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Important Legal Notice

Disclaimer: The information in this publication is considered technically sound by the
consensus of persons engaged in the development and approval of the document at the
time it was developed. KWB disclaims liability to the full extent for any personal injury,
property, or other damages of any nature whatsoever, whether special, indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, use
of application, or reliance on this document. KWB disclaims and makes no guaranty or
warranty, expressed or implied, as to the accuracy or completeness of any information
published herein. It is expressly pointed out that the information and results given in this
publication may be out of date due to subsequent modifications. In addition, KWB
disclaims and makes no warranty that the information in this document will fulfill any of
your particular purposes or needs. The disclaimer on hand neither seeks to restrict nor to
exclude KWB’s liability against all relevant national statutory provisions.

Wichtiger rechtlicher Hinweis

Haftungsausschluss: Die in dieser Publikation bereitgestellte Information wurde zum
Zeitpunkt der Erstellung im Konsens mit den bei Entwicklung und Anfertigung des
Dokumentes beteiligten Personen als technisch einwandfrei befunden. KWB schlief3t
vollumfanglich die Haftung fur jegliche Personen-, Sach- oder sonstige Schaden aus,
ungeachtet ob diese speziell, indirekt, nachfolgend oder kompensatorisch, mittelbar oder
unmittelbar sind oder direkt oder indirekt von dieser Publikation, einer Anwendung oder
dem Vertrauen in dieses Dokument herrihren. KWB tbernimmt keine Garantie und
macht keine Zusicherungen ausdricklicher oder stillschweigender Art beziglich der
Richtigkeit oder Vollstandigkeit jeglicher Information hierin. Es wird ausdriicklich darauf
hingewiesen, dass die in der Publikation gegebenen Informationen und Ergebnisse
aufgrund nachfolgender Anderungen nicht mehr aktuell sein kénnen. Weiterhin lehnt
KWB die Haftung ab und Ubernimmt keine Garantie, dass die in diesem Dokument
enthaltenen Informationen der Erfillung lhrer besonderen Zwecke oder Anspriiche
dienlich sind. Mit der vorliegenden Haftungsausschlussklausel wird weder bezweckt, die
Haftung der KWB entgegen den einschlagigen nationalen Rechtsvorschriften
einzuschranken noch sie in Fallen auszuschlieRen, in denen ein Ausschluss nach diesen
Rechtsvorschriften nicht moglich ist.
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1 Introduction

1.1 Objectives

This technical guidance document provides an overview of methods for evaluating the
success of well regeneration. It is independent of the chosen regeneration method and
shall document the improvement of well performance and/ or condition due to
regeneration.

The objective of regeneration success evaluation is to standardize the documentation of
well history and assist in future regeneration planning by learning from past experience.

1.2 Applicability

This guidance document applies to drinking water wells undergoing regeneration for
either preventive or poor performance factors using standard regeneration technologies.
This includes such technologies as mechanical, chemical or impulse generation. Wells
where a component of the regeneration work included modification to the wells original
construction design may require additional measures and documentation above those
discussed in this document.

Prior to any regeneration, it needs to be carefully evaluated whether the well:

1) Requires regeneration (e.g. exclusion of other causes for failure) and;
2) Well condition is suitable for regeneration (e.g. able to resist against applied forces)

These preparative measures are not covered by this guideline.

1.3 Overview
The questions to be answered after regeneration are:

¢ What is the improvement in well performance based on a comparison of specific
capacity before and after regeneration, or to original capacity at time well
construction?

e Does the improvement in well performance justify the cost of regeneration (before
| after m¥/€)

¢ How much residuals/ deposits/solids were extracted/ generated?

¢ Did the regeneration work have an effect on water quality?

¢ How long did the improved performance last?

Accordingly, the minimum criteria for evaluating regeneration method success (Figure 1)
include

1) Pumping tests before and after regeneration to calculate and compare specific
capacity [Qs] changes which are calculated by dividing discharge rate [Q] by the
drawdown [s].

2) Water sampling for chemical or hygienic parameters due to the regeneration effort.
A water sample needs to be taken before and after regeneration. The analysis
should include indicator parameters such as pH, Eh, electric conductivity,
temperature and oxygen concentration as well as relevant cations and anions
(sodium, calcium, magnesium, iron, manganese, chloride, nitrate, sulfate,
hydrocarbonate), number of colony forming units and E.coli.

If it is not possible to monitor well performance during normal well operation to assess
the sustainability of the effected treatment, the pumping test should be repeated at least
once four to eight weeks after treatment.



2 General procedures

2.1 Terms and definitions

Discharge Q

Well performance

Specific capacity Qs

Entrance resistance 4h

Monitoring

Diagnosis

Well maintenance

Preventive treatment

Regeneration

Reconstruction

Also referred to as yield or abstraction rate.

