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§47-60-1. Genera

d

4.

1.1. Scope an

DIVISION DEPARTMENT OF ENVIRONMENTAL PROTECTION

I

47CSR60

TITLE 47
LEGISLATIVE RULE

OFFICE-OF WATER RESOURCES

SERIES 60
MONITORING WELL DESIGN STANDARDS

Purpose. -- This rule establishes minimum acceptable documentation and standards for

the design, install
boreholes.

1.2. Authority.

on, construction, and abandonment of monitoring wells and for the abandonment of all

— W. Va. Code §22-12-5(d).

1.3. Filing Datg. -- May11996.

1.4. Effective

§47-60-2. Applic

wells and borehol

Date. - May-1+-1996.

hility.

. All monitoring wells and boreholes shall be abandoned according to section 19 of this

This rule app i%\s to any person who either owns, operates, constructs, installs or abandons monitoring
|

rule. This rule doe
except as provided

ot apply to monitoring wells and boreholes instalied prior to the effective date of this rule,
for in section 19 of this rule.

§47-60-3. Definitipns.

3.1. “Abando
this rule in order t

n

3.2. “Air rot:

ent” means the sealing of a monitoring well or borehole in accordance with section 19 of

olrestore original hydrogeologic conditions and/or to prevent contamination.

drilling” means a drilling method whereby the borehole is advanced using a circular

rotating action applled to a string of drilling rods that have a diffused discharge bit attached to the bottom of

the rods. Pressuriz
from the borehole

€

3.3. “Annular s

borehole sidewall
3.4. “Annular

3.44a. F
or the filter pack se

(&

air is forced through the drilling rods that cools the drilling tools and removes the cuttings

pace” (Annulus) means the space between two well casings or between the casing and the

space seal” means the following:

- wells constructed with filter packs, it is the material placed above the top of the filter pack

al up to the surface seal and between the well casing and the adjacent formation; or

3.42b. Fér wells constructed into bedrock formations and without well screens, it is the material

placed from the bo
adjacent formation

ttom of the enlarged borehole up to the surface seal, between the well casing and the
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3.5. “Appropriat¢ groundwater regulatory agency” means the groundwater regulatory agency that has

primary regulatory
unassigned or shared,

versight of a particular facility or activity. Where primary regulatory oversight is
he Director Secretary shall determine which groundwater regulatory agency is to be the

appropriate groundwater regulatory agency.

3.6. “Aquifer tegt well” means a monitoring well installed to provide information on the hydraulic

conductivity, trans
physical parameters

is
0

sivity, storage coefficient, capture zone, specific capacity, radius of influence or other
Fan aquifer, defined geologic unit, or water bearing formation.

3.7. “ASTM” mdans American Society for Testing and Materials.

3.8. “Bedrock”
soil, alluvium or bou
igneous, and metam

3.9. “Bentonite?
is available in the fol

eans the continuous solid rock underlying any loose surfieial
1
;ﬁv

surface material such as
ers. Bedrock includes, but is not limited to, limestone, dolomite, sandstone, shale, coal,
hic rock.

eans a clay consisting of at least eighty-five percent (85%) montmorillonite. Bentonite
wing forms:

3.9.1a. “Benjonite powder” means two hundred (200) mesh pure bentonité, without additives.

3.9.2b. “Be

3.9.3¢c. “Bg¢
bentonite, without af

qitonite granules” means eight (8) mesh pure bentonite, without additives.

xmonite pellets” means commercially manufactured tablets made by compressing pure

itives, into forms greater than one-quarter inch (1/4”) in size.

3.9.4d. “Benfonite chips” means commercially processed angular fragments of pure bentonite, without

additives.

3.10. “Bentoni
with ninety-four (94

L cement grout” means a mixture with the ratio not to exceed five (5) pounds of bentonite
bounds of Portland cement and approximately eight and six-tenths (8.6) gallons of water

from an uncontaminated source.

3.11. “Bentoni
bentonite with one
percent (10-25%) s

- fine sand slurry” means a mixture with the minimum ratio of fifty (50) pounds of

mlndred (100) gallons of water from an uncontaminated source and ten to twenty-five

d by volume for a mud weight of eleven (11) pounds per gallon.

3.12. “Bentoni
untreated bentonite

granular slurry” means a thoroughly blended mixture of up to thirty (30) pounds of
wder added to one hundred (100) gallons of water from an uncontaminated source with a

minimum of one hungred (100) pounds of untreated bentonite granules mixed together by a Venturi hopper

mud mixer or other|

uivalent high shear mixer.

3.13. “Bentonitelhigh-solids grout” means a thoroughly blended mixture of water from an uncontaminated
source with untreated| bentonite, without additives. The mixture by weight shall contain a minimum of twenty

percent (20%) bento

3.14. “Borehole
purpose of obtaining

ite solids.

> means a circular hole, deeper than it is wide, constructed in earth material for the
geologic or groundwater related data. Boreholes are also referred to as drill holes.




3.15. “Certifie
Secretary to drill, ¢
subdivision 19.2.a

d

b

47CSR60

monitoring well driller” means an individual granted a written certificate by the director

»istruct, alter or abandon monitoring wells or boreholes, except those defined as low-risk in

llow, and who meets the requirements of 47 CSR 59, “Monitoring Well Regulations.”

n
4

3.16. “Clay”n
um um) and having

o
v

3.17. “Clusters
the same borehole.
depths in roughly t

3.18. “Coarse
hundredths millim

5

d

ans a fine grained inorganic soil with a grain size less than seventy-five micrometers (75
plasticity index equal to or greater than four (4).

monitoring wells” means individual monitoring wells situated close together, but not in
Clustered wells are most often used for monitoring ground water conditions at various

hé same area.

d” means a well sorted sand with a predominant grain size between four and seventy-six

n
e{ﬁers (4.76 mm) and two millimeters (2.0 mm) as established by the unified soil

classification syste

I,

3.19. “Concre
of dry sand and gra
sand and gravel to

Ci
IV

3.20. “Contam
contamination.

> means a slurry mixture with a ratio of ninety-four (94) pounds of cement, equal volumes
e, and five (5) to six (6) gallons of water from an uncontaminated source. The ratio of

cement may not exceed three (3) parts to one (1).

