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4-5 HYDROLOGIC MODELING in KARST

Karg is a landscape in which underlying geologic strata are commonly riddles with caves, crevices, and
cavitiesthat dter “typicd” surface runoff infiltration rates common in other non-karst areas. InVirginia,
most karst lands are underlain by soluble limestone and dolomite, collectively referred to as “carbonate
rock.

The limestone and dolomite valleys west of the Blue Ridge mountains are separated by narrow ridges
largdy composed of sandstone and shale. Lower ridges are often composed of sandy dolomites and
limestones. Both of these terrains can exhibit extreme karst topography, with first and second order
streams that doruptly, or gradudly lose drainage to the cavernous subsurface, tempora streams withlarge
subsurface drainage aress, “blind valeys’ (i.e,, large linear snkholes that are often mistaken for adequate
drainage ways), and estavelles or hydrologicaly-active snkholes that normdly receive drainage from
surrounding areas, but also discharge water in time of flood (Jennings, 1985).

Ohbvioudy, karst areas present problems to those attempting to work with conventiona hydrologic models.
Typicdly, modding of a karst Site or watershed via SCS or other traditional methods provides poor
representation of runoff rates, with regard to both flooding and over-design of conduits and stormwater
management facilities. Thisislargely because sandard hydrologic modding methods lack alowances for
lossesinto Snkholes, fractures, crevicesor cavestha may exist in the carbonate units. Neither do models
typicaly account for the ssormwater that joins surface runoff as “interflow” when the collective capacity of
interconnected conduits and cavities in the subsurface is exceeded.

Pre-development runoff ratesfor karst areas versus non-karst areas can differ by alarge percentage even
when two sites exhibit Smilar soil and topographic characterigtics. In addition, karst hydrology can be
unpredictable from surface observations, in that the consstency of bedrock permeghility, porosty, and
gability and vary widdy over a short distance. Inthe karst areas of western Virginia, the formation of
conduits and cavernsin the bedrock are directly related to the solubility of the carbonate rock, and the
gructural trends (bedding planes, faults, prominent fracture patterns, etc) imposed on the rock during
geologic time. In the short term, karst collapses and basin fractures can occur dong these trends during
climactic extremes which result in flooding and subsequent rise in the water table devation.

The identification of karst terrain in a project area should be based on loca geology and soils maps, and
onfidd verificationof karst features. In some parts of the state, standard 1:24000 topographic maps show
less than 50% of the karst features that can be detected with inexpensive field observation. Aerid
photographs reviewed in stereo amost aways provide useful information about the karst hydrology by
enabling the identificationof structural trends a ong which groundwater and surface drainage tend to flow.
The presence of snkholes, swales, sinking steams or dry stream beds, caves, and limestone/dolomite
outcrops should be mapped inthe earliest stages of planning adevelopment. Initid reconnai ssance should
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not be limited to the site, but should extend well beyond site boundariesinorder to correctly identify large-
scale karst features. Sincethemodesinwhich surfaceand ground watersinteract can fluctuate dramaticaly
inresponseto dimaic change, karst featuresidentified through photo-interpretation and field work should
be observed under awide range of weather conditions, especidly during periods of runoff, flooding, or
snowmelt, to accurately represent pre-devel opment conditions.

The fallowing reference is an excdlent source of information for local governments and ditizens living in
areas underlain by karst topography: LivingOn Karst, A Reference Guidefor Virginia Communities, 1996,
Virginia Department of Conservation and Recreation, Divison of Natural Heritage. Terri Brown, Project
Coordinator, Route 4, Box 99-J, Staunton, VA 24401 (540) 332-9239

4-51 Karstloss

Karst loss is a term given to surface runoff loss into bedrock strata in areas underlain by limestone
formation. Unlike other calculation factors, such as curve numbers (which ded with characterigtics of the
land surface), a karst loss factor isintended to depict projected losses into bedrock. The determination
of karst potentid in any given area may be smplified by the observation of noticeable indicators such as
caves, crevices, limestone outcrops, Snk holes, ponds that appear to lack sufficient contributing area, and
disappearing streams. Inother cases, kardt infiltrationareas may be difficut to identify since definitive karst
features are not dways obvious. Generdly, alack of natural drainageway erosion or inadequately sized
drainage ways (for the size of the contributing area) may be cluesto karst loss. Other observations may
include undersized drainage conduits that never run full.