Volume of water pumped from a borehole per unit of time,
usually in m3 per hour

Also referred to as well capacity.

Maximum rate of yield for given conditions, usually for a
given drawdown

Abstraction rate Q divided by drawdown s, describes the
yield per meter drawdown [m3/ h* m], is a function of time
and discharge

Difference in water level [m] between the abstraction well
and an observation well in the gravel pack during
abstraction

Routine investigation and analysis of quantitative,
gualitative and structural condition of a well construction

Deduction of reasons for any change in well performance

Process, carried out on a regular basis, and intended to
preserve a level of performance by keeping the
components in good repair

Measures, carried out on a regular basis, aimed to
preserve a good level of performance by slowing down
microbiological and chemical well ageing processes.

Most widespread are disinfection methods using strong
oxidants such as H,0,.

All measures aimed at the removal of mineral and organic
deposits from the well including the interior, gravel pack and
adjacent sediment to restore well performance to its original
level. All regeneration technologies are subject to the
following principles of action:

Separation: Disconnection (mechanical measures) or
dissolution (chemical methods) of the deposits from the well
material

Discharge: Removal of disconnected deposits from the well

Control of removal: Monitoring of progress to govern the
work flow

Any modification to the wells original construction design
aimed to preserve a good constructive condition and level
of performance.

Caution is advised when referring to American literature. In contrast to European
nomenclature, the term Rehabilitation is typically used for regeneration methods. In
Europe, rehabilitation refers to both, regeneration and reconstruction work.

Unless it is noted otherwise, wells are referred to as vertical filter wells constructed with a
casing, screen and gravel pack behind the filter screen.



2.2 Minimum and ideal methodology

Each regeneration event has to include an active pumping component to remove
detached deposits/materials, otherwise they might result in more rapid re-growth of
biological material. The pumping allows for periodic sampling of discharge water to
monitor removal efficiency and improvement in well performance. The sediment removal
process can occur either simultaneous with the process/technology used to loosen the
material plugging pore spaces, or alternating with the application of the regeneration
process/technology. The monitoring of removed material quantities is used as one
criterion in determining when regeneration efforts should stop. As turbidity clears in all
screen intervals, this is one indication that regeneration work may be complete. If
turbidity monitoring detects a sudden increase in the quantity of sand or gravel work
should stop as this could indicate a well construction failure.

Monitoring the volume of removed material during regeneration (Figure 1, middle) is one
criteria used to evaluate the regeneration progress. However, it cannot be compared to
the initial measured volumes for the sole purpose of determining the success of the
regeneration work. Additional criteria are necessary to compare the condition of the wells
performance before and after regeneration. In general, pumping tests are the most
useful method for determining regeneration success as they provide quantitative
measurements on well capacity and efficiency independent of the applied regeneration
technology.

Prior to starting any regeneration work, a video inspection of the well casing and screen
is recommended to minimize the potential loss of regeneration equipment or damage to
the well due to age related degradation or poor construction, (Figure 1, left). A post
regeneration video inspection is also recommended in order get a visual observation of
deposit removal (if deposits were located on the casing and/ or screen).

Ideally, a water quality and or biological deposit sample is collected before regeneration,
to document the impact of the clogging processes. After completing the regeneration
work, another water quality sample should be collected to document any changes in
chemical or biological concentrations (Figure 1, right).

Additional monitoring criteria are sometimes used to evaluate the permeability of the
gravel pack and how they were affected by regeneration.

. N . N
Before During After
regeneration regeneration regeneration
S / - J
s B s N
= Pumping test Pumping test
E [Q-s-curve / Qs] Control of volume of [Q-s-curve / Qs]
= P removed material <
= Video inspection [TSS / Imhoff cone] :
= [Condition of tubing] Water sampling
p
© Water sampling
S L ) ] ] Video inspection
'_.g- N Intermittent pumping test [Visual observation
. . fd it |
O Deposit sampling of doposit removall
. —y
- Screen & gravel Screen & gravel
g permeability permeability
g [Flow & Packer-Flow log] [Flow & Packer-Flow log]
&
L

Figure 1: Range of monitoring criteria for regeneration success evaluation
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When regeneration is done on wells with less than 10 percent loss of performance,
pumping tests alone are not sufficient to evaluate success, because of the small
difference in the pre and post specific capacity values. In these cases, the monitoring of
sediment volumes removed through the process is important.

It is important to regularly determine static water levels in order to distinguish between
well performance losses due to well clogging and that due to external factors such as
declining aquifer water levels from over-exploitation or low seasonal recharge. This is
accomplished by collecting water level measurements at the well during none pumping
periods or by installing a network of dedicated piezometers for regional water level
monitoring.