\ihant” means any material in a solid, liquid or gaseous state that has the potential to cause

3.21. “Contam
biological integri
Protection Act in
variance from exis
an order, permit, o
different concentr

nation” means any manmade or man-induced alteration of the chemical, physical or
f the groundwater resulting from activities regulated under the West Virginia Groundwater
icess of existing groundwater quality, unless that site has been granted a deviation or
ing quality as provided for in the West Virginia Groundwater Protection Act, or is subject to
ther regulatory action that requires restoration or maintenance of groundwater quality ata
on or level.

Envirenment-or-his
3.23:3.22. “D

driving the assemblj

below the ten (10)/f
3.24:3.23. “Ex

riven-point well” means a well constructed by joining a drive point with lengths of pipe and

/ into the ground with percussion equipment or by hand, without first removing material
hot depth. :

cavated well” means any monitoring well that is constructed by backfilling appropriately

sized unconsolidated material around the well screen. Excavated wells will be installed in accordance with

sections 6, 7, and 8§
but are not limited

£

1
3:25:3.24. “K

3:26-3.25. “F

and below the annu

327 3.26. “Fi
0.074 mm, as esta

baragraph subdivision 11.4.3¢, and subsection 11.5 of this rule. Excavated wells include,
b, any tank pit observation well.

ilter pack” means the sand, gravel or both placed in direct contact with the well screen.

ilter pack seal” means the sealing material placed in the annular space above the filter pack

ar space seal to prevent the migration of annular space sealant into the filter pack.

e sand” means a well sorted sand with a predominant grain size between 0.42 mm and

i
bn;shed by the Unified Soil Classification System.




3.28.3.27. “Grav
76.2 mm and 4.76 m|

3.29.3.28. “Gro
water table, or any p

330 3.29. “Gr
intersects the water

33+ 3.30. “G
Protection, the Bure
has received approval

3.32.3.31. “Hollg
a hollow stem pipe. |
down into the earth.

47CSR60

o] means an unconsolidated material with the predominant grain size being between
, as established by the Unified Soil Classification System.

rdwater” means the water occurring in the zone of saturation beneath the seasonal high

!lched water zones.

wdwater observation well” means any monitoring well in which the screened interval
1

c.

undwater Regulatory Agency” means the Divisien Department of Environmental

j' for Public Health, the Department of Agriculture, or any other political subdivision that

from the direetor Secretary to regulate facilities or activities for groundwater protection.

w stem auger drilling” means a drilling method where continuous flighting is welded to
he flighting carries drill cuttings to the surface as the flighting is rotated and pushed

3.33. 3.32. “Inside diameter” means the horizontal distance between the inner walls of a well casing,

hollow stem auger o

334.3.33. “Me
0.42 mm, as establis

fremie pipe.

m sand” means a well sorted sand with a predominant grain size between 2.0 mm and
d by the Unified Soil Classification System.

3:35:3.34. “M
boring, drilling, dri
biological, or radiol

toring well” means any cased excavation or opening into the ground made by digging,
ihg, jetting, or other methods for the purpose of determining the physical, chemical,

ical properties of groundwater. The term “monitoring well” includes piezometers and

observation wells thatlare installed for purposes other than those listed above, but does not include wells whose

primary purpose is t

3.36-3.35.
Ro33A1,5140,0(OH)
and where Al means ¢

337 3.36. “M
circular rotating act
bottom of the string.
to carry cuttings to t

3.38-3.37. “Neat
cement mixed with fi

i

C

»

3.39.3.38. “Ne
screened interval of]

3:40:3.39. “Pet
method whereby the

3-41-3.40. “Per

?

> ground surface.

provide a supply of potable water.

ritmorillonite” means a group of expanding lattice clay minerals of the general formula:
5,0, where R means one or more cations of sodium, potassium, magnesium or calcium

luminum, Si means silicon, O means oxygen and H means hydrogen.
rotary drilling” means a drilling method whereby a borehole is advanced by using a

applied to a string of drilling rods that have a diffused discharge bit attached to the
bentonite and water mud slurry is used to provide borehole stability, to cool the bit and

cement grout” means a slurry mixture with a ratio of ninety-four (94) pounds of Portland

Ve (5) to six (6) gallons of water from an uncontaminated source.

d monitoring wells” means two (2) or more casing strings within the same borehole. The
ch casing string is designed to monitor water from different zones.

ission drilling” means a drilling method using a cable tool drilling machine or a drilling
sermanent or temporary well casing is driven, or is set into a borehole and then driven.

‘manent monitoring well” means any monitoring well in place for sixty (60) days or longer.




342-3.41. “Pe

I
7

47CSR60

on” means any industrial user, public or private corporation, institution, association, firm

Or company organiz
governmental age

or existing under the laws of this or any other state or country; state of West Virginia;

oy, including federal facilities; political subdivision; county commission; municipal

corporation; industs
a group; or any leg;

3:43:3.42. “P
specific purpose of

Y
district; partnership;

: sanitary district; public service district; soil conservation district; watershed improvement
rust; estate; person or individual; group of persons or individuals acting individually or as
entity whatever.

2

al

dzometer” means a monitoring well sealed below the water table that is installed for the

properties of groun

dgtermining the potentiometric surface or the physical, chemical, biological, or radiological
diwater, or both.

4.

3:44.3.43. “Pq
total head of groun

3:45:3.44. “P

3.46.3.45. “Pu

a pump or bailer.

347 3.46. “R

from the subsurfac

3:48:3.47. “R
into the borehole b
tools by pumping ¢

known as wash bor

3:49:3.48. “S

tentiometric surface” or “piezometric surface” means an imaginary surface representing the
divater and is the level to which water will rise in a well.

o

5i” means pounds per square inch.

irpe” means an action that removes water from the well, commonly accomplished by using

ekovery well” means a well intended and designed to capture and remove contaminants

e,

ofary wash drilling” means a drilling method whereby metal temporary casing is advanced
yidriving. At selected intervals, the temporary casing is cleaned out using rotary drilling
l¢an water through the rod to flush out accumulated cuttings. This drilling method is also

¢|or wash down drilling.

d-cement grout” means a mixture of cement, sand and water in the proportion of ninety-
Portland cement, one (1) cubic foot of dry sand, and five (5) to (6) gallons of water from

\ means the Secretary of the Department of Environmental Protection or his or her

authorized design

e

3.50. “Sedimen

and rock particles.

t” means any unconsolidated material including, but not limited to, clay, silt, sand, gravel,

3.51. “Solid stem auger drilling” means a drilling method where continuous flighting is welded onto a

solid stem pipe. Tk

into the earth. The|

3.52. “Specifi
an equal volume o

3.53. “Surge’
removing fine mat

flighting carries drill cuttings to the surface as the flighting is rotated and pushed down
orehole is created by a cutting bit located at the tip of the lead auger.

