!_\I A

P | ) :
I ? l I - ' 1 |
( (

pennsylvania’s Waier SIIIIIIW
Replacement Program

Application Review (Permitting)
After Permit Issuance (Compliance)




Section 4.2 (f) of the
Pennsylvania Surface Mining Conservation
and Reclamation Act,

Act of May 31, 1945, P.L. 1198,
as amended, 52 P.S. 1396.4h(f)
(“Surface Mining Act”):




Any surface mining operator who affects a
public water supply by contamination or
diminution shall restore or replace the
affected supply with an alternate source
of water adequate in quantity and
quality for the purposes served by the

supply ...
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Section 87.119 of the
Department’s Rules and Regulations,
Title 25, Chapter 87.,

Surface Mining of Coal
states:



R

The operator of any mine which affects a water
supply by contamination, pollution,
diminution, or interruption shall restore or
replace the affected water supply. For the
purpose of this section, the term “water
supply” shall include any existing or
currently designated or currently planned
source of water or facility or system for the
supply of water for human consumption or
for
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Section 87.119 states:

(1) To be adequate, the restored or
replacement water supply, at minimum shall;

i. Be as reliable as the previous water supply

ii. Be as permanent as the previous water supply

iil. Not require excessive maintenance



R

Iv. Provide the owner and the user with
as much control and accessibility as
exercised over the previous water
supply. The use of a public water
supply as a replacement water supply
provides the owner and the user
adequate control and accessibility
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Not result In an Increase in cost to
operate and maintain



(2) If the operating and maintenance costs
of the restored or replacement water supply
&rc morc an a GS minimis are greater
than the original [O & M] costs, the
operator shall provide for the permanent
payment of the increased operating and
maintenance costs of the restored or
replacement water supply.




(3) The requirement contained in this
subsection to restore or replace an affected
water supply or an individual requirement of
paragraphs (1) and (2) may be waived

. The waiver shall be in writing
on a form prepared by the Department.
Everyone who possesses an ownership
interest in the water supply shall sign the
waiver.



The form shall be recorded at the office of
the recorder of deeds in the county in
which the water supply is situated and a
notarized copy of the form shall be
provided to the Department
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Similar changes removing the

“de minimus” language and modifying the
“O&M cost requirements” are planned
for Act 54 and Chapter 89 (underground
coal mining operations) [January, 2003]
although the relative value is minimal
compared to the overall cost of
subsidence damage mitigation
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Presumption of Liabiy-1i!

On May 8, 1998,
Changes were made to

Section 87.119 of the Department’s
Rules and Regulations, Title 25,

Chapter 87., Surface Mining of Coal:
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(1) It shall be presumed, as a matter
of law, that a surface mine operator

Or mine owner

Is responsible

without proof of fault, negligence or
causation for all pollution, except
bacteriological contamination, and

diminution of pub
suppl

IC or private water

es...



...within 1,000 linear feet (304.80
meters) of the boundaries of the areas
bonded and affected by coal mining
operations, areas of overburden
removal and storage and support
areas except for haul and access
roads.




jieIensesitorresumpuonon
Haniiy:
There are only five defenses to the presumption of
liability:

(b). Forany of the five defenses to apply, the
mine operator or mine owner shall affirmatively
prove by a preponderance of evidence that
one or more of the following conditions exists:
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jerenses 1o rresimpuonon
laniy

(1) The landowner or water supply
company refused to allow the surface
mine operator or mine owner access

to conduct a water supply survey prior
to commencing surface mining
activities.



jerenses i rresumpuonon
laniiy
(2) The water supply is not within 1,000 linear feet
(304.80 meters) of:

— The boundaries of areas bonded and affected
by coal mining operations, areas of overburden
removal and storage and areas used for
support but not including haul and access
roads.

— The boundaries of areas affected by surface
mining activities in areas which are not bonded.

X
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fieIenses o rresumpuonon
lanity

(3) The pollution or diminution
existed prior to the surface mining
activities as evidenced by a water supply
survey conducted prior to commencing
surface activities and as documented In
the approved surface mine permit
application submitted to the Department
prior to permit issuance.
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PDefensesto Presumptionof
haniiy

(4) The pollution or diminution
occurred as a result of some cause
other than the surface mining
activities.



fieIenses o rresumpuonon
laniiy

(5) The landowner, water supply user or

water supply company refused to allow

the surface mine operator or mine

owner access to determine the cause

of pollution or diminution or to replace
or restore the water supply.
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The 1000 foot perimeter is used to shift
the burden of proof to the operator

PADEP reserves the right to order an
operator to replace a water supply that
lies beyond 1000 foot boundary—but
the Department then carries the
burden of proof
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jemporary repiacement

Upon notification by the Department,
the operator is generally expected
to provide a temporary water supply
within 24 hours--with a more
permanent replacement supply
within 72 hours




(g) Operator cost recovery.

A 2'irface mine operator or mine owner why appeals
a Depaitment order, provides a succcssful defense
durlng the appeal to the prest.inptions of liability
and is not otherwise held rcsponsible for the pollution
or diminution is enti;ed \c recovery of reasonable
cost incurrer, including, but nut limited to, the costs
of temp<iary water supply, design, construction,
recwration or replacement costs, attorney 1oas and
expert witness fees from the Department.
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Asofluly, 2004...............

