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INTRODUCTION 
 
This report addresses the engineering design of the stormwater conveyance and management 
systems for the site.  These facilities have been designed in accordance with regulations set forth 
by the South Whitehall Township Stormwater Management Ordinance and the regulations of the 
Pennsylvania Department of Environmental Protection.   
 
General Project Information 
The project consists of the construction of 11 new detached single-family homes on an 8.30-acre 
tract. The total limit of disturbance is shown on the permit plans. The site is located at 81 South 
Cedar Crest Boulevard in South Whitehall Township, Lehigh County. The site contains an existing 
single-family home and associated improvements, all of which are proposed to be removed. The 
rest of the site consists of woods. No wetlands are present on the site.  
 
Plan Preparer 
The Post Construction Stormwater Management Plan has been prepared by Mr. Robert 
Cunningham, P.E. of Holmes Cunningham Engineering, New Britain, PA.  Holmes Cunningham 
Engineering is a civil engineering consulting firm established in 2013 with partners that have over 
25 years combined experience in the land development engineering field. Mr. Cunningham is 
trained and experienced in PCSM design methods and techniques applicable to the size and 
scope of the project.  
 
EXISTING CONDITIONS 
 
Existing Site Description 
The existing 8.30-acre site currently includes one detached single-family dwelling and wood 
areas. The site is bounded by South Cedar Crest Boulevard to the west. Additionally, the site is 
bordered by public lands to the north, and institutional uses to the southeast. The existing single-
family home and all associated improvements are proposed to be removed. 
 
Existing Stormwater Management 
There are no existing stormwater management facilities located on site. The on-site drainage 
drains overland to Cedar Creek, which conveys runoff to Little Lehigh Creek.  
 
The stormwater runoff was analyzed at two points of analysis. Point of Analysis 1 (POA-001) is 
along the northwestern side of the site, adjacent to South Cedar Crest Boulevard. Point of 
Analysis 2 (POA-002) is along the northern end of the site. Discharge Points 1 and 2 (DP-001 
and DP-002) are located at the same locations as the previous Analysis Points. 
 
Receiving Watershed Act 167 
The site drains to Cedar Creek, a tributary of Little Lehigh Creek.  All surface waters convey to 
the Lehigh River, which ultimately conveys to the Delaware River.  The Little Lehigh Creek Act 
167 plan was last revised in May 2004. The project is designed to meet the requirements stated 
in that Act 167 Plan. 
 
Discharge Point 001 is located within subarea 192, which is subject to a 30/50 percent release 
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rate, and Point 002 is located within subarea 199 which is subject to a 30/100 percent release 
rate.  
 
Chapter 93 Classification, Impairment & TMDL Status 
The Cedar Creek has an existing and designated classification under Chapter 93 as “HQ – High 
Quality”, with “CWF – Cold Water Fishes” and “MF – Migratory Fishes”.   
 
Cedar Creek is impaired according to Category 4 or 5 of the Integrated Water Quality Monitoring 
and Assessment Report. The list of impairments includes Pathogens – Source Unknown.  
 
PROPOSED CONDITIONS  
 
Proposed Development 
The proposed development will consist of 11 new detached single-family homes with internal 
roadways and utilities. The roadway will be 30-feet wide and have curb and sidewalk. The 
project will also contain two stormwater management facilities, one located to the northern end 
of the site, and one to the northwestern side of the site. 
 
Proposed Stormwater Management 
A storm sewer system is proposed to collect runoff from the proposed homes and street. All storm 
sewers will be placed in easements or located in the street. The proposed system is designed to 
collect the runoff and direct it to the existing discharge points from the site. Prior to discharge from 
the site the storm sewers will discharge to stormwater management facilities. 
 
In order to meet township requirements managing stormwater rate, volume, and quality, the 
proposed discharges will be directed to two vegetated stormwater management facilities.   
 
DESIGN METHODOLOGY 
 
Stormwater Management Design 
A detailed analysis of both the pre-development and post-development stormwater runoff has 
been performed in order that the facilities proposed to control stormwater be designed to meet 
the Township's and PADEP’s stormwater control criteria.  
 
Hydrographs for the existing and proposed watersheds were developed using the Dekalb Rational 
Method. 
 
A value for area, runoff coefficient (C), and time of concentration (Tc) was calculated for each 
watershed. The runoff coefficient is a land sensitive coefficient that dictates the relationship 
between total rainfall depth and direct storm runoff.  Based on the coverage of soil groups and 
land use in the area, an average C value was determined for each watershed for existing and 
proposed conditions.  
 
To calculate time of concentration for each watershed, the method outlined in the USDA Soil 
Conservation Service Publication TR-55 "Urban Hydrology for Small Watersheds."  The TR-55 
procedure simulates a watershed as a series of overland flows, channel flows, and inflow and 
outflow structures for its contribution to runoff.  
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Rainfall intensities were taken from the intensity-duration-frequency curve, which is based on 
South Whitehall Township ordinance standards.  
 
