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To foster professional excellence in water well
technology, the National Ground Water Research
and Educational Foundation has established the
William A. McEllhiney Distinguished Lecture Series
iIn Water Well Technology.

Initiated in 2000, the lecture series honors William A. M cEllnhiney,
who was the founding president of the National Ground Water
Association in 1948, and a ground water contractor and civil
engineer from Brookfield, lllinois.
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"M cEllhiney and the other founders of the Association saw several
primary functions for the new national group," explains Foundation
Executive Director Kevin McCray, "including serving as a clearinghouse
for information and its dissemination, serving as an intermediary in
coordinating advances occurring in different parts of the country, and
serving as a place to bring contractors together so that they might
have a working knowledge of contracting from all parts of the nation.
NGWREF's M cEllhiney Lecture series promotes and perpetuates

those original aims."
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Annually, a panel of ground water contractors invites an outstanding
ground water contracting professional to share his or her work with the
iIndustry. Individuals may nominate themselves or others they believe
to be qualified to serve as the NGWA McEllhiney distinguished lecturer.
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% GWREF McEllhiney Lecture Series.

Effective May 2005, Franklin Electric Co., the world's largest
manufacturer of submersible electric motors, has agreed to
underwrite the next three years of this lecture series for
presentations to organized groups of contractors and other qualified
and interested parties. Meetings and conventions of state and
regional associations are eligible. Foreign associations of ground
water contractors, academic institutions teaching water well
technology, gatherings of water well regulators, and other bodies
with a direct and identifiable interest in water well design and
construction are eligible as well.
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2008 Lecturer

F. Michael Krautkramer, LHG, RG
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How Much Is Enough?

Making Decisions in the Water Well Industry

national
@ ground water

~
Franklin Electric e ——

research and educational foundation




f inational ) =

rodnd wager
association = —
-———— %

e

Decisions Carry Consequencas

A drilling project can be
looked at as a series of
decisions.

Unfortunately, most of
our decisions get
locked in place as steel
and cement.




Knowing and doing the right things in the right order.

Your mom taught you critical path thinking when you were very young.

Socks then shoes!




RILLING PROJECT V

CH MORE COMPLICATEL

You need to know things.
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A drilling project is much like the maze puzzles
you did as a child.
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Good decisions for projects: Good decisions for business:

Ability to reach depth People pay the invoice
Provide best completion You do not end up in court
Install appropriate pump Reputation gets customers

Higher production, efficient wells Explain what you did and why

Clean & clear water production Good decisions save time and $




XESEARCH AND MAKE DEC

o

20¢
EXPLANATION A
(] anconsalidated-deposit
T aquifers
'RENT EXPLANATION
I 1 et " Notkeeof lntenc No, WERME [ Oncoshimin epent s
Comsiruttion/Decommission (" in clrcle) Unique Beology Well ID Tag No. Plocon aod younger bsakicrock sutlrs
[#] Construction Water Right PemitNe.
[m] i INSTALLATION Notice roper Neme Hud Wes Asseciss y St eymeadad
e el Sweet Adiress 17,500,000 S Rovsbcack e it
FROPGSED Domesse: [ Intmess [ Mascpel Miccene jons:
B Bom B Bam | e 100 MILES [
Location NEI/4-14 MW14 Sec 3 Twm2 B3 eNE ) el L apry ool g
Drowns Dmsisnet vt Doy Dlioet  Dove | favlong 5,1 LatDeg 47 LatMiniSec 13188 00 KILOMETERS Pt o reonst mpster sytem
T SIUREQUIRED) [0y 0oy o Long M 120 40 I e s
Do ot mepbint ot 395 y e .
Tax Pascel No, 324032000000 12-in (30 i
Calg @l 5t Demtmil kw35 b
[ e et 39 + CONSTRUCTION O DECOMMIS 10N PROCEDURE 1t
o o e B i Docsboly e cimmca i f sl e, i ol | WO N TANK
i o a8 e o b g 45
“ADINFIGRAL SHEETS 1P NECESSARY HHHH -
B T SR H
Serema: Ove [@% Oxes Locosm [l
T = e = |
D S fon. in & 50 |
Gt et v @ O
froprier o, "
Srho s Ve [ Tavhmdgat 11 m !
[T ———— Ovee @ Egg |
et pmen = |
sy wmot. § | |
TR Seyrn o |
T et N e ] | I
aomcex 220 = | i
Swclow W15 e iowsperws Des 117N ® 60 ol ( | itHit
Sy U — S| e dlwall e P; L i
- e || 360-minute taet il !
e O - | | alter 5,
T D Y 65 | | ol continuous
R —y e —— | N i
o — 2 o =4 | umping = 733 ft