2.3 Documentation of Regeneration Work

After completion of the regeneration fieldwork, it is important to prepare a written report
that documents the regeneration work process and results. At a minimum, the
regeneration report should contain:

Any tests and analyses conducted prior to regeneration;
Regeneration process and technologies used,;

Comparison of pre and post regeneration specific capacities;
Volume of sediment removed throughout the process;
Discussion of any changes in water quality;
Recommendations for future regeneration approach;
Recommendations for long-term operation and monitoring.

For long term monitoring of well performance, setting up a well maintenance database
(Figure 2) is strongly recommended as it provides a structured way to collect and store
operational data that is easily accessible to well owners and their engineers.

B2 £ wellData =SS M=)
b ID4vellData ﬂ Caonstyear 1857
WellName PC-F1BOND-DOT FirstOPvear 2000
“Waterworks  [Lisieux Completionf 21.06.2000
Region MNormandie _
vistsrworks: [Lisie ] Reglon: Homandie |
Casing Material Aguifer Type Vkilnams: [PCFIBOND-002 | Constustionyer:
EEI consolidated rack pumeeroNd : s
sewnngnmy: [ 22 Aquiter I
Total dspin ] | cowng= [N
Diameter 500 1DReg: H
wetnoa: (N 5= rt Dz T4z
Depth 7333 Coverage mnspr g camste [ 2igiaid

DehE:

confined

EBilansLetne

woment
BTV Condition per Section: 1.0021
[ short Pumping Test @

DstappumpingTsst  @sporstep: [ [ ]

Screens:
MNurber

1 Length [m]: 21,50

O Flow me&r
DI Pzcker-Flowmstsr

haterial

EE Dlcrameaiearematos
O Hyglenic Paramsers
[Dsposit sampling
Qs 160 e
= Conartion par ssction: 1.0000
[ short Fumping Test @5
@Ry 170,00 Distap pumpng o5t @s porstsp: [
O Flow mater
S*CPT 1U9 O Packer-Flowmster
Dlcnamicaiparamtsrs
O Hyglenk: Paramsers
Static Waterlevel 24,04 DynamicWater Level | 2295 CIDsposit sampling
@ Diffsrence ShortPT: Peformance;  Increase
Er Eegetots
Datensatz: 14| 4 | 1 b | p1[e%| von 4 ﬂ j Seite: [ <] 1M

Figure 2: Example record sheets from a draft database containing well and maintenance data [KWB 2009
concept, not pursued]



REGENERATION REPORT

Report date

dd.mm.yyyy

Regeneration method applied

] Brushing

[] Hydromechanical method: please specify

% [] Chemical: please specify
= Type/ Name of product:
= Volume of product used:
5 Concentration:
= Application: Open or under pressure, packered etc.
e Treatment cycles:
& | contractor please specify
Cost of regeneration application | xx.xxx €
Time, well was out of operation xx days
Evaluation methods applied Method Before After
Constant-rate pumping test ] ]
Step pumping test U] U]
TV inspection U] (]
Packer flow meter log ] ]
Water analysis L] ]
c | Qs after regeneration compared | initial Qs:
'% to initial capacity Qs after regeneration: xxx ( x %)
c—:; Qs after regeneration compared | Qs before regeneration::
o | to before regeneration Qs after regeneration: xxx ( x %)
Qs after xx weeks Qs after regeneration: xxx
Removed solid matter xx g/l (equiv. to kg/m3)
evaluated by ] Imhoff cone
[] Mass balance calculation (for acidification)
Residuals & xx m3 (or kg)
Costs for their disposal XX.xxx €
Peculiarities noted by TV [] Casing/ screen broken
inspection [] Casing/ screen corroded
[] Hardened deposits, not removed
[] Other: please specify
@ | Peculiarities noted in Flow log [] Dislocation of annular seal
E [] Large variation before/ after regeneration
E’ [] Other: please specify
g Peculiarities noted in water (] Bacterial disturbance due to regeneration
% analysis [] Large variation before/ after regeneration
<

[] Other: please specify

Personal evaluation
Name: XXX
Comments: Xxx

[] Regeneration successful / Repetition recommended

[] Regeneration partly successful

Repetition recommended: [ ] yes [] no

[] Not recommended for repetition




3 Methods to evaluate the success of well regeneration

3.1 Specific capacity before and after regeneration

The specific capacity of a well is calculated from pumping test data. They can be carried
out as constant-rate discharge test or step-draw down pumping tests (varying discharge

rate).

Step-draw down tests allow the determination of the Q-s-curve, from which the well loss
coefficient can be calculated in addition to the specific capacity Q/s. A minimum three
discharge steps are necessary, beginning with the lowest rate.