Storm Sewer Design 
The Rational Method was used to design the proposed storm sewer system. The storm sewer 
system was designed in accordance with South Whitehall Township requirements and is capable 
of safely conveying the 100-year storm. 
 
PROPOSED POST CONSTRUCTION STORMWATER MANAGEMENT PRACTICES  
In accordance with the requirements set forth in Chapter 102.8, the following measures and 
facilities are utilized to preserve the integrity of existing features and stormwater runoff, as well 
as maintain and protect the qualities of the receiving streams. 
 
Minimize Impervious Areas 
The project has limited impervious areas proposed to the maximum extent possible. The site plan 
has clustered the development to reduce the extent of proposed roadways and the driveways are 
the minimum acceptable length and the lots are the minimum size permitted.  
 
Maximize Protection of Existing Drainage Features and Vegetation 
The limit of disturbance is minimized to reduce the disturbance to the existing features. There are 
no notable drainage features on-site. The existing vegetation around the perimeter of the site is 
to remain to the maximum extent possible.  

 
Minimize Land Clearing and Grading 
The extent of disturbed land has been limited to include only those areas required for the 
development of the subject site.  All sediment and erosion control practices are to be installed 
prior to any major soil disturbance or in their proper sequence and maintained until permanent 
protection is established.  Upon completion or temporary cessation of the earth disturbance 
activity, or any stage thereof, the project site shall be immediately stabilized.   
 
Features and Measures to Minimize Rate of Stormwater Runoff 
Two vegetated detention basins are to be installed to reduce the peak rate of stormwater runoff 
before it leaves the site. These BMPs will reduce the peak rate of runoff from the site below the 
existing rate in accordance with PADEP and South Whitehall Township requirements. 
Calculations can be found in Appendix A. 
 
Features and Measures to Minimize Stormwater Runoff Volume  
Two vegetated detention basins will be installed to infiltrate runoff before it leaves the site. 
Additionally non-structural BMPs such as rooftop disconnection and revegetation will help reduce 
the amount of runoff. These BMPs will reduce the runoff volume from the site below the existing 
condition. Calculations can be found in Appendix B. 
 
SPECIFIC PLAN REQUIREMENTS 
 

The post construction stormwater management plan has been designed to minimize any increase 
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in stormwater runoff rate or volume after construction of the project.  Factors that contribute to 
stormwater runoff have been considered and addressed during preparation of the plan. 
 
Past, Present and Proposed Land Uses 
The site has historically (for the past 50 years) been used as a single-family residence. Over the 
past several years, the site has included a single-family house, with a grass field. The existing 
structures are proposed to be demolished, and the site is proposed to be used for a residential 
development with single-family dwellings and roadway. 
 
Topography 
All existing topographic features of the project area and immediately surrounding areas have 
been shown on the plans.  Additionally, the project site has been delineated on the USGS 
Quadrangle and is included as Figure 1 of this report. 
 
Soil Types and Limitations 
The site has been delineated using the Lehigh County Soil Survey Map, as shown on the permit 
plans.  The following soils are identified within the limits of construction. 
 
 

ON-SITE SOILS 

Sym Name 
Hydric 
(Y/N) 

Depth to 
Bedrock 

(in.) 

Depth to 
Water 
Table 
(in.) 

HSG 

WaA Washington Silt Loam, 0 to 3 Percent Slopes N 60-99 > 80 B 

WaB Washington Silt Loam, 3 to 8 Percent Slopes N 60-99 > 80 B 

WaC Washington Silt Loam, 8 to 15 Percent Slopes N 60-99 > 80 B 

 
A list of limitations and resolutions have been provided on the PCSM Plans.  
 
Existing Geologic Formation and Soil Conditions/ Geologic Mapping Features 
Based on the Lehigh Valley Planning Commission map titled “Map 1 Carbonate Geology in Lehigh 
& Northampton Counties” the existing site is underlain by carbonate geology.  
 
BEST MANAGEMENT PRACTICES (BMPS) 
 
The current NPDES regulations put emphasis on addressing stormwater quality in addition to 
addressing quantity reductions. A number of Best Management Practices (BMP’s) are proposed 
in the stormwater runoff and conveyance design to meet the NPDES requirements.  Below is a 
list of BMPs used to achieve the requirements of South Whitehall Township and PADEP. Please 
see Appendix B for BMP calculations and the PCSM plan for illustration of BMPs and points of 
interest. 
 
Non-Structural BMPs 
 
Re-Vegetate Disturbed Areas: All disturbed areas will be permanently seeded or landscaped. 
Additionally, new trees will be planted through the site to reduce the thermal impacts of impervious 
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surfaces and reduce runoff volume through transpiration. 
Rooftop Disconnection: Disconnecting roof leaders from conventional stormwater conveyance 
systems allows rooftop runoff to be collected and managed on site.  Rooftop runoff can be directed 
to designated areas for on-site storage, treatment and volume control. The proposed roof leaders 
for each dwelling unit will discharge to vegetated areas. 
 
