed. Then about 100
liters of water (about half the volume of
water in 15 m length of 125 mm dia upper well
casing) is slowly poured directly into the
upper well casing (and through the drop pipe)
to displace the solution from the screen and
force it into the formation. Use of a surge
plunger could be made, if available, as per
guidelines on Pg.5, item 7.1, Para 8,
IS:11632-1986.

Step 4: The tube well is kept capped overnight with
chemicals in the well.

Step 5: The next day, the well 1is cleaned by
backwashing and/or over pumping.

Step 6: A test for residual Chlorine is conducted
-using Ortho Toliodine reagent. When the
flushed water is free from residual Chlorine,

the hand pump can be reinstalled.

Application of Sodium Tripolyphosphate & its Removal:

Sodium Tripolyphosphate is usually applied along with
Sodium Carbonate as a wetting agent and in combination
with Sodium Hypochlorite as the sterlising agent., Thé
method of application and removal of the chemicals 18 the
same as in the case of Sodium Hypochlorite. However the
mixing of the chemicals has to be different.

Sodium Tripolyphosphate has to be carefully mixed before
application. This is because STP, if not mixed properly
and clog well screen almost permanently. A solution is
prepared in a plastic bucket of 15 liters capacity, with
warm water and is stirred well. The solution is then
sieved through a plastic mesh of 150 mesh size. This is

an absolute precondition to the application of Sodium
Tripolyphosphate.

The calculated quantities of Sodium Hypochlorite and
Sodium Carbonate are mixed independently in separate
buckets, thoroughly by hand, but using rubber gloves.

The solutions of the 3 reagents are then mixed together
and then applied to the well, following Steps 2 to 4
outlined above and removed as mentioned in Steps 5 & 6.

>, .
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Annexure 2

Experiences with Chemical Application & Rehabilitation
Methods

The first properly documented attempts of well rehabilitation
was done with a Donkey Pump by Drilling Division during 1988.
This method was used because high pressure jetting trials
indicated that there was almost total dissipation of energy
from high pressure jets against the cylindrical inner surface
of the PVC well screen. The Donkey Pump rehabilitation method
was extremely time consuming and the results from 9 wells
treated with this method did not show encouraging results. A
detailed report was prepared. Fig. 6 shows the layout of this
system.

A\

(¢ GaTE
[ PRIMING PORT ) vaLve
CASIMG CAP T
~
) -)
GROUO LEVEL Y-COWECT ION
T UCTiom PIPt [
O Rt TR wil CASING coxty
vl [T
3/4° PIsE FOM IT
WL OEvELOPtNT \ | il CASING —
moAt
™~ \_
CATE waLve \R w
Y-COMVECT 10N SUCTIrs PONT
AN V2SN 7o
FRESH WATER ~——
A4 "1
SLUWRY PIT
FLUSHING TOOL
WELL SCREEN
\ /
L)

Fig. 6 : Schematic Layout for Water Injection & Over pusping with Donkey Pump






Compressors were used during 1989-90 to push chemical into
the formation around the screen area. The practice was to
cap the well, build up as air pressure of 4 bar over the
water column and hold this pressure for a duration of 30
minutes in order to force the chemicals through the screen
into the formation. The pressure was then be released to
allow water to flow back into the well. A sequence of
pressurising and decompressing the well was done at least
twice with the intention of moving the sterilising chemical
in the formation. However, this procedure occasionally led to
the compressed air finding a leak in the casing and escaping
from the casing, through the old drilling annulus and emerge
from under the pump platform and has now been abandoned.
Figs. 7.1, 7.2 and 7.3 shows the stages of this method.

Chemicals ‘

-

Compressor |

—— T

To Alr
Compressor

—

T
i

==

LA
ﬂ*—— j—_‘k_—

==

”

Fig. 7.1 Fig, 7.2 Fig. 7.3
Placesent Pressurising Well Cleaning ¢ ¥ .
of Chemicals the Nell Over pusping by Air-1ift
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The next set of trials were during the latter part of 1989,
when 50 wells were rehabilitated mainly using the air-lifting
technique for over pumping in wells upto 100 m deep. These
trials indicated that this method had a high degree of
success in shallower wells but showed a high degree of

failure for deeper wells. A detailed report was prepared on
these trials.

During March - June 91, 47 wells in the depth range of less
than 45 m were rehabilitated by using cleaning chemicals and
the air-lift method of well c¢leaning and over pumping
(Figs.7.1 & 7.3), with a fair degree of success. These wells
were within the rande of 45 m depth. This established the
applicability of the air-lift method of well cleaning and
over-pumping in shallow wells. A detailed report on these 47
wells was prepared separately.

By November 91, three ﬂ
other methods of over
pumping was attempted in
wells around and over 100
m deep. Two of the three
methods hold promise, but
need further trials.

The first method was the Ty —
use of the Tara DA pump
assembly to manually over
pump the wells. In the
four wells where this
method was tried the

’ A—H / Pisten Atesnly
initial results have been
encouraging but the wells riaees Fort tatve
had insignificant ‘ ////////

wpser voll Casing

Tare Pteten fed

sedimentation. Further
trails are planned, with
an attempt to mechanise
the operation. Fig. 8 is a
schematic illustration of
this method.

Radber Seating

Lower Well Casing

F1g. 8 : Kanual Well Cleaning & *
i Over pusping using the Tara DA
Pusp components






The second method was to use a combination of 25 mm ND PVC
pipe with 8 mm ND pneumatic hose as an eductor pipe and an
air-line to follow the air-line pumping principle. Two
attempts by Maintenance Division using this method produced
unsatisfactory results. Field Division Bhubaneshwar has also
reported unsatisfactory results using this method. Therefore,
further trials with this air-line combination will be
carefully reassessed. This method has been illustrated in
Flgo 9.

To Compressor

Pump Pedestal

' 8 mm XD Preumatic Rubber Hose
| / 25 sm ND PYC pipe
. T d Top Casing
gkt
= .
= e
‘..:'.’f"f‘JL i L:,‘l.u""c"‘
* [ W i
| /’%
)\( 4“11 25 == ¥C pipe
' ‘ 8 me Ineumstic
’ Af! EA - "°",
Hose loweree €
o sbout \’% %
0 mb.g.l. e || —
Sectiea AA
. h 3 r—ls
L Vit
U
/V/ ﬂ’l
—_ T
1 7 A . -4
- 25 w13 pYC
25 mm \p Pvc Pipe
pipe lowered 4 1
to well Mtol\‘~L . Section BS oupler
5
Sedimented k’ HE‘H-:*I::C
well screea
irea 7
W

Fig. 9 ¢ Sc@elatic Layout of Well Cleaning Procedurs
using 25 ma K0 PYC pipe and 8 sa M) pewmatic hose






The third method attempted was to use a high pressure
compressor, operating at 10 bar, to air-lift directly from
the lower well casing from depths of upto 130 m. The air lift
succeeded by starting the air discharge when the compressor
hose reached 60 m to 80 m bgl, and then lowering the hose
further to the bottom of the well. Adequate over-pumping was
achieved, but the wells were influenced by factors such as
low yield and no sedimentation in the screen segment. So
though the initial experience has been positive, the method
needs to be tried in high discharge wells, and in wells with
blocked screens. The methods used are basically the same as
those illustrated in Figs. 7.1 & 7.3






Annexure 3

REHABILITATION BASIC DATA & WORK RECORD SUMMARY:

BASIC RECORD

1.
2.
3.
4.
5.
6.
7.

STATUS SURVEY RESULTS

10.

11.

Regn. No.

Gram Panchayat

Village

Habitation
Date of well drilling:

Depth drilled:

Type of Pump installed:

si. Date Pusp Remarks
jo. Type

6.1

6.2

Pump Condition:

Pump Utilisation:

Chemical Analysis Results:

Problem Summary:
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REHABILITATION WORK RECORD SUMMARY:

sl.
Ml

2.1
A2

sl.

3.1
3.2

16

Date

sevee

Date

Hotes on Platforw/Drain/etc.: e e e 4

WELL DETAILS:
Date of pump removal: « . ¢« « o « &
Well depth measured: . . . . . . . . @

Depth measured after
initial cleaning: « « ¢« ¢« ¢« o ¢ + ¢« o M

Method of initial gleaning= . ¢« « ¢ ¢ ¢ « « &

Duration P e e o o s o & e = e o @ hrs./mine.
CHEMICAL USED “:\
L0C Na,C0, STP
lit Kg K9
WELL CLEANING
ke thod Duration Result
(hr/nin) (Satisfactory/Unsatisfactory)

esnsssesertree

RESULTS OF WELL CLEANING

FULL WELL DEPTH WAS REACHED Yes/ No _,

YIELD WAS MORE THAN 15 LPM : Yes/ No

WATER WAS CLEAR & COLOURLESS : Yes/ No .

WATER WAS ODOURLESS H Yes/ No

PUNP REINSTALLATIGON DETAILS .

D a’t’e/iz 7”77; 77.7777;777; 777;77 [ ] [ ] [ ] . . [ ] L] l7 [ ] 7. . [ ] '* »

iafer Tevyel (b.g.1.) in well |
<

Pump Type details: . . « . .+ + « + +

bl






B ]

WATER CHEMISTRY RECORD :

BIOCk :...I........

G.P:...-.........o...-..

Village:eeeceeeeeeeeees Pump Regd.No :

Test | Odo- | True | Par- pH | Tur- EC Fat+ (]
~r- No. | ur Col- | tic- bid-
our les ity

Results from Status Survey Date of Observations: Field Chesist:
1,
2,
3

Post-Rehabilitation Results  Date : Field Chenist:
1
2,
3

Post-Rehabil itation Results Date: Field Chenist:
1, [
2.
3, ‘

_ Post-Rehabil itation Results Date: Field Chemist:

T L.
2,
3

Post-Rehab i1 itat jon Results Date: Field Chenist:
1,

Post-Rehabil itation Results Date: Field Chemist:

Post-Rehabil itation Results Date: Field Chemist:

1.
- 2. |
3,

Codes:

QOdour : 1: No Odour 2: Rotten Egg 3: Others
Particles : 1: Absent 2: Present






Detailed Time Record of Redevelopment

Chemical Treatment Air pressure applied Observations
Sl Date
No. Name & Time Record Pres-

Time | Quanuty sure

Start Stop | Duration
\
[ 4

= —_— = =
Prepared by:....ecvvrne. Date:....coereeveereneee N







FIELD NOTE SHEET
HAND PUMP REMOVAL

Block

Q.P., Vikage, Hab.:
Regn. No.:

FE B BE NN
P

LI L1
Condition of Pipes Condition of Rods
Pipe No.l............. —_— - ____—Rod No.l..................
Pipec No.2............ —_— ~___—Road No.2........
Pipc No.3.........e. —_— | - ___—"Rod No.3......u
Pipc Nod......u.... —_— - Rod Nod..ee.
Pipe No.5S.....zueee Rod No.S....u.e.e.... .
Pipc No.6............... Rod No.6................
Pipe No.J............... Rod No.7....uueeece.
[
Pipe No.8............... , Rod No.8.......c.c........ )
Cylinder Plunger Rod )
.................................................... L")
NOICS: . e e .-
/






FIELD NOTE SHEET

HAND PUMP REINSTALLATION
Block: Date:
Q.P., Village, Hab.:
Regn. No.:
o]
H
lwy
: [N
1 A1 .
Condition of Pipes Condition of Rods
Pipe No.lL............. —_— | ~____—Rod No.l..................
Pipe No.2............. — | - ____—Rod No.2................
Pipc No3............. —_— | - __—Rod No.d..................
Pipc Nod............. —_—— ~___—Rod Nod.................
Pipc No.S.....ozveneeee Rog] NO.S.veeererenee '
Pipe No.G.....ccccoune Rod No.6.....coouene..
Pipe No.7............... Rod No.7.....coune.....
Pipe NO.8..ovooeerrne Rod NO.8uvvererrrere "
Cylinder Plunger Rod
.................................................... .
NOICS: e e e e e e e e
L
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Annexure 4

Methodology for Data Analysis of Status Survey

1.2

Main Parameters

Data pertinent to comprehensive classification of a

pump, by the extent of its 'problem', was collected in
3 main areas :

1. Usage of the Sourge
2. Water Chemistry of the Source
3. Well & Installation Condition of the Source

Data on the above aspects were collected with
questionnaires, field tests and observations. For the
purpose of identifying and categorising problem pumps
the methodology for data analysis using the three above
mentioned parameters is as follows :

Usage:

Form 2, of the Status Survey was used to collect field
data for assessment of usage of a source.

With reference to the total number of households
identified as potential users of a source, the Usage
parameter for a source wag categorised as follows:

Table 1 : Overall Classgification of Usage

S1. | -Overall Usage Prelininary Classification
No. { Classification

1 600D Used by 75% or more of the total number of
potential users as a drinking water source,
2 POOR Used by Tess than 75% to more than 50% of the

total nuaber of potential users as a drinking
water source.

3 BAD Used by less than 50t of the total nuaber of
potential users as a drinking water source.

The above categorisation made it possible to arrivé at
an overall classification of Usage of any source into

one of the 3 main categories of 'Good', 'Poor' and
'Bad’.

L]
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Water Chemistry:

Form 4 of the Status Survey recorded the resultg of
field chemical analysis results of 8 parameters, jp 4
sequence of "3 rounds of tests for each well, The
procedure for categorising this data was based o¢p the
application of 1S:10500-1983 which are the 1Indianp
Standards for Test Characteristics for Drinking Water,
The method of categorisation of the 8 parameters, using
IS:10500-1983 is given below :

Table 2 : Application of I15:10500-1983 for Preliminary Classification of Chemical Tests

S1. | Vater Quality Code/Value/ Categorisation | Codes used in
No. | Paramster Range analysed data
Kone=1 Good
1 | Odour 0

H,5=2, Other=3 | Bad
¢S bood
2 | True Colour L
(Hazen Units) > 50 8ad
None=1 Good
Particles- P
3 articies Present=2 Bad
> 8.5 Bad (Alkaline)
§ | pH $8.5,26.5 Good A
<6.5 Bad (Acidic)
$5 6ood
5 | Turbidity I
(NTU) > 5 Bad
6 | T0S = < 3000 Good
(0.65xConduct ivity E
in micro-siemens) | > 3000 Bad
< 0.3 6ood
1 | Iron (Fe™) >0,3; 210 | Permissible f
(in wg/1)
e > 1.0 Bad
< 250 Good
¢
8 | Chlorides >250; <1000 | Permissible
(:m '9/]) > 1m Bad ”
<
1 |

=
A,
A
&
=2
i

e

W






Based upon the above preliminary classification, it was
possible to classify each of the 8 parameters of Water

Chemistry into 3 qualitative descriptions of Good, Poor
and Bad i1n the following manner:

Table 3 : Overall Classification of Water Chemistry from Preliminary Classification

S1. | Overall Water Prelininary Classification by 15:10500
No. | Chemistry
{lassification
1 { 600D A1l paraseters classified either as "6ood' or as
'Permissible’, Mo parameters with 'Bad'
classification,
2 | POOR Only parameters of Odour, Particles, True Colour
t/or Trubidity classified as 'Bad.
1 | BAD Paraneters of DS, Iron &/or Chlorides clascifies
as ‘'Bad'.

Well & Installation Condition:

Form 4 of the Status Survey was also used to record the
physical condition of the pump installation and record
problems with the pump or well by classifying seven.main
problems into 3 categories of 'Severe', 'Medium' and
'Slight'. The seven parameters used to assegs the
condition of the well or pump were as follows

Table 4 : Parameters & Codes used of Well ¢ Installation Condition

S1. No. { Well/Pump Condition Parameter Codes used in analysed data
1 Pusp Condition P
2 Pedestal Shaking S
3 Platfors needs Repairs R
| Drain needs Repairs D
5 Wa.te water disposal problen (]
b Pump is Ha]func}ioning [}
1 Low Yield Y







The responses to the above 7 parameters could be either
'Severe', 'Medium' or 'Slight', depending on the degree
of problem observed. The three possible responses to the
7 parameters were reduced to three possible overall
categories of well & installation condition of Good,
Poor and Bad by the following method:

Table 5 : Overall Classification of Well & Installation Condition

S1. | Overall Preliminary Classification
No. | Classification

1 | 600D A11 parameters classifiad as 'Slight" or not
rscorded as a problen, No parassters with
"Medius ' or "Severe' classification.

? { POOR Any parameters classified as "Medium' and
*Severe' classification for any parameter
other than Yield and Maste ¥Water Disposal.

31 BAD For Yield and Waste Water Disposal parameters
classified as 'Severe',

Overall Categorisation:

From the above methodology it was possible to define the
level of problems in a problem pump by using three
parameters (USAGE, CHEMISTRY, CONDITION) and by
assigning them any one of three main classifications
(GOOD, POOR, BAD) to the three parameters as indicated

in Tables 1, 3 and 5. This overall categorisation could
be summarised as follows:

Table 6 : Overall Categorisation Summary of Probles Well Parameters

Overail (ategorisation

Bood Poor Bad
S1. No. Main Paraseter
1 Usage Used by 2 75% Used by Used by '
(Table 1) hauseholds for <75% to 2 503 < 50% households
grinking households
2 Water Chemistry || No parameter 'Bad’ only for ‘Bad' classification

than ¥aste Water
or Yield

(Table 3) classified as Odour, Particles, | for pH, TDS, Iron,
"Ead' Tolour, Turbidity | Chlorides
3 Vell & No parameter in Any paraseter in 'Severe' for
Instailation ciassifications of | 'Medius' or parameters of Waste ~
Condition "Mediun' or 'Severe' for Water or Yield
{Table 5) ‘Severe' problems | pareseters other

i N T A ——







5.2 From Table 6, it will be evident that the 3 main
parameters could each be categorised into 3 overall
categories and this would lead to 27 parameter-category
combinations. These 27 combinations would then represent
all the possible definitons of wells including the
entire spectrum of problem wells.-

6 Rehabilitation Needs Assessment:

The 27 combination of parameters and their
categorisation is given in the form of a matrix in Table
7 below. From this table it will then be possible to
asses the rehabilitation need of each individual well in
general terms.

Table 7 : Generalised Rehabilitation Need Assessmént

Category
Parameter
Bood Poor Bad |
Usage NA RA RA+FO !
Yater Chemistry KA i HCHR
Pusp Condition A RP | NCARNNAICRORD = FL?? |

Explanation of Abbreviations used in Table 7, above:

1. NA : No Action
2. RA : Assgsessment of Reason for Rejection !
3. WC : Well Cleaning
4. RP : Rectification or Replacement of i
Pump !
5. RA+FO : Rejection Reason Assessment + i
Follow up .
6. WC+WR : Well Cleaning + Referral to Water b
Resource Division v
7. WWA : Waste Water Alternative necessary :
8. CR+WR : Complex Rehabilitation + WRD T
Referral :
9. FL : Failure consideration ' 1
The above matrix will lead to the 27 combinations of
parameters and their categories. These 27 combinations are -
given in Table 8 along with the composite rehabilitation need
emerging from Table 7. The example of this analysis on Status
Survey data for 33 wells of Dera G.P, Rajnagar Block 15
herewith attached in Table 9. .
wm oo






H Tanie 8 : Generalised Renadilitation Neeas baseg on aifferent Paraseter & Zstecory Comginations

F ha. | Usage Rater Pusp Rehanilitation Neegs N
Qualrty | Condition .
1. | boac Bood Bood NA
2. | Good Bood Poor RP
hd 3. | Booo Poar Bood W
4, | Poor Bood Bood RA
9. | bood Poor Poor WC+RP
4, | Poor Bood Poor RA+HP
7. | Poar Pocr Good RAHRC
8. | Poor Poor Poor RANCHRP
9. | bood bood Bad WdA/ (CR+R)
10. | Bood Bad Bood (WCHAR)
11, | Bad Bbood bood (RA+FD)
12, | bood Poor Bad WC+iir/ WC+(CR+WR)
13. | bood Bad Poor (WCHIR ) +RP
4, | Poor | 6ood | Bad (RAFO) +WWA/ (RA+FD)+ (CRHR) '
13. | Poor Bad Good RA+ (WC+WR)
~y 16, | Ead Gooo Poor (RA+ D) +RP
17. | Bad Poor Bood (RA+F ) +C
18, Poor Foor Bad RAHWCHIA/ RA+AC+ (CR+WR)
19. | Foor Bag Poor RA+ (WC+df ) +FF
20. | Bad Poor Poor (RA+FO) HICHRP
21. | Good Bad Bad (WCHR ) +WWA+RA/ (WC+AR)+ (CR+AR)+RA
22, | Bad bood Bad {RA+FO}HMA/ (RAHFD)+(CRHWR)
2. | Ead Bad Bood (RAHFD)+ (WC+R) ‘
24, | Poor Bad Bad RA+(WC+HWR ) +amlh/ Ffi+ (WC+WR) +{CR+R)
25. | Bad Poor Bad (RAHFD) +WCHMA/ (RA+FD) HiC+ (CR+WR)
26, | Bag Bad Poar (RAHF Q)+ (WCHRR ) +HF
‘ l{ 27. { Bac l{Bad | Bad | (RAHFO)+(KCH4R) +HA/ (RASFO)+(HCHR)+ (CRAF) |
I i i I | =FL 77 a
_.v-« ¢ .
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Table 9 1 Status Survey Results & Rehabilitation Needs - Dera 6.P., Rajnagar Block

v s
s1, Village | Acessib- | Site Dr il ing Puep 1) Status Survey Results " Rehab
No. flity 0 Status
Date Depth Date Type Usage Nater Puwp
Chenistry Condtion

Block s Rajnagar, 6.P. ¢ Dera

1 | BADHI HY 02 11/11/88 | 200.00 | 16/12/88 | INII Good | Bad Bad [NC*NR]+ WHA/{CR*MR)+ RA

2 | CHINCHIRI il 01 09/02/89 | 194.00 | 14/11/88 | INIL Good | Bad Poor [NCHNR)*RP .