Accounting for karst loss in the hydrologic modeling is intended to more accurately smulate actua
conditions inderiving runoff rates. Mapping of ageographic area (when limited in Sze) may be productive
in defining akarst loss zone (an areaunderlain by karst bedrock). However, it should be noted thet the
delinestion of such zones should be viewed as a method for estimating karst loss, not an accurate
representation of the actual Ste-gpecific karst lossrate. Accurate karst Ioss modeling requires extensive
fidd investigation at each Site under considerationto obtain comprehensive information about sub-surface
drata. In many cases the expenditure necessary to fully model a Site is prohibitive. Therefore, as an
dternative, karst loss projections may be comparatively smpleand befairly accurate. John C. Laughland
P.E., County Enginesr; Jefferson County, West Virginia, has investigated karst loss modeling and the
fallowing discusson is adapted from his research. Please note that this is one method of many and more
detailed investigative guidance may be presented in the future to help identify the extent of karst loss.

Projecting karst loss in hydrologic modding of limestone requires some  specific examination (field
ingpection) of the subject area, dong with a geologic examination of the underlying strata in order to
predict the extent of the karst loss zone. 1t should be noted that many urban development Stes, being
rdivdy limited in Sze, will fal exdusvdy in or out of a karst loss zone. In these cases, the watershed
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need not be split into karst and non-karst aress.

The following procedure is recommended for estimating karst loss.

1 Delineate the contributing drainage area or watershed to be sudied.

2. Define any ankhole areas within the contributing drainage area where surface drainage has no
means of escaping offsite, other than downward through the karst strata (i.e. cracks, sinks, etc.).

These areas can be assumed to contribute no surface discharge and can be subtracted from the
contributing drainage areafrom Step 1.

3. Determine the amount of the contributing drainage area (from Step 2) underlain by karst strata (in
percent).
4, Cdculate the peak rate of runoff from the contributing drainage area usng standard hydrologic

methods, and reduce the caculated value by multiplying by the Karst Loss Modification Value
(Table 4-10) based on the percent karst (% Karst) calculated in Step 3.

Table 4-10 (developed usng the PSU-1V Program by G. Aron et a) provides modifiers based on the
percentage of the contributing areathat is underlain by karst strata. The modifiers are used to adjust the
peak rate of runoff ca culated usng standard modding techniques. For example, the cal culated 2-year peak
discharge of 12 cubic feet per second (cfs) from a drainage area that has been determined to be underlain
by 80% karst zone (with no observed sinkhole areas) would be reduced as follows:

12 cfsx 0.38=4.5cfs

This represents a peak rate reduction of 62%. Note that as the storm frequency decreases (i.e. 2-year
frequency to 10-year frequency storm) the multiplier decreases and hasless affect onthe result. Thisisdue
to the fact that karst exerts less of aninfluenceasthe rainfdl rate increases and underground voids fill with
water.

There are other potentia methods that can be utilized to model Karst, suchasthe useof aTYPE | ranfdl
digribution within aTYPE |1 karst areaor the manipulationof the Runoff Curve Number (RCN) or Initial
Abstraction (1a) vaues (whenusng SCS methodol ogy). Each method of manipulation, however, hasboth
advantages and disadvantages in accurately representing the impacts of karst topography on runoff rates.

Adjusment for karst loss is recommended only when andyzing pre-development sSite conditions . The

premise behind karst adjustment isto better gpproximate actua site conditions, which produce lower peak
rates of runoff than that approximated without an adjustment factor. Once development occurs, karst
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features may become more obliterated fromextensve site gradingactivity. Also, the additionof impervious
cover, dong with congtruction of a surface drainage system may offset karst losses that may be present.
Therefore karst adjustment for post-developed conditions is not recommended.

TABLE 4-10
Karst Loss Modification Values
% Karst Storm Return Frequency

(2) (10) (100)

100 33 43 .50
90 .35 46 .56

80 .38 51 .62
70 47 .58 .68
60 55 .66 74
50 .64 73 .80
40 73 .80 .85
30 .82 .86 .89
20 91 92 .93

10 1.00 .98 97
(0] 1.00 1.00 1.00
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4-5.2 Kars Surcharge

A topic not frequently noted in karst modding is sinkhole surcharge . In this phenomenon, the opposite
condition than that expected fromkarst lossoccurs. Rather than dampening the runoff pesk, there can be
depressed surface areas, or snkholes, that experience surcharge (flooding) during rainfdl events. Thisis
due to the connectivity of the underground conveyance network. These natura run off detentionareas may
or may not be significant in the overdl hydrology of awatershed, but they may exert substantia impact on
amadl gtes, subjecting development inthe areato inundation. A dhift of detention catchment to other offsite
karst areas is dso possble when ongte development activity fills a sinkhole. Karst is unpredictable and
changesat the surface may bring about sub-surface hydrologic modification. Duetothecomplexity of karst
, Snkholes or surface depressions should never be filled unless a comprehensive evauation of the feature
iscompleted fird.