Minimize Total Disturbed Areas: In order to meet water quality requirements for this site, the 

disturbed areas have been minimized with certain areas of the site being preserved and not 

graded or vegetation removed. These areas have been delineated on the PCSM Plan and Tree 

Protection Fencing has been noted on the E&S Plans. 

 
Structural BMPs 
 
Vegetated Basin: The vegetated basin is designed to reduce the peak rate of stormwater 
discharge and to manage and treat the quality of discharge.  Runoff is slowed and stored in the 
basin, allowing it to filter through engineered BMP soil media to treat and manage the runoff. The 
basin will be constructed with an outlet structure which controls the rate of flow from the basin.    
 
BMP Loading Ratios 
Loading ratios are one of the most integral aspects related to the design of BMPs. Overloading 
is the most common reason for failure of a BMP. This is due to increased presence of total 
suspended solids (TSS). The loading ratio is determined by comparing the drainage area and 
infiltration area.  The Pennsylvania BMP manual recommends loading ratios of 5:1 for 
impervious areas and 8:1 for overall areas. 
 
The recommended loading ratio is exceeded for certain BMPs on this project, however, there 
are multiple reasons why the exceeded loading ratios are justified for these BMPs. A large 
portion of the impervious area which drains to the BMPs is roof area. Roof areas provide about 
one-quarter of TSS as compared to residential streets. Furthermore, the roof areas are 
disconnected from the storm sewer system and will be filtered through the lawn areas prior to 
discharging to the storm sewer and ultimately the BMP.  
 
Additionally, as noted in the paper “A Risk Based Approach for Sizing Infiltration BMPs”, the 
maximum total (impervious and pervious) loading ratio is not as important as the impervious 
loading ratio because it may not factor significantly into the BMP performance. Therefore, the 
overall loading ratio should be looked at on a case by case basis. In this case, the basin is 
accommodating off-site impervious area which will filter through lawn areas before collection 
into the site storm system. Additionally, the water quality impact that pervious areas have on the 
BMP is significantly less than the roadways.  
 
Although these areas have a loading ratio in excess of the recommended ratios, it is with the 
understanding of the justification above that these BMPs will be able to function as designed 
provided that they are properly maintained. Calculations for the BMP Loading Ratios for each 
BMP have been provided in Appendix B. 
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BMP Maintenance 
 
The proposed stormwater management facilities and Best Management Practices will be owned 
and maintained by the homeowner’s association. A Best Management Practices Maintenance 
Plan can be found on the PCSM Drawing. 
 
CRITICAL STAGES OF PCSM PLAN IMPLEMENTATION 
 
The construction/conversion of the vegetated basins and installation of its underdrain will require 
the oversight of a licensed professional or their designee. 
 
THERMAL IMPACTS ANALYSIS 
 
Thermal impacts will be minimized through the installation of the vegetated basins which will 
capture the initial runoff which has the highest temperature and drain it through its soil media. 
Additionally, area disturbed will be permanently seeded. Thermal impacts will also be minimized 
during construction because the runoff from disturbed areas will be filtered through a sediment 
facility prior to discharging off site. 
 
SOILS TESTING 
 
Preliminary Stormwater Test Pit Investigation was performed by Earth Engineering Incorporated 
on August 26, 2024, and September 4 and 5, 2024.  A total of 6 soil test pits were excavated as 
part of the investigation.  Infiltration tests were conducted at each test pit location. Bedrock was 
observed in 4 of the soil test pits. Groundwater table was not observed in any of the test pits. The 
average of the tested infiltration rates was calculated, then reduced using a factor of safety of 2 
to produce the design infiltration rate. 
 
Additionally, a report of carbonate assessment was also prepared by Earth Engineering 
Incorporated, dated September 4, 2024, analyzing the presence of carbonate geology on the site. 
A mixture of low- and moderate-risk indications were identified, and as such, sinkhole remediation 
has been considered on the PCSM plans. 
 
The test pit results, and carbonate assessment report are included in Appendix D. 
 
CONCLUSION 
 
The proposed development will reduce the peak rate of runoff below the existing flows to each 
point of discharge from the site in all storm events. Below are tables comparing the existing peak 
flows to the point of discharge with the proposed peak flows: 
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Also, the on-site storm sewer systems have been designed to safely convey the 100-year storm. 
Additionally, the stormwater management system has been designed to comply with the 
regulations of South Whitehall Township and the PADEP. It is our opinion that the proposed 
development will have no negative impact to the downstream properties. 
 