If the PADEP orders an operator to replace a
water supply up front and the operator
complies but then appeals the Departments
order to replace the supply—he is NOT
entitled to reimbursement for attorney fees
nor expert witness fees from DEP even if he
prevails (provides a successful defense) in
his appeal. Removed by the “Lawyers Fees
Act” amendment to SMCRA
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Secrion s/ 47 ortheepariments
Rules and Regulations, Title 2a:

The application must identify the extent to
which the proposed surface mining activities
may result in contamination, diminution, or
interruption of an underground or surface
source of water within the proposed permit or
adjacent area for domestic, agricultural,
Industrial, or other legitimate use.
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If contamination , pollution, diminution or
Interruption may result, then the
description shall identify the means
to restore or replace the affected
water supply in accordance with
87.119 (hydrologic balance: water
rights and replacement).



TEGlIiIiGﬂl ailidance Documents
concerning Water supplies

TGD 563-2112-605

Water Supply Replacement and Permitting
(effective December 31, 1998)

TGD 562-4000-101

Water Supply Replacement and Compliance
(effective October 18, 1999)

NOTE: neither document reflects recent changes to the Law or Regs




R

FOr 816CITonICConIes 01 these and
other documents, visit the PADEP
wehsite at:

http://lwww.dep.state.pa.us/dep/
deputate/minres/bmr/forms/



http://www.dep.state.pa.us/dep/deputate
http://www.dep.state.pa.us/dep/deputate
http://www.dep.state.pa.us/dep/deputate

d p@cies
ater supplies
agation] due to

und-mining. e
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PADEP needs to improve public outreach and citizen
education during permitting process

Establish an “environmental advocate” to advise water
supply owners concerning their rights

PADEP should require mine operators to notify the
Department whenever any water supply is affected and
should maintain statistics on all mining-related water
supply impacts
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Water supply owners should get copies of all
sampling information done by the mining
company

If a mine operator only contributes to—rather
than causes—a water supply loss, should the
mine operator be liable for the entire cost of
the replacement or just a percentage.......... ?




Quantity of replacement supply where no
accurate pre-mining info is available

Should a mine operator be required to replace a
water supply with > 5 gpm if no pre-mining yield
data exists? This target yield is not attainable in

some aquifers...



Payment of O&M costs to subsequent property
owners—do O&M costs “run with the land”?

Quality issues: pre-mining water supply
quality is BETTER than drinking water
standards. The replacement supply meets the
drinking water standards....

Chlorination & fluoridation concerns...



A reasonable method of providing for
permanent payment of increased O&M costs of
replacement water supplies

Water supply replacement regulations should
be applied consistently to all coal and non-
coal (industrial mineral) surface and
underground mining activities






Stream Flow Replacement:
A Case Study In Southwestern
Pennsylvania

Prepared by:
Burt Waite
Heather Freeman
Bill Wright

August 4, 2004



Laurel Run Watershed

=y NN NN

I%I j g : ’ ey
I
N

ream Section




Emerald Mine Longwall Panels
and Laurel Run
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Panel 8 (Head Waters)

SW-37




Laurel Run
Panel 1 (Lower Section)

SW-33




Extension Zone
Surface Cracks

Pool

Dry
Streambed

Shale/Clay
Soft Rocks

Streambed

Shale

Sandstone/ Limestone

Brittle Rocks
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Laurel Run Grouting

1 inch equals 2,000 feet




Grouting Laurel Run




1 North Panel Hydrograph

(Lower Section)
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Growsd Water Eleration [ft-ms1)

8 North Panel Hydrograph
(Head Waters)
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Growasd Water Elevation [Ft-msl]

/ North Panel Hydrograph
(Middle Section)
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orth Panel Hydrograph
(Middle Section)
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Elevation [ft-msl)
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Hydrologic Variables

* Overburden Thickness
— Greater overburden thickness = fewer impacts



Hydrologic Variables

 Qverburden Thickness

* Drainage Area
— Greater drainage area = fewer impacts



Hydrologic Variables

 Overburden Thickness
* Drainage Area

« Gradient
— Lower gradient = fewer impacts



Hydrologic Variables

Overburden Thickness
Drainage Area
Gradient

Cumulative Impacts

— Greater number of stream crossing = greater
Impacts



Hydrologic Variables

Overburden Thickness
Drainage Area
Gradient

Cumulative Impacts

Earth Fractures
— Greater earth fracturing = greater impacts



Hydrologic Variables

Overburden Thickness
Drainage Area
Gradient

Cumulative Impacts
Earth Fractures

Orientation to Panel

— Quarter panel tensional zones offer greatest
risk



Hydrologic Variables

Overburden Thickness
Drainage Area
Gradient

Cumulative Impacts
Earth Fractures
Orientation to Panel

Valley Width
— Broad valleys = greater impacts



Hydrologic Variables

Overburden Thickness
Drainage Area
Gradient

Cumulative Impacts
Earth Fractures
Orientation to Panel
Valley Width

Geology
— Greater % of “soft rocks” = fewer impacts
— Brittle rocks at surface = greater impacts



ttle Sandstone
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Summary

* Laurel Run was undermined by 9 longwall
panels from 1999-2003

* Flow characteristics of stream did change

 Remediation was undertaken
— Grouting
— Gate Cutting
— Flow Augmentation



Today

Lower portion of watershed has recovered
Upper portion of watershed has recovered

Middle portion of watershed — more study
and work needed

No question Laurel Run will fully recover



Impacts and Recovery of Aquifers
Affected by Longwall Coal Mining

Colin J. Booth
Northern Illinois University



Impact of longwall mining -
examples of disputes ...

Pennsylvania — several disputes in Greene
& Washington Counties

West Virginia —Mingo Logan mine (Arch)
Dysart Woods, Ohio — disruption of shallow
groundwater and old forest cover.