18
b

gravity” means the weight of a particular volume of substance compared to the weight of
vater at a reference temperature.

c
f

i

means an action causing water to move rapidly in and out of the well screen, thereby

etial from the surrounding aquifer.

3.54. “Tank pit|observation well” means any vapor observation well or groundwater observation well or

both installed in ai

1 finderground storage tank excavation for release detection purposes.
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3.55. “Temporg

3.56. “Top of b
being either:

3.56.1a A

3.56.Zb. R

C

04

; monitoring well” means any monitoring well in place for less than sixty (60) days.

drock” or “top of firm rock” means at least seventy percent (70%) of the drill cuttings

sular rock fragments, as in the case of crystalline rock; or

k fragments composed of individual grains or rock particles that are cemented together to

form an aggregate, as|opposed to a single sediment particle.

3.57. “Tremie p
a borehole.

3.58. “Unconsq
particles, individual
sand, gravel, loess,

3.59. “Unified
properties of the soil
Society for Testing

Note: A co
19428.

3.60. “Vapor g

backfill or unconsoli

li

f=*]

ﬂﬁ of this publication is availab

bbervation well” means any excavated well in which the screened interval intersects the

ipe” means a pipe or hose used to install well construction materials in an annular space or

dated material” means that material found above bedrock, composed of single sediment
ains or rock fragments. Unconsolidated material includes but is not limited to clay, silt,
¢at and organic soil.

$0il Classification System” means the soil designation system based on the physical
f eveloped from the airfield classification system in 1952 and adopted by the American
hd Materials in standard test method D2487-83.

le from the American Society for Testing and Materials,
100 Bar Harbor Drive, West Conshohocken, Pennsylvania

dated material that is sufficiently porous to readily allow diffusion of vapors into the well.

3.61. “Water t
atmospheric pressur

3.62. “Water t:

intersects a water t{%ﬁe

table or the physic

3.63. “Well”

constructed for the py

definition does not
water, for dewaterir

3.64. “Well dep
bottom of the open

3.65. “Well rise
borehole to the top

entering the monitar

ak

0

3

le” means the surface of unconfined groundwater where the water pressure is equal to

le observation well” means any monitofing well iri which the screen or open borehole
that is installed for the specific purpose of determining either the elevation of the water
chemical, biological or radiological properties of groundwater, or both.

dans any borehole or other excavation or opening in the ground, deeper than it is wide,
rpose of obtaining or monitoring the surrounding media, including groundwater. This
lude water wells whose sole purpose is to provide: a supply of water, for exploration of
g, or te for functioning as heat pump wells.

h” means the distance from the ground surface to the bottom of the well screen or to the
ole when a well screen is not used.

|

b

> means the impervious portion of pipe extending from the top of the well screen or open
of the monitoring well. The well riser prevents undesirable fluids and materials from
ng well and provides access to the zone or the interval being monitored.

3.66. “Well scrden” means the filtering device that allows groundwater to flow freely into a monitoring




well from an adjac

3.67. “Well v

47CSR60

1t formation.

lume” means the volume of water contained in the well casing and the filter pack.

§47-60-4. Conflicting Provisions.

Where, in certai
requirements of th
Secretary shall det:
Protection Act, Wes
The directer Secretal
between the rules.

§47-60-5. Boreho

Protective meas|
becoming a safety h)
§47-60-6. Moniton

6.1. Where pri
at the locations ind

Q

6.2. Following
director Secretary,|g
days after completio

6.2.3a. Th

instances, existing rules impose requirements that are more or less restrictive than the
rule, and in the event that this rule conflicts with another applicable rule, the director
ine which rule or section(s) thereof best complies with the intent of the Groundwater
Virginia Code §22-12-1 et seq., and require adherence to said rule or section(s) thereof.
y may, at his or her discretion, begin the formal regulatory process to remove the conflict

1¢ Protection.

res shall be taken to prevent a borehole from acting as a conduit for contamination or
d until abandonment in accordance with section 19 of this rule.

ing Well Location And Reporting Requirements.

r groundwater regulatory agency approval is required, monitoring wells shall be installed

i¢ated on the approved plans and specifications.

nstallation of a monitoring well, each certified monitoring well driller shall report to the
n forms provided by the direetor Secretary, the following information within sixty (60)
n of the well installation. '

> name and address of the person for whom the wells were installed for;

6.2.2:b. The date the wells were installed; and

h
e

6.23¢. T
and the method us

6.3. The certifie
following system:

63.3a T
followed by a dash

6.3.2:b. Th
the driller for the ¢

latitude and longitude coordinates in degrees, minutes, and seconds to the nearest second,
to determine such coordinates for each well installed.

d monitoring well driller shall assign each monitoring well a registration number using the

h¢ first group of numbers will be the certified monitoring well driller’s certification number

By

> second group of numbers will represent the number of the monitoring well(s) installed by

alendar year followed by a dash (-).

6.3.3-c. The third group of numbers will represent the calendar year in which the well was installed.

Exam
0123 in calendar y

o

6.4. The certifi

e: The first well drilled by a certified monitoring well driller with certification number

enr 1996 would be: 0123-0001-96.

>d monitoring well driller shall permanently affix the registration number onto each well




installed.

6.5. Failure to ¢

7
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omply with any part of section 6 of this rule may result in enforcement action taken
tha “Manitarinoe--Weall Dannlaﬁeﬂs_”_, 47CSR59 §l.

of
T

pursuant to section

7

§47-60-7. Well Ri

U IVIULIITOTIIIE vy VI Isw s Ut

€r.

7.1. The well risgr for wells constructed in a floodplain or floodway shall terminate a minimum of two (2)

feet above ground ley
'will not occur, excep

7.2. Specificatiq

el and be provided with a watertight cap, unless it can be demonstrated that inundation
t as provided for under in subsection 11.6 of this rule.

ns - The riser must consist of materials that will not alter the quality of water samples for

the constituents of
adequate wall thic
of riser should be
should be chosen
inches (50.8 mm) i
Note: Risers
7.3. Assembly|aj
couplings shall use a
well. Wells that wi
coupling method. |
7.4. Inspectiorﬁ
deformities, gouges|
integrity of the well.
7.5. Risers shall
monitoring wells.