Base modified fron|
digital data, 1:2,004 rn—

Tae  Weslew  Tme  Weslew  Tae  Weslew

| | m
[ ping rate, Q= 35? gpm (1,910 m'/day) \%
Figure 22 L BEsR R | AEEY | IHELHRE

Pliocene, and | | | ‘
distributed a | | Bl B il
10 20 30 50 100 200 300 500 1,000 2,000 5,000
Time since pump started (min)
uTAH s
s
[ g
S

Figure 9.14. Time-drawdown graph for a pumped well (no recharge to aquifer) can be extended to predict
drawdown for a period of continuous pumping longer than the test itself.
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Figure 48. Fractures and
fauits in igneous and metamorphic rocks
provide conduits for water movement.




Ask the customer

Inspect the site

Research the area

Formally plan the work

O

PRE-QUOTE CHECKLIST
Questions to be answered before submitting a quote

Where is the site?

Can I get my equipment on the site? Will site preparation be
needed?

Does the site meet regulatory requirements? (setbacks from
septic etc.)

What is the intended use of the water?

‘What production rate is needed? Does the customer desire or
expect more?

Are there specific water quality requirements?
Which aquifers in the area are likely to meet the need?

How deep is the well likely to have to be drilled to get the
desired water?

What is the likely static water level? Pumping water level?

What casing or hole diameter is needed for the appropriate
pump?

Is a water right needed? Does the customer have one?
Are there known groundwater problems in the area?

Are there known regulatory problems in the area?
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Don’t skip the basics
Make a site visit every time

Don’t miss the obvious

Due diligence saves you
from surprises
(Soft ground, for instance)




Interview the customer

Ask questions about what is needed / wanted

Communicate the options and their implications

Get as much in writing as possible
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Define setback issues

Define access issues

Where will the spoils go?
What do the regulations require?

What is convenient for the owner?
(piping, power, ease of use)




Clearly state your units

Research prices
Keep written records

Produce a written quote

Communicate the detall

I Description Units PricePer | Estimated Cost
tem Uni
nit

1 | Mobilization and demobilization One Lump Sum
Place and complete flow-protection seal

2 | (drill temporary 24-inch, place & cement | 30 feet S it
20-inch casing)

3 | 16-inch drive shoe One Each

4 | Drill hole for 16-inch casing 170feet | § fit

5a | Provide and install 16-inch casing 205feet | § It
Provide and install 12-inch casing

5b | (casing cost only, installation part of 137feet | $ It
ltem 9)

6 | 16-inch shoe cut One Each
Provide well screen and fittings

7 | (Estimating 70 feet of 12-inch). 70 feet S It
Extra materials. Cost plus 15%. Grouped

8 eetiiin lump sum

9 | Hourly rig work 100 hours | $ Ihr

10 | Stand-by/shop time 15hours | § Ihr
Provide, install & remove test pump;

it pump for four hours, toe Lump Sum

12 | Operate pump 24hours | $ Ihr

13 | Salvage Credit for 16-inch casing 80feet | (S 1) ( )

Base Bid Total $




At the very least, be aware they are made and
make sure the customer knows these decisions have
consequences to the job

Drilling rig Casing size
Maximum depth you can reach

Possible types of completion Maximum production

Pumping equipment that can be used

Testing that can be done




The decisions keep coming

When should | stop drilling?

How thorough a completion is appropriate?
How much development should | employ?
What is the necessary testing?

How much water should I tell the customer they have?

What information should | give the customer?
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You have avoided some of the bad decisions
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20 & 20A
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23 & 23A

TWIN LAKES




How deep is deep enough?