Sydney, Australia — several mines affecting
water-supply catchments & Georges River



Popular poinsettia grower imperiled by

subsidence

Pittsburgh Post-Gazette, Dec. 24, 2002
By Don Hopey, staff writer

STEN e e

... “Longwall coal
mining beneath
Hudock's land has
caused the surface
to drop 1 to 4 feet.
The subsidence has
ruined water
wells, caused
surface water to
form pools and
created insect
Infestations, fungus
and mold growth”..



“Residents Sue Arch Coal Subsidiary Over
Water Loss”

e ....Jn 1995, dozens of wells around Pigeon
Creek dried up because of Mingo Logan's
longwall mining ...Last week, Pigeon Creek
residents sued Mingo Logan .... They accuse
the company of negligence and of violating
federal mining laws that require water supplies
to be protected...

* ... (Extract from Article 110, Appalachian Focus
Mining News; from article by Ken Ward Jr in the
Charleston Gazette, WV, 2-28-00)

« (Case was settled by payment of an undisclosed
sum of money to the residents.



Pennsylvania’s Act 54 (1994)

 Right to subside beneath homes and
structures

 Obligation to replace water supplies

— The mine operator is required to provide
temporary water within 24 hours and
must permanently restore or replace

within 3 years, or else compensate or
buy.



Principal concerns of well owners

* |Is my well going to go dry?
e |f 1t does, will It recover, and when?

» Will there be any change in water
quality?
For which we need to know:

» How does longwall mining affect the
groundwater system?



All mines are groundwater drains
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Schematic — longwall min
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SUBSIDENCE SCHEMATIC
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_ongwall subsidence features in llinois




SUBSIDENCE
ORIGINAL TROUGH

SURFACE CRACKS SURFACE LEVEL
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Zones of permeability changes above a
longwall panel (Singh & Kendorski, 1981)




WATER LEVEL DEPTH BELOW GROUND (FT)

Typical water-level response to longwall mining:
Jefferson panel 3, lllinois (Mehnert et al., 1994)

PANEL 3 SANDSTONE PIEZOMETRIC LEVELS
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Rapid head drops with undermining

panel 6

panel 7

panel 8
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FIVE CAUSES OF HEAD DROPS
DURING LONGWALL MINING

Deeper aquifers drain to mine.

Increased fracture porosity in subsided
strata

Increased permeability lowers heads up-
gradient

Drainage of upland aquifers through
fractured aquitards

“Drawdown” spreading out from the
potentiometric low In subsidence area



CAUSES OF HEAD DROPS DURING
LONGWALL MINING

* Primary cause Is the increased porosity
due to fracture openings and bedding
separations in the subsiding area

« \Water drains into new void space, so
water level drops

— Affects fractured bedrock aquifers

— Affects confined aquifers more than
unconfined



Response of drift and bedrock (shale) wells to
undermining by Jefferson Panel 3, lllinois

* No significant
response in 4-m
shallow drift
well

 Sharp head drop
In 19-m-deep
shale well

« Same location,
02/27/88 09/14/88 04/02/89 10/19/89 Edge panel 3

Date 1988-1989
—3— W55 (Drift) —O=— W5D (Upper Bedrock)
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Increased permeability affects heads
Indirectly:

« Causes increased throughput and/or decreased
hydraulic gradients

— (because of Darcy’s Law, q=-K . I)

Hence, lowers heads up-gradient of the
subsidence zone, and increases discharge
down-gradient.

 In high relief settings, fracturing of aquitards
causes increased downward leakage — lowers
water levels in upper and perched aquifers.



Above Lancashire No. 20 Mine, Cambria Co, PA




CAUSES OF HEAD DROPS DURING
LONGWALL MINING

Deeper aquifers drain to mine.

Increased fracture porosity in subsidence area.

Drainage of upper/perched aquifers

Increased fracture permeability lowers heads up-gradient

“Cone of depression” drawdown spreads out
from subsidence area potentiometric low —

— Typically is first effect observed, ahead of
mining

— Depends on transmissive properties of
aquifer



Primary head drop due to new fracture porosity, but preceded by
transmitted drawdown & followed by recovery
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saline Panel 5 Sandstone YWater Levels

Punel 5 started 1/92
Site subsided 1793
Pancl compleied 493
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Location of lllinois, USA study sites




Jefferson County site, lllinois, USA




Jefferson Site — Panel 4

« Mt. Carmel Sandstone:
— 24 m thick, at depth 23 m

— Two sandstone benches
separated by shale confining

unit
— Overlain by shale and drift
» Coal extraction:
— 3 m at depth 220 m
— produced 2 m subsidence

Glacial Drift

_Mt. Carmel
Sandstone

L>— Carthage Limestone

Chapel Coal

= — Anvil Rock Sandstone

—-—— Energy Shale
TD of hole

(estimated position}




Private wells — Jefferson Site
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Field tests - Jefferson Site




Jefferson Site — Panel 4

e Before
subsidence

o After
subsidence

e (2min 10
weeks)




SUBSIDENCE SCHEMATIC
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Jefferson Panel 4 - Sandstone

5 Water Levels in Well P350

Decline due to
Panels 3 and 4

Recharge
Recovery

Compressional
Recovery

Water Level (m below top)
N
Ol

-40 Panel 4 started mining 12/88
_ _ Site subsided 2/89
-45 Site Subsided Mining completed 4/89
-50
0811/87 08/11/88 0812/89 081390 081491 0814/92 081593 081694 08/17/95

DATE
Decline & recovery in Mt. Carmel Sandstone, P350




P350 Mt Carmel Sst

Selected Dissolved Species

3000
e %
2500 / \gj\ !
/ \ /ZI
32000 / Z
E "y
S //
© /
:]E_, 1500 =4
O - ‘
A N
500 L | £ —f‘f—‘r/ — | i:i———""”'# g;
A /"'
0 |zl = ST St