7.6. A protecti

ncern and that are appropriate for the monitoring environment. The riser should have
ss and coupling strength to withstand installation and development stresses. Each section

ontaminated prior to installation. The minimum nominal internal diameter of the riser

ed on the particular application.' However, in most instances, a minimum of two (2)
needed to accommodate sampling devices.

are generally constructed of PVC, stainless steel, fiberglass, or fluoropolymer materials.
hd Installation - Where the well is to be used for organic water quality monitoring, all riser

coupling method that is watertight and that does not introduce organic compounds to the
| not be monitored for organic compounds may use any industry accepted watertight

| Prior to use, the casings, couplings and other components shall be inspected for cuts,
deep scratches, damaged ends, and other imperfections that could compromise the
Any casing, coupling or component having such a defect may not be used.

be centered in the borehole, using centralizers if necessary, except in the case of nested

> cap on the well riser may be necessary during the installation of the annular space seal,

the filter pack, the filter pack seal and the ground surface seal to prevent any of these materials from entering

the monitoring well.

§47-60-8. Well Scr|

8.1. Specificati
samples for the co
screen should hav
stresses. Each secti
internal diameter o

8.2. All monit 1]
in soils and groun
ninety percent (90%
at least ninety perc

CCIl.

hns - The well screen must consist of materials that will not alter the quality of water

jtituents of concern and that are appropriate for the monitoring environment. The well

dequate wall thickness and coupling strength to withstand installation and development
n of well screen should be uncontaminated prior to installation. The minimum nominal
the well screen should be chosen based on the particular application.

ing well screens shall be constructed of material that is nonreactive with the constituents
ater at the monitoring location. The well screen slot size shall be sized to retain at least
of the grain size of the collapsed formation where such is used as filter pack material, or

(90%) of the grain size of the filter pack if material other than collapsed formation is

t
used. In lieu of a i@ve analysis, or where other well design considerations require a different slot size, a




number ten (10) slo
pack material. Wel
interest and to com
determining the ele
potentiometric surf

Note: Wel
above may vary in

8.3. Assembly|
subsection 7.3 of th
borehole may be c¢

8.4. Well scre:
nested monitoring

8.5. The bottg

material from enter

§47-60-9. Tremie

9.1. Materials
materials and shall

47CSR60

creen size may be used, as a maximum, to retain at least ninety percent (90%) of the filter

creen interval lengths should be chosen to adequately monitor the water-bearing zone of
ply with section 13 of this rule. Well screens on piezometers installed for the purpose of
tion of the potentiometric surface may not exceed five (5) feet in length, except where
es may fluctuate over greater intervals. -

t

al

creens for wells other than the water table observation wells and piezometers identified

gth.

|
It

and Installation. All well screens shall be joined to the well riser by methods described in
id rule.- All joints shall be watertight. Monitoring wells installed in bedrock using an open

mstructed without a well screen.

:1is shall be centered in the borehole, using centralizers if necessary, except in the case of
wiells.

portion of each well screen or well must be plugged or capped to prevent oversized
ing the well.

Pipes and Sealing Procedures.

T

e tremie pipe used for the placement of sealant materials shall be one of the following
ibit pressure ratings adequate for the pumping pressures to be used:

9.1.%a. M‘e fal pipe,
9.1.2:b. Ru hber-covered hose reinforced with braided fiber or steel,
9.1.3-c. Th rmoplastic pipe including but not limited to:
9.1.3:a4.1. Polyvinyl chloride (PVC)
9.1.3-b¢.2. Chlorinated polyvinyl chloride (CPVC),
9.1.3-c.}. Polyethylene (PE),
9.1.3-d:p.4. Polybutylene (PB), or
9.1.3::¢.5. Acrylonitrite butadiene styrene (ABS).

9.2. Procedur
methods when a tr

pack and seal,;nd

jL— This subsection describes groundwater regulatory agency approved sealant placement
ie pipe is used.

¢ procedures apply to the use of grout or slurry sealant.

4

sealant material shall be placed in such a manner as to not disturb the integrity of the filter
not threaten the integrity of the riser.




9.2.2:b. Wh

47CSR60

n a tremie pipe is used for placement of fluid sealants, the bottom end shall be kept

submerged in the sed

9.2.3-¢. The
material shall be top;

9.2.4.d. Treg
connected to a tremie
be sealed and the se

9.2.5:¢. Tre

the annular space or'b

| =y

nt material throughout the sealing process.

galant material shall be brought up to the ground surface seal. Any settling of the sealant
d off.

ie pipe — gravity. Sealing material may flow by gravity through a funnel or hopper
ipe. The tremie pipe shall be lowered to the bottom of the annular space or borehole to

'%ng material placed from the bottom up.

ie pipe — pumped. Sealing material shall be placed by a pump through a tremie pipe into
brehole. Tremie pipes used for the placing of pumped slurry or grout should be fitted

with a J-hook end or 4 closed end with side discharge.

Note:
the materials to the si

J-hook end or closed end with side discharge of the tremie pipe will direct the flow of
e or upward.

§47-60-10. Filter Pagks.

10.1. All perm
water quality sampl
Permanent monitor
pack shall be the onl
in permanent monit
shall meet the require|

10.2. Specificati
filter packs shall be
and gravel shall be
(5%) of the sand or
coefficients for filte
purchased from a r
analysis, for uncons
bedrock, the filter p
formations where fine
clay or any other mat|
used as filter pack.

Note: Whe
sleeved screen may

10.3. Installati

'

:nt monitoring wells installed in unconsolidated material and used for the collection of

hall be constructed with filter packs, except as provided in subsection 10.4 of this rule.
E wells installed in bedrock may be constructed with filter packs. When used, the filter
haterial in contact with the well screen. All commercially prepared filter packs installed

ring wells shall meet the requirements in subsection 10.2 of this rule. All other filter packs

ments in subsection 10.4 of this rule.

ns - The filter pack shall be a silica based sand or gravel. The sand or gravel used for
d and durable and shall have an average specific gravity of not less than 2.50. The sand

yisibly free of clay, dust and micaceous and organic matter. Not more than five percent

avel shall be soluble in a ten percent (10%) hydrochloric acid solution. Uniformity
ack material shall range from one (1) to three (3). All filter pack material should be
table supplier who has properly cleaned and bagged the material. In lieu of a sieve
idated material that is predominately silt and clay, the filter pack shall be a fine sand. In

shall be a medium or coarse sand or gravel, except in karst or highly fractured bedrock
sand filter packs may be used. Crushed limestone, dolomite or any material containing
Lrial that will adversely impact on the performance of the monitoring well may not be

nstalling a monitoring well in karst or highly fractured bedrock, a pre-packed or double
> necessary to hold the filter pack material in place.