4-6  INVESTIGATION, DESIGN AND REMEDIAL MEASURES FOR AREAS
UNDERLAIN BY CAVERNOUSLIMESTONE

This section is adapted from the New Jersey Soil Erosion and Sediment Control Design Manud
published by the New Jersey Department of Agriculture. This guidance was developed to assst
conservation digtrict personnel, land owners, and consultants in the proper procedures for addressing
areas where karst topography may pose a threat to development. While the guidance is not intended as
a panacea of prevention and trestment techniques, it does provide information for an initid survey of an
area suspected or known to be underlain by karst topography.

4-6.1 Introduction

Percolation of surface water can cause amigration of soil into solution cavities, forming "snkholes' a the
surface. Sinkholes cause indahility of the land surface and must be given serious consideration in the
devel opment of erosionand sediment control (ESC) and stormwater management (SWM) plans. Snkhole
formationis often accel erated by construction activitiesthat modify asite's hydrology or disturb exigting soil
and bedrock conditions. Ground failure in karst areas is most often caused by the ateration of drainege
patterns, emplacement of impervious coverage, excessive grading, and increased loads from dte
improvements.

Anawareness of the limitations to Stedevel opment posed by karst feeturescanprevent problems, induding
damage to property, structures and life, and contamination of ground water. Appropriate Site testing,
planning, design, and remediationhep to prevent Snkhole formation during Stedevelopment. Conventiona
methods of design and engineering may beinappropriatefor karst areas. Often minor modificationsinthe
gpproach to Ste testing and design can prevent persistent and costly post-development problems.
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4-6.2 Sitetesting for detection of potential karst-related problems

The mogt effective and economical approach to designing and inddling a successful soil erosion and
sediment control systeminkarst areasisto evauate the potentia for ground failure by first collecting essly
obtainable information on surface and subsurface conditions prior to construction activities. To obtain
geologic maps applicants may contact the Virginia Department of Mines, Minerals and Energy, Divison
of Minerd Resources.

Various methodsare available to collect information about the bedrock and soil conditions at a proposed
development site. These can range fromingpecting topographic and geologic maps and aeria photographs
of the gte, to drilling test borings at the location of planned facilities. Professiondsinvolved with projects
in karst areas should make a specid effort to observe sgns of ground subsidence during devel opment

Ste evauation for karst festuresis usualy carried out in two phases: (1) preliminary site investigation,
done prior to Ste design and development, and (2) site-specific investigation, conducted once the
decison is made to design a Site plan and proceed with development.

Preliminary site investigation includes areview of topographic and geologic maps, soil surveys, aerid
photography, and any previous technical reports prepared for the site. This phase of investigation should
indude a gte vidt, where the experienced professiona studies the Ste terrain in an effort to locate any
obvious features, such as rock outcrops, sinkholes, springs, caves, etc. The purpose of the prdiminary
investigation is to identify areas of concern that may require additiond investigation, and to review the
preliminary Stedesigninrdaionship to potential problemareas. Thepreiminary Steinvestigationwill often
result in immediate changes to the Ste layout to avoid future problems.

Ste-specificinvestigationincludescollecting subsurfaceinformationat Stesidentified aspotentia problem
areas during the prdiminary investigetion. During the Site-specific investigation process the professiona
may examine subsurface soil and geologic conditions using test pits, test borings, and geophysica
ingruments to evaluate the sability of soil and rock at locations of proposed site facilities. If unstable
subsurface conditions are encountered, a decison can be made to proceed to remediate prior to
congtructionor to modify the Site layout to avoid problem areas. The record of findings during this phase
of the investigationincludeslogs of test pits, probes and borings, noting evidence of cavitiesinsoil and rock,
loss of ar pressure or drilling fluid during drilling, and the condition of soil and bedrock from samples
collected.