Short-term constant-rate pumping tests can be used in place of step-tests if well
efficiency is not needed. The pumping rate should equal that of normal well operation. If
possible, the well is pumped until the dynamic water level remains constant.

Procedure

1 Open the wellhead for access

2 Measure the static water level below pre-determined measuring point

3 Insert temporary pump into well at a depth where there is no risk of pumping
water level dropping below pump intake during regeneration work
Re-measure water level to ensure equilibration following pump installation.
Initiate pumping, choose first discharge rate depending on the total number of
steps and the maximum discharge rate (e.g. for 3 steps: 1% step is 1/3 of
maximum discharge, 2" step is 2/3 etc.)

6 Measure pumping rate and drawdown at pre-defined intervals (see attachment 1),
and record on the specific capacity test form (attachment 1)

7 Pump untii drawdown has stabilized (typically 1 to 2 hours per step;
measurements within 1 cm over a ten minute interval can be considered stable)

8 Record time since start of pumping, discharge rate and drawdown

for step-drawdown tests:

9

Increase discharge rate to step n+1

10 Repeat steps 6 to 8 for at least two more pumping rates with equal duration for

each pumping rate step

otherwise:

11 Terminate pumping

12 Measure water levels at pre-defined intervals(see attachment 1) during recovery;

the water level measured when residual drawdown stabilized should be used as
final static water level

13 Use software (e.g. excel spreadsheet, see attachment 1) to interpret pump test

data (-> digitalize data, plot Q-s, determine specific capacity Qs, aquifer loss
coefficient B and well loss coefficient C)

Checklist
Equipment:

& Suitable capacity pump and riser pipe
< Dip meter



& Water level meter
@ Clock / Stop watch
& Field test data sheet (attachment 1)
& Location for discharge water
Approximate Effort:

Constant-rate pump tests: ~ 0.5 day; ~ €2.500 each
Step-discharge tests: ~ 1 day; ~€3.500 each

Critical points:

@ Determine true static water level, especially in case of constant-rate pump tests
Use same reference point and units, e.g. meter below top of well head
For unconfined wells: measure at same discharge rate before and after regeneration

If routine monitoring does not cover water level and discharge measurements:
Repeat pumping test (same discharge rate again) after two to eight weeks to
evaluate sustainability

9 9 §

Evaluation of regeneration success from pump tests

The specific capacity Qs of a well is calculated by Qs = Q/s where Q is the discharge
rate of step n and s the according steady-state drawdown of step n.

For the evaluation of regeneration success, Qs after regeneration is compared to Qs
before. To determine the overall performance improvement of the well, Qs after
regeneration is related to the initial specific capacity determined after initial well
construction pumping test.

When evaluating step-discharge tests, the steady-state drawdown of each pumping rate
is plotted against the corresponding pumping rate. Plotting the pre and post regeneration
drawdown on one diagram (Figure 3), the Q-s-curve after regeneration should have less
slope if the well performance has improved.

Discharge rate Q
H 10 20 30 40 50 &0 7o 80 90 100

0 [‘_'______J : [ 1 2 )
R
1 --‘"H-_-'_..___ j +
" o
g 2 ~~
o \'
e
a
a4
&
=#=initial (1990) =—M—before reg (2008a) after reg (2008b)

Figure 3: Example Q-s-curves for step-discharge-tests at initial operation, before and after regeneration

For wells completed in both, confined or unconfined aquifers, if drawdown is less than
10% of the overall aquifer thickness, the specific drawdown, calculated by steady-state
drawdown s divided by discharge rate Q can be plotted against the pumping rates to
determine the aquifer loss B (slope of the curve) and the well loss C (interception with
s/Q-axis) (Figure 4).



Eden-Hazel Part 1

1 Slope = 7.039e-004 days/Meters2
Transmissivity = 260. m2/day

10

Drawdown (Meters)

PRI T T S T T SO N A S N R

RN R LR RN Ry LR LR R RN LR RN RN R RRRLELLY LR
0 1 2 3 4 5 6 7 8 g

Pumping (Discharge rate Q [m*min] * Pumping time [log(min)] ':hr:?t ;:p'f‘";?;

Analysis by LL Pump Co

Figure 4: Example for computer-assisted step drawdown test analysis [Aitchison-Earl & Smith 2008: Aquifer
test guidelines. 2" ed ]

Please note that a final assessment of the well condition requires the evaluation of the
development of these values over time, and thus repeated measurements under
constant boundary conditions. An increasing well loss after several regenerations
indicates severe clogging, which cannot be treated indefinitely. A high, but more or less
constant well loss is related to the screen and/ or gravel pack design.