3 | DERA HY 0l 09/00/90 | 172.00 | 27/08/88 | INIi Good | Bad Poor [NC+WR]+RP

1 | DERA 02 13/12/69 | 20230 | 01712788 | S Good | Bad Sood (NC+¥R)

5 | DERA 03 03/10/90 | 198.30 | 30/04/89 | Innl Good | 8ad Good (NCHWR)

6 | DHOBEIGARH | WY 0l 10/09/88 | 190.00 | 17/11/88 | INII 6ood [ Bad Bad [NCHNR)+ WWA/[CR+MR)+ RA

7 | DHOBEIGARH 50 INL | WIR Good | Bad Bad [NCHRR]+ WWA/[CR+NR]* RA

8 | GAMASIKHARA | RV 50 ML | WIR Good | Bad Poor (NC+WR]+RP

9 | coxnan Ly )| 05/07/88 | 178,00 | 29/10/87 | INII bood | Poor Sood e

10 | GOKHANI 02 12/02/90 | 186.30 | 16/11/88 | INII Bad Poor [NCAWR)4RP

11 [ GOKHANI 03 13/10/89 | 172.00 | 19/12/88 | IMII Good | Bad Poor [NC+WRJ+RP

12 | HATINA B 01 09/01/90 | 194.30 | 28/08/88 | St Poor Sood M

13 | HATINA 02 10/02/89 | 195.30 | 27/10/88 | w11 Poor | Bad Bad RALINCIWR ]+ WNA/[CRAWR)
14 | HATINA 03 09/08/98 | 196.30 | 28/10/88 | NI 6ood | Bad 60od [NCHWR)

15 | HATINA 04 12/03/89 | 193.00 | 75/11/88 | st Good | Bad 6ood [NC+WR)

16 | HATINA 05 14/06/89 | 196,30 | 29/12/88 | S Good | Bad Poor (NCENR]+RP

et ————
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Table 9 (Contd.) 1 Status Survey Results & Rehabilitation Needs - Dera G.P., Rajnagar Block
Acessib- | Site Drilling Puwp ID Status Survey Results Rehab
sl, Yillage ility ID Status
No. Date Depth Date Type Usage Water Puwp , w
Chemistry | Condtion 5

17 | JUNUPANGARA W 01 09/10/89 | 148,30 30/08/88 | NIl Good Bad Poor [NC+WRJ+RP
18 | JUNUPANGARA 50 INIT IR Bad 6ood 6ood [RA+FO)
19 | KAITHA Ly 01 10/07/88 | 204.00 15/11/88 { NI} Good Bad Good [NC+WR)
20 | KAITHA 02 10/01/88 | 204,30 14/11/88 | IMII 6ood Bad Poor [NC+NR J¢RP
21 | KAITHA 03 10/01/88 | 200.30 15/11/88 | IMII Good Bad 6ood [NC+WR)
22 | KAITHA 04 09/03/50 | 200,00 3/11/89 | & 6ood Bad Good [NC+WR]
23 | KAITHA 50 111 WIR 6ood Poor Bad NC+ WNA/[CR*WR)
24 | KATHAPANGARA | MB 01 11/03/89 | 174.00 21/12/88 | NIT Good Bad bood [WC+NR]
25 | KATHAPAMGARA 50 INI1 WIR Bad bood Good [RA+FD)
26 | KATHUAGANDA | LV 01 12/06/89 | 196,00 27/12/88 | IMII Good Bad Poor [WC+WR]+RP
27 | XATHUAGANDA 02 | 10/06/88 | 269.00 | 26/12/88 | 1M1 Good | Bad Good [WC+HR)
28 | LUNIA FT 01 01/12/89 | 184,30 19/04/89 | INII Good Bad Good [WC+NR)
29 | MUGAKANI HY 01 12/06/90 | 196.30 18/11/88 | INII 6ood Bad Good [WC+WR)
30 | KUAGAN Lv 01 INll NIR Good Bad Poor [VC+NRJ*RP
31 | NUAGAN 02 12/07/88 | 209,00 28/12/88 | INII Poor Bad 6ood RA+{WC+NR)
32 | PARIPANGARA N8 0t 10/05/88 | 195.00 03/08/89 | INII Good Bad Good [NC+WR]
33 | PARIPANGARA 02 10/03/88 ] 184.30 30/10/88 | INII 6ood Bad 6ood [NC+NR)

oy L







Annexure 5

Well Development Methods & Well and Pump
Maintenance and Rehabilitation from “Ground
Water and Wells”, Second Edition, by Fletcher
G. Driscoll, published by Johnson's Filtration
Systems Inc. USA.

IS: 11632- 1986, Indian Standard for Code of
Practice of Rehabilitation of Tubewells,

published by Bureau of Indian Standards, New
Delhi.

IS: 10500- 1983, Indian Standard for Test
Characteristics for Drinking Water, published by
Bureau of Indian Standards, New Delhi. .
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CHAPTER 15 -

Development of Water Wells

WELL DEVELOPMENT METHODS

Different well development procedurcs have evolved in different regions because
of the physical characteristics of aquifers and the type of dnilling ng uscd to drill the
wcll. Unfortunately, some development techniques are still used in situations where
other, more recently developed procedures would produce better results. New de-
velopment techniques. especially those using compressed air, should be considered
by contractors when they buy and equip a new rig. Any development procedure should
be able to clean the well so that sand concentrauon in the water is below the maumum
allowable hinut set for the particular water use.

Overpumping

The simplest method of removing fines from water-bearing formations is by
overpumping. that is. pumping at a higher rate than the well will be pumped when
put into service. This procedure has some merit. because any well that can be
pumped sand free a1 a high rate can be pumped sand free at a lower rate.

Overpumping. by itself. seldom produces an efficzent well or full stabilizauion of
the aquifer. particularly in unconsolidated sediments. because most of the develop-
ment action takes place in the most permeable zones closest to the top of ihe screen.
For a given pumping rate. the longer the screen, the less development will take place
in the lower part of the screen. After fine material hzs been removed [rom the perme-
able zones near the top of the screen. water entering the screen moves preferenually
through these developed zones. leaving the rest of the well poorly developed and
contributing only small volumes of water to the to1al vield. In some cases. over-
pumping mas compact finer sediments around the borehole and thereby restpel flow
into the screen. If more powerful agiianon is not performed. an inefficient well may
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. result. On the other hand, overpumping

_compelent, relatively non-stratified sand-

"Water flows in only one direction, toward
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may be effective in filter-packed wells in
-Bridge
stone formations because flow toward the
well bore is more or less uniform.
There is another objection 10 over-
pumping that is commonly overlooked.

the screen, and some sand grains may be
left in a bridged condition, resuliing 1n a
formation that is only parually s1abilized
(Figure 15.4). If this condition exists and
the formation is agitated dunng normal
pump cycles after the well has been com-
pleted, sediment may enter the well if the
sand bridges become unsiable and

Well screen .
collapse. ;

Dnliers ordinarily usc a test pump for Figure 15,4, During development by vrerpumpsng,

overnumping opcralions. but when a sand grains can bridge opcniags becatne flc~ oc-
. curs 1n only one direction. Once the well 1s placed

large quanuty of water must be pumped, oy sersice, agitation by nurmal pump cychng can
it may be difficult 10 obtain equipment break  wn the bridges. causing sand pumping,
of sufficient capacity at reasonable cost.
Therefore, the pumping cquipment intended for regular well use 15 sometimes used
for overpumping Depending on the type of pump, this may be done cither by op-
craung the pump at a higher speed or by allowing the pump to discharge at the surface
at a lowcr-than-normal operating pressure. There is one scrious objection to perform-
ing this work with the permancnat pump. Sand pumping will subject the pump to
excessive wear, which over ume can reduce its operating efficiency. Under severe
conditions. the pump may become sand locked, either during pumping or aficr shut
ofl. Should sand loching occur. the pump must be pulled. disassembled. cleancd. and
repaired if necessary before being placed back into service,

Bachwashing

Effective development procedures should cause reversals of flow through the screen
openings that will agitate the sediment. remove the finer fraction. and then rearranee
the remaining formation particles (Figure 15.5). Reversing the direction of flow breaks
down the bridging between large particles and across screen openings that results
when the water flows in only one direction. The backflow portion of a backwashing
cyvcle breaks down bridging. and the inflow then moves the fine matenal toward the
screen and into the well.

A surging action consists of alternately lifting a column of water a significant dis-
tance above the pumping water level and letung the water fall back into the well.
This process is called rawhiding. Before beginning the surging oper=tion. the rump
should be started at reduced capacity and gradually increased to full capaaity to
minimize the danger of sand-locking the pump. In the rawhiding procedure. the pump
1s started. and as soon as water 1s hifted 10 the surface the pump is shut ofT: the water
in the pump column pipe then falls back into the well. The pump 1s started and
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Sand
bridges

Figure 158, Effective deselopment action requires mosement of water in both directions through screen
opcainpy. Reverving flow helps breah down bridping of particles. Movement in only ooe direchion, as
wheo pomping (rom the well, dues not produce the proper deselopment effect.

stopped as rapidly as the power unil and starting equipment will pcrmit. To avoid
damaging the pump. the control box should be equipped with a starter lockout so
that the pump cannot be staried when it is back spinning. During the procedure, the
well should be pumped to waste occasionally to remove the sand that has been brought
In by the surging action.

Some wells respond sausfactonly 10 rawhiding. but in many cases the surging effect
15 not vigorous enough to obtain maximum results. As in the case of overpumping.
the surpng cffects may be concentrated only near the top of the screen or 1n the most
permeable zones. Thus. the lower part of a long screcn may remain relatively
undeseloped.

Although overpumping and backwash.ng techniques are used widely, and in certain
situatrons may produce reasonable results. thetr overall effectiveness in high-capacity
wells 1s relatively limited when compared with other development methods. Other
meinods. as described below, are capable of removing more fine matcrials 1n less time
and penerally can produce higher specific capacities.

Mechanical Surging

Another method of development is to force water to flow into and out of a screcn
by operating a plunger up and down in the casing, similar 1o a piston in a cylinder
The tool normally used is called a surge block, surge plunger, or swab (Figure 15.6)
A heavy bailer may be used 1o produce the surging action, but it is not as effective
as the close-fitting surge block. Although some drillers depend on surge blocks for
developing screened wells, others feel that this device is not effective and that it may,
in some cases, even be detrimental because it forces fine material back into the for-
mation before the fines can be removed from the well. To minimize this problem,
fine material should be removed from the borehole as often as possible.

Before starting 1o surge, the well should be bailed to make sure that water will flow
into it. Lower the surge block into the well until it is 10 to 15 fi (3 to 4.6 m) beneath
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the static water level, but above the
screen or packer (Figure 15.7). The water
column will effectively transmit the ac-
tion of the block to the screen section.
The initial surging motion should be rel-
atively gentle, allowing any material
blocking the screen 1o break up, go into
suspension, and then move into the well.
The surge block (or bailer) should be op-
erated with paruicular care if the forma-
tion above the screen consists mainly of
fine sand, silt, or soft clay which may

_—Dnll stem or !
dnil pipe
S ST T

‘ Stanc water level: .
/5u1d5m§e Thn
HEF TN

.
. e,

2577, Wellsaree

S

* F“' st

£ Sand bnd i
y }n v .

Figure 15.7. For certain types of formauons. a
surge block is an effective tool for well develop-
ment. On the downstrohe, water is forced cutward
into the formation: water, silt, and fine sand are
then puolled into the well screen daring the
upstroke. '

Figure 15.6. Typical surpe block conansting ol two
leather or rubber dines sandwiched between three
steel or wooden dines. The blocks are cunstrucicd
so that the outside diameter of the rubber lips iy
equs! to the inside diameter of the screen. The sohid
purt uf the block §s 1 in {25 4 mm) smaliet 1n dr-
amctcer than the screen,

slump in1o the screen. As water begins to
move casily both into and out of the
screen., the surging tool s usually fowered
in steps 10 just abose the screen. As the
block is lowered. the force of the surging
movement is increased. In a well
cquipped with a long screen. 1t may prove
more effective to operate the surge block
in the screen 10 concentrate 1ts action a!
various lcvels. Development should be-
gin above the screen and move progres-
sively downward to prevent the tool from
becoming sand locked.

The force exerted on the formation de-
pends on the length of the stroke and the
vertical velocity of the surge block. Fora
cable tool ng, length of the stroke 1s de-
termined by the spudding mouon; the
vertical velocity depends on the weight
exeried on the block and the retracuion
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speed. A block must be weighted so that it will fali at the desired ratc when used with
a cable tool rig. During retraction of the block, conunue the spudding motion 10 a1 0id
sand locking the block in the casing. If @ rotary rig 1s being used. the weight on the
block 1s provaded by the drill pipe. The speed of retraction and length of pull are
governed by the physical characteristics of the rig.

Continue surgmng for several minutes. then pull the block from the well. Air may
be used 10 blow the sediment out of the well if development ts done with a rotan
ng or if an air compressor is available. Sediment can be removed by a bailer or sand
pamp when a cable too! rig is used. The surging acuon is concentrated at the top of
the screen. and this effect is accentuated if the lower pan of the screen is conuinually
blocked off by the sand brought in by the development process. In general, devel-
opment can be accelerated if the amount of sediment in the screen is kept 10 a
mimimum. A sump or length of casing installed beneath the screen s helpful in keeping
the screen free of sediment. Continue surging and cleaning unul little or no sand can
be pulled into the well. Total development ume may range from about 2 hours for
small wells 1o many days for large wells with long screcns.

Occasionally, surging mas causc upward movement of water outside the well casing
if the washing action disrupts the seal
around the casing formed by the overly-
ing sediments, When this occurs, usc of

At

I

the surge bloch must be discontinued or =8 EE;: \ o

sediment from the overlying matcrials ;EEF EE! Hauling cable ‘

may imade the screencd zone, !igl g} i%

Surge blocks somctimes produce un- ] EEE .

sausfactory results in certain formations, ;ES $=HH '

cspcaially when the aquifer contains f -. IRt .

many clay streaks. because the action of E f ] Ei

the block can causc clay to plug the for- | | | E! /—Swab flange

mation. When this happens a reduction et . ,

n rvicld vecurs. rather than an increase. | . ;’:‘_;

Surge blocks are also less useful when the . i% \ LE £

particles making up the formation are an- ;".__g?—é .

gular. because angular particles do not = . ,

sort themselves as readily as rounded f—%\ E .
= Well screen

grains. In addition. if large amounts of
mica are present 1n the aquifer, the flat
or tabalar mica flakes can clog the outer
surface of the screen and the zone around
the screen by aligning themselves perpen-
dicular 1o the direction of flow. Clogging
bs mica can be minimized if the surging
procedures are applied rather gently 1o
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the well. It is good practice to avoid over-
development when mica is present in the
aquifer.

One other type of surging tool is cailed
a swab, The simplest type of swab, a rub-

Figure 158. Line swabbing is used primanly in
consolidated agaifers. As the swabis pulled upward
at about 3 ft/sec (0.9 m/sec), bigh-pressure con-
ditions at the top of the swab force water into the
formation. Low-pressure conditions at the base
cause flow of sand, silt, and water back into the
borehole.
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ber-flanged mud scow or bailer, 15 low-
ered into the casing to any selected poin:
below the water level and then pulled up-
ward a1 about 3 fi/scc (0.9 m/scc), with
no attempt to reverse the flow and cause
a surging effect (Figure 15.8). The length
of the swabbing stroke is usually much

‘longer than in surging. As the scow is
raised, high pressure 1s created near the

top of the scow, which dnves water into
the formation. Water 1s drawn back into
the well beneath the swab because the
pressure is lower. The scow usually has a
valve at the bottom which opens 10 in-
crease the fall rate in the borehole, This
method of swabbing. calied line swab-
bing, i often used 1o clean fine matenal
from decp wells dnilled 1 consohdated
rock aquifers. Swabbing screened wells

Figure 15.9. When a doubleflanged swab 1s used,
water is pumped into the formation between the
flanpes. Flow reenters the borcholc above or below
the swab. During pumping. the awab is raised and

jowercd over short distances.

requires special precauuons, however. In

ught (low-permeability) formations, for cxample, swabbing can result in collapscd
screens. and great care must be taken to insure that the hydraulic conductivity of the
formauon is capable of viclding sufficicnt water 1o keep pressure differenuials within
reasonablic hmits. Avoid swabbing wells that have plastic casing or screens Silt and
stlts sand formations in which screen-slot sizes arc about 0.010 10 (0.25 mm) or smaller
ar¢ parucularly troublesome, and use of a swab in this case should be asvoided

A more ¢ffective swabbing device 1s shown in Figure 15.9. With this wol. water 15
pumped into the formaton between two flanges and returns to the well bore cither
above or below the flanges. During pumping. the swab is raised and lowered in the
borchole over shont distances. Sometimes a bypass tube is 1nstalled in the double-
flanged swab 1o facilitate the movement of water up the borchole from below the
tool. The advantage of a double-flanged swab is that the encrgy of the water being
pumped 1nto the tool can be directed at sclected parts of the formation.

In summary. surge blocks are inexpensive tools that are convenicent 10 use and.,
within their mitations. do an effective job. They can be adapted for usc on many
pes of rigs and used in combination with other development methods. In addition.
surge blocks can be used for wells of any diameter or depth. Surging procedures

produce good results for screen instaliations in zones having good porosity and hy-
draulic conducuviy.

Air Developing by Surging and Pumping

Many dnllers use compressed air to develop wells in consolidated and unconsol-
1dated formations. The practice of alternately surging and pumping with air has grown
with the great increase 1n the number of rotary drilling ngs equipped with large air
compressors. In air surging. air is injected into the well to Iift the water 10 the surface.
As 1t reaches the 1op of the casing. the air supply is shut off. allowing the acrated
water column to fall. Air-lift pumping is used to pump the well penodically 1o remove
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sediment from the screen or borehole. and 1s accomplished by installing an air line
inside an cductor pipe in the well. Eductor sysiems aie generally required for larga-
diameter wells, when himited volumes of air are avaiiable. or when the static water
level 1s low 1n relation to the well depth Most rolan nps. however, have sufficient
air capacity 1o use the casing as the eductor for 6- 10 12-1n (152- 10 305-mm) diameter
wells. Figure 13.10a shows the basic lavout of an air-lift syvstem and the appropnaie
lerms.

The uphole velocities required 10 remove cuttings and water in air dnlling were
discussed 1n Chapter 11. Uphole velocines of 3.000 10 3.000 ft/min (915 to 1.520 m/
min) are needed for dry-air dniling where hittle or no water i1s entenng the borehole.
For remoning large volumes of water and cuttings. a surfactant 1s mixed 1nto a small
volume of water and then added to the atrsiream. Tre surfactant breaks up the water
masses so they can be lified 10 the surface ar a rather low velocity [50 to 200 fi/min
(15.2 10 61 m/min)). thereby reducing arr-volume requirements. During air devel-
opment, however, surfactants are uscd only when compressor capacity is insufficient
to lift water 10 the surface. Therefore, the contractor must maintain uphole velocities
in the ranpe of 1.000 1o 2,500 ft/min (305 1o 762 m‘min) 10 achieve a rcasonable
discharge. .

Generally, 1t 15 not possible 10 predict what uphole velocnty is actually nceded
because of submergence factors (discussed later), total pumping lift requirements, and
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Figure 15.102. This diagram shows common terms spplied to aus-lift pumping. (Ingersoll-Rand, ]971)

15.10b. In this installauon, the top of the well is plugged during the air-lift with burlap and shps to

direct the water to the outlet pipe.
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the non-predictable way water will enter the borehole. For example, if water enters
asa high-volume, concentrated flow at a discrete point (coarse gravel layer or fraciure),
the uphole velocity required at that point will be quite jarge so the water mass can
be broken up efficiently. On the other hand, if water is seeping eveniy into the borehole
over its entire length, the uphole velocity requirement is less because the force (ve-
locity) needed 1o lift the fine water droplets 15 less. Thus, 1t is vinually impossiblc 10
predict beforehand the uphole velocities required for air development procedures In
practice, the contraclor ignores uphots velocily considerations and concentrates on
the air volume needed 1o lift the water adequately Fortunately, research on deter-
mining the air volume required to lift a certain volume at a specified submergence
and 1otal pumping lift has been done. Thisinformation, presented later in this chapter,
gives the contractor the ability 1o predict the volume of air that must be available 10
produce an adequate discharge for certain downhole conditions.
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Figure 15.11. The type of discharpe produced from a well during air development depends on the air
volume available. total 1ifl, submergence, and annular srea. In practice. two different NMlow conditions can
be recognized when air is used for water well development. although other flow repimes may enist at
much lowmer or higher velocities in smaller dismeter pipes |identified by Taitel and Dukler (1980) snd
Hestroni (1982)] This diagram provides a qualitative illustration of how multiphase flow (water and arr)
occurs in the casing during air development. The percent sobmergence. total hift, and capsan of the
compressor will control the relatise proportion of air and water for a parucular well GnifTith (1984)
points out some of the extreme difTiculties in maling a riporous analysis of multiphase systems. (3)
Introduction of a small volume of air under a2 high head cavses lirtle change in the wmater level 1n the
well. In this case. the zir pressure available is just sufficient 1o overcome the initual head exerted by the
water column. (b) As air volume increases, the water column becomes partly aerated. Displacement of
the water by the air causes the water column to nse in the casing. Drandown does not change because
no pumping is occurring. (¢) Further increases in sir volume caose zerated slops of water to be lifted
irregulariy out the top of the casing. Between surges. the water level in the casing falls to near the static
level. (d) If enough air 15 available. aerated water will connnualiy flow out the top of the well With
average submerpence and totat hit the volume of air versus water 1s about 10 10 1. Higher air volumes
may increase the pumping ratc somenhat, but still higher rates may actually reduce the Nlow rate becavse
flow 1nto the well 15 impeded by excessive air volume.
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Both air pressure and air volumic are imponant a :a1iaung and maintaining an
air sereing or air-lift pumping operation. For typical head conditions found in bore.
holes 300 to 400 ft (1.5 10 122 m) deep. the compressor used tor the air supph
should be capable of developing a minimum pressure of T25 psi (862 kPa). This s
enough pressure 1o overcome the mittal head created ™y the submergence of the air
line. This head 1s called the starting submergence. Once the pressure initiates flow,
the air capacity (volume) becomes the most imporiart factor in successful air-lif

1.5 Chdrllg‘eu

Cam ———
n

' )

Free air required per gpm of water, ¢im

: 'vQﬂlCB"f/;L.“ ---1-‘-(55._. . ' :" {
| 10 scale; 7" _/m— : T - ; :
. —a :_.,Submergence . : :
| .[ // J‘ ‘;L pefcen" . v ’
WAL A : T =
075‘“,—/ WAV AN RSN SEEN R .
AV A4V RN st Lo: ! :
VAV AR Sy b < ) I L
VA4 : . 0 i TN ——
i/]' [ L : Tt ;
050 65:1 ].'il.l: :l.|| :'il—iv%'il; :, |
7/ /7 0y NN 1 IR RN !
///70 ! [ ' 1 \ [N ' 1B [
77 ~ O ,
025 / ! ! Uy | v | )
V) [ 1 ! Ly et i |
e e T B R o
T T T e EEEENE
0 IEERNEEERENRIANN NN ANEANENE RE 1 11 T
100 200 300 400 500 €00 700 800 900

Total pumping fift, ft

Fizure 15.12. Cubic feet of air required to pump | gpm (5.5 m'/day) for various submergences and pumping
lifts. The ratios shown here between air volume and water pumped are predicated on using the proper
size eductor and casing (see Table 15.1). Field experience suggests that these air requirements may be
oplimisLC in practice, somewhat more air will be required than indscated. (/ngersoll-Rand, 1971)
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pumping. Figure 15.11 illustrates how the addition of different volumes of air affects
the water in the borehole, A useful rule of thumb for determining the proper com-
pressor capacily for air-lift pumping is to provide about ¥ ¢fm (0.0004 m?/sec) of air
for each 1 gpm (5.5 m'/day) of waler at the anticipated pumping rate. In practice, a
375cfm (0.2-m‘/sec) compressor can usually pump 400 10 500 gpm (2,180 10 2,730
m'/day) with proper pumping submergence of the air line.