- The filter pack shall generally extend from six (6) inches beneath the bottom of the well

to between two (2)!4
constructed in areas
desired, the require
allow for the required
evenly surrounding
similar device shall

d five (5) feet above the top of the well screen. For water table observation wells

vhere the depth to water table is less than seven (7) feet or where discrete monitoring is

ilter pack height above the top of the well screen may be reduced to six (6) inches to
amount of annular space sealant to be placed. To ensure that the filter pack is installed
e well screen and casing over the proper depth interval, a tape measure, measuring rod or

¢ used to measure the height of the filter pack. The tape measure, measuring rod or similar
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device shall be car
bridging occurs, the
a measuring rod or

10.4. Collapse
formation will limit
be installed or the
distribution of'the ¢

retained by the well §

11.2. Installat

annulus between t
retard the movemen
the filter pack seal
depending on site-d
a longer seal depen|
to the top of the fi
Bentonite pellets ma
free fall into the bo
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efully raised and lowered while the filter pack is being installed to identify bridging. If

|

]

lter pack material shall be tamped into place surrounding the well screen and riser, using

similar device. Pre-packed screens may be used if necessary

| Formation - Collapsed formation may be used as filter pack material, if the collapsed
he passage of formation fines into the well screen and either an artificial filter pack cannot
rmation grain size is greater than or equal to fine sand sized grains. The grain size
|lapsed formation shall be such that at least ninety percent (90%) of the formation will be

g[Requirements.

als and procedures used in the installation of seals for permanent monitoring wells shall
ts of this section. '

of the Filter Pack Seal - A bentonite chip, pellet or a slurry seal shall be placed in the

elborehole and the riser pipe on top of the secondary or primary filter pack. This seal will

of cement-based grout backfill into the primary or secondary filter packs. To be effective,
lould extend above the filter packs approximately three (3) feet or more, but may be less
ecific conditions, where discrete sampling is desired or where physical conditions prohibit
Ing on local conditions. The filter pack seal should be installed using a tremie pipe lowered
ter pack and slowly raised as the bentonite pellets or the slurry fill the annular space.
bridge and block the tremie pipe in deep wells. In these cases, pellets may be allowed to

¢hole. As a bentonite pellet seal is poured into the tremie pipe or allowed to free fall into

the borehole, a tar

er or weighted line may be necessary to tamp pellets into place. If the seal is installed

above the water leve
gmie pipe or a weighted line inserted through the tremie pipe shall be used to measure the

<

annular seal. Thet
top of the filter pac
to hydrate or the s

paragraphs subsect

11.4.4a.
down a tremie pip
place the annular

=

11.4.2b.
the annular space s

- Bpace

, water from an uncontaminated source shall be added to allow proper hydration of the

seal as the work progresses. Sufficient time should be allowed for the bentonite pellet seal
irry annular seal to expand prior to grouting the remaining annulus. The volume and
I pack seal material should be measured and recorded on the well construction diagram.

Seal Specifications - All permanent monitoring wells shall be installed with an
esigned to achieve a permeability of 107 centimeters per second or less. For permanent

opstructed with filter packs, the annular space seal shall extend from the filter pack seal to
deal and should be at least two (2) feet in length. For monitoring wells constructed into

ind without well screens, the annular space seal shall extend from the bottom of the outer
surface seal.

Space Seal Installation - Bentonite chips, pellets or granules with a diameter of three-
or less shall either be poured freely down the borehole or added through a tremie pipe to
e. When a tremie pipe is used to place the annular space sealant, the procedures in

jfﬁ 9.2.1a and 9.2.2b of this rule shall be followed.

hen grouts or slurries are used to seal the annular space, the material shall be poured frecly
or pumped down a borehole with the use of a tremie pipe. Whena tremie pipe is used to
hce sealant, the procedures of subsection 9.2 of this rule shall be followed.

hen any slurry or grout is used, there shall be a twelve (12) hour period between the time
1is installed and the time the protective ground surface seal is installed. Any settling in
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the annular space seal

11.43«c. Th

11.5. Excavated\TV
kis

as both the filter pac
11.6. Ground S

11.6.3za. Gr

0|
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shall be topped off before the ground surface seal is installed.
eltop of the well casing shall be covered with a protective cap.

ells - For excavated wells, the seal between the protective cover and the riser pipe acts
eal and the annular space seal.

uiface Seal and Protective Cover Pipe.

ind surface seal - All permanent monitoring wells shall be constructed with a bentonite

cement grout, neat ¢
minimum of thirty (3
If the monitoring we
and one-half (2.5) fo

11.6.2:b. Pr

P
97

ent grout, or concrete ground surface seal. The ground surface seal shall extend to a
inches below the land surface, and the top shall be sloped away from the well casing.

llidepth is such that both a minimum two (2) foot annular space seal and a minimum two

ground surface seal cannot both be placed, the ground surface seal may be shortened.

tective cover pipe - The protective cover pipe shall consist of a casing at least two (2)

inches larger in diam
from the bottom of the

except as provided i
of the well riser. Fo

lter than the well riser and have a locking cap. The protective cover pipe shall extend
ground surface seal to a minimum of twenty-four (24) inches above the ground surface,
ubsection 11.5 of this rule. The protective cover pipe shall always extend above the top
wvater table observation wells constructed in areas where the depth to the water table is

less than seven (7) fegt, the required length (depth) of protective cover shall be reduced and may not extend

into the filter pack.

11.7. Ground Sufface Seal and Flush Mounted Protective Cover.

11.7%a. G
shall be constructe

und surface seal - All permanent monitoring wells with a flush mounted protective cover
ith a concrete ground surface seal. The ground surface seal shall extend to, but not

beyond, the total depth of the flush mounted protective cover. The ground surface seal shall be installed around

the flush mounted p
well casing,.

tective cover and may not be placed between the flush mounted protective cover and the

11.7.2:b. Flush mounted protective cover - The flush mounted protective cover shall not be installed

in areas subject to
surface that itis a
inset in a white bac

be created that will 8

consist of a waterti
diameter of the monii
or two metal piece

minimum of twelve| (
1

monitoring well ris

protective cover shal

ding or flooding. The flush mounted protective cover 1id(s) shall indicate on its outer
of monitoring well as defined in section 3.35 of this rule. A black equilateral triangle
round is also an acceptable label. Ifan impervious surface does not exist, an apron shall
pport the weight of the traffic in the area. The flush mounted protective cover shall
it metal casing with an inside diameter at least two (2) inches greater than the inside
ring well riser. The flush mounted protective cover shall be one continuous metal piece
hat are joined with a continuous weld. The flush mount protective cover shall be a
12) inches in length. There may be no more than eight (8) inches between the top of the
and the top of the flush mounted protective cover after installation. The flush mounted
have an exterior flange or lugs. The flush mounted protective cover or the monitoring

well shall have a loc lltng mechanism. The monitoring well installed within any flush mounted protective cover
g

shall have a waterti

t cap.