During regeneration, Qs can be estimated at each pumping step by recording discharge
rates and associated drawdown then calculating Qs as described above. Regeneration
can be stopped, if Qs is not increased after several repeated treatment cycles.



The volume (or mass) of removed material is
calculated from repeated measurement of
either turbidity, suspended solids or of
dissolved ionic concentrations (for chemical
regeneration). These measurements are
carried out during regeneration. Sample
measurements should be depth-specific, to
document regeneration progress in each
screen interval.

For mechanical regeneration, the minimum
requirement is to observe the volume of

3.2 Volume of removed material

Figure 5: Imhoff cones [www.geologie-

suspended solids with an Imhoff cone. franken.de]

Procedure

=

Implement regeneration process;

Pump off regeneration residues;

Measure duration of pumping and discharge rate;
Every 5 minutes: fill 101 bucket from discharge
Wait 5 minutes to allow for sediment to settle;
Carefully decant upper 9I;

Fill remaining 1l in Imhoff cone;

Wait at least 5 minutes to allow for settlement;

© 0 N O O A WD

Read scale of Imhoff cone after settlement [ml per 10I]

[N
o

Record sampling time, value and discharge rate on a field data sheet;

=
[

Record total duration of pumping;

=
N

Plot cumulative volume against time or, plot volume against depth;

=
w

Calculate total volume of removed solids [litres]:
Pumping time [minutes] x discharge rate [m3/h] x suspended solids content
[ml/ 101] x 10/ 60

Checklist
Equipment:

&

9 9 §

At least 3 to 5 sets of buckets and Imhoff cones
Clock/ Stop watch

Water meter

Field data sheet

Effort:

&

Assign person in charge. Sampling is performed during regeneration.

Critical points:

&

&

Sample if possible during maximum pumping rate (for very high discharge rates,
sampling from substream might be necessary)

Record discharge rate



Alternative measures

An alternative for extended sediment monitoring could include using an in-line sand
tester such as a Rossum sand tester (if particle sizes <100pum and low concentration
expected) or a turbidity meter with continuous measurement of suspended solids
concentration (Figure 6).

Chemical regenerations are evaluated based upon a mass balance of dissolved ionic
concentrations (Figure 7). Multiplying the concentration by the volume of pumped water
gives the total mass of removed material. For correction, the naturally occurring ion
concentration is subtracted from the measured concentration prior to multiplication.

- nanganese
TSS Sensor ViSolid® 700 1Q e

z: -J\_/_ ) ﬁ
LED/ __@ 60 ‘ " Detector
Detector v

alternative 2
method wcaly d d mass [g

Figure 6: in-line turbidity sensor Figure 7: Balancing iron/ manganese concentrations
[www.wtw.com] [(Houben & Treskatis 2007):178]

Evaluation of regeneration success from volume of removed material

The calculation of total volume of removed material does not provide a reliable indication
of regeneration success. The main reason is that the amount of source material present
in the well remains unknown. For example, removing 10 out of 12 litres suspended solids
would be quite successful, while removing 10 out of 100 litres could be seen as rather
unsuccessful.

Therefore, the sediment removal volume data needs to be evaluated in light of the other
criteria collected from pumping tests, down-hole video inspections and / or logging the
flow distribution.

Time-volume-diagrams help illustrating the regeneration progress. At the end of the
regeneration process, volume of suspended solids should trend to zero. If the value
remains high, either regeneration has been stopped too early, or the well might have
been damaged.

For wells whose screens are regenerated based on screen interval, depth-concentration
profiles illustrate at which sections the well was clogged most severely and/ or treated
most efficiently. Data from video inspections or flow logs are needed in addition to
determine if all clogging material has been removed.

10



3.3 Key water quality parameters

Water sampling fulfills two objectives. After regeneration work has been finished,
chemical and biological water quality is determined. At the same time, given that all
regeneration residual material was carefully removed, any changes in the chemical
composition indicate changed flow paths towards the well.

The key water quality parameters are colour, odour, temperature, electric conductivity,
pH, turbidity, iron, manganese, calcium, hydrocarbonate, nitrate and chloride. Some of
these parameters can be measured along with geophysical logging, e.g. temperature
and electric conductivity.

If the well is screened in different aquifers or a vertical zonation can be expected (from
regional geology, neighbour well examination or previous experience), depth-oriented
sampling is recommended. To do so, the well is pumped at different depths from bottom
to top.

Procedure

1 Determine the extent of analysis (parameters, needed sample volume etc.)
depending on well characteristics; depth specific sampling might be necessary, if
the well is screened in different aquifers and previous analyses are available

Install pump and sampling port (or bypass)

Start pumping and measuring key parameters pH, T and EC in a by-pass flow-
through cell.