06/06/68 06/06/89 06/06/90 06/06/91 06/05/92 06/05/93 06/05/94 06/05/95

—~—Ca ——Na —=— HCO3 —>— 804 —== TDS



Saline Site — Panel 5

Trivoli Sst :

— 3-5m thick at depth 20 m,
beneath drift and 0-1 m shale

Coal extraction:

— 2matdepth 97 m
Surface subsidence:
—1.4m

Panel 5: GT3
1225mAMSL

Trivoli Sst

Depth Below Ground (m)

Borehole Depth 61 m

|
|
4
|
|
|
.l
|
|
|
1
|



Viater Level (m below top)

Bedrock piezometric response, Saline Co. Panel 5

Saline Fanel 5 Sandstone Water Levels

Panel 5 started 4792
aite subzided 133

Panel completed 4/93
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Piper Diagram — Saline site, Trivoli Sandstone

Ca * Post-Subsidence
Mg Na-50,-HCO, type

0 Pre-subsidence
Na-HCO; type

Na +K

Y AVAY,
Y A VAVAVAVAVAYS:
\VAVAVAVAYAVA

YAVAVAVAY: X SVAVAYS
AVAVAVAVAVAV ... VA

R VAVAVAVAVAYAVAY.V.NTS
iog 80 60 40 20 0 .
Ca

/A -
/g
a0 VA TAVAVAVAYAYY
AVAVAY AVAVAVAVAVAY
10 NVAVAVAVAVAVAVAVAVAY

20 40 66 80 100

* Trivoli Sst
water changed
from NaHCO3
to NaSO4HCO3
type, similar to
water in
overlying drift.

— Bertsch, 1997



Moderate to high relief setting:
Appalachian Plateau, USA




Saltsburg Sandstone, Cambria Co., PA



Morgantown Sandstone, Cambria Co., PA







Influence of topography

« Numerous studies (e.g. Johnson, 1992; Werner,
1992) show that wells on uplands and hillsides
are more vulnerable to longwall impacts than
are wells in valleys.

« Because of drainage of upper aquifers through
fractured aquitards

« And because valley wells are more productive:
— Permeable fracture zones along valleys
— Saturated colluvium & alluvium feeding fractures
— Streambed infiltration
— Groundwater supplied from adjacent upland
— Stress relief fractures
» (From Parizek & Ramani, 1996)



’ Compressional Stress

/—Lund Soitach *Resultunt Stress

Colluvium

Tensile Fractures

o L et W -1 O T P ]

- .+.."-|..i.'._-' FI.._ -.' e

L1 £ el A .:_._|-+;_--‘ . e

Top of Rock R R R e L T
) - P Py e

Compression Fractures

Alluvium RS - -. f 2L

Figure 3.2-1. Generalized geologic section showing features of stress-relief fracturing [after Ferguson (1974)]

Stress-relief fracturing (Wyrick & Borchers, 1981)




Lateral extent of longwall impact: within a few hundred
meters (Lancashire No. 20 Mine, PA: note units are in feet)

\ dried and
collapsed

-x—N23B undermined




Above K7-K9 Panel, No. 20 Mine




|_ateral extent of impact

* Primary fracturing effects: “Angle of draw”
shows limit of subsidence movements:

— Typically about 40°.

* “Angle of influence” —reflects spreading of
“drawdown” laterally through aquifer from
the potentiometric low In the subsidence
zone - controlled by aquifer transmissivity.



Elevation
VErsus
overburden
P thickness
75 (Donohue
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7| 8 and Parizek,
i 1 1994)
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Concerns of well owners

« Will there be any change in water
quality? (not directly from mine
drainage, maybe from changed flow
patterns)

* |Is my well going to go dry?

o |f It does, will It recover, and when?



RECOVERY

 [llinois Studies: Jefferson site: good; Saline site: poor
« Appalachian studies inconsistent, e.g:

— Cifelli & Rauch (1986): only 1 supply recovered out
of 19 impacted

— Matetic and Trevits (1991): only 1 supply out of 10
Impacted did NOT recover

— Werner & Hempel (1992): recovery less likely for
perched aquifers

— Leavitt & Gibbens (1992): 64% recovered, mainly
dependent on topographic setting and position
relative to mine



Impacts and Recovery

Dewatering more severe & permanent in deep,
heavily fractured zone just above the mine

Minimal in unconsolidated aquifers

In shallow bedrock aquifers, greater initial

Impact

— over or close to the longwall panel

— In confined aquifers

And also least recovery

— In aquifers of low transmissivity (poor
yields)

— on uplands In higher relief settings
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Figure 10. Contours of ratios of post-mining horizontal conductivity to pre-mining horizontal conductivity [log(R..)}. The two
rectangular boxes represent the two panels

Simulated permeability changes above longwall mining:

from Liu et al., 1997
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Water Replacement Policy: Ohio

OHIO DEPARTMENT OF
NATURAL RESOURCES

MINERAL RESOURCES
MANAGEMENT




Water Replacement Programs

» Coal Regulatory Program (ORC 1513)

* Industrial Minerals (ORC 1514)




Number of Complaints
2003

» 48 (Coal Regulatory)

e 25 (Industrial Minerals




Industrial Minerals

» Replace water supplies

« Account for ¥ total

water supply
complaints received

Little, if any,

,,,,,,,,



Modifications to IM

 Allow for premining (baseline) data
collection In circumstances

» Permits with water withdrawal (dewatering
plans)




AML Replacement Program

* Funding — 10% of federal
budget for water quality
Improvement projects
(public/private)

» Impact result of past
mining activities (mining

a ) ) \ /| ) /N




AML Water Replacement
Program

/8 Private Water Supplies

« 11 Waterline Extension Projects
— $3.5 million




Coal RegulatoryProgram




Coal mine operators have legal

responsibility to protect water

supplies impacted by activities
from their mine sites




Authorization

 Section 1501:13-9-04 (P) of
the Ohio Administrative




Requires the owner of a coal
mining operation --

« “Replace the water supply of an owner of interest
In real property who obtains all or part of his or
her supply of water for domestic, agricultural,
Industrial, or other legitimate use from an
underground or surface source, where the water




Requires the owner of a coal
mining operation--

e “Reimburse the owner for the reasonable
cost of obtaining a water supply from the
time of the contamination, diminution, or




Burden of Proof?