Note: Alfter removing the watertight cap and prior to taking a head level measurement, a waiting
period is recommended to enable the water level to stabilize.
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§47-60-12. Drilling Methods and Fluids.

Drilling shall be conducted in a manner sueh so as to minimize the introduction of foreign material into the
borehole, produce the least possible disturbance to the formation, and permit the proper construction and
development of the required diameter well. Only air, water free of bacterial and chemical contamination, or
bentonite drilling myd mixed with water from an uncontaminated source may be used as drilling fluids. The
water used for drilling shall be stored in such a manner as to prevent contamination of the clean water. If air is
used as a drilling fluid, the air shall be filtered by an oil-air filter or oil trap to reduce or remove the oil content
compressor. If water is used, the source of the water shall be reported.

§47-60-13. Cross (fontamination.

In areas where|| contamination is suspected to exist, precautions shall be taken to prevent cross
contamination of grgundwater bearing zones or uncontaminated zones.

o~

§47-60-14. Disposal and Decontamination.

14.1." In areas|where contamination is known to occur, all drill cuttings and fluids and surge and wash
waters from borehol¢ and monitoring well construction and development shall be disposed of in a manner that
is protective of the|waters of the State.

14.2. All borehg
as needed to preve

E le and monitoring well construction and development equipment shall be decontaminated
| contamination or cross-contamination of boreholes or monitoring wells.

§47-60-15. Borehole Diameter.

15.1. Boreholgs in unconsolidated geologic formations - For all permanent monitoring wells in

unconsolidated geo !r gic formations, the borehole diameter shall meet the following requirements:

15.1.%a. 1
greater than the insi

hollow stem augers are used, their inside working diameter shall be at least two (2) inches
e diameter of the permanent well casing.

flsolid stem augers are used, their outside diameter shall be at least four (4) inches greater
iameter of the permanent well casing. : '

15.1.3-c. Iffan air or mud rotary method is used, the borehole diameter shall be at least four (4) inches
greater than the insifle diameter of the permanent well casing. If a temporary outer casing is used, the inside
diameter of the temporary outer well casing shall be at least four (4) inches greater than the inside diameter of
the permanent well fasing. The temporary outer casing shall be pulled immediately before or as the annular
space is sealed, depgnding on site specific geology.

[t

[}
I

Note:| The dual-tube or triple-tube reverse rotary systems are rotary methods.

15.1.4-d. I percussion methods, including the rotary wash, wash down, and wash bore methods with-a
tempefar—y—ea%er—eaﬁmg are used with a temporary outer casing in unconsolidated geologic formations, the
inside diameter of tiie temporary outer casing shall be at least four (4) inches greater than the inside diameter of
the permanent welljcasing. The temporary outer casing shall be removed during the sealing of the annular
space.
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15.2. Boreholes

two (2) feet past the t

15242, Ifaj
paragraph15-13 subd

—
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bedrock geologic formations - For all permanent monitoring wells installed deeper than
op of the bedrock, the borehole diameter shall meet the following requirements:

air or mud rotary method is used to construct the monitoring well, the requirements of
ivision 15.1.c of this rule shall be followed.

15.2.2b. If

paragraph15-+4- sub

percussion methods are used to construct the monitoring well, the requirements of
division 15.1.d of this rule shall be followed.

§47-60-16. Recovery Wells.

Groundwater quality data from recovery wells may not be acceptable, as some recovery wells may not meet

the minimum design

requirements in sect

tandards required for monitoring wells. Recovery wells shall be subject to the reporting
on 6 of this rule, documentation requirements in section 18 of this rule, and the

abandonment require

§47-60-17. Well De

All permanent 1
for excavated wells a
the potentiometric s

period of twelve (12)]

operations shall be

well. Care is necessaj

or suspected areas o
drill cuttings and dri
monitoring well. D¢

17.1. Methods |
dry shall be develo
produces sediment {
of this rule. One or

@

ments in section 19 of this rule.

elopment, Redevelopment and Reconditioning.

bnitoring wells shall be developed according to the requirements of this section, except
d wells that are installed for the sole purpose of determining the level of groundwater or
ace. Wells sealed with grout or slurry shall be developed after a minimum waiting
ours after installation is completed. Development, redevelopment and/or reconditioning
Lrformed with care, so as to prevent damage to the well and any strata surrounding the
ry to prevent the spread of contaminants, particularly when the well is situated in known
tontamination. The goal of well development is to produce water free of sediment and all
ling fluids. Appropriate methods of well development vary with the type and use ofa
elopment methods that may be acceptable under certain circumstances include:

r wells that cannot be purged dry - All permanent monitoring wells that cannot be purged
ed until 2 minimum of ten (10) well volumes of water are removed or until the well

be water. Well volumes shall be calculated in the follewing manner prescribed in Table 1
ore of the following methods shall be used to develop a well under this section:

Use-one-or-more-oft
A AR

ha fallowinoe ¢ H 100>
TV TUTTOVY IS 11T O

17.1.+a. Surge and Purge Method - The surge and purge cycle shall consist of several minutes of

surging followed by
The surging shall mq
using a bailer, surg

several minutes of purging to remove the material collecting in the bottom of the well.
ve formation water in and out of the well screen. The surging shall be accomplished by
slock or by pumping the well sufficiently to cause a drawdown and then allowing the well

to recover and re
incorporate safety
or the formation.
well bore, cause m
filter pack, bridge t

17.1.2b.
considerably highe

ting the process. Plungers, bailers, surge blocks, and other surging devices must

alves or vents to prevent excessive pressure differentials that could damage casing, screen,

¢ positive and negative pressures exerted shall not force contaminants from or into the
anical damage to the well components, draw annular space or filter pack sealant into the
filter pack with excessive sediments, or collapse the formation.

er Pumping (Pump Surging Method) - The monitoring well shall be pumped at a rate
han it would be during normal operation to dislodge fine-grain materials from the filter

14




pack and surroundin
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& strata. This method also requires mechanical surging in order to delete the negative

influences associated with one directional movement of water. This method may not be suitable for wells

producing large am
depression in the

17.1.3¢c.

and off for short peri

filter pack and surr

o

hmts of sediment that could jam or clog a pump. Over pumping can also create a cone of
er table that can draw contaminants to the well.