Wait until key parameters have stabilized (+ 10 %)

Start sampling

Control water level, after sampling has been finished
Record well ID, time, discharge rate, water level, sample IDs

o ~N o g A

Note any specific conditions at time of sample collection
Checklist
Equipment:

&  Sampling port
& Measuring devices for pH, EC, T

& Flow-through cell

& Sterile glass bottles for microbiological
analysis

& Plastic bottles for chemical analysis

&

Equipment for filtration and field analyses
(depending on the extent of analysis)

& HNO; (conc.) for conservation Figure 8. In-situ measurement of
geochemical properties [Menz 2009]

Approximate Effort and Cost:

& Sampling 2 hours, ~€300
< Data Analysis ~€250 - €500, depending on extent

11



Critical points:

& Measure at steady-state conditions

& Measure the same set of parameters before and after regeneration to allow direct
comparison

Evaluation of regeneration success from key water quality parameters

8,0
]

784 g ?OI In addition to demonstrating safe drinking
g 'j water quality, the comparison of the
| / chemical concentrations before and after
g“‘ regeneration is used to evaluate any
: “{ changes due to regeneration (Figure 9).

before afe:

Any changes in water quality could affect
the water treatment scheme implying the
need for an adaptation of operation (e.g.
mixing with water from other sources). This
is especially important for the regeneration
of wells used for mineral water production.
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r

Figure 9: Example of changed water quality due to
CO2 treatment [(Houben & Treskatis 2007):225]

Observed changes in the water quality during regeneration can have several different
reasons. Most common are an incomplete removal of regeneration residues and/ or a
changed composition due to the opening of flow paths for chemically different water. In
case of chemical regeneration, an incomplete removal can be determined from the
characteristics of the raw water (e.g. low pH) and the regeneration agent. In that case,
the well should be further developed.

If a flow log is available, the correlation between water flow distribution in the screen
interval(s) and water quality can be evaluated.
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3.4 Control of deposit removal from tubing and gravel pack

Video Inspection

It is recommended to check the condition of the well prior to the application of any
regeneration device by down-hole video inspections. This allows easy and quick
evaluation of chemical or biological occurrence and location within the well. A repetition
second inspection after regeneration provides a visual assessment of deposit removal
from the well casing and screen.

Procedure
1 After well pump is removed, abstract water if necessary to clear turbidity of water
2 Install down-hole video camera with centralizers

3 Move camera from top to bottom of the well; start right at the well head (above
the water level); record reference points such as water level, top/ end of screen
sections, total well depth (with/ without sediments)

4 Take pictures if any peculiarities are noticed (e.g. signs of corrosion, damaged
connections etc.)

5 Record complete video on DVD

6 Summarize findings in a short report
Checklist

Equipment:

< Down-hole video camera allowing axial and radial
view (Figure 10)
& Tripod

Estimated effort and cost:

@ Depending on well depth and condition

. .
For 100m deep well: ~ 2hours; ~ €2.500 Figure 10: Down-hole video camera

", . system for wells [www.ehle-hd.com]
Critical points:
& Use uniform and comparable classification system, e.g. an index for location,
appearance, colour of deposits etc.
Evaluation of regeneration success

The visible condition of casing and screen before and after regeneration is compared
(Figure 11).

Particular attention should be paid to deposits and incrustations not removed by
regeneration.

= -._‘7 ; 3 A ,4
i H .‘ ;n. 030-74757575 =t
Figure 11: Screen section (PVC with iron ochres) before (left) and after (right) regeneration [pigadi 2007]
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Geophysical logging (flow logging)

In addition to the visible control of the well interior, geophysical logging can help
evaluating the condition of the gravel pack (or near-well aquifer). For regeneration
success evaluation, checking the permeability by flow meter and packed flow meter logs
is recommended. While the flow meter measurement is needed for data analysis, packed
flow meters directly measure the permeability (Figure 12).

Figure 12: Principle of packed flow meter measurement [(Houben & Treskatis 2007):170]

Procedure

1 After TV inspection, switch off well and allow for recovery
Start with flow meter to log intake distribution
Set logging speed (e.g. 10m per minute)

Move flow meter with constant speed from top to bottom with pump switched off

ga b~ W N

Repeat under pumping conditions. Pump must be located above the top-screen
and flowrate must be adapted so the ascendant flow velocity is detectable by the
impeller (> 1 cm/sec)

»

Install packer disc (in screen diameter) at flow meter

Move packed flow meter under pumping conditions (see above) with constant
speed from top to bottom

8 Plot impeller rotational speed against depth for flow meter and packed flow meter
log

Checklist
Equipment:
& Flow meter
< Packer
< Tripod
Effort:

& Depending on well depth and constructive
condition

& For 100m deep well: ~ 2hours; ~€2.500 Figure 13: Packed flow meter [Wiacek 2003]