O:\1805 - 81 South Cedar Crest\Engineering\Reports\SWM\1805_PCSM Report 2025-3-10.docx
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APPENDIX   A 
 

Stormwater Peak Rate Calculations  
  













































































































































































































































































           

 

 

APPENDIX B 
 

Stormwater Volume Calculations  
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APPENDIX C 

 
On-Site Storm Sewer Calculations 

 
 

  













           

 

 

APPENDIX D 
 

Soil Testing Report and Carbonate Assessment Report  
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I. STATEMENT OF PURPOSE 

At the request of the Hallmark Homes Group, this Report was prepared by Earth 

Engineering Incorporated (EEI) and contains the results of a Carbonate Assessment for the 

proposed residential community to be located at 81 South Cedar Crest Boulevard in South 

Whitehall Township, Lehigh County, Pennsylvania. The purpose of this report is to provide 

information regarding the geology of the site, the potential for the propagation of solution features, 

and the impact of the proposed development.   

It should be noted that EEI also performed an Infiltration Investigation (EEI Project Number: 

37558.00) at the site.  These results will be submitted under a separate cover.  

The scope of work for this project included a review of existing geologic reports, maps and 

aerial photographs, and a geologic site reconnaissance.  Based on the results of the study, 

conclusions have been formulated regarding the impact of the proposed development on the project 

site and surrounding properties.  This Report was prepared in general accordance with our proposal 

LV8238, dated August 6, 2024. 
 

II. PROPOSED CONSTRUCTION 

According to the Preliminary/Final Land Development and Major Subdivision Plans, 

prepared by Holmes Cunningham LLC, dated June 20, 2024, and subsequently provided to EEI, the 

proposed construction for this site will consist of eleven (11) single family residences along with a 

roadway and stormwater management facilities.   The existing and proposed site features are 

shown on the Site Location Plan, EEI Drawing Number: 37535.00-B-101, included in the Appendix 

of this Report.  
 

III. DESCRIPTION OF CURRENT CONDITIONS  

The site is located on the eastern side of South Cedar Crest Boulevard in South Whitehall 

Township, Lehigh County, Pennsylvania.  The site is bordered by South Cedar Crest Boulevard to 

the west, Cedar Creek and grass areas to the north, Cedar Crest College and wooded property to 

the east, and Cedar Crest College and College Drive to the south.  Parkway Boulevard also borders 

the site to the far north.  The site is currently heavily wooded and overgrown with the exception of 

cleared pathways to facilitate the infiltration testing.  A residential home and associated structures 

are situated along South Cedar Crest Boulevard in the west central portion of the site.  The 

topography of the site slopes moderately to steeply downwards to the northwest towards Cedar 

Creek.  Plate 1, included in the Appendix of this Report, shows the general location of the site on a 

topographic map of the area.  The following photographs show the site conditions during the field 

reconnaissance: 
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 Looking Northwest over Existing Residential Structures         Looking Northeast from Existing Residential Structures  
                                 (Photograph 1)                                            (Photograph 2) 
 

  
    Looking North from West Central Portion of the Site         Looking Northwest from Northwestern Portion of the Site  
                                (Photograph 3)                                          (Photograph 4) 
 

  
    Looking North from Northwestern Portion of the Site         Looking Northeast from Northwestern Portion of the Site  
                                (Photograph 5)                                          (Photograph 6) 
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           Looking South from Central Portion of the Site                   Looking North from Northern Portion of the Site  
                                 (Photograph 7)                                          (Photograph 8) 
 

  
    Looking South from Northeastern Portion of the Site         Looking Northeast from Northeastern Portion of the Site  
                                (Photograph 9)                                          (Photograph 10) 
 

  
 Looking Northeast from Northeastern Portion of the Site         Looking Southwest from Eastern Portion of the Site  
                               (Photograph 11)                                          (Photograph 12) 
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          Looking South from Central Portion of the Site            Looking Southeast from Southwestern Portion of the Site  
                                (Photograph 13)                            (Photograph 14) 
 

The following aerial photograph from Google Maps; Satellite View, shows the features and 

conditions of the site:  
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IV. SITE RECONNAISSANCE 

A Professional Geologist from EEI explored the site on August 28, 2024, in an attempt to 

document any active karst related activities that may be present. The site was examined for 

depressions, fissures, fracture traces, lineaments, faults, outcrops of bedrock, sinkholes, springs, 

surface drainage entering the ground, ghost lakes, caverns and disappearing lakes or streams.  

During the site visit, the weather can be described as hot and dry.  EEI observed no visible karst 

related features during the site reconnaissance.  However, as previously mentioned, the site was 

heavily wooded and overgrown.  Therefore, the ability to observe the natural existing ground 

surface was limited.   

 

V. SITE GEOLOGY 

A). GEOLOGY 

According to the Pennsylvania Department of Conservation and Natural Resources, PA 

DCNR Interactive Map, reprinted August 8, 2024, and Open File Report 8701, titled Sinkholes and 

Karst-Related Features of Lehigh County, Pennsylvania of the Allentown West Quadrangle, 

prepared by the Commonwealth of Pennsylvania, Topographic and Geologic Survey, 1987, the site 

is underlain by Cambrian Period Allentown Formation (Geologic Symbol: Cal).  Plates 2 and 3, 

included in the Appendix of this Report, show the location of the site on bedrock geologic and karst 

related features maps of the area, respectively. 