Lift Pumping Method - An air lift pump shall be operated by cycling the air pressure on
hds of time to provide a surging action that will dislodge fine-grained materials from the
nding strata. A steady, low pressure shall be applied to remove the fines that have been

drawn into the well By the surging action. Efforts should be made (through the use of a foot valve) to avoid

sampling efforts anx

ilter pack and adjacent hydrologic unit because the air may lodge there and inhibit future
Imay also alter ambient water chemistry. Furthermore, application of high air pressures

should be avoided td| prevent damage to PVC risers, screens, and filter packs. The use of an eductor pipe is

recommended. Oper|

17.1.4d.
pressure to achiev
surrounding formati
quality and may

tional air must be free of oil or other contaminants through use of a coalescing filter.

el Jetting Method - The well screen area shall be jetted with water using sufficient
the desired effect but limiting force to prevent damage to the well components and
n. Water added during this development procedure will alter the natural, ambient water

difficult to remove. Therefore, the water added should be obtained from an

uncontaminated soutce. Water from the monitoring well being developed may also be used if the suspended

sediments are first

17.2. Methods

oved.

r Wells that Can Be Purged Dry. All permanent monitoring wells that can be purged dry

shall be developed| in a manner that limits agitation by slowly purging the well dry. Any water added for

development shall
completion of devel

§47-60-18. Moni
18.1. Allpe

wells were installe
the well has been i

five (5) years beyond
t

groundwater regul

from an uncontaminated source, and an equal volume of water shall be purged upon
pment.

ring Well Construction Documentation.

nt monitoring well construction details shall be reported to the person for whom the

e
}E‘ing forms and instructions provided by the directer Secretary within sixty (60) days after

lled. These forms are to be retained by the person for whom the well was installed for
the abandonment of the well. These forms are transferable with notification to the proper
bry agency. At a minimum, the completed report shall include the following information:

18.1.1.a. Well location, as determined by paragraph subdivision 6.2.3¢ of this rule;

18.1.2b. W

ell casing material and installation procedures;

18.1.3-c. Well screen materials and installation procedures;

18.1.4d. F

18.1.5¢. S

lter pack materials, instailation procedures, and depth to bottom and top of filter pack;

»aling materials, installation procedures, and depth to bottom and top of seal (i.e. filter

pack, annular spac
18.1.6f£. D

18.1.%g.

B

etc,);
illing methods and fluids used for installation;

brehole diameter;
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18.1.8:h. Well development procedures;
18.1.9:i. Length of screen;

18.1.4684. ckeen slot size;

18.1. k. | %pth of bottom of screen;
18.1.42:1. WEgll depth;

18.1.43:m. Total drilled depth of the borehole;
18.1.44:n. Well registration number;

18.1.15.0. Cértified driller’s name and company name(s), address(es), and telephone number(s); and

18.1.16:p. Driller’s certification number,

18.2. The certifitd monitoring well driller shall report any and all decontamination procedures for each

borehole to the pe dn for whom the wells were installed any-and-all-decontamination-proceduresfor-each
berehole. '

§47-60-19. Abandophment Requirements.

The following refuirements apply to the abandonment of all monitoring wells and all boreholes. The
appropriate groundwater regulatory agency may require, by order or other appropriate means, that any borehole
or monitoring well belabandoned. The appropriate groundwater regulatory agency shall consider the following
factors in determining whether a borehole or monitoring well should be abandoned: purpose, location,
groundwater quality, [age and condition of the well or borehole, potential for groundwater contamination, and
well or borehole congtruction.

19.1. Timelines [for Abandonment.

19.1.%a. borehole shall be abandoned within three (3) working days after its use has been
discontinued.

19.1.2:b. Any permanent monitoring well no longer being used to gather information on geologic or
groundwater properties shall be abandoned within sixty (60) days after its use has been discontinued.

19.1.3-c. Arly monitoring well or borehole found by the appropriate groundwater regulatory agency to
be acting as a conduif for groundwater contamination shall be abandoned within fifteen (15) working days after
written notification Hy the appropriate groundwater regulatory agency.

19.1.4d. y monitoring well constructed after the effective date of this rule not

. meeting the
requirements of thig fule unle ndwa sula sency-in-accordance-with
i th a monitoring well meeting the requirements

O Ve oty can = a
d Ot

Y a NEODEIR

O
cl O DrOpP 2eavie ~ 5.

shall be abated, abandoned or replaced wi
of this rule within sixty (60) days after written notification by the appropriate groundwater regulatory agency
that the well is ine noncompliant, unless approved by the appropriate groundwater regulatory
agency in accordancg with section 22 of this rule.
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19.2. Abandonment Procedures.

19.2.1a.

oreholes are determined to be low risk or high risk. High risk boreholes are those
boreholes on e these—at sites containing or formally formerly containing solid or hazardous waste,
hazardous materialsjor their by-products, or that may be affected by solid or hazardous waste, hazardous
materials or their byliproducts in the future; or at sites of known or suspected contamination unless otherwise
determined to be innipcuous; or in situations where water quality in one water bearing zone may be detrimental
to another water bearing zone. All other boreholes are low risk. Low risk boreholes may be abandoned by
complete fillng from bottom to top with drill cuttings, tailings or native materials to restore the borehole to its
original geologic setfing, such that the natural migration of groundwater is not significantly influenced and the
borehole has no adverse influence on the environment. Adl-ether High risk boreholes shall be abandoned in
accordance with subsection 19.3 of this rule.

19.2.2:b. Monitoring wells with impermeable annular space seals - Monitoring wells known to be
constructed with an|impermeable annular space seal shall be abandoned according to the requirements of
subsection 19.3 of tHis rule after the protective cover pipe or the flush mounted protective cover and the ground
surface seal have ben removed and the well riser cut off at least thirty (30) inches below the ground surface.
The well riser may|be completely removed during abandonment by pulling the well riser, overdrilling around
the riser and then pylling the well riser out of the ground, or by drilling out the well riser completely. If the
well riser is to be rémoved, the well should be sealed as the riser is removed pursuant to subsection 19.3 of this
rule.