Critical points:

@ Consider well condition and expected ageing type and deposit location to determine
usefulness and feasibility of geophysical logging

& Evaluate economic benefit

% Use same equipment and identical measurement parameters before and after
regeneration to allow direct comparison

14



Evaluation of regeneration success

The distribution of intake and permeability before and after regeneration is compared
(Figure 14). If logs from the initial operation are available, long-term changes in the
intake distribution and permeability can be evaluated. Particular attention should be paid
to sections with highly increased intake, but also to screened sections with still low
permeability after treatment.
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88 30m [P @ irman - 330 mm 5 —— = — GW | GW
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[P [T ——— { = __1} GW| GW
I | D AL == _ &
B © e I i = — | GW
71.90m B ™ p— — - —
12 20m, Iz aemtanhaiatr — — —
O 400
a inman — 332 mm T GV
e ! ibl d water infl
possible ground water inflow
ELOW|lo /
ground water inflow
7/
Well log P-Flow lo ground water outflow
¢ vertical water movement

Figure 14: Example of a flow- and packed flow meter log [modified after www.blm-storkow.de]
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4 What to do if the regeneration was not successful

Indication

Possible causes

Proposed solution

No performance
increase

Hardened incrustation

Clogging out of reach of applied
regeneration technology

Deposit sampling &
optimized chemical
regeneration

Application of more powerful

method, if well is able to
resist applied forces

Performance increase
not sustainable

Opening of flow paths for e.g. near-
surface oxic water, enhancing (iron-
related) clogging

Incomplete removal of incrustations
("seed crystal”), which represent a
source of crystalline re-growth either
of homogeneous or heterogeneous
nucleation / crystals

Lower discharge rate

In extreme situations: Block
off intake from near-surface
water

Well re-development

Repeated
regeneration, but only
short-lived
performance increase

Well design issue:
Screen too long
Annular seal leaky
Entrance velocity too high
Hydrochemical condition:
vertical zonation & mixing of
incompatible water

Lower discharge rate

In extreme situations: Block
off intake from near-surface
water

Regeneration-induced
problems:
Deterioration of
chemical composition
of the raw water

Opening of flow paths for chemically
different water layers or intake from
nearby surface water

Lower discharge rate

In extreme situations: Block
off intake from near-surface
water

Regeneration-induced
problems:

Hygienic-relevant raw
water pollution

Incomplete removal of organic
regeneration agents or debris
functioning as nutrient source

Use of erroneous cleaned equipment/
tools

Potentially:
Well re-development

Disinfection

Regeneration-induced
problems:

Mechanical damage

Faulty Insertion/ Recovery of
equipment

High mechanical stress during
regeneration

Reconstruction work, e.g.
placing of pressure sleeve

In worst case: Abandonment

Regeneration-induced
problems:

Deterioration of raw
water quality by
increasing turbidity,
colour etc.

Discharge rate/ entrance velocity too
high
Mechanical damage

Lower discharge rate

Reconstruction work, e.g.
placing of pressure sleeve

In worst case: Abandonment
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SPECIFIC CAPACITY BEFORE AND AFTER REGENERATION

Minimum

Extended

Constant rate pump test

Step-discharge test with

Procedure (Minimum duration 2 hours) at least 3 steps
) Qs Q-s-curve, Qs, specific drawdown
OIS Aquifer loss coefficient B
information q -
Well loss coefficient C

1. Well disassembly 1. Well disassembly

2. Pump installation 2. Pump installation

3. 2 hours pumping 3. at least 6 hours pumping (3
Effort 4. Record recovery steps, 2 hours each)

Time: ~ 0.5 days
Cost: ~€2.500

4. Record recovery

Time: ~ 1 day
Cost: ~ €3.500

Critical points

Use same reference point, units and discharge rate before and after

regeneration
Check static water level

Compare obtained Qs to initial capacity

Illustration

Slape = T.038e:.-004 days'Meberss
Transmissiviy = 280, m2day

Ciraratiosn {hdefars)

Analysis by LL Pumg Co

FETTITTIE R TTIE T T I'rIII'rl|1III'r'lI'III"II'I'IIIIII"III"IIIIII"III"II1 TTIFTTIEeIoTT

Aitchison-Earl & Smith 2008: Aquifer test guidelines. 2"ed.: Example for computer-

assisted step drawdown test analysis




VOLUME OF SUSPENDED SOLIDS

Minimum

Extended

Imhoff cone:
1. Fill 101 bucket
2. Wait 5 minutes that particles

Continuous turbidity measurement
(particle concentration)