Division of Mineral Resources
Management (DMRM)




Present Policy

OHIO
NO “rebuttable presumption area”




Impact/Interruption to Water
Supply by mining activity

¢




Determinations

* Investigation -- Cooperative Effort

— Mineral Resource Inspector
— Investigating Field Hydrologist




Collection of Evidence

« Combination of scientific evidence
that supports impact (more or less




CRITERIA




Chemical Constituents

* Indicative of impact from activities
assoclated with mining

» pH, alkalinity, acidity, iron, manganese,
sulfate, hardness and total dissolved solids,




Chemical Constituents

« *Concentrations that exceed US EPA Secondary
or Primary Drinking Water Standards

*Not in all instances*

« Deviation from baseline (premining water quality)
data




|D of Source

« One or more sources
Identified capable of
releasing sufficient

volume of



Physical Data

Well/Spring Development

— Casing, depth, age, pump intake, general
condition

\Water usage

Vifater LLevel IVieasurement/Yield

= 1EVAlION BIsVVatel: SUpRIY (SprnG/AVEIL)




Hydrologic Connection

- Pathway or connection v

through geologic e
media can be defined
that accounts for







Timing

Y/ L
» Chronology of SO /m//' 3
events makes S\ g S




Outside Influences

» Alternate sources of
contamination
— Pre-law mining, gas/oil
well activities

« Alternate sources of



What happens if Water Supply is
determined Impacted from
Mining Activities?

- “_( ) - : pae-s . 'ﬁw—'

a— - ~ e —



Policy/Procedure Direction

Until 1993 — No General written policy
for water replacement




PPD TECHNICAL 93-1

Guidelines

*Replace Water supplies: contaminated,
Interrupted, diminished by surface coal
mining operations

*Provide or reimburse reasonable costs of




PPD TECHNICAL 93-1

 Quality/Quantity/Duration of Replacement
Supplies

» Regulatory Enforcement Action (CO) and
Compliance




Other PPD for
Impact/Replacement to Water
Supplies

« UNDERGROUND 89-1

— Protects rights of
landowners from longwall
mining activities

« UNDERGROUND 90-2




PPD: UNDERGROUND 93-2

Guidelines

» Timeframe (48 hrs) for initial investigation
of subsidence damage and preliminary
evaluation

 Location (geog) of water supply to active




Current PPD "R AT
TECHNICAL 03-1

» Replaces PPD TECHNICAL 93-1 and
updates UNDERGROUND 93-2

» Incorporate replacement policy for both




Prompted Revision

 Qutstanding longwall water supply
complaints




NEW Water Supply Replacement
PPD (DRATFT)

* Allows for O & M costs associated with
public water supply (long-term costs)

« Allows for O & M costs associated with
water treatment equipment




Doesn’t Include

e Standard enforcement action
— CO may or may not be issued

« Policy Direction — Is NOT an Internal or External
Procedural Directive




Quality of Replacement Supply

« Must meet or exceed
premining quality
 Lack of premining data —

must meet water quality
typical for area (ambient,




Water Supply Replacement
Required in Preference to
Long-term Treatment

Exceptions —
Landowner and Permittee are agreeable




Quantity of Replacement Supply

« Must meet or exceed premining quantity

» Must not restrict or limit from premining
use (domestic, agricultural, industrial)

¢ < 9




Inadequate Premining Data

« Typical well yields or comparable uses in
surrounding area

 No standards specific to yield, peak demand or
specific capacity tests required




In lieu of Peak-Demand Test

« Minimum of 100 gallons per person per day

o Sufficient amount to accommodate size and
amenities of the residence (e.g., number of




Duration of Replacement Supply

« Must be comparable to similar systems
commonly installed in surrounding area not
Impacted by mining or other unnatural

causes/conditions

1o 20 years




» Replacement
with Public
Water



Permittee Responsibility

« Payment for initial tap-in fees
» Installation of water metering device




Changes with New PPD

* O & M costs (APPENDIX public water
supply, water treatment )

 PA DEP (APPENDIX C)
» Problems with past and current underground




DMRM will utilize calculations
(Appendix) only If dispute over
reasonableness of operation and




Public Water Supply for
Agricultural Use

« Written demonstration (substantial data)
confirms water resources have recovered

and are no longer available for development
on said property




* Replacement
with New or
Modified




New Water Well Supply

» Only Registered Water Well Drillers with
Ohio Dept Health (ODH)

 Must conform to all standards established
for well construction by local, state and




Well Installation

* Proper development and
disinfection

» Pump test for yield and
specific capacity

« Materials/Labor

connection




Water Treatment

e Permittee bear all costs associated
Installation

e |If necessary, O & M costs (APPENDIX)
e Does not interfere with water needs




Interim Replacement of Water
Supplies

* Inspection staff verify location (two
working days) of complaint in proximity to
affected area

o Within 500 fee




Interim Supplies

« Sufficient quality and quantity for reasonable
needs of landowner

» No standard set for amount required
— Quantity/Quality impact — 100 gal/person/day
— Quality — 5-10 gallons per day




Reimbursement for Interim
Supply

» Permittee reimburse costs of obtaining
a water supply from time of
contamination, diminution, or

(Coal only)




Reasonable Expenditures

 Ordinary bottled water
« Hauled water

« Temporary storage tanks and associated
plumbing




Reimbursement for Self-Initiated
Permanent Water Supply

 If determined Impact by Division....and, If
landowner replaces water supply prior to
that decision (coal only)...