The volume of air required to operate an air-lift efficiently depends on the 10tal
pzmping Iift, the pumping submergence, and the area of the annulus between eductor
and casing (Figure 15.12). To calculate pumping submergence, the length of air Jine
below the pumping water level is divided by the to1al length of air line suspended 1n
the well, For wells with about 100 1o 200 fi (30.5 10 61 m) of 1otal pumping Lift, air-
lift pumping is quite efficient when the air line is submerged about 60 percent of 1s
1otal length during pumping (60-percent pumping submergence) (Figure 15.13) When
the total pumping lift exceeds 200 f1, the pumping submergence may have 10 be
decreased so that the start-up pressure at the botiom of the air hine does not exceed
the pressure capacity of the compressor. Good resulis can be obtained by a skillful
operator while numping with a pumping submergence as low as 30 percen: In some
cascs acceptable results have been obtarned with a pumping submergence as low as
10 percent The air hine should not be ptaced all the way to the botiom of the well
when pumping begins, unless required for proper submergence. because the air must
then overcome an unnccessarily high pressure head,

The volumic of air needed 10 lift water also depends on whether intermittent or
stcady flow 15 required. For development work. 1t 15 not necessam to maintun a
stcady discharge. and. in fact, some surging of the air hft is benceficial, 11 stcady low
must be mamitained (pumping tests, for example). the air-volume requirements will
usually be greater than those given in Figure 15.12. For deep borcholes with low staue
walter levels, the actual volume of air required may be two 1o three umes the volume
shown in Figure 15.12 to maintain steady flow,
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Figure 15.13. Approvimate percent pumping submergence for opumum air-hit efficiency. In general.
development procevds mnst efficiently when the discharge 1s mavimized. Thereflore. the submergence
should alwavs be as grest as possible within practical bmuts. i/neersoll-Rare [67]
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Figure 13.10a shows the proper method
of placing the eductor pipe and air lin¢ in . r_o__.g
the well A te2 at the 1op of the eductor 0h__ L
pipe 1s fitled with a discharge pipe at the - ~Eductor pipe
side outlet. A bushing with the inside
cpening larpe enough to clear the cou-
plings of the air line 1s connected 10 the
1op of the 1ee. Burlap or similar matenial
wrapped around the air line just above -100h . _ -
the tee. and held by shps, reduces spray- -
ing around the top of the well and enables RN - ‘
more accurate vield measurements dur- . 7
ng pumping (Figure 15.10b).

Table 15.1 hsts the recommended sizes 200 ft \. ' l
of eductor pipe and air line for nr-lift | '
pumping. Some variation from these .
s1z¢s may be necessary for pracucal rea- |
sons. but thc combinations shown gen- |

f

1

e e D v S T o NN,

. ~Casing

)\ ‘ 1
T\- Arr line
360 ft j

crally give good results.

Designing Air-Lift l;umping Opcration

Some dnllers and well construchion en-
gincers do not take the ume to analyre . - .~ Well screen
the operational characteristics of an air I )
hft. This practice can Icaq 1o incfTicient 50 "
pumping. lost time. and. in some cascs. 400 1 L[j
failurc 1o pump any water, The example + 405 i —— &= |
cited below illustrates the factors that
should be considered for designing a suc-
cessful atr-lift pumping opcration.

A borchole1s completed to a depth of 405 {t and screened from 360 to 405 ft (Figure
15 14) A 10-in diameter casing is selected to minimize friction losses and provide
adequate clearance for the pump bowls. Static water level is at 100 ft. Examination
of the cuttings suggests that a specific capacity of 6 gpm/ft of drawdown can be
obtained. It is decided to air-lift pump at a rate of 600 gpm, 20 percent above the

Figure 15.14. Determining the design of an air-lift
system for 2 specific well.

Table 15.1. Recommended Pipe Sizes for Air-Lift Pumping

Size of Educior Pipe
Size of Veil Casiag (or casing if no Minimuom Size
Pumping Rale® if Eductor Pipe 13 L sed eductor pipe 1y used) of A Line

e m'idny - S ' 1. - in -

Niwo 60 16410 327 4 102 or larger ¢ 2 51 v 13
600 80 32710 436 5 127. or larger 3 16 1 25 R

&0 10 100 43610 545 6 152_ or larger I 89 1 25

1010 150 54510 818 6 152. or Jarger 4 102 Y 32

1500 250 818 10 1.360 8 203. or larger 5 127 iz 18

25010 AW 1,360 10 2.180 8 , 203.or larger 6 152 2 51

Wi 700 2.180 10 3.820 10 254, or larger 8 203 k) 64

700 to 1.000 3.820 10 5.450 12 305. or larger 10 254 3 64

1.000 1o 1,500 5,450 10 8,180 16 405, or larger 12 305 4 102 |~

*Actual pumping rate is dependent on percent submergerce.
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. design rate of 500 gpm. Thus, the pumping water level would be at 200 ft. From this
information, it is possible 1o select the proper size equipment for the air hft and 10
estimate the potential efficiency of the sysiem. Several steps should be followed 1n
the analysis:

1 Determine the diameter of the eductor pipz (if required) and the air line. Table
" 15.1 shows that an 8-1n eductor and a 3-1n air line should be used for the 10-1n casing.
A smaller diameter eductor might be chosen, but the air-pressure requirements wou'd
rise significantly because of the addiuonal fnction effects.

2. Determine the lengths of the eductor pipe and the air line. In this instance, the
air hine will always stay inside the eductor pipe. The bottom of the eductor pipe is
set at 400 f1, with the air hine set at 395 fi. The 400-ft submergence depth 1s selected
so that the lower end of the eductor pipe is set at a reasonable disiance above the
botiom of the screen.

3 Determine submergence:

lensth of air line below pumping water level
to1al lengih of air line

% pumping submergence =

100

. LY
395
= 50%

Expenence suggests that the air lift will be reasonably efTicient at this pumping sub-
mergence; that is, the volume of water pumped per cubic foot of air s acceptable
(Figure 15.13). Idecally, pumping submergence should be as great as possible, but may
be himuted by iniual atr-pressure requirements as shown in step 8.

4 Determine air-volume requircments. For a total pumping Iift of 200 i, Figure
15.12 shows that | ¢fm is required to pump 1 gpm Thus, 600 cfm arc required 10
pump at 600 gpm,

5. Determinc whether the compressor has sufficicnt pressure 1o initiate flow in the
air linc.

lcnpeth of air hine - static water fevel
2.31

Minimum psi requirement =

_ 395100
2.31
= 128 psi

Thus. at least 128 ps1 will be needed 10 start the air lifi for the startiing submergence
selected (a safety factor of 25 percent is usually added to this pressure figure). As
drawdown develops. the psi requirement drops substantially because the head acusg
on the air line decreases.

Proper analysis of the factors aifecting the air Iif: provides some assurance that the
air-ift development procedures will function as desired. But the design of an arr-lift
svstem and the determination of 1ts opcrauonal characteristics are not mathematically
precise. Therefore. the performance obtained from a particular air-Iift design may be
more or less than anticipated. Thus. the contracter or engineer must te prepared 1o
make appropriate adjustments. In general. air-lift pumping will be most efficient when
the stauc water level 1s high. the casing diameter 1s relatively small. and the well
depth 15 not excessive 1n relation 1o the pressure capability of the comprassor.
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Air Development Procedures

Air development procedures should begin by determizing that groundwater can
flow freels into the screen. Application of too much air volume in the borchole when
the formation 1s clogeed can result in a collapsed screen. To'mimmize the innial
pumping rate, the air hne and eductor (1if used) can be placed at a rather shallow
submergence. At this setting. even the introduction of large air volumes will produce
only a moderate pumping raie and. therefore, will place only low collapse pressures
on the well screen. Introduction of small air volumes at greater submergence also will
produce low yields.

Once uninhibited flow nto the screen has been esiablished, the eductor pipe (of
used) 1s lowered to within 5 ft (1.5 m) of the botiom of the screen, assuming that
sufficient pressure 1s available 10 overcome the stane hezd. Development can also
start near the top of the screen, depending on the preference of the driller. The air
line 1s placed so that its lower end is up inside the eductor pipe at the proper sub-
mergence level. Before blowing any water or drilling fluid out of the well with a sudden
large injection of air, the air hift should be operated 10 pump fluids at a reduced rate
from the well

Air s released into the line and the well is pumped unul the water 1s virtvally sand
free. The valve at the air tank outlet is then closed. allowing the pressure in the tank
to build. The actual pressure required will depend on the starting submergence; 43
ps1 (296 KPa) is nceded for cach 100 ft (30.5 m) of starting submergence. In the
meantime. the air line is lowered so that its lower end is | 1 or so below the eductor
pipe. To mmate surging, the valve is opened quickly 1o allow air from the tank to
rush suddenly into the well. This tends o . .
drive the water outward through the well R ‘%{E’J
screen openings. Ordinanily, a bricf but T~ ) : P
forceful head of water will also overflow
or shoot from the casing and cductor pipe
at the ground surface (Figure 15.15).

When the air line :s pulled up into the - w = - :_'.’i’::';“
eductor pipe after the first charge of air  SZe,NG: r e ﬁ_,j}g
has been released into the well, the air lifi ; ‘%3;"—‘
will again pump. thus reversing the flow [ . 3 g
{water flowsinto the well) and completing : y ’, . ; 43"2-1
the surging cycle. ; oF

The well is pumped until the water T ) 2 2%
clears up. and then another “head™ of air e A3 _'.‘f 3325 :'i
1s released wath the air line set below the L o 2

eductor pipe. To resume pumping. theairr ’ DAY S Xk ~ :'.,-2"‘
line 1s again lifted. Surging cycles are re-
peated until the water is relatively free of «

sand or other finc particles immediately ;7.}'- - -~ -:_-""‘"'-' "\3‘,"5_-";2«:1
after the screen has received an air blast.  792v o ‘:";_w?’" j‘r-‘ié";;'r:,/i;_; vt
This indicates that development is ap- ,-,='s :;_'*;‘;bk‘rffv:'_’ﬂ'?:?’t‘f;ﬁq*‘.
proaching completion in the region near 7ol e

: . Figure 15.15. Dening air-lift development, brief but
l_hc bottom Of: the Cduc,mr pipc. Thc_ ?“-' powerful spuns of water will be ejected from the
lift assembly is then raised 10 a position top of the casung. (Test Drilling Senices)




Pdegote Bl |
a
T e

T -
K .

a

!
V.
Z'h
i

. DEVELOPMENT OF WATER WELLS 515

about 5 ft (1.5 m) hugher and the same operations are repeated. In this way, the entire
screen is developed in 5-ft intervals. From time to time, the air lift should be lowered
to its original position near the botiom of the well and operated as a pump 10 clean
out any sand that has accumulated inside the screen.

Several alternative surging procedures are avajlable In one method. the air line is
always retained within the eductor pipe. Surging 15 accomphshed by letting the water
column in the eductor pipe fall periodically. The well 1s then arr-hift pumped until
the water becomes clear. This cycle is repeated at different levels in the well screen
until the well is devcloped. In another method, the air hne is used in the casing and
the well casing acts as the eductor pipe. The surging cycle 1s the same as described
above.

Some drillers use an jsolated air lift to remove sediment more efTfectively from the
aquifer. Flanged gaskets are mounted on the 1op and boutom of the isolanion ool
(Figure 15.16). The gaskets should be snup fitting, bur sull allow some sediment to
move around them so tha: sand locking does not occur. Afier the screen has been
cleaned out initially, the 1solation tool is lowered to the top of the screen and the anr
hine 15 set at the proper depth. After each zone 1s developed by surging and air-hfi
pumping, the 1ool is lowered to the next section Thus, the formation 1s developed

in scparate stages.
‘ | Two development methods — air lift
I and mechamcal surging =— arc often com-

. ; = A Ing i bined to repair drilling damage and re-

. o ' move finc matenal from the formaton.

i L' This combined method 1s particularly

i '_," Casing i )

| S 1 suited o reverse rotary nigs cquipped

i b M | with air-lift assist. In this technique. a

| U_ls - ] omope | doublc surge-block assembly attached 1o

i HSE poar I the drill pipe is raised and dropped rap-
- e Foomnn . .

! gtz 5 Packer 1 idly to produce the required turbulence

! __‘._.__‘,'—"-L-‘i;.;:’..« ! in and ncar the screen ermult:mcousl_\.

, sizal ~ JEZtE o —Pertorated | water is lifted with air inside the dnll pipe

B are= s, —H

i ;:_'".ig « ‘:..:‘f.; ooe t from the zonc 1solated by the two surge

. g';::% - E;g ~ blocks After the water becomes free of

- (I T ":‘.:\ ' sediment. the assembly 15 lowered to the
ﬂil:"_i'.. - o ERE

I I O ~oE ' nextsection. This method 1s especially ef-

I fective 1n long screens because 1t can con-
centrate the dexelopment enerey on short

oS, - @ Hmaa X
: SIEE. < nEnE : ;
A G | secuions of the aquifer. It 1s imponant to
! - hd - .
é //g_’:;a"( SEN o S start this procedure at the top of the
o s be—<C
. atgn (7 ress ' screen to avoid sand locking the
S5 o EFNE —Packer bi
R ~ be £ asscmoly.
R B———— N
L‘—Hn:m,: i Under some conditions. the aquifer
RS ot '

may become air locked when a larpe burst

of air is injected mto the screened area of

- the well, Certain kinds of formations are
'gure 15.16. Isolation tools are used to focus the

- . 1
£nergy of air bursts on a specific part of the aquifer more pronc 10 ur lockmg FSpcc_lE“')
and to remose sediment by air hftng those formations that consist of stratified.

!
!
!
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coarse sand or gravel lenses separated by thin.impermeable clay layers. Aquifers with
good \ertical hydraulic conductivity are gencrally not affected. Surging with air usuajiy
does not lead to air locking. If somc air becomes trapped 1n the aquifer, however, {1
may impzde the flow of water toward the sereen. In formations susceptible 10 zir
locking. surging with air should be avoided. Other procedures such as high-velocity

jetung with water or air may be more suitable in formations where air trapping is a
problem.

High-Velocity Jetting

Development by high-velocity jetting may be done with either water or air. In
practice, jetting with water 15 almost always accompanied by simulianeous air-lify
pumping so that clogging of the formation does not occur. This dual process 1s de-
scnbed later in this section and 1s one of the most effective methods of well devel-
opment. The Jetting procedure consists of operating a honzontal water jet inside the
well screen so that high-velocity streams of water shoot out through the screen open-
ings. Jetting 1s particularly successful in developing highly straufied, unconsalidated
formations.

The cquipment required for jet development includes a jeting tool with two or
more cqually spaced nozzles, high-pressure pump, high-pressure hose and connee-
tons, siring of pipc, and waler tank or other water supply, The high-velocity jets force
water through the screen opemings. agitating and rearranging the particles of the for-
mation surrounding the screen. The filter cake deposiied on the borchole 1n conven-
ttonal rotary drilling 1s effectively broken down and dispersed so the dnlhing fluid
that has penctrated the formation can be pumped out. Jetting will also help correct
damagc to the formation's porosity and permeabilty resulting from drilling

Figurc 15.17 shows a jetling too! with four nozzles. Nozzles should be spaced cqually
around the circumference of the jetung tool to hydraulically balance the tool during
opcration: for example, four nozzles should be spaced 90 degrees apart. Best results
arc obtained 1f the nozzles are designed for maximum hydraulic efficiency. but hor-
izontal holes drilled in a plugged pipe or coupling will be reasonably effecuse. The

Nozzle '

Figure 15.17. Four-nozzle jetting tool desizned far jet development of well screens. The check valve allowns
the jetting 100] 1o be uscd fur intermittect pumping of the well. A plate bottom is often used ia placc of
the check valbve il the tool 1s not to be used for pumping. To avoid breakage, the pipe base of the 120
can be made of heavy-»all pipe if it is te be attached to the bortom of the drill pipe. At right. a jetung
tool 1s being lomered 1nto inner casing that has been cestered in the surface casing.

A
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jetting tool should be constructed so that the nozzle outlets or holes are as close 10
the inside diameter of the screen as practical [generally less than | in (25.4 mm)).

In many jetting operations, water containing sediment is recirculated through the
jetting tool, thereby causing crosion of the nozzle bores and a pronounced pressure
reduction at the nozzle face. Erosion of the nozzle bores may be a significant probler
if the nozzles are constructed of mild steel. Therefore, all nozzles should be constructed
from stainless steel pipe or other abrasion-resistant material. High concentrations of
sediment can also damage screens if the jets are directed at one area for long periods.
Thus, every effort should be made to limit sediment concentration in water used for
jetting.

The lowest nozzle velocity for effective jetung is considered 1o be about 100 fi/sec
(30.5 m/sec). Much betier results can be expected when the nozzle velociies are 150
1o 300 ft/sec (45.7 10 91.5 m/sec). Velocities higher than 300 fi/sec may nol resultin
sufTicient addiuonal benefit to justify the added cost. In fact, velocities obtained by
using pressures higher than about 400 psi (2,760 kPa) at the nozzle may cause abrasion,
depending on the screen material, the distance between the nozzle and screen bods,
and the amount of sediment carried in or entrained by the jeting water. In general,
200 psi (1,380 kPa) at the nozzle 1s the preferred operating pressure for metalhic
screens, Great care must be exercised in jetung screens constructed of PVC or other
less abrasion-resistant materials, All jetting of PVC screens should be done only with
clean water to minimize abrasion, and the pressure should not exceed 100 pu (690
kPa). Table 15.2 provides data for nozzles of several sizes at different operating
pressures.,

The pipe that attaches 1o the jetting tool should be large enough to minimize frichion
losses so that velocity at the nozzle is as high as possible. Sizes generally used are
given in Table 15.3.

Jeuting can be accomplished with virtually any drilling rig. but it is morc conyen-
icnily done with rotary rigs because the mud pump can supply the required downhole
pressurc. When using a rotary rig. the jetting tool is attached 1o the lower end of the
drill string and rotation 15 controlled by the ng The jetting tool 15 placed near the
bottom of the screen and rotated slowly while being pulied upward at 5 to 15 minutes
per foot of sereen. depending on the nature of the fermation. Material loosered from
the formauon accumulates at the bottom of the screen as the jetung tool 15 raised
siowlv. This material is removed later by air-lift pumping or bailing. By slowls rotating
the jetting too! and gradually raising it. the entire surface of the screen is exposed 10
the vigorous action of the jets. Several passes are made up the screen until the amount
of additional material removed from the formation becomes negligible. To avoid
erosion of the screen and to expedite development the jetting tool should never be

Table 15.2. Approximate Jet Velocity and Discharge per Nozzle
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operated 1n 2 stauonan pasiion.

In general. the effecuveness of the jeting process is controlled by the open area
and slot conficuranion of the screen and the thoroughness of the jetting operation.
The screen should have as much open arca as possible. and the openings should be
evenh distmbuted around the circumference of the screen. These conditions permit
the jetting acuon 1o reach a high percentage of the formation around the screen. The
configuration of screen openings can either enhance or retard the velocity of the water
as 1t passes through the screen (Figure 15.18). High-velocity jetting works effectively
through V-shaped openings in continuous-slol screens, but it is less useful 1n punched
or lourered pipe where slot configuration impedes access 10 the formation.

Opumal remoral of sediment by jetting will depend on the ume allotted 10 the
process Because the jetuing energy can focus on only a small pant of the formatuon
at a given moment, more me may be necessary than for other methods that affect
a larger portion of the formation. Less sausfactory results from jetung almost inev-
tably occur when not enough ume is allowed for a thorough job.

Jetting with Air

Jetting with air s an alicrnative 1o water jetting. In areas where watcer is not readily
available, air jetung 1s an extremely practcal procedure that produces good results
in both consolidated and unconsolidated formations. Its usc requircs less sct-up time
because, 1n most cascs, air has alrcady been used to drill the borchole. In addition,
jetting with air imtiates air-lift pumping, which helps remove sediment from the well.
Casing size and air-line submergence will affeet the efficiency of air-lift pumping. The
main disadvantage of air jetting 1s that many nigs arc cquipped with compressors
having himited pressure capabibitics. A 125-psy (862-kPa) compressor, for caample,
can opcrate only at starung heads thatare less than about 285 f1(86.9 m). Furthermore.
the pressure near the bottom of the well may be so great that. even if the compressor
can pump air. the actual compressed (arr) volume 1s so small that the amount of
turbulence gencrated may not be suflicient 1o develop the well effuctively at that
point. In certain locahitics, howeser, additional hugh-pressure. high-volume air com-

Table 153. Minimum Size of Pipe Required to Hold Friction Losses to a Total of
Appronimately 20 ft (6.1 m) of Head

Pumping Rate Pipe Length
100 f1 200 1t | 400 ft 600 ft
(30.5 m) (61 m) (122 m) (183 m)

gpm m'/day in mm in mm | in mm in mm

35 191 114 38 112 38 2 51 2 51

50 273 | 1 8 | 2 s1 | 2 51 | 2% €4

75 409 2 51 |2 51 2V 64 3 7h
100 545 2 51 RS 64 k! 76 3 76
150 818 2 64 3 76 4 102 4 102
200 1.090 3 76 3 76 4 102 4 102
250 1,360 3 76 4 102 4 102 5 127
300 1.640 3 76 4 102 4 102 5 127
350 1,910 4 102 4 102 5 127 5 127
400 2.180 4 102 4 102 5 127 5 127

|
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~ pressors can be rented 10 help in the development process
The methodology used in air jetting is the same as that used in water jetting. Because
"air is 2 compressible fluid, however, it is not possible to specify anticipated nozzle
velocities; the actual (compressed) volume of air emitted from the jetuing tool will
be controlled by the head of water in the casing (see Chapter 11). Ordinarily, the
compressor capacity of typical rotary rigs is sufficient to create enough air to jet
“effectively in wells 150 to 300 fi (45.7 to 91.5 m) deep. For water well work, the
nozzle sizes for an air-jetting ool are approximatzly the same size as those for a water-

" jetng tool.

In formations susceptible 1o air locking, an air-jetiing tool with small holes drilled
in the bottom should be used to develop the formation. Air coming out the boitom
of this special jetting tool enhances the efficiency of the air lift. thereby entraining
waler, sediment dislodged by the jets, and air that could become trapped in the
adjacent sediments. The tool can be pulled up penodically within the casing and used

Slotted pipe Louverec screen

Figure 13.18. The open area of the screen and the configuration of the slot openings are important factors
controliing the effectneness of development procedures using water jetung. :
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solelv as a conventional air-lift device. B

In conclusion. development by jetuing offers several advantages. Energy 1s concen-
trated over a small area with great cffectiveness. every part of the screen can be covered
selectively, and it 1s relatively simple 10 apply and is not likely 10 cause trouble from
overapplication. Although water jetuing imparts a more powerful force into the for-
mation compared with air jetting. an air lift uswally occurs dunng air jetting which
assures that fines will be drawn out of ihe formation efficiently. In water jeiting. water
is being added 10 the formation so that fine material may not move into the screen
quite as readily.

High-Velocity Water Jetting Combined with Simultaneous Pumping

Although water jetting procedures are extremely effective in dislodging matenal
from the formation, maximum development efficiency is achieved when water-jetting
procedures are combined with simultaneous air-lift pumping or other pumping meth-
ods (Figure 15.19). This combination of development techniques is partscularhy sue-
cessfe! fur wells in unconsolidated sands and gravels. In water jetung. water 1s added
1o the well at a rate governed by the nozzle size and the pump pressure The volume
of water pumpced from the well should always exceed the volume pumped 1n durine
Jetung because sediment removal is greatly cnhanced with higher discharge. Thus.
the water lesclin the well will be kept below staue level and some water will niove
conuinuously from the formauon into the well screen as the work procceds. The steads
. movement of watcr into the well heips
remorc some of the suspended material
I " looscned by the jetting operation. The air

" _-Grout lift then pumps the sediment from the

| ‘ well before it can sctile in the screen
II " _ Table 15.1 lists the air-linc diameters
J rccommended to pump certain volumes
. - of water. Occasionally, the size of the air
linc may have to be decreased somewhat
so that it fits into the annulus between
the jetung pipe and the casing. Another
alternauve is to decrease the size of the
jetting pipe. The air-1ift system operates
. best when the bottom of the air Line is
. placed just above the jetting tool. because
more suspended sediment will be carmied
up the borchole. When using high-veloc-
1y jetting procedures, deselopment
should start at the bottom of the screen.