Sampling & analysis of mineralogical

Procedure settle composition
3. Decant 9l
4. Fill remaining 1l in Imhoff cone
5. Read scale after 5 minutes
During regeneration: Stop criterion Detailed information on particle
for treatment cycle / demand for mobilisation and distribution along
Obtained repetition the intake section allowing
information After regeneration: Balance of conclusion of sand intake and/ or
Volume Of removed Suspended C0|matI0n Zones In the |ntake &
solids Evaluation of regeneration efficiency
to mobilize particles
1. Regular sampling during 1. On-line turbidity analyzer
regeneration connected to riser main during
2. Record keeping regeneration
3. Data analysis 2. Data analysis
Effort y

Time: parallel to treatment

Cost: ~€200 for equipment
(5 Imhoff cones, stand, bucket)

Time: + ~1hour for installation/
deinstallation of particle sizer

Cost: Equipment

Critical points

Point measurement, only: Variations
of TSS during discharge might not
be recorded

Measurement range of analyzer:
TSS might vary strongly

Illustration

www.geologie-franken.de, Access date 03-
05-2010

TSS Sensor ViSolid® 700 1Q

Particle

LED/
Detector

Detector

alternative
method

www.wtw.com/media/US_O_032_037_turb_
web.pdf, Access date 20-07-2010




CONTROL OF DEPOSIT REMOVAL FROM SCREEN AND GRAVEL PACK

Minimum

Extended

Down-hole TV inspection:

1. Pump the well prior to
inspection
2. Record video of whole tubing

Packer-Flow meter log:

1. Log intake distribution with flow
meter with and without pumping

2. Log permeability with packer-
flow meter with and without

Procedure 3. Summarize findings _
pumping
3. Record log for whole tubing
4. Plot both curves in one diagram
to recognize changes due to
regeneration
Visible condition of casing and Changed permeability of the near-
Obtained screen well structures (either gravel pack
information Location and appearance of or adjacent formation)
remaining deposits
1. Well disassembly 1. Well disassembly
2. Video recording 2. Four logging cycles
3. Data analysis 3. Data analysis
Effort Time: depending on well depth & Time: depending on well depth,

condition, calculation basis:
2hours, 100m

Cost: ~€2.500 for 40m deep well
with no interference from damaged
construction

calculation basis: 4hours, 100m
Cost: ~€2.500

Critical points

Use uniform and comparable
classification system, e.g. index for
location, appearance, colour

Measurement before regeneration
needed as reference

TV inspection recommended to
check accessibility for logging
device

Illustration

www.ehle-hd.com

www.iogis.de/
Access date: 20-07-2010

! i I 3 ‘ w7 | | Pump House
Gl
Fl"f o rutt Logging Unit

Surface
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Screens
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www.iogis.de; www.terraplus.com
Access date 20-07-2010




28.09.2010

Attachment 1 A - Short-term constant-rate discharge test
Test location Well no. Sheet of
Test started: Date Time Pre-test static water level m
Test ended: Date Time Final water level m|
Reference point for depth to water
Initial flow meter reading m3  Final flow meter reading m3)
Average Pumping Rate m3/h
Test Conducted by
(Print name and title, then sign)
DRAWDOWN DATA RECOVERY DATA
Depth to Depth to
Time since water Time since water
Time pump below Drawdown | Pump rate Time pump below Drawdown | Comments
started | measuring stopped | measuring
noint noint
[hh:mm] [min] [m] [m] [m?3/ h] [hh:mm)] [min] [m]
0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
12 12
14 14
16 16
18 18
20 20
25 25
30 30
45 45
60 60
75 75
90 90
120 120
150 150
180 180
Final drawdown s m  at discharge rate Q m%h -> Qs [m3h * m]
1/3

Short-term constant rate_Data



28.09.2010

Attachment 1 B - Step-discharge test
Test location Well no. Sheet of
Test started: Date Time Pre-test static water level m
Step 2 started: Date Time Step 1 - final water level m
Step 3 started Date Time Step 2 - final water level m
Test ended: Date Time Final water level m
Reference point for depth to water
Initial flow meter reading m3  Final flow meter reading m3
Pump rate: Step 1: Step 2: Step 3: m3/h
Test Conducted by
(Print name and title, then sign)
DRAWDOWN DATA RECOVERY DATA
Depth to Depth to
Time since water Time since water
Time pump below Drawdown | Pump rate Time pump below Drawdown | Comments
started | measuring stopped | measuring
noint noint
[hh:mm] [min] [m] [m] [m3/ h] [hh:mm] [min] [m] [m]
0 0 0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
12 12
14 14
16 16
18 18
20 20
25 25
30 30
45 45
60 60
75 75
90 90
120 120
150 150
180 180
210
240
270
300
Final drawdown s m  at discharge rate Q m3h -> Qs [m3h * m]
2/3

Step-discharge test_Data
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