« Must maintain and submit legible copy of




Well Abandonment

» Permittee arrange and pay associated costs for
well abandonment

 Assure replacement supply suitable prior to
abandonment

« Wells must be plugged in accordance with DOH
(OAC 3701-28-07) and the State Of Ohio




Replacement/Termination
Checklist

County Permit for Private Water System
ODNR Division of Water Well Permit

Bacterial Analysis Report (Local Health
Department)




Termination
Public Water Supply

 Written notification by Permittee to
Technical Section Hydrologist connection
to public water system complete

» Well replacement — Well abandonment
Sealing Report (DOH, ODNR-DOW)




Wish List

« Improvement in baseline data (e.g. specific
yield vs SWL)

 Quality Control in Baseline /Monitoring
Data




SPPECINC Incapacity:
< Au@at rl&‘—‘ Tale for

~ using SC to evaluate
mining impacts’




What'is 5; Cif Capacity??
&

~SIHGIE me,)JrJ giwelll technlque that
calculatesthe ground water yield per
- Unitargwdown'in the well

| o

: Pumping Rate (Q)
Spéecific Ghpammmae) - —
) 2 » ) Drawdown (DD)

» Units: gal/min/foot of drawdown, (Q/DD)



c,Capacity

B &

dimeasure off ‘w | yield

SEM MG Lo Jm,ure the strength of one well
O

elf CI o
’l

| -
> SCis used to moni or the well performance
over me |
0 Can |t beUseufo evaluate whethermining




apacity Questions.....
hel )
V»r\\.“ t-?

DOESHEUMPING Frr]&,‘ﬁr : t@

DEESIPIMping Rate A Ct SC?

‘Does the'Type of Aquifer Affect SC?
g tic Water Level Affect SC?

4

- L=

5. Does Starti
6. What Effect does changing T or S have on SC?
Y,

Can Well Yield be Determined from SC?



orehole Storage Affect SC?

‘I : A

0 (S e T S Do you want to test the
dBIIEYA0 Sllfdelivery sy@m (well and aquifer)

torproduceserfthie ability of the aquifer?

0 Borehole Storage is most influential on SC at short
pumping times (as time increases, the > % of water is
coming from aquifer) with large diameter wells on
aquifers with low T



APAPEPNISESISE o fielp determine whether
rollnlisle) =l FraCted aate supply.

~lieaieliating SC; _nm/ att mpt to removed the

CIECLS OIMIONENIE St Ofage subtractln out the
dMOUNTOIRWELES: r‘!:] valent to the drawdown in the
JJr‘—'nolé ¥

» ]'-“ ASSUMENtNIS S ‘epresents the SC of the
aquifer.

> Does r)')

i



d Assume: Pump a 6” well with 50 ft water column at 7
gpm for 20 min...resulted in 15 ft of DD. What is SC?

_P_!—

50 ft

/’

\

Q
SC = e
DD
- 735gallons g 6 46 qal/min/ft
That is SC of well delivery system. What is SC of

aquifer? Must subtract out BH Storage

140 gal — 22 = 118 gal from aquifer (??)

118 gal / 20 min = 5.9 gpm pumped from aquifer (??)

SC =0.39 gal/min/ft ....85%0 of original SC

(assumes 100% well efficiency)



Evaluation of Borehole Storage

Pumping
Time
(min)

Q T
(gpm) (ft2/day)

15
75
150

100 1000 10000 100000

Time (min)

Theis
R Theis Pap. Theis SC Pap. SC PADEP SC as a%

(ft) DD (ft) DD (ft) (gal/min/ft) (gal/min/ft) (gal/min/ft) of
PADEP

0.1 05 a8 =i o 8.1 6.6 48%
0.1 O5wgiiis. it 8.7 12.8 11.3 76%
0.1 05 206 16.7 14.5 17.96 16.49 87%



-

Ccomments on the PADEP method :

vious method is a “quick” and “dirty“agetidditeRisATeNtlpinres
ts of WE storage, The metnod car) o2 zloeligetigliiel ANt
derstanding of well nydraulies
O] D’ra Wbacks

~ Metnod assurnes the SC igs WJ..: SONUIGCEUNOF ENoUgh time to remove

tre storage effect on j)D |

~ Tne duration of tne casirie ~rage IECISIIOEAs straight forward as
Eif, ce ::un J VOINHEYVORIIENWE! IHOESTNONEOmpletely empty the casing
VoIMEBEVERIaisRY e egiioniteaauiter asithe'PADEP method

assume§'(unle§§'70mram'€he well).

> Storage effecHWIlINastiongeoniarge diameterwells with low SC

> The method ProvidesiarSe 6 (d 2_( 2)
that is probably’ IeWer thanfreality o= : C
=

L) =

Qls



1:
HIStorage affects SC

l MUStEEEide Whetheryou want to test the well
dElVERy systenior: solely the aquifer....

. Fr.

OBorehole Sterage isimost influential on SC at

very shert pumping times (10 to 20 min???) on

aquifers with low T



ZaDoES EUML Ing Time Affect SC?

|

Theis Type Curve

i

Drawdown
¢ o =
O

1.E+03

1.E+05

1.E+07

1.E+01 1.E+09

Time

QO For a constant pumping rate, if pumping time is doubled, DD is

not doubled (may be more or less), thus SC changes with
pumping time



Z.*Does Pumg I)m g Time Affect SC?