As noted in the Commonwealth of Pennsylvania, Topographic and Geologic Survey, 

Engineering Characteristics of The Rocks of Pennsylvania, Fourth (4th) Series, Revised 1982, the 

Allentown Formation is composed of laminated, medium-gray dolomite and impure limestone.  This 

formation is typically well bedded and displays well developed, regularly spaced jointing.  This 

formation is moderately resistant to weathering.  The overlying mantle is thin in most areas, and the 

interface between the bedrock and mantle is characterized by pinnacles.  Good subsurface 

drainage and little surface drainage are characteristics of the Allentown Formation.  Solution 

channels produce a secondary porosity of moderate to high magnitude with low permeability.  

Bedrock pinnacles are a characteristic of this rock type.  In comparison to other rock types, the 

excavation of this material is considered difficult due to the hardness of the rock and the presence 

of the bedrock pinnacles.      

  It is noted that the dolomite and limestone of the Allentown Formation are carbonate rocks. 

Having a carbonate structure, dolomite and limestone are subject to openings and the development 

of sinkholes.  Carbonate rock is susceptible to dissolution when exposed to water, particularly 

slightly acidic water.  This weathering process leaves voids in the parent bedrock.  Some features 
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commonly associated with carbonate geology are very soft and moist soil conditions, sinkholes, and 

voids within the bedrock.  The past dissolutions of carbonate rock are the greater hazard for site 

development, not future dissolution. In most cases, previous dissolution of carbonate bedrock 

allowed the development of cracks and caves within the bedrock: similar to a network of plumbing 

pipes.  If water is allowed to flow into these “pipes”, it will transport some of the overburden soil with 

it.  As more and more soil is washed into the voids within the bedrock, the ground surface may 

become depressed, or collapse altogether, forming a sinkhole.  The following diagram depicts the 

typical stages of sinkhole development/collapse: 

 
 

B). SOIL 

  The United States Department of Agriculture, Natural Resources Conservation Service, Web 

Soil Survey, accessed August 8, 2024, indicates that the site is mapped within the Washington silt 

loam (Soil Symbols: WaA, WaB & WaC).   Plate 4, included in the Appendix of this Report, shows 

the location of the site on a soil map of the area. 

 According to the United States Department of Agriculture, Natural Resources Conservation 

Service, Web Soil Survey, Map Unit Description – Lehigh County, Pennsylvania, Version 22, 

September 2023, the Washington silt loam (WaA, WaB & WaC) consists of 90 percent Washington 

and similar soils and 5 to 10 percent minor component (Clarksburg, Ryder, Loudonville, Thorndale, 

Penlaw). The soil is located on the shoulder and backslope of valleys.  Slopes in the WaA soils 

range from 0 to 3 percent, from 3 to 8 percent in the WaB soils, and 8 to 15 percent in the WaC 

soils.  Mean annual precipitation ranges from 32 to 50 inches and mean annual air temperature 

ranges from 46 to 57 degrees F. The typical soil profile of the Washington silt loam (WaA) soils 

consists of silt loam (horizon H1) from 0 to 9 inches, clay loam (horizon H2) from 9 to 42 inches, 

gravelly loam (horizon H3) from 42 to 61 inches, and bedrock (horizon H4) from 61 to 71 inches.  

The typical soil profile of the Washington silt loam (WaB & WaC) soil is silt loam (horizon H1) from 0 

to 9 inches, clay loam (horizon H2) from 9 to 42 inches, and silt loam (horizon H3) from 42 to 61 
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inches. The parent material can be described as colluvium derived from limestone and/or old glacial 

drift. The soils are part of hydrologic group B and the depth to restrictive features is 60 to 99 inches 

to lithic bedrock. The Washington silt loam is well drained, has a low (WaA) to medium (WaB & 

WaC) runoff potential, and no frequency of flooding and ponding. The capacity of the most limiting 

layer to transmit water (Ksat) in the WaA soil is moderately low to high (0.06 to 2.00 in/hr.) and in 

the WaB and WaC soil is moderately high to high (0.60 to 2.00 in/hr.). The capacity of the most 

limiting layer to transmit water (Ksat) is moderately high to high (0.60 to 2.00 in/hr.). The depth to 

the water table in is more than 80 inches and the available water storage in profile is considered 

high, about 10.2 inches. 