19.2.3-c. |Monitoring wells with permeable annular space seals and wells in waste areas - A
monitoring well nat known to be constructed with an impermeable annular space seal or located in an existing
or planned future waste disposal or treatment area shall be abandoned by removing the protective cover pipe or
the flush mounted pfotective cover and the ground surface seal and then completely removing the well riser.
The well riser may|be completely removed during abandonment by pulling the well riser, overdrilling around
the riser and then pullling the well riser out of the ground, or by drilling out the well riser completely. The well
riser shall be removéd from the well and should be sealed as the riser is removed, pursuant to subsection 19.3

of this rule.

[acad

19.3. Sealing rdquirements - Boreholes and monitoring wells shall be abandoned by complete filling with
neat cement grout, bentonite-cement grout, bentonite high-solids grout, concrete, bentonite-sand slurry or sand-
cement grout. When a tremie pipe is used to place the sealing material, the procedures of subsection 9.2 of this
rule shall be followgd. A tremie pipe shall be used to abandon monitoring wells and boreholes greater than
thirty (30) feet in dipth or with standing water. Monitoring wells and boreholes greater than one hundred
(100) feet in depth ghall be sealed with a tremie pipe-pumped method. A J-hook end or closed end with side
discharge is recomfnended, but not required, when placing sealant materials for the abandonment of a
borehole. Bentonite may be used as a sealing material without the use of a tremie pipe under the following
conditions:

19.3.1.a. | Bentonite or bentonite mixed sand consisting of eighty percent (80%) sand and twenty
percent (20%) belltomite by volume may be used for abandonment of boreholes and monitoring wells less than
thirty (30) feet deepj where there is no standing water.

19.3.2:b. | Bentonite chips or bentonite pellets may be used for abandonment of boreholes and

monitoring wells Els than fifty (50) feet deep and where the depth of standing water is less than thirty (30)
feet, provided that the pellets or chips are smaller than one-fifth (1/5) the diameter of the hole or the annular
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19.3.3¢c. B
monitoring wells thd

deep and where the d

or chips are smaller

19.4. Sealant S¢
terminated thirty (3
agricultural activitie
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¢
it

ntonite chips or bentonite pellets may be used for abandonment of boreholes and
are greater than four (4) inches in diameter and less than two hundred fifty (250) feet
pth of standing water is less than one hundred fifty (150) feet, provided that the pellets

Han one-fifth (1/5) the diameter of the hole or the annular space.

lement - Any settling of the sealant material shall be topped off. Sealing material may be
inches below the ground surface in agricultural areas to avoid interference with
A native soil plug shall be placed on top of the settled sealing material in such cases.

0

]

19.5. Abandonn

nént Documentation - All borehole and permanent monitoring well abandonments shall be

reported to the appra
supplied by the appi
form, the person pe
borehole and well af

§47-60-20. Driven

Driven-point

wi
monitoring wells if E

for driven-point wel
the water table elevs
supplied to the appr

20.1. Thatthe v

for which the well ¢

20.2. That the

20.3. That infor

information is need
§47-60-21. Tempd

Temporary mor
monitoring wells.

iate groundwater regulatory agency within sixty (60) days of the abandonment on forms
rgpriate groundwater regulatory agency. In addition to the information required on the
ﬂ

orming the abandonment shall report any decontamination procedures used between
ndonments.

L.Roint Wells.

1Is with contaminant compatible drive pipes and well screens may be used as permanent
rior groundwater regulatory agency approval is obtained. Prior approval is not necessary
Tnstalled in the backfill surrounding underground storage tanks used solely to determine
)

0

on in the tank pit for tank tightness testing purposes. Written documentation shall be
riate groundwater regulatory agency prior to installation indicating:

vdll is to be used only for water table elevation measurements or to monitor for parameters
asing and screen material will not interfere with the analytical results;
wiell will not provide a conduit for contaminants to enter the groundwater; and

ﬁ\ation on subsurface stratigraphy is not needed. In situations where subsurface geologic
e, a separate borehole shall be constructed to collect the required data.

rary Monitoring Wells.

liforing wells may be installed according to alternate standards than specified for permanent
Any temporary monitoring well construction shall be approved by the appropriate

groundwater regula

y agency prior to its installation. All temporary monitoring wells shall be abandoned in

4+

accordance with seg
exception is allowe

§47-60-22. Specia

22.1. The ap
alternative well ma
concentrations or g
any alternative mat

22.2. Exceptic

1 19 of this rule within one hundred twenty (120) days after their installation unless an
under section 22 of this rule.

U

d

| Circumstances and Exceptions.

ropriate groundwater regulatory agency may require or approve more restrictive or
erial, assembly, installation, development or abandonment procedures if the contaminant
logic setting require alternative construction. Prior written approval is required before
ials are used in monitoring well installation.

o
W
2}
.

oiis to the requirements of this rule may be approved by the appropriate groundwater
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<

regulatory agency prior to installation or abandonment. An exception request shall state the reasons why
compliance with the rule requirements is infeasible or unnecessary. The appropriate groundwater regulatory
agency may conditjonally approve an exception by requiring materials or procedures that safeguard against
contamination and fresult in monitoring well construction that is substantially equivalent to the requirements of
this rule. Failure talcomply with the conditions of an exception voids the appropriate groundwater regulatory
agency’s approval pf the exception.

§47-60-23. Enforfement.

23.1. Any person who violates this rule shall be subject to civil administrative penalties, civil or criminal
penalties, enforcement orders, and procedures as set forth in section-H0-of the- Groundwater Protection-Act; W.
Va. Code §22-12-10 and 47 CSR 59 “Menitoring-WeH-Regulations™.

23.2. The appeal and review procedures set forth in seetion1-ofthe Groundwater Protection-Act; WY W.
Va. Code §22-12-11 shall be applicable to actions arising under this rule.
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V, + V,; = well volum
Where:

V; = volume of water

47CSR60

TABLE 1

WELL VOLUME CALCULATIONS

in well casing = 3.1416 x (Di/2)* H;

V, = volume of water}in filter pack = N x 3.1416 x H; [(D3/2)’ - (D2/2)']

N = porosity of filter
D, = inside diameter
D, = outside diamete

pack
hf well casing

of well casing

D; = diameter of borﬂhole

H; = height of water

column

-- (Use appropriate Hy) —

H, = length of sand .

table observation wells.

- Or -~

H, = length of filter pack or the height of the water column in water table observation wells.

Note: There are 7.48

Useene—ef-mer—e—ef e

gallons per cubic foot.

ed in filter pack and fine sand filter pack seal or the height of the water column in water
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