The jetting water is usually clean water
hauled to the drill site. In insiances where
sufficient water supplies are unavailable,
the contractor may use the water pumped
from the well. To avoild damaging the

Figure 15.19. The jetting tool and drop pipe are

separate from the air line so that jetting and au-
Lift pumping can be done simultaneously.

high-pressure pump, jeting nozzles, and
screen, however, the fine sand pumped
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from the well should be settled out in a tank or settling pit before this water 1s
recirculated. To enhance the development process, chemicals such as polyphosphates
are often addcd to the jetting water to help break.up clays.

When air-lift pumping is impractical, 2 submersible pump can be used during jet-
ting. Usually the pump must bz placed well above the jetting too! so that the amount
of sand passing through the pump is minimized. Thus, the pump causes matenal
temporarily placed in suspension by the jetting action to move into the screen. but
much of the material falls 10 the bottom. This sediment must bz removed periodically
during the jetiing and pumping operation so the entire screen 15 developed.

A COMPARISON OF THREE DEVELOPMENT METHODS

Cenair development methods exert more powerful cleaning forces on the formation
than do others, and thus are betier able to remove the dnlling fluid and create a zone
of high porosity and hydraulic conductivity around the screen. Results from an ex-
perimental well field at the Imgation Resecarch Center at Staples. Minnesota dem-
onstrate the relative differences in three development methods Ten imgaton wells
were constructed at Staples in surficial glacial outwash, using three 1ypes of well
screens This site was chasen because of the highly uniform nature of the aguifer Al
wells were drilled by the direct rolary drilling method. Two difterent 4nilling lud
additives were used — bentonie and polymer. After well construcuion, ecach sereen
was developed in three stages, first by overpumping, sccond by mechanical surging.
and third by water jetting and simultancous air-lift pumping Each devclopment
mcthod was continued until the water was essentially sand free. A 24-hour pumping
test was conducted after cach of the three devclopment episodes, data were acguired.
analyzed. and stored with the aid of a computer system. The S1aples invesugation s
one of the few scientific studies conducted in a umiform aquifer that examines many
of the well construction and completion

I

variables that affect development. L A
Results of the study show that the av- g'g

crage specific capacinies of the wells | § 20,

drilicd with bentonite improved 74 per- '3

cent when overpumping was followed |§ 136

successively by mechanical surpng and g 110 ]

simultancous water jetting/ar-hft pump-  * 2 — l

ing (Figurc 15.20). Drawdown daia sug- ‘é 101 78 f l

gest overpumping is the least effective of : o - | [

these threc development methods. & : ;

whereas simultaneous water jetung/air- - v;’ i !

1ift pumping removed sedimentand drill- i< t !

ing fluid that the other development After After After

methods could not dislodge. In general. over- surgng  jeting

test data from Staples show thatthe even- pumping

tual specific capacity of a well depends to

" Figure 15.20. Average specific capacities of wells

a greal _:Mcnl on what development drilled with bentonite. after vanous development

method is used. methods. Individual spealic capsaties were mea-

1 Pl sured when no more sediment could be diclodged

. As suggested ca.rher m 1}'.115 chapter, l_hc from the formation by a particular deselopment
mmprovement in  specific capacity  method. (3 erner ¢r ai. [vav.
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achizvied by any aevelopment method may be senoush retarded because of limiied
open area. For the wells dniled with bentonite. lhosc_ completed with screens having
more than 13 percent open area had 32 percent greater specific capacities than those
completed with screens having less than 18 percent open arca (Figure 15.21). As the
open area of the screen is increased. the enhanced effecuveness of the developmemt
causes a corresponding increase in specific capacin.

The specific capacity of a well 15 also a funcuion of which dnlling fluid 1s selecied
For each development episode, wells dnlied with polvmer averaged 536 percent higher
specific capacities than did the wells dnlled with bentonie (Figure 11,21, page 362)
(\Werner et al.. 1950). This difference occurs because some of the bentonite pznetrates
farther 1nio the formantion during the dnlling process than any developmert method
can réach. On the other hand. polymenc dnlhing fluids bevond the reach of a devel-

opment method simply break down naturally over ttme and thus offer no resistance
1o flow.

USE OF POLYPHOSPHATES IN DEVELOPMENT

Adding a small amount of a polyphosphate before or during desclopment helps
considerably 1n removing clays that occur naturally in the aquifer and those clays
introduced 1nto the borchole as part of the drilling luid Polyphosphates disperse the
clay parucles 1n the formation so they can be removed. Enough time must be altowed
between introduction of the polyphosphate and development. usually overmight, so
the clay masses become completely disaggregated (sce Chapier 11). After the pols-
phosphate solution s jetted or surged 1nto the screcn. water should be added 1o the
well to drive the solution farther into the formation,

Two types of pols phosphates 2-c used 1n well deselopment — crystalline and glassy,
Crsiailine poly phosphates that help remove clays from the aquifer arc sodium acid
pyrophosphatc (SAPP). tetrasodium pyrophosphate (TSPP). and sodium tripoly-
phosphatc (STP). Sodium heaametaphos-

I phatc {SHMP) 15 a glassy phosphate that
:% Soreens with is rcadily availgblc and thercfore often
g 20. "‘00;':;':&‘“5 used 1n developing wells. About 151b (6.8
| = i 164 kg) of a polyphosphate should be used for
{“8’ ‘eSSSE:'T? B ~each 100 gal (0.4 m') of water in the
g m‘:.,: * 135 screen. Two pounds (0.9 kg) of sodium
L 10158 . hypochlorite (3 10 I5 percent chlorine so-
} g 10 : " lution) also should be added to every 100
i a Al i 2 gal of water in the well 1o control bacterial
’f_cj" z " growth promoted by the presence of

3 ! i ‘ polyphosphates.
< 0 i xl Polyphosphates should be premixed
15t 2 33 15t 2nd g . before introduction into the well because
Development stage J they do not mix easily with cold water.

Occasionally the mix water 1s heated to
Figure 15.21. Open area of the well screen controls

the effectiveness of various development methods
for wells drilled with bentonite. In general, devel-
opment is most effective when the screen open area
is the largest. (M errer ¢t al,, 1950. Driscoll et al.,
19506a)

help dissolve the chemical. In general, the
lighter the density, the more quickly the
polyphosphate will go into soluuon. So-
dium tnpolyphosphate, for example, 15
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available in three densities. If the polyphosphate is jetied, some contractors usc a
solution with twice the reccommended concentration. A larger amount of polyphos-
phate, however, does not give significantly better results when used for dnlling fluid

.dispersion and, under certain conditions, may cause serious problems.

Care must be exercised if SHMP 15 used because the phosphate can become glassy
in the well under certain conditions, causing severe plugging of the formation and
screen. For example, an over-rich solution of SHMP can precipitate glassy phosphates
on contact with the cold groundwater found typically in northern Europe 2nd southern
Canada. These glassy precipitates arc gelatinous masses that are extremely difficult
to remove because no effective solvents exist. Acids will break down the glassy con-
diton eventually, but the ime required is impractical for efficient well development,
Therefore. plassy phosphates should never be dumped undissolved into a well The
use of a glassy phosphate also can be undesirable in cenain formations Although
hitle is known about the exact chemical conditions that may cause the phosphate to
become semisohd in a borchole, experience has shown that the use of SHMP can be
2 problem in glavconmiuic sandstones. SHMP 1s available in pizie form, crushed, or as
a powder, which affects the density of the product.

The addiion of wetling agents 10 polyphosphates will increase their effectivencss
in disaggregating clays. One pound (0.5 kg) of wetung agent (for example. Pluronic
F-68) 1s added 1o 100 gal (0.4 m*) of polyphocphate solunon Welting agents and
pohy phosphates should not be used 1n formations with thinly bedded clayvs and sands.
because these chemicals tend to make the clayvs near the borchole unstable, causing
them to mun with the sand. The hydraulic conducuvity of the aguifer near the borchole
15 then reduced and clay continually passes into the borchole during cach pumping

RIE TR
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CHAPTER 19 "
Well and Pump Maintenance and
Rehabilitation ;

PR

Wz rehabilitation 1s defined as restoring a well to its most efMicient condition =
vano.s treatments or reconstruction methods. The accessty for well rehatilitat ~a
will ezpend on the cffectiseness of the maintenance program and how faahigih o
has brzr followed. In somc cases, a magor reconstruction of the well may be necesae s
such & replacing the sereen or himing a paruon of the casing. Timely maintenas oz
“T desig= :¢ 1o orercome specific problems can sustain well performance, thereby - -
longi- ¢ well hife

r

u

Eftcziise maintenance programs begin with well construction records showing pr -
logic cznditions. water quality and numping performance. especially speaific capac =
A careil!study of the opeaating history of other wellsin the focal regron should sugpse
loptea” steps for devising mainienance schedules o: rehabilitavion procedurces So mz=-
vanat.zsarcinvolved. howeyer, that a single maintenance progri..n cannol be deviv-c
that w:.. work for cveny hycrogeologic condition and cvery type of well.

Insy=ct.on and routine maintenance schedules must be estaohished on the basis ~f
the inc..1dua! cnaractenistics of the well and pump. It 1s important 10 take notc =f
any chezges 1n the operating characteristics of the well and pump. because both cza
deteniczie to the point where rehabilitation is difficult, if not impossible. Expenerce
indicaie: that if the specific capacity of a well declines by 25 percent, 1t 1s ume *9 )
miuate rehabilnation procedures. Further neglect increases costs for maintenzzze
significenily

To dziermine any loss 1n perfor mance, some reference mark will be needed. Pez-
formar:z standards are established by conducting a pumping test as pant of the ccm- -
plcuion of evcry new well The data from this 1est should be given to the owner .n
the forrz of a written report. This wall allow the we!l owner 1o monitor U 2 performerze

- of the well to detect any dropin yield. These data also guide a rehabihitation contracosr
o in devisizgz an appropnale rehabilitation procedurc. A form lisung the imporien
al informawon 1o be retained 2t the well site is in the pockel of this book.

Loss of a major walter supply, even temporarily, is intolerable in many cases. Thers-
fore, ongoing performance evaluation of the well 1s mandatory if well failures are 1o




VWELL AND PUMP MAINTTNNANCE AND REHABILITATION 63]

be avoided. The checklist below can be used 10 evaluate the performance of a wel!

« What is the static water level in the production well”

+ What is the pumping rate after a specified pertod of continuous pumping”

» Whatis the pumping water level after a specified period of continuous pumping”

« What 1s the specific capacity after a specified period of continuous pumping”

« What1s the sand content in a water sample afier a specified peniod of continuous
pumping?

e What is the 1o01al depth of the well?

e What is the efTiciency of the well?

« What s the normal pumping rate and how many hours per dav does 11 operate”?

« What has been the general trend in water levels in wells in the arca?

+ How much drawdown 1s created 1n the production well because of pumping of
nearby wells?

A significant change in any of the first 7 conditions histed above indicates that a well
or pump 15 in need of attennon. For instance, a dechine in the specific capacity maght
indicate plugging of the screen-slot openings.

Once inspection proccdures have been established, they should be followed 1n cven
subscquent inspection. The pumping tests, for example, should be run for the same
length of time at the same rate, and have the same period of recovery Local well
drilling or pump-maintenance contractors arc helpful in establishing procedurces. and
sometimes offer maintenance contracts. These individuals retain records of all main-
tenance they perform and provide wnitten reports to the well owner A tvpical pummping
(aguifer) test data form that can be used for mantenance evaluaiion s an the pocke!
of this book.

After the pumping-test data have been recorded. they can be compared with the
onginal numbers and an evaluation made regarding any dechine i the well's pertor.
mance since the last survey, Storage of well records can be tacihizated by the use of
computers. For relatively low cost. complcte well records can be maintained that can
help forccast when maintenance and rchabilitation work should be vaderiahen,

Table 19.1 hists the most prevalent well problems occurning in various types of
aqutfers and the typical maintenance frequency required. The mantenance fipures in
Table 19.1 arc basced on wells constructed to locally acceptabie design ard construction
standards 1n the United States that may not be consistent with the pest mratenals or
mcthods available. Therefore. although these maintenance schedules are realisuc an
light of the matcnals and construction methods used. they propably indicaie greater
frequencies than would be anticipated if the best wechrology were ussd

MAJOR CAUSES OF DETERIORATING WELL PERFORMANCE

Five major problems occur with wells over time. The first involves a reduction in
the well yvield. Well yield may be reduced by chemical incrustauon er biofouling of
the well screen and the formation matenals around the intake poriioa of the well.
Detenorating screen and formation conditions can be alleviated by th2 maintenance
procedures discussed below. Of course. other environmenial factors enner natural
or manmade. ma: lead to reduced yields. but correction of these condiyons may be
difficult or imposs:ble because of political. engineening, or natural constraints For

example. a genera! drop in the water table caused mainhy by shori- or long-term
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chimaue trends wiil reduce well yield. as will interference from nearby wely, Also

GROUNDWATLR ANOWELLS

the pumiping level may drop over time in wells pumped continuously when the lrans-

russivity of the aquifer himits the amount of water that can reach the wells, even

Table 19,1, Most Prevalent VW ell Problems Occurring in Various Types of
Aquifers and the Typical Maintenance Frequency Required

Aquifer Type

Most Presalent Well Problems*

Major Maintenance

Frequency Requirement

Bas<aluc Livas

Himerbedded
psandstone and
| shalc

Mctamorphic

Consolidated
scdimentary

Scmiconsolidated
and consolidated
| sedimentary

i
i
!
|

Fissure plupging by clay, silt, and
carbonate scale

Fissure and vesicle plugging by
¢lay and silt; some scale
deposition

Low mitial yiclds, plugging of
aquifer by dday and ylt fissure
plugging: hmited recharge: casing
farlurc

Low mmitial yicld. fissure plugging
by silt and clay: mincralization of
fissures

other minerals: low to medium

i
Fissurc plugging by 1ron and ]
!
immital yield l

Clay. silt. sand intrusion;
incrustation of screens in sand
and gravel wells: fissure plugging
of imesione aquifers in the l
interbedded sand. gravel, marl,
clay, silt formations: biologic
fouling: jron precipitation

{Municipal)
Alluvial Silt, clay, sand intrusion: iron 2.5 years
precipitation; incrustation of
screens. biologic fouling; hmited
recharge: casing failure
Sandstone Fissure plugging: casing farture, 6-10 years
sand production; corrosion
Limestone

6-12 years

6-12 vears

37 years

12-15 years

6-8 ycars

5-8 years

*Excluding pumps and czciining water tables,

Estimates of major mainterance {requeacics are based on the following assumprions’
1 Welly are being parpc continuously at the highest sustained rate they are capable of producing
2 Major mainienance is ruguired woen the sustained vield decreases 1o 75 percent of the sminial yield

3 Major mainicnance 13 considered 1o represent a cost expenditure of 2pproximately 10 percent of the tota)

current replacement cost Miinor mainterance 1s excluded.
4 Wells arc designed :n accordance w.th curtent pracuices, not necessanly in accordance with best available

technology
(After Gass et al.)
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though enough water may cxist 1n the aquifer on a regional hasis,

P.ugging of the formation around the well screern by fine paruicles 18 ine second
factor 1n deterniorating well performance. Small particles 1n most unconso..2zted for-
‘mations are disturbed during pump cychng. and while temporanlsy 1n suspssion thes
move gradually toward the screen. This same phenomenon apparently occers inwmells
constructed in ignecous and metamorphic rock, where the oripinal specific czpacity 1e
oftern reduced 10 to 20 percent within a few months of operation Sz parnicles
accumulale 1n the cracks, fissures, joints, fractures. or cavitizs thai prev.o. most of
the water 1o the well

The third factor in wcll failure is the onset of sand pumping Some we.ls alwavs
pump sand, a condinion usually attributable 1o poor well design or 1nacdzquate de-
velopment. Other wells masy begin 1o pump sand after months or years ¢f service.
Leczahized corrosion of the well screen or casing, or incrustation on only 2 7ortion ¢f
the screen. can produce higher velocities through either the corroded vpern.ae or tre
nonincrusted arcas of the screen Sand grains moved by these higher veleniues mas
crode and cnlarge the screen openings mechanically. allowing larger griaise to enter
the screen (Figure 16.1). Thus, corrosion and incrustation are major facicss mn sand
pumping problems that develop over ume. In some well-cemented sancstones re-
mosal of the vement by wat~r passing into the well can weaken the sandst=ne 1o the
point where sand particles begin 1o move into the well, If this situanion o.zurs, sand
pumping may increase steadily.

The fourth causc of well failure involves the structural collapse of the well casing
or screen. This type of failure is often produccd by low-pH (acidic) waters containing
high total dissolved sohids and carbon diovide concentrations that combirz to cause
clectroly tic corroston along the casing below the statie water leved

The last factor aftecung weo perfor.
mance. althoupgh ndirecty, 1o e con.
dinon of the pump “Mistakes = the de-
signh and construction of the well can
causc severe damage 1o the pump over
tume. The impellers. impeller nousing.
and pump shaft arc particulass suscep-
tibic 1o sand pumping. Corrosion of
pump parts 18 also another ser-us prohe
lem an low-pH waiers. Eitheroftnese con-
ditions can drasucally reduce th: :fMicient
lifc of the pump.

WELL FAILURE CAUSED BY
INCRUSTATION

Chemical and biological insrustation
are major causes of well fariurz Water
quality cniefly determines the cxcurrence
of incrusiation. The surface cozractens-
tics of the screen itself may 250 play 2

-

Figurc 19.1. Ervsion of this well screen resulied e ] " y me ey -
from incrustation that cavsed high Mow yelocities part in rezelating tae rate 3t waich -

through the remawniag open area. crustztion cccurs If the scrzzz 1s con-

LR
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sirusizd of rough-surface metal, for exampie., incrustanis may build up at a taster rate
The \ina and amount of dissolved minerals and gases in nawural waters determne
their tendency o deposit miperal matier as incrustation.

Groundwater normally moves slowly through sotl. sand. and gravel. and 1s 1n con-
13zt with the minerals of these carth matenals for hundreds 1o thousands of vears.
The ume 1550 long that the water, with its dissolved muneral salts. 15 in guasichenical
cactipriam with s1s environment. Thos, the water may be nearly saturated with e
mzior minerals in the aguifer matenals. Any change in the chemical or physical
cordiuons upsets the cquilibrium and may cause precipitation of refativels insoluble
maicnais The chemical equilibrium 1s upsel when the well 1s pumped: 1n gencral,
the zrearer tne drzwdown, the greater the disequibibrium wall be. ]

Deposinon of only a minute fraction of the minerals 1n the water will cause sernious
clogeing If material 18 dropping out of the water entering a screen 20 1 (6.1 my
Jore 1200 (305 mmysn diamcter, and pumping 500 ppm (2,730 m'/dasy at a rate of
P'mg  adeposit of 610 {2 7 kg) per 24 hours would result, Assume the matenial s
halt caleium carbonate and half magnesium carbonate, with an aserage specific gravity
of 30 It the poresiy s 20 percent, all of the vords in the sand through a thickness
of 6an (132 mm) outade the sereen would be completely filled 1n 293 davs,

Theancrustation often forms a hard, bratle. cementhihe deposit stnular to the scale
found in water pipes Under diflerent conditions. howeser, it may be a saft, pastelibe
sludy s of g gelatinous material, The major forms of incrustation include: (1) nerus-
tton fom preapstation of calcium and magnesium carbonates or their sulfates: (2)
incrusiation from preapiiation of ron and manganese compounds. primarilhy their
hydravides or hydrated oaides: and (3) plugging caused by shme-producing iron bac-
cria or other shme-forming organisms (biofouling).

Causcs of Carbonate Incrustation

Cheriucal incrustauona usually results from the preciprtation of carbanates, prin-
cipally calcium, from groundwater in the proainnty of the well screen. Other sub-
stances. such as aluminum sihicates and 1ron compounds. may also be entrapped 1n
the scalelihe carbonates that ccment sand grains together around the screen The
deposit fills the v oids. and the flow of water into the well is reduced proportionately.

The probable explanauon for this phenomenon is as foilows. Calcium carbonate
can be carmed 1a solution 10 proportion to the amount of dissolved carbon dioaide
in the groundwater. The ability of water 10 hold carbon dioaide in solution varies
with pressure — the higher the pressure, the higher the concentration of carbon dioa-
tde. When water 1s pumped from a well 1n an unconfined aquifer, the water table is
drawn down to produce the necessary gradient or pressure differential in the water-
bcarmg formation to cause water to flow into the well. The hydrostatic pressure n
the deeper poruions of the water-bearing formation is thus decreased. with the greatest
change being at the well Because of the reduction in pressure, some carbon dioxide
18 released from the water. When this occurs, the waler is often unable 1o carry its
full luad of dissolved calcium carbonate and part of this material 1s then precipitated
Onto the well screen and 1n the formation matenals adjacent to the well sereen. Pump-
g a well in a confined aquifer produces a similar pressure reduction and resulting
Precipitation.

Formation of calcium carbonate precipitate from calcium bicarbanatc is the classic

et

rac]
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example:

e

Ca(HCO,), —4FP CaCO,] + CO:1 + H.O

where £ P is a change in pressure. Solubility of calcium bicarbonate on the lefi sids

* of this equation is about 1,300 mg/t; solubility of calcium carbonate on the night side
is about 13 mg/l. Carbon dioxide (CO.) escapes when the head. or pressure. 15 reduced
Magnesium bicarbonale changes to magnesium carbonate in the same manner when

the carbon dioxide is released. but magnesium carbonate incrusiation occurs only 1n
special instances because 1t 1s still soluble ai concentrations over 5.000 mg/r (Kemmer.

1979). Precipitation occurs, thercfore. only when the carbonate concentration evcoeds
this level.

Causes of Iron and Manganese Incrustation

v

Many rocks throughout the world contain iron and mangancese, an.d arc the source
of iron and mangancse 10ns found 1n groundwater if the pH 15 about 5 or less. Dunin,
pumping, velocity-induced pressure changes can disturb the chemical cquilibrium of
the groundwater and resultain the deposttion ol insoluble 1ron and mangancse hy-
diouides These hydroxides have the consistency of a gel. and may occupy relatineds
large volumes: over tume, they harden into scale deposits Dissolved ron s affected
by pressure reduction as indicated;

Fehco) 2P rqony | + 200 ¢

Solubnhiy of ferrous hydrovide on the night side of this cquation v ess than 20
mg/t. If oxygen s antroduced by acration duning pumping, addinonal precipitiion
of fernic hyvdroxide occurs:

4FctO). 4+ 2H O + O, — 4Fe(ON), |

Solubihty of fernic hydrovide on the night side of this cquation s less than 0.04
mg/t.
Soluble mangancese becomes insoluble tn the same way as iron

2Mn(HCO)). + 0. + 2H.O — 2Mn(OH),] - 4CO *

Further oxidation of the hydroxides of iron and manganesce. or an increase 1in pH.
causes the formauon of hydrated oxides contamning these tons Ferrous 1iron in so-
lution. for example. can react with oavegen to form ferric ovide

2Fe-? + 4HCO.- + H.O + ':0, = Fe.0, + 4CO. = FH.O

The fermc oxide 1s a reddish brown deposit similar to rust. whergas the hvdrated
ferrous oxide is a black sludge. The insoluble manganese ovide 1s aiso black or dark
brown Iron and manganese deposits are often found associated with calcium- and
magnesium-carbonate scate.

Sometuimes the chemical deposits are hardly noticeable. For example. samples of
the formation sand adjacent 1o well screens at a ity 1n Michigan, an industnal plant
in nortaern Indiana. ard a plant in southern lllinots revealed no extraneous matenal
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in the sand voids. but all the sand partucles were coafed wiiz hydrated iron onide
These wells had suffered severe reduction 1n speciiic capaciiy over a period of three
or four years. It :s also quie possible that ferrous hvdrowude. 2 white and flufiy
precipitate. had been lodged 1n the voids of the formation but was broken up when
the samples were taken and was unnoticeable.