A discussion of the various Ste investigation methods follows:

Geologic maps. Geologic maps contain information on the physica characteristics and distribution of the
bedrock and/or unconsolidated surficid depostsin an area. Geologic features such as the strike and dip

TB2-6



|
Technical Bulletin No. 2

Virginia Department of Conservation and Recreation - Hydrologic Modeling and Design in Karst
. ____________________________________________________________________________________________]

of dtrata, joints, fractures, folds, and faults are usudly depicted. The orientation of srata and geologic
structures generdly controls the location and orientation of solution festures in carbonate rock. Geologic
contacts, faults, and certain fractures sets may be more prone to solution than others. The rdationship
between topography and the distribution of geologic units may reved clues about the solubility of the
specific rock units. Geologic mapsare often available at various sca es, the most common being 1:24,000.
Digital geologic data may be avallable aswell.

Aerial photography: Aeria photos are a smple, quick method of Site reconnaissance.  Inspection of
photos can quickly reved vegetation and moisture patterns that provide indirect evidence of the presence
of cavernous bedrock. Pilesof rock or smdl groupsof brush or treesin otherwise open fiddscanindicate
active sinkholes or rock pinnacles protruding above the ground surface.  Circular and linear depressions
associated withsnkholesand linear solutionfeaturesand bedrock exposures are oftenvisble whenviewed
in stereo image.  Ingpecting photos taken on more than one date can be especidly vauable in reveding
changes that take place over time. Images defined a wave engths other than visible light can be useful in
detecting vegetative or moisture contrasts.

Ste visit: An on-site reconnaissance is aninexpensve, important step in finding potentia Site congtraints.
Although many karst features are obvious to the eye, it is an advantage to conduct the Ste vist with an
individud knowledgeable in karst geology. Prior to the Site visit fidld personnel should review geologic
maps, topographic maps, and ar photosto help anticipate where problems might be found. It isimportant
to review drainage patterns, vegetation changes, depressions, and bedrock outcropsto look for evidence
of ground subsidence. Sinkholes in subdued topography can often only be seen at close range.
Disgppearing streams are common in karst areas, and bedrock pinnacles that can be a problem in the
subsurface will oftenprotrude above the ground surface. A particularly smple and often overlooked part
of the gdte vigt is to interview the property owner. Often property owners can recount a history of
problems withground fallurethat may not be evident at the time of the Steevaugtion. Thelocation of karst
features should be noted on the site map for later reference. These can be compared to other information
collected to assess the risk potential for karst-related problems.

Test pits Tedt pit excavations are asmple, direct way to view the condition of soilsthat may reved the
potential for ground subsidence, and to inspect the condition and variability of the limestone bedrock
surface where bedrock is sufficiently shalow.  Sail texture is an important indicator of soil strength and,
therefore, the ability of soils to bridge voids. An ingpector should look for evidence of dumping soils,
former topsoil horizons, and fill (including surface boulders, organic debris, and other foreign objects) in
thetest pit. Voidsinthesoil or underlying bedrock can berevealed. The presence of organic soilsat depth
isanindicator of potentidly active ankhole Sites. Leached or loose soils may aso indicate areas of exising
or potential ground subsidence. Observations of this type should be recorded in the soil log.

Test probes: Test probes are performed by advancing a sted drill bit into the ground using an
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ar-percusson-drilling rig. Probes can be ingtalled rapidly and are an effective way to quickly test
subsurface conditions. Penetration depths are usualy less than 50 feet. During the ingtdlation of atest
probe the ingpector should be aware of the rate of advance of the drill bit, suddenlossof air pressure, soft
zones, free-fal of the bit, and resstant zones. These observations can provide clues to the competency
of the bedrock and the presence of cavitiesin soil or bedrock. The volume of fluid cement grout needed
to backfill the probe hole can yield a measure of the Sze of subsurface voids encountered during drilling.

Test borings: Test borings often yield virtualy complete and rdaively undisturbed soil and rock samples.
Borings may provide direct evidence of the presence and orientation of fractures, weathering, fracture
fillings and the verticd dimensons of cavities, and provide undisturbed samples that can be subjected to
laboratory testing. Use of a salit inner core barrel in rock coring provides the most meaningful results,
because this method collectsardaively undisurbed sample in the core barrdl. Losses of drilling fluid can
indicate the presence of soil or rock cavities. When drill holes are sedl ed, the valume of fluid cement grout
placed in the drill hole can also yield a messure of the Sze of openings in the subsurface,