   

VI. CARBONATE FEATURES 
The following list of maps and literature were reviewed for this assessment: 

 Open File Report: 8701, titled Sinkholes and Karst-Related Features of Lehigh 
County, Pennsylvania, Allentown West Quadrangle, prepared by the 
Commonwealth of Pennsylvania, Topographic and Geologic Survey, 1987  

 

 Pennsylvania Department of Conservation and Natural Resources, PA DCNR 
Interactive Map for Topographic and Geological Maps, reprinted August 8, 2024 

 

 The United States Department of Agriculture, Natural Resources Conservation 
Service, Web Soil Survey, accessed August 8, 2024 

 

 Density of Mapped Karst Features in South-Central and Southeastern Pennsylvania, 
prepared by the Commonwealth of Pennsylvania, Department of Conservation and 
Natural Resources, Bureau of Topographic and Geologic Survey, Map 68, Allentown 
West Quadrangle, 2003 (Plate 5) 

 

 Aerial stereo pairs dated 1947, Plates AQU-2D-116 and AQU-2D-117 
 

 Aerial stereo pairs dated 1958, Plates AQU-3R-81 and AQU-3R-82 
 

 Aerial stereo pairs dated 1964, Plates AQU-4EE-148 and AQU-4EE-149 
 

 Aerial stereo pairs dated 1971, Plates AQU-3MM-20 and AQU-3MM-21 
 

From existing geological maps and literature, it has been determined that the project site is 

underlain by carbonate rock.  The purpose of this study was to approximately locate fracture traces 

(lineations along which the rock has been broken due to past earth stresses), geologic contacts, 

and fault zones in the project area, if present.  These features may produce pathways for 

groundwater to follow and dissolve the carbonate rocks, resulting in solution features that may take 

the form of sinkholes, deep weathering zones, open voids in the soil that are on the verge of 

collapse, clay filled zones in the rock and caves.  The following carbonate features are discussed 

based upon both subject property visits and published literature used in this review: 
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a.) Depressions - A copy of the Open File Report: 8701, titled Sinkholes and Karst-
Related Features of Lehigh County, Pennsylvania, Allentown West Quadrangle, 
prepared by the Commonwealth of Pennsylvania, Topographic and Geologic 
Survey, 1987, was obtained and reviewed for the noted presence of closed 
depressions.  The review of the available information indicated “Closed, Semi-
Closed or Linear Depressions” were not mapped on the site.  Several depressions 
were mapped in all directions of the site within a few miles.  A copy of the Open File 
Report (Plate 3) is included in the Appendix. The aerial photographs and stereo 
pairs did not indicate possible depressions at the site. During the site 
reconnaissance, depressions were not observed at the site.  
 

b) Fissures, Lineaments, Faults or Fracture Traces - Fissures, lineaments, or faults 
were not visibly observed at site during the site reconnaissance.  In addition, a 
fracture trace analysis was performed on stereo pairs of the subject property.  The 
review of the photographs indicated that there are lineaments or possible fracture 
traces adjacent to and near the property but not on or through the site. These 
features were observed on the review of the aerial photographs. The photographs 
indicated possible fracture traces or lineaments to the north, northeast and west of 
the site.   A detailed description of the fracture trace analysis follows: 

 

A fracture trace, as visible on the surface, is usually a concentration or zone of 
fractures several feet in width.  Some fracture traces, although open and solution 
related, may have no observable surface manifestation and may therefore be 
unobservable on aerial photographs.  The analyst must, therefore, use his or her 
experience in projecting such unobservable fracture traces in a reasonable and 
prudent manner to ensure that potential areas of significant solution activity are 
considered in developing and planning of the site and project. 
 

Fractures, joints, and cleavage planes are usually open sufficiently to allow the flow 
of considerable quantities of water into these features.  This flow of water may 
dissolve the carbonate rocks with time.  Therefore, these features should be 
considered solution hazards and merit additional investigation where they are noted 
to exist in critical areas of the project site.  Areas in which two (2) or more fracture 
traces intersect are particularly suspect because of the concentration of water and 
rock breakage.  Aerial stereo pairs of photographs were obtained for the subject 
property area from the Pennsylvania Department of Conservation and Natural 
Resources.  The stereo pairs obtained were dated 1947, Plates AQU-2D-116 and 
AQU-2D-117; 1958, Plates AQU-3R-81 and AQU-3R-82; 1964, Plates AQU-4EE-
148 and AQU-4EE-149 and 1971, Plates AQU-3MM-20 and AQU-3MM-21.    Again, 
the review of the aerial photographs indicates that there were no fractures or 
lineaments on the property; however, fractures or lineaments were observed 
adjacent to the site to the north, as well as near the site to northeast and west.  The 
majority of the fractures or lineaments observed were oriented in northeast to 
southwest direction.    
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The underlying bedrock was not visible on the aerial photographs in the area 
studied.  Therefore, what was observed was the reflection of fractures and their 
effects on the ground surface.  Many of the fractures mapped as continuous may, in 
fact, be intermittent, with openings and closures along their lengths.  Conversely, 
fractures that seem to terminate on the aerial photographs, or which seem to have a 
certain finite length, may be continuous but not readily observable on the 
photographs.  Some interpolation and extrapolation were applied to the visible 
fractures based on the judgment and experience of the photo-interpreter. 
 