In the cone of depression around a well 1n an unconfined aquifer, air enters the
voids and ovidizes iron in the films of water adhenng 10 individual sand gramns. If
pumping 1s siarted and stopped intermitiently. a coating of iron oxide can build up.
thereby gradually reducing the void space in this part of the formauon. This action
reduces the formation’s storage capacity in the vicinity of the well, and the cone of
depression enlarges more rapidly than it would otherwise.

Prevention and Treatment of Incrustation Problems

Trus far, a means of preventing the incrustation of well sereeas has not been found
One unique method does caist, however, that 1s dessgned 1o reduce the amount of
tron incrusting materials reaching the well sereen. This method. called the Vyredon *
System, uscs a serics of imjection wells located in a circle around the production well
Ovygenated water is injected into the wells 1o oxidize 1ron in solution and promote

the growth of iron bacteria so that little iron reaches the production well, See Chapter
23 for a more detailed description of this method.

For most wells where incrusting materials cannot be remosed before reaching the

well, several actions can be taken to delay incrustauon and make 1t a less serious
problem. First, the well screen should be designed to have the maximum possiblc
inlct arca to reduce the flow velocity to a minimum through the screen openings
Sccond. the well should be developed thoroughly. Third. the pumping ratc mas be
rcduccd and the pumping period increased. thereby decreasimz entrance velocitics,
Fourth, the pumping load may be divided among a larger number of smaller dizmerer
wells insicad of obtaining all of the supply from only onc or a few larger diameter
wells

Fifth, a more frequent maintenance or cleaning procedure for cach well should be
pracuced whereer local experience shows considerable difficulty from incrusiauon.
In these arcas. a qualified water well contractor should be called to perform the
nccessary maintenance. Corrective measures should not be put off until drastic means
must be taken. Contractors generally know the best procedure 10 use from their past
experience in the local area. .

In localiies where incrustation of wells is prevalent, samgies of the incrusting
matenals and the water should be analyzed. Samples of the incrustants can often be
obtained from the outer surfaces of pumps, suction pipes, or well screens. The con-
stituents will normally include calcium carbonate, iran oxide, silica, aluminum sili-
cate, or organic material. The matcrial causing the clogging will usually be a mixture
of several things, not a single substance. Recent research has shown, for example,
that incrustants on the outside of a well screen may consist of precipitated clements
from the groundwater, whereas most of the depositional products on the inside of
the screen onginate rom the screen itself (Figure 19.2a and b). The proportions of
the various substances shown by the chemical analysis should indicate the kind of

treatment and the type of chemicals that would be most successful in recavering well
yicld.

e
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—A:id Treatment of Wells

Chemical incrustation can best be removed by treating the well with 2 strong acid
sciztion that chemically dissolves the incrusting matenals so they can be pumped
from the well. Strong acids are used more often than any other type of ckemical for
well rehabilitation. Their chief value hes in their ability to dissolve minzral scale as
wtll as some of the iron deposits formed by iron bacteria. The acids mos: commonls
uszd 1n well rehabilitatton are hydrochloric (HC), sulfamic (H,NO,S; 2=d hydrox-
yzzetic (C,H.0,).

Hsdrochloric (Muoriatic) Acid

Hydrochlonc acid (prepared commercially under the name munatic zad) is one
of the most effective acids for removing mineral scale. Commercially prepared hy-
drochlonc acid is a clear 10 yellowish solution of hydrogen chlonde gas c:ssolved 1n
wzter. 1t s available in several strengths that are identified by degrees Bzumé®; com-
men strengths are 18 and 20 degrees Baumé which are 28 and 31 percent Exdrochlonc
aad, respectively. Hydrochlonce acid 1s commonly ordered with an inzibitor that
mimimizes the acid’s corrosive effect on metal wells screens, casing. and pump
componcnts,

In treating wells. hydrochloric acid is usually introduced into the well screen by
conducting it from ground surface through a small-diameter plasuc or blazy iron pipe.
1115 best 10 use a quantity of acid equal to the amount of water in the screen plus
anaddnional volume of 25 1o 50 percent.
To reach farther into the formauon, acid
volumes of up 10 twice the screen volume
¢az be used. Tablce 19.2 shows the proper
armount of hydrochloric aaid to use 1n
small- and large-diamecter wells,

Although 11 1s an cxtremely effecuve
well cleancr, hyvdrochloric acid has a
nember of drawbacks. 1t s extremcely
dangerous 1o handle. Once placed 1n the
well. the acid produces large quantitics of
touc fumes that are expelled from the
weil bore within moments  Inhalauon
of these toaic fumes will cause death. and
ceatact of the hquid with human ussue
can easily result in serious injury.

Selfamic Acid Figure 19.2a. Incrustants have {ormed on the inside

: H : : and outside of this steel pipe-based weil screen that

Sulf_amxc acidt 1isa dry. white. g_r:\nular is wrapped with a shoted.brass [er. Visual ea-

material that produces a strong acid when  amination of the ingustants sucyess that the po-

. . : rous incrustants on the inside of the screen contain

mixed with water. lts solubihty 'm water different minerals than the dense. well-bonded in-
1ircreases with temperature. ranging from  crustants on the outside.

*Degrees Baumeé 1s 2 scale refemng to the specific gravity of the solunoa as determmed by the aad
ceecentraton. As the degrees Baumé increase. the strength of the solution also tncreasss.

tAlso known as aminosulfomic. amidosulfonic. and amidosulfunc.

L
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Figore 19.2b. Comparisos of the x-ray diffraction patterns illustrates the chemical differences beh':::
incrostants, The incrustaats on the inside of the screen consist principally of goﬂhgte. siderite, -
lepidocrocite. »bich are tadicatire of iron and steel corrosion. Incrustants on the ?"wde of lhl:ll’ea
are derved maunly from the groundmater and Include caicite, quartz, hematite, albite, and goethite.
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15 10 20 percent by weight at most prevailing groundwater temperatures.

Although it 1s more expensive than hydrochloric acid and is less aggressive, sulfamic
acid offers a number of advantages. In its dry form, it is relatively safe to handle; the
dry matenal does not give off fumes and will not irritate dry skin. If spillage occurs,
it may be cleaned up easily and safely, thus providing for safer shipping and handling.
If mixed at the surface, however, sulfamic acid should be handled as if it were hy-
drochlonc acid. During treatment, this slowly dissolving acid releases dangerous
fumes at a relatively slow rate; nevertheless, proper venuilation should always be
provided. Less corrosion of pumps, screens, and casings will occur when an inhibitor
1s added 10 the acid. For example, iitle corrosion results when stainless sieel well
screens are treated repeatediy with an inhibited sulfamic acid. Sulfamic acid 1s avail-
able 1n pelletized. granular, and powdered form. The pclletized form 15 used in wells
completed with relatively short screens where the screens are localed at the botiom
of the well. Because the pellets are heavier than water, they sink through the column
of walter standing in the casing and then dissolve inside the screen. The pellets should

Table 19.2. Amount of Hydrochloric Acid Required to Treat an Incrusted Screen

e

Sereen Diameter Amount of “C:Ogir‘:x)(::lfrb:i[: Baume) per fi
in mm Gallons Liters
1A 38 0.11- 0.14 042. 053
2 51 0.20- 0.24 0.76 - 0.9
n 64 0.33- 0.39 125 14
3 76 0.46- 0.56 174 212
3 89 0.63- 0.75 C238. 2.8
4 102 0.81- 0.98 3.07- 371
A ‘ 14 1.04. 1.25 3194. 473
5 127 1.28- 1.53 4.84. 579
5 140 1.59- 1.85 583- 7.00
o 152 1.84- 2.21 . 6.96- 8.36
7 178 2.50- 3.00 9.5 - 114
8 205 3.26- 3.92 123 - 148
10 254 510- 6.12 19.3 - 232
12 305 7.35- 8.82 278 - 334
14 356 10.0 -12.0 379 - 354
16 106 13.1 -157 494 - 594
18 457 16.5 -19.8 62.6 - 751
20 508 204 -24.5 77.2 - 927
22 559 247 -29.6 95,5 -112
24 610 299 -353 mr -133
26 660 345 -414 151} - 157
23 711 30.0 -48.0 131 -182
50 762 45.9 -35.1 174 -208
32 813 52.2 -62.7 19§ -237
| 34 864 59.0 -70.7 223 2265
| 36 914 66.1 -79.3 230 -3M
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dissols e in anpronimatcly 4 hours if oversaluration 2aes not oceur. Agitauon of the
water in the screen acreases the solution rate of thz chemical. The proper quanuiny
of pelietized sulfamic acid required to treat the well s gererally cetermined by the
length and diametcr of the well screen or by the weight of water standing in the screen.
Table 19.3 shows the proper quanutics of Nu-Well, 2 pelletized sulfamic acid. to use
for small- cnd large-diameter screens less than 100 @1 (30.5 m) lorg.

Tre zranuol. r form of sulfamic acid is generally used when acidizing long screens
[greater than 100 fi (30.5 m)] or screens separated &y czang. It is usually dumped
directly into the casinz. where it saturates the ennire column with acid. The acid goes
into solutron as the granules descend slowly in the cas:rz. Enough clear water is then
adJded 10 force the volume of acid standing in the c2sing above the screen 1nto the
formation. For decp wells with high static water levels. granular or powdered acid
should be premixed at the surface so it can be piped to the intake portion of the well,
\ 10-percent solution of granular sulfamic acid 1s sometimes used for long screens,
although a 30-pereent solutr.n provides better results.

Sulfaric acid 1s paruicularly useful in treating calcium and magnesiurm incrustants,
but 1s less eftectine when tron or mangancse tncrustants are present. The additon of
rock salt to sulfamic ac:d, however, will increase the zi:d’s ability to dissolve iron
deposits Approximately 2 b (0.9 kg) of rock salt arc added to 10 b (4.5 kg) of Nu-

Tabic 19.3. Amount of Nu-Well® Required to Treat a Moderately Plugged
1-ft (0.3-m) €. ction of Scrien

! \Cr((;l::';':):::r‘l(;lcl’ Screen Capacity ! Nu-W Il Required
n | mm gal/ft i fm ! Iba /1t | Ag/m
I 35 0.1 1.2 0.2 0.3
2 51 0.2 25 0.4 0.6
3 76 0.4 5.0 0.9 1.3
4 102 0.7 8.7 1.6 2.4
5 1.7 1.0 12.4 2.6 3.9
6 152 1.5 18.6 3.7 5.5
8 203 2.6 323 6.5 9.7

10 254 4.1 50.9 10.2 15.2
12 305 5.9 73.2 14.7 21.9
14 356 8.0 99.3 20.0 29.8
16 406 10.4 129 26.1 38.9
18 457 13.2 164 330 49.2
20 S08 16.3 202 40.8 60.8
22 559 19.8 246 49.4 73.6
24 610 23.5 292 58.7 87.5
28 711 320 397 80.0 119
30 762 36.7 455 91.8 137
32 813 41.8 519 104 156
34 864 47.2 586 118 176
36 914 52.9 657 132 197

The quantities of Nu-Well* are equal 1o 30 pereent of the weight of water 13 the well sereen This ratio 1s used for
treating reatss ciy short screens that have been afTected by moderate ipcrustation
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Welt (20 percent of the w2,2ht of the acid) 1o create 2 solution tha! wiii trez: ron
2n¢ manganc:Le INCruslaris -

Sulfamic acid reacts chemically with mineral deposits in the same manner zs hy-
drochloric acid, although 2t 2 sicwer rate. Consequently, longer contact time 15 usually
reguired 1o achieve the somec resuli., at least 15 hours 1s recommercel. The effec-
tiver2ss of the treatmen: 15 enhar:2d considerarly of the ac'd 15 agitzied whils and
immediately after it disseives Forceful agiation s also recen.mendec tefore the acid
15 pemped to waste,

Sclfamic acid should nc: be corfused with sulfunic acid. Sulfunic 15 2 streng hgaid
2:.2 tnat has been wsed szccessfully on rare occasions 1m well treatrment Its mzjor
Iim:tation in well treatmez: 1s that when it combines chemically win caloier scale,
1t fcrms calcium sulfate which 1s nearly insoluble in water. Thus, 2 sulfunc 2¢id
treatment may actually reduce the well's performance. In addinon, sulicnc acid, even
when inhibited, is extreme:y apgressive in attacking metallic casing and screens.

Hidrovyacetic Acid

Hidroxyaceric acid, also known as glycolic acid, is a hiquid organic a221d available
commeraially in 70-percent concentrations. Although not 2> well knowr or commonly
used as cither hydrochlorn:z or sulfamic acid. its use has achieved excellent resulis in
weli treatment. JUis quite safe to usc because it 1s relatively noncorrosive and produces
hini.. or no tovc fumes.

Ir. addition 1o its ability to dissolve mincral scale, hydroxyacetic aaid offers ad-
va=iages not avatlable wath sulfamic or hydrochloric acid 1tis an excellent bactericide
and therefore may be effeciive 1n treauing wells with 1ron bacicria problems 1t kills

Tuble 19.4, Amoopnt of Hydroxyacetic Acid Required per 1 ft (03 m)
of Screen Length or Open Borchole

Dismeier of Well Ao ot terentne b |
in T m gal | : i
1Y 35 0.006 - 0.009 0.C2- 0.03 ,
2 51 0.01 -0.02 0.0<- 0.08 g
3 76 0.02 -0.04 0.05- 0.15
4 102 0.04 -0.07 0.15- 0.27
6 152 0.10 -0.15 0.38- 0.57
§ 203 0.17 -0.26 0.6 - 058
10 254 " 0.27 -041 1.00- 183
12 305 0.39 -0.59 1.45- 223
16 405 0.70 -1.00 2.65- 379
20 508 1.09 -1.64 4.13- 621
X1 610 1.57 -2.36 503. §.03
28 711 2,14 -3.21 §.10-12.1
30 762 2.45 -3.68 G.27-13.8
kKl S13 279 -4.19 10.6 -15.0
34 Stmt 3.15 -4.73 11.8 - 179
36 914 3.53 -5.30 132 .20
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the bacteria and simultaneously dissolves the bacicnial iron deposits as well as other
mineral scale. i

In addition to its bactericidal properties, hvdrovyvacetic acid is a chelaung or se-
questering agent. This means that 11 has the ability 10 “surround™ metal 1oms (such
as iron, calcium, and magnesium) in solution and keep them from combining chem-
ically with other ions. This insures that all the scale dissolved by the acid remains in
solution during the entire treatment period.

Hydroxyacetic acid is placed in the well in the same manner as hydrochlone acid.
About | gal (3.8 {) of 70-percent hydroxyacetic should be used for every 10 10 15 gal
(38 10 56.7 1) of water standing in the well screen. Table 19.4 shows the proper amount
of hydroxyacenc acid to use in treating wells of vanous diameters.

Hydroxyacetic acid is weaker than both hydrochlonc and sulfamic acid. and longer
contact time is required 1o achieve the same amount of scale removal. The rate a1
which an acid removes scale 1s related to the acid’s pH (acid strength). Figure 19.3
shows how pH varies with concentration for the acids descnbed above Note that
hydrochloric acid has the lowest pH and thus will work the fastest. wherecas hydron-
yacetic has the highest pH and will work morc slowly than the other acids

Genersl Procedure for Acid Treatment

Great care should be taken 1n placing liquid acid 1nto a well. Only cxpenienced
personnel with specialized equipment should attempt to use 1t in rehabilitating a well.
When using any hquid acid. personncl
should wear protecuive rubber clothing
_j 1_|] and goggles. A breathing respirator

| ' should also be used by all personnel han-

, ;

[}

.30
| e |

e e L CEEE e R ey
v

|
!

! dhng the acid and bs other persons near
; ! . ; the well. All mixing tanks. chemical
T AN - ' 11 pumps. and piping (tremic prpes) should
) Hyoxyacetc aod be constructed of plastic or black 1ron to
i minimize rcaction to the acid. A large
quantity of water, or a water tank witha
BN mixture of sodium bicarbonatc. should o¢
LG \ '\ T avaijlable in the event that an accident o<-
' ' ' curs. Proper ventilaion must be maia-
1. Sulamic acd .
\ \\ tained because the fumes reivased from
N - the well duning tr- atment are lethal.
Hydrocnionc . . .
L N tmunatx) acd | Liquid acid should be mtroduccc} 150
] ==, ; the well through a small-diameter pipe. if
i A i the screen is more than 5 ft (1.5 m) lorg,
| i l enough acid should be added to fill the
! |
| |

|
+
i
vy
1

H

10

ry lower 5 ft of screen. Then the pipe should

J . be raised and the next 5 ft of screen filled
c 2 4 6 8 10 12

Percent acd by weight of water

with acid, continuing in this way unul the
entire screen is full. Pelletized forms cf

sulfamic acid dropped into the casing will
Figure 19.3, Eqeal concenurations of different acids

; le
form solations with diferent pH ralges: pH of an ac?cumulalc in the screen where the pellets
acid-water volutien vanes with concentration. dissolve. When the granular forms are
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poured into the casing, they go into solution throughout the entire column of water
in the well, )

After the acid is placed in the well (or the pellets dissolve), a volume of water equal
to that stand:ng in the well screen is poured into the well 10 force the acid solution
through the screen-slot openings into the formation. Some form of mechanical agi-
tation, such as surging, should be employed while the acid is in the well 10 help break
up the incrustation and improve the overall efficiency of the process. This step is
particularly imporiant because it exposes the incrustant 10 the acid, thereby assunng
maximum removal.

The use of surge blocks or jetting tools are effective methods of agiating the well.
The agitation time will depend on the amount of incrustant in the well. If a surge
block is used, the surging effect drives the acid into the formation and bnngs loosened
material in1o the screen. In the jetting operation, the acid is first poured in1o the well.
The screen or the face of the well bore can then be jetted with clean water from the
surface or acidized water from the well (Figure 19 4). A pump pressure of 100 to 250
ps1 (690 to 1,720 kPa) is suffictent for this type of operation Circulanion of the 201d
solution may be corrosive 1o the jeiting
pump and other equipment, but the wide
use of plastic impellers has eliminated ~ Vahe
most of this type of corrosion damage. If ’

the job requires recirculating the jetting Surface ———
acid at the surface, it is best to call on 3 |ovgresosn l TR S g
]

well servicing company that has special-

1zed equipment for this work. Great care
should always be exercised whenever acid
is being pumped in any well rchabilita.
tion operation.

An extended zone of the formation
around the well screen may be wholly or
partially clogged. Thus, it must never be
assumed that the chemical solution
moves uniformly outward into the voids
of the water-bearing materials in all di-
rections throughout the full thickness of
the formation. The chemical solutions

will flow most readily into those areas o ‘17

=~ —Jetting heac

where the formation or screen is the most

open. that is, where resistance to flow is :
A

the least. Therefore, it may be extremely o . -

difficult and even impossible 10 diffuse T e ~Pump i
it can dissolve or otherwise remove the )

unwanted deposits.

|

}

b=
the chemical solution to all points where |- o l—

The use of chelating agents is recom-

mended if iron and manganese incrus-
1ants are present and the pH of the treat-
ment solution is approaimately 3 or less

Figure 19.4. To avoid the dangerous pracoce of
pumping acid at the surface, jeting can be sccom-
plished by sctting a pump 1n the well and esing the
acidified water 1n the borebole.
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At this pH. these cauions form 1nsoluble precipitates that settle out and reduce the
effecureness of the acid treatment. Citric. phosphonc, and tartaric acids are three
common chelating agents. Four pounds (1.8 kg) of chelating agent are usually added
10 each gal (3.8 t) of 31-percent (20 degrees Baumé) hydrochloric acid and 1 1b (0.5
kg) of chelating agznt to 15 Ibs (6 8 kg) of sulfamic (granular) acid.

After mechanical agitation, the solution is left in the well 1o react with the incrusting
materials unul the pH is between 6.5 and 7, then agutated again and pumped to
waste. The ume for the reacuion to be completed will vary from a few hours to more
than 13 hours. depending on the type of acid used and the amount of incrustants. To
mizumize disposal problems, the water in the well should be neutralized if nccessaﬁ' )
before it 1s removed from the well. In many communities, the water well contractor
may be required 1o haul away the spent acid and dispose of it according to local
regulatory agencies. If not, the spent acid should be run onto a sandy section of ground
as far away as practicable from the well head. Some contractors neutralize acid waste-
water by running 1t through a limestone-filled container.

Many water well contractors will redevelop the well after 1t has been acid treated.
Sohd parucles of incrustant can be removed along with any fine sediments that may
have entered the zone immediately around the screen after the well was placed in
scrvice. In many instances, cffective redevelopment of an older, acid-treated well will
result 1n a specific capacity that equals or cven exceeds the original specific capacity.
The vanous dervelopment procedures arc discussed in Chapter 15.

Mechanical Mcthods to Remove Incrustants

Although remosal of most incrustants by acid treaiment is extremely cffective,
several mechamical methods are uscful either in preparing for acid treatment or as a
pnman mcthod of removing incrustants. Wire brushing or other means of mechanical
scraping can remose incrustants that have been deposited on the inside of the well |
screen. The looscred material is then removed from the well by bailing, air-lift pump-
ing. or other means Removal of these incrustants minimizes the quantity of acid
that must be used 1n any subsequent acid treatment, enhances the effectiveness of
this treatment. and reduces the time required for the acidizing process.

Controlled blasting techniques are often useful for temporarily improving well yicld
by fracturing the incrusting matrix so that water can reach the screen. Incrusting
matenals are someumes deposited on formation materials several inches or more
away from the screen. The incrustant may become so massive that ail voids in the
formauon become filled and little water can reach the screen. Blasting procedures
create crachs 1n the :acrustant, allowing water to enter the well. Some fragments of
the incrustant will break away and can be pumped from the well. Unfortunately, the
opened cracks eventually will also become incrusted and additional blasting or acid-
izing treatments wiil be needed to maintain yield. This technique, when combined
with acidizing, is particularly effective. Special service companics have formed to
provide this type of blasting service.

Incrustation of Rock Wells

Although this discussion has referred only to screened wells in unconsolidated
formauons, wells in consolidated rock also suffer from incrustation of the borehole
wall or the cracks and fissures leading 10 the borehole. Many rock wells requirc
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treatment from ume to time to recover the onginal yield. Both chemical treztments
and blasting have proved to be effective procedures and in some cases both are used.

When blasting incrustant, 5- to 10-1b (2.3- 1o 4.5-kg) shots of explosive are set at
5-f1 (1.3-m) intervals in the production zone of the well. More powerful amounts of
explosives are sometimes used at different spacings, depending on the expenence of
the contractor and the nature of the formation and the incrusiant. The explosive
charges are set off sequenually, beginning at the bottomn of the open hole. Do not set
off charges within 50 ft (15.2 m) of a shale layer or the bottom of the casing. After
blasting, the loosened matenal should be removed from the borehole and the well
redeveloped completely. Samples of sandstone removed afier blasuing have shown
that most of the incrustation extends only about 0.5 in (12.7 mm) beyond the face
of the borchole.