Watch the water levels during drilling
Get the drawdown you need —then use it wisely

Never drill just enough to get by —things change

Drill all of the aquifer zone (unless only very little water is needed)

Part of the aquifer is not as productive as all of the aguifer
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Rock and sediments are usually layered
Kh is much larger than kv - water prefers to move horizontally
If you make it move vertically - it makes you pay for the right

Potentiometric surface

Aquiclude

—»— » Groundwater flow
Equipotential lines
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Might Win Paid
in Court

You have drilled the hole.
Now you have to get the water out.
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Design it to be efficient

Less efficiency means more
drawdown

More drawdown is a greater stress
on the well

More drawdown encourages
chemical and biological problems

Well Efficiency
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Effects Of Partial Penetration Of Aquifer




Partial penetration = greater inefficiency

Inefficiency = more drawdown
More drawdown = higher pumping costs

More drawdown = higher maintenance
costs

Spend the money on the well

Required Drawdown at 24-hours (in feet)
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 WELL COMPLETION
Y QUESTIONS, SO LITT

Should | use aliner?
Should | use a screen?
What about gravel packing?
How much screen?

What type of screen?

What cost is justified?
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“ Everything should be made as
simple as possible

— but no simpler”
--Albert Einstein

The Barefoot well may be the
“but no simpler” part

CHEAP CAN BE EXPENSIVE
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They are cheaper but at what cost?




Screens = open area

= lower entrance velocity

= better production

= lower operational cost




Use your samples and your head

Don’t get reckless —more length is
usually better than a larger slot size

Risers, tail pipe & packers

Put it in the right place (and leave it there)
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Traditional filter-pack design
Careful design (use enough riser)
Careful construction
Careful development

Provides good efficiency
Provides good reliability

Screens pre-packed by manufacturer
Expensive, but at times a good
alternative
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Well Efficiency

Higher

If the well is short on available (Mierim Crov g
drawdown —

It costs you production
(100 gpm becomes 50 gpm)

If the well uses excessive
drawdown —

It costs the customer money

|eae 1e3epn Buidwing

Lower
(Maximum Drawdown)

Higher pumping costs
Higher maintenance costs

For any given discharge rate (Q)

10%

Basic Efficiency



Try to achieve both efficiency and reliability.

Your design should provide:
= Optimal efficiency and reliability

= Protection of the well and the pump

= Cost effective service throughout the operational
life of the well

The cost of screens is generally a bargain.
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At what point am | wasting my time and their money?




natio
JOL

Perforated
pipe




national 3
Qrounda water

Earlier in my career:
Two weeks of surge
development was common

Now adays:
A few hours of blowing
with air and it’s good to go

Oris it?
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 HOW CAN YOU TELL

NHEN YOU'RE DONE?

Comparative bailer or pumping tests

Does the same discharge have a higher pumping
water level than last time?

If so, you are not done!

Compare the development spoils — are they more “ mature” ?

Has the well response stopped improving?

Surge runs no easier, air lift not producing any more
water




Well efficiency

Well stability

Stability during testing
(More accurate well rating)

Long-term reliability

Fewer problems with encrustation and biofouling?




WELL TESTING

W re the big answer comes

Well testing is not about water,
it is about information.

You must be able to project the
long-term well performance.

Only proper procedures and
accurate data can do that.




Step tests
tell you about the well

Constant-rate tests
tell you about the aquifer

Observation wells
tell you more about both

The more you know, the more
accurately you rate the well
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You never know what is going to happen, so keep good data.
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Figure 9.39. Residual-drawdown curve from observation well, with extended time-drawdown curve (on
arithmetic scales) showing how calculated recovery is determined at any instant during the recovery
period. Producing well pumped 200 gpm (1,090 m*/day) for 500 minutes.

Linear recovery plot

Figure 9.41. Residual drawdown plotted against the ratio /¢ becomes a straight line on semilog graph
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Does the drawdown hold its pattern?

Is the drawdown less than would be expected?
(Indication of positive boundary)

Is drawdown more than expected?
(Negative boundary)
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Predicted drawdo

Was recovery complete? Was it timely? L mee | n,r
i
LR [ ‘

Time since pump started (min)

to aquifer) can be extended to predict

Figure 9.14. Time-drawd graph for a d well (no recharge to
drawdown for a period of continuous pumping longer than the test itself.




CH INFORMATIC
ULD | DELIVER?