Geophysical methods: Geophysi ca methods can serve as a rapid reconnaissance tool to detect physical
anomaiesin the subsurface that may be caused by karst features.  These methods are especidly suited
to surveying linear corridors, and are non-disruptive to the land.  Geophysicd data are often useful for
extrgpol ating betweenlocations where other sampling methodsare used. Generdly it isadvisableto apply
more than one geophysica technique, owing to the variability in physical properties of karst terrain.
Geophysica methods require an experienced professiond to interpret the datacollected. The properties
of westhered limestone, including a highly variable bedrock surface and soils with high clay content, often
hindersthe depthof penetration and resolution of geophysical Sgnds and can compromise the effectiveness
of geophysicad surveys. Despite these limitations, geophysics can sometimes provide a cost-effective,
relatively rapid means of determining the potentia for problems with karst features, including the location
of shdlow bedrock and dgnificant cavities in the soil or bedrock. Geophysical anomalies should be
targeted for additiona direct testing procedures.

4-6.3 Recommended Procedures When Karst Features Are | dentified

The site investigations described above may reved the location of suspected areas of ground subsidence.
These findings should be compared to the proposed layout of stefacilities. Wherever possible, facilities
should be sited to avoid suspected areas of potentid ground subsidence. Where relocetion of facilitiesis
not practical, remedia measures and design standards can be employed to minimize future ground failure.

Remedid sedling of voidsinthe soil or bedrock and /or compaction of soil and rock voidsmay be aviable
in some aress.
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Site Design and Condtruction

Site design and construction procedures can be important in reducing the risk of sinkhole development.

Sinkholes most often form in areas where storm-water runoff is concentrated, where bearing loads are

concentrated, and where ground water is pumped in large volumes.  When development is proposed

condderation should be given to the following generd guiddines to minimize the risk of ground failure:
Minimize ste disturbance, including cuts and fills and drainage ateration.

Minimize impervious surface so as to minimize the volume of surface runoff generated.

Employ storm-water management measures that minimize flow velocities and ponding to avoid
erosion of over-saturated of soils.

Waterproof pipefittings and pipe-to-basin fittings to minimize underground leaks. Leaks weaken
and erode soils around underground conduits.

Place foundations on sound bedrock.

Eroson and Sediment Control Facilities

The sglection, design, and implementationof ESC practicesinkarst areasshould beguided by the fallowing
objectives and should incorporate the following design e ements.

The dte should be designed to take maximum advantage of topography. Modifications of ste
topography should be minimized.

Changes to the exigting soil profile, including cuts, fills, and excavations, should be minimized.

Wherepracticd, drainage facilitiesshould consst of embankments at or above grade. Excavation
into the exiding soil profile to construct swales and basins should be minimized to the degree

possible.

Temporary and find grading of the site should provide for drainage of storm-water runoff away
from dtructures.

All SWM fadilities, induding grassed waterways, diversons and lined waterways, should be

designed to disperse the flows across the broadest channd areapossible. This reducesthe level
of soil saturation and reducesthe potentia for soil movement. Shallow trapezoida channdl cross
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sections are preferred over parabolic or v-shaped channdls.

Sediment basins and traps should be used as alast resort for sediment control inkarst areas, and
should be used only after other designs have been considered and rejected. The ESC plan should
attempt to minimize drainage area Sizes and therefore the need for basins or large traps.

Vegetative cover should be established as rapidly as possible over exposed areas. Congtruction
scheduling should drive to minimize the time that soil excavations are open and non-vegetated.
Thisreducesthe time that the Siteis exposed to periods of concentrated flowsaswedl as preventing
excessve drying of soils,

Utility trenches should be back filled within-situsoils or low permesbility fill materid to discourage
sub-surface water flow dong the trench. Clay dams may be used a intervas adong the trench
excavation to impede subsurface flow aong the trench. Trench backfill should be compacted to
prevent future settlement and ponding. Backfill dendties for open areas should exceed 90% of
ASTM D-1557 maxima. Denditiesfor areas supporting structures such asroadways should equal
or exceed 95% ASTM D-1557 maxima. All underground piping should have water -tight fittings.
The piping should be designed to withstand some limited displacement due to the probable ground
settling and/or downward migration of trench bedding materid into solution features.

Stormwater Conveyance

Stormwater conveyance structures to be used in karst areas should be designed in such a way as to
disspate overland flow over the largest area possible. Every attempt should be made to avoid
concentrationof flowsand ponding. Grassed waterway's can beeffective storm-water-diversion structures
inkarst areas. Particularly effectiveare waterway designsthat are shalow and broad, providing maximum
bottom width and wetted perimeter to disperse flow over the greatest area.