Wells constructed in fissured limestone can be successfully treated with acid. An
appropnate auantity of hydrochloric or sulfamic acid is placed in the well and the
well head capped. A pressure gauge 1s installed so that the pressure can be monitored
If the pressure build-up 18 high, the acid is being contained near the borehole. If the
pressure does not build subsiantially, most of the force 1s being transmitted away
from the well bore by means of caviues or enlarged fissures The solution effest s
sull beneficial, nevertheless, even if the pressure build-up is low. When the acid stops
working. the gauge will indicate a noticcable pressure drop Work can then begin on
redevelopment by jetung. surging, or other means of agitation All loosened matenal
should be removed before placing the well back 1n service,

Johnson Division makes no guarantee of results and discluims el hebaliny an con-
ncction with the information or the safety suggestions given for the methods described
Also, 11 should be understood that not all the acceprable safeny procedires are contained
herern and that certain circumstances mav call for additional precautions The sug-
gestions gnen here do not supplement nor modify any state. municipal, federal. and
insurance requirements or codes relating to blasting or acidizing,

Acid Treatment of Municipal Wells in Las Vegas, Nevada

A case histony from the Las Vegas (Nevada) Valley Water Distnct demonstrates
the effectiveness of acid treatment using sulfamic chemicals. The district wells had
become heavily incrusied with calcium and magnesium scale. reducing the vields
substantially. Both blasuing and dny-ice treatment were used to fracture the incrusted
formations. A senes of small explosive charges were placed in the well and detonated
sequentially. In drv-ice treatment. carbon dioxide gases released by drv ice in the well
produce extremely high pressures and cause additional fracturing of the incrustant.

The Distnict then undertook an acid rehabilitation program for five of their most
heavily used wells. Each of the five wells had been completed wath 16-in casing to
an average depth of over 900 ft. Length of perforated areas ranged from 27§ to 651
fi. The average vield before treatment was 1.870 gpm per well.

A 10-percent acid soluuon (b weight of water in the casing) of granular sulfamic
acid was determined to be 2dequate to dissolve the incrustant. which consisted pn-
manly of calcium carbonate. This amounts to 0.75 1b of sulfamic acid per gallon of
water in the casing. Sin 480-1b loads were placed in each well while the pump was
sull 10 place. After each 380-1b load was added. the pump was used bneils 10 suree
tne well five tmes to m the acid and disiribute the sclution throughout the casing.

ol’

ot
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When all the acid had been placed in the - —
wells, the wells were surged ten times ev- _

AT ery 4 hours for the next 24 hours. The o —
wells were then left for an additional 24 —

hours 10 guarantee removal of the most

t2in optimum vields, it was important 10
remove these materials so the original
permeability of the sediments would be
restored. To accomplish this, 300 Ib of
tctrasodium pyrophosphate were added 10
10 cach well, surged five imes, and al- °
lowed to stand in the wells for 24 hours.
The addition of phosphaics helped break
up and disperse silt, ¢lay, and other by. —————— —
products of the acid trcatment. The wells f:;‘:’:c::'fjmi";‘h::;:? ::c‘-:r:l:;:dm and
were agamn pumped 1o wasle.

Before acid treatment. the well characteristics were monitored and recorded as a
guide to determine the effcctivencss of the treatment. A comparison of specific ca-
w.“ pacitics before and after trcatment revealed exceptional results. Figure 19.5 illustrates
a range of improvement from 45 to 160 percent of pretreatment specific capacitics.
After the acid treatment, significant reductions in drawdown resulted in saving the
Distnict $16,000 annually in pumping costs alonc. The payback time for the invest-
ment in matenals and labor was cstimated to be 1.5 years (Varhol. 1980). '

X = Bewre ) 3
firmly imbedded incrustants and then é g 3
pumped 10 waste. i E
. . 5 )
During the treatment, silt and sand that s 10
were once cemented together by the in- E €0 4
crusiants were loosened. In order to ob- | 2 s
:
3
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WELL FAILURE CAUSED BY IRON BACTERIA

Iron bacteria occur widely in wells open 1o the atmosphere when sufficient iron and/
or manganese are present in the groundwater in conjunction with dissolved organic
material, bicarbonate. or carbon dioxide. Although ircn bactena have been found in
wells in all the conterminous United Siates, the most seriously affected areas include
the Southeastern states. the Upper Midwest. and Southern California. In these regions.
the prnincipal forms of iron bacicria plug wells by enzymatically catalyzing the oxida-
uon of iron (and manganese), using the energy to promote the growth of threadlike
slimes, and accumulating large amounts of ferric hydroxide in the slime (Figure 19 6).
In this process, the bacteria obtain their energy by oxidizing ferrous ions to fernic ions. .
. which are then precipitated as hydrated ferric hydroxide on or in their mucilaginous -4
sheaths. Precipitation of the iron and rapid growth of the bacteria create a voluminous
material that quickly plugs the screen pores of the sediment surrounding the well bore.
Sometimes the explosive growth rates of iron bacteria can render a well virtually use-
less within a matter of months.
Many other forms of iron bacteria induce the precipitation of iron through nonen-
zymalic means. Found almost everywhere in both water and soil, these bactena pro-
mote precipitation of iron by four major mechanisms:
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1. Raising the pH of the water by (a) metabolizing certain protein or protzin-denived
materials, resulting in the formation of ammonia, which is alkaline; (b) ccasuming the
salts of organic acids, which can lead 1o the synthesis of alkaline hydroxyigroups; and
(c) assimilation of dissolved carbon dioxide in waier by cyancbacicria or algae during
photosynthesis.

2. Changingthe redox potential of the water by algal photosynthesis. In this process.
oxygen given off by plants increases the redox potential, thereby causinz the precipi-
tation of iron.

3. Liberating chelated 1ron by inducing a breakdown in the bond between iron and
oxalate, citrate, humic acids, or 12nnins.

Still other forms of iron bacteria can reduce iron to a ferrous state uncer anaerobic
conditions. Although researchers have not been able to classify many major 1ypes of
iron bacteria in regard 10 how they panicipate in the process of iron deposition, the
classification shown in Appendix 19.A provides a tentative guide for enrvmatic and
nonenzymatic bacteria likely to be found in water wells.

11 is unclear whether sron bacieria exist in groundwater before weil construction
takes place and simply muliiply as the amount of iron increases, or whether they are
intreduced 1nto the aquifer from the subsoil, in mix water dunng well construction
o1 by backsiphoning from an affectied well 1o an unafTected well. For exazole, dnlling
fluid mix water 1aken from swamps, marshes, or other stagnant surface-water sources
may contain high concentrations of iron bacteria. There is also some evidznce 10 show
that iron bactena can be carried from well 10 well on drill rods, bits, pumes. and waier
tanks.

Gallionclla, s common enyzmatic form of iron bacicria, is usually found 1n water
having ccnain physical and chemical characteristics Generally the water

1. Has anron content of & 10 25 mp”
and contains only traces of crganic mat-

ter.
S

e 2. Islow in oxygen. typicziis in the 0.1
r:—f}_g‘&;;f to | mg/t range.
5 Sk 3. Is usuvally fresh, altkcugh Galli-
] 3 onclla has been found growizg in salt wa-
ler.

4. Contains over 20 mg’i carbon diox-
ide.

5. Hasaredox potential ir: t2e range of
200 10 300 millivolts (mv).

6. Has a pH in the range c76 to 7.6.

7. Has a temperature fro= <0 to 60°F
(4.4 10 15.6°C).

Presumably, many forms ¢ enzymauc
bacteria that could grow i1n water wells
would prefer waters with these same gen-
eral characteristics. But oikzr forms of

» iron bactena. such as Thic-zztllus Fer-
o . emo .. rooxidans. Sulfolobus Ac:z-:aldarius.
Figure 19.6. lron bacteria on pump column pipe. Slllf()h[l(.‘i”lls Tht?l'"lOSI([fhf(T_‘::jans. anc
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Leptospirillum Ferroexidans can grow in waters having extremely low pH (2 to 6) and
much higher temperatures {60 10 185°F (15.6 to 85°(C0]. -
A second classification of iron bactena generally used in the water-well industry is

‘one based on the physical form of these orgamisms. This method of classificauon 15

helpful in 1denufiing which genus of iron-fixing bactena 1s contained in a panicular
water sample. The three general forms recognized are:

I. The capsulated coccoid form. of which only one genus 1s known. Siderocapsa.
This organism consists of numerous short rods surrounded by a mucoid capsule. The
deposit surrounding the capsule is hydrous ferric oxide. a rust-brown precipitate. This
orpanism probably produces iron precipiates by breaking down the bond between the
iron and the chelating agent.

2. The stalked iron-fixing bacteria. composed of twisted bands resembling a nbbon
or chain. The genus of this physical form is Gallionéila. sometimes called Spirophy/-
luni, although Gallionella is the preferred name. Guisionella can be recognized by the
twisted stalk and the bean-shaped bactenial cell at the end of the 1wisted stalk. The only
living pant of this organism is the bean-shaped cell a1 the end of the statk. Gallionellu
1s probably the principal enzvmatic bactcna occurnng 1n wells.

3. The filamentous group, consisting of four genera: Crenothrix, Sphaerotilus, Clon-
othriv. and Leprothrin, Species of the ge-

o b iraresdiit and
4 oY N
o ot

s

nus Crenothrix have a thin attached end r ." N LI S
that gradually thickens toward the frece - % ' I AN
. i~ :

. "‘E:I

end. The scparate cells that make upa
thread of Crenothrix ase rod shaped and
lie ¢nd to end 1n a sheath. The free end of
the filament contains spherical, nonmo-
utle cells called conidra, which are fre-
quently presented from leaving the
sheath. They germinate within the sheath
and thrust their filaments through the
walls. giving the appearance of numerous
branches extending from the parent fila-
ment. Members of the genus Sphacrotilus
exhibit colorless filaments that show false
branching. Another iron bacterium that
shows false branching is Clonothrix (Fig-
ure 19.7). This form differs from others in
the filamentous group in that 1ts sheath is
tapered. The fourth genus in the filamen-
tous group is Lepirothrix, a simple thread
form, usually incrusted with iron along
the entire sheath. The sheath of this or-
ganism is generally the same width
throughout its length and contains color-
less cylindrical cells that lic end to end
(Figure 19.8). Leptrothrix and Sphacroti-
lus contain only a relatively small volume B v eeea e .
of iron in their sheaths and probably do  Figure 19.7. {ron bacteria, genera Clonothrix.

-
o
-®

+
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not derive encrgy from iron oxidation
This may also be true for Crenothrix and
Clonorhrix.

If the presence of iron bactena 1s sus-
pected in a well, samples of ths organism
can be obtained by 2 filiering device ai-
tached 1o the dischargs of the pump for
one week. The water passing througs the
filter during this period leaves a dark
brown precipilate on the porcelain cover
which can be examinced for 1iron baciena
by a qualified laboratory.

Another method of sample collecuion 1s
1o examine the material scraped from
valves or pump discharge lines from sus-
pected wells, pump shaftseals. water clos-
ets, or small steel objects suspended 1em-
porarily in the well, However, unless a
microscope with 2 magnification of at
least 1,000X is available, 1115 best 1o send
the samples to a state water laboratory or
a private firm famihar with 1ron bactena
identification, Correct identification of
iron bacteria 1s best accomphished by scanning clectron or transmussion electron mi-
croscopy and phasc contrast techniques.

Figure 19.8. 1ron bacteria. gencra Leprothrix.

Prevention and Treatment of Iron Bacteria

The water well contractor should use great care 1o avoid introducing iron bactena
into a well duning dnitling and repair work. All drilling fluid mix water should be chlo-
nnated imually to a 50 mg/! free chlonine concentration, even if secured from a chlo-
nnated municipal water suppls. Because chlorine is not stable 1n a dnlling fluid. more
must be added peniodically to maintain a 10 mg/! free chlonine residual The dnll rods.
bits. and tools should be chlonnated thoroughly to eliminate any bactena remaining
from the previous job. Filter-pack material should also be chlorninated before emplace-
ment. This is usually done by adding dry calcium hypochlonite to the pack before it is
placed in the well, or chlorninating the water if the pack is pumped into the well. Once
the well 1s completed. it should be sealed immediately to prevent the introduction of
» "airborne bacteria.

Chemical Methods to Control Iron Bacteria

Ifiron bacieria do grow in a well, they can be controlled by chemical treatments and
vanous 1vpes of physical methods (Table 19.5). In general. chemical 1reatments are
more effective and less expensive than physical methods. But for maximum effecuive-
uess. any chermical treatrnent must be accompanied by physical agitation of the wel!
Jetung. air surping. air-lift pumping. and valved surge blocks are the principal methods
used 10 agitate the well.

Many effective bactencides are strong oxidizing agents. As this 1erm implies. these
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Table 19.5. Mecthods to Control Iron Bacteria

Chemical | . Physical - j
Oxidizing sgents such as chlorine Heat
pH adjustors such as acids Vyredoa™ technology
Quarternary ammonium compounds Explosives
Ultrasonics
Radiation
Anoxic blocks

chemicals can oxidize or literally “burn up™ organic material. Oxidation is the most

common method of killing bacteria, and dissolving and loosening the organic sludge
they produce.

Chlorine

Chlonne, a sirong oxidizing agent, is uscd widely to imit the growth of iron bactena.
Chlorine compounds offer significant advantages over other 1ypes of bactenicides: they
are incxpensive, readily available, effective, and generally accepted (actually required
in many instances) by health ofTicials as suitable for use in potable water supphies.

The correct chlonine concentration depends on the type of treatment being admin-
istered. As little as S0 mg/t free available chlonne is used for routine disinfection of
wells and piping following construction, repair, or pump installation, whercas con-
centratons as high as 500 to 2,000 mg/t arc usually desirable for treating wells scvercly
plugged with iron bacteria. A solution strength of 500 mg/t is by definition the strength
obtaincd by dissolving 500 1b (227 kg) of chlorine gas in | million Ib {454,000 kg) of
water. On a smaller scale, this is equivalent 1o 0.5 1b (0.2 kg) of chlorine gas 1n 1,000
1b (454 kg) of water [120 gal (0.5 m")]. The term “shock chlorination™ is reserved for
chlonne solutions having a concentration of 1,000 mg/t or morc. Table 18.6 {page 621)
shows the quantities of chlonne-containing matenals necessary to achieve various
chloninc solution strengths. B

Chlonne gas is the most powerful of the chlorinating agents available commerciaily.
Because 1t 1s a gas at normal lemperatures and pressures, it must be stored in pres-
surized c:linders much the same way that propane or acetvicne gas 1s stored. It 1s ex-
tremely corrosive and causes severe damage 1o human ussues immediately on contact.
The use of chlorine gas has generally been restricted 10 high-capacity municipal and
industnal wells because of the skill and equipment required 10 handle 1t safely.

Duringtreatment. chiorine gas is usually conducted 1through a small-diameter plastic
tube into the well, where it mixes readily with the water to form the chlorinating so-
lution. A centering device should be used to keep the lower opening of the plastic tube
centered 1n the well screen, because the chlonne gas is so corrosive that holes can form
in well screens and casing in a short time, thereby causing sand pumping and ulti-
mately well failure.

After the chlonne solution has been produced in the well, it should be forced through
the screen-slot openings into the watcer-bearing formation by adding water to the well.
Then, as with acid treatment, mechanical agitation should be used to enhance the ef-
fectiveness of the treatment. As the chlorine disintegrates the organic slime, the me-
chanical agitation helps dislodge 1t and move it from the formation into the well, where

yoob i e k.
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i1 can be removed by pumping. Agitation also helps to meve fresh chemicals into areas
where they may have become expended.

Without some agitation, chlorine may not be effective when treaung iron bacteria,
because the iren bacteriz form a thick, protective slime layer around the cells that is
impregnated with oxides and hydroxides of iron and manganese This layer restricts
the movement of chlonr.z into the cell to the point where the cell may not be inhibited
or killed by ordinary lethal doses. In addition, the cells are layered and thus a disin-
fectant has 1o penetrate through a senies of shime layers, inhibiting and killing the cells
as they become exposed. Subsequent disintegration of the dead shime leaves an ex-
posed layer of living iron bacieria beneath which the infestation will continue 10 grow.
Acid treatments are also effective in killing iron bacteria because they generally cannot
live at a pH below 2. Figure 19.9 demonstrates that once iron bactena estabhish a foot-
hold in a well, they are extremely difficult to eliminate completely by treatment. In
this case, the specific capacity of the well is halved in a hitile over 1wo vears

Agitation can best be achieved by jetting chlorinated water into the formation, be-
cause jetling concentrates the greatest amount of energy over the smallest area Other
suitable methods of agitating the chlonne solution include surging by operaung a surge
plunger in the casing above the screen, or by capping the well and aliernarels injectuing
and releasing compressed air, thereby forcing the chlonne solution back and fonh
through the screen openings. If the pump remains in the well duning treatment and
there is no foot valve or check valve on the pump, good results may be obtained by
pumping and backwashing (alternatcly stariing and stopping the pump)} The only re-
quirement s that there not be a net removal of water from the well, because this would
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result in removal and waste of the chlorine solution.
Hypochlorites -

A relatively safe and convenient alternative to the use of chlonne gas 1n well 1reat-
ment is the use of one of sey eral hypochlonte produc:s. In their commercial form. this
family of chemicals eliminates some of the dangers inherent in handling chlonne gas
and is easily applied 10 well treatment.

Calcium hypochlorite is a dry mixture containing 2bout 65 percent available chlo-
rine. It can be mixed with water at the surface and poured or piped into the well. Al-
ternatnely, the drv maten..l may be poured into the well or suspended in a weighted
mesh container, porous sack, or drive point. This latier method 1s an efficient way 1o
place chlorine at the bottom of an aricsian well. If large quantities of dry matenal are
placed directly in the well, some provision should be made for suimng or agitat:ng the
water 10 help dissolve the chemical. Once the chemical has been placed 1n the well,
rchabilitation procedures similar to those used with chlorne pas should be employed.
In isolated instances. so much calcium hypochlorie may be iniroduced that once 1t
combinces with the naturally occurring calcium in the water, a preaipitate of caicium
hydroxide may form that plugs the pores of the formation. For this reason, rehabili-
lation procedures using calcium hypochlorite may fail 1o restore the ongnal yvield of
the well

Anotlicr hypochlonte chemical, sodium hypochlonic, 1s available in hquid form.
typically 1n solutions of 5 to 15 percent sodium hypochlonte. Pure sodium hypochlo-
nte is highly unstable. actually explosive, and thus cannot be handicd safely unless 1t
1sdissolved Lsvenin hquid form, sodium hypochlorite s somewhat unstable and tends
1o detenorate with ume. During six months storage. a 10-percent solution of sodium
hypochlonte loses 20 10 50 percent of its uscful chionne

Sodium hypochlorite is frequently used ia well treatment for routine disinfection of
domestic-size wells becayse 1t 1s readily available in the form of houschold blcach. In
addition. it has been used quite successfully 1o treat iron bacteria problems. The 5.25-
percent solution 1n houschold bleach contains 5.28 pereant available chlorine. Com-
paring this with calaium hypochlorite which contains 65 percent available chlorine. 1.7
gal (6 4 1) of blcach solution must be uscd 1o provide the same disinfecting power as |
1b (0 5 kg of calcium hypochlonte.

Chlonne dioxide (ClO.) is sometimes used for disinfecting drinking water supplics
because 1t produces less trnhalomethancs than chlorine except in high-pH waters (Lyk-
ins and Griese. 1982). Research has also shown that chionine dioxide may have stron-
ger oxidative properties than chlorine but its use produces no undesirable organic by-
products other than those produced by the use of chlonine. Chlorine dioxide ¢an be
used 10 trezt wells or prevent the premature breakdow»n of dnlling fluid made with
poly menc additives. In the gaseous form. chlonne dioxice is extremely unstable. and
a 10-percent concentration of gas-in air is explosive arnd ezsily detonated by sunlight.
However, in liquid concentrations of 2 to 4 percent, i1 15 relatively stable and can be
added to the mix water. The major drawbacks of chlonine dioxide are its relauvely high
cost and 1ts short lifetime in water (10 minutes).

Table 15.6 contains a list of many of the common chlonnating agents and indicates
the amount of each chemical required to provide the same amount of availabic free
chlonne 2s 1 1b (0.5 kg) of chlorine gas.
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Table 19.6. Quantities of Various Chlorine Compounds Required to Provide
as Much Available Chlorine as 1 1b of Chlorine Gas

Chemical % Auailable Eqanaient 10

Chlorine Gas 100 1.0 |
Calcium Hypochlorite 65 1.54 |
Lithium Hypochlonte 36 2.78 i
Sodium Hypochlorite 12.5 8.0
Sodium Hypochlorite 5.25 19.05
Tnchloroisocyanuric Acid® 90 11
Sodium Dichloroisocyanurate® 63 1.59
Potassium Dichloroisocyanurate® 60 1.67
Chlonne Dioxide 4 25.0
Chlonne Dioxide 2 50.0

*Chlonne compounds that incorponie tsocyanunc acid stabilize the chionne against degradanion from tunt:ght
Except for storage. the sdvantage cffered by the addition of 1sn¢yanung acid 15 oss valuab e 1n water well.

Potassium permanganaie, like chlorine gas, is a strong oxidizing agent that 1s an ex-
ccfient bactericide. It has been used suceessfully to control the growth of iron baciena
in wells, Potassium permarganate 1s available as a dry, purplish-colorcd crystal that
15 both nexpensive and relauvely safc 1o usc.

In treating wells infected wath iron bacicria, dry potassium permanganate 1s dis-
solred in cnough water 1o fill the well screen; the solution is then piped 1nto the screen
A solution strength of 1,000 tc 2,000 mg/t has been found to achieve excellent results
11,000 mg/i is equal to 0.831b (0.38 kg) in 100 gal (0.4 m") of water]. Once the chemical
has been placed in the well, vigorous mechanical agitation by surging or jctting should
be utilized duning treatment to promote loosening and disintcgration of the organic
plugging matenal and enhance the overall effectiveness of the procedure.

In treating 1ron bactena problems, it must be remembered that the clpgaing of the
well screen and aquiferis caesed not only by the organic material produced by the bac-
tena. but also by the oxidesand hydroxides of iron and manganese generally associated
with these organisms. In addiuon, it is usually a matrix of these matenals in comb:-
nation with other mineral scales such as calcium carbonate that causes the problem.
Because of the presence of morganic chemicals, better results are nearly alwavs ob-
tained by treating the well alternately wath a bactericide to attack the organic matenal
and a strong acid to dissolve the iron deposits and mineral scale. Between each treat-
ment. the well is pumped to waste. The chlorine and acid must never be 1n the weli at
the same time.

Longer time intervals between treatments have been achieved by using a three-stzp
treatment consisting of inital shock chlorinauon followed by acidizing and then 3 final
shock chlornnauon of the eatire water distnbution system. Occasionaliy. acid 15 2p-
phed first 10 reduce the thickness of the sheath so that the chlonne is more effecune
In destroving the tubercles. The added cost of applying three separate treatments 1s
almost always ofTset by the improyed results. A more detailed descniption of the rec-
ommended chlonne-acid treatment process is given at the end of this secuion
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Physical Methods to Control Iron Bactetia .