Refer to the Fracture Trace Plates, EEI Drawing Numbers: 37535.00-A-102 through 
37535.00-A-105, in the Appendix of this Report for locations of interpreted fracture 
traces.   
 

c) Ghost Lakes - During the site reconnaissance, the weather can be described as hot 
and dry with a dry ground surface.  At the time of site reconnaissance, no ghost 
lakes were observed to exist at the site.  Also, there were no indications of ghost 
lakes on the reviewed aerial photographs or stereo pairs.   

 

 d) Outcrops of Bedrock - A review of the aerial photographs and stereo pairs indicate 
that bedrock outcroppings were not visible on the site. Bedrock outcrops were not 
observed during the site reconnaissance.  

 

 e) Sinkholes - The Open File Report was obtained and reviewed for the noted 
presence of sinkholes on the site.  The review of the available information indicated 
that no mapped sinkholes were located on the site or adjacent to the site.  Several 
sinkholes were mapped in all directions of the site within several miles of the site. A 
copy of the Open File Report (Plate 3) is included in the Appendix of this Report.  
During the site reconnaissance, sinkholes were not observed at the site.   

   

f) Soil Mottling - The aerial photographs and stereo pairs did not indicate soil mottling 
at the site or on the adjacent properties.  No soil mottling was observed within the 
test pits during the infiltration testing. 

 

 g) Springs and/or Surface Drainage Entering Ground - The site visit was conducted 
during a hot and dry day with a dry ground surface.  During the site reconnaissance, 
there was no evidence of surface drainage entering the ground at the site.  The 
aerial photographs and stereo pairs did not indicate spring activity or drainage 
entering the ground at the site.  

 

h) Disappearing Lakes and Streams - At the time of the site visit conducted, there 
were no indications of disappearing lakes or streams. Aerial photographs and maps 
do not indicate any disappearing streams or lakes within the vicinity of site. 

 

i) Caverns - The Open File Report does not indicate any caverns to exist on or near 
the site. 
 

 j) Surface Mines, Quarry or Pit - The Open File Report indicates that no surface 
mine, quarry or pit exists at the site or adjacent to the site.  Several quarries, pits, 
and limestone and iron surface mines were mapped in all directions of the site.   

 

 
 
 
 
 



 

 

10 

   

VII. PROPOSED MEASURES TO CONTROL ADVERSE IMPACTS  
As previously discussed in the Geology section of this report, the site is mapped within the 

Cambrian Period Allentown Formation which is described as dolomite and limestone. This formation 

is susceptible to dissolution which results in the formation of sinkholes.  Based on this assessment, 

EEI recommends that steps be taken to preclude introduction of surface runoff into the subgrade.   

The potential for sinkhole development always exists in karst geology and no construction 

methodology or engineering recommendation can guarantee against the development of sinkholes. 

In the same vein, no remediation method for a single sinkhole guarantees that additional sinkholes 

will not manifest themselves in close proximity to the original. 

For these reasons, contingencies should be developed for the proper repair of sinkholes 

during construction.  However, the risk and potential severity of sinkhole related problems can be 

significantly reduced by taking precautions within the design phase, as well as during and following 

construction.  General guidelines/procedures for minimizing the potential for sinkhole development, 

both during and after construction, are provided as follows: 
 
Recommended Practices for Minimizing Sinkhole Development in Carbonate Areas 

 

Areas underlain by carbonate rock formations are subject to solution activity and the 

development of sinkholes.  Any disturbance of natural conditions at a given site tends to increase 

the potential for sinkhole development.  By incorporating measures during both the design and 

construction phases of a project, this potential may be reduced.  It is recommended that the 

construction schedule be such that site exposure in the sinkhole potential areas is limited in 

duration.  Furthermore, a grading design which incorporates the placement of structural fill, while 

maintaining positive drainage, keeping excavations to a minimum will significantly reduce the risk of 

sinkhole development.  All trench excavations, such as for foundations and utilities, should be 

poured or backfilled on a daily basis so not to allow water to collect into these areas.  The 

following list includes example procedures which have been shown to reduce the frequency and 

severity of sinkholes resulting from construction activity: 
 

 Utmost care must be taken to prevent collection and drainage of surface water 
into excavated or low-lying areas of the site during the excavation and 
construction of roadways, ramps, or structures.  This may be done by 
constructing earth berms, dikes, or diversion ditches around open excavations or 
otherwise preventing the collection and ponding of water in low-lying areas.  
Typically, excavations should not be made during predicted periods of 
precipitation.  Excavations should be filled as soon as practical, especially over 
weekends or periods of inactivity.   
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 The soil situated above a zone of solution activity is usually soft and wet.  
Therefore, it is important to locate areas exhibiting these conditions wherever 
they may exist or be encountered.  If structural fill is to be placed in areas 
suspected of sinkhole activity, the subgrade should be proof-rolled and all soft 
areas suitably replaced and compacted prior to construction.  If the area is to be 
excavated, proof-rolling should be conducted after excavating to the finished 
elevation. 

  

 Soft soil must be removed and replaced with clean fill and compacted to a 
minimum of 95% of the materials maximum dry density tested in accordance 
with ASTM D1557. 