Affect of Specific Capacity on Pumping Time

Specific Capacity
(gal/min/ft)

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Pumping Time (min)

Pumping Rate =5 gpm



Finding 2: |
SCls lime-De pendent

mVWhenreomparng tworSC tests, the pumping
tIMENUSRENIdEnticall OR Else..... Comparing
APPIES LONOIENGES B

~The effecioiitime on SC results from:

~ tore HJJ‘—* S"uﬁ SN ESHIMENNGHEaseS the effect of

"‘ﬂﬂﬂ

> The way te Flows to 2 pumpingiwell. ADD
decreasestwithinereasing ime(@asstiming
Homogeneousyinfinite aguiter boundaries)



-

FINAINGESEDoes Pumping Rate affect SC?
-

YESEE K

PUMPINCIREEIITECTS'SC 111 severaliways (e.g. well loss)

4

SIS JJ_JLJ yeperformed at the same
geuinpanative purposes

1 S{et€
pumpingy

~
10



Ptherconsiderations of the effect of Q on
SC..

R
o

Withincrease d"Q if the pumping

m SCWIlIFdECHEasE
Fthe wel JJ!» I%j below the water-

WatETMEVEINT
- DEARNG ZORES?
. 4 #
m The zone b

stressec 'r |

ECOMES fr- owing and is no longer
ncreasing DD.
¥
m SC is decreased because further increase in DD causes
an increase In yield from lower aquifers only.




Practical ways Q affects SC
Q =10 gpm Q =30 gpm

L,

e e
.




Whatierect'does changing T & S
having on SC??

The Effectof T & Son SC

—&— T = 1000gal/day/ft; S = 0.001
, 3 —8— T = 100gal/day/ft; S = 0.001
; - ¢ T = 1000gal/day/ft; S = 0.0001

N

=
ol

(gal/min/ft)
H
" {JH—Q

Specific Capacity

o
ol

o
3

500 1000 1500 2000 2500 3000 3500

o

Puming Time (min)

O SC is much more sensitive to changes in T, than to changes in S
d If mining changes T or S (..from subsidence), SC will change



DOESKSLAUING Water evel affect SC?
-

N RNHESH/AIFEEPENdS on the type of aquifer
J For a rormrwd acuifer, the starigefiVzltdalSYE RS alelill
not rrumg

1 I Eneo \/,Jnd in n.—z:JIJr\ stalpiiypWater: Ievel does
.Jf":\.t SC in Jfl‘ﬂr](“f fipiacl zie|Uifar



Does Starting SWL affect SC?

Spring Time: SC = .9 gal/min/ft

UL T D T T T D e e Tl D e i Tk i i)




Does Starting SWL affect SC?

Mid Summer: SC = .1 gal/min/ft

Same pumping rate and pumping time, less available water per
unit ft of DD




g 4.
dieantwell Yield'be determined from

,Scw g -

a So
calc

Sislggestthat (Petential) well yie
Ia@g? %y:

dis

_— Well Yield = SC* Aval

able DD

Available DD ="Meight of water column — 10 ft (pump safety)

What is the potential yield of a well with a 50 ft
water column and a SC of 0.12 gal/min/ft?

Well Yield = 0.12 gal/min/ft * 40 ft

Well Yield = 4.8 gpm



Problems with using SC to calculate
welllyield:

m RIS cec inigue mayse J..»Jﬁ 0 test whether or
NOLEAWEINIEIGNS POSSIbIE..

= FHowevermOUMCONME I\ ED TO BE VERIFIED
VA IT HIREALIEST BECAUSE:

ssurnas the erire wall bore is 2yl conigsiilse
) ate HOEESTHEIERZONEMIIGHNTIaY. belocated high
NCHERVEIRM IR ENE ARG Borenele acting as
Stordge

= Does not considerenfiects of well' loss with increased
pumping ratef(@sstimes welllispl00% efficient



Problems with using SC to calculate
wellvyield:

= ISCHEIpIehably atbettedestimate of well capacity then
poteERtiaiWElINIEld) 5]5'@4 additional assumptions are
made wheniealclilating potential well yield (entire well
- bore contrbuteswvater)”

\

n



SC was calculated to be .12 gal/min/ft Calculate well Yield?
Potential well yield = SC (.12 gal/min/ft) * aval. DD (50 ft) = 6 gpm

In reality, the whole borehole is not evenly contributing water,
only 5 ft is and the rest is for BH storage

’ ]
15 ft
------------------------------ 5 ft
S0fi S
Crmregeadfero—==-=: Real potential well yield is 2.4 gpm,
|| Ifpumpingisincreased, the water
S level will drop below the aquifer,
\ T which will drastical |y reduce S/C

and potential yield



=

l

DEESIBorenole Stomg" getse? YES
DOESHEUNIPING Jﬁ Af&‘ 7Y | S

5. Doesikum pI} R~ffect SO =N

DC ' rran” issiity affect SC? YES

5. Does Sta}ting Static Water Level Affect SC? YES

6. Can Well Yield be Determined from SC? 7777



SPECIHIC *pacﬁy

When conducting a 5pgﬁjﬁg gElWALESERCONSider the
following: =

PEMEIMIRERaNIENP. and SC profile to try to locate
the Wat€lgheeling zones

DONOEPUMPA below thoese zones???