_Pasteunzation is a physical method that has bzen developed to control the growth
of iron bactena. Pasteunization treatmenis have bazn shown to be quite effective in
mainwzining well vield in Saskatchewan in spite of iron concentranons of | 10 § mg/t
1n the well water (Cullimore. 1981). In this treament method. hot water {176°F (80°C)]
1s circulated continuously in the well until the retema water reaches the same temper-
ature. The water s kept at approanimatiely 176°F unul iemperatures from 113 10 129°F
(4510 34°C) have been reached throughout the layer of iron bacteria. At 113°F the bac-
tenal plugging 1s dispersed. and at 129°F the baciena are killed. Tests after pasteuri-
zation show a significant drop in the iron baciena concenirauion, although bactena
that ¢wust 1n the formation can quichly reinfest the well

The cost of treating small-diameter wells by pasteznzation is relauvely low, because
the cqlnpmcm and proccedures arc rather simple. However, gencrating the necessary
heat for treaung large-diameter wells requires expensive equipment that may make the
pasleurization process infeasible economicaily, Funihermore, depending on the am-
bient temperatures of the groundwater, the amount of down time required to perform
the process may not be tolerable,

Vircdov " techniques are sometimes used 10 contrel the iron content of water and
therefore the growth of iron bacteria (sce Chapter 23 for a discussion of this technol-
ogy). By inercasing the redon potential of the groundwater around the production well.
iron and mangancsce will precipitate in the aquifer. !f the 1iron concentration can be
reduccd in the production well 10 about 0.1 mg/l. 1ron tacieria probubly cannot sur-
VIvg,

The use of cvplosives and ultrasonic technology to kil iron bacteria have not been
cfTectine. Apparently the shme layers can casily abserb the cxplosive cnergy or the
sound waves with little damage to the bacteria. Although radiation techniques may
provc successful in the future in killing bacicria, the use of this technology tn wells may
not be acceptable 1o health departments. The cffcctiveness of creating anoxic blocks

1n wclls 1o produce anaerobic conditions and thereby k:1J acrobic iron bactcria has not
been ascertained.

Recommended Procedure for Controiling Iron Bacteria

The procedure given below will control the growth of iron bactena in a large pro-
duction well. Less complex treatments consisting of only chlorine applications are suit-
able for most smail-diameter wells. It should be noted :hat vintually no combination
of procedures 1s effective enough 10 kill al} the bacterra in the well. Normally any pro-
cedures used will only control the growth of the iron Bactena.

The recommended chiorine-acid procedure is as follows:

I. Injecta mixture of acid, inhibitor, and wetting ag==t. The addition of a chelating
agent such as hydroxyacetic acid may sometimes be bezeficial.

2. Agitate the solution with a jetting tool.

3. Pump 1o wasle a2 volume of solution equal to the ~2lume of the well bore,

4. Determine the pH of the waste, If it is more than =, repeat steps 1 10 3. (A pH of
3 or less assures that dissolved 1ron will stay in soluticz )

5. Inject 2 mixture of chlorine and one or more chlcnine-stable surfactants (deter-

gents and wetling agents, for example). The concentrat.sn of the chlonne should ex-
ceed | percent.,

L
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6. Agitate the solution with 2 jetting tool.

7. Pump to waste a volume of solution equal 1o the volume of the well bore.

§. Determine chlonne conceniration. If the value is less than 10 percent of the ong-
ina) concentration, repeat steps 5 to 7.

9. Determine the specific capacity of the well. If the specific capacity has improved
by more than 5 percent, repeat the cn_lirc procedure until the specific capaoity doss nat
improve by 5 percent.

WELL FAILURE CAUSED BY PHYSICAL PLUGGING OF SCREEN AND
SURROUNDING FORMATION

Over time, almost all screened wells will undergo some loss in specific capacity
Some of this loss 1s attributable 10 the slow movement of fine formauon panicles into
the arca around the screen. Depending on the type of screen-slot opening, many of
these particles may parually plug the screen itself, or even erode the slot openings un-
der certain conditions. Thus, the invasion of small particles reduces the yield, increases
the drawdown, and may damage the screen.

Fine-panicle movement results from:

1. Improper well design

a Poorly designed filter pack

b Improper screen placement

¢. Poor slot selection

d. Inaccurate aquifer sampling techniques
. Insufficient or improper devclopment when the well was placed 1n service

Removal of cement holding the sand grains together around the wcll screen
. Corrosion of the screen or casing.

5 Incrcasc in the pumping rate bevond the designed capacity (actually over pump-
ing).

6. Excessive pump oycling.

If the well screen becomes plugeed with scdiment or incrustants. the entrance ve-
locity of the water passing through the remaiming openings increascs significantly As
a resull. fine sediment is entrained that continually crodes the siot opemings. As the
slots enlarge. more sediment will pass into the screen. Just how niuch sand must enater
a well to cause fatlure depends 1n part on the type of well Expenience indicates thatup
to | mg/' ts acceptable in a system with many valves and small onfices. suchasa dnp-
imigation system. Most industrial and municipal systems can tolerate 2 10 % mg/i and
some irmigalion sysiems can handle as much as 20 mg/l. At 20 mg/i. a well pumping
700 gpm (3.820 m'/day) will yield 168 Ib (76.2 kg) of sand per day Over a penced of
several weeks or months. many tons of sand pass through the pump. To prevent pump
damage. the screen may have 10 be replaced.

e L2 1O

Prevention and Treatment of Physical Plugging

Movement of sediment into the formation around the screen can be largely pre-
vented by thorough development of the well duning its compleiion. As suggestec 1n
Chapter 15. centain development methods are more suitable for specific tvpes of aqui-
fers. Application of an 2ppropriate development technique for 2 sufficient length of
tume wall stabilize the formauca matenals so that subsequent pump cvelingand higner
dischareg? rates will net resuelt i sediment movement.
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Not ail fine-particle problems result from natural formation maienals Occasionaih
some clay additives used 1n the drilling flurds may remain in the formation afier de-
velopmezt. Thus, over time small amounts of these clay residuals enter the well along
with other fine material. To completely remove the clay, a chemical treatment may be
necessary in the development process.

Polyphosphates and Surfactants

Silt and clay particles tend to adhere strongly to one another in a viscous state.
which males their removal from sand and gravel aquifers quite difficult. Wells that
are plugead with s1lt and clay parucles are most effecuvely restored to efficient con-
ditions by treatment with dispersing and sequestening (chelating) compounds that

belong 1o the polyphosphate family of chemicals. They have the power to separate

clay parcles. Dispersing agents cause the particles 1o repel one another, 1ncreas:ag
thetr mobikity sufTiciently to allow them to move when waier is pumped into and out
of the well dunng the development process. Furthermore, the calcium, magnesium,
and iron 1ons adhening to the fine particles can be sequestered (caused to remarn 1n
a soluble state) by the use of polyphosphates. Therefore, paruicles bonded together by
these ions can be removed more casily from the aquifer.

Sodium polyphosphates, a family of white, free-flowing dry materials, have been
used widely with preat success in treating clay-plugging problems. There are two 1ypes
of sodium poly phosphates, crystalline and glassy, Crystallinc polyphosphates that help
remove clavs from the aquifer arc sodium acid pyrophosphate (SAPP). tctrasodium
psrophosphaie (TSPP). and sodium tripolyphosphate (STP). Sodium hexamciaphos-
phate (SHMP) s a glassy phosphatce that 1s readily available and thercfore often used
m rchabilitating wells, Commercial tradenames for sodium hexamctaphosphate in-
clude Calgon”, Quadrafos™, and Polyphos™. Weltonc™ 1s sodium hexamctaphosphate
mixcd with a chlurinating chemical and wetling agent.

For trcating wells, about 15 1b (6.8 kg) of dry polyphosphate should be mixed with
100 gal (0.4 m’) of water. It is best to mix the maicnai at the surface 1n warm watcer
in a small container; then dilute with a larger volume of cooler water, chlonnate 1o
125 mg/l, and put the prepared solution into the well with a tremie pipe, particularly
when using the glassy phosphates. If a slug of dry glassy phosphate material 1s just
dumped into the well, it will sink to the botlom and form a large gelatinous mass
that could remain undissolved in the well for some ume. This mass may plug a
significant part of the formation and be extremely difficult to remove. A small amount
of hypochlonte should always be used with phosphates because polyphosphates act
a2s 2 food source for bacteria. This chlorinates the well and kills any bacteria that may
be present. About 1.6 1b (0.7 kg) of calcium hypochlorte should be used for cach
1.000 gal (3.8 m*) of water in the well.

Most surfactanis are long-chain organic molecules derived from petroleum prod-
ucts. These azents consist of particles that are attracted 1o o1l at one end of the parucle
and water at the other. Qil can be pulled into a water solution by these particles and
removed eastlv from the porous medium. The presence of a small amount of surfactant
speeds peneiration of the cleaning chemical by modifying the surface tension of the
mailenals 1o be cleaned.

The wetting and soil-dispersing properties of surfactants make them ideally suited
for use 1n weil cleaning. Those used for wells should be low foaming or used with a

o —
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defoaming 2gzent to minimize sudsing Preferably, they should be of the noxnsonic typs
— that 1s, surfactants thzt do not form ions when dissolved in water. losizing sur-
factants (2nionic and cauionic types) often react with other chemicals used 1n the
rehabilitazn process 1o form insoluble preciptates that have no cleaning value.

Surfactzzis are inexpensive to use because only relatively low concenirations of
250 w0 507 mg/! are required They can enhance the dispersing efiicezcy of the
polyphospnates in the removal of silt and clay. Likewise, acidizing is meorz effective
when a sutizctant is used with the acid. This 1s because the surfactant enables the
2cid soluusn 1o soak into 2l of the pores and cracks of the incrusung ceposit. 1n-
creasing in.s to1al contact area between acid and incrustation and thereb: speeding
the rate of removal of incrustation.

Physical Agitation

Agitatioz. of the phosphais or surfactant solution is imporiant in re=oving the
maximum amount of finc material from the formation. Agitation of t=2 chemical
solution dunng rehabilitation can be done by using a surge plunger, comprzssed arr,
well pumz, or high-velocits jet. Once of the most efficient methods of rszceveloping
wells with polyphosphates 1s high-velocity jening, where the appropnate polyphos-
phate solution 1s used as the jetung fluid, If hlgh-vcl’ocny jetung 1s not used, the
polyphospnate solution should be placed 1n the well, forced 1nto the fermauon ad-
Jacent 10 1h2 screen, and agutated by one of the development techniques ¢esenbed 1n
Chapter 1 Applying these methods in well treatment, however, requires scme minor
changes ir the details of operation. For example, when compressed arr s used for
surging the chemical solution, the solution must not be discharged frem the well
before disagzregation of the parucles has occurred.

When 2z:1ating with a high-velocity jet, 1t may be desirable to pump oz well pe-
nodically 2: a low rate In operauon, jetung adds water 10 the well at the zatc of 25
to 200 gpr (135 to 1,090 m'/day), dependihg on the size of the jetung nczzles and
the pump pressure The water pumped from the well can be recirculated ic conlinue
the jetting operation. Movement of water through the screen openings 1719 the well
carries witn 1t some of the scdiment loosened by the jetting process Thus matenal
*should be szttled out 1n a tank or pit before being recirculated to avoid damaging the
screen, pump, or jetting nozzles. Continuous removal of loosened matenZ {from the
formation w1l greatly improve the effectivencss of the polyphosphate tsatment by
aliowing the phosphate to reach untreated parts of the formauon more guicxls. Even
though chlcrine 1s used in the phosphate solution, 11 is good practice to c:sinfect the
well follow:ing the polyphosphate treatment to make sure that the wel, s jeflin e
sannary cozdition.

IMPORTANCE OF SCREEN DESIGN ON REHABILITATION

When rezabilitaung a well screen. its design will influence considerably 1ze results
that can bs obtained from various types of chemical treatment and meczznical agi-
tzuon. parucularhy honzontal jetting. The force of the jet must be direci=Z through

™

the screer cpenings Screens with high open area and uniformly arrarzad. closeh
spaced slots tnat aliow direst access to the formation assure the maximue= agitation
fect frorr the jotung process For example, pipe-base and mill-slouted s—e2as oer

izsufficient open area throuch the perforations in the pipe. Louver anéd >ndge-sict
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screens present an almost solid vertical metal surfzce to the horizontzi jet. Contin-
uous-slot screens. on the other hand. have maximum open arez and slot configurations
that maximize the impact of flow from the jetung o0l

The shap: of the screen openings is also imponast in influencing the effectiveness
of 1he agitanion created by the jet. In other words. cerain slot configurations will
allow the jetung energy 1o reach deeper into the formation. The best 1y pe of opening
13 V-shaped slot that widens toward the inside of the screen. W hen the jetis projected
through this V-shaped opening as shown in Figure 13.18 (page 519). the slot opening
concentrates the effect of the stream like a second nozzle or venturi. Other slot con-
figurzuions tend 1o block or disperse the stream and reduce 1ts force before 1t reaches
the incrusted formation beyond the outer face of the screen.

669 .
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CONCLUSIONS '

Wells are often allowed to deteriorate for such a long time that their specific capacity
may be impossible to restore complelely, even when using the best chemicals and
rehabilitation techniques available. To guard against such a situanon. 1t 1s essential
thal the well owner keep good well records so that anv decline in performance wall
not go undetected. The well's specific capacity should be measured at regular intervals.
ctther monthly or bimonthly. The measured specific capacily should be compared
with the onginal specific capacity. As soon asa 10-10 15-percent decrease 1s observed.
steps should be taken to determine the cause and correst the problem. Rehabilitatien’
procedures should be imnated before the speaific capacity has declined 25 percent.
Declines greater than 25 percent often require much larger expenditures for chemicals
and labor without ever regaining the oniginal specific capacity.

The decision whether 1o rehabilitate an old well or construct a new one can be
extremely difficutlt The principal lems 1o consider are the cost comparisons between
the rchabilitation program and those for the new well, the ume required 10 rehabilitate
an old wcll or 1o dnill and place a new well into service. the projecied hife of the new
well. the economic life of the old well once 1t has been rehabulitated. and the costs
of continuing 10 usc the old well if no maintcnance work is performed. With the
excepuion of treatments for iron bacteria and scverely corroded screcns and casings,
svsiematic well rehabilitation using proper methods and maicrials can usually restore
or may esven increase the original specific capacity of the well for a sigmificant length
of umc. The important point is that 2 methodical. long-range program of well in-
spection and momitonng 1s required 1o identify protlems so that a regular program.
of prevenuve maintenance can guarantec a rehavle source of water.
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REHABILITATION OF TUBEWELLS

1. Scope — Lays down the guidelines for rehabilitation of tubewsll.

2. Introduction — The useful life of a tubewell depends upon its design, method of constructi
type of acquifer tapped, water quality, discharge and depression at which it is operated ang thlelctlon.
of maintenance it recetves. With the passage of time and continuous pumpage when the yield faylrl)e
it may be possible up to a certain stage to restore the well yield or improve its pertormance bS'
carrying out suitabie rehabilitation programme. A welil should normaily be 1aken up for reconstructi 4
when its specific yield falls down below 1/2 to 1/3 of the designed specific yield. Alsg, g tubewgﬂ
should be taken up for repaurs for improvement of discharge, when its specific yield falls to about
80 percent of the initial value. ’

3. Cause of Failure — Tubewell failures are generaily indicated either by excessive sand puﬁ’;pa e
or steady decline in well yield 1o the economical pumping. The following are the main causes fgor
the failure of tubewell. ) -

3.1 Those due to Extraneous Reasons not Connected to Well itself — In this category are included
cases where pumping rate may go down due to lowering of water table in the acquifer as a resylt of
over-pumping or due to interference from other wells in the same acquifer. There is nothing that can
be done to the well assembly itself to overcome such difficulties, but it is important to recognize
these causes. e e

3.2 Those Arising from Damage to the Tubewal! itself

3.2.1 Incrustation and corrosion — Depends upon the chemical quality of the water. Corrosion is
a chemical action of water on metals which resylts in eating away orremoval of material from the
surface. It may severtely himit the hie of a tubewell by enlarging slot openings, leading to sand
pumping, reduction in strength followed by collapse of screen and rede-position of corroded products
causing blockage of screan openings. .

Incrustation results from clogging of the acquifer around the welil and openings of the screen,
leading to decrease in well capacity. -

If pH of the well watar is more than 7°50Q, it is indicative of incrustive nature. Carbonate content
higher than 300 ppm causes incrustation due to carbonates of calcium and magnesium. lron content
from 201030 ppm and manganese content higher than 1°0 ppm tend to cause incrustation. If pH
value of the well water is less than 7°00, it is acidic in nature and may have corrosion effects.
It presence of carbon di-oxide exceeds 80 ppm, the water 1s expected to be corrosive. Presence of
chloride content more than 1 000 ppm, hydrogen sulphide 1 to 2 ppm and total dissolved solids over
1 000 ppm is indicative of corrosive nature of water, ‘

3.2.2 Over pumping — Qver pumping is usually caused due to clogging of well screen oOr water
bearing formations, s a resuit of accumulation of fine sand particles adjacent to the well screen.
Tnis leads to increased draw down and may eventually cause rupture of the strainer. Whenever
increased draw down is noticed accompanied with pumpage of fine sand, the rate of Qumping shall be
reduced down and balanced against rate of replenishment.

3.2.3 Improper design and gravel placement — |t included failures due to improper design, faulty
placement of pack matenals and improper development of the well. Gravel pa'ck gradation and
screen slot size in many cases are not properly matched to the acquifer grain size leading t0 formation
of voids. . : .

Faulty placement of gravel results into segregations by particle size and aiso causes bridging or
knotting in gravel pack at one or more places. This defect, if left unnoticed, by not ensunxq ﬁonnn-
uity of the gravel pack during development, causes irrepairable faiiure of the tupewell. As 1 S well
Is run, gradual development takes place in starta and gravel below and bridged portion lmcz\:le?ree?;fvn.
causing exposure of the slotted portion to the acquifer, directly against it. This resu ts e ow
of acquifer material into the well pipe, causing sand filling and consequent reduction in well yield.
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In agnculture strainer type wells incorrect size of mesh openings may either lead to clogging of
the strainers resulting in loss of discharge or cortinuous flow of sand with water followed by cavity
formation, wnich on sudden collapse may cause sinking of the pump house building. Not much can
be done to avoid such failures due to faully ces.gn or tncorrect size of gravel or mesh openings.
However, sometimes formation of cavities around the screen allow the overlying fine matenial 10 settie
down and get positioned against the screen pe:formations. This reduces the well yield and again,
when the so placed material is washed off, the discharge increases. This phenomenon is indicated
by erratic performance of the well.

3.2.4 Faulty construction — Failures due to deficiences in tubewell construction methods and in
construction nspection such as faulty or loose pipe and screen connections or joints are rare. This 1Is
indicated by sudden heavy rush of sand into the well pipe. Tc .o.ate and rectify such defect§, 1t is
best to take sounding of the well and compare the sand discharged with the onginal well logs. The
well may be cleared up with a bailer.

If not substantial portion of the slottec pipe or screen is likely to be lost, itis bestto plug the

portion up to the defective joint. It wuuld, of course, reduce the well yield 1n proportion to the
length of the screen lost.

4. Information to be given by User |

4.1 The causes of the sickness of a well shall be diagonaged before any remedial measures are
adopted. The condition of the well may be judged from the performance data during its service life.
Following information shali be made available by the owner:

a) Initial and present well yield, deptession, spring level as observed periodically during the
well’s service life.

b) Sand content in ppm, if any.
¢) Grain size distribution of the strata taped as a result of sieve analysis.
d) Location of screen, its opening size, percentage of screen surface area to the total open area,

screen mazterial length and diameter of screen and well pipes, etc, and data of acceptance
ot the well.

e) Size and quantity of pea-gravel used initially and during its service life.
f) Method used and details of development with results,

g) Method of drilling adopted, name of driliing agency, original pump and well test results and
results of sebsequent tests, if available.

h) Results of the initial and present chemical analysis of the well.water.

J) Details of any chemical treatment, if ever given to the well and results achieved the refrom.
k) Sounding of the well assembly observed every year.

m) Deztails of repairs to the pumping equipment carried out every year.

n) |\rl]umber of electricity units consumed per kilowatt ratings every year during service life of
the well. .

9. Investigations to be Carried out by the Contractor

5.1 The following data shall be determined for reference when starting rehabilitation an any wall:

a) Date of acceptance of well

b) Name of contractor

¢) Method of drilling

d) Method of formation sampling

e) Formation log

) Mechanical analyses of aquifer samplaes

@) Mechanical analyses of pack material




ieont lgi@flala. slut 3lz.y, uldiisiers ¢na depth of setling
i) Present open arga of screen, design intlow velocity )
k) Depth. diameter and material of pump chamber
m) Method and completéness of develepment
n) Original pump and well test results and results cf subsequent tests, with dates
1) Stiatic water level A
2) Measured depth to bottom of hole
3) Discharge
4) Draw down
5) Specific capacity
6) Step tests
7) Production tests
p) Ground water hydrographs of area
q) Quality of water analyses of well with dates
r) Resunle of maintenance, rehabilitation and performance

s) Similar data shall be collected by the electrical division on each pump unit.

5.2 The following investigations shall be carried out and data determined before starting rehabilitation
on any well:

a) Ground water hydrographs of the area, if available

b) Chemical and bacterological analysis of the well water shall be carried out and mmpared with
the onginal one, with regard to its original and the present apparent incrustatios potential.

c¢) If the well is yielding sand. the discharged sand sample shall be collected and mmpared with
the ornginal formaucn log so as to locate precisely the position of the passble rupture or
loose conneclion, etc.

d)

If equipment is availadie, an under water photographic survey shall be carried out and location
of any evidence of incrustation, organic growth or accumlatuon on the casmg and screen
recorded. Also, any filamentous algee, iron bacterial or similar organisms flaung in the
water shall be noted. Any evidence of mechanical damage 1o the casing and green shall be
carefully inspected with the camera add recorded with regard to its description ad depth.

e) Tne present specific yield at a design discharge rate and draw down low enomh to permut
continuous pumping for 4 hours, without breaking suction, shall be deterrmired. This will

give a qualitative me3asure of the degree of detenoration and by comparison with the later
tests, the succéss of rehabilitation programme.

f) The pump be pulled out and various parts be examined immediately as they are temoved from
the well. The column pipe. drive shaft. bearing spiders and bowl shall beinspected for
evidence of excessitve accumulations or deposits of ferric or ferrous hydrosides. If the
deposits are present, sufficient samples shall be collected to fully fill a botle capable of
being sealed airtight. This shall be done as rapidly as possible and the samples sent to the
laboratory immediately, so to avoid generation of heat in the sample. The samples shall be
sent to the chemical and biological laboratores for identification of chemical ad biological

laboratories for identfication of chemical compounds present and identificatim, if possible,
of organism involved.

g) Examine pump parts for evidence of pitting, tuberculations, graphitization, @vitation and
wear. Pump bowls and impellers shall be inspected for evidence for graphitizaaon in areas
where sulphate bactenz are known or suspected to be present.

h) The static water level end depth of the bottom of the well assembly shall be decked again
out of the well when the pump is taken out of the well.
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+ wevs ui Wil fallure or sickness are established on the basis of
the performance and other data, appropriate remedial measures, as detalled in subseauent para, ma

be adopted. In case reduction in yield is found to have been caused due 10 some sorn of pump falyre
the obvious remedy is to repair or replace the pump. In all such cases, It 1s & €ood pracuice "o r‘bserve'
sound!ng of the well and compare it with the onginal one.

6. Preliminary Steps for Well Rehabilitation .

6.1 Usually a well shall not be rehabilitated until the specific capacity hec .ecrezsed 15 percent o
" more. The proposed rehabilitation shall usually irvolve pulling of the pump

Prior to any field activity, analyses of water from the well as inmitially completed and at present
shall be examined 1n regard to its original and present apparent incrustation pcertial  If 3t 1s high or

has increased in ume, possibly two acid treatm.2nts may be required and provision shall be made to
have the required material available, if needed.