 

 The base of all excavations in carbonate areas should be inspected for soft or 
unusually moist conditions.  A visual inspection of the excavated surface, as well 
as probes of the soil at regular intervals, is recommended.  Any soft or unusually 
moist soil should be further excavated and a determination of the extent of the 
problem should be made.  Remedial measures should then be undertaken as 
necessary.  Swales, drainage ditches and/or basins are particularly vulnerable to 
sinkhole development during periods of heavy rainfall. The same is true for 
drainage pipe outlet locations.  Consideration should be given to lining these 
areas with impermeable liners to prevent the infiltration of water. 

  

 Excavations should be kept to a practical minimum in areas of known or 
suspected sinkhole or solution activity.  In general, the closer excavations get to 
the rock surface, the greater the potential is for sinkhole development. 

 

 Watertight seals should be provided at all water bearing utility line connections.  
All roof drains should be watertight and should connect to the on-site stormwater 
management system.   
 

 Site grades should provide positive drainage away from building areas. 
 

 Joints between asphalt paving and concrete curbing should be sealed to reduce 
water infiltration in these areas.  

 

 All underground utility lines, pipelines, storm water sewer lines, and utilities to any 
structure shall have a dike of clay or other suitable material constructed across 
the width of the trench at intervals of approximately twenty feet (20’). 

 

 The proper stabilization of sinkholes or other areas exhibiting solution activity is 
critical and should be performed under the direction of experienced Professional 
Geologist and/or Geotechnical Engineers. 

 
There are remediation techniques that can be performed to mitigate and prevent further 

sinkhole development.  One (1) commonly used remedial technique consists of pressure grouting 

target locations of the site.  Alternately, an open sinkhole can be excavated to expose the throat, 

then backfilled with larger clean rock followed by compacted, low permeability soils or flowable fill.  

Determination of the repair technique used will be dependent on the type of sinkhole encountered, 

in relation to the proposed construction/grading and should be determined by the Professional 

Geologist of Record at the time of repair.   
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VIII. SUMMARY AND CONCLUSIONS 

 Earth Engineering Incorporated (EEI) was subcontracted by Hallmark Homes Group 

regarding the proposed residential community to be located at 81 South Cedar Crest Boulevard in 

South Whitehall Township, Lehigh County, Pennsylvania to determine the sinkhole potential at the 

site. The potential for sinkhole development was determined by performing detailed site 

reconnaissance, Fracture Trace Analysis and literature review under the supervision of a 

Professional Geologist.  Based on the above mentioned analyses, the potential for sinkhole 

development is considered low to moderate for the following reasons:  

 The underlying geology of the Cambrian Period Allentown Formation, 
consisting dolomite and limestone, is susceptible to dissolution which results 
in sinkhole formation. (Moderate Risk) 

 

 Possible fractures were identified, via Fracture Trace Analysis, adjacent to 
the site to the north and within a few miles of the site to the northeast and 
west of the site, however not on the site. (Moderate Risk) 

 

 Several “closed, Semi-closed or Linear Depressions” were mapped in all 
directions of the site within a few miles of the site, however not on the site.  
(Low Risk) 

 

 Several sinkholes were mapped in all directions of the site within a few miles 
of the site, however not on the site.  (Low Risk) 

 
Contingencies should be established for the remediation of sinkholes.  Sinkhole remediation 

at the site most likely will consist of compaction grouting at any proposed structure location and 

excavation/replacing shallow sinkholes at non-structure locations.  The appropriate measures to be 

taken for sinkhole remediation will be dependent on site grading and can only be determined upon 

finalization of this work scope. 

 

 IX. LIMITATIONS 
The conclusions and recommendations contained in this Report are based upon the review 

of existing geologic reports, maps and aerial photographs, a geologic site reconnaissance, and on 

details stated in this report.  Should conditions arise which differ from those specifically stated 

herein, our office should be notified immediately so that our recommendations can be reviewed and 

revised, if necessary. 
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It is emphasized that this analysis was made for the proposed residential community to be 

located at 81 South Cedar Crest Boulevard in South Whitehall Township, Lehigh County, 

Pennsylvania.  Earth Engineering Incorporated does not assume any responsibility for the use of 

this Report for a site other than the one specifically addressed in this Report. 

 
      Respectfully submitted, 

EARTH ENGINEERING INCORPORATED  

 
Joanna L. Miller 
Senior Geologist 
 

        
           
 
 
 

Paul J. Creneti, P.G. 
Director ~ Lehigh Valley Division 
 
 

HTTPS://EENGINEERING.SHAREPOINT.COM/SITES/EARTHENGINEERINGINC/SHARED DOCUMENTS/PROJECTS/37000/37535.00 - 81 S. CEDAR CREST BLVD - LV CDA/REPORT/37535.00 - 81 S. CEDAR CREST 
BLVD CDA REPORT.DOCX 
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