Record climatic conc tions

Recor the' PUumping Rate

Record the P'un*&ng Time

Calculate BH Storage

Determine Available DD
Record pre-pumping SWL

D N O Ul



Additional Questions

HOWNTIUEHIGOES JC nave I‘J e changed to
DE chJ_..JderecJ i lrr],)- act?

ATEISPECITiCIEapacity. tests reproducible?

"



iE6llewing slidesiwere removed for
HYGArOAWoIKSHOP talk



-v'

Factors t 'Jﬂ L Effect rate of A In

'

Effect of Storativity on Drawdown

s =

—— T = 1000gal/day/ft; S =0.01

—=— T =1000gal/day/ft; S = 0.00001

— 4

4
L 2

Drawdown (ft)
O L N WHMOUILO N

=
o

20 30 40 50 60 70

Pumping Time (min)

Effect of Transmissivity on Drawdown

T = 100gal/day/ft; S = 0.001

=—o— T = 1000gal/day/ft; S = 0.001

Drawdown (ft)
H
(@]

Pumping Time (gpm)



H Iths'dangerous 'to compare the SC of 2 different
- tests dQJJJ_Jf*I“ dlat short pumping times (when
A_)F iSietilligreat)ifor the difference in results
ay lead some tojattribute the difference to
¥ c il J:ﬂ:}‘ in aquﬁrm‘opertles (from mining)
whentarslightidifference in pumping time is to
blame. |

p

,‘

Pump : Well
Q(gpm) Time DD (ft) SC o ainse AN Vield

i) (gal/min/ft) SC (gpm)

S 3.14  1.59275351 47.8
10 3.53 1.41619998 : 0177 42.5
15 3.76  1.32997282 . 0.086 39.9
20 3.92 1.2754984 . 0.054 38.3
25 4.05 1.24E+00 : 0.04 37.1

30 4.15 1.20480348 . 0.03 36.1




DOESIPUmMping Rate Affect SC?

wFSuiEyANna

a Study what reality suggests



SboesiPumping Rate Affect SC?

DN PUmMPING WEll consists of 2 parts:

1. DD due to larminar flow of WeltsmliRelEle Sy

toward the well (forrnaton logs)

., DD due to the turbuleniflow ideie e R
water passes into the wel

L 4

Total Drawdow ormation Loss 4+ Well Loss

Total Drawdown = W 4+ Cco?

4T



ct Formation Loss (s)?

Theis Type Curve

10
1
0.1

Drawdown

0.01

0.001
1.E-01 1.E+01 1.E+03 1.E+05 1.E+07 1.E+09

Time

Q
4T

Formation Loss (s) = W(p)



DoesTPUmpIng Rat

B VINVVIRININ-=V Va\YIVil i

Affect SC through
Formation Loss ?

iConfined Aquifer
R K*h (H-h)
Q=008 log (R/r)

Specific Capacity (gpm/ft)
(@] = N w dEy ol (o)) ~ (0]

Specific Capacity: Confined vs. Unconfined

—— uifer

o

50

100 150 200
Pumping Rate (gpm)




‘ r continedraquifers, does Pumping Rate,
, ‘HEQRY, Affect SC through Formation
: I@urmg transient conditions?

Drawdown (ft
P P N N W
o o1 O 01 ©O o1 O

20 25 30
Pumping Rate (gpm)




- For Uncor ned aquifers, does Pumping
Ratey INNTHEORY, Affect SC through

Fogmamg transient conditions:
T
"J.'l‘

Effect of Pumping Rate on Drawdown under transient conditions*

20 25 30
Pumping Rate (gpm)







DOESIPUMpIng Rate Affect SC
mirougntwe Loss?

.

o DUEserturbulent flow f ctlon losses as
Water passes mrﬁn- el

-
’" 0sS)= CQ-

C = well constant
Q = Pumping Rate



WiseePUmpIing Rate Should We Start to
WoraePUWEIINL oss affecting SC?
-

Well Loss vs. Pumping Rate for Time = 1day

pd
60 /
40 //
22 /

0 200 400 600 800
Pumping Rate (gpm)

00]
o

Well Loss (ft)

1000 1200




| _)Jd:) PUumj g Rate Affect SC
through™Well Loss?

_
Effect of Well Loss on SC

——SC @ 10 sf

—8—SC @ 10 min sf + sw
g 2.500 SC @ 1440 min sf
E 2.000 SC @ 1440 min sf+sw
=
2 1500 =% > = >
O
N

800
Pumping Rate (gpm)

1000 1200



REemember:
JiotallDDin'a Pumping Well

ation Loss  +  \Well Loss

W(u) + CQ?2



EIUINGESEDoes Q affect formation loss,
wRIchwill ,Jrrgss >C #

%
4 In‘hesry, Pumpin J Rate st hould not affect Specific
Capacityin'confinediaquifers or in unconfined aquifers
(where the formation drawdown is a small percentage of

the aquiferthickness) .. DQUBLE Q, DD WILL

APPROXIMAS
( -




1T you ¥ <Nnow f 1 S, you can
galcilate theoretical Q/S

= 65.5%Q

S& = gall

**Assumes 100% we effiéiency



r-& o
act well loss which affects

SC-

e

EREIRNEEERDOES Q affi

\(r—'ﬂﬂrﬂﬂﬂﬁj“
LOIO099O

o IadditionfeNnereased pumping rates, frictional losses
dre Causeagvy Uie eliects of Biofouling (Fe oxidizing
‘Bacteriaj IDEnitifying microflora)

O As “debris”, such as, iron gxidas ol pore spaces becom:

rriore '“*.rLLaJ ric head |OSSESMIEGINIGO rise, eventually to be
raflagiad in lowering SC

m Pumping Rate In reality well loss can be must more
substantial than this example suggests.
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