CURRENT
u“;A-Tl'E-I: -VIV‘E.I;_L_'R'E“I;(’)_I-("T'- Notice of Intent No, W27040
':‘ Unique Ecology Well ID Tag No. ALPé&)

Information has value. e . i —

[moraen s 7o Tabwe [ M
Clomwe  Dliegam Er-va Bas Ciy County Masa

Organize what you deliver T e e el

@rowy O] ket
DIMENSIONS: D of wel 6 oy ol 395 & LongDeg 133 Long Mi/Sec 59

- - Depth of comple tad well 195 ~
3-ring binders work well =
-
g Oon
P —
boenuton (USE ADDITIONAL SHEETS IF NECESSARY )
_—“,_——‘_H_ AL | mow | W
248 30 2
208 g
250 .
252 296 £
@
254 29.4 g
202 &
256 5
=1
258 g
= S
&8 260 Baro &
= Well 1 | Wasapunp ot omd? Ol Yo INo  fyen, by whont? =
§ 262 Well 2 | Y. st v, . M -'—' T =
= 264 — Well 3 - S, L G [ Michact F_Piechowski, LHG.
= Well 4 oy by [for Amadia Driling lac.
& 266 Tide Tme  Wesled  Tme Weslew T  Wewled Marh 16, 2006
268 = S — =
d Dwte of et
270 L 4 = Baer o i . [
\ \ \ / N\ N\ A\ /N N J N ,\ f I\ l D At 30 plivie whwomwultS  tfal M
272 1\ /\ N N / ; \ /(\ x A i L N \ /\ N o B / 8 § s s
VAW A i Yo \ / [\ //\\ /\,\ A \;\/ IV | o 3 S Ove O
274 — || \. b / \ / | [ A \ f il R \/ \/ \ {/\ Ly i 2 St Dote March 2, 2006 Compena D Mirch £, 2006
1V \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ e 1S WELL CONSTRUCTION CERTIFICATION: of e well, ithal
276 | / V / \/ V v i ) \/ 8 Wadhingion well ‘Maseriak used betiel
\ z D0ter Dlfngnonr D Traimos Nawe (i) £ Nelon. e
278 — (77T LR N R RN R RN R AR RN AR [RARERRRER (RRRE RN RRRARR R R R -8 = Adtooss PO Box 1790
S 1586  Sue, Zip Shelion, WA 98584
05/01 05/03 05/05 05/07 05/09 05/11 05/13 05/15 05/17 o ares, e
Date (2003) | gy, arcamoics e 3102006
o J




——

LIENTS OPERATION OF THE WE
- SECTIONS OF THE INFO PACKAGE

=

—

yoUl *m =
association’

L
U
= = -
—%_‘ = \%."

e

Well Operations section

Well construction report, screen info,
development records, testing data, use
recommendations

Pump Information section

Pump recommendations or description of
equipment installed, electrical info, max
allowable drawdown, probes & settings

Water level info and directions for
measurement

Info for regulatory agencies
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Provide information needed to:

Demonstrate siting
compliance

Meet regulatory submittal
needs

A GUIDE TO
WELLHEAD ber 22, 2005

Support wellhead protection
planning : e s

Meet health department
requirements




Before you quote the job, do the whole job in your head.

Drill as much of the aquifer as is practical.

Design the well for maximum efficiency.

Develop the well until it is done.

Test the well sufficiently and report it all in writing
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Best possible well
Happiest possible customer
Strongest possible business
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Contact Inforrmation

Thank you for the opportunity and the honor
of addressing you as the
2008 M cEllhiney Distinguished Lecturer

Mike Krautkramer

mkrautkramer@robinson-noble.com
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Your vital and integral resource for ground water's future

Established in 1994, the National Ground Water Research and Educational
Foundation is operated by the National Ground Water Association as a 501(c)(3)
public foundation and is focused on conducting educational, research, and other

charitable activities related to a broader public understanding of ground water.

The Foundation is an arm of NGWA that is focused on activities related to a
broader understanding of ground water.
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For more information visit us on the web at www.ngwa.org
or write us at the below address.

NGWREF
601 Dempsey Road
Westerville, OH 43081
Phone/ 614-898-7791
Fax/ 614-898-7786
Email/ ngwref@ngwa.org



http://www.ngwa.org/