If records on the kwh used by the well, the hours of operation, or the voiume of water pumped
are available, they shall be examined. Other things being equal (which thev seidom are), the amount

of incrustation or fine invasion of the pack will vary with the volume of water pumped, the hours of
operation, or similar measure of well use.
]

Data on the initial static water level, the present water level the ssezific capacity at design
discharge and the present specific capacity at a discharge rate and draw cown low enough 1o permit
conttnuous pumping for 4 hours without breaking suction shall be obtained. This shall give a quali-
tative measure of the degree of deterioration and by comparision with later tests the success of the
rehabilitation programme. When the pump is pulled, examine tne various parts immediately as they
are removed from the well. The column pipe, drive shaft, bearing spiders. and bowl shal] be inspected
for evidence of excessive accumulations or deposits of fernic or ferrous hydroxiaes. |f present, sufficient
samples shall be scrapped off for laboratory examination to fully fill a bottle capabls of being sealed
airtight. This shall be done as rapidly as possible and the samples sent 10 the laboratory immediately,
since the oxidation and loss of original character of such maternal when exposed 10 the air, temperature
change, and drying is at umes of rap:d as 1o generate sensible beat in the sample.  Pump parts shall
subsequently be cleaned thoroughly and examined for evidence of pitung. tuberculation. graphitization,
cavitation, and wear by the machine shop. Any necessary repairs. replacements, or adjustments shall
be made while the well js being worked over. The samples scrapped from the pumo shali be submitted
to the chemical and bilogical laboratones tor identification of chemical compounas present and
identification, if possible, of organisms involved. Pump bowls and impeliers shall be inspected for

evidence or graphitization fn areas where sulphate reducing bacteria are known or suspected 1o be
present, '

The static water level and depth of the bottom of the hole shal

! be checked again with the pump
out of the well. .-

If equipment is available, a TV camera survey shall be made of the weli and the lezation of any
evidence of incrustation, organic growth or accumulation on the casing and screen recorded. Any
filamentous iron bacteriol or similar organisms floating in the water shall be noted. Any evidence of

mechanical damage to the casing and screen shall be carefully inspected with the camera and recorded
in regaré to description and depth.

Identification of organisms that contribute to well deterroration 1s not primarily important nitially
since it is probable that they may be controlled by presently practiced chlonnation or their sterilizing
procedures. However, these shall be studied and identified eventially as part of the overall investiga-
tion since such knowiedge may lead to more effective or less expensive methods of conirol.

7. Methods of Rehabilitation

7.1 Glossy Phosphates Treatment — Polyphosphatas are used to disperse clays and silts, and loosen
their adhesion to sand and gravel so they may be more readily drawn into the well during develop-
ment. They are seldom used alone but usually in conjunction with a wetting agent, sogium carbonate
and a chiorine compound The wetting agent facilitates the penetration of the polyphosphate solution
into the hine grained materials and hastens the operation. The sodwum carbonate has a cleaning zction
towards rust on iron screens and pipe, and also setves to neutralize the effetts of oil and other organic
compounds that might interfere with the action of the chlorine The chlorine acts somewhat as a

catalyst and seemingly improves the action of the polyphosphates as well as acting to sterilise the well
and adjacent tormations,

R
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However, until moge is known of the fabric and cofposition of the aquifers, it is recommended
that wetting agents be omitted from the solutions. Under some circumstances the wetting agents
cause toa raowd a break#own of some clays and 3 drastic breakdown of the fabric As 3 consequence
aquifers are sometimes tartightly blocked tc  be adequately developed by any means, )

Also in wells screened with fibreglass-reinforced epoxy, the sodium carbonate may probably be
left out of the solution without its losing efficiency.

When first applied to water well development, the use of 13 to 18 kg of polyphosphates per 450
litra of water 1n the well was used. With experience. this was found to be an unnecessarnly strong
solution for most wells. On the other hand, 1t was found that all wells did not respond stmilarly and
that the desirable concentration might range from 2°3 to 9 kg of polyphosphate per 450 litre of water in
the well. Iniually it 1s suggested using 3'6 to 4 5 kg hexometaphosphate per 405 litre of water in the
wells. Expenmental increases or decreases about 200 g each may show better performance with a
greater or loss concentration, but 1t shall be determined only by experiment.

While the percent of chlorine compound in the solution appears to improve its action, if the
amount of chlorine present is at least 50 ppm. Larger concentrations do not seem to either impede
or improve the effects of the solution. Consequently, chlorine may be used with polyphosphates
either as a normal sterlizing agent or in shock treatments designed to oxidize and destroy not only
the organisms but the inanimate products of their metabolism that act to block packs and screens.

In view of thése considerations and the probable nature of the aquifers and blocking materials
in the screen, the iniual procedure in rehabilitating any well is as follows:

Estimate the volume of water in the pack and screen between the water table and the bottom of
the hole to the nearest 450 litre. On the basis of the following amount of reagents per 450 litre of water
in the well, estimate the amount of various chemicals required:

a) For fibreglass reinforced epoxy screens — Sodium hexame:taphosphate 3.6 kg:; available
100 ppm

b) For metal screens — [n addition to the above 900 g sodium carbonate
¢) Should experience show use of a wetting agent is helpful 450 g pluronic F68 or equivalent.

Most wells contain between 10900 to 159001 of water. A wooden or black iron tank
12x15x3 mis aconvenientsize for transportation, eic, and holds in excess of 6 360 litre  of water.
Therefore, two or three baiches of solution mixed in the tank shall be required for each well.
A convenient but not necessary atrangement that speeds up the operation 1S 10 use two tanks (n order
that the next batch of solution may be mixed while tha previcus qne is being placed in the well.

The solution is poured or pumped into the well through a 38 to 50 mm plastic or black iron pige
that initially 1s installed from the surface to about 1'5 m above the bottom of the well. Sufficient
solution 1s put in the well to displace an estimated 1'5 or 3 m of the water in the casing and pack.
The pipe is then raised 1°5 or 3 m and the procedute repeated untl all water in the well and pack are
displaced by the solution. The solution has higher specific gravity that the water and displaces it
upward and outward from the well. When all the solution is installed in the well, a volume of water
equal to about one-half that contained in the casing and screen is pured in at the top to displace the
solution from the screen and force it out into the formation ( see Table 1). A 200 m casing contains
about 11 litre and 200 mm screen about 18 litre of water per metre of length A surge block bail or
simifar tool 1s then run from the bottom of the well to above the water table two or three times of the
inductor pipe for air surging may be replaced to near the bottom of the well and air bubbled up through
the well to thoroughly mix the solution remaining in the casing screen.

TABLE 1 LITRE PER 300 mm OF LENGTH—CONTENTS OF CASING AND SCREEN
(Clause 7.1)
Nominat Pipe Size
mm

100
125
150
200
250
300
350
400
450
500
550
600

NP Wry -
RONGDONO AW
OON poOBAO ™

w [+)]

mg\_l

S®O
.

e il i b a1

's



A o 8 MWL T Idbb

-

Allow the solution to remain in the well for a minimum of 6 hours. overnight is a commonly used
period, during wh:ch the well is surged about every hour by running the su-ge block from the 10p of

tottom of the water column in the well three or four times at 2 moderate spees Or by surging with
air.

7.2 Acid Treatment — QOne of the most commonly used acids for treatment of well 1s 27°62
percent hydrochions acid. The acid is used full strength usually in a volume sufficient to displeze
15 to 2 times the voiume or water in the casing, screen, and gravel pack between the bottom of the
well and 3 m above the topmcst screen stot.  The acid is poured into the well through a black iron or
plastic pipe 38 to 50 mm in diarr =ter which extends to the bottom qf the well. The estimated voiume
of acid required to displace the water from 1°5 to 3 m secuion is poured tn.  The acid has a higner
spectfic gravity than water. Then the oipe 1s lifte¢c 1°'5 to 3 m and the process repeated untul all the
acid is added to the well. During oouring of the acid, 900 g of chelating agent per 4°5 litre of HCI shall
be poured down the pipe. Citnc acid, Rochelle salts, tartaric acid, phosphoric acid. and slycolic acid
are acceptable chelaung agents. Muriatic azid dissolves iron compounds when at a pH lower than 3 but
as the acid reacts with the carbonaies the pH nises to 3 and insoluble ferrous hydroxide precipitates
from the a=1d. The chelating zgents tend to keep the iron in solution regardiess of the £H so the iron

can be piumped from the well with the spent acid, rather than remaining as 2 contaminant to block
the pack.

‘In metallic casing and screen, an inhibitor such as knox gelatine is added to the acid in the
amount of 2°3 to 2’7 kg dissolved in warm water per 450 litre of acid to control attack on metal paris,

However, there are no such parts in a fibreglass reinforced epoxy well so this 1s unnecessary when
treating such wells.

The acid remains in the well for 4 to 6 hours. At the end of about 3 hours sufficient water is
added to the well to displace the acid from 3 m above the topmost slot 1o the bottom of the well.
While the acid is in the well and pack of the well 1s surged by air or with the surge block for 15 to 20
minutes each hour. At the end of about 6 hours, the acid is bailed or pumped out.

Use of hydrochioric acid is quite dangerous for inexperienced crew members. The acid gives off
dangerous poisonous fumes and the reaction with the carbonates i1n a well 1s sometimes voilent,
resulting in spraying the bystanders around the weil. In addition, the transportation of the lLiqud
hydrochloric acid to the field is ditficult and sometimes dangerous. For these reasons sulfamic acid
1s becoming more popular for well rehabilitation Sulfamic ac'd is more expensive but 1s easily
shipped as a‘dry drystal or powder. It is not as aggressive or strong as hydrochlonc acid and 1s

generally much safer to use. |t requires about two umes as long to treat a well 1s does hydrochionc
acid.

When using sulfamic acid in a well, the same estimates are made regarding the column of water
in the well 10 be disptaced and 14 to 2 times that volume is poured into the well through a black rron

or plastic pipe as described in the discussion on hydrochloric acid. 1t1s available in grannular from
and may be poured into the well from the top.

Because sulfamic acid is a milder and less aggressive acid. it is mixed in a black tron or wooden
tank at the surface. A tank about 1°2 X 1'5 X 3 m 15 usually adzguate and holas about 63690 litre
The tank shall have a bottom valve through which the acid solution is drawn into the well. 41 kg
sultamic acid, 450 g of pluronic F68 and 2'7 kg chelaung agent such as Rochelle salts. citric acid,
tataric acid, etc, are adaed and dissolved in each 450 litre of water to be poured into the well. f well
ts screened with metal, an inhibitor such as knox gelatine shall be used at the rate of 1°8 to 2°3 kg per
450 hire of solution. Tne acid shall remain in the well for at least 12 hours during which 1t shall be

surged by air or surge block about 15 to 20 minutes every hours. Then it is bailed or pumped to
waste.

Hydrochloric acid of adequate strength is raadtly available at a relatively low price It is used
successtully safety precautions that no injuries or casualuies have resulted. Under the circumsiances,
it appears that hydrochionc acid, despite the danger and difficulties associated with its use, shall
continue to be used. However, if the programme expands to the point where tratned and experienced

Crews are not available to carry on the acidizing work, consideration shall be given to employing the
less dangerous sulfamic zcid.

The spent acid is bailed_ or pumped out of the well using a corrosion-resistant pump for the
purpose. In many wells, pumping with a centrifuga! pump shall be possible. Close observation of

the bailing or pumping discharge and the draw downs during removal of the acid shall give an inaica-
ton ot the success of tne treatment.
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During acid treatment of a well the crew shall wear protective clothing and respirators  Qne of
wwo 250 hitre drums of concentrated sodium bicrabonate stail be avatlable for quick neutralization ot
acid with which crew members may come 1n contact dunng the operauon.

During treatment, incrustation is dissoived and the fines incorporated in the agent remain in the
pack and base materral. On completion of acidizing the well shall be redevetoped using polyphos-
phates, sufficient chlarine for a shock treatment and one ot the methods of surg.ng or jetting.

7.3 Chiorine Treatment — In some localities where the bacterial growth or slime have clogged the
water beaning formation, the treatment with chlorine has been found eifective. The disinfection or

burning up of the orgamism shime s accomplished by hypochiorous and hypoznloric acids, which are
formed when chlonne is added to water. 1

The chlonne shall be handled care_fully with the aid of suitable contairers and pipIng to ensure
proper piacement, as it is highly corrosive in the presence of water. When incrusted wells are heavily
treated with chlorine. 1t shall be followed by dechlorination with sulphur dioxide- '

For chlorine treatment. a concentration of 100 to 2C0 ppm of free chlorine is required, sufficient
amount of calcium hypochlarite sodium hypochlonte is put into the well either directly or jn a
water solution so as to give the required concentration of chlorine, alternatively chlorine gas is ysed
in solution with water.  The solution shall be introduced in the well through a small diameter plsstic
pipe. A quanuty of chlonne, 14 to 18 kg. added siowly over a penod of 12 hours, shall suffice to
produce good results in a large well. After adding chlorine solution, it shall be forced out into the
water beanng formattons by adding considerable amount of water. About 50 to 100 times the
volume of water starnatng in the well shall be used for this purpose. -

The well shall ba surged or solution agitated as is done in case of acid treaiment.

7.4 Dry Ice Treatment — The use or dry ice, that is, solid carbondioxide is sulf in the experimenta]
stage. Dry ice changes from sohid 10 gaseous state rapidly with considerable ptessure, when put
into well water. The rapidly expanding gas is confined within the well casing and 1s forced throygh
the screen openings 1o loosen the clogged material  On account of high pressure developed, provision
shall be made far the control and reliet of pressure to guard against any damage. As diy jce may

cause severe burns, if handled with bate hands. heavy gloves or tongs shall be used in handling
the ice.

7.5 Explosives — These are sometimes employed to develop and enlarge crevices and fissures in
tubewells dniled in ha:d rocks. Charges of 30 to 500 ppm are used accoraing to the hardness of the
rack and the depth at which the charge is to be detonated.

8. Criteria for Acceptance

8.1 An ingrease in yie!d of the well by 30 percent of the pre-rehabilitated yield of the well or
attainment of 75 percent of the initial yield, whichever is more, shall be the basis of acceptance.
Alternatives, it may be agreed to belween the contractor and the owner.

9. Information to be Supplied by the Contractor to Owner for Future Use

9.1 The contractor shall supply tha following information to the owner for future uss:
a) Re:zults of the investigations carried out before takirg up work of rehabifitztion.

b) Result of chemical tests carried out before and after rehabilitation work.

c) Methods used alongwith name and quantity of chemicals used and number of treatments
given.

d) Results of rehabilitation, that is, discharge, “enression and sand content in ppm at start and
after 20 minutes. .

e) Sourding of the well after the treatment.
f} Condition of the pumping unit befare rehabilitation and details of repairs carried out 1o it.

0) Suggestions, based on investigations, for future upkeep and maintenance cf the well including
reccmmended limit to continuous discharge and depression, that is, rate of pumping in order
10 svo:d harmful over pumping and thereby limiting the entrace velocites.

h) Any other relevent information desired by the owner.
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e b & damd SIARALLELLILIS rOR DRINKING WATER
( Clemse 2.1)
' Orurr  Rrzgrimearnt Unvrainastx Drunasie Rxanx
xsqllo CS“"'T“'C“ “lc zir"}:.:‘; \rrions ( DoximanLe Frrecty _Essoorrian . .
. HARACTPRIRTY CL Rey or or Tt LisrT ) Oumnine
1S : 3025-1064° TAR DEstias
P oEe nLE LidiT
M @ 3) ) (5 (6) N (&)
.. : . — 10 Above 10, con- Essential May be extended
i) Colour, Hazen units, s sumer accep- 1o 50 onty 35 =
Max tance decreases 1oxi¢ substancey —
are not suspect- |,
i " ed, in absence =
x of alternate
: sources
il Od 7 - Chobjec- - Exential 3} Tet coldand -
i) our tionable when heated
b) Test at several
dilutions -
iii) Taste Test at temperature  — Agreeable - Essential T:' medb‘ con-
not lower than ‘rm only
ter safety has
200C. Test 3t bli
several dilutions . been established .
- . _ dix B 10 Above 10, con- Essential May be extended -
iv) Turtluduv. NTU, Appendix sumer accep- up to 25, jnab-
Max R tance de- sence of alter- -
\ creases nate sources -
3
; i —_ 500 Beyond  this Desirable May be extended .
v) Dm];,rd;fhds 12 palatability up to 3000, in }
gt S decreases and the absence of
may cause gas- alternate sources !
tro intestinal
irrication 4
-4
4
L4
vi) pH value 8 - G5t085 Besond thisrange Lsential Mav be ralaxed 3
the water will up to 92, in ab- i
affect the mucous sence of alter- 'i
membrane and’ nate sources )
or warer supplv
system
vii) Tortal hardnes ( as 16 — 300 Eancrustation in  Essenual  Mav be extended
CaCO, ) mg/l, Mar water  supply up to GOV, in the
structure and absence of other
adverse effects sources
on domestic use
viii} Calcium (as Ca ) 13 —_ 75 Encrustation in Desirable Mav he extcnded
mg/l, Max water supply up to 200, in the
structure and ad- absence of other
verse effects on sources
domestic use .
ix) Magoesium ({as 16, 33, - 30 Encrustation in Desirable Mav Le extended .
Mg ) mg/l, Max 34 water  supply up to 109, in the ~
structure and absence of other *
adverse efflects sources -
on domestic use -%;
x} Copper (as Cu; 36 - 005 Auringent taste, Desirable Mav be relaxed =,
. mg!l, Max ( s¢¢ Note ) discoloration up to I3 1
and caorrosion of :
pipes, fitungs
and utensils will
be caused be- -
\ - yond this
xi) Iron (as Fe ) mgfl, 32 03 Bevond this limit  Essenual  Mayv he extended
Moax taste-appearance up to 1-0. in ab- -
are affected, has sence of alter- -
adverse effect on nate sources —
domestic  uses <
and water supply g
structures, and <
promotes iron o
hacteria o
( Continued ) 8
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TABLE 1 TEST C

HARACTERISTICS FOR DRINKING WATER — Coaid

o) . a2  Rrquumesment Uxorminaniz Desimaniy)
S Summmenox  Memen  Omn RESULANT UMt Bl
. NARACTFR Ci Rer oF or TraT LT ) QuTarne
1S : 3025-1964° tur Disina-
e e sLE LiMQIT
0 @ ® Q) 3 (©) )
.. - 0! Beyond thislimit  Desirable
2ii) Manganese { as Mn ) ( 35\.()“ ) taste ‘appearance
mg;1, Max ki are effected, has
adverse effect on
domestic uses and
water supply stru-
ctures
. — 250 Beyond this limit, Essential
xifi) Chlorides f“u an) 24 °‘{‘uc' corrosion
mg/1, Max and palatibidity
are affected
. ) — 150 Bevond this causes Desirable
xiv) Sulphate (23 SO, ) 2 gastro intensti-
mg!1, Max \ pal irritation
‘ when magnesi-
um or sodium
are present
. - f1S ¢ 45 Byond this methnae- Desirable
xv) Nlm“;‘( ‘;{?‘0' ) 62:81;( Part moglobincmia
=g/ 1V )-1974t takes place
b -
xvi) Fluoride (a1 P ) mg/!, 23 —_ 06 to Low flucride levels Desirable
1-2 are linked with
dental Carics.
Above 1'5 it may
cause fluoross
xvii) Phenolic compouads 54 — 0001 Beyond this, it may Desirable
(as GGH,OH), cause objectiona-
mg(1, Max ble taste and odour
xviai) Mercury ( as Hg ), — ( see Note ) 0-001 Bevond this, the Desirable
mg/l, Max Mercury ion water becomes
analyser toxic
xix) Cadmium (as Cd ), - ( see Note ) 001 Beyond ihis, the Desirable
mg/1, Max water becomes
toxic
xx) Selenium ( a3 Se ), 28 —_ 001 Beyocnd this, the Deairable
mgtl, Maz ( se¢ Ncte ) water becomes
toxic ’

Rraanxs

(8)

May be extended
up to 0°3 where
alternate
source i not
available

May ke extended
upto 1000, in
the absence of
other alternate
sources

May be extended
up to 400 pro-
vided magnesi-
um (2 Mg}
does not exceed
30

No relaxation

If the limit is be-
low 06 water
source should
not be rejected
but  suitable
public  health
measures should
be taken. Maxi-
mum limit may
be extended to
1'5, il no better
alternate source
s available

May be relaxed
up to 0002

No relaxation of
thislimitisallow-
ed. To be test-
ed when pollu-
tionis suspccted

No relaxation of
this  limit 32
allowed. To be
tested when
pollution is sus-
pected

w0 rclaxation of
this  Jizat  is
allowed. 10 be
tested when
pollution is sus-

pected
t Continued )

£861 = 00S0T *

ensniivlll

[P— —

t—— =

RN L 1)

[ R

s s

€861 - 00601 ¢ SI

P

Y

it e i e

IR VR






AABLA, 1

S SumsTaNCE OR

Bamrd lBrmasiatd dea dd Ll W VUa M LDUYG v ALE L = LonlE

Mxrnon

Ormxr  Rrquirzxent UxpEsinasex

Desinasrz/ Rn‘kll
No. CraracrzrisTic  OrF TEsT, Mernoos (Drsirasrx Frrrcrs EssextiaL
CL Rrror or Trsr Lnar) Ouv=eape
1S : 3025-1964° Tur Desika-
srr Lot
) %)) 3 (4 (%) (6) (7) (8)
xxi) Arsenic ( as As ), 40 - 005 Beyoned this, the Desirable No relaxation of
mgjl, Mes ) water  becomes this limit 13 allo-
toxic wed. To be test-
ed when pollu-
tion 13 suspected
xxii) Cyanide { as CN ), —_ Selective ion 005 Beyoned this limit, Desirable No relaxation. To
mg/1, Max electrode the water becomes be tested when
method toxic pollution is sus-
pected
xxiii) Lead (as Pb), -_ ( sz¢ Note ) 01 Beyond this limit, Deurable No relaxation
mg/1, Max the water becomes being & health
toxic rameter, To
tested when
pollution/plu-
mbo-solvency is
suspected
xxiv) Zinc (a1 Zn), 39 - 5 Beyoned this limitit  Desirable May be relaxed up
mg/l, Mex can cause asrin- to 15. To be tes-
gent taste and an ted when pollu-
opalescence in tion is suspected
waters
xzxv) Anionic detergenus - Methylene- 0°2  Beyond this limit it Deurable May be relaxed up-
(as MBAS ), blue extra- can cause alight to 1'0. To be tes-
mg/1, Max ction method froth in water ted whea pollu-
tion is suspected
{
xxv1) Chromium { as 38 - 005 May be carcinogenic  Desirable  No relaxation. To
Cré+ ), mg/l, Max above this lining . be tested when
pollution is sus-
pected
xxvii) Polynuclear 2 $ - May be carcino- Desirable ‘ :
aromatic hydro- genic
carbons ( ay PAH ),
ug/l, Max
Xxviii) Mineral oil mg/l, — Gas chromato- 00l Beyond this limit, Desirable May be relaxed up
Max graphic undesirable taste to 0'03. To be
method and odour after tested when
chlorination takes . pollution is sus-
place spected
xxix) Reudual, free 45 — 02 —_ Essential To be applicable
chlorine, mg/1, only when water
Min is  chlorinatcd.
1 Tested at con-
sumer end. When
protection agai-
nst viral infec-
tion is required,
it should be Min
05 mg/!
xxx) Pesticides 3 : Absent Toxic Desirable 3
xxx1) Radioactive - 58 —_ Desirable —
materials:
a) Alpha emitters 10-*
pe/ml, Max -
b) Beta emitters 10—
pciml, Aax

Notz — Atomic absorption spectrophotometric method may be used.

® Methods of sampling and test ( physical and chemical } for water used in industry.
+Methods of :ampling and test for industrial efBuents, Part 1V.
¢Limuts and methods of test are under 1tudy.
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