SWM Facdilities

SWM fadlities are particularly vulnerable to collapse in karst areas because they are designed to
concentrate and detain surface-water runoff. Ponding and associated soil saturation occur where
surface-runoff is concentrated. Saturation of fine-grained soils that develop on weethered limestone can
cause reduction in soil strength and erosion into bedrock voids.

Methods traditionally used to reduce or diminate excessive seegpage from an impounded area may have
limited successinlimestone areas. Traditiona seding methodsinclude compaction, clay blankets, bentonite
trestment and flexible membrane liners. The sedling of the solution channd'sin bedrock beneath the basin
area can reduce seepage and soil displacement into underlying voids.
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When they function properly, SWM basins can be effective in removing contaminants commonly found in
stormwater, including heavy metals, nutrients, herbicides, pesticides, solids, and bacteria Mogt of these
contaminants are attenuated by sedimentation and soil filtrationinthe basin bottom.  Sinkholes undermine
the beneficid effects of basins on water qudity by alowingintroductionof untrested surface runoff directly
to ground water. They "short-circuit” the hydraulic benefits of basins by dlowing bypassing of outlet
structures.

One drategy isto provide a pre-trestment which does not utilize the detention of ssormwater to settle out
or filter pollutants. Refer to Minimum Standard 3.15 for manufactured water quality BMPs which can
serve as pre-trestment devices or even spill containment BMPs for commercia/indudtrid development in
karst areas. These structures will not eiminate the potentia for karst collapse, however they do provide
water quaity benefitsin order to minimize the potentia for the contamination of groundwater.

SWM basin stes can be eva uated and facilitiesdesigned and retrofitted to guard againgt snkholeformation
and improve performance from a water-quality perspective. Testing procedures and design e ements
recommended to minimize detention basin falure include:

Minimize the coverage of the Site by impervious surfaces, so that basin Sze will be minimized.

Evduate soil texture. The basn should be constructed to minimize excessive seepage. Highly
cohesive soils suchas St and clayloams may require minimum preparati on of basin bottoms. Soils
with low cohesive strength, such as sandy loams may require compaction and/or replacement or
modification by the addition clay binders or the ingdlation of clay or synthetic liners. Refer to
Minimum Standard 3.06, Table 3.06-3 for clay liner specifications.

Investigate soils and bedrock below the basin for presence of voids. Repair exiging voidsand/or
perform preventative grouting of basin subdtrate.

The fallowing guiddines should be incorporated into the design and maintenance specifications of SWM
basins congtructed in karst topography:

. Basin profiles should be broad and flat to dlow maximum disperson of detained flow.

Basin bottoms should be smooth to avoid ponding.

Inlet and outlet structures should be designed to provide diffuse discharge of water; avoid
concentration of flows. Under drains are preferred to provide gradua discharge of water and to
avoid prolonged ponding of water.
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. Repair sinkholes that occur in basin after congtruction.

Response and Remediation of Sinkholes Occurring During Construction

It is possible for snkholes to form during congtruction of a project. Sinkholes that occur during
constructionshould be repaired immediatdy to prevent their enlargement and associated adverseimpacts.
When sinkholes occur during congtruction the site supervisor should take the following steps:

Report the occurrence to the plan approving authority withintwenty-four (24) hours of discovery;

Hdt construction activities in the immediate area of the snkhole until it is sabilized. Secure the
snkhole area.

Direct the surface water away from the sinkhole area, if possble, to a suitable storm drainage
sysem.

Communicate proposed remediation plan to the plan gpproving authority. Somejurisdictionsmay
have locd requirements for notification and review aswell.

Repair any damage to ESC measures and restore ground cover and landscaping;;

In those cases where the hazard cannot be repaired without adversaly affecting the ESC design,
the applicant should submit contact the plan approving authority for approval of changes to the

plan.

Thetype of repair chosen for any snkhole depends onitslocation, the extent and Sze of the void, the type
of infrastructure planned for the sinkhole area. Sinkhole sedling methods can include the use of avallable
on-sitematerids, dry or wet grout, filter material and geotextiles. General recommendations and references
are available from the Department of Conservation and Recreation upon request.

All snkhole remediation activities should be under the direct supervison of a geologigt, or geotechnica

engineer with experience in limestone investigations and remediation practices. A certified professond
should perform dl borings.
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